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Abstract. Results from a series of five surveys among five groups of international climate scientists about their evalua-
tion of elements of climate models and of climate change are presented. The first survey was done in 1996, the latest in 
2015/16. Thus, our snapshots of the opinions of climate scientists cover 20 years. The results describe a strong increase 
in agreement concerning issues of manifestation of climate change, i.e., that the warming is real and not influenced by 
changing measuring and reporting practices, and concerning attribution of this ongoing climate change to ongoing 
anthropogenic causes. On the other hand, the evaluation of the climate models has changed little in the past 20 years. 
There are still significant reservations with the models ability to incorporate clouds and to describe rainfall.
Obviously the growing conviction of ongoing man-made climate change is based on a variety of explanations, with 
modelling not being the predominant line of evidence. We suggest that it may be the repeated assessments by the 
IPCC, based on paleoclimatic evidence and stringent statistical analysis of the instrumental record which have led to 
the growing consensus of the warming and its causation.
We stress that the presented results concern the opinion of climate scientists with a rather broad background. Our 
results do not assess if the opinions of the surveyed scientists are “valid” or “right”, but they recognize the character 
of science being a social process.
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1. Introduction

A growing body of literature is documenting that the 
climate-science community is more and more convinced 
that climate change is real (“manifestation”) and that any 
explanation of this change must include elevated atmo-
spheric greenhouse gas concentrations as a main cause 
of this change (“attribution”). While the numbers deviate 
from study to study (e.g., Oreskes 2004; Lichter 2008; 
Doran, Zimmermann 2009; Bray 2010), the tendency to-
wards a growing consensus is not contested (Bray 2010).

In this study, we examine if this growing consensus 
on manifestation and attribution may be traced back to  
a growing satisfaction with a key methodology of climate 
sciences, namely dynamical modelling. Using the results 
of a time series of surveys conducted in 1996, 2003, 2008, 
2013 (Bray, von Storch 1999, 2007, 2010, 2014), we first 
revisit the growing consensus on attribution and manifes-
tation of climate change over a 20 year period and then 
the changing perceptions of climate scientists concerning 
the evaluation of elements of climate models in terms of 
model skills.

After having found that the growing agreement among 
climate scientists on manifestation and attribution is not 
matched by a similar trend in the assessment of the skill 

of climate models, we speculate that the role of models as 
an explanatory argument may be less significant than the 
evolving IPCC assessments since 1990, which expressed 
more and more confidence in the anthropogenic charac-
ter of ongoing and expected climate change. This growing 
confidence seems to be driven mostly by more data and 
their statistical analysis and paleoclimatic evidence.

2. Data and Methods

The data employed in this analysis are drawn from sur-
veys of the perceptions of climate scientists 1996, 2003, 
2008, 2013, and 2015/16. Here we show some key aspects 
of the surveys; further details are given in the Appendix 
and the detailed reports by Bray and von Storch (2007, 
2010, 2014, 2016). The questions employed in the first sur-
vey in 1996 were designed from in-depth interviews with 
prominent climate scientists of the time (Bray, von Storch 
1996). In the following questionnaires some questions are 
added and others deleted. Some questions required minor 
rewording for the purpose of this analysis to ensure that 
wording remained consistent for all four surveys. The re-
wording did not alter the meaning.

The respondents were asked to express their opinion 
based on a 7 point Likert scale, for example: 1 counted as 
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“not at all”, “strongly disagree” or “very inadequate”, and 
7 meant “very much”, “strongly agree” or “very adequate”.

For the first (1996) survey, the questionnaire was dis-
tributed among climate scientists in 5 countries: Germany, 
the USA, Canada, Denmark and Italy. The questionnaire 
featured 74 questions, motivated by interviews with about 
30 active climate scientists in the US and in Germany 
(Bray, von Storch 1996). The sample of North American 
respondents was drawn from the EarthQuest mailing list 
according to institutional and disciplinary affiliations. 
The sample of 450 German scientists was drawn from the 
mailing list of the Deutsche Meteorologische Gesellschaft 
and, for reasons of confidentiality, also distributed by the 
DMG. A further 50 questionnaires were distributed at the 
Max-Planck-Institute of Meteorology in Hamburg. The 
Danish Meteorological Society handled distribution in 
Denmark and the Osservatorio Astronomico di Roma the 
Italian sample. The overall response rate of the survey was 
approximately 40% (n = 546). For further details refer to 
Bray and von Storch (1999, 2007).

The survey was repeated in 2003 and conducted by 
electronic means, with responses forthcoming from 30 
countries. An invitation to participate in the survey was 
posted in the Bulletin of the American Meteorological So-
ciety, the Climlist server, and was sent to institutional lists 
in Germany and Denmark. Consequently a response rate 
could not be calculated as the target population was un-
known, however, the total number of responses was 558. 
For further details refer to Bray and von Storch (2007).

The 2008 survey employed a non-probability conve-
nience sample. Three lists were employed in constructing 
the sampling frame. List one consisted of a list of authors 
drawn from climate journals with the 10 highest IS impact 
ratings for the last 10 years. The second list consisted of 
the authors who contributed to the conclusions of Oreskes 
(2004). A third list was drawn from email lists on insti-
tute web sites (i.e. NCAR, MPI, AMS, etc.).This resulted 
in a list of 2059 unique respondents. Response rate was 
approximately 19% (n = 375). For further details refer to 
Bray and von Storch (2010).

In 2013, the Climlist mailing list and the IPCC con-
tributors list were added to the sample list used in 2008, 
resulting in an invitation list of 4491. Response rate was 
7% (n = 286). Responses were forthcoming from 35 coun-
tries. While a low response rate, a significant amount of 
literature pertaining to the response rates and sample va-
lidity of on-line surveys suggests that the response rate of 
7% could be considered as adequate (c.f. Viser et al. 1996; 
Holbrook et al. 2007; Hamilton 2010). For further details 
refer to Bray and von Storch (1999, 2014).

In 2015 the survey sample was drawn from an updated 
version of the 2013 mailing list. Invitations to participate 
in the survey were sent by email to 3879 valid email ad-
dresses. The survey ran from mid-December 2015 until 
the end of January 2016. There were 651 responses for a 
response rate of approximately 17%.

The surveys constitute a time series of data, not a panel 
study in which the same participants are repeatedly sur-
veyed. We feel this approach was more likely to capture 
aggregate of scientific perspectives as they changed or did 
not change over time. Each survey contained a series of 
same or similar questions designed to capture a similar 
measure throughout all five surveys, in addition to sec-
tions unique to each particular survey. As each successive 
survey contained the original mailing list plus additional 
sample groups, it is likely that many of the respondents 
were included in successive surveys, but this was not by 
design. As the membership of the scientific community 
would be subject to change, by both attrition and new sci-
entists entering the science over the twenty year period 
which the surveys spanned, we considered our sampling 
method to be the best strategy to compile a time series of 
perspectives. This allowed us to collect the perspectives of 
scientists benefiting from the body of literature as it was 
created and as perspectives evolved or remained the same 
over time. As the finite number of scientists working in 
climate science is not ascertainable at any given time, the 
total number of practicing climate scientists remained un-
known making representation of any sample unattainable. 
However, given the sample size and the established prin-
ciples of sampling, the number of respondent to the survey 
can be considered representative.

All data is presented in the form of box plots. Box plots 
illustrate the median and the spread of the data values, 
providing a visual assessment of the degree of consensus. 
Lowest and highest values are indicated by ‘whiskers’ ex-
tending from the boxes. The boxes contain the 50% of the 
total values falling between the 25th and 75th percentile, 
meaning that 50% of the cases have values within the box, 
25% have values equal to or larger than the upper value 
of the box and 25% have values equal to or smaller than 
the lower boundary. The length of the box indicates how 
much spread there is in the data values within the middle 
50 percentile. The length of the box is considered to rep-
resent a range of conservative scientific opinions and the 
location of the box is considered to represent the level of 
assessment. Outliers, if any, are represented in the figures 
as asterisks outside of the areas contained within the whis-
kers. Outliers are points that are 1.5 times the interquartile 
range above the third quartile or 1.5 times the interquartile 
range below the first quartile.
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3. Analysis of Responses

Figure 1 shows the changing views of the climate sci-
ence community concerning issues of the manifestation 
of climate change and the contribution of anthropogenic 
causes (attribution) to climate change. Manifestation im-
plies the belief that climate change is currently occurring, 
whether naturally or as the result of anthropogenic causes. 
Attribution refers to the assessment that most of the con-
temporary or near future change in climate is, or will be, 
the result of human activity.

The present assessment of the IPCC on these matters is 
provided by the IPCC 5th Assessment »More than half of 
the observed increase in global mean surface temperature 
(GMST) from 1951 to 2010 is very likely due to the ob-
served anthropogenic increase in greenhouse gas (GHG) 
concentrations [and] It is extremely likely that human ac-
tivities caused more than half of the observed increase in 
GMST from 1951 to 2010. This assessment is supported by 
robust evidence from multiple studies using different meth-
ods. Observational uncertainty has been explored much 
more thoroughly than previously and the assessment now 
considers observations from the first decade of the 21st 
century and simulations from a new generation of climate 
models that have the ability to simulate historical climate 
that are improved in many respects relative to the previous 
generation of models considered in AR4«.

The belief that (natural or man-made) climate change 
is occurring was already relatively strong in the first sur-
vey, particularly if one considers that only a value of one 
indicates that climate change is not happening at all (see 
Fig. 1). Between 1996 and 2008 this belief has gradually 
increased to where consensus indicates that there is little 
doubt in the scientific community that climate change is 
occurring. There is no change between 2008 and 2013. In 
summary, one could conclude that currently there is very 
little doubt that climate change is underway.

As to the causes of climate change (attribution) the ini-
tial limited agreement (in 1996, with a mean of a little less 
than the central 4), that human influence is a major fac-
tor, has increased over time similarly to the increase of the 
belief in manifestation. Not surprisingly, the agreement to 
the assertion that the cause behind the warming may be 
attributed to anthropogenic causes is somewhat smaller 
than the agreement on manifestation. The agreement to the 
latter, manifestation is a condition for agreement with at-
tribution. Thus the former group must be larger than the 
latter. Nevertheless the agreement on attribution is very 
large, with about 90% of respondents answering with  
a value of 5-7 in 2007, 2013, and 2015/16.

Thus the belief that climate change is occurring and 
that it is the result of anthropogenic causes increased 
significantly between 1996 and 2008 and has remained 
mostly constant since 2008. As such one would expect  
a perception of advances in the abilities of climate mod-
els and the understanding of the physical processes of the 
climate to follow a similar pattern. However as Fig. 2 and  
3 indicate, this has not been the case.

Figure 2 depicts a time series of the assessment of cli-
mate models dealing with two significant “drivers”, i.e., 
external factors, which may influence climate, namely 
land surface changes and the changing presence of green-
house gases in the atmosphere. Of particular importance 
is “greenhouse gases”, given the assessment of the con-
sensus that they are, or will be, the dominant cause of cli-
mate change. The data indicate that the assessment of how 
well models can deal with greenhouse gases has steadily 
increased in confidence. However, the assessment of lands 
surface influences indicates that there is room for signifi-
cant improvement.

Figure 3 deals with the skill of describing the effect of 
internal processes in climate models adequately, namely 
hydrodynamics and radiation that are reasonably well 
understood and clouds and precipitation, two processes 
that are typically described as problematic. Only the con-
fidence in radiation and precipitation has marginally ad-
vanced. The skill of describing the other processes dealt 
with in Fig. 3, hydrodynamics, radiation and clouds is per-

Fig. 1. Manifestation and attribution
Question wording varies slightly depending on year of survey.
*1996, 2003. Manifestation: We can say for certain that global 
warming is a process already underway.
*2008, 2013. Manifestation: How convinced are you that climate 
change, whether natural or anthropogenic, is occurring now?
**1996, 2003. Attribution: Climate change is mostly the result of 
anthropogenic causes.
**2008, 2013, 2015. Attribution: How convinced are you that 
most of recent or near future climate change is, or will be, a result 
of anthropogenic causes?
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ceived by the climate science community to have remained 
relatively stagnant since 1996. While the assessment of the 
ability of climate models to deal with radiation contains 
little doubt that models do a good job, there appears to be 
a consensus that there is room for improvement in model 
abilities to handle clouds and precipitation.

We point to the reluctance of climate scientists to label 
the skills of models in describing internal processes (Fig. 
3) and external drivers (Fig. 2) as perfect (on the Likert 
scale: 7). This reluctance may reflect the optimism of sci-
entists that any tool can be improved.

4. Conclusion

The overarching statements emanating from the now 
five IPCC assessment reports indicate a rising level of 
confidence in both manifestation and, with particular em-
phasis, attribution. The 1990 First Assessment Report of 
the IPCC suggests that continued GHG emissions would 
enhance the greenhouse effect. The 1996 Second As-
sessment Report (IPCC 1996) suggested, in a somewhat 
stronger manner than in 1990 »the balance of evidence 
suggests that there is a discernible human influence on 
global climate«. In the 2001 Third Assessment report 
(IPCC 2001) statements included that »over the last cen-
tury, the Earth has warmed by 0.6 degrees Celsius, and 
the increase is at least partly due to the anthropogenic 
release of GHGs«. AR4 (IPCC 2007) reports »The un-

derstanding of anthropogenic warming and cooling influ-
ences on climate has improved since the TAR, leading to 
very high confidence that the global average net effect of 
human activities since 1750 has been one of warming…«. 
By 2013 (IPCC 2013) the message from the IPC was »It 
is extremely likely [95 percent confidence] more than 
half of the observed increase in global average surface 
temperature from 1951 to 2010 was caused by the anthro-
pogenic increase in greenhouse gas concentrations and 
other forcing together«. Thus, there is growing strength 
in the conviction of the IPCC statements concerning 
manifestation and attribution concerning climate change 
that is consistent with the claims of climate scientists as 
presented in Fig. 1.

The fact that climate models respond with a tempera-
ture increase (and other changes) to elevated greenhouse 
gas concentrations is often perceived, at least in the public, 
as the key “evidence” in support of the claims of human 
induced climate change. Our analysis – namely the par-
allel development in the climate-scientific community of 
growing confidence in the diagnosis of manmade climate 
change, and of almost stagnant confidence in the skill of 
such models – demonstrates that in scientific circles, this 
simple argument is not realistic. Instead other evidence, 
independent of the skill of models, must have persuaded 
the scientific community to accept the explanation of man-
made causes for the ongoing change.

The AR4 IPCC report claims that advances are based 
on »improvements in understanding processes and their 
simulations in models« is contrary to the assessment made 

Fig. 2. Incorporation of drivers in climate models
Respondents were asked to indicate a level of agreement with 
the following statement «The current state of scientific knowl-
edge is developed well enough to allow for a reasonable as-
sessment of…«; responses were based on a 7 point Likert Scale:  
1 = Strongly Disagree, 7 = Strongly Agree; ‘.’ = outlier

Fig. 3. Skill of climate models
Respondents were asked «How well do you think atmospheric 
models can deal with Hydrodynamics, Radiation, Clouds, Pre-
cipitation«; responses were based on a 7 point Likert Scale:  
1 = Very inadequate, 7 = Very adequate; ‘.’ = outlier

http://www.grida.no/climate/IPCC_tar/wg1/pdf/WG1_TAR-FRONT.pdf
https://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4_wg1_full_report.pdf
http://www.climatechange2013.org/images/report/WG1AR5_ALL_FINAL.pdf
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by the scientific community, however the reasons for such 
are beyond the scope of this paper.

By AR5, the overarching statement of the report reads 
»The Working Group I contribution to the IPCC’s Fifth 
Assessment Report (AR5) considers new evidence of cli-
mate change based on many independent scientific analy-
ses from observations of the climate system, paleoclimate 
archives, theoretical studies of climate processes and 
simulations using climate models«. Advances in “obser-
vations” and “paleoclimate” might explain the scientific 
community’s levels of consensus concerning manifesta-
tion and attribution while at the same time, the lack of 
perceived advancement in the understanding of physical 
processes related to climate change.

The results of our surveys do not include an assessment 
of what other factors might contribute to the scientific lev-
els of consensus among our respondents. Consequently, 
we can only offer speculation.

We speculate that the increasing confidence among 
scientists comes foremost from the IPCC assessment but 
also from progress in paleoclimatic reconstructions of the 
climate, mainly of the past 1000 to 2000 years. The paleo-
climatic evidence was hotly contested and discussed (e.g., 
Mann et al. 1998; von Storch et al. 2004; NRC 2006), 
and appeared later as less obvious proof of recent unprec-
edented warming, but is still consistent with the diagno-
sis of changes which need an explanation beyond internal 
variability (detection). Over the years, observational un-
certainty has been explored much more thoroughly than 
previously and the assessment now considers observations 
from the first decade of the 21st century and simulations 
from a new generation of climate models whose ability to 
simulate historical climate has improved in many respects 
relative to the previous generation of models considered 
in AR4.

A more important development was the steadily more 
successful “detection and attribution” analysis of the in-
strumental record, whether recent changes (multidecadal 
trends for example) would remain within the range of 
natural variability (detection) and, if not, which mix of ex-
ternal factors would result in most plausible explanations 
(attribution), originally suggested by Klaus Hasselmann 
(1993) and implemented in the IDAG group (Pennell et al. 
1993; Barnett et al. 2005).

While the detection and attribution is an exercise of as-
sessing the instrumental record, in many cases among the 
nuts and bolts of these procedures, model output has a cer-
tain significance, namely in providing estimates of natural 
variability and in optimization of signal-to-noise ratios by 
using model-generated response patterns to given exter-
nal drivers (e.g., Hegerl et al. 1996). In more recent years, 

when the signal-to-noise ratio improved, less sophisticated 
methods were sufficient for detection (e.g. Rybski et al. 
2006).
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