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Expert Opinion on Climate Change
and Threats to Biodiversity

DEBRA JAVELINE, JESSICA J. HELLMANN, RODRIGO CASTRO CORNEJO, AND GREGORY SHUFELDT

Considerable uncertainty surrounds projections of climate change and its ecological consequences. We surveyed 2329 environmental biologists
and found that greater expertise is associated with projections of greater climatic change and more severe consequences. The opinions of scientists
with greater expertise converge, and they expect larger temperature increases, higher percentages of species extinctions, and a high percentage of
species’ ranges will change in response to climate change over the next 100 years. Importantly, even the highest of these estimates is at the lower
bounds of many published projections of climate change and threats to biodiversity. These findings suggest that experts are relatively conservative
and discerning about the magnitude of climate change and its biodiversity effects, but even their conservative estimates are substantial. We suggest
that policymakers consult environmental biologists on emerging and controversial issues such as climate change and use transparent, standardized

metrics of expertise when deciding which scientists to consult.
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The vast majority of peer-reviewed publications on climate
change contain predictions of significant temperature
increases and negative effects on biodiversity in the coming
decades, but these estimates vary considerably depending
on the climate model, the time horizon, and the emission
scenario used (Bernstein et al. 2007, Anderegg et al. 2010).
The scientific estimates also compete with information
and misinformation circulated by nonscientific outlets and
interest groups (McCright and Dunlap 2010, Oreskes and
Conway 2010) and with perceptions of the public and
policymakers that scientists exaggerate the amount of cli-
mate change and its effects (Slingsby 2001, Reynolds et al.
2010, Weber and Stern 2011). As a result, many nonexperts
are uncertain about how much climate change to expect
and about its impact on biodiversity. There is some general
agreement among the public and policymakers that experts
on complex technical issues should be consulted to identify
the scope of emerging problems and possible solutions
(Backstrand 2003). However, little guidance is offered about
how to identify such experts and gather their collective
understanding about climate change and its ecological
effects (Hurtado and Cerezo 2010). This study fills that gap
by offering a method of selecting experts and examining
their opinions in two important areas of policy relevance:
climate change and biotic responses to climate change.

We studied expertise on climate change and on biotic
responses to climate change among environmental bio-
logists (ecologists, evolutionary biologists, and conserva-
tion biologists) who publish in top peer-reviewed journals.

Environmental biologists are important consumers of climate
projections, because they translate climate data into impact
assessments (e.g., Root and Schneider 1995). Environmental
biologists do not generate climate data themselves but often
have deep familiarity with the processes and assumptions
underlying those data, as well as their implications (e.g.,
Fischlin et al. 2007). Within the ecological community,
knowledge about climate change and its impacts is therefore
relatively sophisticated. However, that knowledge is also
variable: Some environmental biologists focus their research,
teaching, and applied work on the climate, whereas others
focus on subfields less related to the climate. For questions
about climate change and biodiversity threats, estimates
by the former group should be the most well informed
and the most relevant to policy decisions. Using a survey of
thousands of published environmental biologists, we show
that these experts are, in fact, more knowledgeable about
climate changes to date than was the rest of our sample and
that their interpretations of future climate change converge.
Among the implications of our findings is a recommenda-
tion that policymakers consult environmental biologists on
emerging and controversial issues such as climate change
and use transparent, standardized metrics of expertise when
deciding which scientists to consult.

Expert opinion in policymaking

Many common methods of using science in the policy-
making process are unsystematic and prone to misrepre-
senting the range and distribution of scientific evidence
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and opinion (Pielke 2007, Keller 2009, Nelson and Vucetich
2009). At times, the misrepresentation emerges from a selec-
tive use of science: Some policymakers promote scientific
opinion that corresponds with preexisting policy preferences
and ignore, downplay, or refute scientific opinion that runs
contrary to those preferences (Mooney 2005, Lambright
2008). Policymakers, including those at the highest levels
of government (Santorum 2009, Inhofe 2012), often claim
that scientific opinion is divided, even in cases such as the
anthropogenic causes of climate change, about which sci-
entific disagreement is minimal. At other times, the failure
to accurately reflect scientific evidence emerges from policy-
makers” seeking out scientific opinion without a standard-
ized approach (Lentsch and Weingart 2011). In total, the
misunderstanding or misapplication of scientific informa-
tion can lead government and private-sector entities to inac-
tion or inappropriate action.

Some scholars of science and policy have argued that
specific industries and think tanks manipulate or manufac-
ture scientific research to conform to or debunk particular
hypotheses (McGarity and Wagner 2008, Michaels 2008,
Oreskes and Conway 2010). Such efforts reinforce the per-
ception of division within the scientific community, even
when those divisions are minimal. In turn, the perception
that the scientific community is divided legitimizes the
dismissal of a preponderance of evidence in favor of confir-
matory evidence, or what is commonly known as advocacy
science (McGarity and Wagner 2008, Michaels 2008, Oreskes
and Conway 2010). Of course, scientific opinion often is
divided (or highly uncertain), and policymakers often seek
to understand the divisions and uncertainty. They need
methods for understanding the extent and nature of dis-
agreement among knowledgeable scientists.

Currently, members of Congress and other decision-
makers often rely on expert witnesses to testify at congres-
sional hearings, to debrief congressional staffers, and to
inform the decisionmaking process at the committee level
and on the legislative floor. These experts provide informa-
tion, frame the debate, and help set the agenda (Krehbiel
1992, Lupia and McCubbins 1994). However, there are no
broad, generally accepted guidelines for whose testimony
should best represent the state of science on a given ques-
tion. Instead, an unstandardized process prevails in both
parties of inviting well-connected or well-known scientists
from academia, industry think tanks, and nongovernmental
organizations (Rayner 2006, Patt 2007). The process poten-
tially excludes equally or more authoritative scientists whose
participation in the political process might be valuable
(Pielke 2007, Keller 2009, Nelson and Vucetich 2009).

We suggest that a more systematic approach to including
expert opinion in the policymaking process would be useful,
using standardized surveys and selecting scientists inde-
pendent of their policy preferences and on the basis of rela-
tively objective and replicable measures of expertise. Such
an approach is especially important for scientific opinion
on the effects of modern (human-caused) climate change,
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because the scientific literature is in its infancy. In the case
of ecological impacts, environmental biologists may be
able to share informed insights based on their interpreta-
tions of not only the published literature but also on work
in progress, dialogue with informed colleagues, and other
up-to-the-minute information. We show that scientists with
differing degrees of knowledge about climate change predict
differing amounts and different biological consequences of
climate change, and we argue that the opinions of the most
knowledgeable experts may be the most useful in informing
policymakers across all branches of government and levels
of decisionmaking.

A survey of expert opinion

The goal of our larger project was to learn scientific opinion
about biotic responses to climate change and potential adap-
tation strategies for plants and animals (hereafter, wildlife),
such as the managed relocation of species, defined as the
purposeful transporting of species outside their known his-
toric distributions to new regions to counteract the negative
effects of climate change (Schwartz et al. 2012). The empha-
sis in the present article is on the perceived risks of climate
change and its impact on biodiversity, a central dimension
of the survey. Our survey targeted the world’s leading envi-
ronmental biologists, individuals who are best positioned to
understand the distribution and abundance of biodiversity
and how it responds to changes in the environment, includ-
ing climate change. To represent this target population, we
aimed to survey scientists who published in the top quartile
of ecology, evolution, and conservation biology journals in
a recent 5-year period (2003—-2008). Using the impact factor
rankings of Thomson Reuters’s Journal Citation Reports for
2008, the year we began the study, we determined that 35
journals fell within the top quartile. Although impact factors
are controversial (Monastersky 2005, McLean et al. 2009),
they provide a transparent and replicable means of creat-
ing a sampling frame, and, importantly for our purposes,
the selection process for the best journals should be mostly
independent of scientific opinion on climate change and
biotic responses and should therefore not bias the selection
of scientists. An impact factor measures the average number
of citations for a journal over the most recent 2-year cal-
endar period for articles published 3 calendar years earlier
(Garfield 2006), which here means that the 2008 impact
factor measures the average number of citations in 2006 and
2007 for articles published in 2005.

Our list of published environmental biologists included
15,479 corresponding authors. We chose a census survey
approach, sending e-mail invitations to all 15,479, inviting
them to participate in a Web-based survey. The correspond-
ing author is the scientist designated to represent that article
(e.g., the senior scientist or research director) and should
therefore be knowledgeable in the subject matter. By elimi-
nating other authors, we minimized the risk that the sam-
pling frame would include scientists whose contributions
may have been minimal.
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To maximize the number of responses and to minimize
bias, we employed incentives and reminders, and we sys-
tematically attempted to convert refusers. Given the scien-
tists’ income brackets and busy schedules, we chose not to
offer a monetary incentive. Instead, we informed them of
the exclusiveness of the target population and the impor-
tance of their particular opinions as members of this target
population. (“We are contacting only scholars such as you
who have published in the top quartile of environmental
journals in the last several years. We would be grateful for
your participation.”) We also offered a professional incentive
in the form of data. (“At the end of the survey, there will be
an opportunity for you to provide your e-mail address so
that you can receive information about the results of this
survey.”) The respondents received e-mail invitations to
complete a Web-based survey and then six reminders over
the course of 8 weeks. The invitations were sent in batches
between 19 October 2010 and 6 May 2011. The respondents
who e-mailed to decline participation (220) all received
a personalized reply attempting to convert the refusal by
acknowledging the legitimacy of their concerns and empha-
sizing the value of their expertise. Many initial refusers
claimed that they were persuaded to participate, although
confidentiality procedures prevent us from knowing whether
they actually did participate.

The survey was approved for the use of human subjects
by the University of Notre Dame’s Institutional Review
Board. The respondents received and acknowledged a state-
ment of informed consent prior to beginning the survey that
included information about confidentiality, the voluntary
nature of survey participation, and the absence of risk asso-
ciated with participation.

The response rate was 15%, or 2329 respondents of the
targeted 15,479, a rate not ideal but consistent with past
studies and evidence of the challenges associated with
declining response rates for Web surveys (Kaplowitz et al.
2004, Doran and Zimmerman 2009). The survey took an
average of 51 minutes to complete. To our knowledge, no
previous study of expert opinion about climate change or
its impacts has included such a large sample size from across
a broad range of institutions and expertise.

No independent data are available to assess the impact of
nonresponse on our results, but our correspondence with
220 nonrespondents suggests that, compared with the target
population, our achieved sample includes a higher propor-
tion of scientists who accept or are at least not skeptical of
the relevance of their publication record to climate change
and adaptation strategies for wildlife. The vast majority of
our corresponding nonrespondents (170 of 220) offered as
the reason for nonparticipation their perception that their
expertise is unrelated to wildlife adaptation. We believe
that it is reasonable to assume that this perception is shared
by many of the nonrespondents who did not communi-
cate with us. (Recall that the target sample is defined as
having potentially relevant opinions because they publish
in directly relevant fields.) If the assumption is correct that
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nonresponse is driven primarily by a perception of unrelated
expertise and if the nonrespondents have even less know-
ledge about climate change and biotic effects than do our
least knowledgeable respondents, the results reported below
are probably conservative, although we, of course, cannot be
certain. In particular, the differences between environmental
biologists with expertise highly relevant to climate change
and environmental biologists with less relevant expertise
may be greater than we report.

All of the respondents, by virtue of landing in our
sampling frame, possess some kind of scientific expertise.
Professors at research universities or teaching colleges rep-
resented 58% of the respondents, and the remaining were
mostly postdoctoral researchers (19%), research personnel
at government or nongovernment agencies (17%), or stu-
dents (2%). Almost all had PhDs (95%). However, some
respondents had relatively greater knowledge than did oth-
ers about climate change and its effects on biota. To measure
climate-related expertise within our expert pool, we used
survey questions that asked for self-ratings of knowledge
from poor to excellent on three different areas of research:
“Compared to other people who publish in the top quartile
of environmental science journals, how would you rate your
level of knowledge about climate change, biotic responses
to climate change, and invasive species?” We also asked
how many of the respondents’ publications to date (single
or multiple author) addressed each of these three research
areas. The questions about invasive species allowed us to test
whether expertise in a nonclimate field influences opinions
on climate change and biotic responses or whether opin-
ion is influenced only by climate-related expertise. Table 1
shows the descriptive statistics for all of the survey questions
reported in this article.

Measuring climate-related expertise
There was a strong, positive correlation between the self-
assessed level of knowledge and the number of publications
on climate change (r = .46, p < .001), biotic responses to
climate change (r = .53, p < .001), and invasive species
(r=".59, p <.001). As table 2 shows, the respondents who
offered higher self-assessments of their knowledge in each
of these research areas had more publications on average
in those areas. The respondents who assessed their know-
ledge of any research area as poor had very few publications
in that area (means of 0.14, 0.34, and 0.19 publications
for climate change, biotic responses, and invasive species,
respectively). The respondents who assessed their know-
ledge of climate change as excellent had an impressive mean
of 17 publications on climate change, the respondents with
excellent self-assessed knowledge of biotic responses to cli-
mate change had a mean of 15 publications in that area, and
those who self-assessed their knowledge of invasive species
as excellent had 17 publications. The standard errors were
low (fewer than 3 publications; see table 2).

As a check on the scientists’ self-reporting, we also asked
a factual question about observed climate change: “What is
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Table 2. Mean number of publications on a specific topic for each level of self-assessed knowledge.
Topic
w o i Biotic responses
Compared to other people who publish in the top quartile Climate change to climate change Invasive species
of environmental science journals, how would you rate your
level of knowledge about [climate change, biotic responses Standard Standard Standard
to climate change, invasive species]?” Mean deviation Mean deviation Mean deviation
Poor 0.14 0.51 0.34 1.06 0.19 0.65
Fair 0.75 2.89 1.27 3.72 1.01 2.98
Good 2.47 7.96 3.65 9.48 2.7 5.08
Very good 5.1 10.78 8.01 13.77 9.72 15.53
Excellent 17.3 24.76 15.25 19.28 17.28 22.11
your best guess of the recorded change in the earth’s average 37
temperature during the last 100 years?” An accurate answer [ -
. . = . |
was the value published in the 4th Assessment Report of £
the IPCC of 0.74 degrees Celsius (°C; Bernstein et al. 2007). g 33
. . E
Approximately 16% of the respondents answered either %31
0.7°C or 0.8°C; another 16% answered either 0.5°C or 0.6°C, E 29
and the modal responses were 1°C (25% of the respondents) E
and 2°C (15% of the respondents). Only 9% of the respon- S 27
dents answered with a number higher than 2°C. 257

Importantly, the experts on climate change, their expertise
having been confirmed by a higher number of publications
and higher self-assessed level of knowledge, came signifi-
cantly closer on average to the International Panel on Climate
Change (IPCC) estimate (Bernstein et al. 2007) than did the
scientists with other levels of expertise. The respondents who
had published 10 or more articles on climate change or who
assessed their knowledge of climate change as excellent had
a mean response of 1.1°C, whereas the respondents with no
publications on climate change or a self-assessment of poor
knowledge had a mean response of 1.4°C and 1.5°C, respec-
tively, differences of 18% and 36%, respectively.

This pattern also holds true for the variation in expertise
on biotic responses to climate change: The more publica-
tions on biotic responses to climate change and the higher
the self-assessed level of knowledge were, the closer were the
scientists’ responses on the recorded average temperature
change over the last 100 years to the IPCC estimate, with
means of 1.1°C for the respondents who published 10 or
more articles on biotic responses to climate change or had
excellent self-assessed knowledge compared with means of
1.4°C for those with no publications or poor self-assessed
knowledge. Importantly, variation in expertise on invasive
species did not reveal a statistically significant relationship
with the IPCC estimate of recorded temperature change. A
higher number of publications and a higher self-assessed
level of knowledge of invasive species were unrelated to
knowledge of past climate change.

Scientists with climate-related expertise predict
greater climate change

We asked the respondents how likely it was that the Earth’s
average temperature would increase over the next 100 years,
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Poor Fair Good Verygood Excellent
Self-assessed knowledge

Figure 1. Expertise and mean temperature change
estimates (in degrees Celsius): “Compared to other people
who publish in the top quartile of environmental science
journals, how would you rate your level of knowledge
about climate change [the dashed line], biotic responses to
climate change [the black line], and invasive species [the
gray line]?” and “If you think that the earth is warming,
what is your overall best guess for the number of degrees
Celsius that the earth’s average temperature will increase
in 100 years?” (N = 2329).

and for those who answered rather likely or very likely
(98.4% of the respondents; compare this to the 1.6% who
responded that it was not very likely and the single respon-
dent who said that it was not at all likely), we asked for their
best overall estimate of the temperature increase, as well as
a likely minimum and maximum change. We then compared
the responses of scientists with different levels of climate-
related expertise, indicated by their self-assessed level of
knowledge and their number of publications.

Figure 1 shows the mean predicted overall estimate for
the potential temperature increase for respondents with dif-
ferent self-assessed levels of knowledge of climate change,
biotic responses to climate change, and invasive species. The
higher the self-assessed level of knowledge of climate change
and biotic responses to climate change was, the higher the
respondent’s estimated future temperature increase (the dif-
ference between the estimates of the respondents with poor
and those with excellent self-assessed knowledge of climate
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change was 0.643°C [p < .001]; that for biotic response was
0.592°C [p < .006]).

The pattern of response for climate change and bio-
diversity expertise was not replicated for invasive species
expertise. There was no statistically significant correlation
between the respondents’ self-assessed level of knowledge
of invasive species and the overall estimate for temperature
increase over the next 100 years, which means that we get
no different insight into estimated climate change from a
scientist with poor knowledge of invasive species than from
one with excellent knowledge (the difference between esti-
mates was 0.182°C [p < .181]). Figure 1 also illustrates the
patterns for the predicted likely minimum temperature
increase and the predicted likely maximum increase, which
both increase with the self-assessed level of knowledge. The
pattern remains the same if we substitute the number of
publications for the self-assessed level of knowledge.

Climate experts (i.e., those with a high self-assessed level
of knowledge and high number of publications) estimated,
on average, that temperature will increase between 3.3°C
and 3.5°C over the next 100 years. These estimates are con-
servative relative to the range of “likely” projected tempera-
ture change by the end of the century, according to the IPCC
summary for policymakers (2.4°C—6.4°C; Bernstein et al.
2007). Most of our respondents provided answers within
the range of IPCC projection boundaries, and the estimates
of the climate experts are higher, but few approach the high
end of the IPCC’s “likely” range.

Scientists with climate-related expertise predict
greater biotic impacts of climate change

We asked the respondents what percentage of currently
extant nonmicrobial species would be rendered extinct with
climate change as the sole cause over the next 100 years,
and we again compared the responses of scientists with dif-
ferent levels of relevant expertise, which was indicated by
their self-assessed level of knowledge and their number of
publications.

Figure 2 shows the mean percentage of species commit-
ted to extinction estimated by respondents with different
self-assessed levels of knowledge of climate change, biotic
responses to climate change, and invasive species. The higher
the self-assessed level of knowledge of climate change and
biotic responses to climate change was, the higher the esti-
mates of extinctions were.

Again, the correlations were statistically significant and
approximately linear (r = .13 for climate change knowledge
and r = .10 for biotic response [both ps <.001]), with higher
estimated extinctions for each higher level of self-assessed
knowledge. The respondents with poor self-assessed know-
ledge of climate change or biotic responses to climate change
estimated a mean of 7% of species committed to extinction,
and the respondents with excellent self-assessed knowledge
estimated a mean of 12%. As with the predicted amount
of climate change, these estimates are aligned with but on
the lower end of published predictions (e.g., 15%—40% in
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Figure 2. Expertise and mean species extinction estimates:
“Compared to other people who publish in the top quartile
of environmental science journals, how would you rate
your level of knowledge about climate change [the dashed
line], biotic responses to climate change [the black line],
and invasive species [the gray line]?” and “In your opinion,
what percentage of non-microbial species will be committed
to extinction solely due to climate change in the absence of
other causes within the next 100 years?” (N = 2329).

Thomas et al. 2004; see also Botkin et al. 2007, Maclean
and Wilson 2012). Again, expertise on invasive species was
not significantly predictive of the distribution of responses
(r=.02, p=".153).

These patterns held for the other survey questions. There
was wide agreement that a large percentage of species will
go extinct in response to the combined effects of climate
change and other causes over the next 100 years, but those
respondents with poor self-assessed knowledge of climate
change or biotic responses to climate change estimated a
mean of 17% and 16%, respectively, whereas those with
excellent self-assessed knowledge estimated a mean of 23%.
There was also wide agreement among the respondents that
a large percentage of species would alter their geographic
ranges because of climate change over the next 100 years, but
those with poor self-assessed knowledge of climate change
or biotic responses to climate change estimated a mean of
46% or 44%, respectively, whereas those with excellent self-
assessed knowledge of climate change or biotic responses
estimated a mean of 59% or 62% of species, respectively.
These differences were significant at an alpha level of .001,
whereas the differences based on expertise on invasive spe-
cies were not statistically significant.

Conclusions

Our survey of 2329 environmental biologists is, to our
knowledge, the largest systematic survey of expert opinion
about climate change and its impacts. We measured the
expertise of our respondents as their self-assessed level of
knowledge and their number of publications about climate
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change and the biotic impacts of climate change, and these
measures were validated against answers to a relatively verifi-
able question about the Earth’s average temperature over the
last 100 years. The level of expertise on climate change and
biotic responses to climate change varied significantly with
the responses to the verifiable question, whereas expertise on
invasive species did not. Given that most experts on invasive
species would have less reason to study past climate change
than would experts on climate and biodiversity, these rela-
tionships make sense and validate measuring expertise with
self-assessments and the number of publications in specific
subfields.

Among the published environmental biologists, those with
greater climate-related expertise more accurately reported
observed amounts of climate change. These individuals also
predicted larger increases in future climate change and larger
impacts of climate change, including higher predictions of
species extinctions and range shifts. In comparison, there
was no relationship between greater knowledge of invasive
species and observed or predicted climatic change or pre-
dicted species extinctions, again suggesting that our survey
correctly identified experts on climate change issues.

The respondents at all levels of expertise offered fairly
conservative estimates of future climate change, with even
the most knowledgeable and highly published individuals
reporting values below the midpoint of expected warming
projected by the IPCC (3.7°C and 4.4°C for its A2 and A1FI
scenarios, respectively; Bernstein et al. 2007). Similarly, the
biological risks of climate change to species estimated by
our respondents were also low relative to published values,
although most of the respondents agreed that extinctions
would occur. These results challenge the notion among some
policymakers and the public that scientists overestimate the
magnitude and effects of global warming (Slingsby 2001,
Weber and Stern 2011). Still, the lower values revealed in this
survey represent an alarmingly large change.

These findings have other important implications for
policymakers. In the decisionmaking process, experts whose
fields are most relevant to the decision at hand may offer
more informed opinions than would experts on less-related
fields. Not differentiating among scientists by their special-
izations risks misstating the most up-to-date thinking by
the foremost specialists. For example, the scientists in this
study with climate-related expertise had the greatest con-
cern about climate change and its effects on biota, and these
concerns would be significantly understated if they were
bundled together with the lesser concerns of scientists with
other expertise, such as expertise on invasive species.

Finally, this study demonstrates the importance of amass-
ing a survey population in a relatively objective and trans-
parent way to differentiate scientists on the basis of their
expertise. Our findings also suggest that the self-assessed
level of knowledge and the number of relevant publications
could be useful measures of expertise in specific subfields,
especially when we are able to validate the self-assessments
and self-reporting with external information, such as with
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published observations. We suggest that policymakers use
specific metrics of expertise, such as self-assessed knowledge
and the number of relevant publications when deciding
which scientists to consult on emerging and controversial
issues, such as climate change. Such an approach would
allow for a standardized, replicable, and relatively objective
representation of scientific opinion in the policymaking
process.
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