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States47 partly due to plaintiffs’ failure to establish standing because 
they did not demonstrate that emission reductions would reduce 
the impacts they experience  Scientific evidence linking defendants’ 
GHG emissions to future impacts would address this finding.

The evidence gap in climate litigation
The existing literature suggests that there are real challenges to sat-
isfying causation tests in climate-related litigation3,5. In our view, at 
least some of these challenges can be addressed by better exploiting 
scientific developments, particularly in the field of climate change 
attribution. It is therefore crucial that plaintiffs have access to this 
science, and that this evidence is brought to the attention of courts. 
Our analysis identifies three areas where scientific research could 
address existing evidentiary shortfalls: (1) attribution of climate 
change impacts to individual emitters of GHGs42–45 (possible using 
existing attribution-science methods), (2) research on the foresee-
ability of climate change impacts resulting from future emissions 
and (3) research disentangling the legally relevant social and physi-
cal drivers of climate risks and impacts. The latter recommenda-
tion is the most methodologically challenging, due to challenges in 
quantifying non-climatic contributions to impacts.

Establishing a defendant’s contribution to plaintiffs’ losses has 
presented a key challenge in cases in which causal claims have been 
adjudicated. However, current  scientific  methodologies enable 
quantifying individual emitters’ marginal contributions to extreme 
weather events and slow-onset changes42–44. Methods for modelling 
the response of the climate system to excluding certain GHG emis-
sions exist48 and have been applied to evaluate the contribution of 
countries’ emissions to extreme weather probabilities42. Evidence 
of this type appears capable of plugging evidentiary gaps identified 
in some prior cases32,34,35,37–41. In some lawsuits seeking emission 
reductions  plaintiffs argued that implementing emission-reduction 
measures would reduce otherwise anticipated impacts, typically 
to establish standing. In one case, the court found that defendants 
had not breached legal duties as plaintiffs failed to demonstrate  
how requested emission reductions would affect the magnitude 
of climate change impacts47. Counterfactual analyses could sup-
port these claims by assessing individual emitters’ contributions  
to  projected changes in  impacts under  future  climate change  
(for example, ref. 45).

Our  analysis also suggests that  there  is  scope to  develop  
evidence that provides a more complete assessment of the drivers of 
losses on which claims are based. Climate-related losses result from 
physical events, about which attribution science provides evidence, 
mediated by communities’ exposure and vulnerability to these haz-
ards49. Research that evaluates the relative importance of different  
drivers and which of these factors constitute the legally relevant 
cause(s) of losses may support establishing defendants’ liability for 
climate impacts.

Finally, although most  attribution  findings are presented in  
terms of changing event probability, 48% of cases analysed made 
claims about the impact of climate change on the magnitude, rather 
than probability, of events. Attribution evidence on event intensities 
can be provided using existing methods (for example, refs. 10,12) and 
may be more informative for some impacts, such as adverse effects 
on human health50. Such evidence may also strengthen legal claims 
by providing an evidentiary basis for asserting that a defendant’s 
conduct has made a plaintiff worse off. Attributing changes in event 
intensity to a defendant aligns with the logic of the ‘but-for’ test in 
law and may satisfy causation tests by showing how the magnitude 
of a harm was altered by an individual defendant’s conduct. Future 
research could determine whether probability- or intensity-based 
attribution metrics best assess the contribution of climate change to 
different types of loss.

Individuals, communities and activist non-governmental organ-
isations have increasingly turned to the courts for relief for costs 

associated with present-day climate change impacts, or to avoid 
future impacts. While the cases we examined may not have been 
dismissed solely on  evidentiary grounds, existing case law pro-
vides insight into the challenges that need to be addressed if future 
climate-related lawsuits are to succeed. As plaintiffs overcome ini-
tial procedura  hurdles, such as standing, evidence on causation will 
become more determinative of case outcomes. Attribution science 
is a fundamental source of evidence for informing and substantiat-
ing causal claims about climate change impacts, hitherto underuti-
lized in law21.

Our analysis of 73 cases from 14 jurisdictions finds that, in con-
trast to previous interpretations8, limitations in the scientific evi-
dence provided to past lawsuits may have hindered the making 
of findings of causation. This conclusion is based on the finding  
that such evidence lags substantially behind the state of the art in 
climate science. To maximize the chances of establishing causa-
tion in the courts, plaintiffs should ensure that (1) cases filed con-
cern impacts that are demonstrably attributable to climate change 
and (2) that evidence submitted to the courts clearly substantiates  
the  alleged relationship  between defendants’ emissions and   
plaintiffs’ losses.

Across jurisdictions, courts have found insufficient links between 
defendants’ emissions and plaintiffs’ injuries. In some cases, courts 
have explicitly, and incorrectly, stated the infeasibility of scientifi-
cally attributing climate impacts to  individual  emitters33,34.  This  
underlines the importance of dialogue between the legal and sci-
entific communities on the factual basis for causal claims. Better 
dialogue would ensure that lawyers are aware of, and able to request, 
evidence that can be used to robustly evaluate causal claims. This 
could be achieved through selection of independent experts with 
relevant scientific expertise, such as IPCC authors, as well as (out-
side the context of any particular case) funding to support the 
continuing development of the science in this field. Effective use 
of climate-science evidence in the courts could overcome existing 
obstacles to causality, set precedent for demonstrating legal causal-
ity with climate-science evidence, and make successful litigation on 
climate change impacts feasible.
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Methods
Scope of case-law analysis. Our case-law analysis covers cases that make claims 
about the past, present and future impacts of climate change and the relationship 
between GHG emissions and these impacts. We sought to analyse all lawsuits, 
brought using a variety of legal bases, where courts considered scientific evidence 
on causation. Cases were selected through a systematic review of the Sabin Center 
for Climate Change Law at Columbia Law School’s climate litigation database 
(http://climatecasechart.com/) conducted in May 2020. The database categorizes 
cases according to criteria such as the case objective (for instance, ‘actions seeking 
adaptation measures’) or the principal laws under which the claim was brought. 
Cases within relevant ‘case categories’ were identified and assessed for alignment 
with the project scope, including by searching for the presence of keywords 
pertaining to climate change impacts in complaints. Claims in the following 
categories of the Sabin Center database were assessed for their relevance to the 
project scope: adaptation (including ‘Actions seeking money damages for losses’), 
public trust claims, common law claims, climate change protestors and scientists, 
and claims brought under the National Environmental Policy Act (United 
States); Suits against Corporations, Public Trust, Human Rights, GHG Emissions 
Reduction and Trading, Climate Adaptation (non-United States). The review of 
the Sabin Center database was supplemented by a review of cases cited in relevant 
academic literature, for example, refs. 3,8,51. A review of news articles was used to 
identify cases filed during the period over which we conducted the analysis, in 
September 2020.

We identified a list of 73 cases from 14 national jurisdictions that either refer 
directly to attribution science or use evidence to claim that climate change is or 
will become responsible for particular damages. The cases determined to be within 
the project scope do not include those that refer only to general impacts of climate 
change. Rather, we only consider cases that make causal claims about impacts in 
specific locations, for which attribution-science evidence is relevant.

Cases identified within this scope fell into the categories of tort, human rights, 
public trust, takings, contract, judicial review and federal statutory claims. The 
tort and human rights claims typically sought remedies in the form of financial 
compensation for climate change impacts or emission reductions. All ‘damage 
liability’ suits that were filed relied on causal argumentation about the relationship 
between emissions and impacts. By contrast, only a subset of pro-regulatory claims 
for emission reductions (typically brought as human rights claims, or, for US cases, 
under the public trust doctrine) have sought to link the actions of defendants to 
specific climate-related losses. Those that did were included within the project 
scope (Supplementary Table 1). Similar lawsuits that did not make claims that 
defendant emissions caused specific climate-related losses were excluded from the 
analysis as attribution-science evidence was not relevant to the legal arguments 
made in these cases. We note that, in the future, attribution-science evidence may 
be used by a wider range of lawsuits3,21.

In our evaluation of the scientific evidence provided by parties to the case, 
we considered for inclusion publicly available case documents submitted by 
plaintiffs, defendants and other parties. Such documents included complaints, 
petitions, responses, motions and amicus briefs. A list of key documents for each 
case that were used to inform our findings is provided in Supplementary Table 
1. We included cases in early stages of litigation (for instance, for which only the 
complaint was available) but excluded two cases believed to be within the scope 
of the research for which either no court documents were available (Petition of 
Torres Strait Islanders to the United Nations Human Rights Committee), or for 
which court documents, or high-quality translations of them, were only available 
in languages not spoken by the research team (Federal Environmental Agency 
(IBAMA) v. Siderúrgica São Luiz Ltd. and Martins). Documents in English, Spanish 
and French were included. In a small number of cases, such as Friends of the Irish 
Environment v. Ireland, the petition or complaint could not be made public and so 
the legal analysis of only the judgement and appeal were possible.

We then identified court documents that introduced evidence or claims 
regarding the potential causal relationship between GHG emissions and climate 
change impacts. As far as possible this was approached systematically using of a 
series of relevant search terms. We reviewed non-searchable documents manually.

Regarding the judicial assessment of the scientific evidence provided to cases, 
we considered final decisions and opinions as well as court documents released 
during the pretrial stage, such as orders to grant or dismiss motions to remand, 
orders to accept amicus briefs or questions directed to expert witnesses.

Scientific analysis. The scientific analysis seeks to understand the nature of the 
attribution-science evidence used in climate-related legal cases. We identify key 
components of the evidence in each case within the project scope through a 
review of complaints, expert testimony and defendants’ responses. These factors 
include (1) the type of attribution evidence provided in the case, (2) the strength of 
attribution evidence as presented in the case (and as compared with that available 
in the published literature), (3) the methodologies used to quantify attributable 
damages and (4) the content of expert testimony.

For each lawsuit, we evaluated the type of evidence provided on causation 
according to the source of the evidence used for alleging the existence of a 
causal link between GHG emissions and impacts. Evidence from IPCC reports 
has commonly been submitted by plaintiffs to substantiate claims, including in 

unsuccessful cases. IPCC attribution assessments of climate change impacts are 
typically regional or global in scale, and therefore do not provide evidence specific 
to damages alleged in most cases. To understand how different forms of attribution 
knowledge affect legal interpretation, we differentiate between cases that 
extrapolate from regional/global attribution statements, those where attribution 
is presumed based on consistency of impacts with published and peer-reviewed 
climate projections, those for which attribution is presumed with no supporting 
evidence, and those that use an attribution study into the causes of the impacts 
sustained by plaintiffs, and whether or not it has been peer reviewed.

Further to our assessment of cited attribution evidence, where relevant, 
our analysis considers the expert testimony admitted to cases. This includes 
considering which experts are called upon and whether they have published in the 
field of attribution science.

Our analysis of the strength of attribution evidence used in within-scope cases 
considers the magnitude of human influence on the climatic event relevant to the 
litigation, and the confidence in and uncertainty associated with these findings. We 
can therefore assess the extent to which the magnitude of human influence found 
affects the legal determination of causality, in the context of jurisdiction-specific 
standards such as the ‘doubling-of-the-risk’ test in England and Wales3. Further, 
we considered any evidence provided about plaintiffs’ pre-existing (independent 
of climate change) vulnerability to climate impacts, including defendants’ use of 
pre-existing vulnerabilities to counter plaintiffs’ arguments that there is a causal 
link between GHG emissions and the impacts experienced.

Finally, we consider how assessment of the attribution of physical impacts 
corresponds to the damages sought in the case. For each lawsuit, we identify 
whether plaintiffs sought to claim that the entire cost of the damages was 
attributable to anthropogenic GHG emissions or whether damages were quantified 
according to attributable changes in event intensity or probability. We also 
consider whether economic and/or non-economic losses are quantified, what 
relief was requested and how a defendant’s contribution to losses was quantified in 
determining the requested relief.

Our assessment of the scientific evidence provided in the cases analysed 
includes the collection of qualitative, such as whether the type of evidence provided 
on causation was a peer-reviewed attribution study or a regional attribution 
statement from an IPCC report, and quantitative, for instance on the magnitude of 
economic relief requested, data, supplemented by expert judgements.

Legal analysis. For each lawsuit within the scope of the analysis, for which courts’ 
opinions, decisions, orders or judgements were available (Supplementary Table 
1), we evaluated how the courts have assessed and interpreted the scientific 
evidence on causation brought before them. The immediate obstacles to the 
success of litigation have largely been on admissibility and procedural grounds8, 
with causation evidence generally not being outcome determinative. Our analysis, 
therefore, evaluates judicial opinion on causal arguments irrespective of the 
immediate reason for the case outcome and identifies how attribution-science 
evidence can best support litigation if non-evidentiary, procedural obstacles are 
overcome. We identify trends across jurisdictions and time in how attribution 
science has been used by litigants and interpreted by courts to overcome 
procedural and evidentiary hurdles to successful litigation.

Our legal analysis considers courts’ use of scientific evidence in establishing the 
admissibility of a case (as used under English law: whether a court has jurisdiction 
to adjudicate on a matter) or in satisfying procedural and substantial requirements 
of the law. For a case to be admissible, plaintiffs must have standing to bring the 
lawsuit, and defendants must have legal duties to plaintiffs that they may have 
breached. We consider whether a court finds that a sufficient link exists between 
the losses experienced by plaintiffs and climate change, as well as the link between 
defendants’ emissions and these losses. We also assess the extent to which courts 
find that plaintiffs’ losses were foreseeable to defendants, and the admissibility 
of expert testimony. We further identify whether courts find defendants to be 
liable for losses. Our analysis focuses on the extent to which deficits in scientific 
evidence played a role in a courts’ assessments of these issues. We also consider the 
approaches courts have taken in responding to scientific arguments concerning 
defendants’ contributions to alleged impacts, including the apportioning of liability 
based on market share of emissions or on defendants’ marginal contribution to 
impacts.

In cases in which courts have directly engaged with causation arguments, we 
identify the tests applied by the courts, how these have varied between jurisdictions 
and over time, and the differences between these tests. We then consider the 
implications of these causation tests for the courts’ evaluation of scientific evidence 
and the standards of proof that plaintiffs need to meet to bring successful climate 
change lawsuits.

Finally, we provide an overall assessment of the role of science in case outcomes 
and an analysis of the required changes in scientific evidence that would improve 
the likelihood of establishing causation in future cases. We contextualize this 
analysis in the challenges faced when applying existing legal concepts to novel, 
global challenges for which they may not be well suited52.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.
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Data availability
Case documents were sourced primarily from the Sabin Center for Climate 
Change Law at Columbia Law School’s Climate Change Litigation database (http://
climatecasechart.com/)  Where relevant case documents were unavailable on 
this database, they were sourced from individual courts’ public databases or from 
Westlaw.
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