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Filling the evidentiary gap in climate litigation
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Lawsuitsconcerninghe impactsof climatechanganakecausaklaimsaboutthe effectof defendantsyreenhousgas(GHG)
emissionsnplaintifisandhaveproliferatecaroundheworld Plaintiffshavesoughtinteralia,compensatioforclimate-related
lossesandto compelgovernmentso reducetheir GHGemissionsSofar, mostof theseclaimshavebeenunsuccessfuHere
we assesghe scientificandlegalbasesfor establishingausatiorandevaluatejudicialtreatmentof scientificevidencdn 73
lawsuits We find that the evidencesubmittedandreferencedn thesecaseslagsconsiderablpehindthe state of the art in
climatescienceimpedingcausatiorclaims We concludéhat greaterappreciatiormndexploitatiorof existingmethodologies
inattributionsciencecouldaddressobstacledo causatiorandimprovethe prospectof litigationas a routeto compensation

for losses, regulatory action and emission reductions by defendants seeking to limit legal liability.

orldwide, and the number of claims filed continuesto
increasé Without effectivenon-judicialmechanismsgrovid-
ing compensatiorfor climate-relatedoss and damage plaintiffs
havefiled lawsuitsseekingfinancial remediesfrom high-emitting
corporationsfor lossessuffereddue to climate changé Robust
scientificevidencsis critical to the successf suchclaims=. For
example claimsfor compensatorydamagesnust demonstratea
causallink betweenthe defendantsehaviourand the plaintiff’s
injury. Recognizinghis, recentliteraturehasdrawn on analogous
categoriesf casesuchastoxic torts, in which modified causation
testsreconcilelegal causalanalysiswith scientific evidencethat
demonstratesnultiple entities’contributionsto the risk of harnt.
However,despitedevelopmentsén scientifi¢ and legaltheory on
causatiorandattribution of climatechangelamagessompensatory
damages<laimshavebeenunsuccessfuDther lawsuitschallenge
inadequatestateand corporateclimate changemitigation targets
and policies. To establisradmissibilitytheseclaimsmay alsorely
on courtsfinding thatemissionsesultingfrom defendantgdolicies
led to impacts affecting the plaintiffs.

A claim must first meet proceduralrequirementsthat render
it admissiblejncluding ‘standing,which establishethat plaintiffs
havelegallyprotectednterestghat entitlethemto bring the claim.
Demonstratingaconnectiorbetweerdefendantsictionsandplain-
tiffs’ injuries may contributeto meetingthe standingrequirement.
Sofar, admissibilityhasbeenthe primary outcome-determinative
obstaclefor climatelitigatior?. If claimspassproceduralhurdles,
more stringentcausatiorstandarddor attributing lossedo defern
dants’ actionsare appliedto determineplaintiffs’ entitlementto
relief (remedies).

To establiskcausationthe court needsto receivescientificevi-
dence,including through expert witnesstestimony,boundedby
rules on the expertsindependenceand dutiesto the court, and
amicusbriefssubmittedby third parties.Courtsinterpretthis evi
dencethroughthelensof legalreasoning SucHegalrules,encom
passingooth ‘normative correctivesappliedto evidenceand the
standard of proof, vary betweenjurisdictions (Supplementary
Information, ‘Standardsof proof in law’). Acrossjurisdictions,

gintiffs have brought over 1,500 climate-relatedlawsuits

howevergcourtsascribevalueto authoritativesourcesof evidence
suchas|PCC reportsor peer-reviewegublication& The a priori
questionmotivatingthis researclis whetherthe scientificevidence
courtswereprovidedwith and haveacceséo reflectsthe ‘stateof
theart.

Challenges to scientifically demonstrating causation
The fields of eventattribution and trend detectionand attribu-
tion evaluatehe causakelationshipsat issuein climatelitigation.
Attribution sciencecomprisesmethodsthat generallyuse coun
terfactualenquiryto link observedrendsor changesn the prob-
ability or intensity of climate-relateceventsto human influence.
Existingmethodscanquantify the contribution of GHG emissions
to specificeventsjncluding(1) extremesventsjncludingstorms?,
droughts’, heatwaves or floods”, (2) long-termtrendsin glacier
lengths* or sealevelsand (3) persistentchangesfor instancein
meantemperaturesr precipitatiori®. Despitethe cleamrelevancef
attribution-sciencevidencethereislimited precedenfor courtsto
basdindingsof causatioron suchevidencepartly dueto itsrelative
novelty.In commonwith mostformsof scientificevidenceinclud-
ing regardinghe healthconsequenced exposurdo pharmaceuti

cal substances, courts’ use of climate change attribution evidence to

assess causation is subject to several considerations.

First, GHG emissionsarefungible and climate changempacts
result from the cumulative emissionsof multiple parties. This
underliesuseof ‘marketsharetheory®, an approactthat, following
precedentn pharmaceuticaindtobaccditigation, allocateslam:
agesamongdefendantsaccordingto the portion of emissionsor
whichthey areresponsible Market sharetheory hasbeenusedto
allocatedamage casesvherelosseslerivelinearlyor nonlinearly
from multiple entities’actions to reduceevidentiarychallenge@
calculatingdefendantsexactcontributionsto losseslt is recog
nized that this simplistic allocationbasismay not exactlyreflect
defendants’contributionsto losses Attribution-scienceevidence
that directly quantifies individual defendants’contributions to
plaintiffs’ lossescould be used instead of the market share
approach. This may be helpful for impacts with nonlinear
emissions—impact relationships
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Table 1 | Number of cases and case outcomes (as of November 2020) for lawsuits considered in this analysis, categorized by

jurisdiction

Country Number of cases Successful Dismissed Pending
Australia 3 0 1

Belgium 1 0 0 1
Canada 3 0 0 3
Colombia 1 1 0 0
germany 2 0 1 1
Ireland 1 1 0 0
the Netherlands 2 1 0 1
New Zealand 4 1 2 1
Pakistan 2 1 0 1
Philippines 1 0 0 1
South Korea 1 0 0 1
Switzerland 1 0 1 0
Uganda 1 0 0 1
United States of America 45 3 21 21
International jurisdictions 5 0 2 3

Cases are listed in full in Supplementary Table 1.

Second,extreme weathereventsgenerallyoccur due to the
combinationof human influenceand the underlyingchancethat
they would occur naturally. Climate lawsuitsaim to follow past
science-basetbrt litigation suchasproductliability caseswhich
soughtcompensatiorfor medical conditions arising from expe
sureto pharmaceuticabubstancedpbaccosmokeand asbestds

Suchconditionsmayhaveoccurredin theabsencef this exposure.

Similarly, climate changemay increasethe likelihood or intensity
of an extremeeventso attribution statementsaretypically proba
bilistic. Legalframeworksexist for holding defendantsesponsi
ble for changesn an event'sprobabilityevenif they makeonly a
partial contribution to this changé®. Standardof legalproof for
probabilisticevidencamay differ from the likelihoodsevaluatedn
scientificassessmerit§Supplementarynformation, ‘Standardof
proof in law’).

Finally,in commonwith manytypesof expertevidenceattribu-
tion findingsarequestiondependarif andinfluencedby the event
definition. Contrastingapproachet framingattribution questions
producequantitativelydiffering results while remainingscientifi
callyvalid'’®. Thesaapproachesgaryin theiralignmentwith thelogic
oflegalcausatior{Supplementarinformation, Approacheso con
ductingattribution studies’)Further,attribution assessmenégpply
statisticamethodsto assessonfidenceanduncertaintyin results®.
Sourcesof uncertainty include limitations in model representa
tions of the climate systemand climatic observationsor model
evaluation Uncertaintyis assessebdasedon physicalunderstand
ing of atmospherigrocesseand their representatiorin models,
agreemenbetweenmodelsand observationsand the quality of
available evidente

Climate-science evidence in past litigation

How well doesthe evidencesubmittedto climate-relatedawsuits
comparewith the stateof the art in climatescienceA growing
body of literature exploresthe role attribution sciencecan play
in climate-relatedlitigation, from legal and scientific perspee
tives'>2°2! Here we presenta globalanalysisof the useand inter-
pretation of climate-sciencevidencein lawsuits.We identify the
scientific evidenceneededto make successfutausalarguments
and analysehe evidenceprovidedby plaintiffs and defendantsn
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73 casescrossl4jurisdictions(Methods, Table1 andlistedin full
in Supplementary Table 1).

We considercaseghat advanceclaimsthat defendantsGHG
emissionsgmpactedplaintiffs (Methods).Our analysisfinds that
mostcaseslid not quantifythe extentto which allegedmpactsare
attributableto climate changeand fewerstill provided quantita
tive evidencdinking defendantsémissionsand plaintiffs’ injuries.
Although somerecentlyfiled casegrovidedstrongerevidencefor
examplerefs. 2%, 73%of caseslid not referto peer-reviewedttri-
butionstudiesMostof thecase¢hatreferredo attributionfindings
did soto establislgeneralinks betweeremissionandcertaintypes
of climatechangempact, ratherthan to attribute lossesustained
by plaintiffs. Moreover,despitesubstantialevidencethat climate
changencreaseshe probabilityandintensityof a rangeof events,
notall climate-relatedhazardsreaffectedy climatechangé€’. This
underlinesthe importanceof providing evidencespecificto the
impact for which a causal link is alleged

Meteorologicakbxtremeswverecited by 54 casesasthe causeof
allegedmpacts(Supplementaryable2). Of thesecase26 claimed
that weathereventsoccurreddueto climatechangewithout pro-
viding evidenceA further six providedno quantitativeestimateof
the influenceof climatechangeon the eventsmagnitudeor prob-
ability. Lossesstemmingfrom extremeweathereventscannotbe
presumedattributableto climatechangea priori®*. Evenfor events
whereclimatechangeplaysa substantiatole, GHG emissionswill
increaséheeventdikelihoodor intensity,ratherthanbeingits sole
causé. Further,manylegalclaimsconcernedventssuchastropi-
cal cyclonesfor which evidenceof human influenceis limited”,
or for which technicalobstacledo conductingattribution assess
ments exist’. However, climate changesubstantiallyinfluences
othereventswith considerableumanitarianconsequencesychas
heatwaveandsomedroughts®. Establishingausatioris easiestor
eventswherethe influenceof climatechanges greatesttheseare
logical subjects of climate lawsuits.

Causalallegationselatedto sea-level-risempactsweremade
by 38 casesHuman influenceis very likely the dominant cause
of global-meansea-levethangesince 197G°. However,regional
sealevelsmay differ due to natural and human-influencedpro-
cessesmodifying the anthropogeniccontribution to impacts.
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Box 1 | Scientific evidence in two past lawsuits

Lliuyav. RWEAG.In 2015SauLuciand_liuyafiledacasegainst
GermanenergycompanyRWE,seekinggompensatiorior the pro
ratacostof measuresakento protecthis propertyagainstlimate
changempacts basedn Article 1004of the GermanCivil Code.
Thisarticleappliesghe ‘conditiosinequanori testfor causalitythe
plaintiff’s injury would not haveoccurredfully or partially if not
for the defendant’'sctivity. The District Court of Esserdismissed
the casereasoninghat RWE would not qualify as ‘disturberby

Native Village of Kivalina v. ExxonMobil Corp. In 2008, the
Alaskanvillageof Kivalinafiled a public nuisanceclaim seeking
to hold 24 energycompaniesiablefor coastakrosionthat threat
enedthevillage allegedo bedueto climatechangendrequiring
it to berelocatednland. The Court appliedthe ‘fair traceability’
test, which requiresthe plaintiff to demonstratea substantial
likelihood that the defendant'sonduct(emissionsyvasthe seed
of the plaintiff’s injury. The U.S.Court of Appealsfor the Ninth

conduct’ under Section 1004 of the German Civil Code given tBatcuit dismissedhe lawsuit,in part dueto the plaintiff’s failure

the number of contributorsto climate changerender attribut-
ing individual damageso specificactorsimpossibleOn appeal,
the Higher RegionalCourt of Hamm acceptedhat the casehas
beenconclusivelyarguedandinitiated an evidentiaryphaseThe
first stageof the evidentiaryphaseassesseaghetherthe claimant’s
propertyis indeedseriouslythreatenedy a potentialglaciallake
outburstflood, includinga court visit to Peru.Subsequentljhe
court will assessvidencearoundwhetherthe heightenediood
risk is attributableto RWE, and finally whetherthe defendant's
contribution to this risk is measurable and can be calculated.

Recentesearcthasdemonstratedhat it is indeedpossibleo
providean attribution assessmersipanningthe full causakhain
in this setting'.

Theseprocessesclude regionalvariation in thermal expansion
and oceanand atmosphericcirculation, glacial-isostaticadjust
ment and land subsidencé Factorssuchassubsidenceutweigh
the effect of human-inducedclimate changein someregionsg®.
Twelve casesconcernimpacts of glacierretreat (Supplementary
Table2), anestablishedonsequencef climatechang&’. However,
individual glaciersresponséo climate changedependson their
geographi@andclimaticsettings'. Linking emissiongo glacialand
sea-level-risenpactsattheappropriatdevelof specificityfor estab
lishinglegalcausatiormay requireevidenceon theselocal factors
(Box 1). This is uncommon in the cases analysed.

The evidence needed for legal causation

Many of the lawsuitsassesseldereareat the earlystageef adjudr
cationor weredismissedeforesubstantiveonsideratiorof causa
tion argumentsOur analysisof courts’interpretationof scientific
evidenceconsidersall lawsuitsin which courts evaluatethis evi-
dence,including caseghat wereultimately dismissedfor reasons
unrelated to issues of causation.

Courts evaluatescientific evidenceby applyingteststhat set
evidentiarythresholdsfor establishingcausation Acrossjurisdic-
tions,causabnalysefocuson therelationshipbetweerdefendants’
conductand plaintiffs’ lossesbut the testsand standardsf proof
applied vary (Supplementaryinformation, ‘Causationtestsused
in climatelitigation’). In somecasesclaimantshavehad to show
that the defendant'sactions constituted material contributions
to harm®>* othersappliedcausalitytestsmore flexibly. However,
plaintiffs havebeenunableto overcomeeventhe more flexible
causatiortestsappliedin severajurisdictionsthat askif damages
are‘fairly traceableto defendantsactiong*=2 This is typicallydue
to courtsfinding that the evidenceprovideddoesnot substantiate
the connectionbetweerindividual emitters’actionsand plaintiffs’
lossesIn our view, in most casesconcerningimpactsfor which
the causallink to climate changedoes exist, existing scientific

to establiststandinghroughdemonstratingausationThe Court
ruledthatthecausalink betweerthedefendantactivitiesandthe
plaintiff'sdamagevastoo indirectsince'it isnot plausibleo state
which emissions—emittedy whom ... and at what placein the
world—'causedPlaintiffs’allegedylobal-warmingelatedinjuries
[becauséhereare]a multitude of ‘alternativeculprit[s]” allegedly
responsibldor the variouschain[sic] of eventsallegedlyleading
to the erosion of Kivalind!

While attribution-scienceesearctspecificallyaddressinghe
causalink allegedn this case(that is, specificto the impactsat
this location)doesnot yetexist,it wouldbe scientificallypossible
to conducta studyto determinethe extentto which defendants’
emissions led to the losses experienced by Kivalina.

haveclaimed,with or without supportingevidencethat climate
changecausedtertainharmsand thereforethat defendantsGHG
emissionsenderthemliablefor aportion of thesdlossesln claims
seekingcompensationfor climate changeimpacts brought in
the United StatesGermanyand New Zealand courts found that
plaintiffs failed to demonstratethat their injuries would not have
occurredin the absencef defendantsemissionsThesefindings
weredueto defendantssmallcontributionto climatechangé, the
high numberof emittersresponsibl&, the absencef amethodfor
discerningentitiesresponsibléor impacts® andthe lackof adirect
causallink betweendefendants’actions and losse®-3*5*%-1 |n
somecasesgourtshaveincorrectlystatecthe infeasibilityof attrib-
uting climateimpactsto individual emitters®. Similarly,in claims
seekingemissionreductions, courts found that plaintiffs failed
to demonstratehow a positive judgementwould reduceclimate
change impacts

In our view, thesefindings arenot a product of technicallimi-
tations preventingthe production of requiredevidenceScientific
evidenceon the influenceof individual actors' GHG emissionss
available for existirig**and projected impacts

Despiteinterjurisdictional variation in the standardsof proof
for causationthere are sharedcharacteristicef evidenceneeded
to supportclaims.Caseseekinggompensatiorior adaptationcosts
must demonstratethat (1) risk mitigation measuresare required
and (2) the costsoughtis a consequencef climatechangeesult
ing, in part, from defendantsactions Evidencesubmittedin cases
of this type generallydemonstratedhat the hazardsthreatening
plaintiffs’ property and wellbeingwere substantialand required
hazard-mitigationmeasuresHowever,the evidenceor causation
was typically much weaker,despiteavailability of the scientific
methodologiesieededto generatedt (seeabove).Casesclaiming
that adaptationpoliciesareinadequatenay arguethat lossesvere
foreseeabldueto climatechangefor exampleref. *), which may
in turn be supported by attribution-science evidence.

methodologies could fill the evidentiary gaps identified by courts. Lawsuitseekinggemissiomreductionsconsideredh thisanalysis

Our analysisshowsthat when courts consideredevidenceon
causationtheytypicallyfound that plaintiffs failedto demonstrate
that defendantsemissionscausedthe allegedimpacts. Plaintiffs
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State$ partly dueto plaintiffs’ failureto establiststandingbecause
they did not demonstratehat emissionreductionswould reduce
theimpactstheyexperienceScientificevidencdinking defendants’
GHG emissions to future impacts would address this finding.

The evidence gap in climate litigation
Theexistingliteraturesuggestthat therearerealchallenge$o sat
isfyingcausatiortestsin climate-relateditigation®® In our view,at
leastsomeof thesechallengesanbeaddresseby betterexploiting
scientificdevelopmentsparticularlyin the field of climatechange
attribution. It is thereforecrucial that plaintiffs haveaccess$o this
scienceandthat this evidencas broughtto the attentionof courts.
Our analysiddentifiesthree areaswvherescientificresearctcould
addressexisting evidentiaryshortfalls:(1) attribution of climate
changdmpactsto individual emittersof GHGs?~5 (possibleusing
existingattribution-sciencenethods),(2) researcton the foresee
ability of climate changeimpactsresultingfrom future emissions
and(3) researchdisentanglinghe legallyrelevantsocialand physi
cal drivers of climaterisks and impacts.The latter recommenda
tion is the mostmethodologicallchallengingdueto challenges
quantifying non-climatic contributions to impacts.

Establishinga defendant'scontribution to plaintiffs’ losseshas
presentedkeychallengén casedn which causatlaimshavebeen
adjudicated.However, current scientific methodologiesenable
quantifyingindividual emitters'marginalcontributionsto extreme
weathereventsaandslow-onsethanges—4 Methodsfor modelling
therespons®f the climatesystento excludingcertainGHG emis
sionsexist® and havebeenappliedto evaluatehe contribution of
countries’emissiongo extremeweatherprobabilitie§’. Evidence
of this type appearsapablef pluggingevidentiarygapsidentified
in someprior case¥33%*-4'In somelawsuitsseekingemission
reductionsplaintiffsarguedhatimplementingemission-reduction
measureswvould reduceotherwiseanticipatedimpacts, typically
to establiskstanding.In onecasethe court found that defendants
had not breachedegalduties as plaintiffs failed to demonstrate
how requestedemissionreductionswould affectthe magnitude
of climate changeimpacts’. Counterfactualanalysescould sup
port theseclaims by assessingndividual emitters’ contributions
to projected changesin impacts under future climate change
(for example, ref?).

Our analysisalso suggeststhat there is scopeto develop
evidencéhat providesamorecompleteassessmewf thedriversof
losse®n which claimsarebasedClimate-relatedossesesultfrom
physicaleventsaboutwhich attribution sciencerovidesevidence,
mediatedby communitiesexposureandvulnerabilityto thesehaz
ards®. Researclhat evaluatesghe relativeimportanceof different
drivers and which of thesefactorsconstitutethe legallyrelevant
cause(sdf lossesnay supportestablishinglefendantsliability for
climate impacts.

Finally, although most attribution findings are presentedin
terms of changingeventprobability,48% of casesanalysednade
claimsabouttheimpactof climatechangeon the magnituderather
thanprobability,of eventsAttribution evidencen eventintensities
can be provided using existing methods (for example!’réfand
maybe moreinformativefor someimpacts,suchasadverseffects
on humanhealth®. Suchevidencenayalsostrengtherlegalclaims
by providing an evidentiarybasisfor assertinghat a defendant’s
conducthasmadea plaintiff worseoff. Attributing change event
intensityto a defendantlignswith the logic of the ‘but-for’ testin
law and may satisfycausatiortestsby showinghow the magnitude
of aharmwasalteredby anindividual defendantsonduct.Future
researctcould determinewhetherprobability- or intensity-based
attribution metricsbestassesthe contributionof climatechangdo
different types of loss.

Individuals,communitiesandactivistnon-governmentabrgan
isationshaveincreasinglyturned to the courtsfor relief for costs
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associatedvith present-dayclimate changeimpacts,or to avoid
future impacts.While the casesve examinedmay not havebeen
dismissedsolely on evidentiarygrounds,existing caselaw pro-
videsinsightinto the challenge¢hat needto beaddressed future
climate-relatedawsuitsareto succeedAs plaintiffs overcomani-
tial procedurahurdles suchasstandingevidencen causatiorwill
becomemore determinativeof caseoutcomesAttribution science
is afundamentakourceof evidencdor informing andsubstantiat
ing causatlaimsaboutclimatechangeampacts hitherto underuti
lized in law'.

Our analysiof 73cased$rom 14jurisdictionsfinds that,in con-
trastto previousinterpretation$, limitations in the scientificevi-
denceprovidedto pastlawsuitsmay havehinderedthe making
of findings of causation.This conclusionis basedon the finding
that suchevidencdagssubstantiallypehind the stateof the art in
climate science.To maximize the chancesof establishingcausa
tion in the courts,plaintiffs shouldensurethat (1) casesiled con-
cernimpactsthat aredemonstrablyattributableto climatechange
and (2) that evidencesubmittedto the courtsclearlysubstantiates
the alleged relationship between defendants’ emissions and
plaintiffs’ losses.

Acrosgurisdictions courtshavefoundinsufficientlinks between
defendantsemissionsndplaintiffs’ injuries.ln somecasesgourts
haveexplicitly, and incorrectly, statedthe infeasibilityof scientifi
cally attributing climate impactsto individual emitters®**% This
underlinesthe importanceof dialoguebetweenthe legaland sck
entific communitieson the factualbasisfor causalclaims.Better
dialoguewouldensurehatlawyersareawareof,andableto request,
evidencedhat canbe usedto robustlyevaluatecausalclaims.This
could be achievedhrough selectionof independentexpertswith
relevantscientificexpertisesuchasIPCC authors,aswell as(out-
side the context of any particular case)funding to support the
continuing developmenbf the sciencen this field. Effectiveuse
of climate-sciencevidencen the courtscould overcomeexisting
obstacleso causalitysetprecedenfor demonstratindegalcausal
ity with climate-sciencevidenceandmakesuccessfiitigation on
climate change impacts feasible.
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Methods unsuccessful cases. IPCC attribution assessments of climate change impacts are

Scope of case-law analysis. Our case-law analysis covers cases that make di##3lly regional or global in scale, and therefore do not provide evidence specific
about the past, present and future impacts of climate change and the relationsm;ﬂamages alleged in most cases. To understand how different forms of attribution
between GHG emissions and these impacts. We sought to analyse all lawsuitsknowledge affect legal interpretation, we differentiate between cases that
brought using a variety of legal bases, where courts considered scientific evidéhgeapolate from regional/global attribution statements, those where attribution
on causation. Cases were selected through a systematic review of the Sabin d&mgsumed based on consistency of impacts with published and peer-reviewed
for Climate Change Law at Columbia Law School's climate litigation database Climate projections, those for which attribution is presumed with no supporting
(http://climatecasechart.com/) conducted in May 2020. The database categoriZ&gdence, and those that use an attribution study into the causes of the impacts
cases according to criteria such as the case objective (for instance, ‘actions sei!kﬁ:_ﬁi“ed by plaintiffs, and whether or not it has been peer reviewed.
adaptation measures’) or the principal laws under which the claim was brought. ~Further to our assessment of cited attribution evidence, where relevant,
Cases within relevant ‘case categories’ were identified and assessed for alignrigttanalysis considers the expert testimony admitted to cases. This includes
with the project scope, including by searching for the presence of keywords ~ considering which experts are called upon and whether they have published in the
pertaining to climate change impacts in complaints. Claims in the following ~ field of attribution science.
categories of the Sabin Center database were assessed for their relevance to the Our analysis of the strength of attribution evidence used in within-scope cases
project scope: adaptation (including Actions seeking money damages for |osségpnsiders the magnitude of human influence on the climatic event relevant to the
public trust claims, common law claims, climate change protestors and scientidtégation, and the confidence in and uncertainty associated with these findings. We
and claims brought under the National Environmental Policy Act (United can therefore assess the extent to which the magnitude of human influence found
States); Suits against Corporations, Public Trust, Human Rights, GHG EmissioaBects the legal determination of causality, in the context of jurisdiction-specific
Reduction and Trading, Climate Adaptation (non-United States). The review ofstandards such as the ‘doubling-of-the-risk’ test in England and.\Waltiser,
the Sabin Center database was supplemented by a review of cases cited in reMgdinsidered any evidence provided about plaintiffs’ pre-existing (independent
academic literature, for example, refs. A review of news articles was used to  Of climate change) vulnerability to climate impacts, including defendants’ use of
identify cases filed during the period over which we conducted the analysis, in Pre-existing vulnerabilities to counter plaintiffs’ arguments that there is a causal
September 2020. link between GHG emissions and the impacts experienced.
We identified a list of 73 cases from 14 national jurisdictions that either refer Finally, we consider how assessment of the attribution of physical impacts
directly to attribution science or use evidence to claim that climate change is oforresponds to the damages sought in the case. For each lawsuit, we identify
will become responsible for particular damages. The cases determined to be wihgther plaintiffs sought to claim that the entire cost of the damages was
the project scope do not include those that refer only to general impacts of clin@tgbutable to anthropogenic GHG emissions or whether damages were quantified
change. Rather, we only consider cases that make causal claims about impact8Gaording to attributable changes in event intensity or probability. We also
specific locations, for which attribution-science evidence is relevant. consider whether economic and/or non-economic losses are quantified, what
Cases identified within this scope fell into the categories of tort, human rightglief was requested and how a defendants contribution to losses was quantified in
public trust, takings, contract, judicial review and federal statutory claims. The determining the requested relief.
tort and human rights claims typically sought remedies in the form of financial ~ Our assessment of the scientific evidence provided in the cases analysed
compensation for climate change impacts or emission reductions. All ‘damage includesthe collectionof qualitative suchaswhetherthe typeof evidenceprovided
liability’ suits that were filed relied on causal argumentation about the relationsffpcausation was a peer-reviewed attribution study or a regional attribution
between emissions and impacts. By contrast, only a subset of pro-regulatory ciéatgment from an IPCC report, and quantitative, for instance on the magnitude of
for emission reductions (typically brought as human rights claims, or, for US cage@nomic relief requested, data, supplemented by expert judgements.
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 projectl-egal analysis. For each lawsuit within the scope of the analysis, for which courts’
scope (Supplementary Table 1). Similar lawsuits that did not make claims that Opinions, decisions, orders or judgements were available (Supplementary Table
defendant emissions caused specific climate-related losses were excluded frorhiée evaluated how the courts have assessed and interpreted the scientific
analysis as attribution-science evidence was not relevant to the legal argumengyidence on causation brought before them. The immediate obstacles to the
made in these cases. We note that, in the future, attribution-science evidence ess of litigation have largely been on admissibility and procedural®grounds
be used by a wider range of lawatiits with causation evidence generally not being outcome determinative. Our analysis,
In our evaluation of the scientific evidence provided by parties to the case, therefore, evaluates judicial opinion on causal arguments irrespective of the
we considered for inclusion publicly available case documents submitted by ~immediate reason for the case outcome and identifies how attribution-science
plaintiffs, defendants and other parties. Such documents included complaints, €vidence can best support litigation if non-evidentiary, procedural obstacles are
petitions, responses, motions and amicus briefs. A list of key documents for egR¥ercome. We identify trends across jurisdictions and time in how attribution
case that were used to inform our findings is provided in Supplementary TableScience has been used by litigants and interpreted by courts to overcome
1. We included cases in early stages of litigation (for instance, for which only tiocedural and evidentiary hurdles to successful litigation.
complaint was available) but excluded two cases believed to be within the scope Our legal analysis considers courts’ use of scientific evidence in establishing the
of the research for which either no court documents were available (Petition ofadmissibility of a case (as used under English law: whether a court has jurisdiction
Torres Strait Islanders to the United Nations Human Rights Committee), or for to adjudicate on a matter) or in satisfying procedural and substantial requirements
which court documents, or high-quality translations of them, were only availablef the law. For a case to be admissible, plaintiffs must have standing to bring the
in languages not spoken by the research team (Federal Environmental Agency/awsuit, and defendants must have legal duties to plaintiffs that they may have
(IBAMA) v. Sidertrgica Sdo Luiz Ltd. and Martins). Documents in English, spaprg}@ched. We consider whether a court finds that a sufficient link exists between
and French were included. In a small number of cases, such as Friends of the igAosses experienced by plaintiffs and climate change, as well as the link between
Environment. Ireland the petition or complaint could not be made public and sodefendants’ emissions and these losses. We also assess the extent to which courts
the legal analysis of only the judgement and appeal were possible. find that plaintiffs’ losses were foreseeable to defendants, and the admissibility
We then identified court documents that introduced evidence or claims ~ Of expert testimony. We further identify whether courts find defendants to be
regarding the potential causal relationship between GHG emissions and climatéble for losses. Our analysis focuses on the extent to which deficits in scientific
change impacts. As far as possible this was approached systematically using §vifence played a role in a courts’ assessments of these issues. We also consider the
series of relevant search terms. We reviewed non-searchable documents man@aafijoaches courts have taken in responding to scientific arguments concerning
Regarding the judicial assessment of the scientific evidence provided to cagééendants’ contributions to alleged impacts, including the apportioning of liability
we considered final decisions and opinions as well as court documents releasé@sed on market share of emissions or on defendants’ marginal contribution to
during the pretrial stage, such as orders to grant or dismiss motions to remandimpacts.
orders to accept amicus briefs or questions directed to expert witnesses. 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
Scientific analysis. The scientific analysis seeks to understand the nature of @d over time, and the differences between these tests. We then consider the
attribution-science evidence used in climate-related legal cases. We identify kéglplications of these causation tests for the courts’ evaluation of scientific evidence
components of the evidence in each case within the project scope through a and the standards of proof that plaintiffs need to meet to bring successful climate
review of complaints, expert testimony and defendants’ responses. These factéfange lawsuits.
include (1) the type of attribution evidence provided in the case, (2) the strength of inally, we provide an overall assessment of the role of science in case outcomes
attribution evidence as presented in the case (and as compared with that avail@Ban analysis of the required changes in scientific evidence that would improve
in the published literature), (3) the methodologies used to quantify attributable the likelihood of establishing causation in future cases. We contextualize this
damages and (4) the content of expert testimony. analysis in the challenges faced when applying existing legal concepts to novel,
For each lawsuit, we evaluated the type of evidence provided on causationglobal challenges for which they may not be well Suited
according to the source of the evidence used for alleging the existence of a
causal link between GHG emissions and impacts. Evidence from IPCC reportsReporting Summary. Further information on research design is available in the
has commonly been submitted by plaintiffs to substantiate claims, including in Nature Research Reporting Summary linked to this article.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Méhods section.
n/a | Confirmed
m The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
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D Estimates of effect sizes (e.g. Cohen'sd, Pearson's r), indicating how they were calculated
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability

Case documents were sourced primarily from the Sabin Center for Climate Change Law at Columbia Law School’s Climate Change Ligiation database (http://
climatecasechart.com/). Where relevant case documents were unavailable on this database, they were sourced from individual cours’ public databases or from
Westlaw.

>
Q
(=g
o
=
]
-
1]
w
o
Q
=
(@)
>
-
(1]
©
)
=
>
oQ
v
=
3
=
Q
<

0202 [11dy




Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description Analysis of 73 climate-related lawsuits from 14 jurisdictions, evaluates the scientific evidence provided to the courts and couts’
interpretation of this evidence.

Research sample 73 legal cases

Sampling strategy Systematic review of legal databases, selection of all cases within project scope.

Data collection Paper authors RSS and GL followed a methodology developed by all authors and identified relevant components of case documents
for analysis.

Timing and spatial scale Data collected from case documents June - September 2020, all relevant court documents evaluated once.
Data exclusions No data excluded from analysis

Reproducibility Analysis methodology is stated in manuscript Methods section, efforts made to minimise subjective judgment in data collection
during analysis of cases.

Randomization Not relevant. No relevant experimental methods.

Blinding Blinding not relevant to study as it was necessary for lawsuits to be evaluated in their temporal / jurisdictional context.
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