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Scientists' Agreement and Disagreement about Global Climate Change: 

Evidence from Surveys 

Abstract 

The first part of this paper describes results of a survey of 118 
scientists. indicating at least three different points of view about human- 
induced global climate change . One point of view generally conforms to 
the conclusions of the report of the Intergovernmental Panel on Climate 
Change . A second perspective discounts the seriousness of the threat of 
global warming . A third point of view emphasizes the uncertainties in 
current predictions . 

The second part of the paper reviews the major conclusions of 
several related surveys and describes an analysis of the combined results 
of the present survey and four other recent ones. revealing a pattern of 
agreement and disagreement among scientists . They tend to agree most 
about fundamental scientific principles and observations and general policy 
directions . They disagree most about scientific issues related to predicting 
the precise magnitude and rate of climate change . Possible reasons for 
disagreement among scientists about global climate change and the role 
of surveys of scientists in the policy process are discussed . 
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1. Introduction 

Although "scientific consensus" is often cited in support of opposing views on 
global climate change, there has been little systematic study of prevailing opinion within 
the scientific community. Scientists are well aware that scientific consensus can be 
wrong, but, nonetheless, it is invoked frequently by scientists and non-scientists alike in 
debates with enormous policy implications. Informed choice among policy options 
requires an accurate assessment of critical scientific uncertainties. The degree of 
consensus among scientists is, at best, an imperfect indicator of scientific uncertainty. 
Until the major reasons for agreement or disagreement among scientists are 
understood, it is not possible to assess accurately the underlying scientific uncertainty. 

This paper describes an initial exploration of the nature and extent of agreement 
and disagreement among scientists about human-induced greenhouse warming. The 
first part of the paper describes a survey of scientists' opinions about global climate 
change that was designed to address certain broad issues that are contested in the 
policy debate and to assess the nature of scientific uncertainty and disagreement about 
global climate change. The second part of the paper reviews several other related 
surveys and describes an analysis of areas of agreement and disagreement among 
scientists based on the combined results of the present survey and four other recent 
ones. 

2. Survey method 

Partici ants were recruited via SCIENCEnet, a computer-based network operated 
by OMNETtchich has over 4000 subscribers, primarily ocean or atmospheric 
scientists, in 45 countries. In early November 1991, messages describing the survey 
and the questionnaire itself were posted on an electronic bulletin board that was 
accessible to all subscribers. Most respondents obtained the questionnaire by 
downloading it from SCIENCEnet, but some requested copies by telefax or mail. A "day 
message" which appeared automatically whenever any user logged onto the system was 
also posted for one week to alert users to the survey. 

The initial bulletin board message invited scientists who "are involved in research 
that is related to global climate change, or have an interest in the issue and follow the 
literature" to complete the questionnaire. It also asked subscribers to distribute the 
messages and the questionnaire to their colleagues who were not SClENCEnet users. 
By the end of January 1992, 118 questionnaires had been returned.' 

The major advantage of this method of distributing the questionnaire was that it 
provided rapid access to a large international pool of scientists actively engaged in 
climate-related research. A recent study of SClENCEnet oceanographers (Hesse et al., 
in press) concluded that they are "active and productive scientists." They also found that 
more active users of the system were also more productive than less active ones. 

The major disadvantage of the method was that it did not necessarily produce a 
sample that was representative of the community of scientists involved in global climate 
change research. Two obvious selection biases were operating. First, only scientists 
who use SCIENCEnet, or have a colleagues who do, were contacted. Second, 
scientists who chose to complete the survey were a self-selected subsample of those 
contacted. Of course, these biases (due to sampling frame and self-selection) are 
present, to a greater or lesser degree, in any survey. 



In order to learn something about reasons for non-response, a follow-up survey 
was conducted in January 1992. A random sample of 1 10 SClENCEnet addresses was 
drawn. Four turned out to be invalid addresses, leaving an effective sample size of 106. 
Four of those (3.8%) had responded to the survey. A brief message was sent to the 
remaining 102 asking them why they did not respond. An automatic receipt was 
received from 96 of them, indicating that the message was received. 71 responded to 
the message. Of those who responded, 

43 (60.6%) did not see the questionnaire or read it, 
1 (1.4%) experienced technical problems, 

17 (23.9%) have research interests that have nothing to do with climate change, 
17 (23.9%) didn't have the time, and 
7 (9.9%) cited other reasons, usually having to do with the nature of their jobs or 

their expertise. 

(The percents do not sum to 100 because some people gave more than one answer.) 

The results of the follow-up survey indicate that less than half of SClENCEnet 
users read the messages about the survey posted on the bulletin board and that less 
than 10% of the users who did read the message chose to respond. The primary 
reasons for lack of response were either lack of time or research interests that were not 
related to global climate change. 

Since the sample cannot be considered representative of all scientists who work 
on issues related to global climate change, population estimates should not be made 
from this sample. The results of the survey are of value, however, because responses 
were obtained from a highly qualified, diverse, international group of scientists, and 
because an interesting and coherent pattern of responses emerged. Comparison of our 
results with those of other similar surveys also suggests that our sample was not 
atypical. 

3. Characteristics of the sample of respondents 

The 118 scientists who responded were largely North American. 91% were from 
the U.S. (98 respondents) or Canada (9 respondents). Other countries represented 
were Australia (4), Italy (I), Sweden (I), Japan (I), U.K. (2), Germany (I), and Russia 
(1)- 

104 of the respondents had received doctorates, 12 had received master's 
degrees and two had received bachelor's degrees. Respondents' major fields of study 
were classified into five categories: 1) meteorology and atmospheric science (31); 2) 
ocean sciences, oceanography and marine science (35); 3) physics (25); 4) 
biology/ecology (13); and 5) other (14). 

Respondents were generally actively involved in research related to global climate 
change. All but seven of the respondents indicated that they participated in at least one 
listed activity related to global climate change, and 99 reported two or more activities, as 
is summarized in Table 1. 

About 85% of the respondents considered themselves very familiar or somewhat 
familiar with the research in their field related to global climate change. Specifically, 60 
respondents (51.7%) indicated that they were very familiar, 39 (33.6%) indicated that 



they were somewhat familiar, and 17 (14.7%) indicated that they were very unfamiliar 
(two did not respond to this question). 

Table 1. Activities related to global climate change research 

Number of respondents Activity 

19 (16.1%) I work with GCM's (General Circulation 
Models) 

54 (45.8%) I study the historical climate record 

81 (68.6%) Much of my research is devoted to topics 
directly related to global climate change 

97 (82.2%) I regularly keep up on current developments 
in climate change research 

89 (75.4%) I attend meetings and meeting sessions 
regularly where climate change issues are 
discussed 

4. Description of responses 

Three groups of questions addressed scientists' beliefs and opinions about global 
climate change. Responses to each group will be described below. 

4.1. Question 1: Uncertainty about global temperature change 

As a reference point for judging global temperature change, a key finding of the 
report of the lntergovernmental Panel on Climate Change (IPCC, 1990) was presented: 

1. The lntergovernmental Panel on Climate Change predicts, under 
Business-as-Usual (Scenario A) emissions of greenhouse gases, a 
rate of increase of global mean temperature during the next 
century of about 0.3 degrees C. per decade (with an uncertainty 
range of 0.2 to 0.5 degrees C.) 

4.1.1. Question la: Probability that IPCC range is correct 

la.  What do you think is the probability that the rate of increase in global 
mean temperature will actually fall within this range during the next 
century? (Give your answer as a percent from 0-100.) 

The judged probability that the IPCC range is correct (Figure 1) ranged from 0 to 
100% with a mean of 59.2%. The modal response was 50% with a second mode at 90%. 
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The 90% mode probably reflects the selection of that point as a cutoff for requiring 
respondents to make their own estimates (see Question 1 b below). Responses to this 
question indicate a wide range of opinion regarding the accuracy of the IPCC prediction. 

Probability estimate 

Figure 1. Responses to Question 1 a: Probability that IPCC range 
will turn out to be correct (n = 11 5) 

4.1.2. Question 1 b: Estimates of rate of change per decade 

1 b. If your answer to part a is less than 90%, what prediction of rate of 
increase per decade and what uncertainty range do you think has 
a 90% chance of being correct? 

"Best guess" prediction of rate of increase: degrees C. per 
decade 

uncertainty range: degrees C. to degrees C. 

If, in response to Question la, a respondent gave a probability of 90% or higher, 
the IPCC estimates were entered as responses to Question 1 b. 

The best estimates of rate of change per decade (Figure 2) ranged from 0.0 to 
0.8. Only two respondents, however, gave estimates higher than 0.5, and 92% gave 
estimates of 0.3 or below.* Only eight (8%) made estimates higher than the IPCC while 
50 (52%) made lower estimates. 

The lower bounds of the estimate of change per decade (Figure 2) ranged from - 
1.5 to 0.5; 88 (88%) of the responses were between -.2 and 0.2. Only five scientists 
estimated a lower bound greater than the IPCC lower bound of 0.2 while 65 (65%) made 
lower estimates. 



Upper bound (n = 100) 

40 Lower bound (n = 100) 
-- t 

Rate of change per decade (OC.) 

Figure 2. Responses to Question I b: Range of estimates of rate of 
global temperature change per decade 

The upper bounds of the estimate of change per decade (Figure 2) ranged from 
0.05 to 1.5; 94 (94%) of the responses were between 0.2 and 1 .O. The upper bound 
estimates were roughly centered on the IPCC estimate of 0.5; 31 scientists estimated an 
upper bound greater than the IPCC upper bound and 27 (27%) made lower estimates. 

4.2. Question 2: Names of people whose opinion would be respected 

2. Whose opinion would you most respect about the previous question? 
(Please list at least 3 people, not necessarily OMNET 
subscribers) 

The respondents listed names of a total of 1 19 different individuals whose 
opinions they would most respect about question 1. Only 13 of those names were listed 
more than three times (Table 2). Even those most frequently mentioned were cited by 
only 15 (13%) of the respondents. Influence on this group of scientists is widely 
dispersed. 



Table 2. Question 2: Names given by more than three respondents 

Name Number of times listed 

1. Manabe, S. 15 
2. Schneider, S. 15 
3. Hansen, J. 14 
4. Dickenson, R. 9 
5. Lindzen, R. 9 
6. Broecker, W. 8 
7.  Karl, T. 8 
8. Ramanathan, V. 7 
9. MacCracken, M. 6 

10. Bretherton, F. 4 
11. Ellsaesser, H. 4 
12. Washington, W. 4 
13. Wigley, T. 4 

4.3. Questions 3-6: Agreement with statements about global climate change 

Following are quotes from well-known scientists3 about potential 
global climate change. Indicate your agreement or disagreement with 
each statement as follows: 

1 -Strongly disagree 
2-Disagree 
3-Neutral 
4-Agree 
5-Strongly agree 

NOTE: These statements may involve value judgments that go beyond 
what can be established through research. We are simply interested in 
your opinion as a particularly well informed citizen. 

3. "... most of the scientific community would agree that the effects are 
going to be substantial." 

Disagree-agree (1 -5): 

4. "As is becoming evident, consensus [among scientists] is 
increasingly restricted to relatively trivial points, such as the existence of 
a greenhouse effect." 

Disagree-agree (1 -5): 

5. "... the current uncertainties are such that a delay in taking action is 
the proper policy." 

Disagree-agree (1 -5): 

6. "There is little doubt among scientists that global mean temperature 
will increase." 

Disagree-agree (1 -5): 



Questions 3-6 cannot be answered on the basis of scientific evidence alone. 
They may involve, in addition to an appraisal of the scientific case for global climate 
change, judgments and opinions about the consensus views of the scientific community 
(questions 3, 4, and 6), about the magnitude of the effects of global climate change 
(questions 3 and 5) and about benefits and costs of alternative policies (question 5). 
Responses to all the questions could be influenced by values as well as facts, but 
question 5 is particularly value-laden. 

The responses to these questions (Table 3) suggest a wide range of opinion. On 
three of the questions at least 30% agreed while another 30% disagreed. Only on 
question 5, where 74.6% disagreed and 17.8% agreed, was there anything resembling a 
consensus. 

Table 3. Responses to Questions 3-6 

Number of responses 
Response 
category Question 3 Question 4 Question 5 Question 6 

1. Strongly Disagree 1 1 ( 9.6%) 25 (21.7%) 50 (42.4%) 9 (7.6%) 

2. Disagree 25 (21.7%) 42 (36.5%) 38 (32.2%) 27 (22.9%) 

3. Neutral 21 (18.3%) 10 (8.7%) 9 (7.6%) 9 (7.6%) 

4. Agree 41 (35.7%) 28 (24.3%) 10 (8.5%) 48 (40.7%) 

5. Strongly Agree 17 (14.8%) 10 ( 8.7%) 11 ( 9.3%) 25 (21.2%) 

Total 115(100.0%) 115(100.0%) 118(100.0%) 118(100.0%) 

Mean response 3.24 2.62 2.10 3.45 

5. Patterns of responses: Results of a cluster analysis 

Responses were cluster analyzed to determine whether they could be grouped 
according to consistent patterns or "points of view." Three variables, based on 
responses to question 1, were selected for clustering: 1) the probability that IPCC range 
is correct, 2) the best estimate of rate of change per decade, and 3) the range (upper 
bound minus lower bound) of possible rates of change. The clustering method used 
was the K-means algorithm (Hartigan, 1975). Because 26 respondents gave incomplete 
answers to question 1, only 92 were clustered. The means and standard deviations for 
the four clusters identified are reported in Table 4. 

Cluster 4 isolated three people who gave a range of estimates far greater than 
any other respondents. In fact, their range estimates were so great that it is possible 
they misunderstood the question and judged amount of temperature change rather than 
change per decade. Because of the small number of respondents in this cluster, it will 
not be discussed further. The following results are based on 89 respondents in clusters 
1-3. 



Table 4. Means and standard deviations (in parentheses) for clusters 

Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4 

Probability (Oh) 21.9 (1 7.4) 54.9 (1 1.9) 85.1 (1 2.0) 48.3 (1 7.6) 

Best estimate (OC.) .058 (.005) .I88 (.088) .332 (.103) .267 (.252) 

Range YC.) .304 (.I 13) .572 (.252) .384 (.128) 2.167 (.764) 

Number in cluster 13 39 37 3 

Cluster 

Figure 3. Means and 99% confidence intervals for probability estimates by cluster 

The distinguishing features of each cluster are readily apparent from Figures 3 
and 4. Figure 3 shows 99% confidence intervals for the mean probability estimate for 
each cluster. There was a clear difference among clusters about the judged probability 
that the IPCC uncertainty estimate will turn out to be correct. Figure 4 shows the 99% 
confidence intervals for mean rate of change estimates for each cluster. Based on these 
results, we can describe the clusters as follows: 



Lower bound Best estimate Upper bound 

Figure 4. Means and 99% confidence intervals for rate of change per decade by cluster 

Cluster 1 (n = 13). Scientists in this group registered skepticism about the IPCC 
uncertainty range. They assigned a low probability to the IPCC estimate and their own 
best estimate of rate of change per decade was lower than the IPCC estimate. 

Cluster 2 (n = 39). Scientists in this group tended to fall between the other two 
clusters on probability estimate and best estimate. They attached a wider range of 
uncertainty to their estimates than did members of the other clusters. It is interesting that 
their estimated lower bound agreed closely with Cluster 1 and their upper bound agrees 
closely'with Cluster 3. Members of this cluster seemed to emphasize the uncertainty in 
current estimates. 

Cluster 3 (n = 37). Scientists in this group assigned a high probability to the 
correctness of the IPCC estimate and their own estimate corresponded closely to the 
IPCC's. Views of this group closely matched the IPCC estimate. 

The three points of view resemble the distinction, made by Glantz (1988), between 
"doves," "owls," and "hawks" within the scientific community. He describes doves as 
those who "feel that the greenhouse warming scenario is yet another doomsday 
scenario that will most likely fail to materialize" and also those who believe in "societal 
ingenuity." They might fall in our Cluster 1. The owls (similar to our Cluster 2) "have yet 
to make up their minds on the issue." Hawks "believe that the evidence of a C02/trace- 



gases warming is very convincing and that the warming is already underway." They 
might fall in our Cluster 3. 

Since the sample was not representative, no conclusions should be drawn from 
the size of these groups in our sample. However, the results do provide evidence that 
these points of view exist in the scientific community. The following paragraphs describe 
relations between the clusters and other variables. 

Only one statistically significant relation between field of study and cluster 
membership was found. Atmospheric scientists were more likely to fall into Cluster 2 
than other scientists. 16 out of 22 (72.7%) atmospheric scientists were in Cluster 2 
versus 23 out of 67 other scientists (34.3%). The relation between being an atmospheric 
scientist and cluster was statistically significant (Chi-square (2) = 1 1.08, p = .004). 

Table 5. Names of people whose opinion you would most respect, by cluster 

Number of times listed 
by scientists in 

Name Cluster 1 Cluster 2 Cluster 3 

1. Manabe, S. 0 7 7 
2. Schneider, S. 0 4 10 
3. Hansen, J. 1 3 7 
4. Dickenson, R. 0 4 5 
5. Lindzen, R. 4 2 1 
6. Broecker, W. 1 3 3 
7. Karl, T. 2 3 1 
8. Ramanathan, V. 1 2 2 
9. MacCracken, M. I 3 2 

10. Bretherton, F. 1 2 0 
1 1. Ellsaesser, H. 1 1 0 
12. Washington, W. 0 3 1 
13. Wigley, T. 0 3 1 

Table 5 shows the number of times each of the scientists listed in Table 2 was 
mentioned by respondents in each cluster as one of the people whose opinions they 
would most respect. Different scientists are influential in different clusters. Schneider 
and Hansen are mentioned more often by members of Cluster 3 than the others. 
Lindzen is mentioned most often by members of Cluster 1. Washington and Wigley are 
mentioned most often by members of Cluster 2. Other scientists (e.g., Manabe) are 
mentioned by members of two or more clusters with similar frequency. 

The relation between cluster membership and self-rated familiarity with research 
on global climate change was not statistically significant (Chi-square (4) = 5.972; p = 
.205). People who indicated that much of their research was related to climate change, 
however, were more likely to fall in Cluster 1 than those who did not so indicate (13 of 60, 
21.7%, vs. 0 of 27). This relation was statistically significant (Chi-square (2) = 6.891 ; p = 
.032). No other activity (Table I )  was significantly related to cluster membership. 






























