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l. Introduction

There is overwhelmingscientific agreementthat human
activitiesarechangingthe global climate systemand that
thesechangesare already affecting human and natural
systemsSignificantadvancesén climate changedetection
and attribution science-the branch of sciencethat seeks
to isolatethe effectof human influenceon the climateand
relatedearthsystems-havecontinuedto clarify the extent
to which anthropogenicclimate changecause®oth slow
onsetchangesnd extremesvents. Thespikein deathsand
costsassociateavith extreme evengnd the prospectfor
slowonsetchangewith irreversiblémpactshasinspireda
markedincreasen the number of lawsuits seekingp hold
different actors-particu larly governmentsand fossilfuel
companies-accountablefor their contribution to or fail-
ureto take actionon climatechange:.

Attribution scienceis central to recentclimate litiga-
tion, asit informs discussion®f responsibilityfor climate
change.Climate sciencalsoplaysa centralrole in policy-
making andplanning, particularly wheredecisionsieedto
be madeabouthow to allocatethe costsof mitigating and
adaptingto climatechange This Article describeshe role
that attribution sciencehas played in recentlitigation as
well aspolicymakingand planning activities,anddiscusses
future directionsin the law and scienceof climate change
attribution, addressing questiorsuchashow attribution

Lators’ Mose: ThisArdicl /s excarpied fam\lichael Burger,
JessicaVentzs Radley Horton 7%eLew and Sokance of G-
mate Ghange Atrbutian, 45 coLum.). ENV'T. (2019),and
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sciencecan bettersupport policymaking and help resolve
questionof liability andresponsibilityfor climatechange.

ll.  Scientific Underpinnings

A

Generallyspeaking, detectioandattribution is atwo-step
processusedto identify a causalelationshipbetweenone
or more driversand aresponding systemThefirst step-
detectionof change-involves demonstratingthat a par-
ticular variable has changedin a statistically significant
way without assigningcause.J3 he secondstep-attribu-
tion-involves sifting through arange ofossiblecausative
factorsto determinethe role of one or more driverswith
respecto the detectedchange.

Core Concepts and Terminology

1.  Scope of Detection and Attribution Research

Detection and attribution with regardsto climate change
can be broken down into severalinterrelated parts or
researclstreams:

» Linking climatechangeo anthropogenidriv-
ers:How are human activities affecting the global
climate system?

+ Linkingimpact$o climatechangei:iow do chang-
esin the globalclimatesystem affeaitherintercon-
nected naturaBndhumansystems?

+ Identifyingthe relativecontributionof various
emissiosourceandland usechangesto what
extenthavedifferent sectors,activities,and entities
contributed to anthrogpogenicclimatechange?

3. Seee.g.pavid R. Eastering et al, DetectiomndAfttributiorofClimatex-
treme theObserve@ecord,1 WEATHER CLIMATE ExTREMES 17 (2016).
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Wereferto thesehreeareaof researclasclimatechange
attribution, impact attribution, and sourceattribution. In
additionto thosearea®fresearchyediscusextremeevent
attribution asa separateategoryof attribution research.

2. Data Sources and Analytical Techniques

a. Climate Change, Extreme Event,and
Impact Attribution

Thereareseverakey sourcesf information and analytical
techniquesthat are usedin climate change,impact, and
extreme event attribution studies: physical understand-
ing, observationaldata, statisticalanalysis,and models?
Physicalunderstandingrefersto scientificunderstanding
of physicalpropertiesand processesuchasthe heat-trap-
ping effectsof greenhousegases(GHGs). Observational
datais datathat can be observedand measuredsuchas
in situ measurementof carbon dioxide concentrations
and satellitemeasurementsf seasurfacetemperature For
attribution, statisticalanalysisrefersto mathematicalfor-
mulas, models,and techniquesthat are usedto quantify
the probability of an observeadthangeoccurringwith and
without anthropogenidorcing on the climate. Modelsuse
quantitative methods,including predictive equationsand
statisticaltechniques,to simulate interactionswithin the
climate system. Climatenodelsuse quantitativenethods,
including predictive equationsand statistical techniques,
to simulateinteractionswithin the climatesystemandgen-
erallyinvolveatleasttwo setsof simulations differing only
in that oneis meantto reflectthe world that is, and the
otheris meantto reflecta "counterfactual"world without
anthropogenicclimate change(or without somecompo-
nentof anthropogenic climatechange).

b. Special Considerations for Extreme Event
and Impact Attribution

Extremeeventandimpactattribution dealwith moregec
graphicallyand temporally distinct forms of change(e.g.,
how much has sealevelrisenin a particular city in the
past20 years)Natural variability, unrelatedto changesn
climate forcing,islargeratfine spatialand temporalscales,
makingit harderto identify signalsassociatedith anthro-
pogenioor otherforcings.Further,impactattribution stud-
ies must also accountfor non-climate variables-that is,
characteristicof human and natural systemghat arenot
part of the climate system-and confounding variables-
whichinfluenceboth dependenéndindependent variables
in astudyand canleadto spurious associations between
driverand an eventor impact. Thenumber of non-climate
and confoundingvariablesncreaseasattribution research

4. Seeg.g.SophieMarjanac& LindenePatton ExtremdVeatheEven#ttri-
butionSciencandClimateChangeitigationAn Essentidltegn theCausal
Chain?36J.eENerGY &NAT. RESL. 265,271-72(2018).
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movestoward an analysisof discreteimpactson humans,
communities,and ecosystems.

C. Source Attribution

While thereis someoverlapin terms of the data collec-
tion and analyticaltechniquesusedfor sourceattribution,
sourceattribution studiesalsorely ondifferenttypesof evi-
dence,particularly documentaryevidenceof GHG emis-
sions and carbon sequestration impactsDocumentary
evidencerefersto information containedin documents
and reports,suchasnational GHG emissionsnventories
or corporateGHG disclosuresdetailing GHG emissions
or carbonsequestratioimpactsfrom a particular activity
or source.
lll. Legaland PolicyApplications
This part addresseshe salienceof attribution science
to policymaking at variousscalesof governanceijts role
in planning and environmental impact assessmen&and
the critical role it has played and will play in climate
changelitigation.
A.  Policymaking
Attribution sciencehelps build support for actions to
addressthe causesand impacts of climate change by
(i) demonstratingthat anthropogenicclimate changeis
already underwayand resulting in adverseémpacts and
(i) lending confidenceo model projectionsof how the cli-
matewill changein responséo GHG emissions andhow
thesechangewvill affect peoplandthe environmentin the
decades$o comes

Attribution sciencecan also contribute to more effec-
tive mitigation and adaptation policies. For mitigation
policy, attribution sciencecanbe usedto determinewhich
actors,activities,or sectorsshould be targetedfor regula-
tion or to determinethe appropriatdevelof regulationfor
any givensource category. Meanwhile, informatadyout
impactattribution canhelp policymakersdentify the most
significantclimatechange-related riskand make prudent
decisionsabout how to allocateresourcedor adaptationt
Attribution sciencecan also help decisionmakersbet-
ter understandthe costof unabatedclimate change,thus
informing and justifying decisionsabout the appropriate
levelof regulation(e.g. the right price of acarbontax).

Finally, attribution scienceprovidesa framing mecha-
nism for international negotiations by helping build
political supportfor ambitiousaction on climate change,
providing abasidfor critiquing countriesthat do not gofar
enoughwith their emissiorreduction pledges,ifmproving

5. Sedcasterlingtal., supranote3.

6. Seeid.; Sebastia®ippelet al., Stakeholddterspectives theAttribution
ofExtremdVeatheEventsAn Expwrativ€nquiry,7 WEATHERLIMATE,
Soc'v224,229(2015).

7. ParisAgreemento the United Nations FrameworkConventionon Cli-
mateChangePec.12,2015,T.I.A.S.No. 16-1104,art. 14,, 1 (establish-
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decisionmakingabout how to allocatefunds for adapta-
tion, and helping countriesreachagreemenbn the highly
contentious'lossand damage'framework?

B Planning and Environmental/ImpactAssessment

Attribution sciencdacilitateson-the-groundplanning for
the effectsof climatechangeby providingmorerobustdata
abouthow climate changeis alreadyaffectinglandscapes,
ecosgtems and human systemsuchascities, infrastruc-
ture, and food production. This information canfeedinto
scenariglanning, informing the likely and possibleanges
of outcomesunder different GHG emissiontrajectories.9
Attribution studiesthat focus on regional or localized
impactscanbeusedto developandrefinedownscalegro-
jectionsof climatechange impacts withina particulargeo-
graphicregionand to improvethe accuracyand precision
of the modelsthat areusedto developthoseprojections'?

C. Litigation

Below, we presenta breakdown of how attribution sci-
enceis usedn the contextof severalegalissues(1)estab-
lishing standing to sue; (2) introducing expert scientific
testimony and reportsasevidence;(3) challengedo gov-
ernmentfailuresto regulateGHG emissionsand (4)law-
suits seekingto hold emitters liable for damagesfrom

climate changeimpacts.

1.  Establishing Standing to Sue Sources of
GHG Emissionsfor Climate-Related Harms

Standing doctrines addressthe question of who should
haveacces#o courtsto adjudicatea particular claim. The
U.S.SupremeCourt hasheldthat plaintiffs must establish
that (i) they havesufferedan injury-in-fact-that is, "an
invasionof alegally protectednterestwhich is (a)concrete
and particularizedand (b) actual or imminent, not con-
jectural or hypotheticaly. (ii) the injury-in-fact is fairly
traceableto the defendants'allegedlyunlawful actiond2
and (iii) the injury could be redressedy a favorablecourt
decision.1Attribution sciencds centralto standingcon-
testsovereachof theseprongs.

While therequirementof particularizedinjury hasbeen
viewedasa potential barrier for plaintiffs seekingstand-
ing basedn injuries causedy climate change sincesuch

ing a "global stockade" wherebg partiescothe agreement "shaleri-
odicallyrakestockof the implementationof this Agreementoasseshe
collectiveprogrestowardsachievinghe purposeof rhisAgreemenéndits
long-termgoals”).

8. Formoreon rhistopic, seeChristianHuggelet al., Reconcilingusticeand
Attribution ReseardwAdvanceClimatePolicyS NATURE CLIMATE CHANGE
901(2016).

9. Sedcasterlingral., supranote3.

10. Seeg.g MohammadReza\ajafiet al_, Attribution of the Observe&pring
SnowpacPeclinein British Columbiato Anthropgenic Climate Change30
J. CLIMATE1132017).

11. Lujanv. Defs.of Wildlife, 504 U.S.555,560,22 ELR209131992).

12. Id.

13. Id. at561.
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injuriesareoften sharedby the public, someplaintiffs have
successfullusedimpact attribution researcho persuade
the courtsthat their injuries aresufficiently particularized
for standingpurposed4With respectto causationjn cases
brought againstgovernmentsand private actorsfor fail-
ure to regulateor abateemissionsthe SupremeCourt has
found sufficient causationvherethe emissionsepresent
a "meaningful contribution" to global climate changes
Finally,the redressabilitprongrequireshat it islikely and
not "merelyspeailative"that the injury would beredressed
by afavorabledecision®

5 Evidentiary Standards for Scientific Testi
and Reports

A thresholdconsideration regardinthe role of attribution
sciencen the courtroom is whether experttestimony on
attribution is admissiblein court. The Daubert standard,
firstarticulatedby the SupremeCourt in Daubertv. Merrell
Dow Pharmaceutical8, is the contemporarystandardfor
admissibilityin federalcourtsandmanystatescourts.That
standard chargethe judgewith ensuring that the basisof
the expert'sestimonyis "scientificknowledge,® and out-
linesthe following factorsfor making this determination:

» Whether the scientifictheory or technique can be
(andhasbeenested

» Whether it has been subjected to peer review
and publication

* Whetherit hasaknown errorrate

» Whether it hasa degreeof "generalacceptability"
within a"relevantscientificcommunity.”

Most attribution studiesaccordwith the Daubertstan-
dard insofar as they rely on scientific theoriesthat can
be testedusing models, statisticalanalysesand observa-
tions; they aretypically publishedin peer-reviewegour-
nals;they typically discusknown sourcesf biasand the
potentialfor Typel and Typell errors;andtheyarebased
on generallyacceptedechniquesHowever, defendants
climate lawsuitsmay arguethat someof the more novel
impact and eventattribution techniquesdo not meetall
four requirements-and in particular, the requirementof
"generalacceptanceivithin the scientificcommunity-or
challengetestifying scientists whadraw inferencesfrom

14. Seee.g. MassachusetisEPA 549U S 497,525,35 ELR2014§2007);
ConnecricurvAm. Elec PowelCo.,582 F 3d309,39 ELR202152d Cir.
2009),rev'd 564 U.S.410(2011).

15. SeMassachusett#}9U.S at525.

16. Lujan,504U.S at561.

17. 509U.S.579,23 ELR 209791993).

18. Id. at592.

19. Id at592-95.
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attribution studieswith respectto impactsnot explicitly
coveredn thosestudies®

3. LawsuitsChallenging the Failureto Regulate
GHG Emissions

Environmental and citizen groupsin the United States
and otherjurisdictionshavebroughtnumerouschallenges
seekingto compel governmentgo take action to curtail
GHG emissionsTherearethreetypesof lawsuitsthat fall
within this category: (i) lawsuitschallengingthe govern-
mentfailure to implementstatutorymandateswith respect
to air pollution control; (ii) lawsuitschallengingthe failure
to protectpublic healthpursuantto generalegalmandates
recognizedn constitutions,public trust doctrines,human
rightslaw,and otherlegal sourcegnd (iii) lawsuitsinvolv-
ing administrativedecisionsuindertakenwithin an existing
regulatoryscheme, typicallylecisions tg@rantor refusean
authorizationfor a particularactivity. In all threetypesof
casesattribution sciencecomesinto play when plaintiffs
needto establisha causalconnectionbetweenthe govern-
ment'saction or inaction and concreteharms causedby
climatechangeto succeen the merits.

4.  Lawsuitsto Hold EmittersLiable for Damages
Caused by Climate Change Impacts

In addition to suing governmentsfor failure to regulate
GHG emissions,some plaintiffs have gone directly to
the source,suing major emitters and fossil fuel compa-
nies,in an attemptto obtain an injunction against future
emissionsor monetary damagesfor adaptationcosts.To
date, theselawsuits have been predominately domestic,
and basedon tort or tort-like theoriessuchaspublic nui-
sance, private nuisancend negligencezg Attribution sci-
enceis centralto theseclimate tort cases, as is necessary
to establisha causalconnection betweenthe defendant's
emissionsr activitiesand plaintiffs' injuries, and thatthe
injuries werea foreseeableesult of the emissions Below,
we summarizethe key elementsof tort casesand briefly
touch on how attribution sciencenayhelpwith establish-
ing theseelements.

a. Elementsof Negligence and Nuisance

i. Duty

Where foreseeabilityof harm to the specificplaintiff is an
elementof tort duty,. the history and currentand future
statesof attribution sciencewill play arolein establishing
and defendingagainstit. However,evenin a casewhere

20. Formoreon thistopic,seeKirstenEngel& JonathanOverpeckAdaptation
andtheCourtroondudginglimateScienc& MICH.J. ENV" & AoMIN.L.
1(2013).

21. Burger& Wentz, supraote 2.

22. Seeg.g.Norrisv.Corr.Corp.of Am., 521F.Supp.2d 586,589 (w.D. Ky.
2007).
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foreseeabilitys not requiredto establisHegaIduty,23pIain-
tiffs cannotevadeheissueof foreseeabilitylt will comeup
in establishing proximate cause.

11.  Breach

Onceaduty hasbeenestablishedliability canonly attach
if there has beena breach,in someform, of that duty.
In the negligencecontext, a breach occurs where the
plaintiff has failed to exercisereasonablecareto protect
othersfrom a foreseeableisk of harm.24n nuisance the
breachfactorsinto an assessmerdf whether defendant's
interferencewith plaintiff's person, property, or public
goodswas "unreasonable®In both instancesthe "rea-
sonablenesshquiry involvessomethingof a "socialwel-
fare cost-benefittest. 26In climate tort casesattribution
scienceis the connectivetissuetying particular impacts
resulting in particular costsback to climate changeand
anthropogenicinfluence on climate change,and it can
helpimprovecalculationsof the socialcostand benefitsof
GHG emissiong? Courts will also consider foreseeabil-
ity whenassessinghe reasonableness conduct. Again,
attribution scienceplaysan obviousrole in this inquiry,
helping to establishthat areasonablgersonwould antici-
patethat activitiesthat generatéGHG emissionor other-
wise contributeto climatechangewill eventuallyresultin
specifictypesof harmful impacts.

iii.  Causation

The plaintiff must showthat the defendant'ssonduct was
both the factual-which is further divided into general,
or genericcausatiorand specificor individualized, causa-
tion-and the proximate,or legal,causeof the injury.28n
regardgo general causatiomnecritical questioniswhether
and underwhat circumstances courtsill impose liability
on an actorwho is not the solecauseof the injury. In fail-
ure-to-regulatecasessomecourts havegranted standing
basedon a showingthat the unregulatedemissionsnade
a "meaningful contribution"to climate change@ Or con-
sidertoxic tort cases-which arenot dissimilar from tort
actionsundertakenagainstGHG emitters-where liability
may be apportionedamongpotentially responsiblgarties
through statistical probabilistic,and epidemiologicastud-
ies30Where the probability that a particular defendant's
substanceaused substantial portiorof the harm reaches

23. Seege.g.,Rodriguez.Del Sol ShoppingCtr. Assocs...P.,326 P.3d465,
467 (N.M. 2014);Thompsorv. Kaczinski,774 N.W.2d 829, 835 (lowa
2009).

24. RESTATEMESHCOND) TORTS283 (Am.L. Inst.1965).

25. Id. §826.

26. DouglasA. Kysat,WhatCan ClimateChang®o AboutTort.aw, 41 ENV'T
L. 1, 21(2011).

27. Id. at 22-23(discussingpplicatiorof the federaBocialCostof Carbonto
AmericarElectricPower).

28. MichaelByerstal., ThdnternationalizatiafClimatddamagekitigation,
7TWASHJ. ENV'L. & POL"264,279(2017).

29. Seegp.g.Massachuseft49U.S. at 525 (emissionsomall U.S. motor ve-
hiclesmadea "meaningful contributiortd globalclimatechange).

30. Byersetal., sypranote28.
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a certain thresholdthen courts may be willing to impose
liability for the harm.

In regardsto specificcausationthe critical questionis
"whetherdefendant'saactionsor behaviorwere'a necessary
elementin bringing aboutthe injury."* Assumingonecan
show that climate changeis responsiblefor a particular
local climate-relategphenomenoror eventthat produced
an injury, and before one getsto issuesof contributory
negligencethe problemfor proving climate harmshereis
clear: emissiorsf any oneactor,or evenany smalbketof
actorswill bedifficult to pin down asa "but-for" causeof
impactsarisingfrom anthropogenicclimate change?

In contrast to the factual causationinquiry, which
focuseson scientific relationships, proximate causeis
intended to addresswhether the injury is sufficiently
closelyrelatedto the allegedlywrongful conduct,suchthat
it makessenseto imposeliability on the defendant.To
answerthis question,courts may considerfactorssuchas
the geographicand temporal proximity betweenthe con-
duct and the injury (andmoregenerallythe directnessof
the relationshipbetween conducandinjury), andwhether
the injury wasaforeseeableesultof the conduct3?

1v.  Harm or Injury

Regardlessof the tort, actual harm must be shown.
Here, again, attribution sciencewould be usedin the
ways described above-both as a meansof character-
izing the injury (interference)to the plaintiff, and asa
means of explaining why the interferenceis unreason-
ableand athreat.

b. Role of Attribution Science

Attribution sciencecan be used to establishthree key
elementsin tort litigation: foreseeability causation,and
injury. A court'sdeterminationasto whetheran impactis
aforeseeableonsequencef activitiesthat increaseGHG
emissionswvould likely dependon: (i) the degreeof confi-
dencewith which the impact hasbeenattributed to cli-
mate changeor projectedto occurasa result of climate
change;(ii) the amount of scientificresearcHinking the
impact to climate change(andlevel of consensuamong
scientists)and (iii) the time framein which that research
wasperformed.If thereareonly a handful of studieson a
particularimpactor if the studieswereall publishedafter
the allegedIytortious conduct,then courtsmight conclude
that the impacts are not foreseeableFurther, the actual
injuries associatedavith climate changeare often second-
ary or tertiary impactsthat areinfluencedby a multitude
of confoundingfactorsin addition to anthropogenidanflu-
enceon climate. The greaterthe number of confounding

31. Id. at280.

32. Seee.g.Kysarsyranote26, at31; MichaelDuffy, ClimateChang€ausa-
tion:Harmonizingort.aw andScientifirobabilit8temp. J. SCITECH.
& ENV'TL. 185 (2009).

33. KENNETH S.ABRAHAM, THE FORMS AND FUNCTIONS OF TORT LAw124 (3d
ed.2007).
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factors,the moredifficult it maybeto establishithat a par-
ticular injury wasforeseeable.

In most tort casesnvoking climate change,it may be
significantly more challengingfor plaintiffs to establish
causation-and in particular, specificcausation-than it
is to establishforeseeabilityTo succeedn sucha casea
plaintiff would needto establishseveralines of causation:

* The plaintiff mustlink a specificchangeor eventto
anthropogenicclimate change(e.g.,sea-levetise or
aflooding event)-i.e., climate changeand extreme
eventattribution.

* The plaintiff mustlink a specifidossto that change
or event(e.g.,the costof adaptationmeasuresr re-
sidual losseshat werenot or could not be avoided
through adaptation)-i.e., impactattribution.

* The plaintiff mustlink the defendant'sonduct(i.e.,
releasef GHG emis#ons)to anthropogeniclimate
changeand identify the defendant'selativecontri-
bution to the harm incurred by the plaintiff-Le.,
sourceattribution.

Regardingthe first line of causation:proving that a
specificchangeor eventis causedby climate changewill
be easiefor long-term changesuchasmeantemperature
increasesand sea-leverise. Linking a specific extreme
weathereventto climate changeposesanother testThe
probabilisticapproachio eventattribution, wherebyscien-
tists quantify the extentto which anthropogenicclimate
changeaffected the probability of the eventoccurring,
would likely be the bestvehiclefor establishingcausation
for the purposef tort litigation.34

Evenif the plaintiff is ableto establishthat a physical
changeor extremeeventwascausedby climate change,
he or she mustalsoestablisithe secondand third lines of
causation.The secondcausationchallenge-establishing
and quantifying the specificlosscausedyy the changeor
event-involves determiningthe extentto which the loss
wascausedy anthropogeniaclimate changeascompared
with other confounding factors.A probabilisticapproach
canalsobe usedin impactattribution to generatehis sort
of information. However,to date,mostimpactattribution
studiesdo not producefindings that areasquantitatively
robustas studiessonductedon extremeeventsdue to the
number of confounding factors that influence impacts
suchaspublic health outcomesThethird causationchal-
lenge-defining the defendant'srelative contribution to
the damage-is a matterof sourceattribution.

34. MylesAllenetal., Scientifi€hallengés theAttributiorofHarm toHuman
Influencen Climate,155U. PAL. REv.1385 (2007)(citingMylesAllen,
Liabilityfor ClimateChange}21 NaTURE 891,891-92(2003));Daithi A.
Stone& MylesR Allen, TheEnd-to-EndttributionProblemErom Emis-
siontolmpacts/1 CLIMATIC CHANGE 303,303-04(2005).
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IV. FutureDirectionsin the Law and
Scienceof Climate Attribution

Here, we discussfuture directionsin the law and science
of climate changeattribution, addressingjuestionsuchas
how attribution sciencemight better supportpolicymak-
ing, planning, andlitigation.

A.  How Can Attribution Science Better Sypport
Cimate Law, Policy, and Planmning?

Therearea variety of waysin which the scientificcommu-
nity could work toward supporting applicationsof attri-
bution research:(i) continuing to lead the development
of scientific knowledge and understanding by advanc-
ing detection and attribution researchacrossthe board;
(i) generatingattribution findings at different confidence
levelsto bettercommunicate uncertaintyaboutthe "upper
bound" and "lower bound" of plausibleanthropogenic
influence on an observedchange; (iii) communicating
findings clearlyand in an accessibléormat; (iv) engaging
stakeholdersand (v) linking individual studiesto other
advancingresearch aredlat help to fleshout the causal
chainfrom emissiongo impact.

1.  Continue to Conduct Attribution Research
on the FullRange of Climate Change Impacts
With an Eye Toward Improving Confidence
Levelsand Certainty in Findings

The body of attribution researcthasgrown considerably
in recent yearsincreasinglevelsof confidenceand cer-
tainty regardinga wide rangeof climate impacts atmul-
tiple political and geographical scales. 8vanimportant
sensethe singlemostimportant thing the scientificcom-
munity can do to support applications of attribution
researchis more of the same. Neverthelessthe scientific
community could work with affected stakeholdersto
addresghe incomplete coveragef attribution scienceand
identify priority areasfor researchGranted,working with
affected peopleto determinewhat variablesto focus on
in attribution studiescould contribute to concernsabout
selectionbias.As such,scientistamay needto be cautious
about any overarchingstatementsmade with respectto
the body of attribution research.

2. Generate Findingsat Different
Confidence Levels

Attribution findings are often expresseth termsof prob-
abilitiesand confidencdevels Forexample a probabilistic
eventattribution study might find with > 90% confidence
that anthropogenicclimate changequadrupledthe risk of
a particular storm occurring. Depending on the applica-
tion, it may be helpful for researchert® alsodiscusdower-
bound, higherconfidencesstimatege.g.> 95%confidence
that anthropogeniclimate changeatleastdoubledthe risk
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of that samestormoccurring) or higher-bound lowercon-
fidence estimates (e.g?,80% confidence thatanthropo-
genicclimatechange madehe stormatleastsixtimes more
likely). Lower-boundestimatesvith higherconfidencdev-
elswould be more useful for applicationswherecertainty
in findings is neededsuchaslitigation. Upperboundesti-
mateswith lower confidencdevelswould be more useful
in policy and planning applicationswheredecisionmakers
would benefitfrom understandingthe potential extentof
anthropogenidnfluenceon an observeadhange.

3. Clearly Communicate Findings

It is helpful for the scientistsconducting attribution
researchto presenttheir findings in a clear and acces-
sible fashion,to the extent practicable.Careful commu-
nication involvesproviding context for statementsabout
uncertainty, bias, and limitations to help a non-scientific
audienceunderstand:(i) whetherthe level of uncertainty,
bias,etc.is standardor unusualascomparedwith similar
studies;and (ii) the effectof uncertainty and biason the
reliability andaccuracyof the results Scientistshouldalso
be careful not to overstatehe novelty of this field-while
attribution scienceis undergoing constantevolution, the
vastmajority of studiespublishedin this field are based
on well-established scientifitechniques,carefully tested
models,and detailedobservationaéets.

4, Engage With Stakeholders

Engagements critical to successfutommunication,and
to growing the impact of attribution researchGiven the
expertiseabout impacts that resideswith stakeholders,
deeperstakeholderengagementan also be expectedto
leadto scientificadvancesot only in attribution science
for decisionmaking,but alsofor attribution sciencétself
Forexampleastakeholder engagemeptocessvith water
managersncouragedttribution scientiststo focuson a
broadersetof eventmetric definitions,including the dura-
tion of rain events,in orderto make their researchmore
relevantfor decisionmakerand sectorexperts:

5. LinkIndividual Studiesto Related Research
to Help FleshOut the Causal Chain From
Emissiondo Impact

Most attribution studiesonly focus on one part of the
causalchain linking emissionsand land use changesto
impacts.To the extentthat the scientists workingn these
studiesare awareof related researcht would be helpful
for themto explicitly discusghis researcland explainhow
it ties into their own findings. Researcherand scientific
organizationscould also publish more synthesisreports

35. JulieA. Vanoetal., Hydroclimatiextremeass Challengkes theWateMan-
agemen®ommunityl:essofirom OrovilldDam andHurricandHarveyjn
ExplainingExtrem&vents @017 Froma ClimatePergective] 00 BuLL.
AM.METROLOGICAL Socv (SPECIAL SuPPLEMENT) sI (2019).
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linking individual studiesand explaining the extent to

which thesestudies,in aggregatecan support claims of

end-to-endattribution. Wherepossibleit would behelpful

to harmonizethe scopeandscaleof connectedtudiessuch
that the quantitativeanalysesonductedin onestudycan
fl.owthrough and inform the quantitativeanalysisin the

subsequenstudy,with the goal being to developrobust,
quantitativefindings acrossa larger sectionof the causal
chain. More fundamentally, further standardization of
attribution research-ranging from the selectionof top-

ics to study, to the metrics usedand the dataand models
brought to bear-will supportcross-comparisorgvalua-
tion, andscalingup of findings acrosstudies.

B How Might Jugges and Litigants Utilize
Altribution Science in the Courtroom?

1. Standing and Justiciability

The single greatestobstacleto the effectiveutilization of
attribution sciencén the courtroomis the factthat climate
casesaisingcomplexattribution issuesnaybedismissedr
decidedwithout atrial, meaning that their scientificbases
may neverbe fully assessednd adjudicated.One of the
main reasongor dismissaislack of standing.Somecourts
haverecognizedhat thequestionamplicatedin the stand-
ing analysisareheavilyfact-dependeréind tend to overlap
with the meritsof the case®é But othercourtshavedenied
standingbasedon a cursoryassessmerlf thesescientific
questionsfinding without trial that the causalconnection
betweeremissionsandinjury is too attenuated? Standing
claimsinvolving disputedfactsshould be addresseafter
discoverywhenall issuesarefully briefedandall evidence
is submitted3s

Somescholarshavealsorecommendedpecificanalyti-
cal techniquesthat are uniquely well-suitedfor assessing
standingclaimsin casesnvolving climate change-related
claims. For example,scholarshave recommendedthat
courts recognizethat the risk of harm is itself an injury
that canprovidethe basidor standing3® Another approach
could be to allow "fractional standing" for probabilistic
injuries40 According to one commentator,a "fractional
injury" is "onethat, if manifestin oneindividual, would be
insufficientto grant standing" but if "multiple individuals
experiencehis injury and band togetherto demandrelief
. . .then their collectivegrievancewould be sufficientto

36. Julianav.United State®]7F.Supp3d 1224,1242-48 A6 ELR20175(D.
Or.2016).

37. Seeg.g.NativeViii. of Kivalinav.ExxonMobil Corp.,663F.Supp2d 863,
880,39 ELR20236(N.D. Cal.2009).

38. Note, Causatiom Environmentélaw:LessoffromToxidorts]28 HARv.
L. REv.2256,2270-71(2015);Luke Meier, UsingTortLaw to Understand
theCausatioRrongfStanding80 FORDHAM. REv.1241,1265(2011).

39. Seege.g.F.AndrewHessickProbabilistBtanding06 Nw. U. L. REv.55,
67-68(2012);AlbertLin, TheUnifyinQRoleofHarm in Environmentahw,
3 Wis.L. REv897,911(2006);CassSunstein, Standihguries]993Sur.
CT.REv37 (1993).

40. DanielE.RauchFractiona$tandingd3 YALE]ONREG281 (2016).
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merit standing." Fractionalstandinginvolveslooking at
the probability of the harm, the severityof the harm, and
the numberof people atisk and determiningwhetherthe
aggregaténarm is sufficientto grant standing# The U.S.
Court of Appealsfor the District of Columbia (D.C.) Cir-
cuit implicitly endorsedhis approachin Natura! Resources
Defense Counci v. EPA.%

2. Factual and Proximate Causation
a. Defining Parties' Contributions to GHGs

Thefirst stepin determiningwhethera party is a legally
relevantcauseof damagesssociateavith climate change
is to definethat party'scontribution to increaseé atmo-

sphericGHG concentrationsSomeform of quantification

is necessaryo establishboth factual causeand proximate
causeYet, defining a party'sGHG contribution is not as
straightforwardasonemight like. Theremay be datagaps
that precludeaccuratequantification. Even where ade-
quatedata exists,thereareinevitably analytical questions
that must be answeredsuchaswhich emissionsaccount-
ing approachto use-territorial, consumption-basedor

extraction-based-and how to accountfor historical as
comparedwith present(and possiblyevenfuture) emis-
sions.While thereis no strict requirementthat different
courts addressinddifferent types of legal claims, in dif-

ferentjurisdictions, usethe sameaccountingmethodsto

imposeresponsibilityon entities, thesediscrepanciesan
raiseconcernsaboutfairness justice,and the efficiencyof

the judicial system.

Further, other typesof information arerelevantto the
analysisof proximate causeand supplementattribution
data. Some of the normative considerationsrelevantto
the proximate causeinquiry include the extentto which
the companyprofited from the production and eventual
useof fossilfuels,whetherthe companyknew that it was
producing and selling a harmful product, and whether
the companyengagedn unethical activitiessuch as the
obstructionof climatechangescience.

b. Establishing Causal Connections to Impacts

Litigantsand courtsshouldbe aware oboth the strengths
and limitations of attribution sciencewhenframing and
analyzing casualarguments. Plaintiffs may prove most
successfulvherethey basetheir claimson impactswhich
can be attributed to anthropogenicclimate changewith
high confidence-such assea-levelise,melting snowpack,
increasesn averagelemperaturesand extremeheat, and
oceanacidification-or wherethey rely on expertreports
and peer-reviewedttribution studiesand avoid making
causalinferencesvenfor thoseimpactsfor which thereis

41. Id. at282.
42. Id.at290-91.
43. 464F.3d 1(D.C. Cir. 2006).
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averyrobustconnectionto anthropogeniclimatechange.
Judgesmeanwhile shouldbemindful ofthefactthatthere
aredifferentlevelsof confidencefor differentimpacts,pay
closeattention to the evidencesubmitted,and should not
dismissclaimsbasedon generalizedtonclusionsaboutthe

uncertainty of the science. Judges shouldso be aware
that, when translating globabr regional impactgo specific
injuries,it maybe necessarfo accepftcausainferences.

3.  Provingand Defending Against Obligations
and Redressability

While thereis someprecedentaffirming national obliga-
tionsin otherjurisdictions# no U.S. court hasyet found
that the federal governmentis bound to any particular
level of climate ambition. Even still, sourceattribution
datais constantlyimproving and estimatef carbonbud-
getsare constantlybeingrevisedin light of new emissions
data, soit will be important for litigants and courts to
rely on the mostrecentdatain framing carbonbudgets.
Attribution sciencecould be usedto definemore specific
obligationsfor national governmentsFor examplerather
than mandatingagovernmentachievea specifictargeton
a specificdate, a court could require the governmentto
establishand periodically updateits target basedon the
bestavailablescience.

44. SeeUrgendaFoundationv. Kingdom of the NetherlandsHoge Raad,
ECLI:NL:HR:2019:2007(Dec. 20, 2019) (Englishtranslationavailable
at http://blogs2.law.columbia.edu/climate-change-litiggji@vntent/up
loadskiresfl 6/non-us-case-docunmes/2020/20200113_201 5-HAZA-
C0900456689_judgment.pdf).
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In establishingobligationsfor private actors,one criti-
cal question willbe how to allocateliability and damages
among multiple companies.Arguably, imposing several
liability basedon the party'sproportionatecontribution to
GHG increasess the approachthat bestreflectsthe party's
"true" contribution to climatechangeimpacts.A market-
shareapproach-apportioning liability among fossil fuel
companiedasedon their shareof fossilfuel sales-would
alsoaccomplishthis if the "marketshare"weredefinedas
the shareof GHG emissionsin contrast,imposingjoint
and severaliability may resultin overestimatiorof a par-
ty's contributions to the injury. However,there may be
compellingreasondo imposejoint and severaliability in
certaincontexts.

V. Conclusion

Therecentwavef casebrought against nationandsub-
nationalgovernmentsseekingncreasednitigation ambi-
tion, and againstfossilfuel and energycompaniesseeking
compensatioror abatemenfunds for the costsof adapta-
tion, havemadethe relationshipbetweenthe scienceand
law of climatechangeattribution all the moresalient.But
there aresigrificant scientific issudbat remainto beclari-
fied, for law and policy purposesand it may well be that
litigation providesthe forum for achievingthat clarity.
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