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Abstract The assessments of the Intergovernmental Panel on Climate Change (IPCC), since
the First Assessment Report, have involved calibrated uncertainty language and other methods
aimed towards clear communication of the degree of certainty in findings of the assessment
process. There has been a continuing tradition of iterative improvement of the treatment of
uncertainties in these assessments. Here we consider the motivations for the most recent
revision of the uncertainties guidance provided to author teams of the Fifth Assessment Report
(AR5). We first review the history of usage of calibrated language in IPCC Assessment Reports,
along with the frameworks for treatment of uncertainties that have been provided to IPCC
author teams. Our primary focus is the interpretation and application of the guidance provided
to author teams in the Fourth Assessment Report, with analysis of the successes and challenges
in the application of this guidance and approaches taken in usage of its calibrated uncertainty
language. We discuss the ways in which the AR5 Guidance Note attempts to refine the
calibrated uncertainty metrics and formalize their interrelationships to improve the consistency
of treatment of uncertainties across the Working Group contributions.

1 Introduction
Intergovernmental Panel on Climate Change (IPCC) reports present comprehensive, up-todate scientific, technical, and socioeconomic assessments of topics related to climate
change (IPCC 2008). Author teams synthesize and evaluate available scientific information
and then communicate the state of knowledge in an informative and policy-relevant manner
(Moss and Schneider 2000). To be useful to decision-makers and other users of the reports,
the findings of this assessment process must reflect the strength of and uncertainties in the
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associated knowledge base, which vary across findings. An important innovation in the
history of IPCC reports has been extensive use of calibrated language to communicate
the degree of certainty in findings in a consistent manner that enables clear
interpretation by users of the reports. This language, with its corresponding
approaches for evaluating uncertainties, helps distinguish findings along the spectrum
of speculative to well understood.
Treatment of uncertainties has evolved over the course of IPCC assessments (Table 1). In
its Policymakers Summary, the Working Group I contribution to the First Assessment
Report (FAR) sorted findings under headings related qualitatively to their degree of
certainty (IPCC 1990). Additionally, a few individual chapters in the Working Group I
contribution used qualitatively calibrated levels of confidence to characterize findings
presented in their Executive Summaries (Folland et al. 1990; Mitchell et al. 1990). The
Second Assessment Report (SAR) discussed the importance of a consistent framework for
evaluating uncertainties (McBean et al. 1996) but did not yet employ such a framework
across the Working Groups. Nonetheless, most chapters in the Working Group II
contribution to the SAR used qualitative levels of confidence to characterize findings
presented in their Executive Summaries (IPCC 1996).
For subsequent IPCC assessment cycles, uncertainties guidance papers have aimed to
enable systematic treatment of uncertainties across the Working Groups. A first guidance
paper was developed as part of the Third Assessment Report (TAR) cycle, providing a
common process and calibrated language for evaluating and communicating the degree of
certainty in findings (Moss and Schneider 2000). This guidance paper stated that
“guidelines such as these will never truly be completed,” encouraging author teams to
debate and think critically about the guidance and to revise it following the TAR. An
iterative process of learning and improvement has thus been central to the IPCC
uncertainties guidance from the start. For the Fourth Assessment Report (AR4), the IPCC
Workshop on Describing Uncertainties in Climate Change to Support Analysis of Risk and
of Options (May 2004) and the resulting concept paper (Manning et al. 2004) culminated in
the Guidance Notes for Lead Authors of the AR4 on Addressing Uncertainties (IPCC 2005).
Now, at the start of the Fifth Assessment Report (AR5), the guidance on treatment of
uncertainties has again been revisited. A Cross-Working Group Meeting on Consistent
Treatment of Uncertainties (July 2010) led to development of the Guidance Note for Lead
Authors of the IPCC Fifth Assessment Report on Consistent Treatment of Uncertainties
(Mastrandrea et al. 2010).
Each guidance paper has provided author teams with related but distinct approaches for
evaluating and communicating the degree of certainty in findings of the assessment process.
The guidance paper for the TAR (Moss and Schneider 2000) provided insight and
suggestions for estimating parameters, processes, and outcomes and for formulating clear,
precise, and meaningful findings. It also presented calibrated language, both a quantitative
“confidence” scale and qualitative descriptors of evidence and agreement, for characterizing
the state of knowledge underlying a finding. The confidence scale included terms such as
very low confidence (5% or less), medium confidence (33% to 67%), and very high
confidence (95% or greater), and the qualitative descriptors of evidence and agreement
ranged from speculative to well established. Additionally, the guidance paper instructed
author teams to prepare traceable accounts of their judgments about scientific information
underlying findings, including descriptions of the type and consistency of lines of evidence
and of probabilistic or other information on associated uncertainties.
In the TAR itself, however, usage of calibrated language diverged (Manning 2006). The
Working Group II contribution to the TAR closely adopted the approach of the guidance
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Table 1 An overview of calibrated uncertainty language used to characterize assessment findings in IPCC
Assessment Reports. For the First Assessment Report (FAR) through the Fourth Assessment Report (AR4),
the usage of calibrated language is summarized for Working Group contributions that employed such
language. For the Third Assessment Report (TAR) through the Fifth Assessment Report (AR5), uncertainties
guidance papers were provided to authors of all Working Groups, and the calibrated scales presented in each
guidance paper are also briefly described for comparison with usage. Other acronyms used: Assessment
Report (AR); Second Assessment Report (SAR); Working Group (WG)
IPCC
Report

Calibrated language for characterizing the degree of certainty in assessment findings

FAR

Calibrated language in the AR:
• WG I: Headings qualitatively indicating the degree of certainty in findings
(Executive Summary of Policymakers Summary in IPCC (1990))
• WG I: Qualitatively calibrated levels of confidence to characterize findings in
Executive Summaries of some chapters (Folland et al. 1990; Mitchell et al. 1990)

SAR

Calibrated language in the AR:
• WG I: Discussion of the importance of a consistent framework for evaluating
uncertainties (McBean et al. 1996)
• WG II: Qualitatively calibrated levels of confidence to characterize findings in
chapter Executive Summaries (IPCC 1996)

TAR

Uncertainties guidance provided to all AR authors: Moss and Schneider 2000
• Quantitatively calibrated confidence scale for characterizing state of knowledge
underlying findings
• Qualitative descriptors for collectively describing the amount of evidence and level
of agreement underlying findings, as supplemental terms for describing confidence
assignments
Calibrated language in the AR:
• WG I: Quantitatively calibrated likelihood scale to communicate judged estimates
of confidence evaluated more through statistical and probabilistic information than
through author teams’ judgments of the state of knowledge underlying findings;
some use of qualitative evidence and agreement descriptors and of separate qualitative
index to describe the level of scientific understanding supporting findings (IPCC 2001a)
• WG II: Quantitative confidence scale to represent author teams’ judgments of the
validity of findings; some use of qualitative descriptors of evidence and agreement to
describe the level of scientific understanding supporting findings (IPCC 2001b)

AR4

Uncertainties guidance provided to all AR authors: IPCC 2005
• Qualitative terms to summarize, separately, the amount of evidence and the level of
agreement underlying findings
• Quantitatively calibrated confidence scale to characterize judgments of the correctness
of models, analyses, or statements
• Quantitatively calibrated likelihood scale to characterize probabilistic evaluations of
the occurrence of outcomes, based on quantitative analysis
Calibrated language in the AR:
• WG I: Predominantly, quantitative likelihood scale to characterize the occurrence of
outcomes assessed using expert judgment; some use of confidence scale and other
descriptors to characterize judgments of the correctness of underlying scientific
evidence (IPCC 2007a)
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Table 1 (continued)
IPCC
Report

Calibrated language for characterizing the degree of certainty in assessment findings
• WG II: Predominantly, quantitative confidence scale to characterize author team
judgments of the correctness of models, analyses, and information underlying findings;
some use of likelihood scale and of evidence and agreement summary terms (IPCC 2007c)
• WG III: Qualitative terms to summarize amount of evidence (including both number
and quality of relevant, independent sources) and level of agreement (IPCC 2007e)

AR5

Uncertainties guidance provided to all AR authors: Mastrandrea et al. 2010
• Qualitative summary terms for the type, amount, quality, and consistency of evidence
and for the degree of agreement underlying findings
• Qualitatively calibrated levels of confidence for synthesizing author teams’ judgments
about the validity of findings, as determined through evaluation of evidence and agreement
• Quantitatively calibrated likelihood scale to characterize quantified uncertainties related to
findings (e.g., probabilistic estimates of the occurrence of outcomes), as determined
through quantitative analyses (e.g., statistical or modeling analyses, elicitation of
expert views). The levels of confidence in findings including a probabilistic measure
of uncertainty do not need to be explicitly mentioned if high or very high.

paper, as well as sometimes using the qualitative descriptors of evidence and agreement
(IPCC 2001b). On the other hand, the Working Group I contribution to the TAR used a
distinct “likelihood” scale to communicate uncertainties evaluated more through statistical
and probabilistic information than through author teams’ judgments of the state of
knowledge (IPCC 2001a). The Working Group I contribution did use a qualitative “level of
scientific understanding” index (ranging from very low to high) to characterize the
understanding underlying the contribution of different factors to radiative forcing of the
climate system (IPCC 2001a; Ramaswamy et al. 2001). The Working Group III contribution
to the TAR did not use calibrated language to communicate the degree of certainty in
findings (IPCC 2001c). Correspondingly, the TAR Synthesis Report communicated the
degree of certainty in findings in varying ways, depending on the Working Group
contribution from which findings originated (IPCC 2001d). Responding to this divergence
in usage across the Working Groups, the Guidance Notes for the AR4 attempted to formally
define confidence and likelihood as two distinct scales of quantitatively calibrated language
(IPCC 2005).
In this paper, we will focus on the transition from the AR4 Guidance Notes to the current
uncertainties guidance for the AR5, examining the motivation for the most recent revisions.
We will first provide an overview of the AR4 guidance for evaluating and communicating
the degree of certainty in key findings of the assessment process. We will then consider how
the Guidance Notes were applied in practice across the Working Groups in the AR4,
identifying differing interpretations of the calibrated language and inconsistencies and
ambiguities that sometimes resulted. We will discuss how these differences stimulated
revisions of the uncertainties guidance provided to author teams of the AR5.

2 Overview of the AR4 uncertainties guidance
The AR4 guidance paper on treatment of uncertainties presented three calibrated
scales for communicating the degree of certainty in findings (IPCC 2005). This
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calibrated language revised the scales presented in the TAR uncertainties guidance (Moss
and Schneider 2000), also building upon the likelihood scale used by Working Group I in
the TAR (IPCC 2001a; Manning 2006).
2.1 Qualitative levels of understanding
As in the TAR guidance paper, the AR4 Guidance Notes provided qualitative language
for characterizing the amount of evidence supporting findings and the degree of
consensus or agreement among experts regarding the interpretation of this evidence
(IPCC 2005). Whereas the TAR uncertainties guidance provided four qualitative terms for
together characterizing evidence and agreement (Moss and Schneider 2000), the AR4
Guidance Notes proposed that evidence and agreement be described separately, with
evidence ranging in amount from limited to much and agreement ranging from low to high.
For findings associated with high agreement and much evidence or when otherwise
appropriate, author teams were instructed to use the calibrated confidence or likelihood
scales.
2.2 Levels of confidence
As in the TAR guidance paper, the AR4 Guidance Notes again provided
quantitatively calibrated levels of confidence (IPCC 2005). The Guidance Notes
specified that levels of confidence characterized an author team’s judgment of the
correctness of a model, analysis, or statement. They defined five levels of confidence
ranging from very low confidence (less than 1 out of a 10 chance of being correct), to
medium confidence (about 5 out of 10 chance of being correct), to very high confidence
(at least 9 out of 10 chance of being correct). Use of low and very low confidence was
suggested only for areas of major concern due to risk or opportunity. Compared to the
TAR guidance paper’s presentation, these levels of confidence were not defined as
probability ranges.
2.3 Likelihood
The AR4 Guidance Notes also provided a likelihood scale (IPCC 2005). This calibrated
language characterized probabilistic evaluation of outcomes having occurred or occurring
in the future, as determined through quantitative analysis or elicitation of expert views. The
Guidance Notes listed seven terms in the likelihood scale, ranging from exceptionally
unlikely (<1% probability of occurrence) to virtually certain (>99% probability of
occurrence). These likelihood terms revised the scale used in the Working Group I
contribution to the TAR (IPCC 2001a).
2.4 Other aspects of the AR4 uncertainties guidance
As in the TAR guidance paper, the AR4 Guidance Notes provided more generalized advice
for reviewing sources of uncertainties and considering group dynamics in the assessment
process (IPCC 2005). Further, the Guidance Notes instructed author teams to explain their
judgments by providing traceable accounts of the steps used to estimate the degree of
certainty for key findings from available lines of evidence. The Guidance Notes also
presented a hierarchy with instructions for using the calibrated uncertainty language for
common categories of quantitative findings.
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3 Use of the AR4 uncertainties guidance
In the AR4, trends in usage of calibrated uncertainty language emerged across the Working
Groups. For assessment findings characterized by calibrated uncertainty language, the
Working Group I contribution predominantly presented likelihood terms, with less
explicit use of confidence (IPCC 2007a). The following statement from the Working
Group I Summary for Policymakers (SPM; IPCC 2007b) typifies a finding for which
likelihood was assigned:
“It is very likely that hot extremes, heat waves and heavy precipitation events will
continue to become more frequent.”
Further details about evaluations of uncertainties, along with variations on the methods
of evaluation, were provided in some individual Working Group I chapters (e.g., Le Treut et
al. 2007; Forster et al. 2007; Hegerl et al. 2007; Meehl et al. 2007).
The Working Group II contribution to the AR4 presented confidence and likelihood
language for assessment findings, relying most heavily on confidence assignments (IPCC
2007c). This example from the Working Group II SPM (IPCC 2007d) represents usage of
the calibrated confidence metric:
“Adaptation for coasts will be more challenging in developing countries than in
developed countries, due to constraints on adaptive capacity (high confidence).”
Several chapters also described implications of uncertainties in risk-management
and decision-making frameworks (e.g., Carter et al. 2007; Kundzewicz et al. 2007;
Schneider et al. 2007).
The Working Group III contribution to the AR4 (IPCC 2007e) solely used the qualitative
summary terms for evidence and agreement, as exemplified by this finding in the Working
Group III SPM (IPCC 2007f):
“With current climate change mitigation policies and related sustainable development
practices, global GHG emissions will continue to grow over the next few decades
(high agreement, much evidence).”
The Working Group III SPM stated that its assessed scientific disciplines prevented use
of the quantitative confidence and likelihood scales.
The AR4 SYR necessarily included a variety of approaches for characterizing the degree
of certainty in findings (IPCC 2007g), depending on the Working Group contribution from
which findings originated. In some cases, synthesis of findings across Working Groups
involved removing uncertainty language assigned through one Working Group’s approach.

4 Confidence and likelihood in the AR4
In the AR4 Guidance Notes, confidence and likelihood were presented as conceptually
distinct quantitative metrics (IPCC 2005). Their conceptual distinction, however, was not
always maintained in practice in the AR4 (IPCC 2007a, c), in large part because these
metrics were intrinsically linked. Here we discuss the linkage between the confidence and
likelihood scales, differing interpretations of this linked relationship, and the varying usages
of the metrics that resulted.
The AR4 Guidance Notes (IPCC 2005) specified that confidence and likelihood
characterized different aspects of uncertainties. Whereas levels of confidence quantified the
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expert judgment of an author team regarding the correctness of a model, analysis, or
statement, likelihood reflected probabilistic evaluation of the occurrence of specific
outcomes, based on quantitative analysis (e.g., statistical analysis of observations or model
results, or formal elicitation of expert judgment).
All likelihood statements under this framework were based on information, models, and/
or analyses for which confidence implicitly or explicitly had been evaluated. For example, a
likelihood assignment would not be based on information, models, or analyses that the
author team judged incorrect; therefore, the author team must have had some confidence in
the underlying evidence (e.g., see paragraph 8D of IPCC (2005)). In some cases, author
teams may have more explicitly considered their level of confidence in the information,
models, and/or analyses underpinning likelihood assignments. Although the AR4 Guidance
Notes implied a linked relationship between confidence and likelihood, they did not provide
explicit guidance on how to account for and convey this linkage.
In the absence of such guidance, author teams across Working Groups I and II in the
AR4 adopted differing interpretations of the relationship between the metrics. For instance,
the Working Group I Technical Summary (TS; Solomon et al. 2007) stated that value
uncertainties in processes, system interactions, and data measurements are generally
expressed probabilistically (e.g., using likelihood), while structural uncertainties are
generally expressed by an author team’s confidence in the results. Thus, in this
interpretation, likelihood terms reflected uncertainties explicitly incorporated in available
quantitative analyses, while levels of confidence characterized the degree to which models
or analyses were judged to be correct. This interpretation suggested that likelihood and
confidence assignments separately communicated two important types of uncertainties.
A second interpretation of the relationship between confidence and likelihood can
be understood from discussions in Manning (2006) and Kandlikar et al. (2005). These
authors argue that it is irrational to assign an outcome high or low likelihood if
confidence in the underlying science is low and that instead it is only appropriate to
assign moderate likelihood in such situations. This second interpretation is consistent
with a conception of likelihood as the “real world” probability of an outcome occurring, a
probability reflecting all uncertainties, especially value and structural. In implicitly
blending evaluation of confidence into the assignment of likelihood, this interpretation
can lead to a different usage of confidence and likelihood. Consider a hypothetical
situation in which model projections suggest a high-likelihood outcome, but in which
there is only moderate confidence that the models incorporate all relevant processes.
Adopting this second interpretation of likelihood as reflecting all uncertainties, an author
team could “downgrade” the likelihood suggested by the model projections (e.g.,
employing likely instead of very likely) to implicitly account for uncertainties due to
missing processes. Alternatively, following the first interpretation of likelihood and
confidence as separately characterizing value and structural uncertainties, an author team
could present the likelihood level suggested by the model projections and separately
present the level of confidence in the underlying models and their projections.
In practice in the AR4, the intrinsic linkage between confidence and likelihood and the
lack of guidance for conveying the linkage, as well as the fact that both metrics were
defined probabilistically, resulted in somewhat different usage of the metrics. The
contributions of Working Groups I and II in the AR4 exhibited at least four separate uses
of confidence and likelihood.

&

Approach (1): Use of either confidence or likelihood terms to characterize different
aspects of uncertainties, with confidence assignments characterizing the author team’s
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judgment about the correctness of a model, analysis, or statement and with likelihood
assignments characterizing the probabilistic evaluation of the occurrence of specific
outcomes. For example, the Working Group II AR4 SPM (IPCC 2007d) stated, “[b]ased
on satellite observations since the early 1980s, there is high confidence that there has
been a trend in many regions towards earlier ‘greening’ of vegetation in the spring
linked to longer thermal growing seasons due to recent warming.”
Approach (2): Use of likelihood with inclusion of a confidence evaluation in the
likelihood assignment, consistent with the interpretation of the likelihood metric as
encompassing all relevant uncertainties. For example, the Working Group I AR4 SPM
(IPCC 2007b) stated, “[i]t is likely that there has been significant anthropogenic
warming over the past 50 years averaged over each continent except Antarctica.”
Section 4.1 discusses the ways in which likelihood statements of this type incorporated
elements of confidence.
Approach (3): Use of confidence and likelihood terms together in individual statements,
sometimes following the interpretation of likelihood and confidence given in approach
(1). For example, the Working Group II AR4 SPM stated, “[o]ver the course of this
century, net carbon uptake by terrestrial ecosystems is likely to peak before mid-century
and then weaken or even reverse, thus amplifying climate change (high confidence).”
Approach (4): Use of the likelihood or confidence scales “interchangeably,”
without clear conceptual distinction. For example, Chapter 11 of the Working
Group I AR4 contribution (Christensen et al. 2007), in a table summarizing
projected changes related to climate extremes, used a “confidence” scale that
combined confidence and likelihood terms.

In the subsequent sections, for findings related to observed and projected changes in
climate and impacts, we illustrate these different approaches.
4.1 Observed climate changes and impacts
Many findings in the Working Group I and II contributions to the AR4 (IPCC 2007a, c)
pertained to observed changes in climate or in physical, biological, and/or social systems in
response to climate change. For such findings, the Working Group I contribution often used
likelihood language, while the Working Group II contribution generally used levels of
confidence. For the most part, this usage of confidence and likelihood followed approach
(1), but in at least some places, elements of the other three approaches appeared. To
exemplify these trends, we focus here on an important subcategory of observed findings,
related to detection and attribution.
Detection and attribution considers the causes of past changes in physical, biological,
and social systems, with particular focus on the role of anthropogenic factors. This
statement from the Working Group I SPM (IPCC 2007b) is a prominent example:
“Most of the observed increase in global average temperatures since the mid-20th
century is very likely due to the observed increase in anthropogenic greenhouse gas
concentrations.”
Even though Working Groups I and II used compatible definitions for detection and
attribution in the AR4 (Hegerl et al. 2007; Rosenzweig et al. 2007), they adopted
somewhat different approaches in characterizing the degree of certainty in detection and
attribution findings, which were based on statistical as well as non-probabilistic
information.
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Chapter 9 of the Working Group I contribution (Hegerl et al. 2007) developed
detection and attribution findings from assessment of studies that used a variety of
observational data sets, models, forcings, and analysis techniques (see Mastrandrea et al.
in this issue). This assessment required consideration of statistical analyses and other
factors, including the number of studies, the consistency of detection and attribution
results across studies, and the extent to which known uncertainties were incorporated in
these studies. For the resulting findings, Hegerl et al. (2007) assigned likelihood and then
further “downweighted” these likelihood assignments to account for unincorporated
uncertainties, such as structural uncertainties or limited exploration of uncertain
historical forcing trajectories, although the extent of downweighting was not specified.
This author team thus adopted approach (2) above for the linkage between confidence
and likelihood.
Chapter 1 of the Working Group II contribution (Rosenzweig et al. 2007) assessed
observed changes in physical and biological systems, using levels of confidence to
characterize findings about these changes and their relationship to climate change.
Rosenzweig et al. (2007) then employed likelihood to characterize the findings of their
detection and attribution assessment, which was based on their assessment of observed
changes and more formal attribution analyses. Downweighting as introduced by Hegerl et
al. (2007) was not explicitly mentioned; it therefore appears that the interpretation of the
linkage between confidence and likelihood by Rosenzweig et al. (2007) was most
consistent with approach (1) above.
In the Working Group II SPM (IPCC 2007d), unlike in the underlying chapter text,
attribution findings were characterized by both confidence and likelihood terms, as
demonstrated by the following two statements:
“A global assessment of data since 1970 has shown it is likely that anthropogenic
warming has had a discernible influence on many physical and biological systems. …
[T]he consistency between observed and modelled changes in several studies and the
spatial agreement between significant regional warming and consistent impacts at the
global scale is sufficient to conclude with high confidence that anthropogenic
warming over the last three decades has had a discernible influence on many physical
and biological systems.” (italics added)
Likelihood language is used to characterize the degree of certainty in the first
finding, in the same way that it was used in the underlying chapter text (Rosenzweig
et al. 2007). In the second statement, confidence language is used instead. This confidence
assignment may have reflected usage consistent with approach (1), with confidence
expressing the authors’ judgment about the correctness of the statement. Alternatively, if
there was not a clear rationale for this differential use of calibrated language, the
confidence and likelihood metrics may have been treated interchangeably, consistent with
approach (4) above.
In sum, the Working Group I and II contributions to the AR4 adopted different
interpretations of the relationship between confidence and likelihood for characterizing the
degree of certainty in detection and attribution findings. The AR5 Guidance Note
(Mastrandrea et al. 2010) attempts to clarify the linkage between the confidence and
likelihood scales and provide a framework for even more consistent usage. An IPCC
Working Group I and II Expert Meeting on Detection and Attribution related to
Anthropogenic Climate Change in 2009 also led to a Good Practice Guidance Paper on
Detection and Attribution (Hegerl et al. 2010) for detection and attribution assessments in
IPCC reports.
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4.2 Projected climate changes and impacts, and relevant system properties
Many other findings in the Working Group I and II contributions to the AR4 (IPCC 2007a,
c) pertained to projected changes in climate or in physical, biological, and/or social systems
in response to climate change. For such findings, the Working Group I contribution
generally used likelihood language, while the Working Group II contribution most often
used confidence language.
The metric favored by each Working Group appropriately reflected differences in the
evidence underlying findings about projected changes. In the Working Group I contribution,
such findings were most often based on quantitative model projections, usually drawn out
of model ensemble results, which facilitated probabilistic interpretations expressible using
likelihood language. In the Working Group II contribution, some findings were similarly
based on quantitative model projections, but others were based partially or completely on
other types of evidence less amenable to probabilistic interpretations.
Usage of the favored metrics in both contributions most closely followed approach (1)
above, but differing interpretations of the linkage between confidence and likelihood again led
to some differences in their use. In the Working Group I contribution, although likelihood was
the metric of choice, uncertainties were treated in a variety of ways for some projections where
confidence was judged to be low or to vary across different components. As one example, the
Working Group I contribution used language outside the calibrated metrics, the phrase “cannot
be excluded,” to convey uncertainties related to climate sensitivity, a key property of the climate
system relevant to climate change projections. Based on analysis of climate models and
constraints from past climate changes, the Working Group I SPM stated:
“The equilibrium climate sensitivity … is likely to be in the range 2°C to 4.5°C with a
best estimate of about 3°C, and is very unlikely to be less than 1.5°C. Values
substantially higher than 4.5°C cannot be excluded, but agreement of models with
observations is not as good for those values.”
Meehl et al. (2007) documented the rationale for these statements, explaining that “the
levels of scientific understanding and confidence in quantitative estimates of equilibrium
climate sensitivity have increased substantially” since the TAR, allowing the likelihood
assignments in the statement above. This discussion stopped short of an explicit assignment
of confidence, although presumably the authors had a high level of confidence in the
likelihood statements presented here. Meehl et al. (2007) further stated that values
substantially higher than 4.5°C “cannot be excluded” due to “fundamental physical reasons
as well as data limitations.” This description suggests a low level of confidence regarding
any assessment of the likelihood of such values, although confidence terms were not
employed and alternative language was used instead. In other cases, the Working Group I
contribution used terms resembling the confidence scale to characterize judgments of the
correctness of analyses, such as the “level of scientific understanding” index in the context
of radiative forcing estimates (e.g., Forster et al. 2007; Denman et al. 2007; IPCC 2007b).
For findings related to projections in both the Working Group I and II contributions to
the AR4 (IPCC 2007a, c), there were instances where the confidence and likelihood scales
were used without clear conceptual distinction, seemingly following approach (4) above. In
some of these cases, the scales were also used together to characterize individual findings,
additionally following approach (3). For example, in the Working Group II contribution,
some findings related to sectoral and regional projections were characterized by both
confidence and likelihood. For example, the following finding appeared in the Working
Group II SPM (IPCC 2007d):
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“Coasts are projected to be exposed to increasing risks, including coastal erosion, due
to climate change and sea-level rise. The effect will be exacerbated by increasing
human-induced pressures on coastal areas. (very high confidence)”
In the corresponding chapter Executive Summary, the two underlying findings were also
characterized with very high confidence (Nicholls et al. 2007). In the TS (Parry et al. 2007),
however, likelihood language was additionally introduced:
“Coasts are very likely to be exposed to increasing risks due to climate change and
sea-level rise and the effect will be exacerbated by increasing human-induced
pressures on coastal areas. (very high confidence)”
In this example, confidence and likelihood language were used together to
characterize the degree of certainty in a finding, following approach (3). Given the
statement’s form elsewhere in the Working Group II contribution, it seems that the
confidence and likelihood terms here may not have characterized different aspects of
uncertainty, suggesting approach (4) as well.

5 Evidence and agreement in the AR4
The Working Group III contribution to the AR4 characterized the degree of certainty in
findings through the qualitative summary terms for evidence and agreement (IPCC 2007e).
The Working Group III SPM indicated that the underlying scientific disciplines, which
consider human choices, were viewed as incompatible with quantitative characterization of
uncertainties (IPCC 2007f).
Nonetheless, the Working Group III contribution to the AR4 interpreted evaluations of
evidence and agreement as conceptually linked to the quantitative metrics presented in the
AR4 Guidance Notes. The Working Group III TS described “level of agreement” as
“express[ing] the subjective probability of the results being in a certain realm” (Barker et al.
2007). The Working Group III SPM also described “level of agreement” as “the expert
judgment of the authors of WGIII on the level of concurrence in the literature” (IPCC
2007f). These descriptions of “agreement” overlapped with confidence and likelihood as
presented in the AR4 Guidance Notes (IPCC 2005).
The qualitative evidence and agreement descriptors and the quantitative confidence scale
were also linked in the frameworks of both the AR4 Guidance Notes and the TAR guidance
paper. For example, in the AR4 Guidance Notes, the phrase “level of confidence” was used
to refer to the calibrated language for describing evidence and agreement (see paragraphs
8 and 12 of IPCC (2005)). In the TAR guidance paper (Moss and Schneider 2000), the
qualitative terms for evidence and agreement were described as a “supplement,” not an
“alternative,” to the quantitative confidence scale, which would allow author teams to
explain their confidence assignments.
The AR4 Guidance Notes instructed use of confidence or likelihood for findings
assigned high agreement, much evidence, but also stated that the qualitative evidence and
agreement summary terms could be used “to express uncertainty in a finding where there
is no basis for making more quantitative statements” (IPCC 2005). In evaluating the level
of agreement and amount of evidence underlying findings, the Working Group III author
teams were developing qualitative judgments of their level of confidence for these
findings, but they did not integrate these evaluations into quantitatively calibrated
confidence assignments. It also appears that the Working Group III contribution did not
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employ likelihood terms because required probabilistic evaluations of uncertainties were
deemed lacking. The degree of certainty in findings of the Working Group III contribution
was thus characterized differently from the degree of certainty in findings in the Working
Group I and II contributions.

6 The AR5 uncertainties guidance
The AR5 Guidance Note (Mastrandrea et al. 2010) builds on the innovations of the
previous guidance papers on uncertainties (Moss and Schneider 2000; IPCC 2005) and
the successes and challenges of using calibrated uncertainty language in previous
Assessment Reports. It provides a further unified and broadly applicable framework
for the evidence and agreement, confidence, and likelihood scales. In addition to
providing generalized advice on treatment of uncertainties, the AR5 Guidance Note
more explicitly presents the relationship among evaluations of evidence and
agreement, confidence, and likelihood: evidence and agreement evaluations provide
the foundation for confidence assignments, and confidence evaluations underpin
likelihood assignments.
The AR5 Guidance Note indicates that the first step in evaluating the validity of an
assessment finding is consideration of the type, amount, quality, and consistency of
evidence and the degree of agreement and of appropriate summary terms for evidence
and agreement. Compared to previous guidance papers on uncertainties, the AR5
Guidance Note includes more explicit mention of the multiple aspects of evidence
relevant to an IPCC assessment. The Guidance Note also indicates more directly when
author teams should evaluate confidence or should also consider presenting
probabilistic information, including likelihood, for findings (e.g., see paragraphs
8 and 11 of Mastrandrea et al. (2010)).
The AR5 Guidance Note also more clearly presents the confidence and likelihood
metrics as fundamentally linked but not overlapping. Confidence is described as a
qualitative metric synthesizing “author teams’ judgments about the validity of findings
as determined through evaluation of evidence and agreement,” without probabilities
associated with the five levels of confidence. Likelihood is presented as a subsequent
option for characterizing quantitative information on uncertainties, following evaluation of confidence. In addition, author teams are encouraged to present, when
available, full probability distributions or more specific probability ranges instead of
likelihood terms.
In the AR5 Guidance Note, the more distinct definitions of confidence and
likelihood, with the metrics characterizing different aspects of uncertainties
(consistent with approach (1) above), can facilitate even more consistent presentation
of findings across the Working Group contributions. For assessment of adaptation
and mitigation in the Working Group II and III contributions to the AR5, the
qualitatively expressed confidence scale should now be more broadly applicable for
findings based on social science or other disciplines involving human choices,
especially if used in conjunction with future scenarios. It should also be possible to
use this qualitative confidence scale as an alternative to the qualitative level of
scientific understanding index used in the Working Group I contribution to the AR4
(IPCC 2007a).
The AR5 Guidance Note continues the iterative tradition of treatment of
uncertainties in Assessment Reports, with the goal of enabling author teams of all
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Working Groups to consistently characterize the degree of certainty in findings of the
assessment process. Although the writing of the AR5 Guidance Note has been
completed, application of the framework it describes is just beginning. We expect that
the experiences of author teams during the preparation of the AR5 will also lead to
further lessons and innovations in the treatment of uncertainties.
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