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ABSTRACT

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”. Hence, it raises the question of discriminating extreme events between those influenced and not influenced
by climate change. Extreme event attribution (EEA) is the ensemble of scientific ways to interpret and answer the question “was this event influenced by climate
change”. The relevance of EEA for climate negotiations was debated before the adoption of the Paris Agreement and is still discussed in post Paris Agreement
literature. To inform this debate, we propose a phenomenological approach based on interviews. Parker et al. (2017) analyzed interviews from a mix of loss and
damage stakeholders at COP 19, and highlighted a variety of opinions regarding the relevance of EEA for loss and damage. We propose to go further by focusing on
two distinct groups of stakeholders: EEA scientists and loss and damage delegates (or their advisers). We find that delegates perceive EEA as a useful tool for
awareness raising. We outline a number of hurdles raised by both groups, which may hinder EEA to be part of a practical loss and damage mechanism.

1. Introduction

In November 2013, at COP19, Filipino head negotiator Yeb Sano
delivered a poignant speech’ to denounce the inaction in international
climate negotiations while the Philippines was devastated in the wake of
super Typhoon Haiyan: “To anyone who continues to deny the reality
that is climate change, I dare you to get off your ivory tower and away
from the comfort of you armchair. [...] you may want to pay a visit to the
Philippines right now.” He pointed out the role of anthropogenic climate
change in the occurrence of this disaster: “We must stop calling events
like these as natural disasters. [...] It is not natural when science already
tells us that global warming will induce more intense storms.” Through
the example of typhoon Haiyan, he was specifically promoting the in-
clusion of loss and damage within the work of the United Nations
Framework Convention on Climate Change (UNFCCC): “if we have
failed to meet the objective of the Convention, we have to confront the
issue of loss and damage. Loss and damage from climate change is a
reality today across the world.*; “We call on this COP to pursue work
[...] until the promise of the establishment of a loss and damage
mechanism has been fulfilled”. A little more than a month before Yeb
Sano’s speech however, the Intergovernmental Panel on Climate Change

(IPCC) published a report stating that there was low confidence on the
attribution of changes in tropical cyclones to anthropogenic activities
(Bindoff et al., 2013). More recently, Wehner et al. (2019) have found
that two different methodologies of attribution of Haiyan’s intensity
lead to opposite results, showing that the influence of anthropogenic
emissions on individual tropical cyclones is still a complicated scientific
question. The gap between Yeb Sano’s speech and scientific evidence
challenges the importance of the attributability of extreme events — i.e.
the technical possibility to attribute them — in regards to the key
messages some of the actors need to deliver. More specifically, this
questions the place of extreme event attribution (EEA), the science
studying the influence of climate change on specific events, in the
context of climate change negotiations, and more precisely of loss and
damage negotiations.

Loss and damage in the context of the UNFCCC is hard to compre-
hend because it does not have a consensual definition. Since Yeb Sano’s
speech, loss and damage has gained traction in the negotiation (Mace
and Verheyen, 2016; Vanhala and Hestbaek, 2016) despite an ambig-
uous framework and a lack of clear definition (“The reason loss and
damage was easy was that nobody knows what it means yet” (Vanhala
and Hestbaek, 2016)). Boyd et al. (2017) investigate the different
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meanings of loss and damage through interviews with thirty-eight key
stakeholders, conducted before COP21. They identify four perspectives.
The Adaptation and Mitigation perspective considers loss and damage as all
the impacts of anthropogenic climate change that the Convention as a
whole aims to avoid. In this perspective, there is no need for an addi-
tional loss and damage mechanism, as the goal of mitigation and
adaption is precisely to avert and minimize loss and damage. The Risk
Management perspective links loss and damage to ongoing efforts in
disaster risk reduction (DRR). The Limits to Adaptation perspective pre-
sents loss and damage as the residual impacts of climate change which
were not avoided through mitigation and go beyond the possibilities of
adaptation. The Existential perspective is centered on the need to address
the inevitable harm the most vulnerable populations already face
because of climate change. Figure 1c of Boyd et al. (2017) shows how
these typologies are adopted by different groups of interest within
climate negotiations. The Paris agreement and its accompanying deci-
sion reflect well the dividing lines between Annex I? and non-Annex I°
countries regarding loss and damage. On the one hand, the inclusion of
loss and damage in the Paris agreement in a paragraph separated from
adaptation was considered a victory for developing countries (Article 8
of the UNFCCC (2015)). On the other hand, developed countries, the US
in particular, conditioned their acceptance of the agreement on the
explicit exclusion of compensation and liability. As stated in paragraph
51 of the accompanying decision to the Paris agreement (CP.21, 2015),
the conference of Parties: “agrees that Article 8 of the Agreement does
not involve or provide a basis for any liability or compensation”.

Depending on the chosen perspective, the attributability of weather-
related impacts is not always necessary to deal with loss and damage
(Warner and van der Geest, 2013). However, it is expected that the
UNFCCC should deal with impacts that can be related to climate change.
The lack of clear definition of loss and damage has not prevented a
number of authors from discussing the relevance of EEA to inform
climate negotiations, and eventually loss and damage in particular.
Before loss and damage became a hot topic in the negotiations, Allen
(2003), Allen and Lord (2004), and Allen et al. (2007) had already
discussed the potential of attribution of extreme events to allow
wronged citizens to appeal for compensation and liability. In fact, the
perceived social need to attribute extreme weather impacts to climate
change was the motivation stated by Allen to start investigating the
scientific prospects of attributing specific damaging extreme events. He
considers this solution as “apolitical” (Allen, 2003), in stark contrast
with the political battles led within the UNFCCC.

Hulme et al. (2011) alert against the potential use of weather event
attribution for the allocation of adaptation funding (note that when their
article was published, loss and damage was only emerging in negotia-
tions). They highlight three main problems behind the idea that adap-
tation funding should go to the impacts that have been directly related to
anthropogenic climate change through attribution. This position was
defended by Pall et al. (2011) and Hoegh-Guldberg et al. (2011). First,
EEA often relies on models to estimate changes of probability between
worlds with and without climate change. Given that the choice of the
model can lead to different results (e.g. Hauser et al. (2017)), there can
be “subjectivity” in EEA results, which “may simply open up new spaces
for political contestation, but now hidden in the language of science”
(Hulme et al., 2011) (Surminski and Lopez (2015) raise a similar issue).
Jézéquel et al. (2018); Angélil et al. (2017) also discuss other subjective
choices that may lead to fairly different results, depending on the
framing of the study (e.g. the definition of the event). Second, as of
today, EEA studies conducted to date mostly measure changes in haz-
ards, not in risks (there are however an increasing number of exceptions,
e.g. Schaller et al. (2016); Mitchell et al. (2016)). It hence falls short of

2 Annex I countries are developed countries, who are historically the biggest
emitters. Full list of Annex I countries: https://tinyurl.com/ybp3udkd.
3 Full list of non Annex I countries: https://tinyurl.com/y7bvd2c7.
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assessing potential changes in risks related to changes in exposure or
vulnerability, and is still far from dealing with the political, social and
ethical components of impacts. In line with this point, Huggel et al.
(2013, 2015) argue that EEA has to expand from just the evaluation of
changes in hazards to changes in risks to be relevant to international
climate policy. Third, Hulme et al. (2011) argue that the allocation of
funds through attributability frames adaptation in a compensatory way
rather than on building capacity with respect to vulnerability.

With the establishment of loss and damage as a major topic in the
run-up to the Paris agreement and afterwards, scientists started to
highlight the issue of linking impacts and anthropogenic climate change.
Following the adoption of the Warsaw International Mechanism for Loss
and Damage (WIM), James et al. (2014) explain that “From a scientific
perspective, [...] the first challenge in implementing the WIM would be
to estimate where and when loss and damage can be attributed to
anthropogenic climate change”, which calls for detection and attribu-
tion and EEA information. They point out that this potential scientific
input has been largely neglected in negotiations. They are concerned
“that a body of scientific evidence is growing, which is highly relevant to
the WIM, yet is seen as a distraction from the negotiations” and call for
better communications between scientists and policy makers through
co-construction of scientific questions between both groups (see also
Parker et al. (2015)).

In parallel, the growth of EEA as a scientific topic has fostered more
general discussions on the motivation of scientists to pursue EEA, and on
the identification of potential users. The use of EEA results as material to
back up a liability case, possibly in the context of UNFCCC loss and
damage, is among the four motivations proposed by Hulme (2014). Stott
and Walton (2013) do not mention loss and damage as a potential
domain of application, while Sippel et al. (2015) do mention this
application. The interesting issue is that both EEA and loss and damage
have been growing concurrently, and that a part of the scientific com-
munity has established a link between the two topics.

The literature contains different views on the role that EEA can play
to inform loss and damage. Thompson and Otto (2015) argue that EEA is
a necessary scientific input to provide restorative justice, which would
be a basis for “healthy long-term international relations.” Beyond
monetary compensation, it would be a way for big emitters to
acknowledge their part in impacts suffered by the most vulnerable
countries, and this acknowledgement would be a first step in the making
of amends. Mace and Verheyen (2016) argue that the establishment of a
scientific link between emissions and specific impacts puts policy
makers in a position where it is more advantageous for them to take
action collectively in the UNFCCC than to risk being brought before a
court of law. Verchick (2018) adopts a similar point of view. He values
EEA because of the “unavoidable moral duty to know what’s going on”.
EEA results could provide “substantial leverage” to push for ambitious
mitigation, adaptation and loss and damage policy. James et al. (2019)
discuss four possible “ways attribution science could be applied to
support actions to address losses and damages™: catalyzing action,
providing evidence for liability and compensation, informing the dis-
tribution of adaptation or loss and damage funding, and, analyzing
drivers of loss and damage to inform practical actions to avert, mini-
mize, and address losses and damages. They deem the latter to be the
most promising.

Others are less enthusiastic (although not as critical as Hulme et al.
(2011)). Wallimann-Helmer (2015) remarks that not all loss and damage
results from climate change, some is related to natural variability. The
type of responsibility differs between these two cases. EEA could help to
distinguish which impacts would fall under corrective liability or
remedial responsibility. However, he also asserts that corrective liability
(related to attributable events) should be a secondary concern in regards
to remedial responsibilities because loss and damage approaches are
prospective in nature, and because it would be inappropriate to
compensate only the attributable fraction of loss and damage. This
makes the utility of EEA only secondary. Surminski and Lopez (2015)
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criticize the idea that EEA could support the compensation of loss and
damage, because this could “distract from the importance of recognizing
risk in its totality” by focusing only on hazards. Boran and Heath (2016)
argue that given the history and processes of the UNFCCC, the normative
frame based on compensation and liability is bound to fail. They propose
an alternative “risk-pooling logic” in which EEA would strengthen in-
surance mechanisms. Huggel et al. (2016) discuss the type of climate
information needed to feed different normative principles of justice.
They show that a compensation process based on attribution results
would not be feasible with the current level of confidence in scientific
evidence. In particular, they reveal an inequity in the scientific potential
to attribute events depending on the region and the type of impact. This
inequity is caused by the uneven quality of observational records.
Huggel et al. (2016) hence argue that vulnerable countries are also those
for which attributability is the lowest. This inequity is of practical nature
and should, however, be tempered for some extreme events based on
theoretical considerations. For example, temperature variability is lower
in low latitudes than in high latitudes, leading to a higher signal-to-noise
ratio in tropical regions, where the most vulnerable countries are
generally located (e.g. Wallace et al. (2015); Hawkins and Sutton
(2012); Giorgi and Bi (2009)). Lusk (2017) discusses the social utility of
event attribution, and concludes that the best social fit for EEA would be
loss and damage. He however points out that EEA is not the only way to
address loss and damage and that there is no certainty that it will ever be
used in the UNFCCC arena. Roberts and Pelling (2018) argue that
although it could be useful, EEA should not be a pre-requisite as there
are still many scientific challenges to deal with on the way to oper-
ationalization, which they feel should not be allowed to hinder efficient
and rapid loss and damage action. They argue that support should be
given foremost to the most vulnerable, rather than the most attributable.

The variety of perspectives regarding the relevance of EEA for loss
and damage calls for input from the involved stakeholders. Parker et al.
(2017) were the first to analyze stakeholders perceptions of event
attribution in the context of loss and damage. They conducted in-
terviews of a panel of 31 stakeholders involved in loss and damage be-
tween November 2013 and July 2014. They focused on two questions:
how much is known about probabilistic event attribution, and how
probabilistic event attribution might inform loss and damage. They
concluded that there was little awareness of EEA between stakeholders,
and that they had divergent perspectives on its potential use. The 31
stakeholders interviewed by Parker et al. (2017) were a mix of NGOs,
social scientists, governmental and intergovernmental organizations,
climate scientists and private sector representatives. The lack of agree-
ment they found may be related to this diversity. The goal of this paper is
to investigate if and how EEA could feed the loss and damage negotia-
tions through the combination of two corpora of interviews: one
exclusively with EEA scientists, and one exclusively with loss and
damage delegates and their advisers. This was also an opportunity to
update the results of Parker et al. (2017) post Paris agreement. Indeed,
one of the essential conclusions from the literature is that the ways in
which EEA could inform loss and damage very much depends on the
author’s definition of loss and damage. The explicit exclusion of
compensation and liability from loss and damage in the decision
accompanying the Paris agreement may have changed the perspectives
of stakeholders. We detail hereafter the methodology we followed to
conduct and analyze the perspectives of both stakeholders groups on loss
and damage and extreme event attribution. Then, we present the results
of this analysis. Finally, we discuss the implications of these results for
the potential uses of EEA in the context of loss and damage.

2. Material and methods

This paper adopts a phenomenological approach to the study of the
science policy interface. Its objective is thus to contribute to the “un-
derstanding [of] unique individuals and their meanings and interactions
with others and the environment” (Lopez and Willis, 2004). This
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approach allows exploratory analysis of the issues at hand. It minimizes
the shaping of our analysis along the line of pre-established hypothesis
regarding loss and damage and EEA. By not imposing a theoretical
framework to our inquiry, we could explore the “appearances of things,
or things as they appear in our experience, or the ways we experience
things, thus the meanings things have in our experience” [Smith,
defining phenomenology, 2018]. We conducted this exploration
accepting that the relative youth of both the loss and damage debate and
EEA would lead us to results associated to the emergence of the field.
This means that our relative freedom from prejudice may also, in this
case, somehow limit the interpretive frames that we actually encoun-
tered. This is a risk that we felt justifiable in the light of our research
objectives which included capturing the variety of perspectives
regarding the relevance of EEA for loss and damage.

Our study is based on two corpora of semi-structured interviews from
two different groups of individuals. The first corpus consists of nine
climate scientists working on Extreme Event Attribution (EEA), and the
second of twelve delegates and affiliates working on loss and damage.
Saturation has been used as the primary guiding principle for sample
size (see Mason (2010)). A sample is saturated when adding new data (in
this case, conducting other interviews) does not provide new informa-
tion. Saturation has been verified through the repeated removal of each
and every corpus individual from the corpora and checking that this
procedure did not influence the results. The small sample size may be
explained by the relative homogeneity and small size of the target
populations, the focused nature of our inquiry and the saliency of the
issue at hand for the interviewee (for a description of the populations see
below). The information power of our small samples may find its source
in our narrow study aim - the issues we are exploring here are quite
focused (Malterud et al., 2016). For context, Creswell (1998) identifies a
minimum sample size of five for interview-based phenomenological
studies, while Morse (1994) identifies this minimum as being six.

2.1. Selection of interviewees

We targeted two populations from the general group of stakeholders
involved in loss and damage, which was already studied by Parker et al.
(2017) and Boyd et al. (2017). The first population consists of climate
scientists working on EEA. The science of EEA originated in 2003 (Allen,
2003). This community continues to expand and now includes re-
searchers from most of the Annex I countries and China. We can consider
that our target population consists of scientists participating in the Eu-
ropean project EUCLEIA (EUropean CLimate and weather Events:
Interpretation and Attribution), and/or in the IDAG (International ad
hoc Detection and Attribution Group), and/or who wrote an article
about EEA, for example in one of the special issues of the BAMS (Bulletin
of the American Meteorological Society) explaining the events of the
previous year. Most groups working on EEA have coauthored articles
with other groups.

The first corpus, consisting of nine climate scientists, was selected
based on their publications and involvement in EEA research. They all
came from different laboratories based in Europe, North and South
America. An effort was made to cover different types of methodologies.
Five of them were interviewed during the IMSC (International Meeting
on Statistical Climatology, held in Canmore, Canada, in June 2016).
Two others were interviewed in person on other occasions and the last
two via skype, between June 2016 and January 2017. The nine in-
terviewees included eight men and one woman. Five have a background
in physics and four in statistics. We chose to only interview holders of a
PhD and with a permanent position as they were perceived to be more
likely to be in contact with stakeholders outside the world of research.
For an emerging science like EEA — which is being conducted by young
scientists — this is a limitation of our sample. Another limitation of our
sample may be its gender imbalance that does not represent the EEA
community in its gender diversity. Yet we see no reason for neither the
nature of the position occupied (permanent vs non-permanent) nor the
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gender of scientists to change the nature of our results.

The second targeted population consists of people closely involved in
the loss and damage negotiation process. The targeted group was the 20
members of the Warsaw Implementation Mechanism (WIM) executive
committee (Excom) and/or the persons who participated in the closed-
to-observers negotiations on loss and damage at COP22. This second
group includes less than 50 persons, as not all delegations are present for
the negotiations on loss and damage, which is still a rather small (but
highly political) topic within the UNFCCC. This population is gender
balanced and evenly distributed between Annex I and non-Annex I
countries.

For the second corpus, the sample consists of twelve interviewees
involved in the loss and damage negotiations. Eight were Parties dele-
gates, including five members of the WIM Excom. Amongst the twelve
interviewees, three were Annex I countries delegates. Three others were
advisers to delegates, all to non Annex I countries. Five interviewees
were delegates from non-Annex I countries. In addition, one interviewee
was a member of the UNFCCC secretariat. This corpus is hence unbal-
anced in favor of non-Annex I countries. This is related to a certain
reluctance of Annex I countries delegates to participate to these in-
terviews. We were only able to interview European Annex I delegates,
which may have introduced a bias in our results. It would have been
interesting to identify the negotiation blocs to which respondents
belonged, but this would have made it impossible to maintain the ano-
nymity of respondents. The twelve interviewees included seven men and
five women.

The first target of these interviews was members of the WIM Excom
whom we contacted before COP22. Starting with those who accepted,
we asked each interviewee to recommend others, following a snowball
sampling technique. Seven interviews were conducted at COP22 in
Marrakesh in 2016, and five others were done via skype afterwards. Due
to the political nature of the topic, some of the persons we contacted
were unwilling to accept an interview (especially members of Annex I
countries).

2.2. Interview procedure

We conducted semi-structured interviews. Confidentiality was
respected by following the Chatham House rules, as agreed with the
interviewees before the beginning of the interview. The climate scien-
tists were asked to define extreme events, detection and attribution, and
extreme event attribution, what was their personal contribution to EEA,
how they came to work on it, why they were interested in it, what their
criteria were to consider that an EEA exercise they engaged in was
successful, whether they were in contact with potential users, if yes what
were their expectations and if not why not, whether they considered
EEA to be useful, and in what manner, and how they imagined the future
of EEA. Two questions were specifically on loss and damage; whether
they knew about it, and the role they thought EEA could play regarding
loss and damage. If they did not know about loss and damage before-
hand, we provided an explanation to them using the limits to adaptation
perspective (Boyd et al., 2017). We chose this definition for the sake of
simplicity, and because we feel it is the most faithful to the historical
development of loss and damage in the UNFCCC. This choice may
however have introduced a bias in the interviews.

The delegates and affiliates were asked to state their personal defi-
nition of loss and damage, what was the state of loss and damage during/
after COP22, what was their role regarding loss and damage, how they
would define extreme weather events and measure their impacts in the
context of the Paris agreement, why did the WIM Excom define an action
area about slow onset events and not about extreme weather events,
how they imagined the implementation of loss and damage, what is the
role of science in loss and damage, whether they work with scientists
and about the future of loss and damage. Four questions were specif-
ically on EEA. We asked them how an extreme weather event would be
attributed to climate change in the context of loss and damage, what
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they thought of the attribution of individual extreme weather events,
what would be their ideal contribution from climate science on the
attribution of extreme weather events and how they would deal with the
events for which the uncertainties are too high for science to attribute
them to climate change.

The questions related to slow onset events vary a bit from one
interview to the other because we specifically asked the members of the
Excom why there was an action area about slow onset events and none
about extreme weather events while we could not ask the same question
to people who were not part of the process of defining those action areas.
We asked them how they understood the place of both slow onset events
and extreme weather events in the negotiations.

We chose not to directly ask the delegates whether they knew about
EEA or not in order to gauge how they would interpret our questions,
and whether they would bring up EEA results by themselves. We also
wanted to give them leeway to describe the type of attribution science
they would like without describing pre-existing methodologies.

All the interviews were recorded with the consent of the interviewees
and later transcribed for the analysis. We only used a part of the ques-
tions of both corpora for the analysis presented in this paper. The first
corpus has also been used in (Jézéquel et al., 2018). The questions of the
second corpus regarding the definition of loss and damage have been
explored by other researchers using their own corpus of interviews and
we considered we had nothing new to add on that topic (Boyd et al.,
2017).

2.3. Data analysis

The interview transcripts were analyzed using a qualitative, itera-
tive, inductive, phenomenological approach, in three steps. First, we
identified nine themes covering the content of the interviews: the defi-
nition of extreme weather events by climate scientists, and by delegates,
the definition of impacts by delegates, delegates knowledge of the in-
fluence of anthropogenic climate change on extreme weather events,
delegates knowledge of EEA, the perspective on EEA for loss and damage
of climate scientists, and of delegates, delegates perspective on the dif-
ference between slow onset events and extreme weather events, and
delegates perspectives on uncertainties regarding the attribution of
some extreme weather events to anthropogenic climate change. The
second step was to select the excerpts of interviews related to each of
those themes. The third step was to build the tables presented in the
supplementary material from those excerpts.

3. Results

3.1. Delegates knowledge of EEA and scientists knowledge of loss and
damage

Two years before the 2015 Paris Agreement, stakeholders involved in
loss and damage had various, and often incorrect knowledge of EEA
(Parker et al., 2017). A year after the Paris Agreement, despite calls
(James et al., 2014) and initiatives (Parker et al., 2016) from scientists
for better communication with stakeholders, our survey shows that the
diagnostic stays the same. Table 1 summarizes the understanding of
twelve delegates and affiliates on both the general influence of anthro-
pogenic climate change on extreme events and EEA. Less than half had
prior awareness of EEA. The understanding of both the challenges and
the concepts associated with EEA vary between interviewees. The gen-
eral understanding of how extreme weather events are affected and will
be affected by climate change also differs between delegates. Most
declare that climate change affects the severity and the frequency of
extreme events, without discriminating between regions of the world
and types of events. The Intergovernmental Panel on Climate Change
(IPCC) establishes this variability in the influence of anthropogenic
climate change on different types of events and in different regions in its
last assessment report (Bindoff et al., 2013) and specifically in its special
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Table 1

Delegates’ knowledge of the relationship between extreme weather events and
anthropogenic climate change. Complete quotes supporting this table are

available in the supplementary material (Table 4 and 5).
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Table 2

Answers of the climate scientists regarding the possible use of EEA for L&D.
Complete quotes supporting this table are available in the supplementary ma-
terial (Tables 6).

Influence of anthropogenic climate
change (ACC) on extreme weather
events (EWE)

Knowledge of extreme event
attribution (EEA)

D1 ACC contributes to existing EWE, but - “Difficult to say that one event in
does not induce totally new weather its entirety is attributable to
events. climate change.”

— Has not heard about EEA.
D2 ACC increases the severity, intensity ~ — It is possible to calculate the
and frequency of extreme events. difference in magnitude or in
probability caused by ACC for a
specific EWE within a matter of
days.
— Has heard of EEA.
D3 ACC increases the unpredictability — Impossible to attribute one event
of EWE. Explicit reference to IPCC. to ACC
— Has heard about EEA.
— EEA s “a way to say whether CC is
30% or 20%, it is very technical.”

D4 ACC increases the frequency, and the Has not heard about EEA. Outside of
intensity of EWE field of expertise.

D5 ACC increases the frequency, the — Has not heard about EEA.
impacts and the magnitude of EWE. — Attributing one storm to ACC is
Explicit reference to IPCC. “impossible, non scientific even.”

D6 ACC explains the occurrence of — Has not heard about EEA.
extreme events like hurricanes. The — Does not understand the need for
refusal to link EWE to ACC comes EEA because the science is “easy”.
from political reasons, not from
science.

D7 No specific statement. — Has heard about EEA.

D8 ACC increases the frequency, and the ~ Refuses to answer the question.
severity of extreme events. ACC is Outside of field of expertise
not the only driver of EWE.

D9 The frequency, the severity and the — Has heard about EEA.

location of current EWE are a result
of ACC. ACC is not the only driver of

— There are other factors than ACC
in EWE.

EWE.
D10  No specific statement. Refuses to answer the question.
Outside of field of expertise
— “it’s difficult to attribute just one

event to climate change,

D11 The influence of ACC on EWE
depends on the type of events and on

the region studied. Explicit reference scientifically.”
to IPCC. — Has not heard about EEA.
D12  ACC increases the number of EWE. — EEA is difficult because of

ACC is not the only driver of EWE. “climate variability”.

— Has heard about EEA.

— Even if we cannot “fully”
attribute, we may attribute a part

of the event to ACC.

report on extreme events (Seneviratne et al., 2012). This shows that
those research findings have not yet been assimilated by all the
negotiators.

Similarly, only a minority of EEA scientists interviewed in this study
had previously heard of loss and damage (Table 2). This indicates that a
very small part of the EEA community actively considers how EEA re-
sults might inform loss and damage. Both topics are quite complex to
comprehend for the other group. EEA is, as stated by one of the dele-
gates, “very technical” (D3). Loss and damage is a political concept that
has been integrated in the negotiations without a clear definition (Boyd
et al., 2017). This might not evolve in the future, since this fuzziness is
the result of a compromise between the positions of Annex I and
non-Annex I countries (Vanhala and Hestbaek, 2016). The understand-
ing gap between the EEA and the loss and damage communities
currently makes it difficult for EEA to be integrated into the loss and
damage negotiations. More communication between the two groups
would be a necessary condition for EEA to be used in the context of
climate negotiations (James et al., 2014).

Delegates also generally consider the knowledge on extreme weather
events to be greater than that on slow onset events (see Table 8 in the

Knew Which role do you think EEA could play regarding loss and
L&D damage (L&D) ?

Cl No Maybe useful for liability but complicated:

— acceptability of the science by a court.

— failure to mitigate vs failure to adapt.

Uncomfortable with the idea:

— the science is not robust enough yet.

— the robustness/attributability depends of the types of events and
of the region: unfairness in attributability.

Useful to determine what should be compensated. The way to
implement is still mysterious.

Confused:

— would be necessary to evaluate what is related to climate
change.

— justice problem regarding the geographical distribution of
attributability.

— compensation and liability are explicitly removed from the Paris
agreement.

Useful to determine what should be compensated.

Not convinced:

— the real problem is to find ways to mitigate.

— problem of reproducibility of the science with just one planet.
- could slow decision making.

Does not think it will play a major role for L&D. 2 possible other
options:

— EEA for quantitative risk assessment (part of L&D and
adaptation, has nothing to do with liability).

- indirect influence on L&D through liability cases outside of the
UNFCCC.

Not convinced of the use of EEA for L&D:

— uncertainty.

- non-linearity of the impacts.

— apportionment of the blame between emitters.

Against the use of EEA for L&D:

— all the money would go to the lawyers.

- non-linearity of the impacts.

— complexity of choosing between different ways to count.

- international help should be based on resources, not on
attributability.

C2  Yes

C3 No

C4  Yes

C5 Yes
C6 No

Cc7 Yes

C8 No

C9 No

Supplementary material). Slow onset events include “sea level rise,
increasing temperatures, ocean acidification, glacial retreat and related
impacts, salinization, land and forest degradation, loss of biodiversity
and desertification” (CP.16, 2010). However, the scientific under-
standing of how climate change affects some extreme events remains
lower than for slow onset events (James et al., 2014). We found two
reasons in the interviews to explain this discrepancy. First, the IPCC
released a special report on extreme events in 2012 (Seneviratne et al.,
2012), which led delegates to consider the “issue [of the influence of
climate change on extreme events being] fairly well covered” (D11).
This perception of the delegates is surprising, since the IPCC assessments
also deal with slow-onset events like sea level rise or ocean acidification
(e.g. Bindoff et al. (2013)). Second, although anthropogenic climate
change may have an influence on extreme events, they have happened
before. Stakeholders have historical experience dealing with them and
there are already many ways to address their impacts. For example, D2
states that “the rapid onset events like floods, hurricanes, and event
droughts, are well-known phenomena that occurred naturally before
human-induced climate change.”

3.2. Potential uses for EEA in loss and damage

In order to better understand how EEA could inform loss and dam-
age, we interrogated the delegates on their vision of EEA in relation to
loss and damage and the climate scientists on their vision of loss and
damage in relation to EEA. Their answers are summarized in Tables 2
and 3. A significant part of the climate scientists are not convinced of the
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potential usefulness of EEA for loss and damage and a few delegates
think that EEA could be ill-used and dangerous. Most of the delegates,
especially those from non-Annex I countries, agree that EEA could be
useful to some extent. They think that EEA could help to raise awareness
among policy makers on the fact that the impacts of climate change are
already being observed. EEA could also act as a basis to put pressure on
Annex I countries to meet their responsibilities. James et al. (2019)
identify this potential use for EEA as catalyst. The use of EEA to inform
loss and damage has been historically discussed in relation with prob-
lems of compensation, liability and distribution of adaptation funding
(James et al., 2019). The accompanying decision to the Paris agreement
explicitly states that Article 8 does not provide any basis for compen-
sation and liability, making it unclear whether these applications of EEA
remain relevant, and should still be discussed. Nevertheless, our in-
terviewees gave us perspectives on EEA as a potential scientific basis for
such types of hypothetical mechanisms. Our analysis of the interviews
revealed six serious technical and ethical hurdles.

Climate scientists are sometimes uncomfortable with the use of their
results given the current state of EEA, which is still a relatively new
branch of climate science, and lacks robustness in some cases. For
instance, subject C2 would be “uncomfortable [...] if you would use our
current methodology to make any statements about it and describe
dangerous events.” C8 also points out the inherent uncertainties of EEA
results. This worry is related to the robustness of the current method-
ologies (Hulme et al., 2011). Indeed, to this day, there are examples of
EEA case studies leading to quantitatively, and sometimes qualitatively,
varying results about the same event, depending on the methodology
and model used (Angélil et al., 2017; Hauser et al., 2017). If EEA results
were to inform loss and damage negotiations, they would need to be
robust, so that other EEA studies could not contradict them.

Another technical problem resides in the differences in our capacity
to attribute different kinds of events in different regions (e.g. C2, C4 and
C9). Some events are easier to attribute than others: it is simpler to get
robust results for heat-related events than for precipitation, and attrib-
uting storms and hurricanes (on Extreme Weather Events and Attribu-
tion, 2016) is a still an unresolved challenge. Additionally, EEA studies

Table 3

Answers of the delegates regarding the possible use of EEA for L&D. Complete
quotes supporting this table are available in the supplementary material
(Table 7).

Relevance of EEA for L&D

D1 EEA could be useful for awareness raising for mitigation.
EEA could be dangerous:
— if framed in the compensatory way (ethical problem of accepting that you
cause impacts on other countries and get away with it with money).
— problem of maladaptation vs lack of mitigation.
D2 EEA could be useful:
— for understanding of the role of climate change on extreme events.
— but it is a “second order problem”.
D3 EEA could be dangerous:
— it puts the light on climate change while there are other drivers of impacts.
D4 EEA could be useful:
- to determine what is L&D.
— to raise awareness among policy makers.
D5 EEA could be dangerous:
- apportionment of responsibility between emitters is not easy.
— only the mediatized events would be addressed.
— paying only for the attributable part is morally wrong.

D6 Does not understand the need for EEA because the science is “easy”.

D7 EEA has potential in a forward looking framing.

D8 EEA is useful to put pressure on big emitters to take their responsibilities
towards vulnerable countries.

D9 EEA is useful to put pressure on big emitters to take their responsibilities

towards vulnerable countries.

D10  EEA is useful because it is the only way to measure the contribution of
anthropogenic climate change to an event.

D11 EEA is important to discriminate what part of the impacts is related to ACC
and what comes from maladaptation.

D12 EEA is useful to raise awareness among policy makers.
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in particular and climate sciences in general are more robust when they
rely on long observational records, which tend to be more widely
available in Annex I countries than non-Annex I countries. This is
particularly true for African countries (Huggel et al., 2016). Therefore,
the most vulnerable countries are also those for which scientists are less
likely to have the data needed to attribute an extreme event to anthro-
pogenic climate change. Furthermore, the current UNFCCC mandate
addresses loss and damage “in developing countries that are particularly
vulnerable to the adverse effects of climate change” (CP.19, 2013).
These two concerns remain valid for any of the potential uses of EEA
identified by James et al. (2019).

Even if those technical challenges were addressed and the science
were able to calculate the attributable part of any extreme event impact,
there would still be political hurdles in the attribution of responsibility.
Interviewees from both corpora raised the problem of the apportion-
ment of responsibility based on emissions (C8 and D5). The apportion-
ment of the emissions and their related responsibilities is not only an
EEA problem but has been a constant issue since the beginning of the
negotiations. There are different ways to calculate the contribution of a
country to global emissions depending on the components of anthro-
pogenic forcings (CO, only, different greenhouse gases, land-use
changes, etc.), the start year of the emissions, the year the impacts of
climate change are evaluated, whether one should account for emissions
within a territory, or for consumption-based emissions, or for emissions
per capita, or for the total emissions of a country, and the indicator of
climate change (e.g. global mean surface temperature) (Skeie et al.,
2017). Otto et al. (2017) propose a mechanism to apportion the attrib-
utable part of the impacts of an extreme event between emitters. They
show that emission apportioning choices impact responsibility distri-
bution. Although there can be multiple scientific ways to apportion
contributions to anthropogenic climate change, the choice between
different methods and the translation of these contributions into re-
sponsibilities is an ethical, rather than scientific issue. Without agree-
ment in the UNFCCC on how to apportion anthropogenic emissions
responsibilities, we can question whether this problem will be solved in
the context of a hypothetical loss and damage implementation mecha-
nism based on EEA.

Ahead of this, there are also subjective choices to make in the
framing of an EEA case study (Jézéquel et al., 2018), which have led to a
debate on the most useful framing to stakeholders (Lloyd and Oreskes,
2018). Different framing options lead to answering different questions
regarding the influence of climate change on individual extreme events.
The subjective choices that scientists have to make depend on the goal of
the study. Hence consultation with the relevant stakeholders is neces-
sary, in order to answer their questions (Otto et al., 2016) (also see
Table 1 in the supplementary material). However, loss and damage
delegates are probably not the stakeholders who are best suited to the
task. Indeed, a key choice in any EEA study is the precise definition
(duration and region) of the event that is to be studied, which is a
subjective choice that quantitatively impacts the results (Cattiaux and
Ribes, 2018). When asked how they would define extreme weather
events and their impacts, delegates typically answered that this type of
technical question was outside their field of expertise (see Tables 2 and 3
in the supplementary material). This shows that we are still far from a
fruitful conversation between both groups that would ensure the event is
defined in a way that is both meaningful to the stakeholder and feasible
within the confines of available models, observational data and
knowledge.

Another responsibility dilemma lies between the responsibility
related to the failure to mitigate and the responsibility related to the
failure to adapt, which are often held by different parties (C1, D1, D3,
D11). This relates in part to a point raised by Hulme et al. (2011) that
EEA could only be useful if it attributed changes in impacts, not changes
in hazards. Only a few EEA case studies tackle impacts (Mitchell et al.,
2016; Schaller et al., 2016). There is still a long way to go before
attributing the large variety of economic and non-economic losses. In
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particular, dealing with (possibly by quantifying) cultural and
non-economic losses poses operational and ethical problems (Wrathall
et al., 2013). This point is important because the observed increase in
damages related to natural disasters has been shown to be largely due to
an increase in exposure and vulnerability rather than an increase in
hazards [e.g. Visser et al. (2014)].

Delegates may point out that EEA could lead to a situation where a
loss and damage mechanism would only pay for the attributable part of
the event (e.g., D5). This is especially troublesome when considering
that impacts are not linear (C8 and C9): “a lot of these things involve a
threshold [...] the straw that breaks the camel’s back, the non linearities
become extraordinarily difficult to deal with.” (C9). This is illustrated by
D2 when recounting the impacts of the Haiyan typhoon in 2013.
“Philippines is well adapted to typhoons. [...] Haiyan came, they got the
warning, they went to the shelters, they died in the shelters. Haiyan was
a super typhoon. The shelters were not built to withstand a super
typhoon.”

Several of these challenges apply to the application of EEA for a li-
ability or compensation mechanism, or for apportionment of re-
sponsibility. The interviewees responses are therefore in agreement with
James et al. (2019) in the challenges of using EEA for liability of
compensation. However, this does not preclude the use of attribution for
raising awareness and catalyzing action, or for understanding the
drivers of risk to inform UNFCCC loss and damage activities. It also does
not preclude the use of EEA outside of UNFCCC activities. Delegates (as
well as C7) identify the disaster risk reduction community as the rele-
vant stakeholders regarding technical issues on natural disasters. Hence,
this community is more likely to grasp the concepts and limits of EEA
and to integrate its results into their work. There have also been recent
arguments for (Marjanac and Patton, 2018) and against (Lusk, 2017) the
use of EEA for liability purposes in courts outside of the UNFCCC
jurisdiction. Whether EEA will be needed in those contexts remains to be
explored by social scientists and jurists in a separate analysis of each
stakeholder group’s needs (Sippel et al., 2015).

4. Discussion and conclusion

At first sight, the introduction of loss and damage “associated with
the adverse effects of climate change, including extreme weather
events” (UNFCCC, 2015) calls for a tool to determine which extreme
weather events are effectively related to climate change. However EEA
does not blend in most of the political and ethical discussions sur-
rounding loss and damage within the UNFCCC, especially when it comes
to attributing responsibilities. Six hurdles delegates and scientists asso-
ciate with the use of EEA for loss and damage emerge from the analysis
of the interviews we present here. The first two hurdles are technical: the
lack of confidence in EEA results, and the challenges associated with the
attribution of events in the most vulnerable countries. Four other hur-
dles regard the attribution of responsibility that could ensue from EEA
results. This could lead to politically complicated (possibly impossible)
choices: the apportionment of responsibilities between emitters, the
definition of the extreme events, the apportionment of responsibilities
between those who failed to mitigate and those who failed to adapt, and
the risk of only dealing with the attributable part of an event.

The relationship between EEA and loss and damage sheds light on
the relationship between science and negotiations within the UNFCCC.
For comparison, we can take the example of the 2 °C threshold, which is
an example of co-construction between science and policy within the
UNFCCC (Randalls, 2010; Aykut and Dahan, 2011; Cointe et al., 2011).
At COP15 in Copenhagen, the choice of a long term goal was at stake.
Two options were a fixed global temperature threshold of 2 °C above the
pre-industrial temperature, which made it into the final decision, and a
fixed amount of emissions. Cointe et al. (2011) analyze the reasons for
the success of the 2 °C threshold. One of the main points they develop is
that “it is less accurate and less clearly measurable than concentrations,
which affords it an ambiguity that is very useful in the negotiation
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process: we can point relatively precisely to the moment when 450 ppm
of atmospheric CO; are to be expected, but much less precisely to the
moment when the average global temperature will have risen 2 °C above
the pre-industrial baseline.” Flexibility and fuzziness are essential for the
political process. Policy is not rational, it thrives on “constructive am-
biguity” (Geden, 2016). The example of EEA is representative of the
difficulty for scientists to grasp the type of scientific information to
which the UNFCCC is porous. As Geden (2018) puts it: “climate re-
searchers need to understand processes and incentives in policy making
and politics to communicate effectively.”

Despite the difficulties regarding the use of EEA within the UNFCCC,
the fact that loss and damage is supposed to deal with events related to
climate change remains legitimate. Aykut et al. (2017) introduced the
concept of a globalization of the climate problem, meaning “the inclusion
of new issues and actors into the climate regime”. Through a compila-
tion of articles on specific topics based on the ethnographic analysis of
COP21, they show how climate change negotiations integrate other in-
ternational policy topics, which are not necessarily directly linked to
climate, like fossil-fuel regulation (Aykut and Castro, 2017), or security
and migration (Maertens and Baillat, 2017). Loss and damage (at least
the part on extreme weather events) include disaster risk reduction is-
sues in the COPs. The integration of disaster risk reduction within COPs
presents two main advantages. It profits from the general momentum
and media coverage of the climate arena, which is huge compared to
traditional disaster risk reduction forums (e.g. the Sendai protocol,
which is cited by a few of the interviewed delegates). It also opens the
possibility of a shift of responsibilities in case of disasters. As D8 for-
mulates it: “One of the important things about the climate change
convention and the international climate change regime is that there is a
responsibility in the convention for Parties, for developed country
parties, to finance adaptation and resilience building. Whereas in all of
the other international arenas that are related the responsibility falls on
the country itself.” Another interesting point is that the original loss and
damage proposal only included loss and damage associated with sea
level rise (Vanuatu, 1991). We do not have the material to treat this
question, but it would be interesting to investigate when and how
extreme weather events (and the associated disaster risk reduction is-
sues) were included in the UNFCCC loss and damage. This could help to
understand which groups are behind this inclusion of disaster risk
reduction within the UNFCCC.

The analysis presented in this article confronts the perspectives of
two groups of stakeholders on the potential inclusion of EEA results in a
loss and damage process: EEA scientists and loss and damage delegates.
A third major stakeholder group was not included in this study: the
NGOs. This is an important limitation of the results presented there.
Indeed, this group plays a key part in the climate regime both within and
without the UNFCCC arena (e.g. de Moor et al. (2017) on the role of
climate activists and Morena (2017) on the role of philanthropies at
COP21). Interviews with NGO representatives would be needed to un-
derstand whether they would find EEA results useful, and for what
purposes they would find it to be useful (e.g. awareness raising,
lobbying).

Declaration of competing interestCOI

We wish to confirm that there are no known conflicts of interest
associated with this publication and there has been no significant
financial support for this work that could have influenced its outcome.

We confirm that the manuscript has been read and approved by all
named authors and that there are no other persons who satisfied the
criteria for authorship but are not listed. We further confirm that the-
order of authors listed in the manuscript has been approved by all of us.

We confirm that we have given due consideration to the protection of
intellectual property associated with this work and that there are no
impediments to publication, including the timing of publication, with
respect to intellectual property. In so doing we confirm that we have



A. Jeézéquel et al.

followed the regulations of our institutions concerning intellectual
property.

We understand that the Corresponding Author is the sole contact for
the Editorial process (including Editorial Manager and direct commu-
nications with the office). She is responsible for communicating with the
other authors about progress, submissions of revisions and final
approval of proofs.

Acknowledgements

This work was supported by the ERC grant no. 338965-A2C2. We
thank Vivian Dépoues, Hélene Guillemot, Aurélien Ribes and Emily
Williams for their feedback on this study. We thank Rachel James and
Francis Zwiers for their constructive reviews.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.wace.2019.100231.

References

Allen, M., 2003. Liability for climate change. Nature 421 (6926), 891-892. https://doi.
org/10.1038/421891a.

Allen, M.R., Lord, R., 2004. The blame game. Nature 432 (7017), 551. https://doi.org/
10.1038/432551a.

Allen, M., Pall, P., Stone, D., Stott, P., Frame, D., Min, S.-K., Nozawa, T., Yukimoto, S.,
2007. Scientific challenges in the attribution of harm to human influence on climate.
Univ. Pa. Law Rev. 155 (6), 1353-1400. https://doi.org/10.2307/40041371.

Angélil, O., Stone, D., Wehner, M., Paciorek, C.J., Krishnan, H., Collins, W., 2017. An
independent assessment of anthropogenic attribution statements for recent extreme
temperature and rainfall events. J. Clim. 30 (1), 5-16. https://doi.org/10.1175/
JCLI-D-16-0077.1.

Aykut, S.C., Castro, M., 2017. The end of fossil fuels? understanding the partial
climatisation of global energy debates. In: Globalising the Climate. Routledge,
pp. 189-209.

Aykut, S.C., Dahan, A., 2011. Dossier “ adaptation aux changements climatiques ” - le
régime climatique avant et apres copenhague : sciences, politiques et 1'objectif des
deux degrés. Natures Sci. Soc. 19 (2), 144-157. https://doi.org/10.1051/nss/
2011144.

Aykut, S.C., Foyer, J., Morena, E., 2017. Globalising the Climate: COP21 and the
Climatisation of Global Debates. Routledge.

Bindoff, N.L., Stott, P.A., AchutaRao, K.M., Allen, M.R., Gillett, N., Gutzler, D.,
Hansingo, K., Hegerl, G., Hu, Y., Jain, S., et al., 2013. Chapter 10 - Detection and
Attribution of Climate Change: from Global to Regional. Cambridge University Press.

Boran, L., Heath, J., 2016. Attributing weather extremes to climate change and the future
of adaptation policy. Ethics Policy Environ. 19 (3), 239-255. https://doi.org/
10.1080/21550085.2016.1226236.

Boyd, E., James, R.A., Jones, R.G., Young, H.R., Otto, F.E., 2017. A typology of loss and
damage perspectives. Nat. Clim. Chang. 7 (10), 723. https://doi.org/10.1038/
nclimate3389.

National Academies of Sciences, 2016. Engineering, and Medicine. Attribution of
extreme weather events in the context of climate change. National Academies Press.
https://doi.org/10.17226/21852.

Cattiaux, J., Ribes, A., 2018. Defining single extreme weather events in a climate
perspective. Bull. Am. Meteorol. Soc. https://doi.org/10.1175/BAMS-D-17-0281.1.

Cointe, B., Ravon, P.-A., Guérin, E., 2011. 2°C: the History of a Policy-Science Nexus.
Technical Report 19, Working Papers IDDRI.

CP.16, 2010. Decision 1. URL. https://unfccc.int/resource/docs/2010/copl6/eng/
07a01.pdf.

CP.19, 2013. Decision 2. URL. https://unfccc.int/sites/default/files/resource/docs/
2013/cop19/eng/10a01.pdf.

CP.21, 2015. Decision 1 — adoption of the paris agreement. URL. https://unfccc.int/sites/
default/files/resource/docs/2015/cop21/eng/10a01.pdf.

Creswell, J.W., 1998. Qualitative Inquiry and Research Design: Choosing Among Five
Tradition.

de Moor, J., Morena, E., Comby, J.-B., 2017. The ins and outs of climate movement
activism at cop21. In: Globalising the Climate. Routledge, pp. 91-110.

Geden, O., 2016. The paris agreement and the inherent inconsistency of climate
policymaking. Wiley. Interdiscip. Rev. Clim. Chang.: Clim. Change 7 (6), 790-797.
https://doi.org/10.1002/wcc.427.

Geden, O., 2018. Politically informed advice for climate action. Nat. Geosci. 11 (6), 380.
https://doi.org/10.1038/541561-018-0143-3.

Giorgi, F., Bi, X., 2009. Time of emergence (toe) of ghg-forced precipitation change hot-
spots. Geophys. Res. Lett. 36 (6) https://doi.org/10.1029/2009GL037593.

Hauser, M., Gudmundsson, L., Orth, R., Jézéquel, A., Haustein, K., Vautard, R.,
Oldenborgh, G.J.V., Wilcox, L., Seneviratne, S.I., 2017. Methods and model
dependency of extreme event attribution: the 2015 European drought. Earth’s
Future. https://doi.org/10.1002/eft2.256.

Weather and Climate Extremes 26 (2019) 100231

Hawkins, E., Sutton, R., 2012. Time of emergence of climate signals. Geophys. Res. Lett.
39 (1) https://doi.org/10.1029/2011GL050087.

Hoegh-Guldberg, O., Hegerl, G., Root, T., Zwiers, F., Stott, P., Pierce, D., Allen, M., 2011.
Difficult but not impossible. Nat. Clim. Chang. 1 (2), 72. https://doi.org/10.1038/
nclimate1107.

Huggel, C., Stone, D., Auffhammer, M., Hansen, G., 2013. Loss and damage attribution.
Nat. Clim. Chang. 3 (8), 694. https://doi.org/10.1038/nclimate1961.

Huggel, C., Stone, D., Eicken, H., Hansen, G., Dec 2015. Potential and limitations of the
attribution of climate change impacts for informing loss and damage discussions and
policies. Clim. Change 133 (3), 453-467. https://doi.org/10.1007/s10584-015-
1441-z.

Huggel, C., Wallimann-Helmer, 1., Stone, D., Cramer, W., 2016. Reconciling justice and
attribution research to advance climate policy. Nat. Clim. Chang. 6 (10), 901-908.
https://doi.org/10.1038/nclimate3104.

Hulme, M., 2014. Attributing weather extremes to ’climate change’: a review. Prog.
Phys. Geogr.: Earth Environ. 38 (4), 499-511. https://doi.org/10.1177/
0309133314538644.

Hulme, M., O’Neill, S.J., Dessai, S., 2011. Is weather event attribution necessary for
adaptation funding? Science 334 (6057), 764-765. https://doi.org/10.1126/
science.1211740.

James, R., Otto, F., Parker, H., Boyd, E., Cornforth, R., Mitchell, D., Allen, M., 2014.
Characterizing loss and damage from climate change. Nat. Clim. Chang. 4 (11),
938-939. https://doi.org/10.1038/nclimate2411.

James, R.A., Jones, R.G., Boyd, E., Young, H.R,, Otto, F.E.L., Huggel, C., Fuglestvedt, J.S.,
2019. Attribution: How Is it Relevant for Loss and Damage Policy and Practice?
Springer International Publishing, pp. 113-154. https://doi.org/10.1007/978-3-
319-72026-55.

Jézéquel, A., Dépoues, V., Guillemot, H., Trolliet, M., Vanderlinden, J.-P., Yiou, P., 2018.
Behind the veil of extreme event attribution. Clim. Change. https://doi.org/
10.1007/510584-018-2252-9.

Lloyd, E.A., Oreskes, N., 2018. Climate change attribution: when is it appropriate to
accept new methods? Earth’s Future 6 (3), 311-325. https://doi.org/10.1002/
2017EF000665.

Lopez, K.A., Willis, D.G., 2004. Descriptive versus interpretive phenomenology: their
contributions to nursing knowledge. Qual. Health Res. 14 (5), 726-735. https://doi.
0rg/10.1177/1049732304263638.

Lusk, G., Jul 2017. The social utility of event attribution: liability, adaptation, and
justice-based loss and damage. Clim. Change 143 (1), 201-212. https://doi.org/
10.1007/510584-017-1967-3.

Mace, M., Verheyen, R., 2016. Loss, damage and responsibility after cop21: all options
open for the paris agreement. Rev. Eur. Comp. Int. Environ. Law 25 (2), 197-214.
https://doi.org/10.1111/reel.12172.

Maertens, L., Baillat, A., 2017. The partial climatisation of migration, security and confl
ict. In: Globalising the Climate. Routledge, pp. 132-150.

Malterud, K., Siersma, V.D., Guassora, A.D., 2016. Sample size in qualitative interview
studies: guided by information power. Qual. Health Res. 26 (13), 1753-1760.
https://doi.org/10.1177/1049732315617444.

Marjanac, S., Patton, L., 2018. Extreme weather event attribution science and climate
change litigation: an essential step in the causal chain? J. Energy Nat. Resour. Law
36 (3), 265-298. https://doi.org/10.1080/02646811.2018.1451020.

Mason, M., 2010. Sample size and saturation in phd studies using qualitative interviews.
Forum Qual. Sozialforsch./Forum Qual. Soc. Res. 11 (3) https://doi.org/10.17169/
fqs-11.3.1428.

Mitchell, D., Heaviside, C., Vardoulakis, S., Huntingford, C., Masato, G., Guillod, B.P.,
Frumbhoff, P., Bowery, A., Wallom, D., Allen, M., 2016. Attributing human mortality
during extreme heat waves to anthropogenic climate change. Environ. Res. Lett. 11
(7) https://doi.org/10.1088/1748-9326/11/7/074006, 074006.

Morena, E., 2017. Follow the money: climate philanthropy from kyoto to paris. In:
Globalising the Climate. Routledge, pp. 111-131.

Morse, J.M., 1994. Designing Funded Qualitative Research. Sage Publications, Inc.

Otto, F.E.L., van Oldenborgh, G.J., Eden, J., Stott, P.A,, Karoly, D.J., Allen, M.R., 2016.
The attribution question. Nat. Clim. Chang. 6 (9), 813-816. https://doi.org/
10.1038/nclimate3089.

Otto, F.E.L., Skeie, R.B., Fuglestvedt, J.S., Berntsen, T., Allen, M.R., 2017. Assigning
historic responsibility for extreme weather events. Nat. Clim. Chang. 7 (11), 757.
https://doi.org/10.1038/nclimate3419.

Pall, P., Aina, T., Stone, D.A., Stott, P.A., Nozawa, T., Hilberts, A.G.J., Lohmann, D.,
Allen, M.R., 2011. Anthropogenic greenhouse gas contribution to flood risk in
England and Wales in autumn 2000. Nature 470 (7334), 382-385. https://doi.org/
10.1038/Nature09762.

Parker, H.R., Cornforth, R.J., Boyd, E., James, R., Otto, F.E.L., Allen, M.R., 2015.
Implications of event attribution for loss and damage policy. Weather 70 (9),
268-273. https://doi.org/10.1002/wea.2542.

Parker, H.R., Cornforth, R.J., Suarez, P., Allen, M.R., Boyd, E., James, R., Jones, R.G.,
Otto, F.E.L., Walton, P., Dec 2016. Using a game to engage stakeholders in extreme
event attribution science. Int. J. Disaster. Risk. Sci. 7 (4), 353-365. https://doi.org/
10.1007/513753-016-0105-6.

Parker, H.R., Boyd, E., Cornforth, R.J., James, R., Otto, F.E.L., Allen, M.R., 2017.
Stakeholder perceptions of event attribution in the loss and damage debate. Clim.
Policy 17 (4), 533-550. https://doi.org/10.1080/14693062.2015.1124750.

Randalls, S., 2010. History of the 2°c climate target. Wiley. Interdiscip. Rev. Clim.
Chang.: Clim. Change 1 (4), 598-605. https://doi.org/10.1002/wcc.62.

Roberts, E., Pelling, M., 2018. Climate change-related loss and damage: translating the
global policy agenda for national policy processes. Clim. Dev. 10 (1), 4-17. https://
doi.org/10.1080/17565529.2016.1184608.


https://doi.org/10.1016/j.wace.2019.100231
https://doi.org/10.1016/j.wace.2019.100231
https://doi.org/10.1038/421891a
https://doi.org/10.1038/421891a
https://doi.org/10.1038/432551a
https://doi.org/10.1038/432551a
https://doi.org/10.2307/40041371
https://doi.org/10.1175/JCLI-D-16-0077.1
https://doi.org/10.1175/JCLI-D-16-0077.1
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref5
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref5
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref5
https://doi.org/10.1051/nss/2011144
https://doi.org/10.1051/nss/2011144
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref7
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref7
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref8
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref8
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref8
https://doi.org/10.1080/21550085.2016.1226236
https://doi.org/10.1080/21550085.2016.1226236
https://doi.org/10.1038/nclimate3389
https://doi.org/10.1038/nclimate3389
https://doi.org/10.17226/21852
https://doi.org/10.1175/BAMS-D-17-0281.1
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref13
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref13
https://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf
https://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf
https://unfccc.int/sites/default/files/resource/docs/2013/cop19/eng/10a01.pdf
https://unfccc.int/sites/default/files/resource/docs/2013/cop19/eng/10a01.pdf
https://unfccc.int/sites/default/files/resource/docs/2015/cop21/eng/10a01.pdf
https://unfccc.int/sites/default/files/resource/docs/2015/cop21/eng/10a01.pdf
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref17
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref17
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref18
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref18
https://doi.org/10.1002/wcc.427
https://doi.org/10.1038/s41561-018-0143-3
https://doi.org/10.1029/2009GL037593
https://doi.org/10.1002/eft2.256
https://doi.org/10.1029/2011GL050087
https://doi.org/10.1038/nclimate1107
https://doi.org/10.1038/nclimate1107
https://doi.org/10.1038/nclimate1961
https://doi.org/10.1007/s10584-015-1441-z
https://doi.org/10.1007/s10584-015-1441-z
https://doi.org/10.1038/nclimate3104
https://doi.org/10.1177/0309133314538644
https://doi.org/10.1177/0309133314538644
https://doi.org/10.1126/science.1211740
https://doi.org/10.1126/science.1211740
https://doi.org/10.1038/nclimate2411
https://doi.org/10.1007/978-3-319-72026-5&dot;5
https://doi.org/10.1007/978-3-319-72026-5&dot;5
https://doi.org/10.1007/s10584-018-2252-9
https://doi.org/10.1007/s10584-018-2252-9
https://doi.org/10.1002/2017EF000665
https://doi.org/10.1002/2017EF000665
https://doi.org/10.1177/1049732304263638
https://doi.org/10.1177/1049732304263638
https://doi.org/10.1007/s10584-017-1967-3
https://doi.org/10.1007/s10584-017-1967-3
https://doi.org/10.1111/reel.12172
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref37
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref37
https://doi.org/10.1177/1049732315617444
https://doi.org/10.1080/02646811.2018.1451020
https://doi.org/10.17169/fqs-11.3.1428
https://doi.org/10.17169/fqs-11.3.1428
https://doi.org/10.1088/1748-9326/11/7/074006
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref42
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref42
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref43
https://doi.org/10.1038/nclimate3089
https://doi.org/10.1038/nclimate3089
https://doi.org/10.1038/nclimate3419
https://doi.org/10.1038/Nature09762
https://doi.org/10.1038/Nature09762
https://doi.org/10.1002/wea.2542
https://doi.org/10.1007/s13753-016-0105-6
https://doi.org/10.1007/s13753-016-0105-6
https://doi.org/10.1080/14693062.2015.1124750
https://doi.org/10.1002/wcc.62
https://doi.org/10.1080/17565529.2016.1184608
https://doi.org/10.1080/17565529.2016.1184608

A. Jeézéquel et al.

Schaller, N., Kay, A.L., Lamb, R., Massey, N.R., Van Oldenborgh, G.J., Otto, F.E.L.,
Sparrow, S.N., Vautard, R., Yiou, P., Ashpole, 1., et al., 2016. Human influence on
climate in the 2014 southern england winter floods and their impacts. Nat. Clim.
Chang. 6 (6), 627. https://doi.org/10.1038/nclimate2927.

Seneviratne, S.I., Nicholls, N., Easterling, D., Goodess, C.M., Kanae, S., Kossin, J., Luo, Y.,
Marengo, J., McInnes, K., Rahimi, M., et al., 2012. Changes in Climate Extremes and
Their Impacts on the Natural Physical Environment.

Sippel, S., Walton, P., Otto, F.E.L., 2015. Stakeholder perspectives on the attribution of
extreme weather events: an explorative enquiry. Weather Clim. Soc. 7 (3), 224-237.
https://doi.org/10.1175/WCAS-D-14-00045.1.

Skeie, R.B., Fuglestvedt, J., Berntsen, T., Peters, G.P., Andrew, R., Allen, M.,
Kallbekken, S., 2017. Perspective has a strong effect on the calculation of historical
contributions to global warming. Environ. Res. Lett. 12 (2) https://doi.org/10.1088/
1748-9326/aa5b0a, 024022.

Stott, P.A., Walton, P., 2013. Attribution of climate-related events: understanding
stakeholder needs. Weather 68 (10), 274-279. https://doi.org/10.1002/wea.2141.

Surminski, S., Lopez, A., 2015. Concept of loss and damage of climate change — a new
challenge for climate decision-making? a climate science perspective. Clim. Dev. 7
(3), 267-277. https://doi.org/10.1080/17565529.2014.934770.

Thompson, A., Otto, F.E.L., Dec 2015. Ethical and normative implications of weather
event attribution for policy discussions concerning loss and damage. Clim. Change
133 (3), 439-451. https://doi.org/10.1007/s10584-015-1433-z.

UNFCCC, 2015. Paris agreement, article 8 paragraph 1. URL. https://unfccc.int/sites/de
fault/files/english_paris_agreement.pdf.

Vanhala, L., Hestbaek, C., 2016. Framing climate change loss and damage in unfccc
negotiations. Glob. Environ. Politics 16 (4), 111-129. https://doi.org/10.1162/
GLEPa00379.

Weather and Climate Extremes 26 (2019) 100231

Vanuatu, 1991. Submission on Behalf of Aosis: Draft Annex Relating to Article 23
(Insurance) for Inclusion in the Revised Single Text on Elements Relating to
Mechanisms. URL. https://unfccc.int/resource/docs/a/wg2crp08.pdf.

Verchick, R.R.M., 2018. Can ‘loss and damage’ carry the load? Philos. Trans. R. Soc.
Lond.: Math. Phys. Eng. Sci. 376 (2119) https://doi.org/10.1098/rsta.2017.0070.

Visser, H., Petersen, A.C., Ligtvoet, W., Aug 2014. On the relation between weather-
related disaster impacts, vulnerability and climate change. Clim. Change 125 (3),
461-477. https://doi.org/10.1007/s10584-014-1179-z.

Wallace, J.M., Deser, C., Smoliak, B.V., Phillips, A.S., 2015. Attribution of Climate
Change in the Presence of Internal Variability, pp. 1-29. https://doi.org/10.1142/
97898145799330001 chapter (Chapter 1).

Wallimann-Helmer, 1., Dec 2015. Justice for climate loss and damage. Clim. Change 133
(3), 469-480. https://doi.org/10.1007/s10584-015-1483-2.

Warner, K., van der Geest, K., 2013. Loss and damage from climate change: local-level
evidence from nine vulnerable countries. Int. J. Glob. Warming 5 (4), 367-386.
https://doi.org/10.1504/1JGW.2013.057289.

Wehner, M.F., Zarzycki, C., Patricola, C., 2019. Estimating the Human Influence on
Tropical Cyclone Intensity as the Climate Changes. Springer International
Publishing, Cham, pp. 235-260. https://doi.org/10.1007/978-3-030-02402-412.

Wrathall, D., Oliver-Smith, A., Sakdapolrak, P., Gencer, E., Fekete, A., Reyes, M.L., 2013.
Conceptual and Operational Problems for Loss and Damage. PERN Cyberseminar
“UNFCCC’s New Work Program: Loss & Damage from Climate Change”. PERN and
the United Nations University-Institute for Environment and Human Security.,
Bonn, Germany.


https://doi.org/10.1038/nclimate2927
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref53
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref53
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref53
https://doi.org/10.1175/WCAS-D-14-00045.1
https://doi.org/10.1088/1748-9326/aa5b0a
https://doi.org/10.1088/1748-9326/aa5b0a
https://doi.org/10.1002/wea.2141
https://doi.org/10.1080/17565529.2014.934770
https://doi.org/10.1007/s10584-015-1433-z
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://doi.org/10.1162/GLEP&dot;a&dot;00379
https://doi.org/10.1162/GLEP&dot;a&dot;00379
https://unfccc.int/resource/docs/a/wg2crp08.pdf
https://doi.org/10.1098/rsta.2017.0070
https://doi.org/10.1007/s10584-014-1179-z
https://doi.org/10.1142/9789814579933&dot;0001
https://doi.org/10.1142/9789814579933&dot;0001
https://doi.org/10.1007/s10584-015-1483-2
https://doi.org/10.1504/IJGW.2013.057289
https://doi.org/10.1007/978-3-030-02402-4&dot;12
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref68
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref68
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref68
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref68
http://refhub.elsevier.com/S2212-0947(18)30185-3/sref68

	Comparing scientists and delegates perspectives on the use of extreme event attribution for loss and damage
	1 Introduction
	2 Material and methods
	2.1 Selection of interviewees
	2.2 Interview procedure
	2.3 Data analysis

	3 Results
	3.1 Delegates knowledge of EEA and scientists knowledge of loss and damage
	3.2 Potential uses for EEA in loss and damage

	4 Discussion and conclusion
	Declaration of competing interestCOI
	Acknowledgements
	Appendix A Supplementary data
	References


