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ABSTRACT

Extreme event attribution (EEA) proposes scientific diagnostics on whether and how a specific weather
event is (or is not) different in the actual world from what it could have been in a world without climate
change. This branch of climate science has developed to the point where European institutions are pre-
paring the ground for an operational attribution service. In this context, the goal of this article is to
explore a panorama of scientist perspectives on their motivations to undertake EEA studies. To do so, we
rely on qualitative semi-structured interviews of climate scientists involved in EEA, on peer-reviewed
social and climate literature discussing the usefulness of EEA, and on reports from the EUCLEIA project
(European Climate and Weather Events: Interpretation and Attribution), which investigated the possi-
bility of building an EEA service. We propose a classification of EEA’s potential uses and users and
discuss each of them. We find that, first, there is a plurality of motivations and that individual scientists
disagree on which one is most useful. Second, there is a lack of solid, empirical evidence to back up any of

these motivations.

1. Introduction

Extreme event attribution (EEA) is the ensemble
of scientific ways to interpret the question ‘‘was this
event influenced by climate change?’’ and to answer it
(Jézéquel et al. 2018). It proposes scientific diagnostics
on whether and how a specific weather event is (or is
not) different (e.g., in terms of probability of occurrence,
or intensity) in the actual world from what it could have
been in a world without climate change (Stott et al. 2016;
Otto 2017). EEA is a scientific field whose creation and
development have been legitimized through a social
utility assumption. When Allen (2003) introduced the

Denotes content that is immediately available upon publica-
tion as open access.
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concept of event attribution, he stated a clear motivation:
to provide the basis for science-based liability. Based on
EEA results, individuals faced with attributable losses
could sue polluters to compensate their losses. Allen and
Lord (2004) develop this argument further, asking ‘‘who
will pay for the damaging consequences of climate
change?” following the first event attribution of summer
2003 European heatwave by Stott et al. (2004). With the
development of attribution science, scientists started to
advance other social reasons to motivate their research.
For example, Pall et al. (2011) state that ‘[their] approach
could prove a useful tool for evidence-based climate
change adaptation policy” (p. 385). In doing so, they
shifted the potential use for EEA from liability to adap-
tation. It is noteworthy that there is a lack of evidence to
support any of the motivations advanced in the articles
cited above. Since then, a number of studies have ex-
plored the different potential uses and users of EEA
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(Stott et al. 2013; Hulme 2014; Sippel et al. 2015; Schwab
et al. 2017).

As a testimony to this strong belief in the social utility
of EEA, there is already momentum at the European
level to create an extreme event attribution climate
service. The EUCLEIA (European Climate and Weather
Events: Interpretation and Attribution) project, which
ran between 2014 and 2016, investigated the possibility
of building such a service. Its successor, EUPHEME
(European Prototype Demonstrator for the Harmo-
nisation and Evaluation of Methodologies for Attribution
of Extreme Weather Events), funded by the European
Research Area for Climate Services (ERA4CS) consor-
tium, aims at delivering a prototype of such a service.
In parallel, the European-funded Copernicus Climate
Change Service (C3S) prepares the ground for an oper-
ational attribution service, with the release of a proof of
concept in January 2019 (https:/climate.copernicus.cu/
prior-information-notice-c3s62-proof-concept-extreme-
events-and-attribution-service).

Although EEA has been developed with users in
mind, its development has been driven by scientists, on
the supply side, rather than “‘driven by users” on the
demand side (https://cordis.europa.eu/project/rcn/200835/
factsheet/en). Because of this push by the supply side,
there is a need for promoters of this new climate ser-
vice to clarify who could use it and for what benefits.

In this context, the goal of this article is to explore a
panorama of scientist perspectives on their motivations
to undertake EEA studies. To do so, we rely on three
sources of information, which allow us to update and go
further than previous studies (Stott et al. 2013; Hulme
2014): a literature review, the EUCLEIA reports, and
interviews of climate scientists. These three sources are
detailed in section 2. The potential benefits of EEA
correspond to different users, with sometimes converg-
ing interests. A classification scheme emerged from the
analysis of our datasets and allowed for the organization
of our results presented in section 3. Sections 4 and 5
detail the results for the different types of EEA uses
identified in our classification scheme. We specifically
aim at identifying the added value of EEA for each
of the identified benefits, compared to more general
statements on the evolution of extreme events with
climate change. To conclude, we discuss in section 6 what
the results of our analysis entail for the implementation
of a climate service.

2. Datasets

To analyze the motivations of climate scientists
to engage in EEA and how those motivations meet
the social demand, we triangulated data from three
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sources: peer-reviewed social and climate literature
discussing the usefulness of EEA, the EUCLEIA
reports, and interviews of climate scientists involved
in EEA.

The literature review was conducted on articles pub-
lished before the end of 2018 through a combined search
on Google Scholar for the keyword “extreme event at-
tribution” and other keywords (stakeholders, adapta-
tion, litigation, liability, loss and damage, insurance, and
awareness raising). We only kept the articles that were
effectively discussing EEA. We completed this list by
systematically checking the reference lists of the se-
lected articles for other relevant articles. Some of the
references used in this article do not discuss EEA but
the relevance of climate and extreme event science for
adaptation, awareness raising, and climate services, as
they give important context.

EUCLEIA reports, although most of which have not
(yet) led to peer-reviewed articles, contain valuable in-
formation, as Work Package (WP) 4 of EUCLEIA
aimed at ‘‘assessing detection and attribution through
general public and stakeholder analysis.” These reports
contain the results of studies regarding the interest of
insurers, regional decision-makers, and the general
public in a potential EEA service. They are accessible
online on the EUCLEIA website (https://eucleia.eu/
reports/).

Then, we analyzed the answers of two corpora of
semi-structured interviews with EEA scientists. The first
corpus of 10 interviews was conducted in April 2014 in
the context of the EUCLEIA project to evaluate the
feasibility of an EEA climate service. The second cor-
pus of 9 interviews conducted between June 2016 and
January 2017 aimed at understanding the motivations
behind the undertaking of EEA and what scientific and
social use scientists see for EEA. Hereafter, we name
these corpora the EUCLEIA corpus and the A2C2
(Atmospheric Flow Analogue and Climate Change;
https://a2¢c2.1sce.ipsl.fr/) corpus, after the names of the
projects that funded them. These two corpora have been
used for Jézéquel et al.’s (2018) analysis of the different
ways to frame EEA. The A2C2 corpus was also used by
Jézéquel et al. (2019) to specifically explore the poten-
tial use of EEA for loss and damage. The interview grids
are available in the supplementary material of Jézéquel
et al. (2018). Given the speed of development of both
EEA and of the EEA climate service, the interviews
depict a state of the EEA community that may have
evolved. However, they present a state of the EEA
community as some of them were already thinking of
implementing a climate service. They hence contain
valuable information on the motivations of scientists
to do EEA.
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F1G. 1. Mapping potential users and uses of EEA. There are potential benefits associated
with the mere knowledge produced by EEA (such as satisfied curiosity or increased aware-
ness). There are potential benefits associated with the instrumental use of this knowledge (such
as using the associated causal statements for litigation or loss and damage, or such as using more
accurate probabilistic statements for actuarial practices or infrastructures).

3. An emerging classification scheme

Stott et al. (2013) present reasons to pursue EEA by
groups of stakeholders. Hulme (2014) discusses the
motivations for scientists to engage in EEA by types
of uses. To build a classification for this article, we
started by identifying both the potential users (first
line of Fig. 1), and the associated uses (second line of
Fig. 1). This distinction was motivated by overlapping
of both categories, as can be seen in Fig. 1. The identi-
fication of uses and users is based on our three datasets.
We note that there may be blind spots in these datasets
regarding potential users, which may derive on our more
general analysis of EEA usefulness. Our analysis,
through the lenses of EEA’s potential uses, led us to
the identification of two broad categories (third line
of Fig. 1). One category, where the attribution statement
would be of direct relevance through the increase in
knowledge that it represents, is connected directly to
either the satisfaction of curiosity or the associated in-
crease awareness. The other category is connected to
more instrumental use of EEA through the better iden-
tification of either causal chains leading to extreme events
or through an improved assessment of probabilities of
extreme events in a changing climate.

For each of these uses it is possible to further analyze
how they may play out. This is the purpose of the
following sections that are organized according to the
classification scheme that is presented in Fig. 1. Each
subsection starts by presenting what the literature
says about one specific use of EEA, then what the
interviewees said about it, and, if relevant, the con-
clusions of the EUCLEIA reports. We conclude each

subsection with a discussion on the value of EEA for
the identified use.

4. Using scientifically grounded attribution
statements per se

a. Using EEA to answer curiosity

Hulme (2014) advances the motivation of scientific
curiosity, as attribution of individual events “piques the
scientific mind” (p. 3). It pushes the boundaries of
climate models by asking them different questions, and
encourages scientists to test original configurations of
their models (Massey et al. 2015). Stott et al. (2013)
highlight the challenges in understanding and modeling
extreme events and how they are affected by anthropo-
genic climate change. The momentum related to EEA
has led to more research on these topics, and hence par-
ticipated in the improvement of extreme event science.

The scientific motivation to pursue EEA is mentioned
by almost all the scientists interviewed in the A2C2
corpus, and it came up three times in the EUCLEIA
corpus. As the EUCLEIA corpus explored the scien-
tists” perspectives on the building of a climate service,
aimed at nonscientist stakeholders, the lack of reference
to a scientifically grounded motivation is not surprising.
However, even in the A2C2 corpus, this motivation is
not presented as the main motivation—both in terms of
time spent on it during the interview and in scientists’
evaluation of which EEA uses were most important—
stated by scientists in the interviews.

In the interviews, we found a discrepancy in the
views of EEA as a scientific object. From two different
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interviews we get both “from a scientific perspective it is
maybe not quite as useful” and “from a scientific point
of view, it’s extremely interesting.”” On the one hand, a
few interviewees raised concerns about the relevance of
EEA as a research question. For example, one of the
interviewees fears that EEA is “a little bit like ambu-
lance chasing” and “‘that is what paparazzi do.” If EEA
becomes more of a climate service and more of an en-
gineer type of work in the future, ““then at that stage, the
scientific value of undertaking this kind of research be-
comes lower.” It is interesting that those worries exist
within a pool of climate scientists who have participated
in EEA. Indeed, similar concerns have also been ex-
pressed by climate scientists in general, outside of the
EEA community. Bray and von Storch’s (2016) survey
shows that part of the climate science community is not
even convinced it is possible to attribute an event to cli-
mate change [see Fig. 77 of Bray and von Storch (2016)]
and is not convinced of the robustness of existing EEA
results (Fig. 73).

On the other hand, we found arguments to defend the
scientific potential of EEA in the interviews. According
to the interviews, EEA interests scientists for three rea-
sons. First, it is a “difficult’” and ‘‘challenging” problem.
Second, it presents opportunities for the development of
new methods and scientific knowledge. Third, EEA tests
the ability of climate models and tools in front of a
complex problem: ““it is useful [...] for generating
understanding of the tools that we have at hand” (see
also Stott et al. 2013). From this standpoint, the limi-
tations of EEA are informative in themselves.

The points of view regarding the scientific interest of
EEA differ. It is undeniable that the momentum created
around this research question has led to improvements in
statistical and physical tools used in climate science, as well
as better understanding of the physical processes leading to
specific extreme events. The diversity of EEA approaches
is an asset to develop the science of extreme events in
several directions. An interesting characteristic of EEA is
that it links weather, and meteorology, to climate science.
Keeping in mind that a lot of climate scientists have been
trained in meteorology, this could partly explain the appeal
of EEA for them, as a way to relate their current scientific
practices with their backgrounds. Finally, curiosity is
of course not confined to the scientific community and
around half of the interviewees consider that there is
an interest in EEA from the general public ensuing
from “‘the satisfaction of understanding something.”

b. Using EEA knowledge as an awareness
raising device

Hulme (2014) argues that frustration regarding the
invisibility of climate change (Rudiak-Gould 2013) is
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another reason that pushes scientists toward EEA. Stott
et al. (2013) recommend rapid attribution in the wake
of extreme events to inform the general public (see also
Stott and Walton 2013). Bray and von Storch (2016)
reveal mixed feeling in the pool of scientists they sur-
veyed regarding the ability of EEA results to make cli-
mate change visible and convince citizens of the reality
of climate change. According to the two corpora of in-
terviews, this awareness raising seems to have two po-
tential end users: the general public and decision-makers,
both mainly through the media, who are intermediary
recipients. NGOs are other potential intermediary re-
cipients who are almost never discussed either in the
interviews or in the literature.

1) FOR THE GENERAL PUBLIC

Awareness raising is the motivation mentioned the
most in the interviews, probably because it is the only
one for which many of the interviewees have been
responding to an explicit demand from journalists. This
does not mean, however, that all interviewees find the
media to be the most relevant users (e.g., “‘the media and
all that, that’s not very interesting to me”).

There are many questions surrounding media interest
in EEA. There is no denying that it exists, since the
majority of the interviewees mentioned the media as
a user they interact with more or less frequently. It is
trickier to decipher which media circulate or might
circulate in the future EEA results. For example, re-
gional German and French media outlets cover ex-
treme events like rainfall or storms without linking
them to climate change, in contrast to national news-
papers, which are more interested in EEA (EUCLEIA
4.4 report; Vanderlinden et al. 2016). This distinction
between coverage of extreme events and coverage of
their attribution is also brought up in the A2C2 corpus.
An interviewee highlights that the climate change an-
gle is not always preferred by the media covering ex-
treme events: ““Most of the stories that get written just
report on the event and they don’t say anything about
climate change or how this particular event may have
been worse because of the human activities. [...] But
there is a number of reports where climate change does
get some mention.”

Another question is how much EEA has gained, and is
gaining ground in diverse types of media, including so-
cial media, with the increase in EEA studies (even since
the EUCLEIA reports). While journalists demonstrate
a high level of interest in EEA studies, as proven by the
numerous solicitations that our panel of interviewees
received following a number of extreme events, it does
not automatically translate into as large an allocated
space in the final publication as the scientists could expect:
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other topics, such as sports, politics, economy, or en-
tertainment, compete with and may overshadow climate
change news. The efficiency of EEA stories (should they
be published) in actually changing the opinion of in-
dividuals is even more complicated to evaluate.

Most of the interviewees perceive EEA as a useful
communication tool. It would help people to understand
the links between climate and weather. As a different
way to communicate climate change, implicitly or ex-
plicitly compared to more traditional ways to explain
climate change, like the IPCC (Intergovernmental Panel
on Climate Change) reports, EEA could make climate
change visible, and unveil its impacts. People worry more
about extreme events (e.g., 5°C temperature anomalies
over France in summer 2003) than about how averaged
variables evolve, because the range of averaged varia-
tions is deemed small (e.g., ~0.5°C in 100 years for
planetary mean temperature). EEA could hence make
people realize the seriousness of climate change through
its impacts on extremes. Another argument for EEA
as a tool of communication is that it would be a way to
link climate change to people’s experience, rather than
to abstract scientific results. At this point, we find it
important to highlight that there are many approaches
to EEA, one of which, called the storyline approach,
has been precisely developed with this goal in mind
(Trenberth et al. 2015). In the words of Shepherd (2016),
it “‘examines the role of the various factors contribut-
ing to the event as it unfolded, including the anomalous
aspects of natural variability, and answers the ques-
tion deterministically”” (p. 1). This approach of EEA is
supposed to enhance episodic memory, the ability to
comprehend future risk based on previous experience
(Shepherd et al. 2018; Shepherd 2019). This idea is
consistent with Schacter et al.’s (2007) argument that the
memory of past events plays a role in our ability to
imagine future events, and hence to anticipate them.
Two interviewees also bring up the potential of EEA to
change the opinion of climate contrarians. Finally, one
interviewee remarks that even without EEA, people
make their own attribution statements: “people make
attribution statements without scientific evidence if we
do not provide scientific evidence. I think overall it
makes more sense to do it with the scientific evidence
we have” (see also Leiserowitz et al. 2012).

One of the major difficulties to communicate EEA
results lies in the gap between the present form of EEA
results and the simplicity of the answers the media and
the general public want. It is identified by a few inter-
viewees: for example, “‘I am under the impression that
quantifying the change in probability of occurrence is
not their first interest, what concerns them the most is
whether there is an anthropogenic contribution or not.”
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This difficulty was also raised in the EUCLEIA corpus
to answer the question “What are the arguments you
would expect from someone believing that extreme event
attribution services are not needed or not desirable?”
[see the interview grids in the supplemental material in
Jézéquel et al. (2018)]. For example, “It may be almost
impossible to get this message across, because we’re not
having a yes or no message, a zero or one message, but
we’re having something in between which is indeed hard
to get across to people.” This also ties back with the
choice of approach to EEA, which will also influence the
type of results. For example, the most popular approach
to EEA, the risk-based approach, typically provides
probability ratios, while the storyline approach under-
lines how and why the physical processes leading to an
extreme event can be affected by anthropogenic climate
change [see Shepherd (2016), National Academies of
Sciences, Engineering, and Medicine (2016), Lloyd and
Oreskes (2018), and Jézéquel et al. (2018) for more in-
formation on the different EEA approaches]. All these
points should be taken into account when designing an
EEA approach to use for awareness raising. Confront-
ing people with different ways to present EEA infor-
mation through in-depth interviews and/or a survey
would be a way to move forward on this topic. For
example, Knoblauch et al. (2018) conducted a survey
to test how people reacted to different ways to commu-
nicate risks of induced seismicity due to new technolo-
gies. They presented their sample with three different
formats of written risk communication. They found that
the respondents preferred having both qualitative and
quantitative information, rather than only qualitative
information.

Last, it is important to be realistic regarding the po-
tential for EEA to raise awareness for the general public.
Many other dimensions factor in the debate. For instance,
in the United States Marquart-Pyatt et al. (2014) have
shown the perception of climate change is driven by po-
litical orientation, and that the influence of climate ex-
tremes is not discernible (at least at the time of their
study). Konisky et al. (2016) find a ““modest, but dis-
cernible” effect of extreme events on climate change
awareness, but only for recent events, hinting at a short-
term phenomenon. Bohr (2017) finds that temperature
anomalies exacerbate political polarization on climate
change, rather than change the initial opinion of the
affected people. Hamilton et al. (2016) find similar re-
sults for floods. Marlon et al. (2019) argue that it is be-
cause of the subjectivity of the general public perception
of climate change that experts and scientists need to step
up and interpret weather events in regards of climate
change. Events alone will not be sufficient to make cli-
mate change visible, although commented events could.

Unauthenticated | Downloaded 06/09/21 04:08 PM UTC



94 WEATHER, CLIMATE, AND SOCIETY

2) FOR POLICY-MAKERS

Other potential targets for awareness raising through
EEA that we found in all our datasets are policy-makers,
especially those dealing with adaptation to climate change.
For example, one interviewee from the EUCLEIA corpus
states that ““it helps to have a tangible event,”” which shows
that “it’s already occurring.” Two interviewees from the
A2C2 corpus also present EEA results as a mean to in-
crease the acceptability of possibly unpopular adaptation
decisions: “the expectation of the customers is that the
people that they deal with understand why they made that
choice, and don’t question.” They see EEA as a tool to
justify decision-makers’ actions in the eyes of their voters.
This point is also mentioned in Sippel et al. (2015). One
of their interviewees finds the focus of EEA on the
current state of the climate valuable as it “would un-
ambiguously highlight the relevance for addressing and
reducing public health related risks now, not only in a
somewhat distant future.”

The connection between information for decision-
makers to trigger a change of practice and awareness
raising for said decision-makers is not restricted to
adaptation decision-makers. Three interviewees (two
from the EUCLEIA corpus, one from the A2C2 cor-
pus) expressed the view that EEA information could
help to show the impacts of climate change and push
policy-makers to adopt ambitious emissions targets, in
order to avoid further impacts: e.g., “we need to quantify
the risk as well so that we can make informed judgments
about how much money we should spend in order to
mitigate those risks.”” This reasoning of political pres-
sure on governments is consistent with the results of
Bray and von Storch’s (2016) survey of climate scien-
tists, revealing that most scientists agree that successful
EEA would help to demonstrate the urgency of reducing
greenhouse gases (see Fig. 75 of Bray and von Storch
2016). They are even more convinced of this than of
EEA’s potential to support the design of adaptation
strategies, although they are generally convinced of
the latter point (see Figs. 76 and 78 of Bray and von
Storch 2016). Whether EEA information could be ef-
fective in this case has yet to be proven.

5. Instrumental use of EEA-related knowledge

Another hope expressed by EEA scientists is that
their results could be useful to create new tools for
different stakeholders so that society could better
take climate change into account. We identified four
potential uses: two associated with obtaining more
credible causal statements, namely litigation and loss
and damage, and two associated with obtaining more
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robust probabilistic statements, namely insurance and
infrastructure design.

a. Improved causal statements for litigation and loss
and damage

The potential to establish climate change liability was
the initial motivation for EEA. Stott et al. (2013) pro-
pose this motivation relying on arguments advanced by
Allen et al. (2007), who defend an operational attribu-
tion system, which could simplify the judge’s task re-
garding an otherwise complex question. Hulme (2014)
expresses concerns regarding the robustness of attribu-
tion statements and whether methodology and model-
dependent results could “hold sway in courts.”” This
motivation is part of the larger context of emerging cli-
mate litigation (Adam 2011; Grossman 2003).

Climate change litigation is steadily growing world-
wide [see Fig. 6 of Nachmany et al. (2017)]. As of
14 January 2018, the U.S. Climate Change Litigation
Database includes 977 cases, and the non-U.S. Climate
Change Litigation Database includes 275 cases (http://
climatecasechart.com/about/). Climate change litigation
is a growing, but still new legal topic, which still has a
lot of challenges to tackle (Adam 2011; Thornton and
Covington 2016; Torre-Schaub 2018). The ‘“‘lawsuits
dealing with personal property damage or injury caused
by climate change-related events,” for which EEA could
be relevant, represent only a minority of cases (Nachmany
et al. 2017). This does not mean that this type of cases
has no potential to develop in the next few years, espe-
cially with the advances of science, and its ability to link
damages to climate change (Marjanac and Patton 2018;
Nachmany and Setzer 2018).

Five interviewees brought up liability as a potential
motivation for EEA. They think that EEA may play a
role in courts, although they are aware that it is not yet
the case. Two of them hint at a rise in interest from the
legal community based on exchanges with stakeholders.
However, one interviewee points out that a case can be
concluded without EEA information: ‘‘there have been
other circumstances when the case has been concluded,
without getting to that point.”! Another raises concerns
regarding the current lack of robustness of EEA: ‘it
needs to be handled with great care in that kind of
area, because it really has a long way to go before it’s
sufficiently robust to provide sufficiently clear answers”
[similar to Hulme’s (2014) point].

'A famous example of climate change legal case where the
court condemned the accused party for contributing to dangerous
climate change is the Urgenda case of the Urgenda Foundation
against the Dutch government.
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Recently, two articles have discussed the use of EEA
for litigation (Marjanac and Patton 2018; Lusk 2017) in
common law jurisdictions. They come to opposite con-
clusions. On the one hand, Lusk (2017) argues that even
if EEA solved the attribution problem it would not be
sufficient to solve legal liability. He bases his argumen-
tation on the Comer v. Murphy Oil case (2012), in which
a group of Mississippi homeowners sued a group of oil
and energy companies for damages related to Hurricane
Katrina in 2005. The court did recognize the role of
anthropogenic emissions in Katrina, without the help of
EEA, although there is very limited scientific material to
support this statement. However, “‘the court found the
plaintiffs did not have a standing” for three reasons:
1) the untraceability of greenhouse gases (the mixing of
gases in the atmosphere makes it impossible to relate the
damages caused by Katrina to the specific emissions of
the defendants), 2) justiciability (the court found the
topic to be political, meaning it should be addressed by
legislative rather than legal action), and 3) preemption
(the court could not punish defendants for “‘actions at
one point formally encouraged by other branches of the
government”’).

On the other hand, Marjanac and Patton (2018) argue
that EEA could be an essential step in the causal chain
for climate change litigation. They claim that the type
of scientific evidence from EEA could be accepted in
courts by drawing analogy with similar types of evidence
of causation, like results from epidemiology, which have
been used in health-related cases. They show that both
the United States and the United Kingdom laws have
developed ways to “find exceptions to the traditional
deterministic ‘but for’ test for causation in certain cir-
cumstances.” The “but for” test would correspond to
necessary causation, for which the damages suffered by
the plaintiffs would not have occurred but for the de-
fendants’ actions. Marjanac and Patton (2018) remark
that three case studies from the BAMS report on 2016
extreme events pass the “but for” test (Knutson et al.
2018; Walsh et al. 2018; Imada et al. 2018). However, most
EEA studies do not find a null probability of occurrence
of the event in a world without climate change.” Marjanac
and Patton (2018) hence discuss the possibility for climate
change litigation for this majority of cases.

2Marjanac and Patton (2018) only discuss the risk-based ap-
proach to EEA that compares the probability of the event in the
actual world with climate change to its probability in a counter-
factual world, without anthropogenic climate change. A point
could be made that the storyline approach could be used as a “‘but
for” test, since it precisely shows how the event or its impacts would
have been different, but for climate change. It will be interesting to
see what kind of evidence will be used in potential future cases.
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For this motivation, if the parallel with epidemiology
is to be followed, the focus of EEA on specific events
with the calculation of risk ratios similar to those being
used in health-related cases (although not always cor-
rectly interpreted; Mclvor 2013) presents an important
added value. However, Marjanac and Patton (2018)
base a large part of their arguments on a statement that
advances in EEA will result in advances in foreseeability.
In courts, proving foreseeability means that the de-
fendants had access to information showing that climate
change modified the risk of the event that engendered
damages. If they did not take appropriate action to re-
spond to this change of risk, leading to damages experi-
enced by the plaintiffs, it could make a case for negligence
claims. Since EEA analyzes the influence of climate
change on extreme events after they happened, it puts
more weight on ex-post science than on foreseeability.
It uses the available science just after the event hap-
pened to calculate a risk ratio or a fraction of attrib-
utable risk. Observation datasets, models, and tools are
constantly improving. Hence, EEA results could, by
definition, not have been available to the defendant prior
to the event that caused the damage. This does not mean
that climate science cannot provide a basis for negligence
claims, but this implies that EEA would have to evolve
from its ex-post perspective to be more relevant for this
specific purpose. To go in this direction, there are already
techniques to calculate risk ratios for plausible events
(e.g., temperature beyond a certain threshold) that have
not happened yet (Christidis et al. 2015).

More generally, there are still many hurdles on the
way to climate change litigation. At this point, it is not
clear if EEA could (and will) be used or not. Exchanges
between legal experts and climate scientists will be nec-
essary to define which type of scientifically based evi-
dence could stand in courts. The existing studies focus on
the U.S. and U.K. systems. There is a need to expand this
research to other countries with different judicial systems.

The use of EEA for climate liability also connects to
the potential use of EEA for loss and damage in the
context of the UNFCCC (United Nations Framework
Convention on Climate Change) and through it, to in-
ternational liability. The Paris agreement recognizes
““the importance of averting, minimizing and addressing
loss and damage associated with the adverse effects of
climate change, including extreme weather events and
slow onset events.” It hence poses the question of the
link between the adverse effects of extreme weather events
and climate change. While a number of papers highlight
the importance of EEA for loss and damage (James et al.
2014; Thompson and Otto 2015; Mace and Verheyen 2016;
Verchick 2018), others are more cautionary (Hulme et al.
2011; Wallimann-Helmer 2015; Surminski and Lopez 2015;
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Boran and Heath 2016; Huggel et al. 2016; Lusk 2017;
Roberts and Pelling 2018). Parker et al. (2017), James et al.
(2019), and Jézéquel et al. (2019) discuss the potential
use of EEA for loss and damage based on interviews
with stakeholders involved in both fields. We chose not
to discuss loss and damage at length here as we consid-
ered that James et al. (2019) and Jézéquel et al. (2019)
have already covered the topic extensively. They find
that the inclusion of EEA results in a mechanism to
address loss and damage driven by climate negotiations
is unlikely, but point out that it could be useful through
other channels.

b. Probability distributions more attuned to the needs
the insurance sector or for adaptation planning

1) FOR THE INSURANCE SECTOR

Stott et al. (2013) make the point that EEA shows that
insurers cannot base their risk calculation on the hy-
pothesis that the climate is stationary (Phelan 2011).
EEA case studies indeed give concrete examples that
the probability of extreme events has changed due to
anthropogenic emissions. This has been identified as
a sector of application by a part of the interviewees,
mostly from the EUCLEIA corpus. This asymmetrical
distribution of answers between the corpora might be
related to the fact that insurers were identified as po-
tential stakeholders in the EUCLEIA project. This
sector of application was discussed in general assemblies
and workshops where the EUCLEIA members were
present. It is noteworthy that one interviewee doubts the
potential interest of insurers in EEA: ‘“‘the insurance
companies I’'m aware of might not be willing now to look
at such services.”

A study of insurers’ interest in EEA was conducted
within the EUCLEIA project (EUCLEIA 4.3 report;
von Storch et al. 2016). In-depth interviews with
German and French insurers and reinsurers were con-
ducted and analyzed. Interviews showed a general in-
terest of the insurers in EEA. However, this interest is
nuanced by a number of ““‘but’s like that EEA does not
provide an added value to the existing information,
other components of risk are more important, or that it
is not applicable in existing business processes’ such
as actuarial practices and, yet less clearly so, strategic
planning. Another conclusion was that “despite the
fact that most of the interviewees were certain that
EEA is relevant, no one was convinced that the added
value of EEA is currently large enough to pay for it.”
The European insurance sector operates in a quite
constraining regulatory environment, which may cur-
tail the use of innovative methods and approach as
they are developed.
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In the case of the insurance sector, it is clear that the
change of probabilities of meteorological hazard mat-
ters (e.g., Reguly 2013; Warner et al. 2013). What is less
clear is whether EEA is the most relevant way to address
the insurers’ needs. What seems most relevant for the
insurance sector, while being the by-product of some
studies, would be the calculation of the current proba-
bility of occurrence of the event. The proof of causation
(or the calculation of the probability of occurrence of
the event in a world without climate change), seems not
especially relevant in the insurance context. “[One in-
terviewee thinks] that insurers don’t care at all about
the causal explanation. [...] what really matter is the
risk, and its evolution” (von Storch et al. 2016). Another
issue is that EEA is tailored to very specific types of
events, such as the exceedance over a given threshold in a
given region, for a given duration, rather than general
classes of events like storms, heatwaves, or floods. Last,
insurance is based on risks, not only on probabilities of
hazards, which also rely on an evaluation of exposure and
vulnerability (Sillmann et al. 2018).

2) FOR ADAPTATION PLANNING

Beyond the insurance sector, better ascertained prob-
abilities may be useful within the context of adaptation
planning. The perspectives regarding the potential use of
EEA for adaptation in the literature diverge. For exam-
ple, the stakeholders interviewed in Sippel et al. (2015)
adopt a variety of viewpoints on the potential of EEA
for guiding the allocation of adaptation funds. Some
of them think it will be useful, while others expect the
process to be piloted by political moves rather than
scientific evidence.

On the one hand, Stott et al. (2013) make two points.
First, they state that extreme events can be “‘harbinger[s]
of the future.” Attribution statements regarding the
evolution of their probability could help decision-
makers to allocate funds for adaptation (see also
Hoegh-Guldberg et al. 2011). Second, Stott et al. (2013)
are concerned by possible cases of misattribution, which
“could lead to poor adaptation decisions” (Stott and
Walton 2013), by adapting to events that will become
rarer in the future (like cold spells). This conception of
the use of EEA falls within a more general vision that
extremes can be “pacemakers of adaptation” (Travis
2014; Moser and Boykoff 2013; Fiissel 2007). The added
information provided by EEA in case of events becoming

3 Extremes could be seen as “pacemakers of adaptation” as their
impacts reveal vulnerabilities faster than a change in global mean
would. Travis (2014) has shown that adaptation in response to
extreme events is not systematic, and not necessarily significant.
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less likely because of climate could help to avoid some of
the maladaptation practices described by Travis (2014).
This benefit should however be nuanced as Travis (2014)
also shows that the role of extreme events in triggering
adaptation is still ambiguous, and highly dependent on
the event and on the social and political environment in
which it occurs: “‘the net effect of extremes on larger
policy structures remains ambiguous in the literature,
with the hint that even a strong signal does not necessarily
ratchet policy adaptation” (p. 37).

On the other hand, Hulme’s (2014) main point of
contention is that this reasoning is based on the assump-
tion that adaptation should be based on optimal decision-
making.* Given the nature of climate change and the
existing uncertainties on both climate variability and
how it is affected by climate change, authors have been
arguing for an approach of adaptation focused on robust
decision-making® (Dessai and Hulme 2004; Dessai et al.
2009; Weaver et al. 2013). Hulme also argues that the
allocation of adaptation funding should be based on vul-
nerability to extreme weather events, rather than at-
tributability (Hulme et al. 2011; Hulme 2014). Another
argument against the use of EEA for adaptation has
been advanced by (Thompson and Otto 2015; Lusk 2017),
who argue that since EEA adopts an ex-post point of view
on extreme events, it is not suited for adaptation, which
should rather be forward looking.

EUCLEIA dedicated a work task to “the understand-
ing of user needs and the value of extreme event attribu-
tion for regional stakeholders.” “Most stakeholders found
that [EEA] would not change their own motivation or way
of taking action. They told to be rather in need of in-
formation about vulnerability, potential impacts and
promising adaptation options; such information was not
perceived to be enhanced by EEA results” (EUCLEIA
4.2 report; von Storch et al. 2015). The group of stake-
holders interviewed for EUCLEIA rather found that
EEA had potential for awareness raising of climate
change (see section 4b). Another important result from
EUCLEIA was that: “the assumption that EEA facili-
tates a more effective resource distribution, planning

4 Optimal decision-making relies on scientific evidence to choose
the decision that will minimize the losses. It is hence based on a
predict then act decision framework. Within the context of EEA
this would mean calibrating adaptation measures based on the
specific characteristics of attributed events.

> Robust-decision-making “‘seek[s] to identify policy vulnera-
bilities under deep uncertainty about the future and propose
strategies for minimizing regret in the event of broken assump-
tions” (Weaver et al. 2013, p. 39). It is hence based on an explor-
atory (or heuristic) decision framework. In that case EEA can only
provide plausible instances but not represent the full range of
possible variability.
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and implementation of climate adaptation could not be
confirmed” (EUCLEIA 4.2 report; von Storch et al.
2015). These results were also the object of an article
(Schwab et al. 2017).

It is hard to find an argument specific to EEA—which
would not apply more generally to the science of un-
derstanding the influence of climate change on extreme
events—in the three datasets to explain why and how
EEA could help adaptation stakeholders. Nevertheless,
the idea that EEA could inform and motivate adapta-
tion is discussed by the majority of interviewees, and
more specifically in the EUCLEIA corpus. Only one
interviewee explicitly states that he does not believe
EEA could be useful in the context of adaptation. Two
interviewees highlight that climate change-related risks
are “felt most strongly through impacts of extremes.”
Three others argue that understanding that extreme
events are already changing because of climate change
is a signal for the future of extreme events. These ar-
guments can be applied to EEA, but they relate more
generally to the development of science studying ex-
treme events in the context of climate change.

6. Discussion

What emerges from this panorama of scientist per-
spectives on their motivations to undertake EEA studies
is that, first, there is a plurality of motivations and that
individual scientists disagree on which one is most use-
ful. We have identified four main motivations: to satisfy
the user’s curiosity, to raise the user’s awareness, to es-
tablish robust causal statements either for litigation or
loss and damage, and to provide robust probabilistic
statements to users for infrastructure design or actuarial
work. Second, there is a lack of solid, empirical evidence
to back up any of these motivations. In fact, the few em-
pirical studies that have been conducted (the EUCLEIA
reports; Schwab et al. 2017; Jézéquel et al. 2019) rather
tend to find inconclusive results regarding the use of
EEA for nonscientific stakeholders. This does not
mean that EEA cannot be useful, but simply that its
usefulness is not straightforward, especially when it
comes to social needs, and ought to be demonstrated
for specific groups of stakeholders, which has not been
done yet. Such types of studies should be easier to do now
that EEA has developed, and that there are a number
of existing methodologies and approaches, which could
be presented to stakeholders to test their relevance for
different uses.

EUCLEIA, EUPHEME, and the recent C3S proof of
concept all show that there is an institutional push for an
extreme event attribution service at the European level.
The objective of the potential C3S attribution service
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would be to “address the ever-growing demand from a
wide range of stakeholders, including media and legal
representatives, on understanding the relationship be-
tween recent extreme weather events and anthropo-
genic climate change.” This is in line with the ERA4CS
vision of climate services as ‘“driven by users’ demands.”
However, it is also in contradiction with the results
presented in this article.

This apparent discrepancy poses a number of funda-
mental questions both for this specific service and for the
construction of European climate services in general.
First, it questions the definition of climate services, and
its meaning for different stakeholders. In its Global
Framework for Climate Services (GFCS), the World
Meteorological Organization (WMO) proposes the fol-
lowing definition: ““‘Climate services provide climate in-
formation in a way that assists decision making by
individuals and organizations. Such services require ap-
propriate engagement along with an effective access
mechanism and must respond to user needs.” This com-
plies with the idea that interactions with users during the
construction of a climate service are essential to build
effective climate services (Vaughan and Dessai 2014;
Hewitt et al. 2012). In this line, both EUCLEIA and
EUPHEME have devoted a work package to the link
with potential users. The results of EUCLEIA have been
discussed in this article. EUPHEME’s working group 1
aims at ‘“‘establish[ing] a dialogue between users and
scientists to develop a clear common understanding of
event attribution and its uses including the full range of
methodological uncertainties and potential implica-
tions for decision making.”” This suggests that the result
(an active co-constructed service) is not yet guaranteed
at the beginning of a climate service project.

This last observation asks the question of what should
be done with inconclusive results on the co-construction
side, similar to what happened in EUCLEIA. It is
noteworthy that a few of our interviewees are concerned
by a potential lack of users; for example, ‘I do not know
if [an attribution service] would be really useful”” or ““I
am not personally totally persuaded that an extreme
event attribution service is a good idea” and “‘it’s not
obvious to me that an operational attribution service is
really what users need.”” This does not imply that such a
service would not meet a need, although the existence of
such a need does not appear to have been translated in a
demand to these interviewees. It is important to notice
that the GFCS definition does not necessarily mean that
climate services should systematically come from an ex-
plicit user demand, especially since, as pointed out by
Street (2016), the demand is “relatively unknown and
fragmented at present.” This question is related to the
issue of evaluation of the effectiveness of climate services
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which is generally tricky (Tall et al. 2018; Vaughan and
Dessai 2014). It also questions the weight one should give
to existing studies of the social demand, and how many
conclusive or inconclusive results it takes to deem a ser-
vice valuable for society or not.

Finally, the climate service provider has to identify the
kind of users for the service. In the process of involv-
ing end-users in the EEA climate service construction,
should this service be driven by the restricted ensemble
of users who are willing to pay for such a service?
Indeed, having users ready to pay for the service is seen
by some as a good way to prove that there is a demand
for the service. However, this angle raises three issues.
First, where is the justification to publicly fund a service
that users are willing to pay for? Having users paying
for a service already perfectly defined and marketable
asks for the reason why public institutions like ERA4CS
or C3S should fund them. Second, the restriction of the
target to users willing to pay for such a service could
also lead to forgetting potential users. These users
could for example be users willing to pay in the future,
but not fully convinced at the beginning of the project
by the product offered (EEA is still in development
stages), or not yet aware of the benefits of such services
on their activities. Last, there is value in providing public
climate services when there is a shared consensus that
the service would lead to social benefits but cannot be
provided by the market as no individual or private ac-
tor has enough incentive to pay for it by its own. EEA is
one of the examples of services that can only work (at
least in the beginning) as part of the ‘“‘layer of public,
free, open access climate services”” recommended by
Street (2016).

Another possible answer to which kind of users the
service should provide for could be users changing their
practices based on the produced results, with EEA as a
tool to help them to take decisions. The case of EEA is
interesting because it brings to the table a kind of users
who could be considered as simply curious about the re-
sults without necessarily meaning to consequently change
their practices, such as the general public, through the
media (and the media themselves). It is up to the service
provider to determine whether this type of users is suffi-
cient to justify the cost of building and maintaining a
climate service.

The discrepancy we have outlined appears when EEA
is evaluated near end users who are exposed to a direct
profit or loss, and are not necessarily trained scientists.
However, an EEA climate service built for institutions
satisfies an explicit demand, which makes it de facto
relevant. The effectiveness of this future EEA service
and its ability to reach out to other noninstitutional users
still needs to be demonstrated.
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