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Transmittal Letter 

Committee on Science 
U.S. House of Representatives 

October 23, 1996 

TO: Members, Democratic Caucus 
Committee on Science 

FROM: George E. Brown, Jr. 
Ranking Democratic Member 

During the 104th Congress, the Committee on Science launched a major initiative 
directed at the basic integrity of the science community. Three major hearings, entitled 
Scientific Integrity and the Public Trust, were convened by the Energy and Environment 
Subcommittee to showcase allegations that science had been distorted to promote an 
environmentalist agenda. The hearings focused on alleged abuses in the science on 
stratospheric ozone depletion, global climate change, and the health risks posed by dioxin . 

This series of hearings did not occur in a vacuum. The new Republican Congress 
promised as part of its "Contract with America" to fundamentally change the way 
environmental regulations would be promulgated . With a new majority. dominated by 
what has been characterized as an inexperienced and ideological freshman class, the 
Republicans launched an attack on the basic methods by which environmental regulations 
could be established. In fact . this attack spread to encompass almost all forms of · 
regulation-including those designed to insure public health, protect the environment. and 
guarantee workplace safety. 

This radical effort in the House went too far even for a Republican-dominated 
Senate and regulatory reform legislation died in the I 04th Congress. However, the two 
most prominent qualities of the effor! to pass this legislatior. in the House were ( ! ) the 
shameless use of industry lobbyists to draft the legislation and staff Committee mark-ups, 
and (2) the widespread reliance on anecdotal stories, usually apocryphal, of the stupid 
consequences of regulations or the weak scientific basis for regulation. Again and again. 
like a mantra, we heard calls for "sound science" from Members who had little or'no 
experience of what science does and how it progresses. 

This broader environment in the House set the context for the hearings in the 
Subcommittee on Energy and Environment. The Subcommittee effort was an extension of 
the themes of the regulatory reform debate and the line of criticism laid out by big industry 
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lobbyists. Widely quoted scientific critics of environmental regulation were cited for the 
proposition that federal researchers were merely wasting dollars on a politically driven 
agenda. But the hearings went beyond allegations of overzealous regulators. They 
implied that scientists themselves were part of a vast conspiracy with environmental 
regulators. The terms of the pact were that the scientists would exaggerate their certainty 
and consensus on environmental problems and the bureaucrats could use these 
statements, with help from their environmental activist allies, to push through ever more 
stringent regulations and ever greater funding for the researchers. Bureaucrats were 
funding science that justified their existence and scientists sold their integrity to the 
bureaucrats in exchange for steady funding. 

At the conclusion of these hearings, I asked the minority staff to prepare a 
comprehensive report on the very serious allegations made by the· Majority and their 
witnesses. My intent was to examine in more depth the specific charges leveled against 
the scientific community and the involved federal agencies, to ascertain whether or not 
these charges had merit, and to review the political and cultural factors that may have 
motivated these hearings. The staff produced case studies of the three Subcommittee 
hearings. I then synthesized those cases into basic themes or findings. My report follows 
with the staff case studies included in the appendix. 

Reviewing the hearing record. the staff could find no credible evidence to support 
the claims that scientists distorted their research to serve political ends. In fact, the record 
shows that the science in question was carried out in the best tradition of obj~ctive, peer­
reviewed science. 

This report raises serious concerns regarding the approach to science and 
policymaking represented by the hearings themselves. Beyond the specific allegations of 
misconduct lurks a deep distrust of government-funded science and the scientific 
··establishment" represented by peer-review and the scientific assessment process. This 
distrnst flies in the face of House Republican's oft-repeated affection for basic research 
and science. 

Further. there seemed to be an assumption that Congressional hearings would be 
an appropriate forum for determining scientific "truth" and for resolvin£ scientific 
disagreements. This was tied to a sometimes implicit. sometimes explicit. critique of 
publication of experimentai methods and findings and peer review. By rejecting the time­
tested tradition of scientific peer review and substituting an overtly political process for 
juciging scientific truth, the Subcommittee hearings were an ominous portent for the future 
role of science in environmental policymaking. 

The hearings also produced a clearer understanding of what some Members 
appeared to mean when they invoked the phrase "sound" science. Apparently, only some 
kinds of scientific knowledge qualify as "sound" science. Further, the Majority seems to 
equate sound science with absolute certainty regarding a particular problem. By this 
standard. a substance can only be regulated after we know with absolute certainty that the 



substance is harmful. That is an unrealistic and inappropriate standard. Absolute, final 
certainty is a rare commodity in science. When dealing with complex scientific issues, we 
need to recognize that there will always be a range of uncertainty surrounding any 
scientific claim of understanding. Science cannot easily provide definitive answers to 
complex, real-world problems; problems of this kind provoke probabilistic statements 
from scientists, not cast-in-stone truths. 

Scientific uncertainty is a constant that politicians and policymakers must have the 
courage to deal with. Coming to terms with the reality of scientific uncertainty does not·,_ 
in itself, solve the issue of whether a particular situation demands action. The decision to 
act or not to act in a specific case is a policy choice. Whether we act or not, we need to 
remain open to further scientific work that may confirm the wisdo_m of the policy choice 
or may demonstrate that it was unnecessary. Science may be able to guide policymakers. 
but it cannot relieve policymakers of the obligation to make tough policy choices. choices 
that require a difficult balancing of competing interests. The Majority's demand for 
absolute and incontrovertible truth prior to action is a choice to ignore science rather than 
be counseled by it and an abdication of the responsibility to use the best knowledge 
available at any given time to serve the common good. 

The real debates facing us are not about scientific issues, but about fundamental 
policy differences which reflect honest disagreements about the values of various 
competing social goals. I hope that the l 05th Congress will engage these real issues in a 
more substantive and productive way. 

I commend this valuable report to the Members' attention. 

IV 

GEORGE E. BROWN. JR. 
Ranking Democrat 
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Executive Summary 

One of the major claims asserted throughout the I 04th Congress was that many 
environmental regulations were not based on "sound science," but instead on scare­
mongering and gross exaggerations of environmental problems. In 1995, the 
Subcommittee on Energy and Environment convened hearings on the science relating to 
stratospheric ozone depletion, global climate change, and health risks of dioxin exposure. 
The hearings focused on claims by conservative think tanks, high profile "skeptic" 
scientists, and industry groups that these environmental problems had been systematically 
exaggerated for the purpose of promoting a regulatory agenda, and that scientific 
information and views inconsistent with this political agenda had been routinely ignored 
and even suppressed. 

As detailed in the staff report attached as an appendix to this report, the hearings 
failed to produce credible substantiation for any of these claims of scientific misconduct. 
On the contrary, the hearings showed science being conducted in an objective and 
apolitical manner, consistent with the traditional norms of scientific integrity. 

Although the hearings failed to substantiate these serious charges, they 
nevertheless displayed a number of disturbing beliefs about science and its relationship to 
policymaking which are detailed in this report: 

1. Repudiating Peer Review. The hearings not only reflected a fundamental 
mistrust of government-funded science, but also a mistrust of the entire process of peer 
review as a means of ensuring the quality and integrity of science. Instead, the hearings 
exhibited the view that scientific truth is more likely to be found at the fringes of science 
rather than at the center. Such an assumption seriously distorts the history of science and 
reflects a disturbing repudiation of the scientific process and peer review. Such a view is 
inimical to a constructive role of science in policymaking and hinders the ability of science 
to build scientific consensus on matters relevant to both domestic and international 
policymaking. 

2. Congress as Science Court. Presented as a contest between eq•Jally valid 
scientific views, the hearings were portrayed as a scientific court where the Subcommittee 
wouid determine scientific truth through testimony and questions. By substituting its own 
judgment for that of the scientific community, the Subcommittee achieved exactly what it 
purported to condemn: the politicization of science. 

3. Policy Paralysis through "Sound Science". The hearings reflected a 
definition of"sound" science which would entirely preclude the consideration of certain 
types of scientific knowledge in favor of "empirical facts ." In fact, this definition has 
nothing to do with the quality of science. It merely reflects a policy position which would 
require unrealistic scientific certainty before any regulations could be justified. The 



definition would make it virtually impossible to pass regulations intended to prevent 
environmental harm before it occurs. 

4. Hanging First, Trial Later. The hearings were an attempt to create an after­
the-fact justification for efforts to cut environmental research budgets, particularly in areas 
unpopular with the Committee's Republican leadership. 

5. Heat, not Light. The country faces complex environmental decisions that 
involve difficult policy choices and the consideration of important competing interests. 
These difficult decisions will not be made easier by diversionary attacks on illusory issues 
involving "scientific integrity." 

The report recommends that the I 05th Congress turn towards a more constructive 
debate on ways to reconcile the often sharply different value judgments that largely shape 
the political disagreements on environmental policy issues, and to turn scientific issues 
back to the scientific communjty and the time-tested process of peer-review as the best 
means of ensuring quality and objectivity. The report also recommends that Congress 
routinely require scientific witnesses to disclose funding sources, much as scientific 
journals already do. Finally, the report recommends that the scientific community take 
much more seriously the responsibility to educate the public and policymakers about the 
importance of the scientific process and peer review, and to respond to the arguments 
raised by the scientific "skeptics" who have taken a highly visible and public role in 
criticizing mainstream science on these issues. 
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The Assault on Environmental Science 

I. Introduction 

The last several years have seen an increasing chorus of charges, primarily from 
conservative think tanks and special interest groups, that costly environmental laws and 
regulations are often passed without "sound" scientific evidence of a "real" environmental 
problem. Such critics argue that environmental problems have been systematically 
exaggerated by an unholy alliance of scientists eager for increased. federal research funding 
and environmentalists pushing a political agenda. They claim that scientific views which 
might undermine the environmentalists' political agenda have been systematically 
suppressed. In short, these critics believe that science, particularly environmental science, 
has been distorted to serve political purposes. 

These claims found a particularly receptive audience in the Republican majority of 
104th Congress. which set as one of its primary goals the establishment of a new paradigm 
for environmental policy and environmental law. 1 Congressional critics of environmental 
regulations called for "sound" science as a basic element of regulatory reform. 2 Repeals, 
rollbacks, and research budget cuts were all asserted to be required by "sound" science. 
For example, proposed budget cuts to the global climate change research program were 
justified on the grounds that the program represented politicized science that was a 
"product of basically the Vice President of the United States' zeal for this particular issue. 
Many of us believe that that zeal is what we would call environmental fanaticism ... ~ The 
recent Republican platform reflects similar sentiments in its statement that proposals to 
reduce greenhouse gas emissions have "leapfrogged over reasoned scientific inquiry."~ 

For its part, the Republican leadership of the Committee on Science indicated early 
in the I 04th Congress its intention to oversee the "integrity of science" by promoting 

1 Refonning the regulatory process by requiring strict new risk assessments (""sound science") and cost­
benefit analyses was one of the Republican Contract with America provisions brought to an early vote in 
the House in the 104th Congress by the new Rep!.lblicar. leadership. See. gcr.erallv. !egislativc rujlcry of 
H.R. 9. the Job Creation and Wage Enhancement Act of 1995. 

: .'1t!c:. e.g .. Rep. Tom Delay ("That is what regulatory refom, is all about ... to make I agencies I do their 
jobs·,vith a little common sense and with good science." 141 Cong. Rec. H2416 (March I. 1995)): Rep. 
Robcn Walker ('"We have regulations run amok ... we need to get the good science." 141 Cong_. Rec. 
H2268 (Feb. 27. 1995)); Rep. David McIntosh (protect " regulated community. average Americans. from 
the threat of ... regulations that do not meet the test of good science and cost-benefit analysis." 141 Cong. 
Rec. H2327 (Feb. 28. 1995)). 

•
1 

Rep. Dana Rohrabacher. 141 Cong. Rec. H9942 (October 12. 1995 ). 

' Republican Platfonn on Science and Technology. Power for Progress. August. 1996. 

... 
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reliance on "empirically sound data" and by protecting scientists from political influences 
on their scientific work. 5 The Chairman oftlie Science Subcommittee on Energy and 
Environment, Mr. Rohrabacher, aMounced his intention to conduct an investigation of 
possible political pressure on the scientific process a few weeks into the session: 

"We are looking into charges that political pressure was put on people to make 
scientific decisions. And we may have a hearing if we find evidence on that. We may 
be holding a hearing on that to expose that type of indefensible behavior on the part of 
certain government officials". 6 

This investigation culminated in 1995 in three Subcommittee hearings convened to 
showcase areas in which science had been allegedly distorted: the 1992 decision to 
accelerate the ban on chlorofluorocarbons (CFCs) to protect the ·stratospheric ozone 
layer7

; proposals to reduce carbon dioxide and other greenhouse gas emissions to slow 
down global warming8

; and proposals to regulate dioxin-containing chemicals to protect 
human health. 9 The hearings focused on allegations that these environmental problems 
had been systematically exaggerated to the public, the media, and policymakers. and that 
contrary scientific data and views had been systematically ignored or even actively 
suppressed. 

These charges are serious in themselves. But equally importantly. the way in 
which the Subcommittee pursued these allegations provides a valuable window into the 

5 The Science Committee -vision Statement." submitted by Chainnan Robert Walker to the House 
Republican Conference during the 104th Congress. contained (among other things) the following 
.. strategies to promote scientific integrity": -science programs must seek and be guided by empirically 
sound data: The results of sci~ntific research must be completely and accurately reported without fear or 
favor: Scientific research must be merit reviewed in an open and competitive process." 

0 lnterYiew with Dan Greenberg in Science and Government Report. February I:> . 199:- . 

• Scientific Integrity and lhe Public Trust: The Science Behind Federal Policies and .\landates: Case 
Study I-Stratospheric Ozone: A/vths and Realities: Hearings Before the Subcomm. on Energy and 
Environment of the House Committee on Science. IO-4th Cong .. 1st Sess . . No. 31 (Sept. 20. 
1995)(hereinafter cited as -ozone Hearings"). 

8 Scientific Integrity and /he Public Trusr: ThP. Science Behind Fede ... al Po/icir!S end Manda:es: Cas! 
Study 2 •• Climate Models and Projections of Potential Impacts of Global Climate Change: Hearings 
before the Subcomm. 011 Energy and Environment of the House Committee on Science. IO-4th Cong .. 1st 
Ses~ . . No. 35 (Nov. 16. 1995) (Hereinafter cited as "Global Climate Change Hearings"). In addition. a 
panel also testified about global climate change science during full Committee hearings on NASA ·s 
Mission to Planet Earth: U.S. Global Change Research Programs: Data Collection and Scientific 
Priorities: Hearings before the House Committee on Science. 104th Cong .. 2nd Sess. No. 49 (Mar. 6. 
1996). 

8 Scientific Integrity and Federal Policies and Mandates: Case Study 3 •· EP.-1 ·.\· Dioxin Risk Reassessment : 
Hearings before the Subcomm. on Energy and Environment of the House Commiuee on Science. 104th Cong .. 
1st Sess .. No. 39 (Dec. 13. 1995) (Hereinafter cited as "Dioxin Reassessment He.1:ings ... ) 
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many assumptions - hidden and overt - which underlie the Majority's views toward the 
conduct of science and the use of science in the fonnulation of policy. 

This report first discusses the allegations that environmental science has been 
politically compromised. as well examining some of the unconventional views and 
assumptions held by the Majority on questions relating to the conduct of science and its 
use in policy fonnulation. The report then assesses whether any of the allegations of 
impropriety were actually substantiated during the hearings process. (The case studies 
prepared by the minority staff are appended to this report and contain a detailed discussion 
of the allegations and the actual evidence produced at the hearings.) The report next 
examines the effects that the Majority's views have had (and will continue to have. if 
unchecked) on science. science policy, and environmental policy. Finally, the report 
concludes with a series of recommendations on how Members of the Congress and the 
scientific community might strengthen ·environmental science and its link to the policy 
process. 

This report shows that the three hearings were much more than a platform for 
critics to air charges which ultimately proved to be baseless. The hearings constituted an 
unprecedented assault on the peer review system and the scientific process itself. In the 
end, the hearings conducted by the Committee Majority demonstrated a lamentable lack of 
understanding of science and of policy. and a real danger to effective linkages between the 
two. 

n. The Subcommittee's Allegations and Assertions 

Allegation: Science Has Been Distorted to Sen1e Politics 

The I 04th Congress has been fertil e ground for the allegations sown by 
conservative think tanks and special interest groups that science-based environmental 
policies have been systematically distorted and misrepresented for political purposes. 

10 

The three Subcommittee hearings focused on allegations that researchers had deliberately 
overstated environmental problems to mislead policymakers, and had willfully ignored and 
even suppressed contrary scientific infonnation and viewpoints. The Chainnan and 
witnesses made a number of specific allegations. discussed in detail in the appended case 
studies. including the following claims: 

• NASA and EPA deliberateiy overstated the risks of stratospheric ozon~ 
depletion; 

1°Conservative Washington think tanks have published a plethora of books and articles over the' last few 
years criticizing environmental policy ~nd the alleged manipulation of environmental science. See. e.g .. 
Bailey. Ronald (ed.), The True State of the Planet. (New York. 1995) fa project of the Competitive 
Enterprise Institute): Bast. Joseph et al. Eco-Sanitv (Lanham. Md. 1994) fHeartland Institute): Milloy. 
Steven, Science Without Sense: The Riskv Business of Public Health Research, (Washington. D.C. 1995) 
[CATO Institute! . 
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• Scientists presented testimony before Congress which deliberately understated 
inherent uncertainties in climate models; 

• Scientists distorted research results to secure continued federal funding and 
EPA conspired to distort the risk of a regulated substance. 

• Grant applications were inappropriately denied for ozone depletion research 
based on political convictions; 

• Politically unpopular dissenters were systematically excluded from international 
scientific assessments of ozone depletion and global warming; 

~ A publication suppressed an article dealing \.vith ozone depletion in the 
scientific literature because of biased editorial policy; and 

• A scientist critical of global warming was denied data. 

Assumption # 1: Peer Review is Suspect and the Unconventional Scientific Fringe is 
Probably Right 

The hearings displayed a fundamental distrust of government-funded science and 
the process by which scientific assessments are developed through open and peer­
reviewed procedures.11 A number of the witnesses attacked the traditional peer-review 
process as corrupt and politicized. The hearings appeared to bestow greater scientific 
credibility on the non-peer-reviewed views of individual scientists than on the peer­
reviewed scientific assessments. 12 In that regard. the hearings reflected a fundamental 
disregard for the scientific process itself and undermined the very credibility of science as a 
basis for making policy decisions. In his testimony rejecting the international scientific 
assessment of ozone depletion science, for example, Rep. John Doolittle expressed 
contempt for the "mumbo-jumbo of peer-reviewed documents" and expressed his 
preference for the views of the few "skeptic" scientists.13 

! : As practiced today. the tenn .. peer-review" refers to different things in different contt:xts. Most 
narrowly. peer review refers to the process by which an original anicle is circulated to independent 
knowledgeable reviewers to detennine an anicle"s scientific quality before publication in a scientific 
journal. ""Peer review" also refers to the process by which an assessment of scientific knowledge. which 
itself draws upon scientific peer-reviewed literature. is reviewed by an independent panel of e:-.-pens to 
ensure that the assessment reasonably reflects the state of scientific knowledge on a subject 

1
: In the ozone hearing. Rep. Tom Delay admitted that he had not seen the WMO international 

assessmenl. but readily dismissed it anyway: -1 haven't seen this study. so I can't comment on this 
p:1ryicular study. But it's been my experience that a selective group. in fact. is usually taken-well let me 
put it a different way. The conclusion is usually written before the study is even done." Ozone Hearing. 
supra. at 28 . Instead. he based his assessment that there was no scientific basis for ozone depletJon on 
"reading people like Fred Singer .... reading Amie Goldback from Norway. reading others." Id .. at 29. 

1 ~ When asked what peer-reviewed science i1e had relied upon for his conclusion that there was no 
scientific basis for ozone depletion. Rep. Doolittle responded "fwlell you're going to hear from one of the 
scientists today. Dr. Singer. .. l consulted Dr. Singer. who is a very authoritative source. and I will stand 
with the Doctor." Ozone hearings. supra. at 19. 
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Indeed, the "skeptic" scientists1
"' were perceived to be all the more credible 

precisely because their views were contrary to the consensus of peer-reviewed science. 
Citing historical instances where unconventional theories successfully overturned 
conventional wisdom, some Members and witnesses suggested that scientific "truth" is 
usually more likely to be found at the scientific fringes than in the conventional center. 15 

As the Subcommittee chair stated, "I am not swayed by arguments that here's a big list of 
scientists that are on my side and you only have a smaller group of scientists on your side. 
I'm just not swayed by that at all." 16 A similar sentiment was echoed by the Chairman of 
the Science Committee: "My experience in 18 years of watching science policy being 
made is it is often those small groups of scientists, though, who differ with conventional 
wisdom that in fact are always producing the scientific judgments of the future."17 

14 All scientists are skeptics because the scientific process demands continuing questioning. In this 
report. however. the scientists we refer to as .. skeptics" are those who have taken a highly visible public 
role in criticizing the scientific consensus on ozone depletion and climate change through publications 
and statements addressed more to the media and the public than to the scientific community. 

15 See, e.g. , Kuhn. Thomas S .. The Structure of Scientific Revolutions (University of Chicago Press: 
Chicago. 1962)_ for a seminal discussion of the role of "paradigm shifts" in the history of science. 
Defenders of skeptic scientists frequently cite historical examples where unconventional theories were 
actively suppressed by the establishment. See. e.g.. "George Miller. Meet Galileo Galilei". Dear 
Colleague circulated by Rep. John Doolittle (Sept. 26, 1995): "(l]t is fRep. George Miller! and other 
supporters of the CFC ban who want to keep the scientific debate closed. Accept conventional wisdom or 
else. is what he seems to be saying. Can you imagine how Mr. Miller might have reacted to ot11er 
dissenters in the scientific community? Consider Galileo Galilei .. .. " 

16 Ozone Hearings. supra. at 155. Contrast this view with the goal expressed in the 1996 Republican 
Platform which proposes. under R.:storing Justice w the Courts to .. eliminate the use of •junk science · 
... by requiring couns to verify that the science of those called as expen \\ilnesses is reasonably acceptable 
within the scientific community .. . •• 

17 Rep. Roben Walker. Cholesrerol Measuremenr: Error and Variability: Hearing before the Technologv 
Subcommittee of the Commillee on Science. 10-Hh Cong .. 1st Sess. (Feb. I~. 1995) at 125-126. Similar 
sentiments have been ex-pressed by "skeptic" s.cientists to bolster their position that the scientific 
consensus is irrelevant. "(TJhe most progress in science is made when researchers challenge e.xisting 
paradigms. the most overarching of which is t11at we are doomed." Michaels. Patrick. ··Free Markets. 
Free Scienc~." Washington T:mes (Dec. 15. 1992. p. F2). In testimon) before the Science Subcommiu~ 
on the Environment in 1992. Dr. Mkhaels expanded this view about scientific consensus: "The question 
you're asking implies that science by large consensus is. in fact. correct. And I don't think the history of 
scierce. in fact. argues that consensual statements. in fact. turn out to be correct in the long run.- U.S. 
Global Change Research Program: Hearings before the Environment Subcommillee of the House 
Committee on Sdence. 102nd Cong .. 2nd Sess (May 5. 1992).at 17~. Dr. Michaels has also s_aid. "The 
premise is that consensus defines truth in science. The pressure to confonn then comes to outweigh the 
openness to challenge and debate.·· Michaels. Patrick. "Forging Consensus: Climate Change and the 
United Nations" (George C. Marshall Institute. Washington. D.C. 1996). Such sentiments may also 
explain the high funding priority placed by the majority on research on "revolutionary ideas and 
pioneering capabilities that make possible the •impossible .... Sec, e.g., Views and Estimates on the FY97 
Budget submitted to t11e Committee on the Budget by the Committee on Science ( 1996 ). 
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Assumption #2: Sound Science is Empirical Science 

One of the overall messages of the hearings - that Congress should act as the 
arbiter of scientific disputes - becomes extremely problematic if Members of Congress are 
consistently confused about the nature and the limitations of scientific knowledge. And, in 
fact, these hearings were a case study in confusion. One example was the oft-repeated 
view of "skeptic" witnesses and Republican Members that "sound" science is "empirical" 
science18

. In both the ozone hearing and in the global change hearing, for example, 
"skeptic" witnesses rejected the use of statistical analysis and models in favor of 
observational data - even when the use of uncorrected raw data was highly misleading. 

19 

The hearings reflected a systematic aversion to the use of theory, models. and other 
sources of scientific knowledge to provide a full understanding of observed data. 

This inordinate reliance on a single source of scientific understanding is part of a 
broader view that the "sound science" needed before regulation can be justified is science 
which somehow proves a proposition to be "true. "20 This is a totally unrealistic view 
both of science's present capabilities and of the relationship between data and theory in the 
scientific method. Not coincidentally. as the report discusses in later sections. this 
approach to science can lead to near paralysis in policy-making. 

Assumption:;]: The Trial Can Follow the Hanging 

As an exercise in the relationship between the hearings process and legislative 
action. the hearings were a prime example of "hanging first, trial later." Months before the 
hearings. the Subcommittee Chairman had already proclaimed his belief that the global 
change issue was ''.liberal clap trap. "21 Without the benefit of hearings. the Science 

1
~ Science Committee Vision Statement. supra. See. e.g .. Singer. F .. .. Confusing Science with 

Speculation.·· Washington Times. ( Aug. 16. 1993) at EI. 

1
' ' For example. 111 the ozone hearing. Dr. Singer 1es1ified that the fact that there were no empirical data 

showing an aclual increase in surface level UV radiati0n must mean that stratospheric ozone was not 
being depleted. See. e.g .. Ozone Hearing. supra. at 5 I. 56-57. However. Or. Albritton testified that there 
was a reason for the lack of data: detecting trends iri surface level UV radiation is extremely difficult 
because of interference from clouds and pollution. See. e.g .. Ozone Hearing. supra. at p. 39-40. 170. The 
fact that there is no empirical proof of increased surface radiation does not mean that stratospheric ozone 
rkpletion is not occurring. Other direct satellite observations do. however. prcvide evidence that such 
depletion is taking place. See. e.g .. statement of Dr. Albritton. Ozone Hearing. supra. at 38. To be 
certain. predicti\'e models have their own set of problems as described by the GAO in the global wanning 
hearjng. The scientific method. however. is intended to reconcile empirical observations and predictive 
mo.dels and unify a common framework of understanding. Neither constitutes .. sound" science in 
isolation. 

:" ··1Blefore there is something proven to be a health risk. passing regulations that will cost billions of 
dollars to the American people is not justified... ( emphasis added) Rep. Rohrabacher. Dioxin 
Reassessment Hearings. supra. at 78. 

:i Rep. Dana Rohrabacher ... Statement at Press Conference Energy and Environment Authorization." June 
7. 1995 Mr. Rohrabacher also stated: '"In another area of savings. trendy science that is proposed up by 
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Committee in June, 1995 approved legislation22
, later passed by the House of 

Representatives, which included dramatic cuts in environmental research, particularly in 
climate change and energy research. Other Members introduced legislation to roll back the 
ban on CFCs based on their belief, unconfirmed by any open hearings process, that the 
scientific basis for the ban had been politically distorted. 23 

ill. Were the Allegations and Assumptions Proven? 

As detailed in the appendices to this report, the hearings failed to produce 
credible substantiation for any of the allegations of scientific misconduct and made 
no coherent case to buttress the sweeping assumptions concerning science po!icy. 
On the contrary, the hearings showed that the integrity of the scientific process is 
sound. 

Despite the central focus of this series of hearings and subsequent efforts to 
develop specific factual evidence, there was no substantive corroboration of any of these 
charges. Nor was it demonstrated that the alleged incidents leading to these charges had 
any influence on the interpretation of science for policy. In short, no actual cases of 
scientific fraud, unacceptable conduct by any individuals or institutions, or breakdown in 
the scientific process were documented. 

In each of the cases considered, the record showed that environmental research 
was carried out in an objective manner, consistent with the traditional norms of scientific 
integrity, and without preconceived political or scientific outcomes. Moreover. the record 
also showed many efforts by those scientists to convey to policy makers the complexity, 
uncertainties, and limitations of their science. Rather than ignoring contrary data or 
suppressing dissenting views, the research programs reviewed in these hearings instead 
demonstrated a remarkably open and transparent process that relied heavily upon critical 
scientific peer review to ensure quality and integrity. 

Clearly, a wide disparity in scientific opinion exists for many important issues 
having policy implications. AJthough there exists a high level of scientific consensus on 
ozone depletion and global climate change, some scientists do disagree. Beyond this 
observation, however, no instances of illegal, unlawful, unethical. or even inappropriate 
acts could be validated. 

liberal/left politics rather than good science has cost us billions .... We will not pennit scare mongers and 
chicken littles to successfully push federal policies that ta" out people into lower standards of living. raise 
the price of products they buy and regulate them out of a job. No where is scientific nonsense more 
evident than in global wanning programs that are sprinkled throughout the current year budget;· 

:: H.R. 1814. H.R. 1815. and H.R. 1816. later incorporated into H.R. 2405 . 

:J Rep. John Doolittle introduced H.R. 2367 to repeal the accelerated phaseout of CFCs: Rep. Tom Delay 
introduced H.R. 475. repealing the entire section of the Clean Air Act providing for the authority to phase 
out ozone depleting chemicals. 
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These hearings were aimed at discrediting the environmental movement, the 
Federal Government, and the science community itself At best, these assertions of lapses 
of integrity can be characterized as an investigation into the possible breakdown of 
scientific integrity (which could not in fact be shown). At worst, they were a mythical 
distortion with the potential to obscure honest and open debate, to compromise the 
scientific process, and to cause great damage to human health and the environment. 

IV. Impacts of the Subcommittee's Allegations and Assertions on Science and Policv 

The Subcommittee Demeaned Peer Review_and Looked for Scientific Tntth at the Fringes 

The hearings contrasted remarkably different concepts of science and the role of 
scientists in public policy. On the one hand, the testimony of agency scientists reflected 
the results of extensive efforts to analyze and assess the scientific peer-reviewed literature 
through an open process. 24 Each of these assessments disclosed key unce11ainties and 
assumptions, and. consistent with sound risk assessment principles. addressed only 
scientific issues - not policy recommendations. 25 

24 Dr. Albritton testified at the Ozone hearing that he and Dr. Watson were representing not their own 
work, but the peer-reviewed research of hundreds of international scientists conducted since 1981 . The 
1994 Scientific Assessment of Ozone Depletion. the seventh such international assessment. is the most 
authoritative source on ozone depletion science. Over 200 scientists· were contributors. and another 1-'7 
were peer reviewers. The report was prepared in a thoroughly transparent. public. and open manner. 

Similarly. in the Climate Change hearing Ors. Watson and Mahlman presented the scientific 
consensus of the Intergovernmental Panel on Climate Change (IPCC). created in 1988 by the World 
Meteorological Organization and the U.N. Environment Programme. At the time of the hearing. lPCC 
was about to approve its Second Assessment Report. The Summa!'}' for Policy-makers and Technical 
Summa!'}·. based on the work of hundreds of scientists. were drafted by 78 lead authors from 20 countries 
and reviewed by 500 reviewers from .io countries. The Summary was approved. line-by-line. by the 177 
delegates to IPCC Working Group I in November. 1995. Dr. Mahlman referred to the IPCC repons as 
"the most widely accepted statements ever on climate change ... (Global Change Hearings. supra. at 17). 

EPA's draft Dioxin Reassessment was begun in 1991 and involved extensive public outreach and 
peer review. In September 1994. EPA released for public comment a draft reassessment consisting of two 
thousand-page documents. A year later. EPA submitted the entire document and all public comments to 
its SciencP. Advisory Board for independent peer rcYiew. 

:~ The 1983 National Research Council report. Risk Assessment in the Federal Government: Managing· 
tl1e.Process (National Academy Press. Washington. D.C .. 1983) recommended that the scientific process 
of risk assessment should be "explicitly distinguished from the political. economic. and technical 
considerations that influence the design and choice of regulatol'}· stra1egies." Page 7. With resRCCt to the 
ozone assessment. Dr. Albritton testified. "They are a solid basis for decision-making. in contrast to 
anecdotal stalements or privately published viewpoints. They are pure science. The community makes no 
policy recommendations. That's the job of others. like yourselves. tl1a1 are entrusted with the public 
welfare." (Ozone Hearings. supra. at 65.) Similarly. in the global change research hearing. Dr. Mahlman. 
like Dr. Albritton in the earlier hearing. was careful to avoid policy pronouncements (Global Climate 
Change Hearing. supra. at 16): .. ... as a physical scientist. I do not offer personal opinions on what 
society should do about these predicted climate changes. Societal actions in response to greenhouse 
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In contrast, in the Ozone Hearing, the Subcommittee heard testimony from Dr. 
Fred Singer and Dr. Sallie Baliunas. the latter testifying in her capacity as the chair of the 
Science Advisory Board of the George C. Marshall Institute. The criticisms of the 
scientific consensus contained in Dr. Singer's26 and Dr. Baliunas'27 testimony have not to 
our knowledge bet!n published in any original peer-reviewed research. 

There is. of course, nothing wrong with scientists exercising their rights as citizens 
to advise Congress o~ what they believe to be appropriate policies. But such J2Qli£y 
advice is nothing more than personal opinion which is entitled to no more deference than 
that which should be afforded to the opinions of other thoughtful citizens. Scientists have 

wanning involve value judgments that are beyond the realm of climate science. Indeed. I would invite 
your skepticism whenever you hear a climate scientist's prediction being accompanied by a policy 
opinion." Referring to EPA's draft dioxin reassessment. Dr. Farland also testified. "The reassessment is a 
scientific document and does not address regulatory policy or issues." (Dioxin Hearings. at 23 .) 

~
6 A literature review revealed only one recent peer-reviewed article on ozone depiction by Dr. Singer. 

The article is not original resear~h. but a technical comment in Science co-authored by Dr. Singer 
(Michaels. P.J.: Singer. S.F.: Knappenberger. P.C. "Analyzing Ultraviolet-B Radiation: Is there a trend?", 
264 Science 1341.May 27. 1994 ). The article criticized statistical techniques in a study purporting to 
detect a trend in UVB radiation associated \\ith ozone depiction (Kerr. J.B: McElroy. C.T .. -Evidence for 
Large Upward Trends ofUltraviolet-B Radiation Linked to Ozone Depletion." 262 Science 1032. Nov. 12. 
1993 ). Science also published a response by the original authors to the criticism by Singer and his co­
authors. 

Dr. Singer testified that he had also published peer-reviewed articles in EOS and Technology: 
The Journal of the Franklin Institute {Ozone Hearing. supra. at 165-166). EOS. the journal of the 
American Geophysical Union. is a weekly newsletter. not a traditional scientific journal. As its editc,r-in­
chicf wrote in a lcucr to Rep. Rh·crs. EOS .. publishes commentary on scientific programs and their 
results. short reviews of research results and acuviry. and opinion intended to stimulate scientific debate:· 
While such articles are reviewed by one or more active scientists for .. interest. clarity. and soundness of 
the science.·· EOS does not publish new scientific results subject to the traditional peer-review process. 

Technology. a new journal separate from its parent publication. The Journal of The Franklin 
Institute. has published only three issues with a very limited circulation (Ozone Hearing. supra. at 165. 
and letter submitted for the record. page 320 et seq). According to Technology·s editorial guidelines. Dr. 
Singer's article is a "Commenlary" which would not be not peer reviewed. 

Dr. Singer has noted (Ozone Hearings. supra. page 307) that he has published in many peer­
revae\\ ed journals. Dr. Singer did publish actively in the 1970s scil!ntific literature on ozone and other 
gto,bal environmental issues. He has also been a prolific writer of op-ed articles for the Washington Times 
and other conservative publications. The point here. however. is simply that Dr. Singer's current views 
on ozone depletion science have not been published in the scientific peer-reviewed literature. , 

=~ Dr. Baliunas has many peer-reviewed publications in her specialty; solar astrophysics. but lier criticisms 
of ozone and global change science have been published only by the Marshall institute. whose reports are 
not peer reviewed. according to published reports. ln .. Attacks on IPCC Report Heat Controversy Over 
Global Warming" (Phvsics Todav. Aug. 1996 at 57). Toni Feder quotes Dr. Frederick Seitz. Chainnan of 
the Marshall Institute. as saying that Marshall reports are not peer-reviewed and "represent opinion." 
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no special expertise to judge the many economic and political issues involved in any 
regulatory decision. Indeed, it js for that reason that scientists generally try to limit their 
advice to scientific issues within their expertise, or at least clearly distinguish between 
science and personal opinion. This is a standard which "skeptic" scientists frequently fail 
to meet in their publications.28 

As evidenced by earlier-cited comments, Subcommittee Members were quite 
comfortable both in enthusiastically accepting the policy pronouncements of"skeptic" 

·_ scientists and in demeaning the careful peer-review efforts of traditional scientists. Peer 
review was almost flippantly dismissecl as politically correct tyranny, as opposed to the 
true scientific breakthroughs generated by the unconventional and skeptical innovator. 

The sentiment that the scientific fringe is more likely to be right than conventional 
scientific knowledge reflects a disturbing misunderstanding by some Members not only of 
the scientific process but of scientific history as well. 

Skepticism is an inherent pan of the scientific perspective: scientific knowledge 
grows only through a process of continual questioning. The central accepted core of our 
scientific knowledge is the cumulative result of centuries of resolving scientific questions 
through observation, testing, and open and rigorous scientific peer review. The consensus 
that has emerged from this process deserves respect as our best effort to understand and 
explain the physical world. Like Winston Churchili's democracy, peer-review is not a 
perfect process, but it is the best that we have. 

While scientific breakthroughs that challenge conventional wisdom do occur. it is a 
perversion of scientific history to say that the conventional wisdom - the product of the 
peer review process - is more often than not wrong. Further, while "skeptic" scientists 
are unquestionably correct that their theories are not wrong simply because they are not 
popular. the burden must be on the challengers to show that the conventional wisdom is 
wrong. by the scientific process of developing and testing alternative hypotheses subject to 
open and rigorous peer review. Those who would wear Galileo ' s mantle must also meet 
Galileo's commitment to science's rigorous demands. 

For the most part. "skeptic" scientists have failed to confront conventional 
wisdom in a valid scientific forum. Instead. they have chosen to present their views in 
opinion pieces aimed not at their feliow scientists but at policy-makers. the media. and the 

~lf' f.or example. Marshall Institute repons on ozone and climate change make policy recommendations 
based on the -scientific" conclusion that policy actions are not justified. As noted in the text. infra. such a 
conclusion is a policy. not a scientific. conclusion. Other policy matters are included in the Ma{'Shall 
repons as well. In "The Ozone Crisis." Dr. Baliunas extensively discusses the economic impacts of the 
CFC phase-out and the wisdom of the "precautionary principle" policy. concluding that the phase-out 
--appears both scientifically unjustified and unnecessarily costly." At the hearing. however. Dr. Baliunas 
was much more restrained about her policy qualifications. She declined to state her position on the CFC 
phaseout : "Ifs just that it involves a broader issue than the science. It involves the risk/benefits. And I 
can·1 comment on those. and the second panel shall . It involves an economic question as well.-
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general public. And because the skeptics often present subtle misinterpretations of results 
and undocumented analyses with each new hearing or op-ed piece, their arguments are 
difficult to rebut by the methods normally utilized by the scientific community. 

In lionizing the methods of the skeptic community, the Subcommittee has damaged 
the peer-review process, displayed its ignorance of the history and conduct of science, and 
failed profoundly in its responsibility to educate and enlighten the 104th Congress on the 
contributions of science to society. 

The Subcommittee's Embrace of Skeptic Science Is a Threat to Domestic and 
International Consensus Building and to a Constn1ctive Role fo~ Science in Policy 
Making 

A key allegation throughout these hearings was that the link between the scientific 
process and the policy making process is flawed . For the climate change hearings. the 
testimony of skeptics was taken as proof that the peer review process has failed and that 
unsound science was being used for major decisions. The structure of these hearings and 
the selection of viewpoints to be heard were aimed at showcasing the skeptics' interests. 
Although mainstream science was represented, it was cast in a defensive posture29 and the 
true link between the consensus process and policy making was obscured30

. 

Through these hearings, there emerged the outlines of an alternative proposal for 
policy making. That is, rather than relying on the traditional consensus process that has 
characterized the IPCC, the Montreal Protocol process, and Federal regulatory review 
panels, the hearings profiled the "think tank" process in which scientific opinions can be 
developed unencumbered by the peer-review process. The hearing in fact gave equal 
weight to \vitnesses representing both processes. 

Some have argued that high profile think tank and skeptical scientists. while they 
may not be an integral part of the science process. are a part of the public opinion process 
and should be afforded a platform. The issue of relevance is not whether skeptics should 
be heard but how such individuals and think tanks _are used by Congress in developing 
policy and legislation. 

In encouraging and supporting the views of skeptic scientists who do not 
p<'l.r!icipate consm.1ctiveiy in peer review processes. the Subcommittee has undercut 

::9 Witnesses who were part of the traditional scientific community stopped shon of conveying personal 
opinions - properly believing that policy matter were outside their expenisc. Thus. throughout,the 
hearings. many exchanges between witnesses seemed unbalanced - strongly expressed policy opinions on 
the one hand versus highly qualified scientific responses on the other. 

30 
For example. there was no representation from the critics at the opposite end of the spectrum. i.e. those 

who believe the consensus process is too conservative and more proactive policies are needed. The 
consensus represents a balance in this spectrum of viewpoints. 
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domestic and international consensus-building processes which aim to link science and 
environmental policy. Ifit is successful, the Subcommittee will have discredited the best 
available mechanism for establishing environmental policy, leaving nothing in its place 
except raw political influence. 

By Turning Congress into a Scienct! Court, the Subcommittee Has Politicized Science 

Although skepticism has long been an essential part of the scientific process. the 
emerging role of skeptics within the policy making process has been confusing and 
counter-productive. The receptivity of the I 04th Congress to their views has distorted the 
true cases of consensus where consensus exists and has led to a percepti?n that science 
itself cannot be trusted for policy making. • 

A perception has been created that for any scientific issue, there will always be 
some scientists in agreement and some in disagreement, scientists will invariably change 
their minds, and no reliable process exists to resolve scientific differences of opinion with 
any degree of integrity. This cynical view in fact does undermine science-based policy­
making. It leads to the conclusion that institutions such as Congress have been ceded the 
responsibility to define what is sound science and to act as a science court . 

This emerging view, based on a fundamental mistrust of the process. establishes 
the science community as just another interest group. Large numbers of scientists 
subscribing to a consensus are simply a large interest group. Skeptics, on the ether hand, 
are viewed as an equally credible, but smaller interest group. Within this new framework. 
policy making will be dominated by politics rather than science. That is. small interest 
groups with greater access have the potential to achieve more than larger interest groups 
with diminished access. 

The idea that politicians rather than scientists should decide what constitutes 
"sound science" should be deeply disturbing to those concerned with the integrity of the 
scientific process. Yet in these hearings, the Subcommittee acted as a ''science court". 
leaving to the judgment of Members which science to believe based on little more than the 
persuasiveness of five-minute presentations and question sessions.31 Science is not a 
political debating contest. Scientific "truth" is unlikely to emerge in such a legalistic. 
adver sariai setting; it cannot. like poiicy opticns, be chosen from a :nenu of alternatives. 
Yet the Committee routinely dismissed the scientific viewpoint established through 

31 
.. , came away (from the Ozone Hearing! thinking. well. the people who were talking about ~one 

cenainly made their case. But when we had the people there talking about global wanning. they dido 't 
make their case at all . And they were. as far as I could see. they were shot down totally by the people 
presenting the other side of the argument." Rep. Dana Rohrabacher. statement made during Committee 
consideration of H.R. 3322. April 2-'. 1996. Omnibus Civilian Science Authorization Act: Report of the 
cnmmiuee on Science on H.R. 3322. together with Dissenting Views. 104tl1 Cong .. 2nd Sess .. H. Rep. 
10-+-550 (Pan I). page 5-4 I. 
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rigorous peer review in favor of an untested scientific viewpoint which had only the 
benefit of supporting a preferred policy outcome.32 

What are the implications of this new view of science for future Congressional 
decisions on the environment? There was a disturbing common theme to these hearings 
suggesting that research funded by the federal government is not sound science. since 
scientists have economic incentives to exaggerate the importance of their research.B In 
this view. "consensus" science derived from peer review is not sound science. since it 
merely reflects a conspiracy of the scientific establishment which suppresses dissenting 
views. Finally it was implied that science which has any uncertainty or which is not 
"empirical" is not sound science. What is left? 

If we accept these propositions. science becomes something that policy makers can 
simply pick and choose depending upon their own personal political preferences and the 
persuasiveness of slick packaging. With the credibility of peer-reviewed science 
undermined by political attacks. the I 04th Congress has signaled its intention to make its 
own decisions about what constitutes "sound" science, thereby ensuring precisely what it 
said it wanted to avoid: the politicization of science. 

The deep-rooted distrust of science funded by government. the lack of respect for 
the scientific peer review process. and the lack of understanding of distinctions between 
science and policy matters displayed by the I 04th Congress all but assures continuing 
attacks by special interest groups on the scientific basis of environmental regulations. 

The Subcommittee ·s Definition of ''Sound Science" Creates an Impossible Burden of 
Proof for Science, Therebv Undercutting All Environmental Regulation 

The he:::r.ings illustrate a newly emerging theme (enunciated in the Republican 
vision statement for scientific integrity) equating sound science with empirical science. 
Throughout these hearings it was clear that although all Members advocated the_ use of 
"sound" science. there was no universally accepted definition of what it meant. Rep. 

J: The complexity of science provides a further caution to the idea of Congress acting as a "science court~. 
especially when politicians are generally ill-equipped to judge the merits of complex science. One of the 
key controversies in the EPA Dioxin Reassessment was EPA· s assumption that dioxin could be considered 
to havl! a line<1r dose-response. which cculd mean that even relatively small increases in <!Xposure could 
pose h(".alth risks - an assumption opposed by the chemical industry However. Chairman Rohrabacher 
_!:Xpressed his frustration in understanding the testimony on this critical issue: "I don't know how many 
people on this panel understand it or this committee understand it. but I am sure that it's an imponant 
question. and we need to make sure that people are on the record even on issues that the commincc 
doesn't understand." Dio.xin Reassessment Hearing . . 'iupra. at 6.i . , 

33 Pan of the distrust of environmental science appears to stem from the fact that most environmental 
research is funded by the federal government. Some critics have questioned the inherent credibility of 
such research because of the potential self-interest of researchers in exaggerating the importance of their 
research·· or. as one witness wrote. to be "shills for the apocalypse." Michaels. Patrick. ·'Free Markets. 
Free Science... Washington Times. Dec. 15. 1992 (p. F2). 
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Doolittle, in his prepared statement for the Ozone Hearing, stated that "Sound science 
must be the basis for all future decisions we make on this important issue". In seeking to 
clarify the definition of sound science, Ms. Rivers asked " ... what would you consider to 
be sufficient evidence for action to be taken in this area?" Mr. Doolittle responded "I 
think we need a clear scientific conclusion that there is a definite cause for the problem 
and that so-called problem is producing definite effects. Theories or speculation about it 
are not sufficient. We need science, not pseudo-science. I think we've been in an era of 
pseudo-science where these dire consequences are portrayed in order to achieve a certain 
political objective." Similar statements were made by other Members in the global change 
hearings with respect to projections from computer models and in the Dioxin 
Reassessment Hearings with respect to choices of models of dioxin receptor activity. 

34 

The emphasis on empirical science to the exclusion of modeling represents a 
fundamental misunderstanding of science itself. The classic scientific method involving 
observations, hypotheses, testing of hypotheses, and establishing and refining a theoretical 
construct is fundamental to scientific understanding. The emerging effort to truncate the 
scientific method at the initial observations stage endangers the ability of the scientific 
community to unify its understanding not only of environmental problems, but any 
phenomenon. 

While it may be understandable that laymen like Members of Congress do not 
understand all the conceptual tools of modem science, we believe that the Subcommittee's 
oversight in this case was less accidental and more sinister than it may appear at first sight. 
By equating sound science with empirical science, the Subcommittee has attempted to 
sever the link between peer-reviewed science and policy and to stop environmemal 
regulation in its tracks. 

There are several components of this strategy. 

First, limiting what is scientifically admissible to that which is "empirically true" 
eliminates much of the subtle evidence that both contributes to scientific understanding 
and supports environmental regulation. Scientific understanding of complex 
environmental and health problems evolves over time, drawing from different approaches 
and techniques for testing theories. By eliminating modeling, theoretical constructs, and 
process studies, the Subcommittee has imposed a totally unrealistic burden on science and 
has compromised the relationship between data and theory in the scientific method. 

.. Secondly, by demanding empirical "truth", the Subcommittee has effectively 
severed the link between science and policy. There will always be scientific uncertainties, 
particularly in dealing with complex areas such as human health and global climate 
systems. The fact that science cannot always make statements with I 00% certainty about a 
subject does not mean that scientists do not know anything about the subject. For 
example, even though science still lacks a precise understanding of the mechanisms by 

·'·' Sec note 20. supra. 
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which cigarette smoking causes lung cancer, the combined weight of scientific evidence, 
including clinical and epidemiological research, presents an overwhelming case for 
causation. Uncertainty is not the hallmark of bad science; it is the hallmark of honest 
science. The scientist professing absolute certainty is likely the least believable. 

Further, no politician should be allowed to cut off a serious public policy debate on 
the basis that the underlying science is uncertain. Degree of scientific certainty is only one 
of many factors that enter into policy decisions. Even where there is substantial scientific 
uncertainty, a policy action might still be justified in a policy-maker's view depending on 
factors such as the nature, distribution, and significance of the possible harm to be avoided 
and the cost of implementing the policy to avoid the harm3s. This perennial question -­
"Do we know enough to act?" - is inherently a policy question, not a scientific one. There 
is no "scientific" way to decide how to make the difficult tradeoffs among uncertainties, 
costs, benefits, and risks inherent in any policy action. Policy choices invariably involve 
subjective values about which science has nothing to say. It is therefore meaningless to 
say, as some environmental policy critics have. that certain policy decisions are 
"unscientific. " 36 

In short, then. the term "sound" science as used by Subcommittee Members has 
very little to do with the quality of science. Instead, it is a policv position that a 
proposition should be "proven" before any regulatory action can be justified.37 The three 
hearings examined here demonstrate that waiting for the kind of certain, unam~iguous and 

3
~ Scientific uncertainty is cenainly a factor to be considered. since the uncenainty creates the risk L'1at 

any given regulatory response will be less than optimum. Either the actual risk can be overstated. in 
which case regula!ions may not have been necessary. or the actual risk can be understated. in which case 
regulations h,wc not been sufficient to avoid all of the ham1. Where regulatory costs arc high. and the 
benefits uncertain. policymakers could reasonably insist on greater scientific certainty before deciding to 
regulate. On the other hand. if regulatory costs are low. and the benefits arc high. policymakers may 
place less importance on scientific cenainty. How any given policymaker wants to ··gamble .. on such 
outcomes will be heavily influenced by the other policy factors mentioned in the text. 

36 For this reasons. scientists try to distinguish between science issues. on which they are uniquely 
qualified to speak. and policy issues. on which they have no particular ex-peruse. In regulatory language. 
these two issues are separated as risk assessment and risk management. While each of the mainstream 
peer-review a~sess,~ents challenged in these hearings scrnpulously avoided pol:cy prvnounce.menrs. rr..:.r,y 
of the .. skeptic·· scientists who testified at these hearings routinely mix science and policy judgments 
together in their writings. See. e.g .. Baliunas. Sallie ... The Ozone Crisis" (George C. Marshall lr.stitute. 
I t19f) ("'The Precautionary Principle. as a basis for the fonnulation of environmental policy. is the denial 
of science.·· ) 

l 

~7 Congress could. of course. legally mandate agencies to meet such a high burden of proof to justify 
regulations. Given the practical difficult'! of meeting such a burden. however. agencies would be unlikely 
to enact regulations intended to prevent ham1 from ocurring. For that reason. environmental laws passed 
over the last 25 years generally do not require such a strict burden of proof. partly in recognition of high 
policy priority given to protecting public health and the environment from involuntary environmental 
risks. 
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empirical data called for by Subcommittee Members means waiting until irreversible and 
irreparable hann has already started happening. In the global change area, waiting for an 
unambiguous signal of global warming before taking any actions to reduce greenhouse gas 
emissions adds greenhouse gases to the atmosphere which could make the impacts of 
global warming worse and mitigation strategies more expensive. Similarly, the 
atmospheric lifetime of CFCs is so long that it would take centuries to reverse 
stratospheric ozone depletion if we waited for certain, unambiguous evidence of ozone 
depletion and increased skin cancer incidence. With respect to dioxin, as in public health 
in general, public policy is based on preventing adverse human health effects, not waiting 
for evidence that cancer or other adverse effects have already occurred. 

By requiring an unrealistically high level of scientific proof, the Subcommittee has 
thrown a large roadblock in the path of sensible environmental regulation. Their 
obstructionism is aimed at reversing the "precautionary principle," which has been the 
basis for environmental and public health regulations for many decades. 

The Subcommittee Has Obfuscated and Postponed Constructive Consideration of the 
Difficult Core Issues in Scientific and Environmental Policy 

Congress and the Administration face policy decisions of staggering complexity in 
dealing with environmental problems and their economic, social and political implications. 
These decisions, which are inherently non-partisan, involve balancing important social 
goals such as environmental protection and economic growth. While these hearings could 
have provided a useful forum for exploring these critical issues. they instead featured a 
confusing array of scientific distortions, red herrings, false accusations, and vague charges 
of a breakdown in integrity Rather than focusing on the real policy choices that need to 
be made. the Members were presented with a new view of"sound science" that is far 
different than is generally accepted by the scientific community. 

The difficult environmental policy choices that this nation faces will not be made 
easier by the attacks on the scientific process launched by environmental critics. "skeptic" 
scientists or their sympathizers in Congress. By creating an illusory controversy over the 
"integrity" of science. these attacks have not only diverted attention from the real policy 
choices. · They have also turned science into a political pawn. and demeaned its value as a 
t.!11ique arid irreplaceable part of a rati 1Jnai decision making process. 

The.'J0-lth ('ongress Was Uniusti/ied in Cutting Funding for £11vironme111al Research 
Programs 

Well before this series of hearings was held, the Science Committee had been 
actively pursuing a legislative agenda that was unprecedented in its mistrust and hostility 
toward Federal environmental research programs. For example. the FY 96 Budget 
Resolution. which passed the House in May 1995, recommended a reduction of 20 percent 
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in FY 1996 for Federal environmental research and a steep decline in succeeding years. 
38 

The Science Committee also passed a series of authorization bills throughout 1995 to 
enact these reductions and to ensure that the Appropriations bills were constrained in their 
budget authority for environmental programs. Although the final appropriations bills were 
somewhat more moderate (an aggregate reduction of about 12%), compromise was 
achieved only after intense partisan fights, adverse public reaction, and direct threats of 
Presidential vetoes. 

In addition to budget cuts, the Committee passed legislation to constrain NOAA's 
climate mission to natural phenomena only and to eliminate the environmental mission of 
NASA altogether.39 All of these actions occurred prior to this series of hearings and 
without any actual public record. 

It is ironic that the "skeptic" scientists called by the Majority did not in general 
endorse reductions in environmental R&D, particularly climate change R&D. Dr. 
Nierenberg, for example, noted : 

"I have been advocating increased research in climate affairs ever since I have been 
in this business for reasons beyond global warming. Whether global warming is to 
escalate or not is a serious issue. Very little of what we are doing now in research 
is being wasted."40 

Other skeptic witnesses expressed similar sentiments, possibly because some of the most 
important issues highlighted in their arguments can be fully resolved only through 
continued research. These sentiments appear to be at odds with the views of the 
Subcommittee Chairman, who in April, 1995, characterized global change research as 
"money right down a rat hole". 41 

3
~ AAAS . . -U.-IS Warns Budget Cuts Threaten Future Scientific Enterprise. August 29. I 995: Hileman. 

Betty ... Administration Warns of Congress· Attack on Environmental Science,::_Chemical and 
Engineering News. (June 19. 1995) at 2 I: Johnson. Jeff. "Lean Times Ahead for Environmental R&D 
Funding:· Environmental Science and Technology. Vol. 29. No. -4 (1995) at 180A. 

39 See for example House Report 10-4-237. Report accompanying H.R. 1815. National Oceanic and 
Atmospheric Admipjstration Authorization Act of 1995. page 32,33. In addition. although later disputed. 
a legislJtive proposal was dev~loped to alter the organic NASA Act which now spells out in $CCtior. 
!02(d) .. The expansion of human kr.owledge of the Earth and ofphenom-:na in the atmcsphere and 
~pace .. as a fundamenla! agency mission. The proposal sought to remove the words --of the Earth ... 

. , 

~" Global Climate Change Hearings. supra. at 239 . Dr. Nierenberg's statement was echoed by Rep. 
Roemer. the Ranking Democratic Member. in his opening statement in the climate hearing: .. Q.iven the 
enormous costs and benefits (of global wam1ing) it makes eminent sense to do the necessary research to 
find out as much as we can about global wanning . ... The policy we have followed of targeting 
environmental research, belittling the possibility of any impacts and so on. will not make the problem go 
away. it will only put us on a slower track to understanding this problem'"_.u, 

~, Repon of the Committee on Science on H.R. 3322. the Omnibus Civilian Science Authorization Act of 
1996. 10-4t11 Cong .. 2nd Sess .. H. Rep. 10-4-550. Part I (April 2-4.1996). at p 5-40. 
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The hearings developed no serious rationale for reductions in environmental R&D. 
For example, Chairman Rohrabacher claimed that EPA's Global Change Research 
Program could be eliminated because it wasn't really science: 

"I am taking a look here out of $11 l million contract for global climate research 
EPA. and their account was used for brochures, posters, program logos, design for 
product awards, promotional pens, pencils, buttons, banners, dispiays, billboards, 
bus and train placards ... "42 

Later, Ms. Rivers asked Mr. Gardiner of EPA about his budget for Global Change R&D:
4

~ 

"I have in front of me a list of programs that are being negatively affected by 
decisions here: The terrestrial carbon flux tracking program: developing predictive 
models; regional vulnerabilities: integrated assessment research; stratospheric 
ozone depletion. To your knowledge, are any of those programs engaging in any 
of the PR kinds of things that were mentioned by the chairman earlier today?""" 

After Mr. Gardiner responded negatively, Chairman Rohrabacher asserted that the projects 
listed by Ms. Rivers were fully funded and had not been cut. Notwithstanding this 
assertion, on July 21 1995, the Committee directed EPA to terminate its global climate 
change research program and reduced the budget for global change research from $22.5 
million to $2.4 million.45 

If environmental R&D cuts were not supported by Committee oversight nor 
generally endorsed by hand-picked skeptic witnesses, why was the Committee was so 
aggressive in pursuing them? The answer may well lie in the Majority's desire to end the 
federal "monopoly" on research which some conservative critics have seen as the source 
of demands for environmental protection. Government scientists, such critics argue. have 
an incentive to exaggerate the importance of their research in order to keep Congressional 
funding . 46 The "real problem stems from the monopoly provision of science funding by 

4
: Global Climate Change Hearing. supra .. at 5:3 . 

43 Our Chz.nging Planet-The FY i996 U.S. Global Change Research Program (A supplement lo the 
President 's Fiscal Year 1996 Budget). p 140. 

4l Global Climate Change Hearing. supra. at 240. 

4
~ House Repon 104-199. Report accompanying H.R. 1814 Environmental Research. Developm.ent and 

Demonstration Authorization Act of 1995, page 13 and 15. Note the confusion between the Global 
Change Research Program and the Climate Change Action Plan which does generate brochures and other 
public infonnation items. As best can be determined. the fonner was cut in response to percieved abuse 
by the later. 

-«>or. Patrick Michaels. who testified at the Global Change hearing. has written : .. (Ajgencies exist to 
perpetuate themselves ... The agency goals cannot be accomplished without the largesse of Congress. 
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the federal government."47 Since federally-funded research is tainted, the policy response 
is obvious - cut the budgets: 

"Those who promote federally funded science as a solution to regulatory 
incompetence have a misplaced faith in bureaucrats. . . . [P]ublic officials 
frequently use 'junk science' and fear-mongering to justify greater federal 
intervention. When bad science arouses the public's fears, public officials stand 
ready to rescue us from the phony threat. . .. In the world of policy-making, 
science is a servant to political interests, and when it doesn't serve those interests 
it is easily cast aside . . . The result of using science as a policy weapon will be the 
destruction of scientific credibility, not better regulation. In the long run, science 
will suffer because of federal involvement. .. More science funding is not the 
answer to America's environmental policy problems."48 

• 

If severe reductions in Federal environmental R&D do occur, researchers will look 
to other avenues of support, such as industry. A key issue in this transformation will be 
the extent to which the traditional hallmarks of scientific integrity such as peer review and 
the free and open dissemination of information are maintained. Federally supported R&D, 
whatever faults it may possess, is generally open, peer-reviewed R&D. As the balance in 
support for environmental R&D shifts toward industry, there is a danger that external 
control over the quality or validity of what passes for science will disappear. 

The Suhcommittee Has Developed a New and Very Unheloful Definition o(Scientific 
/111egritv 

In an earlier discussion of Congress as a "science court". we argued that the 
Committee routinely dismissed scientific viewpoints established through peer review in 
favor of untested assertions whose only value was that they supported a preferred policy 
outcome. The Committee's approach in this regard was extremely troubling. but there is 

Thus begins a peculiar back-scratching in which political patrons define a panicular problem as The Most 
lmponant in History. and the agency responds by testifying that the end is near unless a few billion is 
spent pronto. and then it will probably be worse than we thought. Such issues and constituencies include 
the ozone hole (NASNNSF/EPA). Global War.ning (NA$A/NSf'/DOF/EPA;. Sexualiy Tran~miued 
Diseases (NIH/NSF). or Roughage Shonages (USDNNIH) .. . •• He called for incrl".ased industry funding 
of basic research so that .. scientists will not longer be required to shill for the apocalypse in order to keep 
t11~ir jobs." Michaels. Patrick. "Free Markets. Free Science:· Washington Times (Dec. 15. 1992). Similar 
sentiments were expressed by Dr. Stroup at the Ozone Hearing. where he testified that he didn ·1 expect 
any lab or agency which gets "better financed when the public and the Congress strongly have it concern·· 
to admit that CFC's. are "not a problem." Ozone Hearing. supra. at 265 . 

J" Michaels. Patrick. "Forging Consensus: Climate Change and the United Nations" (George C. Marshall 
Institute. Washington D.C. 1996) at 24. 

J~ Georgia. Paul. "When Science Yields to Subversion ... Washington Times (Nov. 22. 1995) (Mr. Georgia 
is a research analyst at the Competitive Enterprise Institute. I. 
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an equally dangerous corollary - namely, the concept that scientific integrity is linked to 
the political popularity of the research itself 

The debates that have unfolded during the past several years over scientific 
integrity - including allegations of falsifying data, plagiarism, and fabrication of results -
have presented formidable challenges to the scientific community and to sponsoring 
institutions. The conduct of science is inherently and intensely human and therefore 
dependent upon a staggeringly complex matrix of personal interactions. As such, it will 
remain vulnerable to human failings, and the issue of integrity will always be central to the 
scientific culture. 

Scientists and scientific administrators are constantly grappling with these 
questions49

, along with conflict-of-interest issues related to the increasingly complex 
partnering arrangements involving domestic and foreign industries, universities. and 
domestic and foreign government agencies. Their discussions have been difficult and 
rancorous at times, but at no point has integrity been questioned simply because of the 
subject matter of the research in question. But that is exactly what transpired during this 
set of hearings. 

It hardly seems coincidental that allegations concerning the conduct of research 
and the application of its results were directed only at research which supported policy 
options inimical to the Majority's point of view. The fact that none of the charges were 
remotely substantiated does not seem to have moderated either the rhetoric or the 
budgetary and policy choices selected by the Majority. The only logical conclusion that 
one can draw from these events is that certain types of research, and associated 
applications, were guilty of lapses of integrity simply because they led to unpopular 
conclusions. Were this attitude to become prevalent in the Congress. the stifling effect 
that it would have on free and open inquiry is at once obvious and frightening . 

The Suhcommitlee Has Highlighted a New and Verv { lnhelpful Paradigm for Scientific 
Productivity 

As described earlier, a pervasive theme in these hearings was that scientific truth is 
much more likely to be found at the fringes than in the scientific mainstream. Historical 
anecdotes in which the mainstream was in fact proven wrong and the dissenters correct 
were often cited to justify an air of contempt towards the peer rt!view process. the 
~~[entific consensus and the traditional scientific method50

. 

4
" The latest and one of the most extensive overviews of scientific integrity is currently being conducted by 

the Office of Science and Technology Policy in the White House. 

5
" For the most part these anecdotes were inaccurate. For e.xample Galileo's view was not aimed at 

upsetting mainstream science. it was aimed at the dogma established by the religious and political 
hierarchy. It can be argued that the global warming premise in fact represents the Galileo tradition since 
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As the scientific fringe has become institutionalized, professionalized, and lionized, 
it behooves us to take a closer look at its methods and beliefs. One finds that a 
fundamental difference between the traditional scientific establishment and the emerging 
"skeptic" establishment relates to their ultimate scientific goals. The former has 
traditionally emphasized the generation of new knowledge as a measure of productivity. 
That is, the collection of original data, construction of new mathematical techniques, and 
generation and validation of testable hypotheses have been the hallmarks of the traditional 
scientific community, and funding has been directly related to the ability to achieve these 
ends. On the other hand, the emerging culture profiled in these hearings emphasizes the 
generation of new perspectives. Productivity is measured on the ability to alter public 
opinion - through opinion pieces aimed not at their fellow scienti~ts but at policy-makers, 
the media, and the general public - and funding flows accordingly. 

If funding sources for environmental R&D do tilt increasingly away from 
government sources and toward private sources, there will be an increasing risk that this 
new paradigm for productivity will become widely established. 

V. Recommendations for the Scientific Communitv and the Congress 

Lessons for the Congress and An Agenda for the 105th Congress 

The previous section of this report details a number of threats that these hearings 
posed to science, science policy, and environmental policy. With the convening of the 
l 05th Congress, the Committee should resolve to be alert to these threats and to take 
seriously one of its most important functions - to educate other Members and the public 
about the function of the peer-review process in ensuring objective and high-quality 
science. The Committee should also educate policy-makers about the proper linkages 
between science and policy, neither imposing impossible burdens upon science. nor 
promoting for the Congress a role in arbitrating sound science. 

A key lesson from these hearings relates less to what was discussed than to what 
was not discussed - how to deal with a range of value judgments that must be rationalized 
in a compatible policy framework. In particular, the climate change debate has illustrated 
three distinct viewpoints that represent equally valid value judgments regarding how 
~cience and policy can be rationaiized. Each viewpoint in effect represents a differing 
judgment about one's willingness to be wrong: -

l) Someone who places the highest value on protecting the environment is 
more likely to be willing to act now to prevent harm and to take the chance that 
such actions will later tum out to have been unnecessary as further scientific 
information becomes available. In such a case. the actor is willing to risk incurring 
the costs of unnecessary action as the price for ensuring that harm is avoided. A 

it aims to establish that mankind can in fact upset a major natural system such as the climate. It cannot 
be said that this has been a pre existing. generally accepted scientific belief. 
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high level of scientific certainty is not required for such a policy position. In other 
words, the value that one places on protecting the environment justifies the 
purchase of an "insurance policy" even if the probablity of the event is uncertain. 

2) On the other hand, one who places a higher value on economic issues, 
such as the dependency of the world's social and economic balance on fossil fuel 
availability, is more likely to wait and take the chance that the possible harm does 
not occur. This view implicitly states that it is more important to avoid the costs of 
unneccesary action than to prevent an uncertain harm. A high level of scientific 
certainty would be required under such a policy perspective to justify the economic 
costs. In effect, such a policy position states that it isn't worth it to purchase an 
insurance policy unless the risks are very certain and very high. 

3) Finally, a third policy perspective that values "sustainability" posits that 
economic and environmental interests are compatible and can be accommodated 
within a common policy framework . Such a perspective attempts to value both 
economic and environmental goals and to find ways in which they both can be 
protected and preserved. 

Although the hearings touched on these value judgments and policy issues only 
peripherally, the economic impact of phasing out chemical products that have 
demonstrably improved our quality oflife, of transitioning to new energy sources that may 
upset the world's socio-political balance, and of confronting subtle health hazards that 
may have been overlooked in the past represent real concerns. The ethical and social 
issues associated with man's impact on the environment underlie some of the most 
important decisions we will make in this generation. The backdrop against which this 
debate will unfold is an emerging scientific capability to understand what was previously 
unintelligible. calculate what was previously beyond the state of the art. and generate new 
technologies for which the benefits can only be imagined. 

These are not issues of integrity - that is a profoundly unjustified 
oversimplification. These are issues which the Congress. the public. and the world 
community must openly and honestly debate. At present there does not even exist a forum 
or mechanism for carrying out this debate. The I 05th Congress will have an opportunity 
to contribute to this debate. The hearing process, despite its inherent drawbacks, remains 
a valuabie avenue for promoting this discourse. It is recommended that the Committee 
address che need to more clearly ti ame the linkage between sci~nce and decision making in 
t'h~ public interest. Such hearings will be an enduring contribution to the policy process. 

Fi11a11cial Disclosure As an Imperative for Sciemific lntegritv 

_ Throughout the hearings. various witnesses were represented as experts. 
Published reports have documented that some of these witnesses are funded at least in part 
by corporate interests with a stake in the outcome of th~ debate. Although this latter fact 
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does not necessarily affect the credibility of opinions expressed or the qualifications of the 
witnesses to make them, the Committee had little information at the time of these hearings 
with which to make such a judgment. 

Emerging trends in science funding dictate that some safeguards be established to 
ensure the integrity of any scientific advice that is offered to Congress. First, expert 
witnesses should be required to provide a list of publications in their area of expertise, 
including both peer-reviewed and so-called "gray" publications. Secondly, sponsorship of 
scientific results and opinions offered to Congress is relevant. In these cases. the 
Committee should require, as a condition of presenting testimony, that witnesses provide a 
statement of financial support. 

A New Responsibility for the Science Communitv 

The scientific community must take seriously the challenge represented by the 
environmental critics by: (I) scrupulously ensuring that scientific assessments are open to 
all scientifically credible views; (2) educating policy-makers on the role of scientific peer 
review in ensuring integrity and quality, and (3) educating the public and policy-makers 
with clear and cogent responses to scientific and technical criticisms raised by "skeptic" 
scientists. 

Over the past several years the nature of the skeptic has changed dramatically. No 
longer are scientific debates confined to the traditional academic seminars. professional 
scientific meetings, and technical journals. They have spilled over into the newspapers, 
talk shows. and other public fora. And the traditional burden of proof has shifted. Rather 
than the author proving that an idea is worthwhile and should be published. others will 
have the burden of proving that a published statement or idea is not meritorious. In short. 
peer revie\v is no longer a passive activity for the science community . 

The emerging responsibility for the scientific community that these trends suggest 
is based not on scientific imperative. but on civic duty. That is, the science community 
must directly and actively rebut any inaccurate. misleading, or distorted scientific claims 
which are made in the public arena. 

AJI too often, the science community has taken the position that the charges of 
these skeptics are so lacking in legitimate scientific underpinning that they do not merit 
a~ter.tion. As a result, there is an insufficient public record to dispute these charges. Lack 
of peer review, lack of participation in the scientific process, and lack of technically sound 
arguments do not. of themselves. disqualify the skeptics from commanding public and 
Congressional attention. 

The findings of this report suggest that an adequate rebuttal to these charges 
simply cannot be made effectively within the rapid-fire political process in which 
Congressional oversight is carried out. The scientific community must develop new 
mechanisms to engage these arguments as a general and ongoing task. not one that is 
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carried out once or twice a year in a hearing. While this may disrupt or slow the 
traditional scientific process. it is seemingly an inevitable step. It is recognized that this 
requires an inordinate amount of time and energy on the part of the science community. 
There is little reward either scientifically or professionally. It is an unfortunate diversion. 
Yet this becomes an imperative in order to restructure the proper relationship between 
science and policy-making. 
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relying upon for key projections of global wanning. 108 Essentially, he contended that the 
model response of the arctic region to increasing greenhouse gas and sulfate emissions 
provided a critical test of the validity of the model. Without the actual grid point data. Dr. 
Michaels argued, he was unable to provide critical review for the IPCC assessment. 

109 

Notwithstanding whether the request was reasonable by conventional standards or 
whether there was any real possibility that the analysis would have impacted the 
assessment, Dr. Michaels' argument raises a legitimate issue that posits the traditional 
rights of scientific investigators against the need· for early and open access to research used 
in an international assessment. 

From a science culture standpoint, tradition generally recognizes that originators of 
data must have sufficient time to explore their own data before releasing it especially. as 
was the case here, that the actual data was more extensive and detailed than that 
incorporated in the public paper. 110 There is also a widely recognized standard that 
information gained in the peer review process should not be disclosed by the reviewer. 

At the same time, the issue of sharing of environmental data is evolving rapidly in 
view of the perceived importance of global effects of global warming and ozone depletion. 
The international scientific assessment process is still a new and evolving process and such 
conflicts should not be unexpected. The issue is further complicated by a variety of 
cultural and legal differences in the views of various countries toward scientific data. 

While the issue of access to data merits further discussion. Dr. Michaels' 
contention that there was a legal obligation for the United Kingdom Meteorological Office 
(UKMO), under whose auspices the model data were developed. to provide the data to 
him, is problematical. Dr. Michaels argued that. since the IPCC was presenting some 
results from the UKMO model, and U.S . taxpayer dollars in part supported the IPCC 
process. all such data should be treated as publicly available to U.S. researchers. Although 
a full review of this issue has not been carried out. it is not obvious that U.S. support for 
the administrative costs of the IPCC assessment process constitutes an adequate basis to 
assert public data rights with regard to research conducted by non-U.S . participants. U.S. 

1011 
•• • .1 requested from the United Nations that they send me the data that went into that model. and I was 

denied. I wrote: ba:k and I s.1id Lhh: i3 ::t horrible breach of scientifk ethic. Yoa must send me the data 
because I have bci:n ask~d by the United Nations to rF:'✓:cw their own work. i wcS dcr.icd ... Th:rcforc. any 
~licy statements or any impact statements that are made on these new. more reliable models arc based on 
models that were not subject to review by those who were known 10 provide critical review in the process.·· 
Climate Change Hearing. supra. at p. 27. 

109 
The Grid Point Data is the detailed. and voluminous. numerical output of the model. The ~ta actually 

provided to the IPCC and nonnally exchanged by scientists is the refined version of this data which is 
interpretable in a physical way. 

110 
Subsequent to the Michaels request. the UKMO actually released this data to others collaborating in 

the research and the data ~re now intended to be available upon request. 
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Federal agencies as well as other countries have established data policies designed to 
ensure broad dissemination of knowledge while protecting the intellectual property rights 
of principal investigators. The proprietary nature of data generated by the U.K. model 
may be a fully valid concern 111

. 

From a purely scientific standpoint, Dr. Michaels request for UKMO data may be 
appropriate and access to such data could · conceivably contribute to the review process. 
However, there is no evidence that the denial of such data was inconsistent with U.S. law 
or was part of an overall conspiracy to suppress dissenting views. 

d) Have scientists ignored the benefits of global warming? 

Critics of global climate change science have alleged that mainstream scientific 
efforts to quantify the impact of possible global warming invariably address only possible 
negative impacts of global warming, and consistently ignore potential benefits. Dr. Robert 
Watson. who co-chaired the IPCC Working Group II on impacts of global warming, 
testified on the efforts of that group to quantify impacts. The report, which wa·s being 
finalized by the IPCC at the time of the Subcommittee's hearing, contained projections on 
the impacts of mid-range global warming estimate on terrestial and aquatic ecosystems, 
hydrology and water resources management. food and fiber, human infrastructure. and 
human health. The Subcommittee chair and others were critical of such "dire predictions" 
and called them "misleading." 112 

In fact, the IPCC impact assessment does include consideration of benefits. The 
Summary for Policymakers prepared by the IPPC Working Group chaired by Dr. Watson. 
for example, discusses potential regional benefits of global warming for agriculture. The 
Summary notes that warmer temperatures and the fertilization effects of higher CO2 levels 
\vould lead to increases in agricultural productivity in some areas. but that such increases 
would be offset in other areas. Overall. the Summary projects that current levels of 
agricultural production could probably be maintained.113 However, as the report also 
makes clear, all of the projections for regional chances are highly uncertain because of the 
very limited ability of models to assess changes from global warming at the regional scale. 

Dr. Thomas Gale Moore testified on the general social and economic benefits realized 
in past societies by naturally-occurring warming episodes. While Dr. Moore's testimony 
was suggestive of ways tha! society couid benefit from wanner temperatures, his 
test;rr.cny with respect to paleodim:itok,gy and regional impacts of CO2-induct:d climate 

111 
Dr. Mitchell states that .. the data does not belong to the IPCC. it belongs to Her Majesty·s , 

Govcmmcnt··. Global Climate Change hearing. supra. at I I 90. 

11=/d. . a176 . 

11 
·' International Panel on Climate Change. Climate Change 1995: Impacts. Adaptations and Mitigation. 

Summary for Policymakers ( 1995). p. 10. 
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change would certainly appear to go beyond his area of academic expertise in the 
economics of transportation regulation and appears to be at odds with the views of 
scientists with expertise in those areas. 114 

3. Science and Policy: Are Global Warming Models Adequate for Policy Making? 

a.) "Uncertainty" vs. "Reliability" 

As noted above, "skeptic" scientists have attacked GCMs as fatally flawed for their 
failUie to replicate certain observed data. While the comparisons they make are not 
scientifically appropriate. the criticisms do raise a legitimate policy issue about reliance on 
models for predictions of the future which cannot, by their very n~ture. be verified until 
the future actually happens. 

The arguments against models made by critics of global climate change science 
fundamentally confuse different concepts. Throughout the hearing. witnesses and 
Members utilized the terms "reliability". "uncertainty". and "accuracy" to describe the 
ability of models to characterize future global warming. In introducing the hearing topic 
the Chair stated that the Subcommittee would examine the "controversy over the 
reliability" of the computer models for climate change. Dr. Michaels. in characterizing 
older models which did not incorporate aerosols with newer models which do. uses the 
term "error" to describe model differences . 

• 
Clearly. a model known to be unreliable or erroneous would not likely be 

considered adequate to support policy decisions. A model known to be uncertain could 
well support policy decisions depending on the range of uncertainty and the consequences 
of erring either passively or actively. In this case. GCM models are believed to be 
accurate on a global scale but not definitive (i .e. uncertair~) on regional scales. While 
"skeptics" focus on the potential of models to overestimate global warming. the models 
are in fact equally likely to underestimate global warming. As Dr. Mahlman noted. 
" .. when you have made your best estimate of the way things are. it automatically says that 

11 ~ See statement of Dr. Thomas Gale Moore submitted for the record: Global Climate Change hearing. 
supra. at 147. As noted in the questions submitted for the record by Rep. George E. Brown. Jr .. 
paleoclimatologists whose work Dr. Moore relied upon !\Ow question whether there was a global 
"Medieval Wann Period." c:¼Sting doubt on Or Moor'!'s effort tc correlate social and .:i:o!tom;c 
d~velopment with past warming events. Global Climate Change Hearings. supra. at. 1147. Moreover. 
some paleoclimatologists question the utility of comparing past naturally-occurring warming episodes 
with CO2-forced climate change. which is likely to force temperature increases well beyond those realized 
in recorded human history. Such warmings may radically change precipitation patterns from tl\ose that 
occurred in past natural warming episodes. with obvious regional impacts on social and economic 
development. Crowley and North. Climatology (Oxford University Press). I 991. p. 89 . In addition. it is 
questionable whether it is possible to quantify measures of -- progress" for the purposes of correlating 
progress with past warming periods. For example. Rep. Rivers noted that other periods associated with 
--progress" . such as the Roman Empire. the Renaissance. and the industrial revolution. all occurred in 
colder times. Global Climate Change Hearing. supra. at H 1. 
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you do not know whether you are wrong on the high side or the low side." 11
~ Mr. 

Guerrero amplified this view saying " ... that degree of uncertainty is expressed in the 
range. When scientists talk about a global surface temperature range by the year 2050 of 
one to 3.5 degrees Fahrenheit, embodied in that range is the sense that. . . it could be on 
the low side or on the high side." 116 

Thus, it is clear that the science community has attempted to provide a measure of 
certainty associated with such assessments. This is, however, fundamentally a policy tool 
rather than a scientific imperative. The duty of the policy maker will be to ensure that a 
prudent policy accounts for consequences more severe, as weil as less severe, than the 
central estimate. 

b.) "Predictions" vs. "Projections". 

In another key line of questioning, Chairman Rohrabacher contrasted the use of the 
word "projection" used by the IPCC with the word "prediction" more popularly used in 
the media. Specifically he defined projections as being based on unvalidated assumptions, 
implying that these would thus be unsuitable for policy decisions. He said • 

" .. . I've been reading all kinds of predictions ... that say ... our coast lines are going 
to be inundated, that people are going to be dying of malaria. I mean these were 
dire predictions. After this testimony today, I am not leaving this hearing feeling 
that those predictions werejustified." 117 

• 

In commenting on this issue. Dr. Mahlman submitted the following statement 

"I do agree with Chairman Rohrabacher that the greenhouse gas projections are 
based on unvalidated assumptions about the future . They are based on unvaiidated 
assumptions about, for example. population growth, policy decisions about fossil 
fuel use. maintenance of CFC phaseout protocols. and coal use in developing 
countries." 118 

By their very nature, assumptions about the future cannot be validated . As the 
Chairman noted, assumptions about the future can turn out to be wrong. 119 The policy 
question is whether it is better to try to make policy based on our best efforts to 
understand prob~b!e future trends, or simply to abdicate to random chance. Certainly, the 

1 I'S .Qlobal Clima1e Change hearings. supra. al 63 . 

11
'· Id 

11· 
Id. . al 76. 

11 ~ Id .. al I 075 . 

11 9 
Id. . . al 75 . 
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widespread use of economic models for many policy purposes, despite their obvious 
limitations, suggests a consensus that efforts to understand the future effects of our 
actions are worthwhile. The fact that models must use unvalidated assumptions does not 
mean that models are an inherently unreliable policy tools, as implied by climate change 
critics. 

In choosing terms to describe the ability of models to project the impact of 
increasing CO2 emissions, it must be acknowledged that the true answer is yet unknown. 
However without a completely analogous geophysical case to test the model, the 
"accuracy" of a model with respect to this projection cannot be defined unambiguously. 
In addition. as yet, fully comprehensive comparisons of model results with the historical 
temperature record cannot be made. Thus model "reliability" cai:inot be fully defined. 
The most appropriate way to describe the current state of models is to indicate the test 
cases that models have simulated and in so doing, to indicate their ability to meet these 
tests and the resulting shortcomings and qualifications to consider in evaluating model 
results 120

. The current concept of uncertainty is intended to provide reasonable brackets 
around the range of results that encompass these shortcomings and qualifications. 

This is a valid concept to support policy making as long as policy makers are 
cognizant of the sources of uncertainty, range of uncertainty, and consequences of making 
wrong decisions. In addition, the "uncertainty" in a model provides a rational basis for 
carrying out research to improve the models for policy purposes. Within their capabilities. 
GCM models can be useful as policy making tools. depending on value-based 
considerations concerning their findings . 

4. ls there a scientific basis for the claim that humans are responsible for global 
warming? 

The timing of this hearing was significant in that it took place immediately 
following the release by the lPCC of a scientific assessment stating for the first time that 
human activities have caused a discernible increase in global temperature over the past 
several decades. This finding is significant inasmuch as the natural variability of the 
Earth· s climate. together with incomplete data on temperature measurements had. up to 
that time. frustrated attempts to extract f. clear indication of human induced climate 
change from the record . 

This state of affairs was charncterized by Dr. Mahlman as follows 

1 
:u Some of the tests that the science community rely on to assess the perfonnance of models in;lude: field 

and laborato~-studies which allow the testing of short tenn chemical. physical and biogeochemical 
processes: day to day weather forecasting out to several days in advance: seasonal to inter-annual 
simulations out to one year in advance: biogeochemical cycles and atmospheric chemist~· which are 
though to be se,·eral years in cycle duration: and. paleoclimate studies which address century time scale 
processes comparable to the global wanning phenomenon. 
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"Global surface warming over the past century (is) virtually certain. The observed 
warming in the surface temperature records of about one degree Fahrenheit cannot 
yet be unambiguously ascribed to greenhouse warming. However, no other 
hypothesis is nearly as credible." 121 

Thus, according to this view, there is no unequivocal "smoking gun" in the traditional 
sense for the gross aspects of the historical temperature record. Nonetheless, given the 
fact that there are no other credible hypotheses to explain the temperature increase over 
the past century, the consensus of the scientific community has settled on global warming 
as the likely cause. 

Subsequent to these hearings, the IPCC finalized in the closing months of 1995 the 
conclusions of the fifth session of Working Group I dealing with the state of scientific 
consensus on global warming. Significantly, this assessment concluded that "the balance 
of evidence suggests a discernible human influence on global climate." This conclusion 
was based on pattern based work in which the "fingerprint" for a human induced effects 
was recognized. That is, some features of a human induced pattern of global change such 
as stratospheric cooling, Northern vs. Southern Hemisphere differences, and other large 
scale regional phenomena have been recognized to emerge with statistical significance 
over time. The striking similarity of modeled vs. observed patterns was deemed by the 
international scientific community to warrant a more conclusive finding than has been the 
case in past assessments. 

It is also of significance that this more affirmative finding has been subject to a 
particularly focused attack by skeptics. not on substantive scientific grounds. but on 
procedural grounds. Specifically, the editorial process in which this new finding was 
developed has been criticized by the skeptics and the fossil fuel industry as flawed and 
failing to adequately incorporate contradictory statements. Although hearings on this 
issue have not yet been held by the Committee. a preliminary review of the documents in 
question fails to demonstrate anything other than customary editorial practice. 

C. THE DIOXIN HEARING 

The third hearing in the Scientific Integrity series was held on December 13, I 995 . 
This hearing focused on the Environmental Protection Agency's (EPA) Dioxin 
Reassessment process. Two interrelated allegations of scientific misconduct were the 
focus of this third case study. First. they charged that the final chapter was composed 
wit~out utilizing a peer review process to guarantee the scientific quality of the important 
summary chapter of the reassessment. Second. critics alleged that the final chapter was 
heavily slanted to exaggerate the risks of dioxin. In sum. the critics claimed that EPA had 
misused science to lay the groundwork for an unjustified regulatory assault on dioxin. 

i:i Global Climate Change hearings. supra. at 19. 
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In his opening statement Chainnan Rohrabacher clearly stated the allegations 
which were the focus of the hearing: 

"There is no question good science was produced in the EP A's document. The 
EPA issued an open call to the best scientists in the field to participate and many of 
them did. In many respects, the early stages of this process were a model of peer 
review and sound science and the EPA is to be commended for it. When it came 
time to write the critical portion of the Health Effects document, however, it 
appears the doors were closed and the EPA drew its own conclusions." 1

22 

To make the case for EP A's systematic exaggeration of dioxin risks and 
abandonment of the peer review process, the majority relied upon the testimony of two 
witnesses, Dr. Michael Gough and Dr. Kay Jones. Although the report of the EPA's 
Science Advisory Board (SAB) and its peer review of the EPA assessment was a central 
focus of the hearing, the hearings included no witness to represent the Board. 

The hearing resulted in no credible substantiation of any of the charges made by 
the Majority. As the analysis presented in the following sections will demonstrate, the 
dioxin reassessment process has been open and transparent. It affo.rded the public, affected 
industries, and scientists representing divergent views ample opportunities to participate in 
the development of the dioxin reassessment. Two of the authors of the Dioxin 
Reassessment, Dr. William Farland of the EPA and Dr. George Lucier of the National 
Institute of Environmental Health Sciences (NIEHS) testified at this. hearing. They 
admitted to choosing options that were most protective to public health and the 
environment when presented with choices about how to fill in knowledge gaps about the 
biology of dioxin to estimate risk. However, no evidence was presented to substantiate 
the claim that these assumptions or interpretations were. in fact, not scientifically 
defensible . 

EPA 's Dioxin Reassessment 

EPA completed two earlier risk assessments for dioxin in 1985 and I 988. The 
current reassessment of dioxin was initiated in 1991 by the Bush Administration. 123 In 
1988, the SAB reviewed a draft exposure document and a draft health assessment 
document related to the detennination of carcinogenicity of dioxin. At the time, the SAB 
recommended that EPA "follow up on this excellent start" by developing new methods to 
estimate human exposure to dioxin and to estimate the dose-response relationship for this 
~ • 1 n.s cne,m1ca . Reports of a study funded by the paper industry and of a conference 

1 ==opening statement of Chainnan Dana Rohrabacher: Dioxin Reassessment Hearing. supra. at' p. 5 . . 

1 :'The CRS report : "Dioxin Reassessing the Risk" provides a summary of the history of the reassessment 
and the current issues associated with it. CRS 95-1059. Oct. 25. 1995. 

1 =~EPA Science Advisory Board . .. Resolution on the Use of Mathematical Models by EPA for Regulatory 
Assessment and Decision-Making:· EPA-SAB-EC-90-003. 1989. 
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sponsored by the chlorine industry also played a role in initiating the reassessment. The 
paper industry's request that EPA reconsider the assumption of "no safe level of dioxin" as 
the basis for setting regulatory standards may also have contributed to the Agency's 
decision to initiate the reassessment. m The reassessment is not expected to be completed 
until sometime next year. 

1. Did EPA Abandon the Use of the Peer Review Process in Developing the 
Dioxin Risk Characterization? 

Chairman Rohrabacher' s comment to the effect that EPA had closed the doors and 
drew its own conclusions when they composed the risk characterization portion of the 
health effects assessment echoed criticisms of EPA made in the press and by some in the 
scientific community. Critics charged that EPA had written the risk characterization 
chapter (Chapter 9) without input from outside scientists and had submitted that chapter 
to the Science Advisory Board for review rather than bringing together a panel of outside 
experts for review as they had with each of the other chapters. Implicit in the Chairman's 
comment was a charge that EPA had deliberately evaded peer review on Chapter 9. 

The charge, however. is incorrect. . While EPA' s process of drafting the risk 
characterization chapter was different for the reasons discussed below. it was always 
EPA' s intention to have the Science Advisory Board conduct the peer review of the entire 
report, including the risk characterization chapter. 

The first eight chapters of the Dioxin health reassessment summarized the state of 
scientific knowledge on different aspects of dioxin. Each of these chapters was drafted by 
a team of authors which consisted of between 2 and 14 authors. at least one of whom was 
an EPA scientist. In the case of chapters 6 and 7. the outside author was also a 
government scientist but not from EP.-\ . Of the thirty authors who worked on Chapters 
1-8. sixteen were scientist~ from outside the government. The majority of the government 
scientists who authored these chapters were from the EPA, two scientists were from 
different institutes of the National Institutes of Health. EPA also convened an outside 
panel of thirteen scientists to review those eight chapters. Chapter 7 received additional 
review by a second panel of eight scientists. Of the twenty reviewers selected, two were 
government scientists. Neither were from the EPA. 

The procedure foilowed for drafting and reviewing the risk characterization 
c_hapter (Chapter nine) of the reassessment differed from that of the other eight chapters of 

1=5Bailcy. Jeff. "Dueling Studies: How Two Industries Created a Fresh Spin on the Dioxin Deb.-te •• Wall 
Street Journal (Feb. 20. 1992.) The anicle states: " ... paper company executives called on Mr. Reilly in 
January 1991 with their version of the Banbury meeting. "Despite the emergence of a consensus in the 
intem2tional health community that the risks of dioxin have been seriously overestimated . ... . none of 
these developments has received positive acknowledgment by Agency staff." they said in a letter to Mr. 
Reilly recapping the meeting. They asked again for a reassessment of the EPA's strict dioxin regulations­
and suggested "accelerated effons." 
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the document. The risk characterization chapter126 was prepared by Dr. William Farland 
of EPA. and was not reviewed by a panel of government and non-governmental scientists 
as the previous eight chapters were. However. Chapter Nine was reviewed by ar. 
interagency panel of scientists which included representatives from five Departments and 
three sections of the Executive Office of the President prior to its review by the SAB. 127 

Following this review. Chapter Nine was made public in September, 1994. and 
EPA solicited public comments on the report for 120 days. 121 In addition. the agency held 
eight public meetings in December 1994 to receive oral comments on the document. A 
summary of the risk characterization conclusions were also presented by Agency staff at 
scientific conferences early in 1995 including meetings of the Society of Toxicologists and 
the American Association of Cancer Research. The entire report, including Chapter Nine. 
was submitted to the EPA SAB for review in December. 1994. The SAB held a public 
meeting to receive additional comments and draft their findings in May. 1995. 

Clearly. the risk characterization document was not a closely kept secret from the 
public or the scientific community prior to its submission to the SAB in December I 994 . 
In sum. the risk characterization chapter underwent extensive scientific review inside EPA 
and by the SAB. 

EPA created a different drafting and review process for the risk characterization 
chapter because the chapter had a different purpose than the first eight chapters which 
summarized scientific knowledge on hazard identification. dose-response factors. and 
exposure information. The task of a risk characterization is to integrate all of the 
preceding information to provide an estimate of the risk to humans from actual exposure 
to the chemical. and a discussion of uncertainties and assumptions. As has been noted by 
the National Academv of Sciences. risk characterization often involves the use of scientific 
assumptions in the fa~e of scientific uncertainty 1

~·• The choice of such assumptions is 

1=• ·chapter 'J . "Risk Charactenz.auon of2.:. .7.R-Tetrachlorodibcnzo-p-D1oxm (TCDDI and Related 
Compounds" U.S. EPA. Office of Research and Development. Washington. DC EPA/600/BP-92/00lc. 
Au!!USt I 994. E.-.;temal Review Draft 

: : • The live depanments were the Dcpanmen1 of Agnculture. the Depanment of Defense. the Dcpanment 
of Health and Humar. Services. the D.:p;.nmenl of Lat:,c,r. and the Depanment of Veterans Affairs The 
sections of the EOP ir.cluded tl:c Office of Science and Tt:chnc,ogy Polie;, . the Coum:il of Eccnon:1c 
AQ, 1sors. and the Domestic Pohe;,· Council 

1 =~The process of developing and releasing the risk characteriz.auon chapter was laid out by Dr. Farland 
for the Science Advisory Board at the May meeting His full description of the process is included in the 
transcnpt of the May 1995 mceung 

1 > In us 198:; rcpon. the Nauonal Research Council discussed the use of "inference guidelines." which it 
defined as -an explicit statement of a predetermined choice among alternative methods (inference options) 
that 1111~ht be used to infer human nsk from data that arc not fully adequate or arc not drawn directly from 
human e.xpcnencc " An example of such an inference guideline would be the choice of mathematical 
models to esumate the effects of low doses on the basis of lugh-dosc exposures Nauonal Research 
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guided in part by policy considerations and therefore are appropriately made by the 
agency, not by outside scientists. In addition, while risk characterizations do not make 
risk management recommendations, the risk characterization is written in the context of 
policy decisions to be made by the risk managers, a task also appropriately left to the 
agency. 

Critics seem to have equated the fact that the review process was different for the 
risk characterization chapter with a conclusion that the process was inadequate. Similarly, 
the Chainnan apparently did not believe review by the SAB constituted an outside 
scientific review. Following Dr. Farland's explanation of the review process, Chainnan 
Rohrabacher asked: " ... but your contention is that this is your strategy all along ... not to 
have the outside peer review for the final conclusions?" 130 Dr. Farland reiterated that the 
SAB review was the outside peer review. He further explained that one of the reasons for 
asking the SAB to review the risk characterization document was because of the 
independent nature of the Board. 11 

. . . one of the issues I think is important here, Mr. 
Chainnan. is that when we [EPA] do these peer panels, we actually decide who the peer 
reviewers are going to be, and the SAB process is an independent process. 11131 

In the case of a review done by the SAB, EPA does not select the reviewers. The 
reviewers are selected by the SAB. It is ironic, that in an attempt to subject their risk 
characterization to a more independent process for review, the Agency was accused of 
attempting to avoid the peer review process. 

The result of the peer review by the SAB has not been a simple rubber-stamping of 
the Agency's efforts. a result that would have been expected if the review process had 
failed or been a whitewash. Plans for revision of the document were underway at the time 
of the hearing. The revision of the draft is now proceeding with input from scientists both 
inside and outside the government, and it will be resubmitted to the SA.B for a second 
review when the revision is complete. Contrary to the picture the Majority tried to paint. 
the dioxin reassessment process has been an extraordinarily open and transparent one and 
has included scientists with a variety of expertise and opinion. The hearing record 
provides no evidence that the EPA attempted to avoid outside criticism and review of its 
work or that the process followed was inadequate to ensure that Chapter Nine will be a 
scientifically-based risk characterization. 

2. Did EPA Selectively Interpret Scientific Evidence to Exaggerate the Risk of 
Dioxin? 

' Council. Risk Assessment in the Federal Government : Managing the Process {National Academv Press. 
Waslungton. D.C. 1983) at -4. 

11
'"010.,111 Rc.,sscssmcnt Hearing. supra. at p. 64. 

1 llld 
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There is a long history of allegations from interest groups on all sides that the 
health assessment of dioxin has been dominated more by politics than by science. Interest 
groups have accused government agencies of either exaggerating or underestimating the 
risks to human health of exposure to this chemical. Sen. Tom Daschle (SD) noted as 
much in his statement submitted to the hearing record. 

-"For too long, the process of assessing the health effects of dioxin has been 
politicized. Charges of government and chemical manufacturer attempts to hide or 
control scientific information about the harmful effects of dioxin began over a 
decade ago, and there is much evidence to support those charges. 132

" 

His comments reflect views similar to those held by many. in the Vietnam veterans' 
and environmental community. Chairman Rohrabacher reflected the opposite view, that 
the risks of dioxin have been greatly exaggerated. 

Linear vs. Non-Linear Models: Science or Policy? 

One of the most frequently cited examples used to demonstrate EP A's systematic 
exaggeration of risk is its use of linear dose-response models to relate exposure to a toxin 
to the probability of experiencing adverse health effects. 133 There are two common 
models used to define the relationship between exposure to a toxin (dose) and the 
probability of experiencing an adverse health effect as a result of that exposure (response). 
One is a linear model. the other is a non-linear, threshold model. 

In the case of the linear model. there is no dose at which a person would not 
experience an adverse health effect. In the case of the non-linear. threshold model. there 
are no adverse health effects at low doses. but at some point the amount of the dose 
reaches a threshold which triggers an adverse effect The choice of which model to use 
has significant implications for risk management. If the exact nature of the dose-response 
curve is unknown (which is usually the case). the use of a linear model results in greater 
protection from potentially adverse health effects. Therefore. the selection of a dose­
response model is a scientific issue that has profound policy implications. Because it is 
charged with protecting public health and environmental quality. EPA errs on the side of 
caution and currently uses a linear dose-response model to set regulatory limits for dioxin. 

-
1.i:Tcs1i111ony of Sen. Tom Daschlc submiucd to the Dec. 13. 1995 hearing record . 

1 \IOthcr EPA risk assessment practices have also been criticized as unduly inflating risk estimates. One 
1s the use of !ugh-dose. animal experiments to dctcnninc low-dose. human responses. The other is EPA 's 
failure 10 consider epidemiological studies that indicate no adverse health effects from exposure 10 toxins. 
These two issues were raised al the hearing but did not generate as lengthy an exchange between the 
witnesses. These issues did arise at the SAB review meeting and there were lengthy discuS$ions of these 
issues as they pcnain 10 the dioxin reassessment. Sec. generally. EPA Science Advisory Board. Transcript 
of Meeting of Dioxin Health and Exposure Review Panels. May 1995 
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There was an extensive discussion of this topic at this hearing. However, 
testimony presented at the hearing did little to resolve the issue of which is the most 
appropriate model. There are gaps in knowledge about the mechanistic biology of dioxin 
which do not allow either type of model to be definitively selected or ruled out. Critics 
have claimed that such models are "unproven," and therefore should not be used. Under a 
standard requiring that human data display the identical relationship between exposure and 
response displayed by the model, this criticism is valid. Therefore, neither the linear nor 
the non-linear, threshold model should be used because neither is "proven" for low-level 
exposures. However, in the area of human health, obtaining empirical proof of harm 
would present considerable ethical dilemmas. Scientists cannot and would not conduct 

• experiments on humans to derive the precise dose-response relationship because it would 
require deliberately exposing human subjects, including children. t_o toxic substances over 
long time periods. Models are chosen precisely to avoid this type of experimentation. 
Although the models are not proven that does not mean they are untested. Models are 
continuously re-evaluated as new data become available. The relevant question is not 
whether a model has been proven, but whether its description of the system is scientifically 
defensible. Both the linear and non-linear threshold models meet this criteria. 

Dr. Gough indicated his belief that a non-linear, dose-response model was more 
appropriate. He testified that " ... if you consider the biology that is involved in dioxin, it 
seems inappropriate now to use this model (linear] which associates ... a direct relationship 
between exposure and risk." n-1 The aspect of dioxin biology Dr. Gough refers to is the 
mediation of dioxin response by a specific receptor in cells. the Ah receptor. m However. 
both Dr. Farland and Dr. Lucier disagreed with Dr. Gough's assertion that a receptor­
mediated response indicated that the use of a non-linear. threshold model was more 
appropriate. They both defended the use of a linear model. citing the fact that dioxin 
accumulates in human fat tissues which assures that no one receives a zero-level exposure. 
Dr. Farland explained: 

" .. . our assumption is that because of the biology that is available on dioxin and 
because we are adding to a background of dioxin that we all carry around .. .. an 
incremental exposure to dioxin should be modeled in a linear way. not using a 
default. but modeled in a linear way.,.,;,, 

Dr. Lucier also indicated that " ... receptor modeling doesn't necessarily imply any 
particular shape to the dose-response curve. No dose-response can be ruied in or out 
b~sed soiely on the knowledge that a response is receptor-mediated." 131 

''"Dioxin Reassessment Hearing. supra. at 65 . When a linear model is used. there is no dosage that docs 
not produce a negative effect on human health . 

1 ''The Ah receptor is a receptor in cells associated with protecting cells from the effects of toxins. Dioxin 
has been shown 10 bind to this receptor. 

1 '"Dioxin Reassessment Hearing. supra. at 66 . 

I\" 
Id. at 67 
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Dr. Gough stated that his appreciation for Dr. Farland's clarification about the use 
of a linear model, but he remained unpersuaded and he characterized Dr. Farland's position 
as exhibiting "an incredible bias." He further indicated, "Most people regard the idea that 
it's a linear response to be very, very improbable; ... "138 

The SAB report on the dioxin reassessment provided no definitive guidance to the 
choice of model. Reviewers did indicate that a non-linear, threshold model would also fit 
the available scientific data. but did not invalidate the EP A's use of a linear model as 
unscientific. The report noted: 

"EPA must describe its analysis in sufficient detail to allow the reader to 
understand how EPA arrived at its preferred model and how robust those results 
are -- i.e., to what extent would other assumptions be reasonable, adequately fit 
the data, and lead to different levels of risk . .. . This is the most important issue in 
the dose response modeling and should be thoroughly explored in EP A's 
analysis." 139 

Although in this hearing the debate over linear vs. non-linear threshold models was 
conducted as a scientific discussion, this debate is a lively one in the regulatory arena as 
well . As previously stated, the choice of model has substantial policy implications. Dr. 
Gough noted this in a chapter he co-authored on estimating cancer risks from dioxin. 

"Manufacturers, faced with reducing exposures to carcinogens to comply with 
regulatory limits, would favor the use of threshold models for assessing the risks 
from nongenotoxic compounds. Similarly. people faced with cleaning up waste 
sites would welcome the lower risk levels predicted from threshold models. 
Alternately. people v.·ho are convinced of the risk of environmental carcinogens are 
likely to oppose any relaxation of use of the nonthreshold models." 1"'

0 

The tendency for industry and environmental groups to favor one or the other model has 
been reported as well : 

,,·Paper and chlorine makers say dioxin has no adverse human health effects below 
a certain threshold. . . . Of course environmental groups and some plaintiff'~ 
lawyers argue the opposite side of the dioxin issue --that it's dangerous even at low 
levels of exposure ... " 1~ 

1 

13''SAB Draft Repon p. 76 and 77 . 

'J"Gough. Mand Turnbull. D. "Estimating the Cancer Risks of Exposure 10 2.3 .7.8-Tctrachlorodibcnzo-p­
Dioxin" Chapter 7 In: Health Effects of Municipal Waste Incineration. p. 142. 

1J1Bailcy. supra note 125. 
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Others have claimed, as Dr. Gough did in this hearing, that most scientists do not 
subscribe to the use of a linear model for dioxin. The chemical industry has reportedly 
tried to portray the acceptance of the non-linear. threshold model as an emerging scientific 
consensus based upon their characterization of the results of a meeting of dioxin 
researchers they sponsored in 1990. 

" ... the Chlorine Institute also said the scientists had agreed that the receptor acts as 
a sort of biological switch--one that can't be thrown unless dioxin exposure reaches 
a certain level, or threshold ... . The lnstitute's statements. however. didn't 
accurately reflect what had happened at the conference. There had been discussion 
about the possibility ... of such a threshold. but no general a,greement that one 
exists .... subsequent research by Dr. Lucier indicates that for two of three 
important yardsticks ... there is no threshold at all .. . "1-1 2 

The entire discussion about dose-response models was initiated when Chairman 
Rohrabacher asked if Dr. Gough had any questions for Dr. F arland.1-1~ While everyone 
can understand the policy argument over the selection of a dose-response model, the 
scientific argument is difficult for lay persons to follow or participate in. When Dr. Gough 
had finished with his question about the use of the linear dose-response model. Chairman 
Rohrabacher said: 

"Now. the reason why I had Dr. Gough ask that question is because I am sure 
there are people in the scientific community that understand that question. I don't 
know how many people on this panel understand it or this committee understand 
it. but I am sure it's an important question. and we need to make sure that people 
are· on the record on even issues that the committee doesn't understand ,,1-1-1 

What the Chairman's statement illustrates is the difficulty of having Members of 
Congress preside over a scientific debate. Senator Rockefeller noted as much in a recent 
Senate Hearing on Agent Orange i-1 ~ 

, ,; Id 

' ';D1ox111 R~s.scssment hcar:nsµ. !:.upr.,. a1 p. <•➔ Dr. Gough respondcc! that :ie I.ad a couple of 
<juest;cns for Or. Farland. "I w3s surprised w!i=n ycu said the:, v:~r~ n~ir.or . .... because o,ie of the 
a111c1sms of Chapter 9 is its relia11ce on the default assumption of a linearized. no-threshold model for 
carcino!?entclty whereas chapters I through 7 de\'clop a great deal of infonnation about receptors. And at 
leas1 a 111:'IJOrity of the people on the comm11tee would tlunk that the linearized multistage dose-response 
model 1s not appropnatc for a rcccptor-med,ated toxic e\'ent. And it seems to me that since this is a 
denat1011 from long-standing poh0 witlun the agen0 . this 1s 1101 a minor change." 

;••010:x111 Reassessme111 Heann!?. supr.1. c11 <,4 

,~- Opcn1n!! Statcmen1 of Senator John D Rockefeller IV. September 19. 1996. Hearing of the Senate 
Comm11tee 011 Ve1erJns' Affairs "lmplemcntallon of Public Law J02-4 : The Agent Orange Act of 1991." 
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" ... what I believe~ more is that a political forum is particularly ill­
suited to analyze the correctness of such scientific undertakings. 

"Several years ago. some very learned men urged that we should exercise 
extreme caution before the Senate should step into such issues: they warned that 
involving the Senate in Agent Orange decisionrnaking would 'place difficult 
scientific and epidemiological questions in a political forum_ for resolution at a time 
when these questions are being revisited in the forum originally intended by the 
Congress; Irrespective of our individual views on the scientific merits of the case, 
we believe these are questions the Senate is poorly qualified to resolve."' 146 

As the National Academy of Sciences and other experts in.risk assessment have 
repeatedly noted. the development of risk assessments involves the use of both scientific 
facts and scientific judgments. The use of models is required to describe the complex 
system interactions which are the focus of risk assessments because we do not have 
complete. scientific information. The use of models unquestionably has policy 
implications, as we saw in this hearing in the debate over linear vs. non-linear, threshold 
models. The Republican demand for empirical proof requires eliminating the use of 
assumptions and models since. by definition. they are used when definitive scientific 
information is lacking. Without such assumptions. it would be impossible to conduct risk 
assessments. By adhering to a rigid empirical standard while simultaneously insisting that 
risk assessments be conducted as a precondition for issuing regulations. 147 the Republicans 
have created a definition of ··sound science·· which would never permit agencies to 
regulate or demands an approach to human testing our society has judged to be unethical. 

EPA and other regulatory agencies have been accused of using "biased" 
assumptions. 1-'K However. all assumptions have a bias. If an agency chooses a threshold 
model. it chooses to err on the side of under-regulati!lg and under-protl:!cting. If an 
agency chooses a linear model. it chooses to err on the side of over-protecting and over­
regulating The question is not whether an agency should use assumptions. but which 
assumptions it should use. The answer to that question is obviously one that depends on 
subjective value judgments and policy perspectives. not on science. As Or. David 
Ozonoff. one of the reviewers on the SAB health assessment panel. stated: 

' •·- The q1101a11011 used by Sen. Rockefeller 1s fro111 the A.ddi!ional Views of Scn:::ors Murkcwski. SimpsC\n. 
a11~ Thunnond on the proposed Agent Orc1ngc Act. July 2➔. 1989. Senate Rcpt. 101-82. p. 60. 

' :· H.R 11 and other regulatory refonn proposals considered in the IO➔th Congress all required the use of 
risk assessments and cost-benefit analyses by federal agencies prior to the issuance of rcgulatio(\S. 

,., Sec. q: .. debate on H.R. 9. the Job Crca11on and Wage Enhancement Act of 1995: Report of the 
Co111111111ee on Science on H.R. 9 IO➔th Cong .. 1st Scss .. H. Rep. 10~-33. Part 2 (Dissenting. Views. p. 
2~1J> "S1a11s11call~ unbiased estimates simply do not exist for the models that arc generally employed in 
cancer nsk assc:;sment. .. Furthcr. as no1cd by the National Research Council. all assumptions have 
111hcrcnt biases"> 
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' 

11 
. .. This is a health assessment. Assessment carries with it some implication and 

connotation of judgment, not just a literature review and , you know, a listing of 
some people think this and some people think that, on !he one hand. but on the 
other hand. . . . I'm troubled by the discussion here because people have a variety 
of ways to interpret this, and I take that as a given . ... It's obvious that there's 
disagreement around this table. and when we talk about the public mis-interpreting 
what's said in this document, all we have to listen to is the amount of disagreement 
about interpretation around this table to see that it's not just the public that's got 
this problem. 11149 

The hearing revealed no conspiracy on the part of EPA scientists to manipulate 
scientific infonnation to exaggerate the risk of dioxin. Howeve~. the hearing did reveal the 
policy preference of the EPA versus that of its critics. There are both legitimate scientific 
debates and policy debates about dioxin, but these should not be confused. Science will 
never provide all the definitive, detailed knowledge necessary to make the regulatory 
policy decisions about dioxin a purely objective. scientific one. Members of co·ngress will 
continue to have to make these policy choices in an environment of scientific uncertainty. 

'•··or. Da,·id OzonoIT. SAB Health Panel. Ma~ 1995 meeting. 
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APPENDIX 

Case Studies: Ozone Depletion, Climate Change, and Dioxin Risks 

A Report to George E. Brown. Jr. 
Ranking Democratic Member, Committee on Science 

prepared by the Democratic Staff 
of the Committee on Science 

A. The Ozone Hearing 

The first of the "case study" hearings, relating to the 1992 Bush Administration 
decision to accelerate the phase-out of chlorofluorocarbons (CFCs) and other ozone­
depleting substances, was held on September 20, 1995 . 

In his opening statement, the Chairman questioned whether the public and the 
Congress were "getting objective science from our regulatory agencies" and whether 
scientists with "unconventional views" were being "shut out of the process." He charged 
that government officials had portrayed the ozone depletion issue in "largely emotional 
terms" and decried the use of "scare tactics" designed to "intimidate and repress rational 
discussion." As an example, he cited a 1992 Senate floor statement made by then­
Senator Gore concerning a just-released NASA study finding possible ozone depletion in 
the Arctic and portions of the northern.United States. Dismissing Senator Gore's 
statement as "bunk" and "scare-mongering," the Chairman concluded that "This whole 
episode ... turned out to be another basically ·'the-sky-is-falling cry from an American 
Chicken Little .. . " He accused the "scare mongers" of "stamped[ing] Congress and the 
President of the United States" into phasing out CFCs. 

Other witnesses quickly picked up similar themes. Rep . John T. Doolittle (R-CA) 
complained, "lristead of responding with scientific facts, some NASA scientists, EPA 
officials. and extreme environmental organizations have forced this imminent CFC phase­
out on the American people using fear and doomsaying." 1 He went on. "[W]e've been in 
an era of pseudo-science where dire consequences are portrayed in order to achieve a 
certain political objective."2 Dr. Fred Singer, one of the scientists called by the majority. 
testified that "There are cases where the science was twisted, shaped. in order to gain 
certain ideological objectives. There was never a case where the actual facts were. shall 
we say. misstated, where there was actual wrong information presented . But it was 

1 O:lOnc Hearing. supra. at 15. 

: /d.atl9. 



presented in such a way as to give a misleading impression. You .. are being today misled, 
bamboozled, and otherwise manipulated. "3 

Witnesses also charged that dissenting scientific views had been suppressed. Rep. 
Doolittle, for example, stated that "There's politics within the scientific community, where 
they' re all intimidated to speak out once someone has staked out a position.""' Dr. Singer 
noted, "The problem is that there are many, many scientists who do not speak up. And 
the reason they do not speak up is because they do not want to lose their research 
funding." 1 Dr. Singer also claimed that his work had been ignored.6 Dr. Sallie Baliunas. 
another scientist called by the majority, also alleged that she had been badgered by an 
environmental group and told by federal officials not to submit her research for funding 
grants.7 

As discussed below, however, the hearing record is in fact devoid of fil1Y credible 
substantiation for these serious allegations. To the contrary, the science upon which the 
CFC ban was based is sound. In developing an assessment of ozone depletion science for 
policymakers, hundreds of scientists went through an extensive, rigorous, and open 
international scientific peer review process. The assessment drew on hundreds of articles 
published in the peer-reviewed scientific literature and represents a comprehensive and 
objective analysis of the scientific knowledge on ozone depletion. Contrary to the 
witnesses' claims, the scientific assessment process was a model of scientific integrity and 
an excellent example of the use of sound science in policymaking. 

Did Federal Scientists Exaggerate the Risks of Ozone Depletion? 

1. The NASA Press Release Allegations 

Both the Subcommittee Chairman and Rep. Doolittle charged during the hearing 
that a flawed NASA study was used to "stampede" Congress and the President in 1992 to 
accelerate the phase-out of CFCs. The story is a common staple in conservative 
literature. 8 The story goes that NASA in a public relations effort to build political support 

3 Id. at 50. 

~Id.at 19. 

~Id. at 168 . . 
6 /d .• at 167. 

• Id. at 169. 

8 See. e.g. "The Ozone Scare." Insight.April 6. 1992. (vol 8. No. 14) p 6-35 fa publication of the Washington 
Times!: Smith. Kenneth. -whispering the Ozone Hole Truth". Washington_Times. May 18. 1992: Michaels. 
Patrick. "NASA. Gore. Environment. Lift-off'. Washington.Times. February 21. 1992. Page Fl: Ronald 
Bailey. Eco-Scam: The False Prophets of Ecological Apoca~vpse. 1993. pp. 119- I 20. (Competitive Enterprise 
Institute): Bast et al. Eco-Sanity: A Common Sense (;uide to Environmentalism, 1994 (The Heartland 
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for a bigger budget, prematurely rushed out a press release announcing evidence of an 
Arctic ozone hole covering portions of populated areas of the United States.9 Fanned by 
intense media coverage, Congress and the White House immediately accelerated the CFC 
phaseout. However, the story continues. the NASA report turned out to be wrong. and 
NASA quietly admitted that there had in fact been no ozone hole -- and therefore no basis 
for accelerating the CFC phaseout. This story has long been cited by critics as a prime 
example of"policy by press release." 10 

The story, however, is completely false. There was nothing wrong with the 
scientific findings announced in NASA's press release; there was no retraction. Indeed, 

Institute). p 67; Paul Craig Robens ... Quietly. Now. Let's Rethink the Ozone Apocalypse." Business Week. 
June 19. 1995. 

Much of the initial pseudo-scientific skepticism about the depletion of the ozone layer by CFCs 
comes from Rogelio Maduro. a bachelor of science in geology. and associate editor 0(2 J st Centun: 
Science and Technoiozy. a publication of the Lyndon LaRouche organization. Maduro's book. The Holes 
in the Ozone Scare: The Scientific Evidence that the Skv /sn 't Falling. was cited by Di~)' Lee Ray in her 
book. Trashing the Planet, and by radio talk show commentator Rush Limbaugh. The numerous 
scientific errors in Maduro's book have been well documented. See. e.g. "The Ozone Backlash." Science. 
Vol. 260. 11 June 1993, p 1580-1583: F. Sherwood Rowland. "The Need for Scientific Communication 
with the Public." Science,._ Vol 260. 11 June 1993. p 1571-1576. 

9 Critics ha\'e claimed that concern about shrinking budgets and declining public support for the space 
program in the post Cold War era was the motivating factor in NASA's .. premature·· release of the study to 
support its budget request. See, e.g. Morrison. Micah ... The Ozone Scare ... Insight. Vol 8. No. 1-t April 6. 
1992. p . 13. 3,k Michaels. Patrick ... NASA. Gore. environment. liftoff." Washington Times. Feb.21.1992 
(F-2). As Rush Limbaugh e:-..-plained. "They always want more funding. and today that means go\'emment 
funding. What could be more natural than for .. . [NASAi. ";th the space program ,~foding down. to say Ll-iat 
because we have this unusual amount of chlorine in the atmosphere we need funding? Ob\·iously. we have to 

. research this. But first we have to •inform· the public." Quoted from Taubes. "The Ozone Backlash." 
Science. Vol 260. p 1581. (June 11 1993). 

The argument that the press release was rushed to influence NASA ·s budget is not plausible. While 
the President's budget is submitted to Congress in February. the budget process lasts virtually all year long. 
The House does not actually begin voting on Appropriation bills until May at the earliest. and bills are often 
not completed until September or longer - well after NASA had issued the second press release on its ozone 
study. as discussed in the te:-..1. Indeed. it is difficult to find a time of year when any press release could not be 
accused of being an attempt to build public support fo:- a budgi!t request A r~least- in the fall tX>t.ld be accu=ed 
of attempting to influence the 0MB pr~paration of the following year's budget: a rdease in the winier or 
spring cculd be accused of influencing Congressional mark-ups: and a release in the summer can be accused of 
aitc;mpting to influence Congressional floor debate. 

In any event. attempting to bolster NASA's budget by publicizing its ozone research is._like trying to 
lighten an airplane by emptying the ashtrays. Far and away. the largest part of NASA ·s budget deals with the 
space shuttle ($5.5 billion) and the space station (S2. I billion): NASA ·s ozone research is a rclati\'c_ly small 
program in the agency. 

111 See. ~ testimony of Dr. Fred Singer. Ozone Hearing. supra. at 181. lamenting the .. deplorable way 
in which poi icy is being made by press release ... 



NASA's predictions of future Arctic stratospheric ozone depletion has proved to be 
correct. Further, NASA's press release had little, if any, relation to the decision, 
supported by both the Bush Administration and the chemical industry, to accelerate the 
CFC phaseout. 

a.) Was NASA's science wrong? 

In early February, 1992, NASA issued a press release announcing that researchers 
had measured record high levels of the chemical precursors of stratospheric ozone 
depletion in the Arctic region. 11 NASA's key finding -- that levels of stratospheric 
chlorine monoxide were unusually high -- was confirmed by multiple measurement 
techniques. Under the right meteorological conditions. such chemicals could cause rapid 
ozone depletion in the Arctic region, reaching as far south as northern portions of the 
United States. But the NASA release also cautioned that the actual amount of ozone loss 
would depend on "how long these chemical perturbations persist." Nevertheless, the 
study raises "concern that significant ozone loss will occur during any given winter over 
the Arctic in the next ten years." In April, at the conclusion of the research program, 
NASA issued a second press release announcing that because stratospheric temperatures 
had remained above normal. the expected extent of ozone depletion had failed to 
materialize.12 But nothing in this later release changed NASA's key initial finding that the 
Arctic was chemically primed for rapid ozone depletion under the right meteorological 
conditions. 13 

More significantly. NASA's concern about the potential for Arctic ozone depletion 
has turned out to be well-founded. In the following winter of 1992-1993. stratospheric 
temperatures remained low. with a resulting 20 percent decline in ozone in the lower 
Arctic stratosphere. 1-' Similar levels of ozone depletion were detected in the winters of 

11 
NASA News. "Ozone Depletion a Possibility over Northern Populated Areas". (Feb. 3. 1992). 

i: NASA News. "NASA Spacecraft Finds Large Arctic Ozone Depletion Averted." (Apr. 30. 1992). 

1 
·' A number of media stories erroneously reported that NASA had actually found an arctic ozone hole. Some 

critics seem 10 blame scientisls for the mistakes and excesses of the mer.lia. Seier.list$. they argue. hope tha! 
the media will generate exaggerated horror stories that will build public support for their programs. For 
example. on d1is particular NASA press release. Dr. Patnck Michaels has written. -Do you really believe that 
a,i'organization that sent men to the moon didn't precalculate the downstream trajectory of a press release?" 
Michaels. Patrick. ··NASA. Gore. environment. lift-off." Washington Times. Feb 21. 1992 (F-2). Similarly. 
Dr. Michaels testified in the Global Change hearings that scientists knew that various ··projectiors·· of adverse 
impacts of climate change. such as sea level change. would be turned into apocalyptic "predictions" by the 
media . .. [Ejverybody who wrote the word "projection" knew that it would be turned into the word 
.. prediction .·· I don ·t think people arc that naive." Global Change Hearings. supra. at 76. 

1 
• --chemical Depletion of Ozone in the Arctic Lower Stratosphere during Winter 1992-1993." G.L. 

Manney -:tall. Nature 370. 429-B4. 11 August 1994. 
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lhelmom~ers' Are Quite Accurate 
l • 

i j ~~Yie; fro ;i osphenc temperatures from satellltes have excellent long~term 
: • : i: . . I i , • 

. ! ~t~~ili~ . a: demonstrated by comparisons with independent atmospheric 
p i , ; . : . ; ! . ' . 

j! ~etisLrerri'. nts :tram weather balloons. These results contradict Hurrell and 

!i J~~~ 11997) ~q claimed the satell~9 data have significant discontinuities. 

I• • ' ' ' :I I • 

jj :~~~:~foes jlone ;measure the temperature of the atmospheric layer we la~I as 

j! ~~ ~Qwer ti; opo~pt,er~ (surface.to 7 km)? 
ll <( ·: : : • 

; ~~ :i.i1~j an~ lnd~dent methods are used today: (1) balloon-borne 

• !~lint\ paJag<is ' (radiosondes) that rise through the atmosphere and, (2) 

i f#~$,te~rasured iptensities of microwave emissions from atmospheric 

!: p~n/wrlch :are proportional to temperature.1 The latter method relies on 

1 • f 14~r~tu. e :idtntified here a~ T 2R. 

!1 Ff'r~torbitf~ :~ici'o~ave sounding units. We analyze the lower tropospheric 

I : • ' I I • 

, . I I~ !~rtty, jt-turr~ll · an? Trenberth (-1997, hereaft~r H& T) estimated the lower 

,_

1

1 ·1: ':)~f~P'ie
1
t: ·c ttmperature in~rectly using varl~tions of sea water (o~ ~~ea 

i j; ;s~1'f8:l ~I mpr~tures (SSTs).2 When companng their SST-based estu~es 

I i' :w(th 1T2R in the tropics (20°S-20°N), they found two relative temperature Jumps, 

I j! j~~ ~~ $e i tem6er 1981 (0.25°C) and ~ne in late 1991 (0.10°C). They claimed 

I :: jttj\~~mpsiwerJ doe to problems with the satellite rneasurements. 
I ii :1 I f i · : : • • 

ii ! ,;f ~~k ilia 9Ialtn fbr 1981 , f e ccmpare T'" against temperatures measured 

!: .:ki\~eridinUy : at tropical radiosonde stations. We compute the average 

l i . ; t~~sph~ro t~mpe~ture at each location for both radiosondes and satellites 

j! ·'. t1r~:t1e tw➔ ye~ before September 1981 and the two years after. (Using o~ly 4 
1: ,. :; : ·i ,j : 
;: : ' 
I I 
i . ' 
II ' 

l .,. i . 
i 

I ;: 1· 1 :; ;i'I 
I ! I :: 

I : !: : I 

2 



l > 

'; I 

i: 

. ·. : 

. . 

! ' 

l 
l 

I 
I 
t 

I 
I 
i 
i 
I 

f 

I 
i 

· l 
l 
I 
l 

' i 
i 
! 
I • I 

I 

t i I , . . . , ; ; : l ; 4'. :>- ~ .. ~:.~ 

\ • rr,r~i ot: r~diosf nde data assures instrumental 4nconsistencies are essentially 

i f10'1~Xistept.) ! 

1: ~a~ ~atiJ mi three' latitude bands (±15°, ±20° and ±25°) the latter 2-year 

i: rvH~ge t~p~ratures minus tt;iose for the the ear1ie, period are -0.04, 0.00 and 

1

: f1·?~°C_ r~sperively~ The ~me differences for T2A are -0.04, --0.03 and -

i' p;~bp.' ~es~ two thdependent, direct measurements of tropical tropospheric 

: : H~#rat~~es ~fore and after the alleged jump agree within ±0.03°C, Indicating 

: : r~ f'spunots:· Nmp of o.2s0 c.4
• . . 

!: ; i • ! : 
,. I . , . . I • 

I! jtt '. ttj~l11spu~iou~· jumP:s claimed in H&T are real, trends over the pericd since 

jl J,~19! sho,ld fow _ clear differences of 0.1 to 0.2~C/decade between T2R a_nd 

l' lrcr-~ofo~dTs: _Trend~ from several multi-station radiosonde datasets (one which 

!: _ju~~!over,1300 Ftatlons woridwide and three datasets which had no changes in 

;: jin~rymen~tio~) all agreed with T 2A to within :=().03°C/decade, the level of 

1: !unc.ittaini w~td pmviously ascribed to the satellite data.'·'·'·' 

:: l1-1&~~roP4sed!the idea that merging' NOAA-07 data into the time series caused 

i' jti;~ ~liri~us~ ~mp I~ late 1981. Figure 1 disproves this claim by displaying the 

i l~~ndint atJlOmal~s of tropical T2A from N0~-06 and NOAA-07 separately. 

;! l,r ~WI~ : e~t of :o.2s0c would be clearly evident, but nothing of thet 
1. I : • :. : • I • 

!: ;ni~~itud : is ~ound'. Note ~lso the intersatellite agreement of anomattes. 

1· Ji~~~tlng i a le~el ot intersatelllte precision, which is 5 to 10 times better than 

! ~~~ ap1rox]ralio~. 

!Afi~iona~ sp~culatibns abocrt the ''spurious., jumps (i.e. surface emissivity 
l ! • , I '. ' ' 

l ~iijlons;! or tjisagr~ments with the rigid SST/troposphere linkage found in 

i' /~!~e : ~~If) are not supported by any observational evidence. Other 

l: j ~Ir hli Ve srown ~at surh:~ce emission variations do not significantly Impact 

Ii ·:trop~al a _ erages9 a~d that rm.11ti-decadal variations in the surface/troposphere 

1 ; relatPnsh p ~ occur.S,lO,lt : 
i : ! • ~ i 
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CLIMATE CHANGE PRECAUTIONARY PRINCIPLE: 
RISK OF CATASTOPHIC COOLING GREATER 

THAN CATASTROPHIC WARMING 

(Arlington, VA - May 19, 1997) Western Fuels announces release of a new scientific 

paper from the Office of Climatology at Arizona State University examining future 

climate in the context of "the precautionary principle." The paper's author, Craig D. 

aso, concludes: 

Many people are predicting imminent catastrophe from a few degrees of 
potential global warming. For this scenario, however, there is little historical 
precedent. Ice ages, on the other hand, are a regularly-recurring feature of the 
current geologic epoch of earth's history, with up to 20 of them having occurred 
at 100,000 year intervals over the past two million years; and based upon the 
record of their past periodicity, many scientists believe we can expect the next 
one to commence any time now. ~ result, tbe:pcecaution-s:ryprinciple suggests 
we o nothing to revent an minor to moderate tendencies for warming iA the 
AeaF utur specially wben:sach warming wDold.acttJally imi:2rove tRe" iving 
stan ar • f fie biospfiere ana en we ace__a eal a-n:ct pr.ese danger from the 
next "s1:trel aled" glaciation If anything, it suggests we should encourage 
activities that tend to warm the planet, or, at the very least, refrain fr;om adopting 
policies designed to arbitrarily discourage the utilization of coal, natural gas and 
oil as modem industrial fuels. .. 

. ~ · 

Western Fuels Association general manager and chief executive offi~r Fred 

Palmer says ldso's work is provocative because those who are concerned about the 

potential for apocalyptic climate change themselves invoke the •precautionary 

principle" in arguing for policies to limit emissions of carbon dioxide. "With increasing 

real-world evidence suggesting that any anticipated warming of climate will be benign, 

a rational person would examine the very real potential of another ice age against that 

backdrop and conclude concern for climate catastrophe from greenhouse warming is ·:·.,,· 
. ' 

misplaced, at best." 

(more) 

I• 
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ldso's paper (Climatological Publications Scientific Paper #26, "Future Climate 

and the Precautionary Principle: The Other Side of the Story") sets out to determine 

what constitutes an "adverse climate" in the context of applying the precautionary 

principle as a reasonable approach to decision-making. The precautionary principle 

seeks to minimize or avoid unnecessary risks. He writes, "Like Goldilock's assessment 

of the thermal state of the Three Bears' porridge, we can safely say that an adverse 

climate is one that is either too hot or too cold. But how hot or cold is too hot or cold? 

What is the 'temperature of neutrality' from which such climatic deviations are 

measured? And what is the probability of either extreme occurring?" 

ldso's paper considers the consequences of real-word temporary weather 

fluctuations, moderate climatic excursions of the last thousand years, and full-fledged 

climate disasters either experienced in the past or predicted to occur in the future. 

In examining the consequences of extreme weather events, he concludes, 

"Many negative consequen~s can and do result from typical real-world heat waves 

and cold-air outbreaks. For the most part, however, society has learned to live with the 

effects bf these temporary weather fluctuations. What is more, they will a/ways be a 

• feature of our climate, even if earth's mean temperature were to coincide with the ideal 

temperature of neutrality." ¼ 

ldso then examines the record of the consequences of two historic shifts in the 

earth's mean· climate state - the Medievai Warm Period between the 10th and 14th 

centuries, and the Little Ice Age which persisted between the 16th and 19th centuries -

and their impact on earth's plant and animal life: He concludes, "It would appear that 

earth's flora and fauna, including mankind, fared far better during the former period. 

Indeed, there is an acute absence of negative literature regarding climate conditions 

experienced during the Medieval Warm Period. Hence, the observational evidence 

seems to suggest that earth's 'temperature of neutrality,' i.e. the mean global 

(more) 
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temperature that minimizes adverse consequences, may well be somewhat higher than 

that of the planet's current average temperature. And with atmospheric CO2 

concentrations on the rise, this 'ideal' temperature could go even higher, for it is one of 

the better-established facts of science that the optimum temperature for plant growth in 

almost all species actually rise with an increase in the air's C~ content.• 

ldso then examines full-fledged climate disasters, either extreme global warming 

or extreme global cooling. In the case of global warming, he assesses its theoretical 

basis in the context of the published work of the Intergovernmental Panel on Climate 

Change (IPCC) Working Group I (•The Science of Climate Change•) and Working 

Group II c•1mpacts, Adaptations and Mitigation of Climate Change•). On the other 

extreme - extreme global cooling - ldso notes, •we have no need to consult the 

predictions of theoretical models to obtain the insights we seek; for the earth has much 

to tell us, as it has revisited this state repeatedly. And where the predictions of global 

warming are uncertain, and its consequences dubious, the reality of earth's repeated 

ice ages and their many ramifications are literally 'etched in stone' in the geologic 

record of the planet.• 

"It should be obvious that the biosphere is much more capable of withstanding 

·the results of severe heat than it is of coping with the consequences of extreme cold. A 

meter's rise in sea level would indeed pose problems for many of earth's co•tal areas 

and some islands; but in contemplating the prospect of having an entire third of the 

planet's land area covered by a mile of ice, it pales in comparison, barely meriting 

mention in the same breath,• ldso concludes. 

As to the relative likelihood of either of the two extremes occurring, ldso admits 

the prospect of extreme warming has no track record from which to make predictions 

and notes that in the case of extreme cooling, the present inter-glacial (time between 

ice ages) is already 10,000 years old and that the next full-fledged ice age is due to 

appear (geologically speaking) any day now. 

(more) 
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"In applying the precautionary principle to the subject of future climate, it is clear 

that the most likely adverse state we may shortly have to deal with is another of the 

recurring ice ages that have plagued the planet for most of the past two millennia," he 

writes. "And how does one combat cold? By turning up the temperature. Or, at the very 

least, by not doing anything to prevent a minor amount of global warming, especially 

highly questionable global warming. And one surely does not implement incredibly 

expensive anti-warming programs to prevent what could well be purely hypothetical 

warming. Reality and logic therefore attest to the fact that it is the height of 

irresponsibility to attempt to reduce the burning of fossil fuels - in the face of the very 

real and present danger posed by the next full-fledged ice age that is looming on the 

geologic horizon. And when it is remembered that earth's 'optimum' climate is one that 

may well be significantly warming than it is now, that regulatory medicine begins to look 

more and more like the poison it truly is. Carbon dioxide, on the other hand, is the elixir 

of life, comprising the primary molecular link between the animate and inanimate world. 

Any amount of it that humanity could possible put into the air by the burning of fossil 

fuels will only amplify the totality of earth's life processes and enhance the robustness 

of the biosphere." 

• NOTE: A copy of Craig D. ldso's •Future Climate and the Precautionary Principle: The Other Side of the 

Story• can be obtained through Western Fuels Association, Inc., of the Arizona State Univer:sity Office of 

Climatology. Contact Western Fuels at 4301 Wil_son Boulevard, Suite #805, Arlington, Virgit'a 22203-

4193 or by calling (703) 907-6160. Western Fu~ls' E-mail address is wfa@cais.com. 

Western Fuels Association is a cooperative enterprise operating on a not-for-profit basis to provide coal 
for the generation of electricity by consumer-owned electric utilities throughout the Great Plains, Rocky 
Mountain and Southwest states, and in Louisiana. Western Fuels' 23 member/owners are rural electric 

generation and transmission cooperatives, municipal utilities, and other public power entities. 
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CANCEL THE APOCALYPSE? 
SATELLITES SHOW GLOBAL COOLING 

NOW STATISTICALLY SIGNIFICANT 

(Ar1ington, VA - April 17, 1997) Earth's temperature history, as measured by orbiting 

satellites, reached an important milestone on March 31: the overall record now shows 

a statistically significant global cooling of -0.048°C per decade. 

The orbiters, called Microwave Sounding Units, are now in their 19th year of 

operation. The accuracy with which they measure the temperature of the lower 

atmosphere, according to NASA researcher Roy Spencer, is ±0.01 °C. Scientists have 

shown that they are so sensitive that they detect the monthly 0.02°C warming and 

cooling of the earth as the moon waxes and wanes, something that has never been 

measured by ground-based thermometers. 

Scientists who study this record have known for a long time that the southern 

half of the planet has been cooling significantly, but the behavior of the northern half 

was sufficiently different so that the global trend (or.the average between the two) 
• 

never crossed the threshold of statistical significance. Now it has. ¼ 

Straightforward analysis shows that the decline in global temperature is now so 

large that there is only a 5% probability that it is due to chance, and a 95% probability 

that it is real. This is the significance level that many jurists have ruled separates ' 

"junk 'S9ience" from acceptable truth. It is noteworthy that many of the indices of 

climate change that ~ake it into news reports - such as inc:reases in flooding rains -

do not meet this same criterion. 

These findings come on the heels of other reports that the satellite data must 

be in error. But further analyses show that a completely independent set of 

(more) • 
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temperature measurements - from weather balloons - finds exactly what the satellites 

do on a global scale. "It's hard to believe that two completely independent measures 

of temperature, both taken twice a day, would conspire to lie in precisely the same 

fashion over 13,350 twice-daily observations," says Dr. Patrick J. Michaels, professor 

of environmental sciences at the University of Virginia and one of the nation's most 

prominent climatologists. 

"The fact is," Michaels notes, "that none of the three measures of temperature -

satellites, weather balloons, or ground-based thermometers - show any warming trend 

in the past decade." During that period, seemingly everyone agreed that the planet 

should have warmed rapidly because of changes in the greenhouse effect. "This new 

finding that the lower atmosphere is cooling globally in a statistically significant fashion 

is going to make people sit up and take notice that something was very, very wrong 

with the forecasts of rapid global warming," he concludes. 

It was those forecasts of rapid warming which served as the basis for the 

United Nations' Framework Co_nvention and Climate Change. Representatives of the 

U.S. State Department have recently called for a change in that treaty to make binding 

upon the people of the United States reductions il1 emissions of greenhouse gases, 

such as carbon dioxide from fossil fuel combustion and methane from farm animals. 
,¼ 

- 30 -

NOTE: This press rei~ase is based upon information pro\'ided tc Western fuels Association, Inc., 

under contract with New Hope Environmental Services, inc . .. 

Western Fuels Association is a cooperative enterprise operating on a not-for-profit basis to provide coal 
for the generation of electricity by consumer-owned electric utilities throughout the Great Plains, Rocky 
Mountain and Southwest states, and in Louisiana. Western Fuels' 23 member/owners are rural electric 
generation and transmission cooperatives, municipal utilities, and other public power entities. 
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A Bl - WEEKLY REPORT ON GLOBAL CLIMATE CHANGE 

SEVERE FLOOD/DROUGHT IDEA ALL WASHED UP 

Talk about covering your bases. 
"Warmer temperatures will lead to a 
more vigorous hydrological cycle; this 

translates into prospects for more severe 
droughts and/or floods in some places and 
less severe droughts and/or floods in other 
places." 

So said the notorious Intergovernmental 
Panel on Climate Change in its 1995 
report-one of our favorite passages simply 
because of its complete lack of content. 

Recently, however, the Consensus of 
Scientists which authored the report has 
shifted to a more extreme position. 
Q;i the February 26 segment of Dateline 
NBC. for example, Stanford professor 
Stephen Schneider said that with green• 
house warming, "You'd see increases in 
intense storms, you'd see very intense 
droughts and floods ... ". 

Here's the logic behind their argument. 
As the atmosphere warms from increased 
greenhouse gases, evaporation of surface 
water will increase the amount of water 
vapor in the air. The warmer air coupled 
with a more moist atmosphere will produce 
conditions ripe for the development of 
heavy precipitation. Simultaneously, dry 
places (which add little moisture to the air) 
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will remain dry or get drier. Thus, green• 
house gases will generate a climate with 
more extreme droughts and more floods. 

This ~cenario Is so filled with illogic, sci­
entific leaps, and a lack of understanding of 
atmospheric processes that we could flood 
several WCR issues. But let's take the 
proposition at face value and test the valid· 
ity of the hypothesis that we're experiencing 
more simultaneous rainfall extremes (wet· 
ness and dryness) over time. 

To examine these trends over the United 
States, we looked at the Palmer Drought 
Severity Index (POSI). This measure is com• 
monly used to examine the severity and 
extent of drought conditions at particular 
locales. Based on precipitation and temper• 
ature, the POSI estimates the supply of 
water compared with the climatic demand 
for water, or the evapotranspiration (ET). 
When n is greater than rainfall over some 
period of time, the soil dries out and 
drought conditions begin to set in. This sit• 
uation is characterized by negative POSI 
values. In contrast, when the soil is satu· 
rated and rainfall continues, the, ex~ss 
water flows overland into streams and 
rivers, and in some cases can produce 
flooding (excess precipitation is indicated 
by positive PDSI values). The index is 
standardized by site and typically varies 
from ~ to +6. In general, positive PDSI 
values are asso£iated with increased crop 
yields, and negative ones with crop failures. 

In our analysis, we examined the percent 
area of sevP.re and extreme dro1Jght (?OSI 
less than -3) and severe and extreme wet• 
ness (PDSI grea,er than +3) for th~ Uni,ed 
States since 1895. According to the 
Consensus of Scientists, we should be see• 
ing simultaneous increases in each (more 
severe flooding and more severe drought). 

Flgure 1 (top) shows the area of the coun• 
try under severe or extreme wetness for 
each month since January 1895. While the 
overall mean value Is about t1 percent, the 
wet areas are sufficiently extensive over the 
past three decades to produce a statisticaily 
significant upward trend. However, there is 
no long-term trend in severe or-extreme 

dryness (Agure 1, bottom), as values have 
averaged about 10 percent over the past 
century. 

But is there a simultaneous correlation? 
In other words, do months with severe 
drought in one region also see heavy pre• 
clpltation In another region? Such evidence 
would support their hypothesis of extremes. 
Each point on Flgure 2 shows the percent• 
age of the United States experiencing 
severe or extreme wet conditions vs. the 
percentage experiencing severe or extreme 
dry conditions for each month since 1895. 
Notice that the correlation is markedly (and 
statistically significantly) inverse. When a 
higher percentage of the country is experi• 
enclng severe drought, the percentage clas• 
sifted under extreme wetness ls low. 

("Of course, any idiot knows that!" you rn~v 
be thinking. WelL that may be the case, IJ:..t 
with that attitude, you'll never make it as an 
apocalyst.) 

Note in Flgure 2 how few points occur 
above the mean in both severe/extreme dry 
and wet categories (the unshaded portion of 
the graph). This is where the Consensus of 
Scientists expect most of the points to fall. 

So the bottom line is that there is no evi• 
dence of increasing ~mes in precipita• 
tion and drought. Pe°rfiaps before the next 
IPCC report is writter:i.-·the Consensus 
should ask a few more people what they 
know rather than relying solely on the pre• 
dictions from fundamentally flawed climate 
models. 
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All but the most na"ive followers cf the 
global warming fray know that there 
is big pressure on federal science to 

do everything In its (considerable) power to 
try to disprove the global satellite data. 
That the satellites show no warming in their 
18.25-year history has continually created 
great consternation in the apocalyst com• 
munity. 

One of the fig leaves used to cover this 
problem was the assertion that there really 
is "warming" in the satellite record, but it 
just happens to be "hidden" by the two 
volcanoes-El Chichon (1982) and Mount 
Pinatubo (1991)-that exploded at conve• 
nient times. But, five years after Pinatubo 
blasted stratosphereward, global tempera­
tures have remained below the long-term 
average, casting serious doubt on the vol• 
canic excuse. 

Another explanation is that the big "El 
Niiion events-periodic warmings of the 
Tropical Pacific Ocean-also compromise the 
record. But, according to Kevin Trenberth, 
one of the most prominent federal climatol• 
ogists, the relatively long one that persist­
ed through the early 1990s was a sign of 
global warming anyway. (For some dispute 
on this, see "What's Hot" In our last Issue.) 
This logic clearly indicates that the satellite 
record should be warming, even though 
it is net. 

In order to preserve the Internal consis­
tency of this argument, James Hurrell and 
Kevin Trenberth have just published a paper 
)n Nature arguing that there are two "dis­
continuities" in the satellite record, in 198i 
and 1991 (remarkably convenient to those 
volcanoes, no?) that were missed by the 
keepers of the history, Roy Spencer and 
John Christy. 

The problem arises, they say, because we 
don't have one "continuous" satellite. The 
temperature sensors, called Microwave 
Soundir,g Units, have a service :ifet:me of 
IP.ss than a decade. Consequently, whP.n a 
new one comes on-line, It Is calibrated 
against an existing one, and It is at this 
point that ·Hurrell and Trenberth argue that 
an error has crept In. When they adjust for 
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this, they get a warming of 0.12°(/decade, 
rather than the cooling of o.05°C that exists 
1n the record as it stands. 

The media cheerleaders for climate apoca­
lypse are sure to ballyhoo this contention 
in a big way. Yet no one seems to realize 
that even if it were true, the warming rate 
would be only about 33 percent of the 
value predicted by the models that serve as 
the basis for the Rio Treaty. Nor does it 
bode well for those who argue that this 
reduced wanning ls caused by sulfate 
aerosols. Hurrell and Trenberth cannot 
argue away the fact that the satellite data 
still must show a relative cooling of the 
Southern Hemisphere, which, being sulfate­
free, should be wanning like too much 
plutonium. 

The problem is that it's probably not true. 
What Hurrell and Trenberth did was to 
somehow throw away not only the satellite 
data, but also all of the weather balloon 
data that are taken twice every day by 
highly calibrated instruments around the 
planet. In the layer from 5,000 to 30,000 
feet, these data, predicted to warm by 
every computer model, just happen to 
match up perfectly, year by year by year, 
with the satellite temperatures. Needless to 
say, both histories show no wanning. 

What is the chance that this happy 
coincidence of two completely independent 
measures of temperature just happens by 
chance? Here's one way to estimate this 
likelihood: Both the satellite and weather 
,balloon records have a 50-50 chance of 
being above or below averagj! in a given 
year. This is the same as your local penny 
landing heads or tails. Now, the probability 
that both records are simultaneously above 
or below ;iormal in each and every one of 
their 18 concurrent years ls the same as the 
probability of throwing 18 heads or tails in 
a row. It can be done, but you'll have to, 
on the average, flip that penny about 
262,000 times in order to achieve this 
result just or.eel 

The chance you'll get hit by an asteroid 
during this exercise, assuming -It takes 
about a year to execute all these flips, is 
about 10 times greater than your getting 18 
consecutive tetes or derri~res. But If you 

believe your tE:ievision, asterolds_:.~~F!ft· ­
ty likely these days ... and Isn't .It anj~/iig-• ': 
how TV's convinced of the globa • ,,-;.r .. '' : • • 

apocalypse, too? . ;-_c ~~~ /r~ 
According to satellite gurµ:1fo , t~ 

what Hurrell and Trenberth :-di : '·-_"'¾) 
estimate the difference ~~ :·:·:: ;!j 
temperatures and those measure •,, 
satellite by·uslng a generah:irtil1 
mate model to calculate the bias Hv: - r~ng 
the computer model with observe· ····•""'"' , 
atures. Tliat's right, readers! .. Th 
two independent sets of data a • 
tute a computer climate model t 
the satellite Is wrong. • ·' • ·:_;,, ;, , 

Global wanning is a strange scientific 
world, indeed. Ifs one where computer 
models-which are not doing a good job of 
estimating observed temperature changes­
are used to correct observed data. 
Somehow this seems counter to the rules of 
basic science-In which data are used .to 
correct the models, not vice versa. 

Huntt~ J.W~ and K.E. Trenberth, 1997. Spurious Trends In 
Sateffite MSU Tempen,uns from Mefslng Different SateUlte 
Re<on!s, Nature, ,e6, 1~67. 

Trenberth. K.E.. and TJ. Hoa~ 1996. The 199()-'995 
a Nll\o-Southem Osdllation Event: Loncest on N!COl'd. 
GNphysica/ R6Nlrdl uttffl. 23, 57. 

·- -- --- - - - -- - - - - ---
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T-,.,atures -......i 11y the MSU s.c.llllies (daM,I 
clrdes) lllaldl up -1Y pe,feclly wldl ~ 
~ lly we.clMr Hlloolls III the -ospMllc: 
layw"""' s- .. ,.,_ fNt c ..... clrdes). The 
CIM'NlpOlldence .,_ II-. - dalasels Is ~ 
c:ons!d111n; !NI !My ~e'lt - lftfflpiel.ty lnd4pen• 
dent-or.......-. 
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i: I : j ' l . ABSTRACT -

! : I: i : i. II : ; • T-~ ~l;y il~ba11mt.1il valu~ of the lower-troposptwic tcmpel".iturc dl!tmnined from mk·r~vc emissions 
• 1 • • : ''·tm~ ' :by 54tdlil..-s are examined in terms or1tieir si&n.11. noiit. llnd sianw-,~noise ratio. Oiilly and .)()-day 
! I : j ! , e~; oiae citim1tea ;ak ~ by almost 5<n and 3~~. ~\Cly. hy .analyzin, and adjusting ( j( ~) 
: I •• I . ror. ~ . :due I<> I) missii,i cf.Ila. l) residua.I harmonics of the :annual cycle unique to patticu.lar satelli!4 J) 
i; i 1 • i • ! • ·!Ji(' . lt_erin._ and 4) ~rious trfflds. Aftc:r adj11itments. the d«-adai trend of~ lower-1,opospberic ,ioblf 
1 

I : 1 • km . , -~ frqm hnuan- 1979 t11rou1h Fcbnw-y 1994 becomes -o.oss•c. or about O.O)•c pcrd«aae cooler I• : 1 hw, vi'o<151y atlcu~. 
I' 

; I ; . I . 
I ' ·I . . !• • , I . 

: : I . I ' :1 

; . : ! l.i!'. ii~~I i ; 
; . .: •11 • • ·k,1 

I ~te : i ii ~i~g ,Units (MSUs} onboard 
. . N I . i : • ~ ort>i • aa satellites ha ... t provided temper-

• 1 : . j ~t irf1:t~~.'. !i. of~~l~b~~l~ 
; 

1 SC, r~~b.La ,, 3)). ~studicshavedem-

$es$ changes made to the oriainal data, we shall WQ 

our analysls from the point where no quality control 
has been applied. We shall examine the impecis of 
missin& data, unique satellite ~cteristics. filte;inc. 
and spurious trends on the global-mean valuesland 
determine how to enhance the quality orthe tiroe series. 
Users who have petfonned resc:arch on curmit edi~as 
of the MSU 2R data should realize that some quality 
control was applied to those data and that the lnal 
results of this study do not al~ the earlier monthly 
vef$ions in a significant manner. 

• : I on· tedltHc f¥~jqual ' <>f the MSU data and their 
I ~ id :alid,cwn, i!~ clim~ issues ( see also Hur­
i telJ! ~!lt~1-~n . . ~ 19'2); Ba}sist et al. (199S)J. In 

, .

1 

· gen, ,ill. Is ch st e_s h~..,e :u~ MSU data averaae,d 
int~I:~~ -~ ttm.~~ In tf1is pape!, we shall ex-

• • l •~~P~ -~~ s11nal d noJse chanactensttCS of the MSU 2. MSU temperatures 
I cha~~c:J ;21 r.etric . • of the l(?wet.-tropospheric temper-
I a .. • ,le~') as:M • :2R. fordaf/yg)obal-mean valu~ 
()~ ?I:,~~ ~ • e :;. d;t~ of daily &lobal tem­
pei, 'fr~for,wh~errol'iS, o_rn~sc. have been ~uced 

• a.1 ; : : iak possibl while prescr,virtg the magnitude of ! the;' ·afl-1 ~abili y. : • 
! 11 • • ~ci :series; of dajly i:onal-rnean temperatures 
I ~•~ • ' a :~·~niir)~i I 994i has uµli:z.cd measurements 
1 fro ·· • ~inents . ~n diffo~nt satellites (TIR.OS-

. N, , ~-16: ;-1, .;9,.-10. -/1, a00;-/2). How-these data 
~ gc~'fd -,-:i, me1¥ed in~ a single. dme series 

• wil~ - . ex1l~ned' 11 the ~ollowing two sections. To as-
I I , ; ; : : . . 
i • I : I : I ; . • 

l • • ~~~/ft auiit~b. it~res;.• o;:. Jo~n R. Chrlsly, unh S)-stem 
/ : j :.r.~• Unifer.srty of Alab31111 In tlunts"llll!. Huntsvi.'le. 

; : I I : : ; I . . . l . . . 
l : lc· 1;l A~~ca~ McccJrorosj~ Society 

. j ,: . I t1:1··: ; l : :i. ; . : , l L~ I . 1 • ' ! .( I 

~. ,1 :· •• 4 ' ' : ! ~ : : 

Temptratures are produced from the raw MSU data 
in the foUowing way. The radiance counts obscrve;I by 
the MSUs are converted into bri&fttn~ temperature'S 
by an interpolation scheme, which is anchored on1the 
war.TI side by an ~aboard boi taract (m~ured '?Ya 
r.ct of redund4nt platinum resistance thermome1en) 
and on the cold side by the temi,erature of ooJd space 
(2. 7 K). On each scan. the sensor obtains radiaJlce 
counts for these two tarJets or known temperature as 
well as 11 footprinu over the earth. The counts pb. 
served in the earth views are con\terted to tempcratwa 
usini the interpolation scheme derived from the mid 
and hot targets (Spencer et al. J.990). 

As described in SC92b, a Umb-rctrieval technique is 
applied to the scan.tine data that results io a vertk:al 
temperature profile of the lower tro~phere. For ibis 
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dcllncd ahovc is chosen for the prclimin<lry mba~ an­
nual cycle. As noted ~low. a longer base pcnod will 
be selected for the final product so that rx-cutiariLies of 
September 1981-August 198:! will not unduly affect 
the d~ta. 

We stantiardize all of the satellite data by subtracting 
the morning mean annual cycle from .VO.·U-6. -JO. 
and -11 and the :iftcmoon mean annual cycle from 
TIROS-N. NO,l.-t-7. -1,l, and-//. In this way. we clim~ 
in:itc the diurnal effects peculiar to morning oi' .it'ter• 
noon orbits from all satellite data. {The re3.dcr should 
keep in mind. however. that wh:lt has been removed 
are annuul cycles :B observed by only NOA.-l~6 and 
• 7. Thl-SC may Jiff er in slii!l:. ways from the other in­
struments had lhcy operated during the 1981-8:? pe­
riod.) At this poim. the total time seri~ is a set of 
anomalies from the. mean annual cycle as defined 
above. 

Th~ second bi.IS to be remoYed amcs from the sys-­
tematic offset of one ins,rumcnt versus another. • 
Though ~he daily global anomalies of two simultaneous 
MSUs may correlate at 0.99+, each instrument.has a 
relative tcmpernture bias of as much as I K ( SC92a, 
SC92b. SC93). We determine these systematic biases 
as the avcrnae difference between temperatures of the 
MSUs at each latitude during common periods of ob­
servation. The bias is sequentially accumulated and 
removed for each MSU so that all anomalies thea are 
relative to NOAA~/ 7 for September l 981-Au,ust 
1982, our preliminary mean annua.1 cycle. 

The final step is to select a represcntalive period as 
the b3se dnnual cycle and calculate anomalies relative 
to this. We selected 1982- 91 as the base because there 
were several mis.gng-day periods prior to 1982 and a 
length of Io years seemed appropriate. though or course 
it is arbitrary. We then determined the residual annuai 
cycle in those 10 years and subtracted this from lhe 
entire record. The result is l S+ years of daily anomalies 
relative to the I 982-91 period. 

4. Precision durina overlap periods 

Because the atmosphere is being obse_rvcd by· two 
independent instruments durin, the overlap periods, 
we may determine the signal and noise characteristie5 
of the instruments. In Fig. 2 we show results of the . 
mean and mean difference of the global anomalies or 
the NOA.A-JI and -12 over'aap (hereafter l l/ 12)~ We 
shat! define, noise (.'V) as the varl!lncc of tlle ~com~ 
difference divided by 2, N • (a.An) 2, and the sigtUl1 
(S) as the variance of the anomaly sum mvided by 2. 
S • (crs12} 2

• The daily N of 11 / 12 is 0.00$S65 K 2• 

while the daily S is 0.032184 K 2, aivin& a signal-to­
noise ratio (SJ N) of only s.g. The noise. sianal. end 
SJN for JO.day averages arc 0.001211 K2, 0.016512 
K 2, and 13.6. rcspecdvcly. These arc the lowest (WOl'St) • 
SJ Nvalues of the six overlaps that arc used in mcqjng 
the dataset into a sing)e time series. Improvemenu in 
SIN win be most evident in this example.. 
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:: ; . ' OAA·11 and 12 
: , • qaily G • Average MOmaly 
j Se tem ; 199 i to F•bhla,y 191,4 
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We first attempt to reduce N by assessins how ml$s-
1 ing data impact a)Qbal-mc:an temperature values. We 

have calculated VN .. (c,,.12 ) for 19000, 20000, 
21 000, 22 000, and 23 000 per day data rates for dajly 
variations and 30-day average variations ( Fi&, 3 }1.:-:Tho 
valuei plotted are those of a wcipted mean of 'IN for 
all sb overlaps based on the number of days in each 
overlap period ( recall we have mentioned the statistics 
of the worn overlap example earlier). The total number 
of da)'5 on wh.ich both of the intert:Ompared MS.Us 
reached acceptable dau rates v.rere 3009, 289S, 2697, 
2133, and 1436 for 19 OOOthrough 23 000. rcspect.ively. 

The results of the daily comparisons indicate that 
the noise is reduced as the number of observations re­
quired for comparison is increased. as would be ex­
pected. ThcR(luction is noticeable but relativcfy slight 
with dsilv V N decttasing from 0.068 K to 0.064 K for· 
19 OOO-i2 000 data ra\§. There seems to be no sig• 
niflcant differe~ in VN due to data ava.ibwility for . 
30-day a,·c-rages. all being about 0.026 K. Of all the . 
characteristics we shall examine in this study. data 
availabilitv has the weakest impact on N. From this 
result. the.re is no compelling reason to limit the ac­
ceptable data rate beyond 20 ooo. which is the nllc 
cu~ntly used in monthly reports ( e.g .. NOAA. Cli­
mat~ Diagnostics Bulletin). 

b. Residual annual cycle differences 

We have indicated that the morning and afternoon 
instruments observe the earth under difl'cring local solar : 
conditions.. leading to different meao annual cycles. lt 
was assumed that all morning satellilcs would ha.,-c \he 
identical mean annual variations observed in NOM• 
6. and all afternoon satellites those or NOAA-7. Caref'ul 
examination of Faa. 2 reveal$ a series of undulations . 
in the diffC"rcncc time series. which happen to be phase 
locked with the annual period. Because F'rg. 2 represents 
the last overlap period in which ~ MSU ~l"Cl'C 

........................ ObwwoCIQiw 

FIG. 3. Solid(Clf'(n) columns rcpn:$Cm fi:ford;iily(l().da)I mean) 
statisii~ The lefi -10-rii1>1 pr~~ion iDd1c.1tcs results for minimum 
dail~-oosC'1"Y:t lion mes of 19 I.. :?Ok. 21 l . 12 I.. and ::!3 lo: . 

. ; . 
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: . :!f:1~; .. ~Sol~fupc~ CQlu~ns~~t ~rot.(bi~(lO-daymdn) 
l ~+wst~ i~ lcl\ to! ·~t .l)!'Ogl'CSUOTI •~ICQta results (or removal 
: o~ ·cun~rcup,s>0nc 3 of the nnnu:cl penod up to the wavenumber 

in, ie31~~ hdGw the c1,1umns. 
: 1:l ; : I . 

,i i ! 
; ·: I ' 'I : · j j 

: a~JJst!¥' ~th thff accu!flulations. of all previou~ _ad­
' , , j4~in~p;s~~ny s~te~atac erro~ should be most vtSJble 
; ' : • I ' heM ~ion . fall everfap examples indicates that 
i : : th.-: · 1 ! } llfrs de • y the, only period with such obvious 

! ~Wi: 'i~~t>i lin th~ldi~~cc: timt series. ~ . 
i • '! · ~o ~qser st!. dy we found that for a &,\.Cn labtude. 
-th , Na.U-JI] M U g~erates:warmer than e,cptcted 

. 1 : ttj#~!ii(~ in . l "'iintcr and colder than expected 
, , , : :i~!~oc:i~ surfi~cr.)lln other words, the annual range of 

~ :t~pcratutj:s tn µ,c · N()AA•JZ MSU was only about 

1 : : i :i ··' ~ of th~ othc~.MSUs. This observation miaht be 
. l ; ; t~ to die fact ~hat the dynainic range of the NOAA-
; 

1 1 1 1 
/ 4 •. ~ :ct;ilannel :r was. reduced due to much reduced 

J ! _: I :ik 4< !tWc~i; ~is effect. that ~ adjust ~he dynamic 
1 .,: ! !ra~~ cf~-· Nt~-12!and p06$1bly othe~ MSUs. we 
: · ' · I i~pa • latit I e b)i latitude. the annual cycle of I i i · ; it~ldi~rcn e ~ '. sc~~ into ·Fourier componenu for 
; ' •. ! 1th'ffi· . overt' p ~ longer than I year (NOAA 6/ 1, 6 f 

. ; 9. i; qi!, i f~ / {2~ On~ these Fo_urier CO~J>?ncnts of 

.. 
• i' I l : 

I . : 
I . 

' . 

, th~ ~esidlJ~ are cmo'{ed. the u~e scncs 1s reccm• 
is~~~ ~ibcfo : . Th~ ttSults for.daily an~ JO.day 
;m™s ·~e)bown•!•n Fig. 4 for vanou$ Founer-<:om­
!POr,d,n~ ~~num~ ~moved:(e.g., .. s•• indicates re. 
i,noi,iil ~r~mpo~~ts-l to S). • 
i f:he ~m<tvat or:\Fourier co.mponent~ 0, J, 1 :-3, 1-S, 
!':7~ ?n~ :L~P• ~ :on ~e daffcre~ tunc:senes, PfQ-

' ff~~ SYN;F,lucslfor d4tly_a.n~hcs of~7. 9.2, 9.8, 
. ; : . ~·~ti ~O'.~' 3qd t0.(I, resP,eCt1vely. For., 30-<iay averages, 
. thtYci,•alu~are. 2d.2, 30.6. 43.J, 4.5 .... , 45.1, and 45.1. 
;_ . : Toi$ ~u~tment i~~ the 30°//4y SJ N substantially 
[ • ' m~rit th~., :th.ci. y. re4ucir,a . by ewer ~ in the 
! , '1 ~ -9f!~"'.~ t-5 The daily N fs also reduced, but 
I • : • !~ ;~ ii~ , use.i~ fiuctuauons occur m~rc on 
: '. '. : f ~¥,Y~t~:)i basis~- . ere is no ~nifi~t rcdu~uon of : ; , . ! N~>•o~ "!&ve -1-.~ removal. o,ven thu m11gn1tude of 
l ; ; I roi*; r~~c:ijfon-➔ beli~e ~i$ procedu~ should _be 
1 ' ; • ~d~d ~UJ)1o ann.at hannoruc S) to the data supphcd 
! : i i ,o ~~ .users1 The ;pr~ of removing Fourier com-
•
1 

i : l l"'nt~~ pf t~ ann~~ pcnod does not affect the overall 
• ; 1 ; ~~~:ofthe ·~ime senesat the 0.002°C per decade level 
\ : .: ; ~ndlb35°its 1irim:i11· impact on NOAA·/2. 
I , • 

~ ! l 

1. 

0.07 . 

0 .01 • 

O.Q:$ • 

o.°' . 
\> 0-03. 
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0.01 • 

0 
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fie;. ~- Solid (()pen) columns ~resent \IN rot d:aily 130.Joy mean) 
scatistks due to m«l i:m nt1crin1 with wi11dow width ~n -1- I ind i<:ated 
hclov.•. 

c. .\1£•dian fi/1,•ri11g 

The northern midlatitudc:s tend to have .a large jn­
fluence on the a)obal-mcan anomaly because of th( 
larac tern pcrature v3riations \hat arc observed 0\'er ~c 
continental regions. When an MSU undc~mples thas 
area relati,·e to other artas. there is .i potential for dra­
matically increased noise in the difference between two 
obscrvin& satellites. The spikiness of the time seri~ in 
Fig. 2 is stroneJy related to this. Rather than averaging 
each zonal anomaly across a few days to reduce the 
noise, we shall use the technique of median tillering in 
which the outlien or spikC5 are essentially eliminated 
from the dataset. 

For a &iven latitude and gjven day, the median is 
determined from the current value ranked with ndays 
i,re\ious and fotlowine, The median win~~ is _then 
2n + l days in length. Data will be set to mlSROI if th~ 
2n + I window finds less than n + l days of data. In 
Fig. S we show the result of noise reduction to the daily 
sJobal•m~an anomaly for no median filtering throu~ 
an t 1-day window (n = 5) once tht annual harmeoac:s 
have been removed as descri~ above. We notice a 
sul"-stantial reduction in daily '{ N for n • l and 2. with 
lesser reductions thereafter. However, ~ucina Nb 
onlv one component of the goal, the oth~inga l>t'C$­
erv~tior. of the signal m~itude S. For ltlt same cat­
egories of mtdian filtering. in Fig. 6 we display the 
values of VS when~ reduction$ are also apparent in the 
dailv variance. A portion of the reduction in both N 
and· S is due to the removal of the errors in the time 

0 :, I 7 • n __ ,_ ___ 
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m~nic rcmov~ and median filtering is over 45% for 
dajJy observations and over 20% for the 30-day aver~ 
ages. Figure 7 shows the same overlap of l J / J 2 as 
shown in Fig. 2 after these two procedures are applied. 
For this panicular o~rlap example. the S / N for daily 
~ 30-day averages are now 18.4 and 36.8, respec­
Uvcly, up from S.8 and 13.6. Using the various.window 
widths. we calculated the trend oft.he entire time series 
and found variations of the trend are IC$$ than 6.002°C 
per decade from that of the selected (2n + l .. S) tilter. 

d. Th~• issue of trends in the differences 

What is now apparent in the I J / 12 ov~p time 
scrie$ of differences ( Fig. 7) is the disturbinc presence 
or an obvious trend: In actuality. the trend bepn in 
1990 when the temptratures or the 10/ t l O\lerlap be­
gan to divetie, During the first 2 years of the 10/ 11 
overlap, there was no trend in the diffm.nce time series 
greater than O.0l°C per year (Christy and Goodridge 
1994). Sin~ 1990. NOA.A-I J observes a ~obal tem­
perature trend that is 0.03°-0.04°C per year warmer 
than that of post-1989 NOAA-JO and all of NOM-12. 

BccallS( NOA.A-I I is in ~ent with two other 
sat.cUites, our fim a.uumption is that NOM-1 I is the 
source of the error. This suspicion is substantiated by 
NOM-J J's orbital drift from the initial equatorial 
crossing time of 0130/ 1330 to 0430/1630 a of Feb­
ruary 1994 (Fig. 8). The question now becomes how 
docs the global tropospheric tempent~ relate to the 
clwJsjng time of observation ( i.e .. diurnal cyde ). The 
1n>posphere is generally warmer at 1630 than at 1330 
but is this warmina entirely offset by tht cooling that 
would be expected in the nichttime pass as it drifted 
from 0 130 10 0430? 

To P.rovidc funhcr insight into this issue we calc~­
latcd the tttnd latitude-by-latitude for the diff'erenct 
between NOAA·ll and the l\\.'O morning orbiter&. 
NOAA-JO and -11 ( Fig. 9 ). w~ sec tha~e SUblropical 
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1 
$he~. Vi sl_ighti • ·1~ive to negative trends for the 

re1at1 tdiff'e • cc. ile * :lU other l:ni1udes the sign 
• ,s ' • •: iv~;·. '. noti' n that the MSU on NOAA-I I is 
• ton10 tihg spu us ...Janning trend related to it$ 
~rt,iil i,nc. d~ay ~ms ~nfirmcd by this figure. In 
~hOSlfJ :~f!S'.t'ith st~on,-qonvection. in which surface 
~C3t jl~ f r4~~rred t~ the (rec_ at~osphere throughout 
ihe a~rn(>C~ • the ~arming meawrcd from 1330 to 
~ ~~q/ •H<~ . aiea#-'1' ~n cooling during t~ stable 
~P~ ~~~ ~ 30 to jb4~.1 T~ N~rthern Hemts~here, 
lV!ih :i~ • =moa of land surface relauve to 
th~ • · · :· em.· • h~seems 10 have a creatcr pro-
pensi i for ,v ical l ixhig and. : therefore. eenerally 
$Up I 

ffl<Dtq positr ~ durinc the O 130/ 1330-

~

JQ I ~O : dnft. ·l:eo dver ibqse oceanic regions, 
h~!i -~b~ to . ~t p~pitating systems (Le.. 

ropi# • midlatit da) ; it hilS been shown that the 
"°I: 1 

~ii~ i!em~turc: peaks at about _ 1600 local 
lime: a~dlaj~ et al :11991 j . ·. 
l ;Hq = ·r. i: the ~btrdpical latitudes there is con­

: , sid • ence~! nd. thus. ~upli:ig b.:tween the 
' · j,d,un

1 
• l)i l~y~r ( m : oft♦n a marine boundary layer 

in;t~,·~,~~ He ; ispb~~)andthcfrttatniosphcrc 
p:rc~ 

1 
rt~ etlal, 19

1 
2). "fhc diurnal C>-cle in the tro­

~"i e; )N~d more cl<fsely follow the soiar C)-.;ic:, 
pe:i~I 1, i~ thciearli. ' ftempon and cooline uotil da~n-

. [Iro~sph~ci' em I tures at ~l~ would certainty be 
1 • ~lj.~ : , osc a~ O~lO. whale m the afternoon the -
, , i163Q/~rva io!l : Id !most Jlkely be equal to or 

I I . 
~ • • . 1 

Fdol~~-1h.., * 133t.· observation. . 
! '"C~.;, ,at!tu~-f ban in the 32 .~0 --40°N ~n have 
;a • 1' 'llaricbaracter n thai they are somewhat affected 
by •~ • ~micail subltjppicaii atmos-.,hcric proces&es l:td 
~so : . PIOl:1,~ un~. surface emissi.vity effects. The 
highl • s!fro;· Ira eastward to 'China penetrate the 

i ~ah~ g fu: ·on; "shining tbrou&IJ .. the at­
osq ,~ ~c . me . ent. The diurnal cycle of the MSU 

. i~ t~ -~pu•is ~ dose!~ tied to the surface ,tin 

~

em · fllU~re. to tha.t1the MSU brightness temperature 
cite.ti • i .. m~,dmut:i. canicr (near solar noon) than : ~Jmt "ph,1ical- t~mpetature of the air ~bove. By 

:Vtew,~g ai 1630 rather thin 1330, NOA.A-I J obstrvcs 
~ c()()ler brightness temperature due to the cooler skin 
: , i l l i ~ · : 
! t: ! ! 

; 11 
:, ! 

i 
! 

temperature even though the atmospht!rc there may 
be warmer. The ~moval of a negative trend in thQsc 
bands is. therefore, n~rv . 

The eflect of the satellite orilit decay would be greater 
during summer, when convection (dry and moist) is 
more viaorous, than durin& winter. As such. one would 
expect an annUJ.1 cycle in the time-drift effect on the 
difference time series. This is not seen in our data at 
this point bcc.iuse such oscillations. which are anchored 
to the annual period. have already been removed { SCC· 
tion 4b). In fact, that these harmonics were present to 
begin with seems related to this orbit-drift problem~ 
well as instrument differences. ' 

The trends of Fi&, 9 arc remo,·ed from th!! NOAA· 
// data. bc,iinnifli with I January 1990. This process 
funher reduces the noise of the last two O,YSrlap 
pairs and. thus. the overlll noise levels. The final V N and 
Sf N for aJI overlapping compari~ns are 0.0348 :K 
(0.0167 K) and 29.5 (63.4) for daily f-30 day) av­
erages respec1ively. The reductions of noise for the 
procedures described in this paper ate summarized 
in Fig. 10. 

Our definition of noise. as the variance of the dif­
ference time series dhided by 2. is not a traditional 
quantity but did suit our purposes for the visual com­
parison of signal ( the sum divided by two) and noise 
for intercom pared satellite data. The standard error of 
measuttment. as a~ther representation of noise. re­
quii;tS that our VN be multiplied by 1.414 (i.e., 
2/V2). We therefore comp\ltC the daily (30 day av­
erage) value of the standard error of measurement as 
0.0492 K (0.0236 K). 

In Fie, 11 we show the 11 / J 2 overlap in which now 
there is no trend in the difference time: series. We note 
here that the latitudintal trends rc-mo~d in NOAA·/ 1 
are linear functions of best fit. We as.sumed that the 
actual wanning/ coolinJ ratu due to time drift are lin­
ear o-.·cr the 3-hour drift observed in NOAA-I I. As it 
continues to drift. we c,r.pect that the instrJment will 
eventuallr observe temperatures at theirjltal maxi­
m um {globally speaking) of the diurnal cycle-and then 
the: tcmperau.1rcs will begin to decline. Since NOAA- . 

A 8 C 0 

Ao. 10. Solid (oP¢rt) columns tcpfCICftt VN (Qt- daily (JO.day) av, 
et2.8C' for A: un.lltcrcd cbta for 20 k observations; B: as in A with 
remov:il of five Fourier components: C: as in B with )-point median 
filtcririg: and D: as ill C after removal of NOM-1 I trend 
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1986 and found 10 have no temperature drift over 
the 7,S )'ears (Spencer cl al. l 990) . Therefore, the 
MSU time series after NOAA-7 is ind~pendent from 
any temperature drift that might have occurred be­
tween the first ~hutdown of NOAA·6 ( April I 983) 
and it5 restan in April 198~. 

S. Conclusions 

Careful examination of the daily global-mean 
anomalies of the lower-tropospheric 1emperaturc 
throt.J&h the comparison of simul1aneously operating 
satellites has allowed a direct determination or si"1al 
and noi$C of the data. From this, we have determined 
which characteristics are important in noise reduction. 
In the case of missing data. thele was little impact found 
betwetn the 19 000 and Z2 000 per day daUI. rates, so 
the "11lue of 20 000 was retained. 

There ~re sisflincant ims,acts due to residual annual 
cycle differences between t~ \'a:ious instruments and 
the lack cf latitudinal/temporal filtering. By removing 
the residual annual cycle to five Fourier components 
and applying a median filter of width 5 days for each 
latitude. the daily and monthly noise .,..~re reduced by 
over 40% and 25%, respectively. while leaving the signal 
with over 90% of its original variance. 

• The time drift of NOAA•! I was shown to produce. 
since 1990. a spurious warming trend in the time series 
as ii observed the atmosphere at warmer local times 
(globally averaged) durin& its degradation. Ona: caJ­
culated and removed, the resultant total time series 
produces a decadal trend for the 1$+ year time series 
of-0.058°C ( Fi~ 12). This is 0.03 °C per decade cooler 
than calculated uttdcr the asm.imption that NOM• ll 
was in a stable orbit Also in Fii. 12 is the time series 
of the differences between previously reported g!obal 
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The Heated Debate: Greenhouse Predictions Ver­
sus Climate Reality. Robert C. Balling, Jr. 1992. 195 
pp. $21.95. Hardbound. Pacific Research Institute. 

• ISBN 0-936488-47-6. 

Robert Balling has produc«t ,a book that is bQth 
Interesting and frustrating to tmf reviewer. The book is 
interesting in that it contains a great many thoughtful 
analyses of observational data presented in a manner 
to critically test and evaluate model predictions of the 
climatic change to be expected from the increasing 
concentrations of greenhouse gases. That Balling 
pursues this empirical approach with great vigor and 
talent should not be surprising. He is director of the 
Office of Climatology and associate professor of geog­
raphy at Arizona State University. In addition to ana­
lyzing a range of other climatic questions, he has 
devoted considerable time and effort to looking criti­
cally at the claims and projections for climatic and 
environmental change in response to human activi- · 
ties. 

The book contains nine chapters and an epilogue 
(in addition to an introduction). Within each chapter 
Balling lays out what he refers to as the "popular 

Vol. 74, No. 9, September 1993 
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vision" of the projected global warming and then 
presents an array of observational evidence intended 
to test the validity of these perceptions and interpreta­
tions . This is carried through in an eminently readable 
text, with more than 50 figures. There are very few 
editorial and typographical errors, although a few that 
do occur are in surprisingly obvious places (e.g., an 
approximately equals sign instead of fourth root sign 
in Eq. (2), mislabeling a curve in Fig. 20, referring to 
"decade" instead of "century" in describing past warm­
ing on page 139]. One hidden error I found came when 
he noted that there is more carbon ("by far") in the 
oceans than in geological formations (p.19); actually, 
geological formations contain several orders of mag­
nitude more carbon. It would also help if the word 
"Earth" (capitalized) were used consistently to mean 
the atmosphere-ocean-land system (i.e., the planet) 
and not also to mean only the surface (which is earth 
and water). 

global-scale climate change, the observed hemispheric 
and latitudinal patterns of climate change, and green­
house effects in the United States. Given the title of the 
book, I am giving away no secrets in saying that the 
popular vision and Balling's empirical analyses gener­
ally diverge. While Balling finds that some aspects of 
what models predict is reflected in the record, many 
shortcomings are identified. The summaries at the 
end of each chapter leave little doubt that, while he 
agrees atmospheric composition is changing and that 
some warming will occur, what is happening is no­
where near as severe as the popular vision. 

But the book is also frustrating. Despite its title, the 
book is clearly not a documentary of the debate that is 
taking place. The popular vision he describes is nei­
ther well referenced nor responsibly filtered, with 
Balling picking and choosing from the most dire con­
sequences put forth by activist environmentalist groups 
(and some scientists in their public statements) to 

make up the apocalyptic future. There is no 

... while the focus on data analysis is helpful, one 
must be careful In accepting some of the 
,.,,n,nar•lc:!ons he does make that are central to his 

effort made to provide the rationale, expla­
nations, justifications, or contexts that these 
groups offer for basing their conclusions on 
worst-case scenarios (e.g., taking a precau­
tionary approach that assumes the knowns 
plus uncertainties will occur in that the ef-

s, because other explanations may be as, 
ore, plausible. 

fects are long term and irreversible, and 
there is only one "spaceship Earth" on which 
life is known to be able to survive). Thus, 
Balling sets up a "strawman" catastrophist 

In addition to these few shortcomings, there are 
also questions of scientific interpretation.- One ex­
ample is his attempt to determine the contribution that 
desertification is making to global warming. To de­
velop an estimate, Balling compares temperature 
changes for desert areas (primarily the Sahel) and 
contrasts them to changes in nearby nondesertified 
areas (for the Sahel grid points, primarily tropical rain 
forest). He attributes the greater warming in the desert 
areas all to desertification (and not to greenhouse 
warming), whereas global-scale climate change (in­
cluding greenhouse warming) would be expected both 
to warm dry areas more than moist areas and, as is 
predicted by models to be the case for the 
midcontinental United States, to make marginally wet 
areas drier and to warm them more than fully moist 
areas. Thus, while the focus on data analysis is 
helpful, one must be careful in accepting some of the 
comparisons he does make that are central to his 
arguments, because other explanations may be as, or 
even more, plausible. 

Overall, however, the book has much to offer. Its 
strength is the core set of chapters, which look in 
succession at the exponential increase in greenhouse 
gases, numerical models of global climate, observed 
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vision in which it is rather easy to punch holes. It would 
have been much more of a challenge had he taken on 
the more authoritative report of the Intergovernmental 
Panel on Climate Change (IPCC). 

A second frustration is that all the while he is . 
critiquing the greenhouse effect in chapters 2 to 6, 
Balling holds in reserve what is likely part of the 
explanation for the discrepancies he see4t,etween 
model predictions and climate reality. Balling waits 
until chapter 7 to introduce increasing concentrations 

- of sulfate aerosol as a possible cooling influence, and 
more generally to explain that climate is affected by 
factors in addition to greenhouse gases. Environmen­
talist literature may be slow in getting to this point as 
well, but from a climate empiricist it is somewhat 
surprising that development of the perspective is so 
delayed, especially when the conclusion is that "we 
found that the models were simulating a doubling of 
CO2 and producing results that were largely consistent 
with the observations of the past century, with the 
obvious problem of overestimating the rise in tem­
perature. The addition of the sulfates helps to resolve 
the unusual trends in the industrialized Northern Hemi­
sphere, the lack of warming in many industrialized 
areas, the . higher than expected precipitation totals 
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and cloud coverage, and the increasing soil moisture 
levels" (130-131). In later analyses, when he may be 
also inclined to include the climatic effects of ozone 
depletion, Balling may even become a greenhouse 
convert. 

In the last chapter, Balling draws several implica­
tions for responsible policy. Some of his points are well 
taken (e.g., leveling greenhouse emissions will not be 
enough to stop the temperatures from warming; there 
will be both beneficial and detrimental impacts). What 
is frustrating, however, is that Balling seems to have 
forgotten what he had just described in the preceding 
chapter; namely, that the climate is indeed about as 
sensitive as the models are indicating (their problems 
are mainly that they have not been including sul­
fates- and, it is becoming realized, ozone depletion 
effects) and so, with sulfates having a short atmo­
spheric lifetime and greenhouse gases a long lifetime, 
the greenhouse effect will prevail over time, and at an 
accelerating rate. In considering these implications In 

. the final epilogue, Balling eschews use of the "crystal 
ball," relying instead on conclusions from the past. He 
criticizes the global warming catastrophists of having 
a religious attachment to the issue and of not accept­
ing lessons from the climate past; yet Balling seems to 
be as tightly attached philosophically to future changes 
being limited to those in the past, even as population· 
growth proceeds exponentially. 

Richard Lindzen of MIT is quoted on the back cover 
as saying the book "is most assuredly not a polemic." 
For Sailing's text, while being put forth with a definite 
perspective, I can agree-Balling seems to be search­
ing and testing for the truth, albeit very critically and 
even if very reluctant to depart from a linear trend. For 
the Introduction by Aaron Wildavsky, Llndzen's quota­
tion is most assuredly not the case: the Introduction is 
indeed a polemic against environmentalism and any 
actions to impede the carbon economy. Balling strives 
to avoid "theoretical predictions and the purely specu­
lative"; in contrast, Wildavsky supports Llndzen's pos­
tulated but unproven negative feedback, th~ Marshall 
lnstitute's postulated but unproven solar connection, 
all the beneficial consequences of warming, and on 
and on, believing every critic of the greenhouse effect 
and no supporter. Whereas one is tempted to ask if 
anything could change Wildavsky's mind, Sailing's 
book focuses on data and testing and, while a skeptic, 
he comes across as one who may be open to consid­
ering new evidence and new analyses. The book is ill­
served by its Introduction, but in spite of this, well worth 
the reading .-Michael C. MacCracken. 

Michael C. MacCracken is the leader of the Global 
Climate Research Division at the Lawrence Livermore 
National Laboratory in Livermore, California. 
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T oday, I am proud to stand before you representing millions of electric consumers in our 
nation's heartland who rely on coal-fired electricity for their health and wealth, indeed for 
their very existence. These consumers, and the American economy itself, are at risk from a 

powerful combination of government, professional environmentalists both at home and abroad, 
and energy producers who compete with coal in the electricity marketplace. I stand today in 
opposition to this coalition. 

Of all fossil fuels, coal is the fuel of choice for the common man. It is cheap to produce '• 
and burn. It can be - and is - burned cleanly and efficiently. It can't be monopolized by foreign 

• governments or powerful energy companies since it is located in so many places. Coal is · 
electricity and electricity. is key to our country's environmental and economic fu~_..: . _ .· .--~-.· _ 

' ... -,-

Of all the fossil fuels, coal also has the greatest carbon content. When it is burned, carbon .. 
dioxide (C(h) emissions result. Since CO2 is a greenhouse gas; professional environmentalists 
raise speculative fear of apocalyptic global wanning from our utilization of coal for electricity 
generation. Environmentalists are the opponents oflow cost and abundant electric'supply and 
they now argue, together with other members of their anti-coal coalition, that-our nation should, 
shut in domestic coal plants. , • ·- , 

13ut caroon dioxide (CC>z) i not a pollfilint. Since 1988, when a century-old argument 
over ap yptic glo al warming went public, environmentalists in;true Orwellian fashion have 
quite successfully convinced people that CO2 is a pollutant:even ·though it is ·a benign gas'required •. 
for life on earth and a building block of nature because of its role·in photosynthesis. . . r;-:-. ·1. n 1 .v:· .. : • 

When plant biologists, agronomists, horticulturists, and ,foresters ;gather,' you won't hear Jtb 
much discussion about a looming apocalypse due to ever increasing atmospheric CO2 content. 



. ... :;, .... ,. - . 

Instead, these scientists, who work in the real world, speak optimistically about aerial CO2 
fertilization of plants, a better environment for food production, more robust forest growth, 
longer growing seasons, modest nighttime winter wanning, and the greening of planet earth. In 
short, they speak of a better world for humans and all living things. 

Unfortunately, the real-world voices of scientific optimism on global change are seldom 
heard. Instead, the scientific pessimists, who live in a virtual-world of computers, have captured 
the attention and backing of both the national media and important politicians. In a spectacular 
abuse of computer technology,they have projected a world of apocalyptic global warming, 
melting polar ice caps, drought, flooding, blizzards, disease, famine, and pestilence. These 
pessimists have made arbitrary assumptions, ignored key areas of inquiry, and changed known 
physical properties of the climate in creating computer models that forecast apocalypse 100 years 
from now. That is why the models can't hindcast and why it is that the models predict future 
climate that has no bearing on the real world in which we live. 

As Twentieth Century promoters of Malthusian economics, the pessimists have seized on 
the forecast of apocalypse to prescribe massive government intervention in our lives in an attempt 
to lower living standards for the industrialized West- particularly the United States -while 
denying the human community the free and open use of the natural resources the Lord has given 
to us for our human family to succeed. The present day successors of Malthus are easily 
identified. They are the professional environmental community both here and abroad who work m 
government, in private environmental groups, and in respected universities. 

Unfortunately for the American people, the Clinton Administration, through Vice 
President Al Gore, has embraced this pessimistic view of the future of the human community. 
Vice President Gore's approach,-after all is said and done, is not to raise all of the people of the 
earth to Americans' living standard, but to roll back American living standards to some vague, 
ever changing notion of "sustainability" defined by those whose view of the worJd is driven by 
Malthus's economic thinking. As a result, American electric consumers, working men and women, 

• poor people, people on fixed income, and the American economy itself are all in peril from 
proposed action by our own government .. The Clinton Administration, acting in c~rt with 
foreign interests and governments, currently plans to take steps to limit energy production and 
consumption in the United States under the United Nation's Framework Convention on Climate 
Change ( or the Rio Treaty, as it has come to be known). 

This conclusion can no longer be characterized as a predictable pleading by industrial 
special interests. This is, in fact, the bottom line of a draft report prepared by Argonne National 
Laboratory for the U.S. Department of Energy as part of the Administration's promise to evaluate 
the effect of its proposals; 

As summarized in the April 18, 1997 edition of Inside EPA Weekly Report, the study 
suggests that potential increases in energy costs driven by an international agreement to control --
global wanning would lay waste to such major industrial sectors as iron and steel manufacturing, • 
petroleum refining, aluminum production, cement production, paper and allied products, and 
chemical manufacturing. This would happen - according to the draft's authors - without 
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producing a reduction in global emissions and while, in fact, causing such emissions to increase. 
Why? Because manufacturing capacity in these six sectors would move out of the U.S. to 
developing countries which are not subject to the terms of the Rio Treaty. 

In Article II, the Rio Treaty sets forth as its ultimate objective the stabilization of 
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous, 
human interference with the world's climate system. The speculation, based on flawed computer 
models, is that greenhouse gas emissions from humans will cause catastrophic global warming. 
Carbon dioxide (COi) is the primary greenhouse gas caused by human activity and is created 
when we bum fossil fuels. Since fossil fuels are_bumed by some humans somewhere all of the. 
time, the Rio Treaty represents an initial step by government to massively regulate almost all 
human activity everywhere all of the time. The Rio Treaty thus represents government's Green 
Thumb. 

Even though relevant scientific bodies in the U.S. and abroad have not determined (and 
cannot determine) what level of atmospheric COi content would constitute dangerous 
interference with the climate, the Clinton Administration, under the leadership of Vice President 
Gor~ seems ready to commit the U.S. to a dramatic change in the Treaty that would try.to •· • • .­
prevent climate change (as opposed to dangerous interference with climate) through binding U.S. 
COi emission restraints. 

It apparently has never occurred to the Vice President that government has as much 
chance at preventing climate change as preventing the moon from turning full. It also apparently 
has never occurred to the Vice President that human-induced environmental change could be 
good for humans and the planet,· and not bad. The evidence of change we have today indicates 
such change will in fact be good. -

According to most reports, the Administration favors an emissions trading allowance • -· 
system as the mechanism for limiting energy production and consumption in the United States. 

• Under such a system, American electric consumers will be charged money to bum American coal • 
in American power plants for the purpose of paying that -inoney to foreign interest.countries - • .-~- -
like China and Indonesia. These countries will sell us the "right" to run our own power plants. 

Characterize the science however you want ·on·climate change. The fact of the matter is 
the remedy for the problem, as perceived by the Clintdn Administration, will result in a transfer of 
American wealth abroad and hurt the most those of us who can afford it the least. It is respectfully 
submitted that there is no science that justifies this kind of punishment of our citizens. • ; · ' •• • :. 

The Rio Treaty is aimed at Americans. Americans·represent 4.5% of the world's'. -.,._.. • 1 • • 

population, but we consume close to 25% of all energy. Americans consume almost three times as 
much energy as the Chinese and over four times;as much ·as·the:Japanese.-'Ifyou want to ,restrict 
energy use in ·the world, you have to start with the United States. • .- • ,. ,, 1 • , '' . • '. :,• ' : : 

.... , . .,.,. •, r I 

Why would any American want to restrict ·energyiutilization in the 1United States? Is-it •:: u 1i~ 
wrong for Americans to use the natural resources"Of our'great-land to raise ·living :standards in this 1

-
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greatest of all countries? Is it wrong that American households enjoy a lifestyle keyed to the use 
of more and more electricity as their affluence grows? Has it never occurred to the environmental 
community that you need cheap energy to make people's lives better; that using low-cost 
electricity enables all of us to lead fuller and more productive lives? 

In the last 15 years, household use of electricity has grown by over 20%. Household use 
of electricity grew because electric consumers installed: 

✓ lvficrowave ovens ✓ Video recorders ✓ Second refrigerators 
✓ Second televisions ✓ Personal computers ✓ Electric typewriters 

✓ Electric air conditioners ✓ Electric printers 

Is this bad? Electricity improves people's lives and will continue to do so. Axe we now 
going to punish people for wanting to live better? 

In Vice President Gore's book F.arth in the Balance he characterizes America's affluence 
and our citizens' lifestyle as "dysfunctional." He characterizes emissions from our industrial 
activity as "Buddha's breath." In the Orwellian fashion of professional environmentalists, the Vice 
President refers to CC>i as a pollutant in several places. He calls for reduction in our country's 
energy consumption to less than half of 1992 levels. His book identifies with European thinking 
on American consumption patterns which are deemed by Europe's intellectual elite to be harmful 
to the future of the earth and, therefore, all people of the earth. 

I would like to invite Vice President Gore and scientists in the European community who ;; 
think Americans use too much energy to a townhall meeting with the citizens of Bismarck, North 
Dakota in the dead of winter, in the middle of a blizzard when the wind chill is -50°F, and have 
them tell North Dakotans they use too much electricity and don't pay enough for it. I also invite 
Vice President Gore and his European friends to meet with citizens of Sun City, Arizona at 
summer's peak when it's l 15°F in the shade to deliver the message to elderly people who live on 

• fixed incomes that they use too much electricity and don't pay enough for it . 
. :;:t-~ 

The Vice President would have our government use its Green Thumb to radieally change 
our lifestyle while choking off the lifeblood of industrial activity by transferring abroad jobs in 
America's carbon-intensive industries. Our ·manufacturing jobs remain high paying jobs. Base 
wages average $45,000 per year. With benefits, these jobs are worth $60,000 to $70,000 per year. 
Auto assembly workers in Michigan, longshoremen in Maryland, copper miners in Arizona, union 
workers in the coal fields of Illinois, and the men and women who drive freight trucks on the 
Interstate highways are just some who will face loss of their jobs as America de-carbonizes its 
economy through restraint of fossil fuel use and in making energy expensive. 

Politicians who support binding CC>i constraints under the Rio Treaty purport to act in the 
interests of working people and families. In reality, these politfcians promote an agenda designed 
to further the interests of~ international bureaucracy, special energy interests seeking 
government access to consumers' pocketbooks, and the professional environmentalist class of 
lawyers, economists, scientists, and consultants who live in big cities, jet to conference after 
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conference in order to continually discuss global wanning, who are sustained by government and 
foundation grants in all of this activity, and who seek to control our lives and futures by preying 
on fears of apocalypse a hundred years from now even without scientific observations to support 
such claims. 

If as a society we buy into the nonsense of apocalyptic global warming, expect more 
Draconian measures in the years to come. In the Fall of 1994, the President's Commission on 
Sustainable Development met to consider our energy future in the context of concern over 
greenhouse gas emissions. Newspaper accounts at the time reported that the Commission was 
considering the following policy options: 

• Restricting how many cars a family can own 
• Forcing elderly drivers to give up their drivers licenses 
• Increasing gasoline taxes by $1 a gallon 
• Increasing the age for teenage driving 
• Requiring commuters to use public transportation every other day 
• Restricting industrial activity based on energy use 
• Requiring states to charge motor vehicle fees based on miles driven 
• Requiring states to charge motor vehicle fees based on vehicle fuel efficiency 
• Increasing the tax burden on personal use of cars by taxing parking spaces 
• Requiring bicycle use in designated urban areas 
• Imposing toll charges for interstate highway use and requiring states to charge for the 

use of city streets 
• Surcharging the price of electricity by over 30% to force people to use less. This is • 

known as the caviar theory of energy, only rich people can afford it. 

Is this the kind of society in which we want to live? Is there any science justifying the kind 
of government tyranny that would so dramatically impact the lives of us all? I think not: • . , 

But there's an even more important reason for rejecting the vision of apocalypse advanced 
by the Vice President and by the environmental community under the Rio Treaty.• lte' 
environmental community vilifies-the fact that our economy is fossil based: The environmental 
community vilifies our reliance on coal-fired electricity. The fact is, however, that instead of · .. ,· 
vilifying coal we ought to get on our knees ·and thank the Lord we have it. 

rm going to show you a series of graphs from a recent report by Mills·McCarthy & 
Associates for Western Fuels, National Mining Association and CEED which-tells this story.in ·: :. 
detail. These graphs from Coal: Cornerstone of America's Competitive Advantage in World 
Markets paint a picture of robust economic growth, international competitive advantage, and a . 
bright future for all ofus based on coal-fired electricity. 

Before I do, let me briefly describe the wonderful and uniquely American success storyr, • • 
that our domestic coal chain industry represents. In the United States today, there are 417 coal­
fired electric power plants annually burning 900,000,000 tons of coal. Even if another coal plant 
never-is built, existing units have the capacity to bum another 200,000,000 to 300,000,000 tons;of 
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coal per year to provide low-cost electricity to the American people and our growing economy. 
Coal's competitors in the electricity marketplace want government to use its Green Thumb to 
choke off coal's growth in order to divert the business to higher-cost natural gas and renewable 
energy plants. 

These coal plants did not come from some evil conspiracy of committed polluters, as the 
environmental community continually alleges. !hey were the result of a concerted federal energy 
policy commenced in the 1970s under President Jimmy Carter, a Democrat. President Carter 
commenced Project Energy Independence out of his firm belief that the best energy policy we 
could have in the United States is one based on our domestic fossil fuel resources and based on 
low-cost electricity for our people. 

President Carter and the federal government embarked on this program with full 
knowledge of the theory of catastrophic global warming, no doubt secure in the view that visions 
of apocalypse are always just that and while recognizing that a growing economy needs low-cost 
electricity. President Carter recognized that America has been blessed with the hundreds of 
billions of tons of recoverable coal available to us in widely-dispersed coal fields all over the 
country and ready to be used in electric power plants to provide power for our people. 

It was the Democratic Party in the 1970s and early 1980s that mandated the use of coal as 
our nation's favored fuel source. This mandate, by the Democrats, led to an enormous investment 
in coal chain industries - including coal mines, coal-fired power plants, and rail transportation. A 
major part of the mandate was the Powerplant and Industrial Fuel Use Act of 1978 which 
mandated the conversion of industrial boilers to coal and prohibited the use of oil or gas in new 
electric generating plants. 

As a result, America made a direct investment of over $200 billion dollars in coal chain 
industry power plants, coal mines, railroads, and barge facilities. Western Fuels calculates that the 
hundreds of coal plants and related facilities that are now operating in our country have a present 

• value to our society of close to $1 trillion. 
: ¾ --: , •.. -

Western Fuels itself was born in this environment. We are a creature of federal policies, 
policies designed to help working men and women by bringing the benefits of our country's 
natural resources to society. Western Fuels 1s a not-for-profit coal cooperative. We are owned by 
generation and transmission cooperatives and by municipal electric utilities. All of public power 
operates on a not-for-profit basis and all ofus are ultimately owned by the consumers we serve. 
All of public power has democratically-elected boards. All of us participated in building billions of 
dollars worth of coal mines and coal-fired electric generating facilities utilizing federal loan 
guarantees from the Rural Electrification Administration or tax-exempt financing in the municipal 
sector. Most of the coal burned in these huge electric generating complexes is clean western coal 
from Wyoming and Montana, coal that is· owned by the federal government and leased to coal 
companies pursuant to a federal law, the Mineral Leasing Act of 1976. 

In public power's case, the coal plants were the direct result of a request from the United 
States that customers, who were utilizing federal hydroelectric power from federal dams which 
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were running out of capacity, put in matching thermal generation to meet the growing needs of 
the middle part of our country in the 1970s and· 1980s. The public power coal plants are the direct 
result of inducements made by the United States to its citizens that they make the huge 
investments required to provide electricity to our vital agricultural economy, to defense industries 
and installations in the Rocky Mountain West and the Plains states, to the synthetic fuel plants 
that were to be built by the federally-established Synfuel Corporation, and to lead our country 
away from its reliance on imported oil. These inducements came from the elected federal officials 
who were the leaders of the Democratic Party and successors to FDR and his New Deal. 

The government today at the Executive Branch level is led by Democrats who reject the 
FDR model of an activist federal government committed to the well-being of working men and 
women. Their energy policies seem·designed to benefit a select few at the expense of the many. 
The Executive Branch today is repudiating the commitments to our organizations and to the 
people we represent in the middle part of the country who, in good faith, made huge investments 
at the request and at the behest of the federal government. The government today is telling us that 
we will not be allowed to operate these plants at their full-rated capacity for their natural life, as 
opposed to their accounting life. 

" 

What is the natural life of a coal plant? Fifty years from whenever you ask. This is so 
because they can be re-engineered on the ground even as they operate, and because our country's 
coal reserves will last for well over another 200 years. The true pay-off from these facilities will 
come when the debt is gone. The government today is getting ready to tell us that we cannot 
operate these facilities any longer than their accounting life and that they must be shut-in within 
15 years. 

Such action represents a breach of faith by the United States. I stand before you today on 
behalf of the millions of electric consumers in the middle part of the country who put in these 
coal-fired facilities in good faith and state that we reject the vision of apocalypse that forms the 
Rio Treaty. We reject the notion that energy policy in the United States should be set based on 

• the C~ content of emissions that come from utilizing coal-fired power plants: • • , • 
¼ " 

We reject this vision of apocalypse because, as you will hear from Dr. Robert<. Balling, 
Jr. and Dr. Patrick J. Michaels later in this seminar, scientific ·support for the vision of apocalypse 
does not exist. No science exists that justifies artificially limiting the United States' coal-fired 
electric generating base, a base which has provided us with tremendous benefits and will continue 
to do so for as long as we are alive and as long as our children are alive, and probably as long as • 
their children are alive. Now let's go to the graphs and the slides. • 

Note: The following pages reproduce In black-and-white a series of color slides. Color copies are 
available upon request. Please contact Ned Leonard at Western Fuels Association by telephone at (703) 

907-6163, by fax at (703) 901;;.s1e1, or by E-mail at wfa@cais.com. ; 
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Electricity, Coal & The Economy 

• PoUCY APPROACHES TO ELECTRICITY REGUtATION IMPACT THE PRICE OF ELECTRICITY FOR 

CONSUMERS. 

• CALIFORNIA CONSUMERS PAY OVER $3.5 BILLION/YEAR MORE FOR ELECTRICITY THAN IF THAT 

STATE'S ELECTRIC RATES HAO STAYED AT THE NATIONAL AVERAGE. 
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PRICD IN CONSTANT IQQ2$ 

• CURRENT ENERGY INFORMATION ADMINISTRATION PROJECTIONS ANTICIPATE A SLOW, 

CONTINUED DECLINE IN AVERAGE NATIONAL ELECTRIC RA.TES DUE TO TECHNOLOGY PROGRESS 

ANO INCREASED COMPETITION. WILL CALIFORNIA'S ENERGY POLICIES PERPETUATE THAT 

STATE'S ELECTRIC PENALTY? 
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Electricity, Coal & The Economy 

• FOSSIL FUELS WERE, ARE ANO WILL CONTiNUE TO BE THE PRIMARY SOURCE OF ENERGY 

FOR THE U.S. ECONOMY. 

• THE FOSSIL SHARE OF TOTAL ENERGY NEEDS HAS BEEN, IS ANO IS EXPECTED TO BE 

ABOUT 9()0/o. 

• THIS CONSTANT SHARE REPRESENTS A SIGNIFICANT GROWTH IN TOTAL ENERGY FROM 

FOSSIL FUELS. IN 1975, THE ECONOMY REQUIRED A TOTAL OF 73 QUADS, BY 1995 

CONSUMPTION WAS 89 QUADS ANO IS PROJECTED TO GROW TO 111 QUADS BY 20 15. 
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Electricity, Coal & The Economy 

• ECONOMIC GROWTH 15 CLOSELY LINKED TO GROWTH IN THE USE OF COAL. 

• FOR TWO DECADES, THERE HAS BEEN NO LINKAGE BETWEEN ECONOMIC GROWTH ANO 

INCREASED USE OF OIL AND NATURAL GAS . 
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THE LINKAGE BETWEEN COAL AND THE ECONOMY IS A DIRECT REFLECTION OF THE TIGHT 

INTER-RELATIONSHIP BETWEEN ECONOMIC GROWTH ANO INCREASED ELECTRICITY USE. 

No OTHER ENERGY F08MS TRACK ECONOMIC GROWTH SO CLOSELY . 
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Electricity, Coal & The Economy 

• PRODUCTIVITY IS ONE OF THE MOST IMPC°ATANT MEASURES OF THE !-IEALTH OF AN 

ECONOMY. U.S. MANUFACTURING PRODUCTIVITY HAS NEARLY DOUBLED IN THE PAST TWO 

DECADES. 
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CATA l'ROM STAT1ST1CAI.. AesTAACT Of' THE: lJNITm STATES 

THE STRONGEST PREDICTOR OF PRODUCTIVITY GROWTH IS INVESTMENT IN NEW 

EQUIPMENT & TECHNOLOGY. INDUSTRIAL ENERGY TRENDS SHOW THAT ELECTRIC 

TECHNOLOGIES HAVE BEEN THE DOMINANT SOURCE OF NEW EQUIPMENT IN 

MANUFACTURING. 
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Electricity, Coal & The Economy 

THE AMOUNT OF ELECTRICITY NEEDED TO-SUPPORT THE ECONOMY HAS REMAINED 

NEARLY CONSTANT FOR TWO DECADES. THE USE OF ENERGY OVERALL, ANO NON­

TRANSPORTATION NON-ELECTRIC ENERGY SOURCES (PRIMARILY NATURAL GAS) HAVE 

DECLINED IN IMPORTANCE TO THE ECONOMY . 
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• ENERGY USED BY THE INDUSTRIAL, COMMERCIAL ANO RESIDENTIAL SECTORS (WHICH 

COMPRISE 900/o OF THE GOP> ARE NOW PRIMARILY DELIVERED IN ELECTRIC FORM. THE 

DEMAND FOR COMBUSTION ENERGY SOURCES AT THE POINT-OF-USE HAS REMAINED LARGELY 

Fl.AT, EVEN AS THE ECONOMY HAS GROWN. 
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Electricity, Coal & The Economy 

• PR(AJECTED GROWTH IN THE U.S. ECONOMY WILL BE ACCOMPANIED BY CONTINUED 

GROWTH IN ELECTRIC USE- I.E., RISING USE OF ELECTROTECHNOLOGIES. No 

SIGNIFICANT GROWTH IN ENERGY FOR COMBUSTION TE;:CHNOLOGIES (EXCLUDING PLANES, 

TRAINS 0. AUTOS) IS EXPECTED. 
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Electricity, Coal & The Economy 

• THE GAS RESEARCH INSTITUTE PRo.JECTS NEARLY ONE·HALF OF ALL THE INCREASED USE FOR 

NATURAL GAS TO 20 15 WILL BE FOR MAKING ELECTRICITY. IN OTHER WORDS, GROWTH IN 

ELECTRIC TECHNOLOGIES WILL BE THE PRIMARY DRIVER FOR INCREASED USE OF GAS. 
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CATA ~M GRI ~m.JNI!: ~ TO 201!5 

• GROWTH IN RESIDENTIAL e:HERGY TO 20151S DOMINATED BY THE "OTHER" CATEGORY­

EVERYTHING OTHER THAN HEATING WATER, AIR, & CLOTHES, OR COOLING AIR & FOOD. 
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Electricity, Coal & The Economy 

• THE GAS RESEARCH INSTITUTE PROJECT~fTHAT NEARLY TWO·THIR0S OF ALL ADDITIONAL 

ELECTRICITY SUPPLIED TO 20 15 WILL COME FROM COAL. 

Coal All 
«Nbu 

DATA l"'ROM GRI BAsEU~ PRoJl!cTlONS TO 20 15 

• INCREASED CONSUMPTION OF COAL, THE NATION'S LARGEST SOURCE OF LOW-COST 

ENERGY, IS EXPECTED TO GROW ALONG WITH THE ECONOMY AND ELECTRICITY. 
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Electricity, Coal & The Economy 

• THE AVERAGE COST OF ELECTRICITY INT-HE UNITED STATES HAS BEEN DECUNINO FOR 15 

YEARS AS A RESULT OF IMPROVING TECHNOLOGY & LOW COST (COAL) FUELS , 
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• THE AVERAGE COST OF U.S. ELECTRICITY IS EXPECTED TO CONTINUE TO, DECLINE WITH 

COMPETITION, TECHNOLOGY PROO.RESS & THE EXPANDED USE OF LOW COST (COAU 

GENERATION. 
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Electricity, Coal & The Economy 

• U .S. l~DUSTRY EN.JOYS AN ADVANTAGE CAN AVERAGE OF 400/o LOWER RATES) OVER 

RIVALS IN OTHER NATIONS IN TERMS OF THE COST OF ELECTRICITY - A CRITICAL FACTOR 

IN SUPPORTING 0. ENCOURAGING INCREASED USE OF ELECTRIC TECHNOLOGIES . 
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• SMALL U.S. INDUSTRY - SOURCE OF AT LEAST 500/o OF ALL NEW .JOBS - HAS AN EVEN 

GREATER ELECTRIC COST ADVANTAGE COMPARED TO OTHER INDUSTRIAL NATIONS. 
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Electricity, Coal & The Economy 

• KILOWATT-HOURS CONSTITUTE THE LARGEST SINGLE COMMODITY IN THE U.S. ECONOMY -

ANNUAL KWH PURCHASES ARE NEARLY EQUAL TO THE ANNUAL PURCHASES OF' ALL OTHER 

COMMODITIES COMBINED. (NoTE: DATA BASED ON 21 COMMO0mES INCl.U0EO IN CR8.> 
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• ELECTRICITY ANO ECONOMIC TRENDS IN THE UNITED STATES ARE SEEN IN EVERY OTHER 

NATION. EcONOMIC GROWTH IS TIGHTLY LINKED TO INCREASED USE OF' El.ECTRICITY -

BUT ONLY LOOSELY RELATED TO OVERALL GROWTH IN ENERGY USE. THIS ILLUSTRATES 

THE DOMINANT ROLE OF NEW ELECTRIC TECHNOLOGIES IN FUELING GROWTH. 
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Electricity, Coal & The Economy 

• FOSSIL FUELS ARE THE PRIMARY SOURC·E -OF ELECTRICITY FOR THE WORLD TODAY. CoAL 

ACCOUNTS FOR 75% OF ALL THE FOSSIL FUELS PRODUCING ELECTRICITY . 
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• CoNTINUED GROWTH IN THE ECONOMIES OF THE WORLD WILL SUBSTANTIALLY INCREASE 

THE NEED FOR NEW ELECTRIC GENERATION - ESPECIALLY LOW-COST FUELS. OVER 

1,500 GW OF NEW CAPACITY IS EXPECTED TO BE REQUIRED BY 20 10. 
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Electricity, Coal & The Economy 

WHAT CAN MEET THE WORLD'S FUTURE ELECTRICITY NEEDS? OVER THE PAST TWO 

DECADES, 4QO/o OF ALL INCREASED SUPPLY CAME FROM COAL. MoST OF THE REST 

CAME FROM HYDRO ( 190/o) ANO NUCLEAR (330/o); THE FORMER IS SEVERELY LIMITED IN 

MOST NATIONS WITH THE LARGEST NEEDS; THE LATTER HAS BEEN RENDERED 

UNAVAILABLE FOR GROWTH. 
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~TA moM OOEAANUAL EN~ M:VrN, BP.~ 

• ELECTRICITY (As A MEASURE OF THE USE OF ELECTRIC TECHNOLOGIES) IS CLOSELY 

CORRELATED WITH NATIONAL WEALTH. THE HIGHER THE PER CAPITA ELECTRIC 

CONSUMPTION, THE GREATER THE PER CAPITA .SIZE OF A NATION'S ECONOMY. 
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Eleciricity, Coal & The Economy 

• INCREASED USE OF ELECTRICITY (As A MEASURE OF THE USE OF ELECTRIC 

TECHNOLOGIES) IS CLOSELY CORRELATED WITH INCREASED AVERAGE LIFESPAN OF 

Pe:OPLE IN VARIOUS COUNTRIES. THE HIGHER THE PER CAPITA ELECTRIC USE, THE 

LONGER THE AVERAGE LIFESPAN. THIS CORRELATION, IN THE EARLY PHASES OF 

INCREASED ELECTRIFICATION REFLECTS INCREASED USE OF ELECTRIC EQUIPMENT FOR 

WATER, SEWAGE, REFRIGERATION, As ECONOMIES MATURE, ELECTRIC TECHNOLOGY USE 

RISES LEADING TO DIRECT HEALTH BENl;FITS (EG., REDUCED COMBUSTION POLLUTION IN 

THE WORKPLACE FROM ADVANCED TECHNOLOGIES), AS WELL AS INDIRECT HEALTH 

BENEFITS. INDIRECT BENEFITS COME FROM THE OVERALL ECONOMIC EFFECT OF 

ELECTRIFICATION . ELECTRIFICATION BOOSTS THE ECONOMY, WHICH IN TURN MAKES 

IMPROVED HEALTH CARE AFFORDABLE. 
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GLOBAL WARMING: 

Despite the Administration's campaign 
to rally public support for legally 
binding reductions In the use of fos• 

sll fuels, the science of global warming has 
taken a dramatic tum In recent weeks with 
the publication of three paradigm-shifting 
articles In the professional literature. 

Last Issue, we reported on one of these­
Roy Spencer's article In the June ul etin of 
the American Meteorological Society-that 
provided dramatic evidence for the "skep­
tics• who said that global warming was 

Ing muted by processes far above the 
earth's surface. It-provided strong support 
for the hypotheses of Mil scientist Richard 
□ni:lzen, who has argued that c lmate mod 
els were-predicting too much warming 
because they assumed that vast regions 
of the subtropics were wetter than they 
actually are. 

It did seem a bit cheeky on the modelers' 
part to make such assumptions In the 
absence of much data, but that's what hap­
pened. And when Spencer finally found 
some real numbers- from a Defense 
Department satellite-they showed this 
region to be much drier than any model 
had assumed. The bottom line Is that glob• 
al-warming's torpid pace Is not likely to 
accelerate from water vapor effects In the 
hlgb altitudes_.,_-___ _ 

Since then, two more blockbusters have 
, appeared. The July 18 Issue of Science 

showcases an extensive analysis of global 
temperature trends 6y Davlcl Easte ng ana 
several--other sdentlsts that demonstrates a 
continued tendency-"for cilrnate change to be 
primarily expressed as~ warming of night 
temgeratu . For years, those who maintain 
that the effects of man on the atmosphere 
would be neutral (or perhaps even benefl­
claO have said that greenhouse effect 
changes should take place primarily at night 
and In the very cold winter alrmasses. 

Easterflng's extensive review of global 
data In Science shoots down the long-held 
Idea that night (vs. day) warming was slm• 
ply a peculiarity of the United States record. 
It Is truly global, and therefore likely to be a 
product of some truly global phenomenon. 
This knocks out sulfate a ro.s.ols (which are 

A Bl -WEEKLY REPORT ON GLOBAL CLIMATE CHANGE 

SLOUCHING TOWARDS MODERATION 
primarily In the Northern Hemisphere) as a 
major Influent and argues that It Is more 
likely to be related to greenhouse changes 
that models did not anticipate. Sulfates may 
,nodulate some slight differences between 
the hemispheres, but they are minor In rela• 
tlon to the overall changes. 

The numbers are striking. By far the 
largest warming since 1950 Is In the winter 
nights In the Northern Hemisphere (1.18°0, 
when we obviously have the coldest tem­
peratures to begin with. But there Is no slg• 
nrtlcan warming of the summer days-
when we have the warmest temperatures. In 
the Southern Hemisphere, the overall warm• 
Ing Is muted. 

The total warming of both hemispheres is 
about o.6o°C. These are land temperatures 
only, and should warm more than the glob• 
al average; In fact, old greenhouse models 
that didn't Include cooling sulfates said the 
land should have warmed 1.4"C since 1950. 

The other blockbuster Is an ex.tensive 
review a e 6y Pearce callecl 
•Greenhouse ars• In the the July 19 New 
Sdentlst. .Its teaser? •They're among the 
world's top scientists. They don't believe In 
global warming. And they think- their time 
has come.• 

Well, we actually do believe In global 
warming, just not so much of It" and that It 
wlll be primarily In winter and at night, and 
that maybe people will actually like It 
(plants already do). Anyway, after the usual 
name-calling (this Editor Is •belllgerenr and 
writes -Violent verbal attacks" -fancy that) 
and the standard allusion to •tucratlve lec­
turing fees" (we •sceptics" believe In free 
speech, but don't give free speeches), the 
critics' critics have little to say. 

Pearce does his damdest to find someone 
to counter the skeptics. Modeler David -
Parker said there Is no good explanation for 
why the middle atmosphere stopped warm­
ing. •If we don't get tropospheric [surface 
to 50,000 ft.) heating right, we are In trou• 
ble." That's putting It mildly. 

The big criticism of MIT"s Richard Llndzen 
(who salvos after the U.N.!s Intergovern­
mental Panel on Climate Change (IPCO by 
calling them "geographers") from John 

Houghton, the former science chief of the 
IPCC. Is that Llndzen Is •painfully clever." 
NASA's James Hansen says the old green• 
house models predicted twice as much 
warming as was observed, and NASA's John 
Christy says three times. 

These new reports come fast on the heels 
of Rldiaro Kerr's May 16 slamdunlt In 
Science, which challenged the entire notion 
that the-now admitted-lack of predicted 
warming Is the result of cooling from com• 
petlng sulfate aerosols, and, fo the first 
time, noted that climate models free of 
~d e factors• (Kerr's words), If they are In 
fact capable of correctly slmu ting the 
behavior of this 1::entury, Just don't predl 
much future warming. 

~ 

Easterllns. D.R. ti al (1997). Maximum and Minimum 
Temperature Trends for the Globe. Selena, rn, 364-367. 
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Kerr. RA (1997). Grttnhouse Forecasting Still Cloudy. 
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SUMMITRY: POSTURING AND POLmCS ...... ............... ............................. .... ..... .. .............. 

L
ast month world leaders gathered 
in New York for what was dubbed 
•Rio +Five• but soon became known as 

•Rio -Ave.• At the conference, some of the 
closest U.S. allies charged President Clinton 
with falling to lead the world. Although the 
President gave a rousing speech, painting a 
fearsome picture of a world full of storms, 
rising seas, and spreading diseases in the 
wake of global warming, he feared more 
the wrath of the voters than the wrath of 
nature or his colleagues. 

U.K. Prime Minister Tony Blair, German 
Chancellor Helmut Kohl, and President 
Jacques Chirac of France took the United 
States to task for failing to adopt stringent 
goals on greenhouse gas emissions. The 
Australian government, on the other hand, 
was pleased that the United States did not 
endorse the European Union's (EU) plan to 
cut greenhouse gas emissions over the next 
12 years by more than 15 percent. The 
Japanese were motivated mainly by the 
desire to see some agreement, any agree• 
ment, signed at Kyoto In December. The 
Canadians and Scandinavians sat on the 
fence. What's going on? 

Why should the British and the Germans 
I.le pushing for such drastic steps when, as 
we've pointed out in these pages, the result 
would be devastating to their energy-lnten• 
sive industries? In part because their politi• 
clans can pose as •Greens," knowing full 
well that the United States will never (one 
hopes) agree to such restrictions. Moreover, 
they may not face the same pressures. As 
the chart shows, Germany, France, and 
Japan have grown much more slowly than 
the United States during the past five years. 
Slow growth means less energy use, hence 

i 3.0 
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£-k 1J11W111 _, the last 11w years. <&on-k 
bport of the President, r.bnwy ,,,7) 

reduced CO2 emissions. 
Because both Germany and the United 

Kingdom have cut their emissions of green• 
house gases in the 1990s, they feel morally 
superior, able to lecture the wasteful 
Americans. What gives them such standing? 
Germany took over the Communist East, a 
landscape populated with inefficient Indus· 
try that could not compete with the West's 
modem facilities. Even though the Bonn 
government tried to keep Eastern plants 
producing, primarily to protect jobs, many 
were eventually shut down. The resulting 
reduction in CO2 emissions allows the 
Federal Republic to argue that, since it has 
managed to meet the obligations of Rio, 
the United States should too. German oppo­
sition parties, however, have pointed out 
that the former West Germany has in fact 
increased Its greenhous gas emissions: 
Were It not for tl'ie liilYlng of Eas rman 
emissions, the EU has admitted, Eu~ 's 
total CO2 woulclactuall rise 9 percent ~ 
the year 2000. 

Tfie On1ted Kingdom's "reduction" is also 
less than meets the eye. The Conservative 
government instituted a privatization pro• 
gram for Its inefficient, money-losing coal 
Industry. As a consequence, many mines 
were forced to shut down, reducing the 
burning of fossII fuels for power. The result• 
Ing substitution of natural gas for coal in 
the United Kingdom reduced greenhouse 
gas emissions sharply, allowing Prime 
Minister Blair to reproach President Clinton 

· for the U.S. failure to curb its greenhouse 
gases. 

Although the French might have to make 
significant reductions in carbon dioxide 
emissions to meet the European goal, they 
joined the other EU countries in attacking 
the United States. Anything that might slow 
the U.S. boom, reflected in a 5.0 percent 
unemployment rate-less than half the level 
for. France and Germany-ls worth the cost 
to the anti-American Gaullists. Meeting the 
European proposal would reduce U.S. com• 
petitlveness. Moreover, as President Chirac 
remarked pointedly at the recent summit 
meeting 1.n Denver, •The average American 
Is responsible for emitting three times the 
amount of greenhouse gas as the average 
Frenchman." The relatively low French emls• 
sions result from the country's reliance on 
nuclear energy for over 8o percent of its 
power and the taxing of gasoline at rates 
that, if imposed in the United States, would 
produce contention on the streets of 
American cities and towns. 

On the other side of the issue are the 
Australians, who rely exclusively on fossil 
fuels for energy whlle exporting large quan• 
titles of coal Prime Minister John Howard 
has asserted that a flat-rate reduction in 
emissions would devastate the Australian 
economy. He said ~cently, •we're a net 
exporter of energy and we're a highly devel• 
oped country and if the current European 
and American proposals go through, it will 

damage Australia, cost Australian jobs, 
reduce our GOP .. ,." He would like any 
agreement to provide "differentiated" goals 
that take into account each country's spe• 
cial circumstances, particularly its reliance 
on fossil fuels. 

Stateside, politicians, experts, and acade• 
mies are split on the issue. Pushing the 
Administration to agree to the European 
standards or at least to propose rigid limits, 
are environmentalists, a handful of politl· 
clans, and some well-meaning, if poorly 
informed commentators. On the other side 
are those concerned about the impact of an 
agreement on economic growth, employ• 
ment, and trade; those skeptical about the 
significance of any climate change; and 
those who find evidence that a warmer 
world would not In general be harmful. 
More than 6o senators have come out 
against any treaty that limits the United 
States while giving a free ride to much of 
the rest of the world. Rep. John Dingell, a 
senior Democrat member of the House 
Commerce Committee, has repeatedly 
requested that the Administration provide 
an economic analysis of the effects of any 
agreement. Dingell Is particularly skeptical 
about the exemption from stringent controls 
of developing countries like China and 
India. This powerful Michigan representative 
fears, with some justification, that a Kyoto 
agreement would be costly, resulting In an 
•economic fiasco." 

The possibility of an agreement on a 
treaty that can pass muster in the United 
States while capping U.S. emissions at a 
level significantly below 1990 appears to be 
remote. Ointon and Gore, however, have 
been politically astute in past bargaining 
with the Congress and usually get their way 
In International meetings. Al Gore, who 
boasts a reputatl~,a dedicated envlro.~ ~ . :- . 
mentalist, must dellver or lose his • 
credibility. ,-. •• ' 

Because the Europeans are unlikely to be 
serious about their proposal, which would 
put their industry through the wringer, some 
compromise; such as postponing any slgnif• 
leant reductions well into the next century, 
might produce an agreement in Kyoto. 
Stricter CAFE standards and a tax on fuel 
used for international air travel seem likely 
to form part of the package. At that point 
Congress would have to face rejecting a 
treaty and supposedly losing the U.S. lead• 
ershlp on the environment, or going along • • 
with Clinton and the environmentalists, 
knowing that a distant future Congress 
would have to legislate the onerous energy 
taxes and stringent regulations necessary to 
meet the protocol's mandates. let us hope 
that both Congress and the public can see 
through this charade. 

Alexander Downe~ "Australia and CUmate Change," 
addms stven to the "Global Emissions Agreements and 
Austtallan Business" ~ lnar, Melbol.lme, July 7, 1997. 
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TEMPERATURE UPDATE 

World Climate Report provides 
monthly updates of satellite• 
measured temperatures 

around the globe. These figures are 
measured by a series of platforms 
that sense mean temperatures of 
various layers In the atmosphere. 
The one we routinely display Is the 
lowest level, which matches nearly 
perfectly with the mean temperatures 
measured by weather balloons 
between 5,000 and 28,000 feet. The 
measurement Is thought to be accu• 
rate to within o.01°C. 

We compare these temperatures 
with surface values projected by the 
climate models that based the 1992 
Framework Convention on Climate 
Change (the "Rio Treaty"). Although 
It is difficult to strictly compare 
surface projections and mean layer 
temperatures, the satellite provides 
great Improvement over the surface 
record by supplying data over the 
entire planet. 

We note that newer climate mod• 
els produce less current warming, 
but they are still the subject of con• 
slderable debate. The fact remains 
that the old models served as the 
basis for the present Rio Treaty. 

June 1997: A rather normal month. 
The global temperature departure of 
-o.07"C Is just a few hundredths of 

a degree colder than last month's 
departure and Is very near the long• 
term (t982•to•1991) average. The 
Northern Hemisphere and the 
Southern Hemisphere contributed 
rather equally to the normality, by 
posting rather meager departures of 
-o.04°C and -.10°C. respectively. 

Not only were the hemisphere 
average temperatures very close to 
the long-term mean, but also the 
regional temperature anomalies typi• 
cally did not stray too far to the 
extreme. In the Northern 
Hemisphere, the slightly warmer than 
normal central latitudes of Eurasia 
were sandwiched between regions of 
slightly cooler than normal condl· 
tlons to the north and south. 
Another cool area stretched across 
the central Pacific and Into western 
North America, while the eastern por• 
tlons of the continent were a tad 
.warm. 

In the Southern Hemisphere, while 
Australia was a few degrees colder 
than normal, the temperatures 
across Antarctica were several 
degrees warmer than those typically 
expected during the onset of the 
winter season. 
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ADMINISTRATION SNOW JOB IN NORTH DAKOTA 

I n the world of politics, often there Is no 
shame. On Earth Day (April 22), In a 
series of carefully worded statements, 

the President and other administration offl• 
clals preyed on the misfortune and misery 
of thousands of flood•ravaged North 
Dakotans to propel the administration's 
global warming agenda. Here Is a smaller• 
Ing of the day's hyperbole: 

Vice President Gore: Our research 
effort Is continuing to pin down what 
many scientists have said Is a link 
between extreme weather events ... that 
have long been predicted [emphasis 

.added) to become more common In a 
world where temperatures are rising 
even sllghtly ... They (the scientific com• 
munlty) do say and have said for two 
decades that the probability that 
(extreme floods) will occur Increases 
along with climate change. 

President Olnton: We do not know for 
sure that the warming of the earth Is 
responsible for what seems to be a sub• 
stantlal Increase In highly disruptive 
weather events; but many people 
believe that It ls ... l think every American 
has noticed a substantial Increase In the 
last few years of the kind of thing we're 
colng to see In North Dakota today. 

Asst. Secretary of State EIieen Oaussen: 
While we cannot say with certainty that 
the flooding that Is now occurring along 
the Red River signals the onset of ell• 
mate change, It Is entirely consistent 
with the predicted effects. We can expect 
that a continued warming of the Earth's 
atmosphere Is likely to result In much 
more of such occurrences of extremely 
severe weather ... ! think we can say, with 
some confidence, that there wlll be more 
cases like (the Red River flooding) as the 
Earth starts to warm. 

While In the midst of shoveling muck, the 
last thing these flood victims want to hear 
from the President Is, "Yeah, we told you 
this was going to happen-not only that, 
but It's likely to happen again soon, and, 
by the way, to stop It we're going to raise 

your taxes." Now, even though we can't be 
sure that any given president will want to 
raise your taxes to combat a nonexistent or 
benign global warming, or that any given 
tax Increase wlll do a llck to change the 
future climate, many, many people have 
been saying for many, many years that It's a 
great Ideal 

These remarks also Imply that scientists 
have been warning us about greenhouse 
warming causing weather extremes for 

j 
decades. In fact, only a few cllmatologists 
have jumped on this bandwagon, and only 
recently (over the past year or two), when it 
became clear that the model•projected 
warming wasn't happening as quickly or as 
Intensely as predicted. But when extremes 
(cold, floods, bllzzards) bought media play 
and bureaucratic capital, then extremes 
became the Issue. 

Let's look at the science. What Is the 
hypothesized connection between Red River 
flooding-waters borne almost entirely from 
spring snow melt-and Increased green• 
house gases? By now you know the drill: 
Warmer air evaporates more water, a 
moister atmosphere produces more clouds 
and precipitation, more precipitation yields 
more bllzzards ... yadda, yadda, yadda ... pay 
more taxes. 

In this case the "logic" Is not off a little­
It's completely backwards. In the extreme 
high latitudes (say, poleward of 70 degrees), 
the cold air Is so dry that you simply can't 
squeeze much snowfall out of It. That's 
why the South Pole averages less than 
two feet of snow each year. But as you 

1 move Into the warmer middle latitudes, 
7 I moisture Is no longer the limiting factor­

temperature Is. 

t u ....-----------~ 

i : t 10 • ~ i 
< ' I .I o-~--~~~--~-
ir; l"'S 19'0 19'1 IMO IMS 19!0 lf1S IM ltU IM lffl 

fie-,. Wini«.__,. lltllpeqlUM ("f) 1ft Gnnd ,_., 
N.D. "- "- lftcNulftc lilw.e IIM lale ,...,._ 

Let's examine the climate data for Grand 
Forks, N.D. Since 1949, winter (December 
through March) temperatures have shown a 
statistically significant Increase, from a 
nippy 8.5°F to a balmy 13.5°F (Figure t). 
Anally, a location that supports the global 
warming theory! So, snowfall there should 
be Increasing, right? 

In Figure 2, we plot the relationship 
between snowfall and temperature. Their 
correlation Is negative and statistically slg• 
nlflcant. In this region, warm winters have 
less snow than cold winters. 

,. .....-----..--. ----~ 
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Why hasn't this scientific fact worked Its 
way Into the administration's Earth Day 
press blitzkrieg? There are two possibilities, 
both of them grim: 

t) Federal climatologists advising the 
administration on global warming matters 
either don't know this basic fact. and/or 

2) Sdentlflc facts only matter when they 
support the administration's prevailing policy, 
and federal climatologists don't want to get 
yelled at for telling the truth. 

As this winter's Kyoto summit to amend 
the Rio Treaty and foist a binding carbon 
tax on U.S. citizens approaches, every glob• 
al weather blip, which In more reasoned 
times would be characterized as simple nat• 
ural variability, will portend our climatic fate 
and be used to build the body of evidence 
for global action against Industrialized 
nations. 

The people of North Dakota have suffered 
enough; they didn't need to be exploited In 
an Earth Day propaganda campaign. 
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TRUTH MELTDOWN IN ANTARCTICA 

C
heck the facts" is the guideline of 
responsible journalism. But the 
March 31 Reuters story, on the warm• 

ing of Antarctica is yet another sign of how, 
when reporting on the environment, the 
facts are sometimes a minor inconvenience 
in an otherwise great story. 

"Global warming," reports Roger Atwood, 
"has sent many [penguins) searching for 
colder climes .... Receding glaciers, milder 
winters, dramatic changes In seal and pen­
guin populations- they are all signs that 
the warming of Antarctica, once a vague 
prediction by researchers, is a reality." 

Vol. 1, No. 1, of this Report detailed the 
Antarctic temperature history, published by 
Phil Jones of the University of East Angila. 
Using data through 1993, Jones noted that 
all of the warming of Antarctica "occurred 
before the early 1970s." Jones' record 
forms the basis for the temperature histo­
ries for the United Nations Intergovernmen­
tal Panel on Climate Change (IPCO, often 

-~ ~::.~~~~\.~ :• ~.:~if~~-:f4}i-'~/~\i.· ~-·:.· • 
· · · FltriON _,;,;;-,: .. 

.. . . ~ J~~:';1:~t):} 
• • Whl - • , e:'dafms:of Ro' • 

... ~ t 1nb~-~~~i5'. -pi~' a~ ¥rm~ 
exaggerati~ns7jJarmInc;· for exarriple 
. that th- wannrric· of the Antarctic: .: 

•• Penii'isii1a -~'synonymous-~ an ~ tar 
all Antarctic warming-at least one- ··:'•--:;')f(. 

piece of true ftction~ys everything ~. :.:;s?: 
critic needs to know. • • • •• •• 

"In the i95os, • ~ood wrlt~ . , . _· 
"about four out of five winters expert- •. •-~­
enced extensive seasonal pack Ice, .. ' .,; 
according to various studies using U.S. ~­
satelUte data.• • • 

The United S~tes had no satellites In 
polar orbit. no satelUtes that could 
have sensed pack Ice, and no space- . 
sensed data about Antarctica that was 
worth anything until the late 196os. In 
fact. with the exception of a few satel• 
lites that only fell around the mldlatl• 
tudes simply bleeping happy radio slg• 
nals, we had no satellltes at alL 

cited as the Consensus of Scientists. In fact, 
Jones' data show no trend since the early 
196os. 

Here we present the IPCC record, now 
updated through 1996, and the satellite 
record that begins in 1979. The first shows 
the surface-based history for all areas pole­
ward of 60°5 (Rgure 1). There is no statlsti• 
cally significant warming averaged around 
the entire bottom of the planet for the last 
31 years. 

flcu,e s. Antarcllc i.tllpet'&IUN d.,.,_. ('C) ,,_ Ille 
1'61 IIO 1990 NaA, back IIO 1971 (Ii.- Ille IPCC -.I). 
IIIMt. T...,.,...,re depallll- hm 1957 IIO 1970-

Satellite•measured temperatures show the 
same thing, although the orbiters do not 
measure the five degrees of latitude sur­
rounding the South Pole, and the record 
only begins In 1979 (Figure 2). 

Atwood goes on to note that "heavier 
snow, possibly-caused by warming, seems 
to be cutting into some penguin popula­
tions" and then later quotes a U.S. scientist 
who says that "Retreat of glaciers seems to 
be happening all over the west coast of the 
Peninsula." We don't doubt that both 

-! . . . - " . 
I._. 1-..: IW,1 tlfllft , ,,_ IWf IW ! I"""' I .. I ..... 

flpN :a. s..lUi. -jMfflllre depa,tu,a ('C) also show 
no wannl111 across Antatalca. 

statements are true. But it is also true that 
some 4,000 to 7,000 years ago, when 
Antarctica (and the planet) was warmer 
than it is now, the Antarctic glaciers were 
expanded, probably by heavier snow that 
can occur in a warmer (but still very cold) 
atmosphere. 

Oomack, E.W" AJ. Juli. and S. Nakao. (t991). Advance of 
East Antatalc outlet st,dffl durins tht Hypslthennal: 
lmpUcatloM for tht volume sute of tht AntalClic kt sheet 
under Jk)bal wannlns- GH/oty, a,. t05,-.to6a. 

Houehton, J.T" L.G. Meira Filho, BA Callander, N. Hims. A. 
Kattenbett, and K. MHlteU (EdsJ. t9". 0/m,i. CNn,. 
1995: n,. Sdenct of 0 /m,i. CNn,e. Camblldp: 
Cambridp University Press. p. 7. 

Jones, P.O., (t995). Recent variations In mean tempmtuN 
and the diurnal ttmperatuie ranse In the Antarctlc. 
GHp/lys/al Rtst•rch LtttetS. 20. 1345-1348. 

Wuhln,ron n,,,.s. March 31, 1997. 
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Change (also· kno~ as the "Rio Treaty"):· •• 

Into facts ... 

We hear that Vice President Gore has 

received a letter from a big higher-up . 

from the U.S. National Center for 

Atmospheric Research, arguing that It 

really Isn't time, dlmactlcally and sden­

tlftcally, for a carbon tax after alL Worl_d 

Q/mate Report says thank. you and 

hopes for no reprisals. We also note 

that such a missive may sit well with 

those who dispose of our tax money 
1

(1.e., the Republican Congress) for 

global change research. 
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STATE OF THE CU~ REPORT 

Our annual summary ~~nts cli­
matic is out and causing no end of 
trouble. The new report features an 
article by the esteemed Sylvan Wittwer, 
who, In more than 750 scientific publl· 
cations, proved that carbon dioxide 
makes plants grow better. Also check 
out the essay by Roy Spencer, author 
of the most famous scientific paper on 
global temperature ever published. 
can the number on our masthead for 
your copy. 

World Qlmate Report Is a research leYlew pubUshed by New Hope Envl-1al Servkes, Inc., which Is solely 

mponslble for Its editorial content. fundln1 for this publication Is plOllided by Westtm fuels Association, Inc. with 
addltlonll fundln1 by assodated companies. Watem fuels opemes on a not•fot-p,ollt basis as a fuel supplier to 
consumer-owned electric utilities. • Direct any conespondence or Inquiries to World CJ/mate Report, P.O. Box 4SS, 
Ivy, Vlrsinla .22945 or tmall WCIOnhes.com. for subscription Information, call C,o)) 907-6160. World Qlmate Report 
Is published bl-weekly, and Is excerpted on the World Wide Web at http://www.nhes.com. Not mponslble for unso­
licited manuscripts. 



WESTERN 
,-lJEIS 
ASSOCIATION 
INC. 
7be National 
Fuel Supply 
Cooperative 

PRESS 
MATERIAL 

REPORT URGES 

CONTACT: Ned Leonard 
(703) 907-6163 

GREENING OF PLANET EARTH MOVE 
FROM HYPOTHESIS TO THEORY 

(Arlington, VA - January 24, 1997) In a January 1997 report from the Office of 

Climatology at Arizona State University, researcher Craig 0. ldso proposes an 

elevation in the status of the "greening of planet ~arth" hypothesis to that of scientific 

theory. 

ldso's report (Climatological Publications Scientific Paper #25, The Greening of 

Planet Earth: It's Progression from Hypothesis to Theory) reviews several challenges 

to "greening" - a hypothesis which suggests (1) the productivity of the planet's 

vegetation will be greatly enhanced by the aerial · fertilization effect of elevated levels of 

atmospheric carbon dioxide, (2) that increased atmospheric CO2 concentration will 

enhance the efficiency with which plants utilize light, water and nutrients, and (3) the 

existence of a natural CO2-induced impediment to CO2-induced global warming. ldso 

not only dismisses challenges to the greening hypothesis as "unsubstantiated by data 

• obtained from long-term CO2 enrichment experiments," he also tests a number of 

predictions which would logically flow from the hypothesis and concJud8_:tthat real-

world data reveal such predictions to be correct. 
.,,,._ 

According to ldso, the idea that an increase in the air's CO2 content might be of 

benefit to the biosphere can be traced back nearly 200 years. By the early 1980s, the 

results of nearly 600 scientific studies dealing with CO2's effects on vegetation 

contributed to a conclusion by a 1982 International Conference on Rising Atmospheric 

. Carbon Dioxide and Plant Productivity that a doubling of the atmospheric CO2 

concentration would likely lead to (1) a 50% increase in the photosynthetic fixation of 

CO2 by C3 plants, (2) a doubling of the water use efficiency of both C3 and C4 plants, 

4,11()1 Wilson Boulevard. Suite •sos 
Arlington. VA 22203-4193 
Telephone 703/907-616o 
Fax 703/907-6161 

(more) 



GREENING THEORY 
January 24, 1997 
Page 3 of 3 

After citing the body of research which verifies these four predictions, ldso 

concludes, "The greening hypothesis may validly be considered to have achieved the 

status of a theory - a theory that must surely play a major role in determining the 

course we will take as we confront the future in a world of conflicting concepts of 

impending global change." 

According to Western Fuels Association general manager and chief executive 

officer Fred Palmer, who announces availability of Craig ldso's study, this work builds 

on that of Craig's father, Dr. Sherwood B. ldso, and his brother, Keith E. ldso. "In 

1991, Western Fuels Association arranged for production of a videotape called The 

Greening of Planet Earth, which was based on Sherwood ldso's book Carbon Dioxide 

. and Global Change: Earth In Transition," Palmer explains. "With nearly 20,000 copies 

of that tape in circulation worldwide, much was done to assure this compelling body of 

science not be overlooked as world governments wrestled with climate change policy. 

In 1992, Keith ldso compiled and analyzed the results of a decade of international 

research into the direct biological effects of atmospheric CO2 enrichment in his report 

Plant Responses to Rising-Levels of Atmospheric Carbon Dioxide for the Office of 

Climatology at Arizona State University. In 1995, Dr. ldso revisited the science of 

greening in his Kuehnast Lecture at the .University of Minnesota, CO2 and the 

Biosphere: The Incredible Legacy.of the Industrial Revolution. Now, Craig ldso has 

weighed in with his analysis. _ They each are providing valuable service ::t;· the army of -- ~ _ -

scientists at work in this important, though often overlooked, field of inquiry." 

According to Palmer, seemingly more glamorous research activities involving 

super computers, intricate models of climate physics, and satellite observations attrad 

media attention and substantial research dollars while less attention and fewer 
' 

financial resources are afforded seemingly more mundane research such as that 

which upholds the theory of the greening of planet Earth. 

- 30 -
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Holes in the Greenhouse EtTect? 

By Patrick J. Michaels 

Sunday, June 22, 1997; Page CO2 
The Washington Post 

Global wanning is about to heat up and enter the 
presidential sweepstakes for the year 2000. The fun starts in 
December, when the United States is going to agree to an 
amendment to the United Nations Framework Convention 
on Climate Change, also known as the "Rio Treaty," that 
requires 'the signatories to reduce carbon dioxide emissions. 

That's the end of the easy part. Then the administration 
(read: Vice President Gore) is going to have to sell it to the 
Senate, which must approve treaties by a two-thirds 
majority. The amendment, which is likely to mandate a 
• reduction of current emissions of between 10 percent and 
20 percent by the Ytrar 2020, will carry an impressive price 
tag, perhaps several percent of gross national product per 
year by the time reductions become serious, according· to 
several economists. It will nrst go to the Senate Foreign 
Relations Committee, chaired by Jesse Helms, the senior 
senator from North Carolina. Think it's going to get out of 
there alive? 

Along the way, Gore is going to have to confront a growing 
contingent of scientists who are increasingly unhappy with 
the glib forecasts of gloom and doom. Once dismissed as "a 
small but vocal band of skeptics," usually supported by 
industry, the critics of the global wanning thesis now have a 
rather formidable armada of facts. 

As pointed out by Ross Gelbspan in these pages four weeks 
ago, some of these scientists, myself included, enjoy 
industry research support. (ln my case, 84 percent of my 

. university research is funded by taxpayers.) His figures 
show an average ofS35,000 per year to a few people. The 
U.S. government spends $2.1 billion per year on global 
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change research, and it's hard to believe so much would be 
spent on researchers wlio would say "no problem." 
. Accepting Gelbspan's contention that there are 2,000 
climate scientists (there are actually about 60 PhDs in 
climatology in the entire United States), that's a cool million 
dollars per scientist, every year. How could the vice 
president lose the global warming argument with tl;lese 
odds? 

Easily. Arguments against highly deleterious global 
wanning have a charm and internal consistency that the 
arguments of the critics - who emphasize caution and 
uncertainty - lack. It's worthwhile to review the way the 
global wanning thesis evolved. In 1990, the first Scientific 
Assessment of the United Nations Intergovernmental Panel 
on Climate Change (IPCC), a docwnent that is the. 
underpinning for the Rfo Treaty, stated, "When the latest 
atmospheric models are run with the present atmospheric 
concentrations of greenhouse gases, their simulation of 
climate is generally realistic on large scales." 

Several critics cried foul. The "largest scale" of simulation 
of planetary climate-is surely the average surface 
temperature, and it was apparent, even back in 1990, that 
the computer models used to simulate global warming were 
·predicting much more wanning than had been observed. 
Since then, it has become generally accepted that the 
"generally realistic" models were saying that it should hJlve 
already wanned between 1.3 degrees and 2.3 degrees 
Celsius, globally, with the higher figure for the Northern 
Hemisphere. '.fhe observed warming of the earth's surface 
temperature since the late 19th century is about one and a 
half of a degree. The first IPCC assessment is a bust~ 
forecast. 

Why it took the U.N. five years to realize this is anyone's 
guess, but it sure did generate a lot of frequent.flier miles 
for skeptics like me. Finally, in their second Assessment, 
published in 1995, the Jl>CC admitted the skeptics had a 
point "When increases in greenhouse gases only are taken 
into account ... . most [climate models] produce a greater 
mean wanning than has been observed to date, unless a 
lower climate sensitivity [to the greenhouse effect changes] 
is used . ... There is growing ~vidence that increases in 
sulfate aerosols are partially counteracting the [ wanning] 
due to increases in greenhouse gases." 

Sulfate aerosols are tiny bits of dust also emitted during the 
combustion of fossil fuel that cool global wanning by 
reflecting away the sun's radiation. 
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Translation of the 1995-rtport: Either it's not going to wann 
up as much as we said it was, or something (like sulfate 
aerosol) is reducing the wanning. I bet that many in my 
profession will do everything in their power to prove the 
latter and disparage the former, because no one wants to 
write the letter, "Dear Mr. Vice President: We are sorry but 
we goofed. Thanks for the $$. Hope you get your carbon 
tax. Yours truly, the Consensus of Scientists." 

Thus began a frantic effort to save face. Ben Santer, a fine 
and aggressive scientist from the Lawrence Livermore 
Laboratory, published an article in Nature magazine last 
year that seemed to show a remarkable correspondence 
between the evolution of planetary ten;iperature patterns and 
a model that included both the warming from the 
greenhouse gases and the ce><;>ling from sulfates. This result 
argued against the skeptics' proposition that our planet was 

. simply not prone to big-time warming. Santer's study period 
began in 1962 and ended in 1987. 

The critics immediately pointed out that the model he relied 
on had only half of the known changes in the greenhouse 
effect. The fact is critics and proponents of the global 
wanning thesis agree that human activities like driving cars 
and burning coal have changed the amount of wanning 
radiation in the atmosphere only about 2.5 watts (or about 
one-quarter the power of a good flashlight). The central 
issue is how much this affects the world's clll1late. 

Santer's model had attempted to answer that question based 
on the assumption that the "change" in the amount of 
warming radiation was only l.25 watts. 

When the right number is put in· to Santer's model, things 
get even hotter than in the old tnodels that were already 
abandoned. Worst of all, from Santer's point of view,. when 
all of the avail(lble data, which ran from 1958 through 199S, 
are used, .the correspondence between the model and reality 
vanishes. 

Then there's the problem of the satellite-measured 
temperatures. These measurements, accurate to .01 degree 
Celsius, find a statistically significant cooling trend in the 
lower atmosphere since they started taking measurements in 
I 979. The old models, which the U.N. said in 1990 were 
"generally realistic," predicted a wanning of about .6 
degrees Celsius since the satellite measuring started, and 
even newer models predict warming of .35 degrees of 
Celsius. This warming simply isn't happening according to 
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the satellite data 

The satellite-data also match up perfectly, on a year-to-year 
basis, with temperatures measured in the lower atmosphere 
by weather balloons. This is a completely independent 
corroboration of the lack of predicted warming. 

Then there's the problem of identifying the type of warming 
that is going on. Wanning up the planet's coldest air masses 
clearly creates little harm, because no plant or animal can 
feel the difference between -40 degrees and -35 degrees. 
Greenhouse physics predicts that wanning is more likely in 
the coldest, air masses. Indeed, there is some evidence that 
this is already occurring in Siberia and northwestern North 
America in winter. But it's no threat It's pretty hard to melt 
ice caps at temperatures that are way below freezing. 

Conversely, a wann, humid air mass1 where things are 
living and growing, doesn't respond much at all to 
greenhouse changes. So we expect to see less change in the 
stµnmer. In fact, most observed summer changes are either 
mall or insignificant, even in Siberia All totaled, the 

effects of winter warming and little summer change 
lengthens the growing season, costs less energy and is, in 
general, hard to label as a big negative. 

Some people have made careers out of labeling what I just 
wrote as the carpings of that "small band of vocal skeptics." 
I hope they read the May 16 issue of Science magazine. 
There, senior environmental reporter Richard Kerr found N 
widespread discontent over the magnitude and even the \J>.. 
detection of global warming. Kerr found, as predicted by 
the skeptics for 15 years now, that when climate models are -~­
cleansed of their "fudge fitctors" (his words) that they will 
produce precious little greenhouse wanning in the next 
century. 

Do this, and put in the most likely changes in the ~ ~ 
greenhouse effect for the next ccntwy, and you get 1.2 .. 1 

degrees Celsius of wanning in a new climate model from 
the U.S. National Center for Atmospheric Research. From 
the new model of the United Kingdom Meteorological 
Organization, the same exercise will give you 1.3 degrees 
Celsius of wanning. Or look at Tom Wigley's completely 
independent calculation in Nature last year. Same number: 
1.3 degrees. 

The message is that this is less than half of the warming 
predicted by the U. N .'s "Consensus of Scientists tt in 1990. 
And further, it's now appreciated that most of this has to be 
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in winter, as the rising temperature in Siberia is now 
informing us. 

So the vice president is going to have to defend expensive 
and disruptive measures in the face of a very modest 
climate change whose most noticed effect will be to 
Jengtl:len the growing season and reduce energy demand. _,, i· 
The Senate will use the strength of the skeptics' arguments . . . 
to tum down ~y amendment to the Rio Treaty - which 
may actually be a blessing for Gore. 

Defeat wi11 enable the vice president to campaign in 1998 
and 2000 on the attractive but spurious claim that Helms 
and the Republican leadership are going to kill our children 
because they won't stop global warming. With global 
wanning, as with Gore's presidential ambitions, losing is 
winning. 

Patrick Michaels is professor of environmental sciences at 
the University of Virginia and senior fellow in 
environmental studies at the Cato Institute. 

0 Copyright 1997 The Washington Post Company 
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Summary 

Over the course of the Industrial Revolution, society's burning of~ gas and oil 

has .significantly increased the carbon dioxide content of earth's atmosphere. This change 

in the global environment has elicited the development of a number of hypotheses relative 

to its consequences, the most well-known of which is probably the CC>i-induced global 

wanning hypothesis. Presenting a rather bleak view of the future, this negative concept of 

global change is the complete antithesis of a much more optimistic concept that ~ 

upon the results of numerous laboratory and field experiments. Tirls latter concept 

suggests that the productivity of the planet's vegetation will be greatly enhanced by the 

aerial fertilization effect of elevated leve1s of atmospheric COi, as will the efficiency with 

which plants utilize light, water and nutrients. Hence, as the CO2 content of the 

atmosphere continues to climb, what may be :referred to as the greening hypothesis bodes 

well for the biosphere, as it portends a great .. greening of the earth" and envisions a 

natural CO2-induced impediment to CO2-induced global_ warming. 

Several challenges to this concept are briefly' reviewed and found to be -::t .. 
unsubstantiated by data o~cd from long-tenn CO2 enrichment experiments. A nufnber 

of predictions that logically flow from the hypothesis are then put forth as refining tests 

that have the power to raise it to the level of a theory. Real-world data reveal these 

predictions to be correct, suggesting that the Greening Hypothesis should henceforth be 

considered the Greening Theory. 

r .. ., 
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The Greening of Planet Earth 

In progressing from hypothesis to theory, an important concept comes of age. 

'f'nroughout enlightened periods of earth's hlstory, the scientific enterprise has 

been a productive and effective means for. discovering, describing and predicting various 

phenanena. So great has been its success, in fact, that science has become the primary 

vehicle of advancement in humanity's unending search for truth. the ultimate goal of which 

isa concct understanding of the natural laws that govern the universe. 

Discovering the principles by which nature operates, and correctly inferring their 

consequences, begins with the act of observation and the synthesis of the acquired data 

into a meaningful scientific statement called an hypothesis. Such conjectures, often crude 

and imperfect at first, are generally refined over time, as additional research is conducted. 

'Throughout this process, more accurate concepts often replace original ideas that are . 
found to be inadequate, until an intellectual ~ce is finally erected tha~ harmonizes 

sufficiently well with a broad enough base of.evidence that it can be elevated~ tl,ie level 

of a theory. 
.,... 

Over the past few years, much time, money and effort have been expended in 

developing a concept of climate change known as the CO2-induced glo'ba.l wanning 

hypothesis, a corollary of which suggests that the copious quantities of carbon dioxide that 

are emitted into the atmosphere by the world-wide consumption of coal, gas and oil 

constitute the greatest environmental threat ever to be faced by the biosphere. 1 

t .., 
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Proponents of this hypothesis claim that the continued burning of foo.g} fuels at today's 

high rates will ICSUlt in wanner global temperatures. 2 as well as "many adverse 

~ccs for human health. ecmystems and the economies of both developed and 

. developing colllltries". 3 Specifically, they contend that as the CO2 content of the air 

continues to rise, large portions of eai.th 's polar ice ca~ will melt. coastal lowlands will be 

inundated by rising sea levels, crop-threatening droughts will devastate agriculture, and 

supcr-hunicanes will ravage large areas of the planet. 3.
4 all of which scenarios are offered 

as compelling reasons for immediate and llllprecedented governmental actions to avert the 

predicted catastrophes. 

As with almost all hypotheses regarding subjects as complex as global weather and 

climate change, however, there is definitely another side to this story. In fact. there is an 

oppo.gilg hypothesis which suggests that the rising carbon dioxide content of the 

atmosphere may well be a blessing in disguise. The well-known aerial fertilization effect 

of atmospheric C{)z enrichment. for exampl~ tends to increase the productivity of nearly 

all of earth's plant life; and this response sets in In<?tion an important process that acts to 

counter the impetus for warming caused by the extra CO2, a phenomenon~~ could 

actually render the C()z-~ced global warming hypothesis moot. In the ~es that 

follow, the origins of this lesser-known positive view of the ongoing rise in the air"s COz 

cc:mccntration - the .. greening of the earth" scenario - are briefly reviewed, along with the 

history of its progression from hypothesis to theory. 

t 
... ., 
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Development of the Greening Hypothesis 

The idea that an increase in the air•s COz content might be of benefit to the 

biosphere may be traced back in time nearly 200 yeaIS. As early as 1804, for example, de 

Sa~ demonstrated that peas exposed to high COz concentrations grew better than 

control pLmts in ambient air;5 and work con.ducted in the early 1900s significantly ~ 

increased the number of species for which this growth-enhancing effect of atmospheric 

COz enrichment was obsetved. 6.7 In fact, by the time that a group of scientists met at 

Duke University in 1977 for a workshop on Anticipated Plant Responses -1o Global 

Carbon Dioxide Enrichment, an annotated bibliography of 590 scientific studies dealing 

with COz effects on vegetation had been prepared.' This body of research demonstrated 

that increased levels of atmospheric COz generally . produce increases in plant 

photosynthesis, decreases in plant water loss by transpiration, increases in leaf area, and 

increases in plant branch and fruit numbers, to name but a few of the most commonly 

reported benefits. And five years later, at the International Conference on Rising 

Atmospheric Carbon Dioxide and Plant Productivity, .it was also concluded that a doubling 

of the atmospheric COz concentration would likely lead to a 50% increase in the 

, .. ., 

~ . : - .--~ . -

photosynthetic fixation of COz by C, plants, a doubling of the water use efficiencfof both 
. 

C3 and C. plants, significant increases in biological nitrogen fixation for ahnost all 

biological syste~ and an increase in the ability of plants to adapt to a variety of growth­

retarding conditions. 9 

In the face of this vast anay of experimental evidence, it was easy to realize the 

obvious - that carbon dioxide cmis,gais from the burning of coal, gas and oil are 
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extremely beneficial to plant life - and a nwnber of scientists began to openly 

acknowledge that fact. In a study of Australian wheat yielck from 1958 to 1977, for 

example, Gifford to suggested that a large part of the upward yield trend over that period 

may have been due to the concomitant rise in atmospheric CO2. Wittwer' 1 likewise noted 

that "1he •green revolution• has ooinciclcd with the period of rerorded rapid increase in 

concentration of atmospheric carbon dioxide, and it seems likely that some credit for the 

improved yielck should be laid at the door of the CO2 buildup;" while in a detailed analym 

of this phenomen~ Alim et al. 12 concluded that yields of soybeans may have been rising 

since at least 1800 .. due to global carbon dioxide incrcases." 

With respect to the unmanaged biosphere, La Marche et al. 13 reported in the fall of 

1984 ""the first direct evidence of C~-related growth enhancement in natural vegetation: 

increased widths of annual rings of trees in subalpine habitats in the western United States 

during recent decades." Four years later Harl and Arovaara 1• reported similar findings in 

pine trees in northern Finland,· noting that the increase in growth could not be explained by 

• anything other than the increasing CO2 content of the atmosphere. And as increasingly 

frequent studies of this nature began to appear, 15 it became evident to an ever expanding 
-::t ·: ~· .. • -

number of scientists that ~ more and more countries increase their fossil fuel consffinption 

in pursuit of a higher standard of living, CO2 effects on both the managed and unmanaged 

biosphere will likely be overwhelmingly positive. 

More detailed aspects of this concept were developed in a 1984 study that 

evaluated the consequences of a C~-induced doubling of plant water use efficiency for a 

number of different biotic communities. 16 The basis of this analym was the as.sumption 
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that if the water use efficiency of a plant is doubl~ it should be able to survive with atly 

half of the precipitation it currently receives at the water-limiting edge of its present range 

of occurrence. Calculations based upon this assumption indicated that in response to the 

ever-increasing carbon dioxide content of earth• s atm~here, all types of vegetation 

should pdually expanc! intc areas of the planet that receive less rainfall than those ~ 

to which they are currently restricted. . What is more, the analysis revealed a general 

tendency for forests to expand their ranges at the expense of shrubs, for shrubs to 

encroach upon grasslands, and for ~lands to replace deserts. 

This predicted expansion of vegetation into previously lC$-habitable and 

uninhabitable areas of the globe, along with the ubiquitous enhancement of plant growth 

rates expected to result from the aerial fertilization effect of elevated CO2, prompted 

Idso 17 to suggest that the ongoing industriali7.ation of the planet was producing a 

remarkable .. greening of the earth... Citing results of studies that indicated a recent 

increase in the metabolic activity of the global land biota, he additionally suggested that 

this ecological transformation of the planet was already in progress. 

The climate-related portion of this pooitive view of the rising CO2 content of 
• -:¼-

earth's atmosphere ~w out . of the identification of a biologically modulatea'" feedback 

mechanism that may reasonably be expected to offset any initial impetus for CO2-induced 

global wanning. The fonnulation of this aspect of the greening scenario drew heavily 

upon the pioneering work of Cllarlson et al., 11 who developed the key conceptual linkages 

of what may be described as a .. global thennostat. .. 

.... _.,. .... - .-
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In developing this concept, Charlson et al. had noted that an increase in the 

reflectance, or albedo, of low to mcdiwn-level clouds over the world's oceans would have 

a powerful cooling effect on earth's climate, and that a significant albedo increase could be 

brought about by a moderate increase in the number of cloud condensation nuclei, or 

CCN, in the marine atmosphere. Hence, as marine CCN are believed to be primarily 

produced from gas-to-particle conversions of.oceanic dimethylsulfide, or OMS - which~ 

a by-product of the photosynthetic activity of marine phytoplankton - Charlson and his 

colleagues reasoned that if global temperatures were to rise in response to some initial 

impetus for wanning, the productivity of marine phytoplankton would rise in response to 

the increase in water temperature, resulting in a greater production of oceanic OMS and 

its release to the atmosphere, where greater gas-to-particle conversions would in~ the 

air's CCN population and, ultimately, the albcdos of low and mid-level marine clouds. 

This phenomenon would then cause a greater percentage of the incoming solar radiation 

from the sun to be reflected· back to space, thereby countering the initial impetus for 

warming. In fact, Lovelock19 has noted that the ultimate cooling effect of this 

phenomenon ~ comparable in magnitude with that of the carbon dioxide greenhouse, but 

in opposition to it." ~ -· 

-
W-1thin a year of its developme~ the generality of this concept was expanded 

beyond the shores of the world's oceans to the land itself with the discovery that the 

voJatiliz.ation of reduced sulfur gases from soils may be just as important as marine OMS 

mussions in enhancing cloud albedo. 20 On the basis of experiments that showed soil OMS 

mussions to be positively correlated with soil organic matter con~ and noting that 
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additions of organic matter to a soil tend to increase the amount of sulfur gases emitted 

therefrom, I&o20 thus once again stated the obvious: .. because atmospheric CO2 is an 

effective aerial •fertilizer,• ... augmenting its aerial concentration [ and thereby increasing 

vegetative inputs of organic matter to earth •s soils] should produce a second independent 

impetus for cooling even in the absence of {initial] surface warming." 

Two years later, Imo21 expanded~ concept even more. First, he noted that since 

carbatyl s1J)fide is another biologically-produced sulfur gas that is emitted from soils, it 

too is likely to be emitted in ever greater quantities as eart1t•s vegetation respQnds to the 

aerial fert:ili2:ation effect of the ongoing rise in the air•s COz content. Then, he noted that 

carbonyl sn)fide is relatively inert in the troposphere, but that it eventually makes its way 

into the stratosphere, where it is transformed into solar-radiation-reflecting sulfate aerosol 

particles. Consequently, he concluded, the CC>z-induced augmentation of carbonyl sulfide 

emissions comtitutes a mechanism that can cool the globe•s surface even in the absence of 

clouds. 

With this last development, the .. greening of the earth" scenario - which posits 

great COz-induced biospheric benefits with little or no adverse global wanning - became 

-:¼-' 
a fully testable concept that is referred to hereafter as the Greening Hypothesis.;.,. 

Challenges to the Greening Hypothesis 

Every review of the scientific literature dealing with the aerial fertili7.ation effect of 

atmospheric COz enrichment has confirmed the reality of the growth-promoting effects of 

elevated levels of atinospheric carbon dioxide. 22-31 In spite of this impressive empirical 

~~- ".TOP',... ':.Y?>~"1~P 
I • • • • •. ',.1• • ,·,' _,,:'(,• ... ".,_....,_..,,. ....... _ ............... _ ..... _,,..._,_.,. .. ,,.._ 



foundati~ however, the Greening Hypothesis has faced a nwnber of challenges from the 

· time of its inception, the foremost of which is the concern that natural ecosystems may not 

be able to take full advantage of extra C~ in the face of real-world resource limitatiOM 

and environmental~ 39
""

2 

This issue has now been resolved by a review43 of several hlllldrcd experiments of 

the preceding decade that reported growth responses to atmospheric C~ enrichment in 

identical sets of plants that were grown simultaneously under both ideal and less-than-ideal 

growing conditions. In the case of inadequate soil fertility, there was indeed a drop in the 

percentage growth enhancement caused by a 300 to 600 ppm doubling of the air's CO2 

content when a lack of soil nutrients limited growth, but it was very minor, reducing the 

~-induced stimulation of plant productivity from 51 % to 45%. When lack of water . 
posed a limitation to plant productivity, however, the results were considerably more 

dramatic and in the opposite direction: the relative plant growth enhancement caused by a 

300 ppm increase in atmospheric C~ jumped from 31 % when soil water . content was 

optimal to 63 % when it was less than optimal And a similar enhancement of the growth­

promoting effects of atmospheric CO2 enrichment was found when light intensity was 

reduced below its optimum. 

In the case of environmental stresses, soil salinity was found to have no significant 

effect on the percentage growth enhancement caused by an increase in atmospheric ~­

And when air pollution was the source of stress, again it was the stressed vegetation that 

exhibited the greater percentage increase in C~-induced growth enhancement. 
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The projected stress of global wanning was also revealed to be a non-problem .. In 

fact, for the vast majority of plants studied, the wanner it became, the greater was the 

percentage growth enhancement produced by higher levels of atmospheric CO2. In 

addition, it was found that the optimum temperature for leaf photosynthesis actually rose 

in the face of atmospheric CO2 enrichment, climbing by an average of 6 •c for a 300 ppm 

increase in the air's COz content, which is even greater than the degree of global warming 

that is typically predicted to occur for such a rise in CO2. What is more, the amolute rates 

of plant photosynthesis at the ~-induced optimum temperatures were nearly twice. as 

great as the rates experienced at optimum temperatures under ambient CO2 

concentrations. Hence, it would appear that resource insufficiencies and environmental 

stresses will not impede the planet's vegetation from reaping the many biological benefits 

that may logically be expected to result from the rising CO2 content of the atmosphere. 

There is another phenomenon that has been mentioned as a potential problem in • 

this regard, however, and tbat is the gradual .. acclimation" or .. down regulation" of 

photosynthesis and growth, where the initial stimulation provided by atmospheric CO2 

enrichment slowly erodes over long periods of time. This challenge to the Greening 

Hypothesis has its origin in a number of experiments that have indeed docum~ such 

behavior in several plants. But nearly. all of these studies were conducted in controlled­

environment chambers or greenhouses, where the experimental plants were grown in root­

restricting containers, which have been demonstrated to typically prevent the full 

expression of atmospheric CO2 enrichment effects. "-'7 

~ .~· .. ------·--- ·- ---- ----- ---
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In field-grown plants the story is quite different There is, for example, almost no 
• 

evidence of down regulation of either phota;ynthesis or growth when plant roots arc free 

to explore the soil profile when exposed to elevated CC>i over long periods of time; 4144 

and there arc a number of reports where actual increases in phota;ynthesis and growth 

were measured under such conditions. .s.s~ Likewise, in the longest (and still on-going) 

<:Oz enrichment experiment ever conducted, Idso and Kimball66 continue to report a 

cumulative productivity enhancement in excess of 100% in sour orange trees that have 

been grown out-of-dOOl'S since the seedling stage (they arc now mature) and exposed to 

an extra 300 ppm of CC>i in clear-plastic-wall open-top enclosures for over eight years. • 

Hence, the laboratory and greenhouse-based challenge of the potential slow decline of 

growth in plants exposed to long-tenn atmospheric CC>i enrichment would not appear to 

be a problem for earth's natural ecosystems. 

- Tests of the Greening Hypothesis 

Standing• up to the intellectual challenges that should rightfully be leveled against a 

concept as sweeping in scope as the Greening Hypothesis is obviously an important and 

necessary aspect of its ultimate eievation to the level of a theory. ~en greater - .--~. -

importance, however, are observati~nal confirmatiom of predictions that may be derived 

from the concept; and in this regard, the most fundamcntal testable prediction of the 

Greening HYJ)<Xhesis is that the annual vegetative productivity of the entire biosphere 

should be rising in response to the yearly-increasing COi content of earth's atmosphere. 

D~Qp!]~ AT r.OVT P.Xl>F.NSE 
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So how does one measure changes in the total productivity of the plant life of an 

entire planet? Con.sider the recurring seasonal cycle of the air's CC>i content. Each 

spring, when the Northern Hemisphere's thin veneer of vegetation awakens from the 

donnancy of winter and begins to grow again, it removes enough carbon dioxide from the 

atmosphere to reduce its COi content by several parts per million. Then, in the fall, when 

much of this vegetation dies and decays, it releases huge quantities of carbon dioxide back 

to the atmosphere, raising the air's CO2 content by a small amount. Taken together, these 

two phenomena produce a seasonal oscillation that is superimposed upon the yearly 

incremental rise in the air's mean CO2 concentration; and the greater the yearly growth of 

the planet's vegetation, the greater are the yearly down- and up-swings in the amount of 

carbon dioxide in the air. Consequently, the amplitude of the seasonal CC>i ascillation 

serves as an accurate relative measure of the planet's total vegetative productivity in any 

given year. 

Nearly every group of scientists that has studied this phenomenon has come to the 

same conclusion, namely, that over the period of time for which accurate and detailed CO2 

measurements are available (1958 - present), there has indeed been a significant increase in 

the annual amplitude of the ~tmosphere 's seasonal CO2 cycle, • which all o?t; studies 

prlmarlly attribute to the ever-increasing aerial fertili7.ation effect of the steadily rising 

mean value of the air's COi content. 67
"
72 This conclusion has recently been reaffirmed by 

the study of Keeling et al.73 and is further substantiated by (l) detailed analyses of the 

seasonal atmospheric oxygen cycle, 7'°77 (2) meticulous measurements of the carbon 

isotope composition of atmospheric COz. 71
•
79 and (3) the mystery of .the .. mismig 

~..n.m1~ AT r.nVT P.XPF.NSP. 
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nitrogen,"'° the lion •s share of which is believed by many ecologists to be locked up with 

the extra carbon that is being sequestered by the biosphere as it responds to the rising COi 

content of the atmosphere. IO-M These observations all point to the photosynthetic response 

of the telt'eStrial biosphere to atmospheric COz enrichment as the major cause of the 

18. 7% increase in the amplitude of the seasonal atmospheric COi oscillation that occurred 

between 1958 and 1994; and they clearly establish the validity of the first major prediction 

of the Greening Hypothesis. 

Now the only way the terrestrial biosphere can be responsible for this COi-induced 

stimulation of global vegetative productivity is if woody plants are highly responsive to 

increases in the air's COi content; for trees and shrubs account for close to 75% of 

terrestrial photosynthesis. 15
•
16 Hence, a second testable prediction of the Greening 

Hypothesis is that the growth rates of earth •s forests must be rising in response to the 

yearly-increasing COi content of the atmosphere. 

ldso 15 has review~ this subject in detail, reporting results from over 30 different 

studies documenting sub$ntial increases in forest productivity that coincide in time with 

the progression of the Industrial Revolution and the contemporaneous increase in the air's 

COi content. One of these studies - that of Phillip; and Gentry17 
- was ~cularly 

~ve in this regard, as they had obtained and analy:zcd long-tenn data from 40 

tropical forests from all around the world Not only did these investigators clearly 

demonstrate the global extent of the phenomenon, they also showed that it has been 

growing greater and greater with time, much like the temporal pattern in the historical. 

recotd of atmospheric CC>i concentration. 

- ,.... -
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With this second prediction of the Greening Hypothesis thus· vindicated by a wide 

may of real-world data, a third prediction can be made; for if trees and shrubs are as 

responsive to atmospheric C~ enrichment as recent forest growth rate data demonstrate, 

the world should be experiencing a significant expansion in the ranges of occurrence of 

woody plants ... and so it is. In the review of Idso, 15 for example, one rum over seventy 

reports of this phenomenon occurring on every continent of the globe except Antarctica. 

We come at last, then, to the fourth and final major prediction of the Greening 

Hypothesis, specifically, that a C~-induced increase in global vegetative productivity will 

lead to an increase in biogenic DMS emissions that will ultimately produce a cooling effect 

of approximately the same magnitude as the global wanning predicted to result from the 

CC>i-induced enhancement of the atmosphere •s natural .. greenhouse effect." 

In support of this prediction, consider the results of the impressive IronEx ll 

study." This multi:faceted experiment was designed to test the idea that lack of iron 

limits the productivity of high-nitrate low-chlorophyll regions of the world"s oceans.19
•
90 It 

was initiated by adding dissolved iron to the surface layers of two .. patches" of seawater in 

the equatorial Pacific. Immediately thereafter, phytoplanktonic productivity began to rise 

dramatically within the patches, attaining a new equilibrium level 24 hours lter that was - ... - -

. maintained throughout the remainder of the experiment. 91 

This increased level of marine productivity drew a larger-than-nonnal amount of 

dissolved ~ out of the surface waters of the iron-infused patches, 92 just as enhanced 

terrestrial productivity draws gaseous CO2 out of the atmosphere. In addition, DMS 

concentrations in the surface waters of the patches rose by a factor of 3.5, providing - in 

.__,P:J,,~,:..T ~~ ~~~ 
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the words of the study's authors93 
- .. direct support for an important link in the iron­

DMS-climate hypothesis." which they also reported to produce a cooling effect of about 

the same magnitude as typically-predicted C~ induced global warming. 

Viewed as a surrogate for the CO2-induced stimulation of plant productivity, this 

hat-induced enhancement of plant growth and development, along with its 

contemporaneous stimulation of DMS production, provides as good a set of evidence for 

the veracity of the fourth prediction of the Greening Hypothesis as can reasonably be 

expected to be found, especially when considered in conjwiction with the impressive 

observational studies of Saxena et al,.,94 who by many meticulous measurements have 

conclusively demonstrated that cloud albedo increases with an increase in air ~ sulfate 

content. Hence, in paraphrasing the words of Coale et aL, 11 who felt compelled to 

conclude that '1t is now time to regard the 'iron hypothesis• as the 'iron theocy •," it is 

probably also time to regard the Greening Hypothesis as the Greening Theocy. 

Conclusions 

Science works. It works because it is a logical, methodical means of acquiring 

knowledge based upon observations of nature. Hence, science is the ~ tool that 

society employs (or should employ) · in resolving important issues related to the 

environmental impacts of its activities, the most significant of which is currently regarded 

_to be the large-scale utili7.ation of fcmil fuels. 

Based upon the results of literally thousands of experiments employing the 

aclentific method, a positive picture of the response of earth's bi~erc to the increase in 

---- - ----- ·- - - - - -- ---- ---
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the air's COi content caused by the burning of~ gas and oil has recently emerged as a 

bright alternative to the .. gloom and doom" predictions associated with the speculative 

threat of global wanning. This new view of the future is bright with promise, portraying 

an expanded and invigorated biota that thrives on the carbon dioxide emitted to the 

atmosphere as a natural consequence of humanity's increasing utiliz.ation of faml fuels in 

its quest for a better life. 

This COi"'.'induccd rejuvenation of the biosphere - often described as ""the greening 

of planet earth" - is a multi-faceted hypothesis that has succcsmilly withstood many 

challenges. Now, with the · verification of four important predictions that may be derived 

from it, the hypothesis may valiclly be considered to have achieved the status of a theory -

a theoiy that must surely play a major role in detennining the course we will take as we 

confront the future in a world of conflicting concepts of impending global change. 

~ -,;:...~.,.. ••"'"'"' ~f"D . ~ ~ c:~~ - --
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emism in pursuit of green 
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dlil sprinl- aftertbe aaid aatellite1 were fiadiaa no 
lermmldaDalour~ warmiD1 wbataoever were 
minable winter - tbe ridiculed, and Journallata were 
Clintoo-Gore adlDilm- remoa.ctrared by Mr. Gore to i&nore 
tratioa is 1oiD1 to them. Now they're beina lionized 
UIPOWIC8 that die US. because they saw what wu hap­

aupporta leplly bmdill& red1'Ctioa1 penina ftnt. Aller nearly two full 
In emiulona of the areenbOUM decada, the satellltea ftnd nothin& 
auea forecut to ca111e dreaded butaautimcallyli&nifk:uucoolinl 
&lobal warmios. • averaaec! over 
This 1l1nificant ----------- the entire south• cbaa,e iD policy era half or the 
wm be pro- It turns out these ptanet. 
nouaccd bf. the The currently "~"~tics'' UIO..o n;oJ."' 1 vice prudent, ~l' ........,., o'"7 faabionab e 
most likely ia an an4 Mr. Gore ""'"'t uptanauon is 
addresl at Geor&e 1AM • that the wannin& 
WashiDatoa Uni• • it.' labein&Mhidden• 
venlty. Ignore byocherindustri• 

Vice Prealdeat al compounds, 
AIGorelmowadlil aamely finely 
la &oin& to be tbe IC1l al hil WiD. dMded aulfue aenllOII that screen 
bec:aUM IOllletbllla ii very wroaa lheamandbrtabtmtheclouds. They 
with the aurabot lnc:uta al ell- lr9 llmolt exclusi¥Cly lbund In the 
mate apocalypae tbat cored bla lDdUlb'ial Nortbera Hemisphere, 
belt-aellins 1992 book •Earth IA and Ibey rain OU1 before they head 
the BIJaDce.•'lbere. be made ll'Cll IOudl ~the equator. 
political bay ouial anappareat "ad- Obviously, tbf' t.sbloo•ble CXl>la· 
entlOc conaenau,• of dramatic aadooia pretty damed wroaa. Otb­
warmlas. IIJPPO'ted by a Uaited erwiae tbe Southern Hemisphere 
Natlooa report audaa dial die ell· would be wann1n& up with •poca• 
mate mode1s """'8dtn. aloom and lyptlc abandoa. When this wu 
doom were .rienenii; reallldc.• pc:inted out ID a densely written 
Mr. Gore labeled any,oae with a ~ ia the Dec. 12 edition of 
Ph.D. ID Olro•toloSY (there are Nature, propoaents ot the current 
fewer !ban SO IUCb lDdlviduala ID fasbloa ,wre forced to a,ree. 
the world) who miabt dlaa,ree u a You aever read about that 
membcrolMa amall but weal band because oll&r. Gore'I dw with the 
otlkepdca.• euviroomental journalista: Don't 

Ittumaouttbae"lkepdca•werw • report any aoocf newaand I'll treat 
right and~ Gore c:u't IID(lr-e it. )'OU ri&ht when l become pl'C$idenL 
What was beray bU' ye.an qo - Juat report (or construe, make up, 
that the c:limate models were tor-e- whatever) bad news. 
castin& way too much wannin& - Need proof? The presa wu all 
Is aow Mcoa1e1111.11 • Scientilts wbo over an article, in the very same 

is:iue or Nature autin& dial bail 
records trom 1/»oyean ap abow 
more frequent drou1bt1 1D the 
UpperMidwest.ltjuathlppeoedto. 
be warmer thea,ao&Jobal warmin& 
must make more drou&hts there ia 
the: future. Nobody mentioned that • 
the drou,hts ot AD 1200 occurred 
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mankind and were and are u nat• 
ural as floods, hurricanel, normal 
rainratl, and frozen WasblnilOC-
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UNLIKELY 

'IOCMAN&& 
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So how is Mr. Gore aoia& to ael1 

his commitment to the areateat 
economic interveatioa ln the his· 
tory or man? Extremisml OK. tbe 
planet isn't as warm u I said it 
would be, but there are more 
Mextreme• eveats. He la already oa 
record as sa)'in& that "intense nin• 
rails have iacreued ln aummer 
over aericultural reaiom-• 

Here he uses the work ot Ceder· Mwii.. , ~ .. ~ 
al climatoloaist Toro Karl, who ~ J 
recently put out a presa release, 
which just happened to be concur• United Statel, accordin& to Mr. 
rent Wlth the califoraia ftoodl, la)'• ICMl. 
lne Mextreme" rains are lncreuin&. Mr. Karl and Mr. Gore call two­
and that other Mextreme• indica- iochen "extreme" and "torrea­
tors are 1oin1 alona. Mr. Karl • tial: re1pectlvel,. More likely, 
informed us there wu no pressure they're "beneficial: because a run 
to report these results or exaa,er• 70 percent ol all rainstonm that 
•te. are ,ruter than 2 Inches are 1eu 

What Mr. Karl actually found ii than 3. Find me • Midweatcna ... 
that there bu been U1 i.acreue, farmer who aenerally would 
•vera,ed &CrO$S the country ol one .rather not hive that rain, &iven the 
day. in every 730 In which it rain, fact that our averqe aummer pull 
2 inches or more. Tbat'I ri&bt - the Com Belt in moist11tt atresa. 
one in every two years - some- Mr. JC.rl also bu looked at what 
thine that neither you or I would abould be the most obvioua lian ol 
notice unless we hid been llUnned Apocalypse Soon - the percent of 
into true belier t,y our beniftcent the United States that is experi• 
govc:rnment. Three inch rains are encia& much-•bove-no.mal tem• 
just too infrequent to show a lie• peratures. No significant chanae ii 
nific•nt trend •veraeed across the • detectable aiace 1910, the start ot 

bit atud7. Wbat about atreme deac, ID lbe year 2000. 
cold1 IDdeed: there baa been am,- Jmt Ir the Alce al ... au-amamn 
Dl&:aatraduaioniD tbepen:ental len eet tbe record atnlabl-~ 
the counay covered b) auemeJy mdicale dial qricu1turall, ...-. 
cold temperaturea 1iDce 1910. Tbil cia1 raim are lncreu1Da ID t!I 
ii cmalsten• with ocher wort that • breadbutet of the world. Tb 
abowa tlw lbe ainDul that moat mremecold~olwilllll 
nnecu .:llmate cbauae is tbe bawmodenledabil(nateuouah,I 
druded Siberian Expreu. wbicb mymiad), whiletbemreme 11ea1, 
baa wanned t:om -40 dearea C to aummer huD't cban&ed iD u 
.J8 depftS C. n!kaboutdrmp ID ~fasbian. lfthilwcauec 
mremez: by people, God Blas an. we've" 

Expea to~ ID iDcreuiDa wl- to wrilB lawl to atop iL 
wne ol irilJeadlq& diroals "hype 
over the comia& year, to Jusdty to 
the American people the dalruc­
tloa of their current way ol CDel'IY 
life. For Mr. Gore, wiDDiD& tbla 
IJ'iUIIICllt ii roi.n& to be a lot more 
difficult than wianiDa the prai• 
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A Bl - WEEKLY REPORT ON GLOBAL CLIMATE CHANGE 

GLOBAL WARMING'S TRAVELING CIRCUS 

Everyone knows that It's just not going 
to be very popular to reduce U.S. 
fossil fuel consumption the 60 percent 

that Is required to stabilize atmospheric car­
bon dioxide concentrat ions. Nonetheless 
this is the road that the Clinton Administ­
ration will embark upon when it proposes 
legally binding reductions at the U.N. global 
warming 'crat-o-fest In Kyoto In December. 

Anticipating a bit of upcoming political 
turbulence (see our "Big Rumor"), the 
Administration Is busy selling Its version of 
an elixir to save the planet via a series of 
traveling roadshows: 

Oyez, Oyez! Coming soon to a lecture 
hall near you! It's hot/ It's persistent! It's 
highly variable! And it can't be stopped 
(without a significant monetary contribution 
from you). Yes, it's Global Warming! 

These State Department •discussions" 
about globa! warming are modeled after the 
"town meeting" format popularized by ABC's 
Nightline in the 1980s. The only towns that 
meet are correct-thinking communities (i.e., 
those with big universities) with large mem­
berships in c1>•sponsorlng environmental 
groups. 

Opening night took place Aug. 13 on the 
University of Texas campus In Austin, a 
prosperous, liberal town that surety repre• 
sents the State Department's America. Act I 
was a video-a four-part news series about 
gtob3I warming In which the research of 
several pI vnilnent scientists i!i taken out uf 
cunte,t <we ltnow. !.Ince we know them and 
have stujled and reported on their research 
In this ReP.prt). 

The playbill: 

Scene I-Global warming Is caused by evll 
Industry. 

Scene II-Long-term climate records show 
warming. 

Scene Ill-Sophisticated computer climate 
models show it, tool 

Scene IV- Many people wilt die from mas• 
slve flooding, ·starvation, heat stroke, and 
spreading tropical diseases If we don't 
act now. 

With the necessary facts out, Act II Includ­
ed a panel of scientists-an atmospheric 
chemh<t, an agricultural economist, and a 
coastal geomorphologist. Note tliat none of 
the panelists was in the video, so those 
analyses and conclusions were unassailable. 
Climatologists need not apply at this point. 
The one atmospheric scientist, Dr. Kenneth 
Bowman from Texas A&M, is a stratospheric 
ozone expert, and he used most of his time 
talking about - what else?- stratospheric 
ozone, rather than global warming. 

After the presentations, audience mem­
bers had an opportunity to question the 
experts. Fortunately (and much to the sur­
prise of meeting organizers), the audience 
Included some climatologists who, through 
pointed questions about some of the 
assumptions and analyses presented, 
provided sorne interesting perspective to 
the "debate." 

A short while later came the big produc­
tion number. Under Secretary of State for 
Global Affairs Timothy Wirth, fresh from 
announcing in Europe that the United States 
is for legally binding emission reductions, 
charmed the onlookers with his exposition 
on global science and global governance. 
But the usually unflappable ex-Senator's 
feathers ruffled when several citizens ques• 
tloned his authority to negotiate a treaty 
and the bases for his conclusions. 
Throughout the show, about half of the 
audience questions opposed the party tine. 
This I,; Cini'! g1>vern"1ent prod11r.tlon th;it 
opened to bad reviews. 

fhe te,1t revival then travP.!ed to tt,e 
University of North Carolina In Chapel Hitt, 
another town-just-like-America, (hey, doesn't 
every college basketball team have a whln• 
Ing coach?), and this time the State 
Department gushed moderation, so as not 
to stir up any of the Industry shills (read: 
PhD climatologists) that might be in the 
crowd. They did, however, somehow con­
flate the damage caused by Hurricane 
Fran-as average a hurricane as has ever 
hit a crowded beach-as the product of 
global warming, rather than the product of 
gee-isn't-a-sand-dune•a-bad•place-to-sink-all­
your-money . 

After a major rewrite, a substantial 
rehearsal period, and some recasting, the 
national tour reopened at the University of 
Minnesota on Dec. 11. This event, por­
trayed as politically neutral, was sponsored 
by the Hubert H. Humphrey Institute, the 
Minnesota Environmental Initiative, and 
the Sierra Club. The leading role was now 
played by a big-time climatologist, 
Dr. Stephen Schneider of Stanford Univer­
sity, who actually appeared (surprise!) as a 
climatologist in the made-for-TV movie The 
Fire Next Time. Audience members submit­
ted their questions in advance; the last 
thing the State Department wanted was a 
repeat of the Austin fiasco. 

, . . . 
•. . ~r ' : 

THE BIG, BIG RUMOR; .:. 

BORN TO LOSE ..... ··· ···· ···· ··· ·····•· ··· ' ~·!. ' 
Does the Clinton/Gore Administration 

really believe that the U.S. Congress 
(particularly the Senate) will simply 
agree to the legally binding emission 
reductions that It proposes In Kyoto 
next December-knowing full well that 
It's going to entail some type of taxi· 
tlon, hidden or otherwise? .~ .. ~ .)4L .: . 

Of course not. The Kyoto Agreement . 

Is designed to lose In the ~'!!nt .... '.7-;t~-· 
Congress. Then Olnt~ ~I ~ ! .. _l 

a handful of Congressmen ~ "toots~ 
Industry who a~ killing the planers:.,.;-. ,= • 
children. An esp«lal 11no,111t of envl'. . .-. 
ronme!l~I mo~cy]il~ go lnt_p~a;:i_ ·• • .,:1 
att~t to de~t_ .. • • •• 
and mpm a De 
Senate WIii 
RepubUcan). 

In ";a'i{, .it 
Congresslona 

Vice. Preslden('_ . . , . ... 
the amount of self-ti 
has some potential here) ,, -
require him alteadei for • 
lenn!uffl; If the. Senate ➔-
fies the new global warming 
1998, Mr. Gore won't ha¥e an I 
stand on In the year • • . . 

"""""~··,__ ---·- -··--~ ·--
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Weather satellites have 
been measuring global 
temperatures since 1979, 
but have shown no ell• 

mate warming - contraa to all 
e~ectations. Accordinc to com­
puter models cited by the U.N.• 
sponsored science advisory body, 
th n rgovemmenta I' el on 
Climate Ctwlee (IPCC), a su6stan-
·a1 warrnins of nearly t degree 

Fahrenheit, should have occWTed 
during this 18-year period. 

If the models caMot be support• 
ed by actual observations of the 
atmosphere, however, then we can­
not and should not rely c,n their 

, predictions of a future wannini, 
Therefore, all the elaborate inter­
national machinery that's being 
constructed around the Global Cli­
mate 'Ircaty is a complete waste of 
time and money. Policies are being 
developed to ration and tax carbon 
dioxide emissions from fuel burn• 
ing, and thereby throttle energy 
use. Such policies would cause 
grave economic damage, not only to 
industrialized nations, but also to 
developing countries that depend 
on trade and global prosperity. 

In contrast to the satellite results, 
data collected from thermometers 
at weather stations around the 
world do show a warming - but 
only about half that predicted by 
the models. But these surface data 
do not cover the oceans, almost 70 
percent of the Earth's surface, and 

, large gaps exist elsewhere. Besides, 

I

. such observations are subject to all 
: kinds of local disturbances and 

I 
interferences that can change over 
time, and thereby confuse mea­
surement of temperature trends; 
for exllJllple, construction of a near­
by building or even a growing tree 
will change wind patterns and 
affect the thermometer reading. 
But the biggest disturbing influ­
ence is the local warming from 
urban growth around the weather 
stations, which are usually located 
at airports. • 

This well-studied "urban heat 
island effect" produces a fictitious 
warming that is hard to eliminate 
from the surface temperature read­
ings. Even'(lne lcnow~ this 15 so, but 
few will admit it lnJtead, the attack 
:u.s b~en focused. 0:1 L~e satelUte 
,Jata. The fact they have reported a 
;light cooling since1979 has been 
:m emb&mlSsing prot;lem for glob• 
.. 1 warming enthusiasts. (When cor­
rected for the strona cooling effects 
of the two major volcanic eruptions 
in recent years, the satellite data 
suegest a slight wanning trend -
albeit very much smaller than that 
derived from surface observations 
or !)redicted by computer models). 
The divergence between satellite-
1.l:?rived temperature trends and 
surface thermometer trends has 
been ~ng larger year by year . 

.,. 
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Satellite weather 
data under siege 

-• ties show a zero trend. 5(\lar results 
have now been obtained, compar­
ing cities and rural stations in Aus­
tralia and in South Africa. It is evi- . 
dent that cities have become ' 
warmer as population grows and . 
releases more heat into the atmos- ; 
pher~. i 

So we're back to Square One. It is '. 
clear the computer models-are not : 
validated by observations and need : 
more work before we can trust their 
predictions. But now a scientific 
attack on the satellite data bas been 
published in a respected journal, we 
can - regrettably - expect to see 
efforts to discredit the satellite 
results and obfuscate the true situ­
ation. 

The campaf&n to discredit the 
satellite observations has been 
gathering momentum as it became 
more widely known that they 
demonstrate the inadequacy of the 
computer models. The objection at 
first was that the satellite record is 
too short; but after a d"JCaae or so, 
this excuse no longer works. Thf! 
second approach has been to state 
that the surface thermometers and 
the satellite-borne instruments are 
both con-ect but that they measure 
different quantities. It is true the 
satellite instrument derives a tern• 
peratul'e of the lower atmosphere 
rather than of the surface itself, but 
the two trends cannot be expected 
to diverge for very long. Roth 
records cannot be right; at least 
one of them must be wrong. 

The most recent attack. pub­
lished in the March 13 issue of the 
international journal Nature. 
accuses the satellite experimenters 
of technical errors in constructing 
the record that shows a cooling • 
trend. The satellite experimenters 
will shortly reply with technical 
arguments that will be equally 
incomprehensible to the general 

public and even to non-specialist 
scientists. 

The scientific debate is being 
conducted at a high professional 
level and will no doubt shed 50me 
light; but it hardly affects the fact 
the computer models are not being 
validated. 

Personally, I believe the satellite 
data. although not perfect, are more 
nearly correct. The easiest way to 
demonstrate this is to appeal to a 
completely independents.et of mea­
surements for verification: instru• 
ments launched around the world 
by weather balloons show exactly 
the same temperature trends as the 
satellite instruments. 

Further support for the satellite 
results comes from the actual 
demonstration of an urban 

heat island effect on surface ther­
mometers. An article published in 
the July 1996 issue of the Bulletin 
of the American Meteorological 
Society graphically shows temper­
ature readings from highly popu­
lated California counties exhibit a 
strong warming trend during this 
century while less populated coun-

And what about future warming? 

1

, 

When all is said and done, we can 
conclude there will be some warm• , 
ing as a result of the growth in I 
atmospheric greenhouse gases, ; 
perhaps not more than 1 degree F I 
by the year 2100, which would be j 
barely measurable and completely , 
inconsequential. 

1

, 

But long before then, a few more 
years of satellite data will make it ( 
obvious that global warming is a i 

non-problem. 1 

S. Fred Singer. professor (emeri­
tus) of environmental sciences at 1 
the University of Virginia. is the j 
founding president of the Fairfax- • 
based Science & Environmental i 
Policy Project (SEPP). • 
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RECENT IPCC DATA, SATELLITES, WEATHER 
BALLOONS AGREE NO WARMING IN LAST DECADE: 

REBUTTING MARCH 13 NATURE ARTICLE 

(Arlington, VA - March 11, 1997) In response to a paper to be published in the 

March 13, 1997 edition of Nature, Western Fuels Association, Inc., releases the 

following statement. 

Despite a spate of recent reports conflating floods, rainstorms, blizzards and 

hurricanes with global climate change, the earth's mean temperature hasn't 

budged a bit in the last decade according to every independent measure of 

temperature. The most recent data available from the UN Intergovernmental 

Panel on Climate Change indicates no warming trend in the ground-based 

temperature record during the period 1987-1996. 

Therefore the IPCC, NASA scientists, and the global weather balloon network 

now are in agreement that there has been no wanning trend in the last decade, 

which is precisely the period during which greenhouse warming was predicted 

to become extreme. The climate models which were the basis for the 

Framework Convention on Climate Change forecast a rise in globaAnean ,-. 

temperature of more than 0.3°C per decade by now. 

V\/hile the sdentlfic community now seems to agree that the early models have 

been discrndited, newer modeis which simultaneously incorporate the cooiing 

•• effects of sulfate aerosols and greenhouse warming continue to predict nearly 

as much warming (0.2°C) over the same period. According to Dr. Benjamin 

Santer in work recently presented to the American Geophysical Union, 

greenhouse warming should have overwhelmed any sulfate cooling in the last 

decade. It hasn't. 

4301 Wilson Boulevard. Suite •805 
Arlington, VA 22203-1860 
Telephone 703/907~160 
Fax 703/907~161 

(more) 
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Despite independent sources of data showing the fa~ure of the warming 

forecast, a paper to be published in the March 13, 1997 edition of Nature by 

J.W. Hurrell and Kevin Trenberth will argue that there was a "hidden" warming 

trend in the satellite record - a record which begins in 1979 and is well known 

to show a net cooling of the very atmospheric layers which are predicted to 

have warmed by nearly 0.4°C in that time. Hurrell and Trenberth reach their 

conclusion using climate models of middle atmosphere rather than records of 

observed temperature. 

Hurrell and Trenberth's assertion requires scientists to ignore weather balloon 

temperatures recorded twice daily using highly-calibrated instruments sent 

skyward from locations blanketing the planet. On a year-to-year basis these 

data perfectly match the satellite temperature data taken in the atmospheric 

layers where substantial warming has been predicted. As illustrated in the 

accompanying graphs (see page 3), the match between the balloons and 

satellites is impressively precise. 

What are the odds that these two independent measures of temperature could 

coincide over their 18-year simultaneous history? It's less than the odds of 

flipping a coin and getting 18 heads in a row - or one in 262,000 chances. 

According to NASA scientists, the chance of the earth being hit by artasteroid ~ ---~ -

in a given year is ten times greater. 

This statement is based upon information provided by New Hope Environmental 
Services, Inc. 

##### 

Western Fuels Association is a non-profit, consumer-owned cooperative 
company. Its member-owners are municipally- and cooperatively-owned electric 
utilities throughout the Midwest, West and Louisiana. Western Fuels supplies 
approximately 20 million tons of coal per year to its member-owners' 11 power plants 
and is one of the largest shippers of coal from the Powder River Basin in Wyoming 
and Montana. 
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Temperature trends over the last .decade from the IPCC (filled circles), satellites (open 
circles), and weather balloons (triangles). IPCC data is from surface thermometers; 
satellite from Microwave Sounding Units (MSU) orbiting the planet; and balloon from 
instruments that ascend through the atmosphere simultaneously twice every day . 
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Temperature measured by the MSU satellites (closed circles) match up perfectly with 
those measured by weather balloons (open circles) between 5,000 and 30,000 feet. 
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