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RESUME

Pour réussirla transition vers une économie a faibles émissions de carbdrieQ G DWW pQ XH
ULVTXHV OLpV DX[ FKDQJHPHQWY FOLPDWLTXHV OD SDUWLF
investisseurs, est crucidles investisseurs exigent de plus en plus des approches prospsmtives

évaluer et comparer la performance des entreprises face aux risques liés a la transition climatique

Toutefois,ils ont du mal a trouver des méthodes et des indicateurs fiables et utiles a la décision.

Au-dela deOfHPSUHLQWH F [dasER&pitted) eBViKvdsDgoddrg doivent évaluer les
actions efa capacité@les entreprises a transitiwar pour anticiper leuempreintecarbone future.
Uneinformationclé reflétantomment les entreprises se projettent darfs D st [@urdicibles de
UpGXFWLRQ GTpPLCépehdaaomipdddl leR Gibtes ddifférentes entreprises est
complexe,car les parametres utilisés poétablir ces objectifs peuvent variepnsidérablement
GIXQH HQWUH glble ¥renjissiofhisabses bu d'intensité, ambitionscopecouvert,
année de référence et année cible). Les étpidesdentesur I'ambition ou la progression des
ciblesdes entreprises montrent des lacunes similaires dans leurs mettedesempécle une
largeapplicabilité adandes secteursinecomparabilitécohérententre les entreprises, & D QD O\VH
G XQ HOQNitdeEI® plarametres déterminant le progdes cibles. Cela aboutig une
compréhension partielle deibles de réduction des énimss carboneles entreprises. De plus, le
nombre croissant d'entreprises fixant dddessouléve des inquiétudes quantarlifiabilité, ce

qui remet en question leur crédibilité.

Ce projet dehésevise a fournir une évaluation approfondie et exhaustiveitesde réduction

des émissiongarbonedes entreprises en développant des méthodologies et des indicateurs
permettantde comparer de maniére rigoureuse et systématiifterents types de ciblesde
réduction des émissionsarbone pourdes entreprisesdans différentssecteurs. Ce projet de
recherche comprend six objectifs spécifiques, qui ont conduit a trois articles scientifiques traitant
chacun d'un sujet principal dintérétlié aux cibles des entreprised) I'ambition, (2) la
progression, et (3) la fiabilitéUltimement ce projet de recherche vise a améliorer la

compréhension dasblesdes entrepriseafin demieux informer les décisions des investisseurs.

La premiére contributiorde ce projet de recherchest le développement d'un processus
d'harmonisation qui transforme leiles afinqu'ils aient le mémescoped'émissions, la méme

périodeet la méme métrique, fournissant une structure d'analyse cohérente et consistante pour
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comparerdes ciblesavec différents paramétres. Deuxiememdati SURFHVV XV GTKDUPRC
permis de calculedes seuils de référence sectoriels prospectifs en émissions absolues et en
intensité carbone. Cetot incluent envirorl 000 entreprisedont lesciblescouvrantdes émissions
descopel et/ou 2dansl3 secteursCe processulmite la surestimation de I'ambition detbles
en évitant l'inclusion de parties dgj#teintesen raison du choix de I'année de référence par les
entreprises, esouligneles ciblesdéja atteirgs. La troisieme contribution est le développement
d'un indicateur de progression dabkles qui atténue les limitesles indicateurs existants (@
intégrant le temps restant pour atteindne cible (2) en tenant en compte de la fovariabilité
constatéalans és progressiog et (3)en quantifiant les résultats de la progression plutét qu'en
étiquetant simplement les objectifs comme&n bonne voi® ou «pas en bonne voie
Quatriemement, 19 déterminants clés expliquant la progression des entreprises w@iddsons
été identifiés grace ®rplysede 120 déterminants pour environ 1 Sifles couvrantesscops
1 et 2 de 1 000 entrepris€ette analysequi utilisel'indicateur de progression développé, a révélé
des informations précieuses $8 bonnes et mauvaisgatiques des entreprisegetéun nouvel
éclairage sur lesibles ambitieuseset a mis erévidence desrientationsde recherche futures.
Enfin, I'évaluatiordesinconsistancedandes données carbonééclaréepar les entreprisegrace
au développementlindices G L Q F R Q \aLnvisvdh @Efrdtence deproblemesimportants
concernant la fiabilité des émissions de I'année de référence couvertesipéaddss entreprises.
Lesinconsistanceglentifiées dans les déclarations des entrepfaessent considérablemdes
analyses liéea l'ambition etaux progresdesciblesdes entreprises. La crédibilities entreprises
dotéedeciblesest préoccupante, car ces entreprises, y compris celles avabldsapprouvés
par le Science Based Targetsitiative et des objectifs de neutralité carbone, étaient aussi

inconsistancequeles entreprises saogbles voire plus

De maniére plus généralee projet de recherche contribue a (1) améliorer la compréhension des
ciblesdes entreprises, en identifiant Esneset mauvaisepratiques; (2) faciliter la comparabilité
descibles des entreprises grace a des méthodologies et des indicateurs colengensent
applicables a tous les secteurs, transparents et facilement reproductibles, ce qui permet une analyse
annuelle récurrentg(3) fournir des résultats pouvant servir de références gesiranalyses,
FRQVLGDpUD Qatle @ fitperatding St [@sblesdes entreprises; et (Ajettre en évidence les

problemes de credibilité concernant certaines entreprises ayant des objectifs, suggérant la nécessité
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pour les investisseurs d'évaluer de prés nesivaises pratiquedes entreprises dans leurs

portefeuilles et dd D L U HenGaen©favec les entreprises concernées



ABSTRACT

To mitigate climate change riskisansitioningto a lowcarbon economys necessary, requiring

nonstate actors, such as investors, to play a critical nolestors increasingly demand forward
ORRNLQJ DSSURDFKHYVY DQG LQGXVWU\ GDWD WR HYDOXDWE
addressing climat&ransitionrisks yet they struggle téind reliable and decisicnsefulmethods

and indicators Beyond the current carbon performance of companies, investors need to assess
FRPSDQLHVY DFWLRQV DQG UHDGLQHVYV WR WUDQVLWLRQ WR
indicator reflecting how companies are projecting themselves in the futdheirscorporate

emissions reduction targets. However, comparing targets from different companies is challenging

as parameters used to produce those targets can vary widely (absolute or intensitgrtangiets,

scope coveredyase yearand target year Previous studieabout theambition or progression of
FRPSDQLHVY WDUJHWYV VKRZ VLPLO Y bbadSapplicability Kdrbkd) P H W K
sectors consistent comparability among comparfijesW D, lAsdd3aing a limited set of target

progress parameteind resuing LQ D SDUWLDO XQGHUVWDQGLQJ RI FRPSD
rapidly increasing number of companies setting targets raises concerns about the reliability of these

targets, questning their credibility.

This research projeaims toprovide an irdepthand comprehensive evaluatiah corporate

climate mitigation performancesby developing methodologieand indicatorsenabling the
assessment of any type of emissions reduction targets across different coampdseetors, while
ensuringrigorous andcoherent comparisons tiese targets. his research projeatontains six

specific objectives, which led to three scientific articles each addressing one main topic of interest:

(1) target ambition, (2) targgirogress, and (3) reliability. Ultimately, this research seeks to
HQKDQFH WKH XQGHUVWDQGLQIJILRIFRP 3 @ISHNMIRWBYIHWYV WK

The first contribution is the development of a harmonization process that transforms targets to the
same scope of emissions, timeframe, and target metric, providing a coherent and consistent analysis
structure to compare targets with different parameggsond, sectdevel prospective absolute

and intensity carbon benchmarks, including roughly 1,000 companies with targets covering scope
1 and/or 2 emissions across 13 sectors, were calculated by applying the harmonization process.
This procesdimits overestimation of target ambitioby avoiding the inclusion of parts already
DFKLHYHG GXH WR FRPSD Q art\wfidérsCartesRatgdrs| alEeBdy dchiél/BdU The
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third contribution is the development of a target progress indicator, which alleviates limitation of
existing indicators by (1) integrating the remaining time left to achieve a target, (2) accommodating

the high variability found in progression, and (Rlantifyingprogress resulteatherthan simply
ODEHOOLQJ WDUJHWYV DV pRQ WUDFNY RU pQRW RQ WUDFNY )
progress towards their targets were identified through an explanatory analysis of 120 determinants

for around1,500 scope 1 and 2 targets from 1,000 companies. This analysis, using the developed
target progress indicator, revealed valuable insights on companies poor and best practices, shed
new lights on ambitious targets, and highlighted future research diedtimrlly, the evaluation

of inconsistencies in seteported carbon data, through the development of inconsistency indices,
underscored substantial issues surrounding the reliability of base year emissions covered by
FRPSDQLHVY WDUJHWWYW HIHQWY | WHK®& R RFIRRXIW FRPSDQLHVY GL
WKH DVVHVVPHQWY RI WKH DPELWLRQ@hb Qadibiity & ddinganésR|1 FRP
with targets is concerning, as these companies, including those with targets approved by the
Science Based Targets initiative and-peto targets, were as inconsistent as, or even more

inconsistent than, companies without &gy

In a broader way, this research project contributes to (1) enhancing the understanding of
FRPSDQLHYViflentfying JoadN &hd best practice€) facilitating the comparability of
FRPSDQLHVY WDUJHWYV WKURXJK FRQVLVWHQW PHWKRGRORJ
across sectors, transparent, and easily reproducible, permitting recurrent yearly a(@lysis;
providing results that can serve as baselines for future assessments of the eay@diyng
literatureassessing- R P S D Q L H \afid Y& ighlighthy credibility concerns surrounding some
FRPSDQLHV ZLWK WDUJHWYV VXJJHVWLQJ WKH QHHG IRU LQ

practices in their portfolios and engage with concerned companies.
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CHAPTER 1 INTRODUCTION

Global warmings now an undeniable treat to a livable future for humanity i@ndequivocally

caused by anthropogenic greenhouse gas emidsieast al., 2023)As a response to this issue,

DQ LQWHUQDWLRQDO WUHDW\ NQRZQ DV WKH qn3bdotétd $IJUHHF
limit the averageglobal temperature increase to 1.5 °C aboveintastrial level§Rogelj et al.,

2016) The scientific communitjhasemphasizé the necessityof realizing deep andsustained

reductions in GHG emissions before 2030 to achieve this(gealet al., 2023)Meanwhile, the

existing consuming infrastructure from the lifetime operation of power generation stations,
industrial plants, transportatipand buildingswould without additional mitigation, emit about 2.5

times the remaining carbon budget availablelierl.5 °C warmindimit (UNEP, 2023a)

To mitigate climate change risks, a substantial amount of financial capital is required, giving
investors a critical role to playhe transition to a lowcarbon economy poses financial risks to
their portfoliosif they do not decarbonizearticularly for investors with lonrterm investment
horizons such as pension funds. Climate transition tigksally stem from regulations such as
carbon pricing, technology obsolescence, and changes in consumer prefamoogs other

things

Given these challenges, investors are increasingly demanding fdowe&idg approaches to
assess and compare corporate performance in addressing climate transition risks. However, they
encounter difficulties in finding reliable and decistoseful methodand indicatorsSuchmethods

should be transparent, consistent, scientifically robust, broadly applicable across portfolios, and

easily replicable for continuous monitoring.

To betterforecastthe future carbonperformanceof companies, investoraustlook beyond their
FXUUHQW FDUERQ SHUIRUPDQFH 7KH\ QHHG WR DVVHVV FRPS
Corporateemissions reductiorargets can serve as a key indicator of how companies are projecting
themselves into the foreseeable future. However, comparing targets from different companies is
challenging due to the widely varying parameters used to set those,taugpbtsaas absolute or

intensity targets, ambitioiscope covered, base year, and target year.

Due to these challengesvestorggenerallyassess whether targets disclosed by companies fulfill
specific parameters, such as-meto by 2050 with a defined scope coverage, often using a checklist
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approach like that of the Climate Action 100+ Net Zero Benchmark international investor
initiative (CA100+, 2022a)This approach limits a comprehensive understanding of targets that do
not meet these specific criteria and diminish comparability across different targets. Existing
methods from the scientific literature comparing the ambition and progresspufratetargets

face similar limitations. These methods constrain assessmewards targets ofsimilar
parameters, restrict their applicability to a few sectors, and lack consistent comparability among
companies' targets. Moreover, the rapidly increasing nunfbesropanies setting targets raises
concerns about the reliability of these targatsl their relatedeporting, casting doubt on their
credibility in achieving thesgoals As such a coreunderstanding of why some companies
seeminglyprogressmuch better than others essential, but currentigmains incomplete. The
scarce literature is limited to specific aspects of target progress and continue to face issues of
FRPSDUDELOLW\ DPRQJ FRPSDQ L specfficeiudyshrhple\ant iddicat@<ss L Q J

used.

These persisting literature gaps underscore the need for -depih investigation and
comprehensive analysiR| FRP S D Q L HahbinddDwitlitkEWwWevelopment of methods and
indicators to coherently compare ith@ambitiors and progress. Furthermore, no studies have
assessed the credibility of disclosed targets by companies through the lens potethigal
unreliability of selfreported carbodata disclosure. This data is essential to assess the ambitions
and progress of companies towards their targets must be consistent and accurate to enable

reliable assessments required for informed investor decisions.

This researchihereforeaims to develop methodologies and indicat@guiredto compare the
ambition and progress afl types of corporate climate mitigation targets across sectors, regardless
of the varying parameters of these targ&tse methodologies and indicators will be applied to
three comprehensive evaluations of targets disclosed by companies, each fot@singin topic

of interest: ambition, progress, and reliabilitydemonstrating their broad applicability across
sectors and ease of replication, enabling recurrent yearly analysis by inve#tiorately, this
research seeks to broaden and deepen the understandingoofatetargets to betteenable

informed investment decisions.

R



CHAPTER 2 LITERATURE REVIEW

This chapter presents a thorough review of the literature on the concepts relevarddottre
thesis A close reading of these sections should allow readers from a variety of backgrounds to
grasp these concepts and to understand the importance of this thesis for both practitioners and

academics.

2.1 Responsiblel nvestment

Throughout thigloctoralthesis, the term responsible investment is usedbesadeiumbrella term.
Neverthelessthe term responsible investment is often referred to as ethical investueiat,
investment, socially responsible investment, impact investment, or sustainable investment
(Hochstadter & Scheck, 2015; Sandberg et al., 2009; Viviers & Eccles,, 20tpss commonly,

it haspreviouslybeen referred to as moral investing, or fdoised investingViviers & Eccles,

2012) Although all of these terms have different meanings, there is some overlap between them
(N. S. Eccles & Viviers, 2011; Sandberg et al., 2009; Sparkes, 2001; Talan & Sharma, 2019)

The evolution of responsible investment partly explains the different terminologies and definitions
associated with ifN. S. Eccles & Viviers, 2011; Louche et al., 2012; Sparkes & Cowton, 2004)
This progression unfoldthrough dstinct phasegCamilleri, 2020; Dumas & Louche, 2016;
Revelli, 2017; Tuncay & Dorjnaran, 2023om Responsible Investment 1.0 to 88usch et al.,

2021; Schoenmaker & Schramade, 20T8)ese phases help to demystify investdbjectives,
current practices, and challenges, with a particular focus on issues related to climate change.

2.1.1 Responsiblel nvestment1.0. From Origins to Margin

Responsible investment has roots in religious institut{@asnilleri, 2020; Louche et al., 2012;
Renneboog et al., 2008; Schwartz, 2003; Tuncay & Dorjnaran, 2&28yts to harmonize
religious beliefs and investment practices date back 3,500 years in Judaism, 2,000 years in
Hinduism, and to the medieval era of Christianity and Islam, which were marked by restrictions on
the interest rates on loaK&laeser & Scheinkman, 1998; Lewison, 1999; Visser & Mcintosh,
1998) The practice of usury was judged as unethical, contributing to increased inequality and
exploiting the poore(Glaeser & Scheinkman, 1998; Mews & Abraham, 2007; Renneboog et al.,
2008; Visser & Mcintosh, 1998)



2.1.1.1The Riseto a Marginal Practice

In the mid17th century, the Quakers, Religious Society of Friends, initiated the practice of
H[FOXGLQJ uvVLQIXOT LOQYHVWPHQWY VODYH WUDGH DQG ZHD
(Camilleri, 2020; Doumpos et al., 2023; Sparkes, 2017; Trelstad, .204&) Wesley, founder of

the Methodist Church, further emphasized these principles in the 18th century, leading to the
Methodist Church in the United Kingdom avoiding investments in companies involved in alcohol,
tobacco, weapons, and gambling in the 9ZDoumpos et al., 2023; Renneboog et al., 2008;
Schwartz, 2003) 1IRWDEO\ WKH ZRUOGTYV ILUVW pHWKLFDO IXQGY D
LQ LQ WKH 86% DQG H[FOXGHG pVLQ (ReweH RD8;ISdawavtt G RQ U
2003; Sparkes, 2017)

The approach of screening portfolios based on exclusion criteria gained traction in the late 1960s,
GULYHQ E\ VRFLDO FRQVLGHUDWLRQV UHODWHG WR WKH LQG
war (Domini, 2001; Renneboog et al., 2008; Sparkes, 2001} intensified in the 1980s with the
divestment campaigns against apartheid in South Afiiaach et al., 2021; Louche & Lydenberg,

2006; Tuncay & Dorjnaran, 2023tnvironmental considerations were spurred by events such as
5DFKHO &DUVRQuV ERRN 6LOHQW 6SULQJ GRFXPHQWLQJ
1970 Earth Day movement drawing attention to air and water pollution from toxic industrial
releasesand the 1987 Brundtland Report introducing the concept of sustainable development
(Freeman lll, 2002; Louche & Lydenberg, 2006; Sparkes, 20024dnJic concerns about the social

and environmental externalities of companies were amplified by catastrophic incidents like
Chernobyl, Bhopal, and Exxon \@#z in 1980s andn increased media coveraf@oykoff &
5REHUWYV &DPLOOHUL 'DOH\ 211HLOQOThese 5HQC
circumstancemisedquestionsabout the ethics anmdsponsibilityof investmentshighlighting that

investing is not aeutral activity(Camilleri, 2017; Cowton, 1999; Louche et al., 2012)
2.1.1.2A Valuesdriven Objective

As responsible investment practices evolved, it meant avoiding companies with unsustainable or
unethical activities, whether based on personal values (e.g., moral, social, political) or in the
broader interests of sociefBusch et al., 2021; Schoenmaker & Schramade, 2018; Sparkes &

Cowton, 2004; Trelstad, 201&jor example, sonsocially responsible investmenés the practice
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became knowrexcluded companigfat manufactured pesticides or other toxic products such as
ozonedepleting chemical@Cowton, 1999; Renneboog et al., 2008; Sparkes, 2002b)

It's important tanotethatnegative screening drdivestment from portfolios remain to this day one
of the cornerstones of responsible investment, as shown Bpd¢lE@movementagainst the fossil

fuel industry(Ayling & Gunningham, 2017; Busch et al., 2021; Piggot, 2018; Schoenmaker &
Schramade, 2018This implies that the first responsible investment pl{R$el.0) coexists with

the others.
2.1.2 Responsible Investment 2.0From Margin to Mainstream

RI 2.0 corresponds to what is referred to as the ESG movement and is centeredhportaace

of including environmental, social and governance (ESG) factors into investment decisions
primarily to manage financial riskgAmel-Zadeh & Serafeim, 2018; Busch et al., 2021; Doumpos
et al., 2023; UN PRI, 2021)

The term ESG first appeared in a 2004 United Nations Global CompacG(bil Compagt
UHSRUW HQW LW O HGoringCtigi-Danelal Mdrk@ty to a Changmlg UO G- HQGRUVH
by 20 financial institution§R. G. Eccles et al., 2019; Poliman, 2022; UN Global Compact, 2004)

This report emphasideghe importancef sound corporate governanoesffectively implementing

policiesand measurdas address environmental and sociadllengesW KDW FDQ LPSDFW D FF
financial performance, making them financially matet@ainvestment valuandleading tothe

inclusion of thdetterG in the term ESGPollman, 2022; UN Global Compact, 2004)

WV ZRUWK QRWLQJ WKDW JRYHUQDQFH IDFWRUV H J H[HI
board independence) were previously integrated by investors into their de¢Gmasiova &

Ryan, 2014; Marens, 2022; Mitchell, 2006jor instance, the creation of the Council of
Institutional Investors in 1985 exemplifies how pension funds in the @%&#cised their
shareholders rights to change governance structure and policies of publicly traded companies that
were poorly performingGillan & Starks, 2007; Smith, 1996; Sparkes & Cowton, 2004)

The 2004 UNGlobal Compacteport was followed in 2005 by the Freshfield report on fiduciary
duty (see Sectiof.1.2.), forming the foundations of thédN-backed Principles for Responsible
Investment (PRI) launched in 20(R. G. Eccles et al., 2019; Pollman, 2022; UN PRI, 20P4¢
PRI, which started as an investor initiative with founding members, reached nearly 4,000
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signatories reporting on their responsible investment activities in 2023 (658 asset owners and 3,123
investment managers), representing roughly USD 140 trillion in total assets under management
(AUM) (UN PRI, 2024a, 2024b)

Despite differing perspectives in the literature regarding the timeline for when responsible
investment achieved mainstream status (ranging from 2006 to over 201Arjale= (2010)
Sievanen et al. (2013andPaetzold & Busch (201%)the number of PRI signatories can serve as

a barometer to measure its adoption (R. G. Eccles et al.,, 2019). The substantial humber of

signatories in 2028uggestshat responsible investment practices are mainstream

Therise to amainstream adoption of responsible investment practiceenasdedby elements
such as a shift towards a finangjastification (rationale)climate change as a main isstige
increased number of responsible investment approacttethe growing availability of ESG data
which helped overcome specific barriéis G. Eccles et al., 2019; Pollman, 2022; Richardson,
2009b; Townsend, 2020)

2.1.2.1Financial Rationale: A Risk-driven Objective

Social movementscompanies actingrresponsibility and international conventiongaised the
attention of institutional investors (e.g., pension funds, banks, insurance companies), who were
early adopters of RI 2.0 practices, especially pension funds due to their specific characteristics
(legal origin, largesize of AUM, and longerm investment horizor(Hawley & Williams, 2007,
Sievanen et al., 2013; UN PRI, 2024b; Wagemans et al., 2Z0&e circumstancesuggested

that ESGinformationwas relevant not only for excluding companies based on a vatives
approachRI 1.0), but also for enhancing loftgrm financial performance or for reducing financial

risks (A. K. Chatterji et al., 2009; Chatzitheodorou et al., 2019; Derwall et al., 2011)

Companiesacting as irresponsible citizensA potential risk

The 1989 Exxon Valdez oil spill in Alaska was an important trigger for institutional investors (e.g.,
pension funds), exposing them to enormous liability and negative reputation due to environmental
damages resulting from poor governar{Gamilleri, 2017; Renneboog et al., 2008; Sparkes,
2002a) This ked investors to demands transparent disclosure from companies regarding their
sustainability impacts and related practices (see Se2tib2.3 (loannou & Serafeim, 2017,
Pattberg, 2012)
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Other corporate incidents further emphasized the importance of acknowledging litigation and
reputational risks, such as the 2010 BP Deepwater Horizon oil spill and the 2015 Volkswagen
'LHVHOJDWHY VFDQGDO ZKHUH (6* LQIRUtB pateitRIGndanBial OG KD\
risks(Glossner, 2021; Kélbel et al., 2017; Parella, 2018; Uhlmann, 2016pth cases, corporate

culture andJRYHUQDQFH LVVXHV ZHUH DSSDUHQW 9RONVZDJHQTYV
ODFN RI ERDUG LQGHSHQGHQFH ZHUH FRQFHUQLQJ ZKLOH
particularly alarmindCherry & Sneirson, 2011; Kabeyi, 2019; Mansouri, 2016)

Notably, in the three years preceding the incident, BP accumulated 862 safety violations across
two of their USA facilities, accounting for 97% of the industry's total safety violafBradspies,

2011) Among these, 760 were deemed "willful and egregious” by the Occupational Health and
6DIHW\ $GPLQLVWUDWLRQ 26+$%$ ZKHUHDV QRQH RI %3V FR|

violations during the same period.
Companies acting as responsible citizen:KH pGRLQJ ZHOO E\ GRLQJ JRRG

On the other hand, companies acting as socially responsible citizens, such as valuing the
satisfaction of their employedsave beepromoted as winwin strategy by generating losigrm
financial value (e.g., brand reputation, attractiveness as an employer, employee retention and
motivation), while reducing financial riskEdmans, 2011; Falck & Heblich, 2007; X. Luo &
Bhattacharya, 2009; von Wallis & Klein, 2019his strategylies at the center of the extensive
academicdebatR Q HGRLQJ ZHOO. E\ GRLQJ JRRGY

Thousands of scientific studies over several decades have measured the relationship between
corporate social responsibility and financial performance, and by extemisairofresponsible
investmeni(or ethical and socially responsible investment depending of the péFfioelle et al.,

2015; Herremans et al., 1993; Orlitzky et al., 2003)e largemajority of tresestudiesfound a
nortnegative relatioship, with the majority confirming a positive or{€riede et al., 2015; van
Beurden & Gossling, 2008; von Wallis & Klein, 2019he nornegative relationshiguggests

that there is no tradeff betweerresponsible investmennd financial performandenplications
contradicting theinitial assumption among investors thatleads to lower financial returns
(Herremans et al., 1993; Richardson, 2009b; Townsend, 2020)

Throughoutthis ongoing debatethe accumulated evidence has helpeduild a solid business
case for sustainabilitfRichardson, 2009a; Townsend, 2020; Weber & Felmate, 20b@Y is
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HGRURRG E\ EHWWHU P DdidyidldatiradfiveHiskadjvsted/ eturns by avoiding
potential financial lossesherebypotentiallyincreasing portfolio valuéX. Luo & Bhattacharya,
2009; Revelli, 2017; Richardson, 2009a)

International conventions: A signal

International conventions (e.¢JN Framework Convention on Climate Changel992, Kyoto
Protocol in 1997International Labour Organisation (ILO) Declaration on Fundamental Principles
and Rights at Work in 199®8arisAgreement in 201Band relatechorms(e.g., ILO standardshe
TenPrinciples of the UN Global Compact, OECD Guidelinegyeplayeda pivotalrole inshaping
financial discourséy signalingto investorgsheimportanceof FRPSDQLHV Y KBowbH& QDOL WL
Kacperczyk, 2023b; Depoers, 2022; Pargendler, 20PB¢ awareness of risingocial and
environmental riskshas beenfurther amplified byvarious international initiatives investor
networksandNGOs such ashe Coalition for Environmentally Responsible EconomiEERES

see Sectior2.1.2.3, the UN-supportedPRI, andthe Task Force on Climatelated Financial
Disclosures (TCFD)to namgusta few(R. Eccles & Stroehle, 2018; Pattberg, 2012; Wagemans
et al., 2013)

For example the ratification by governments of the Kyoto Protocol in 1997 signalled to investors
that carbon emissions of companies (externalities) mighedpdated in the upcoming years and
become pricedThis occurred five years later withe EU Emissions Trading System (ETS)
(Depoers, 2022)Therefore, mcorporating theseF R P S D @itdindlffies (carbon emissions
reducel the risks that longerm investments become unprofita@@»ndon, 2020; Schoenmaker &
Schramade, 2018; Semieniuk et al., 2020)

Furthermore, the Paris Agreememt2015had a greater effect on investors; they reviewed their
expectations of longerm carbon policy risks to a shorter presulting ina premium on the market
valueassociated with thearbonemissionintensitylevels ofcompaniegBolton & Kacperczyk,
2023b) According toBolton & Kacperczyk(2023b) who analysed dataom 2005 to 2018 his
shift reflectsa broader recognitioamonginvestorsof the financial risks associated withmate
changdollowing theParis Agreement.

However domestic policieappear to have a stronger influenceimwvestorsthan international
agreementsuggestinghat the lattemaybe perceived as empty promises without corresponding

policies (Bolton & Kacperczyk, 2023b)Nonethelesscommitments made throughternational
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agreements caserve asnindicatorof forthcomingpolicies such as th&yoto Protocol leading
to the EU ETS,ndicating thatthese externalitiesnay not be fully captured in firmmarket
valuationg Campiglio et al., 2023)'his implies that investors shoutdnsider not onlyhecurrent
carbon performanoaf companieshut alsatheir futuretrajectory suggestingheneed for forware
looking approaches assessing future performané&ampiglio et al., 2023; Kalesnik et al., 2021;
Popescu et al., 2021; TCFD, 2021c)

Over time, further climateelated risks have been recognized as financially material (see Section
2.1.2.72 and have been prominently promoted by the TCFD, among dff€iED, 2023) ,W [V
interesting to note that the TCFD was officiallynannced at the 2015 UN Climate Change
Conference (COP21) leading to the Paris Agreement and was establighed~inancial Stability

Board (FSB) under the directive of Mark Carney, former chair of the FSB and Governor of the
Bank of England, with Michael R. Bloombesgrving as the7 & ) ' dhair (Christophers, 2017,
Dwyer & Unerman, 2020) ) X UWKHUPRUH WKH 7&)'fV ILQDOQreléas&RUW D Q
in 2017 resulted in a disclosure framework that embodies the financial rationale asmhtivesk
approactcharacteristiof the Rl 2.0 phas€fCFD, 2017a)

A risk -driven objective: A necessity for institutional investors

The shift from the RI 1.0 ethical perspective to the RI 2.0 financial rationale appeared necessary
for institutional investors, as indirectly demonstrated by 2065 report produced by the
international law firm Freshfields Bruckhaus Deringer, commonly referred to as the Freshfields
report (Richardson, 2009a; Sandberg, 2011; Townsend, 2@&nmissioned by the United
Nations Environment Programme Finance Initiative (UNEP FI) Asset Management Working
Group, which include thirteen asset managers and pension fuhési-reshfields repodanalyzed
whether integrating ESG information into the investment decisiaking process was legally
permissible for institutional investor$reshfields Bruckhaus Deringer, 2005; Poliman, 2022,
Sandberg, 2011)

The Freshfields report clarified that institutional inves{@iduciarie9 should; 1) act in the best

interests of their beneficiaries (the ultimate owners of the investments), rather than serving their
own interestsor SHUVRQDO SUHIHUHQFHV PDQDJH EHQHILFLDUL
prudently (Freshfields Bruckhaus Deringer, 200%hese duties generally impitpe pursit of

profits in the interests of beneficiaries, with investment decisions adegudiot expected returns
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and risks, and consideg not only individual investment characteristics but also the portfolio as a
whole, in line with modern portfolio theorfFreshfields Bruckhaus Deringer, 2005; Sandberg,
2011) This contradicted the previous belief that the puirstiprofits was narrowly focused on
maximizing each investment, therepgtentially limiting considerations of ESG information by
institutional investorgPollman, 2022; Sparkes, 201Furthermoreit demonstratethat excluding
investments basexsblely onLQYHVWRUVY SHUVRQDO $Siteh)kbtthd detimént 5,
Rl EHQHILFLDU sudivés fin@niaidt lodsasVdue to inadequate portfolio diversification,
breaches fiduciary dutexceptwhen there is a clear consensus among beneficiaries about shared
SUHIHUHQFHV H J (Rieha@ébh,\201H BahdbeQ,@011)

Moreover, informationreasonably expected to affedsk-adjusted returnsincluding ESG
information,mustbe consideredh the investment decisiemaking processand failing to do so

could constitute a breach of fiduciary dgBreshfields Bruckhaus Deringer, 2005; Pollman, 2022;
Sandberg, 2011)This underscores the necessity for financial discourse and a risk perspective
around ESG factors (Rl 2.0), emphasizing the importance of their underlying drivers, such as
international conventions and domestic polidi€sristophers, 2017; Gosling & Macneil, 2023;
Pargendler, 2020; Richardson, 2009&)owever, suggesting thaffailing to considerESG
information automatically constitutes a breach of fiduciary duty is not straightforward
(Schanzenbach & Sitkoff, 2020)

The reasonable expectationfwfancial materiality can vary based on facteugh asnvestment

time horizons, geographical locations, and indus{Besco et al., 2020; R. G. Eccles et al., 2012,
Edmans et al., 2023; Jebe, 201 )r instance, different investment horizons may leathtging
investment strategies and considerations of ESG factbeswkight given to ESG information
compared to othefinancial factors in the decisiemaking process remains at the investor's
discretion (Freshfields Bruckhaus Deringer, 200%jowever, institutional investors, such as
pension funds, which are expected to aim for financial portfolio performance over an extended
horizon, must account for logrm ESG risksparticularly climate change, due to its anticipated
financial impacts on society and, by extension, on investn{Ergshfields Bruckhaus Deringer,
2005; Lee et al., 2023; NGFS, 2023b; UNEP, 2023a)
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2.1.2.2Climate-related Risks andOpportunities

Figure2.1 presents an overview of the climatdated risks and opportunities, which is adapted
from the frameworks of th€CFD (2017a)andNGFS(2023) As presented iRigure2.1, thereare
two main categories of climatelated risksthe physicalimpacts of changes in climate patterns
andthe transitionto a lowcarbon economyThese categories lead to risks for companiesir
value chain, or their secténat could becomefinancially materialunder certaircircumstances
which in turn translate into financial risks for financial institutigN&FS, 2023b; TCFD, 2017.a)
Note that not all risks arfnancially materiafor all companies, evethosein the same sectofR.

G. Eccles, 2024; Edmans, 2023; TCFD, 201 R#gverthelessthe transition can als@resent
opportunitie TCFD, 2017a)

Category of climate-

related risks Transition :

Type of risks Type of risks i Type of opportunities
Acute Regulatory : Resource efficiency
Chronic Litigation . Energy source
Technology : Products and services
Company risks Influenced by Market Market
Geographical location Reputational ! Resilience

Resilience capacity i

Political response
B . B . B

Level of financial

" Specific Systemic
risks

Figure2.1: Overview of climaterelated risks and opportunities for companies divided by
category of climate risks and representing varying levels of financial risks for investors. Adapted
from the frameworks of th€CFD (2017a)andNGFS(2023)
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Physical risks

Physical risks include chronic and acute risks. Chronic risks correspdoigtterm changes in

climate patterns, such as increase in temperature, resulting in sea level rise from ice sheet melting
and changes in precipitation patte(@oldstein et al., 2019; Monasterolo, 2020; NGFS, 2020)
These changes increase the severity and occurrence of extreme weather events, which are
considered as acute riskBaldwin et al., 2021; Domeisen, 2019; Lee et al., 20R®)re
specifically, acute risks encompass extreme weather events such as cyclones, hurricanes, floods,

wildfires, and heatwaves.

Physical risks can directly damage exposed assets, human health, and naturdBedipstain et

al., 2021; Hunt & Watkiss, 2011; Monasterolo, 2Q2@hile also leading to indirect effects such

as supply chain disruptions, water scarcity, resource availability, reduced productivity, and
increased insurance premiuf@iglio et al., 2021; Ginglinger & Moreau, 2023; Goldstein et al.,
2019) For exampleRankratz et al. (2023)und that extreme temperatures (heat waves) negatively
impacted company productivity, resulting in decreased revenues. Depending on geographical
location, higher temperatures can lead to water stress, which could reduce electricity generation
efficiency at thermal power plants (due to the need for cooling purposes), and potentially disrupt
generation at hydropower plants, thereby increasing operating costs fqivbkgilidou et al.,

2018)

Furthermore, the amplitude of physical climate risks will depend on the policy responses aimed at
mitigation, with the physical impacts varying according to the resilience achieved through climate
adaptation of cities and infrastructui@saos et al., 2016; Forzieri et al., 2018; Lee et al., 2023;

Liu & Song, 2020)

Transition risks and opportunities

Transition risks correspond to regulatory, litigation, technology, market, and reputational risks.
Regulatory risks pmarily includes carbon taxes and ETS, but it also covers other legislation such
as support for clean technologies (e.g., the Inflation Reduction Act in the USA) or bans on polluting
products like fossil fuel combustion engine céBsstline et al., 2023; Kleimann et al., 2023;
Nascimento et al., 2024; PI6tz et al., 20183 of 2023, 23% of global GHG emissions were
covered by an ETS and/or a carbon &orld Bank, 2023) However, carbon prices generally

tend to be lower than the level recommended to achieve the reductions required to respect the Paris
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Agreement, with remaining rebates and free allocations to companies varying from countries to
countries(World Bank, 2023)Additionally, some countries have faced setbacks in their policies,
VXFK DV WKH 8.1V SRVWSRQHPHQW RI LWV EDQ RQ QHZ IRVVL
2035(Nascimento et al., 2024)

Current policies were estimated to limit global warming to only 3°C, whereas achieving all the
2030 nationally determined commitments (NDCs) would result in approximately ZI3NEP,

2023a) This discrepancy suggests that carbon prices and other regulatory measures may increase
in the coming years due to policy adjustments, thereby potentially affecting the profitability and
financial returns of higher polluting firm@olton & Kacperczyk, 2023b; P. Hsu et al., 2023;
Monasterolo & Angelis, 2020)

Excluding litigations concerning corporate incidents such as BP Deepwater Horizon oil spill (see
Section2.1.2.), climate litigation cases have more than doubled in the last decade compared to all
previously identified casg$etzer & Higham, 2023)0f these, a rising number target companies

for their: 1) historical contributions to anthropogenic cumulative emissions, therefore their
responsibilities for climate damages; 2) failure to adapt, implying their prospective contributions
and responsibilies for climate damages; 3) misleading claims (clirvedshing), regarding the
credibility of corporate emissions reduction targets, claims about sustainability attributes of
products, or failures to appropriately disclose their climate (Bkgjamin et al., 2022; Setzer &
Higham, 2023; UNEP, 2023b}Vhile the fossil fuel sector has been particularly targeted, failures
to adapt and misleading claims reached other sectors such as materials, power generation, mining,
transportation, and agriculture and food producti@enjamin et al., 2022; Setzer & Higham, 2023;
UNEP, 2023h)Additionally, litigation cases have begun targeting the responsibility and decision
making processes of financial institutions related to their financial activities with fossil fuel
companiegSetzer & Higham, 2023; Solana, 2020b)

As of 2023, there are 59 active cases on the retrospective responsibility of primarily fossil fuels
and cement companies, with 20 of these brought by governmental entities (cities and regions)
seeking reparations for past damages or future adaptation(Sester & Higham, 2023)For
instanceGrasso & Heed€2023)estimated that ExxonMobil, based on its cumulative emissions
from 1988 to 2022, should pay $478 billion USD for damages expected und€rszehario
(current policies pathway). This type of estimation aligns with a similar studyHeede(2014)
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that has been referenced in cd@&njamin, 202Q)However, litigation risks might not only entail
direct trial and penalty costs, but could also affect firm valuafidokaric, 2023; Sato et al., 2023)
spill over to the responsibilities of financial institutiq@®lana, 2020band impact theeputations
of both companies and financial institutions, as previously discussed in Section Sblaria,
2020a)

Furthermore, reputational risks could extend to other companies in the sector, potentially leading

to the stigmatization of the sector, as with fossil fuels compé@Bergman, 2018; Solana, 2020a)

These risks could lead to reduced revenues due to increased operation costs, such as attracting and
retaining employees, higher financing costs, and shifts in customer demand for products or services
(Solana, 2020a; TCFD, 2017a)larket risks include shifts in customer preferences, along with

increased costs of materials, water, or energy due to other climatEnkod, 2017a)

Technological risks may arise from, among other factors: 1ckwon technologies becoming
more affordable, potentially due to climatdated policies; 2) energgaving technologies that
reduce carbon emissions by decreasing the amount of energy defguioperations, in addition
to lowering energy costs for the us@EsFS, 2020; Semieniuk et al., 2020)

As shown inFigure2.1, the transition to a low carbon economy presents opportunities in resource
efficiency, energy source, products and services, market, and res{li€ieP, 2017a) For the

most part, these opportunities are simply the inverse of the transition risks. For example, enhancing
resource efficiency in company operations not only reduces market risks associated with rising

costs but also directly lowers operation cq$tSFD, 2017a)
L evel of financial risks

Financial risks for investoisanbe either specifiidiosyncratic)or systemicSpecificrisks pertain

to a company and its value chaim with an entire sectoinfluenced by factorike geographical
location as well acompanyadaptation andhitigationefforts asdiscussedhroughout thisection
(NGFS, 2023b; SASB, 2016; TCFD, 20178)randed assetre an example dfpecific risls,
arisingfrom investments in longifespan infrastructures thégiledto adapto changing conditions
like carbon policieqregulatory risks)or shift in consumer preferencdsnarket risks)(Bos &
Gupta, 2019; Kemfert et al., 2022; van der Ploeg & Rezai, 202®seassets which have
investments expected to provifieancial returns become financially unviable before the end of

their expected lifespan, thus resulting in financial logSaddecott, 2017)The level of portfolio
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exposure to stranded assets can lead to important financial losses, as these assets could potentially
lose their financial valu@Battiston et al., 2017; Semieniuk et al., 2023)

Systemicrisks can arise from a combination &j abrupt policy response®) interdependencies
between sectors and within their value ch&ncommonexposurs acrossfinancial institutions
(portfolio overlaps)leading to feedback effects and propagation,Hride interconnectedness of
financial institutions, which amplifies these rigigattiston et al., 2021; Campiglio et al., 2023;
FSB & NGFS, 2022; Semieniuk et al., 202@jven that climateelated risks affect nearly all
sectors(SASB, 2016; TCFD, 2017ajhe variedlevels of direct and indirect exposures across
LQYHVWRUYV h SORWwwtdR With Ré enumerated factors, especially policy responses
(regulatory risks)could potentially trigger a systemic risk and thereby, lead to financial instability
(Battiston et al., 2017; Campiglio et al., 2023; NGFS, 2023b)

Climate-related risks: Inherent forward -looking nature

The complexity of assessing climatdated risks lies in their uncertainty, including which climate
scenarios will unfold, their timelines, and extents, as well as their inherently felovedidg nature
(Monasterolo, 2020; NGFS, 2023a; Weber, 20R4)ike traditional riskmanagement approaches

that often rely on historical data aagsume normally distributed shocks with stierin horizons
climaterelated risks are characterized by emerging impacts without historical precedents, potential
fat-tail distributions, and longerm horizongBolton et al., 2020; Calel et al., 2015; Dépoues et al.,
2019; Weitzman, 2011 onsequently, traditional risk management approaches are less suitable,
necessitating forwartboking methods to adequately assess not only systemic risks and portfolio
exposure but alsc RPSDQLHVY DFWLRQV DQG UHDGLQHVV WR WUDQV
carbon performanc@Battiston, 2019; Bolton et al., 2020; Campiglio et al., 2023; NGFS, 2022;
TCFD, 2021c)

2.1.2.3ESG Data and Measurement: Remaining Challenges

In response to the growing demand from investors, three main sources of data have emerged: third
party providers, voluntary corporate disclosure, and manddisciosurgBusch, Johnson, et al.,

2022; In & Schumacher, 2021; loannou & Serafeim, 2017; Papadopoulos, P@&djte the
increased availability of ESG data and scores, persistent challenges remains in the data and
methods used to evaluate the performance of comp@uesa et al., 2021; Eurosif, 2023; OECD,

2022; Widyawati, 2019)A recurrent concern is the lack of standardized, comparable, transparent,
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and reliable data, with similar issues affecting the measurement méBeydset al., 2022; Boiral

et al., 2022; A. Chatterji et al.,, 2016; Schoenmaker & Schramade,.Zti€&3e challenges
undermine the credibility and usefulness of the results, contributing to the criticisms facing the
ESG movemenfEdmans, 2023; Pollman, 2022; Popescu et al., 2@4ditionally, the metrics
provided by theseethods do not necessarily meet investor needs, particularly in terms of climate
transition metricgKalesnik et al., 2021; NGFS, 2022; OECD, 2022; Popescu et al.,.2021)

Third -party ESG data providers: Diverging results

Third-party ESG data providers appeared in the 1980s with early players such as EIRIS, KLD and
Innovest, expanding to over a hundred of providers in the following de@@dées Eccles et al.,

2019) The past fifteen years, however, have seen a consolidation phase, characterized by mergers
and acquisitionsesulting in large data venddgivetisyan & Hockerts, 2017; R. Eccles & Stroehle,

2018; EscrigOIlmedo et al., 2019) Notable examples include Morningstar acquiring
Sustainalytics, MSCESG acquisition of several providers such as Risk Metrics (which included

/' DQG ,QQRYHVW DQG 6 3 *ORE DA\Ofisgyars & HocKetd/ ROIR;IR7 UXFR V
Eccles & Stroehle, 2018; RepRisk, 2020his consolidation phase indicates a maturation of the

ESG data markgR. Eccles & Stroehle, 2018)

These providers offer services ranging from ESG ratings, often referred to as scores, based on
proprietary models, to detailed company reports and aggregatedikdateorporate carbon
footprints(R. Eccles & Stroehle, 2018; Eurosif, 2023; NGFS, 20PBjs data isithercollected

from various sources, including company documents (such as sustainability reports and financial
filings), government databases, and direct inputs from surveys and interviews conducted with
companiesor it is estimated using proprietary mod@sisch, Johnson, et al., 2022; Christensen

et al., 2022; R. Eccles & Stroehle, 2018; Papadopoulos, 2022)

'"HVSLWH WKH PDUNHWTVY DSSDUHQW PDWXUDWLRQ DQG WKH K
issuespersist such as methodological opacity and divergence in company performances among
providers, which weaken the credibility of their outp{Berg et al., 2022; Busch, Johnson, et al.,

2022; A. Chatterji et al., 2016; Christensen et al., 2022; Papadopoulos, Bé&Ret al.(2022)

found that divergence in company ratings was driven by differences in measurement methods for
underlying ESG factors, partly influenced by subjective assessments by raters, followed by

differencedn the ESG factorsonsideredand their weightingn the total ESG scor€hristensen
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et al.(2022)found that increased company disclosure can exacerbate divergence ina@iisgs
providers This emphasizes the lack of standardisation and comparability among the ESG factors

used by different providers.
From voluntary to mandatory reporting: Diverging standards

The standardisation and availability of sustainability information reported voluntarily by
companies, particularly climatelated information, have greatly evolved over the past thirty years,
helped by various investors initiatives. Notable developmentsis evolution include the launch

of the Global Reporting Initiative (GRI) standards in 1997 amded by CERES; the arrival of

the Carbon Disclosure Project (CDP) in 2000, which collects standardized etefeditsl
information through questionnairesent on behalf of investors; the establishment of the
Sustainability Accounting Standards Board (SASB) in 2011, focusing on ineksoyfic
materiality issuesand the formation of the TCFD in 2015, which emphasizes on the disclosure of
climaterelated risks (sealso Section 2.1.2.1XDepoers, 2022; loannou & Serafeim, 2017,
Pattberg, 2012; Pollman, 2022)

,WITIV QRWHZRUWK\ WKDW WKH dnuUritiBtMeLd® @stiutiordal thiréstdr
partnering with environmental organizationgas a direct consequence of the Exxon Valdez oll
spill in Alaska(Barnard, 1990; Sparkes, 20028&)nce its inception, CERERas advocaid for
corporate sustainability disclosure and corporate accountabiliffpucaling international
initiatives such asthe GRI and, more recently, th@imate Action 100+ (CA100+)n 2017
(loannou & Serafeim, 2017; Pattberg, 2012)

As with thirdparty data providers, sustainability disclosure standards are showing signs of
consolidation with the arrival of the International Sustainability Standards Board (ISSB). Since its
creation in 2021, the ISSB has officially incorporated the BABCFD, Climate Disclosure
Standards Board, the Internationategrated Reporting Counc{lFRS, 2024a; Stolowy &
Paugam, 2023)making an important step towards uniformization. The ISSB operates under the
International Financial Reporting Standards (IFRS), wheth accounting standards mandatory in
the vast majority of countrig$FRS, 2024b)However, ISSB standards, released in 2023, are not

yet mandatory, which may be due to their recency.

Moreover,ISSB standarddiffer in focusfrom the Corporate Sustainability Reporting Directive

(CSRD) which ismandatory irthe European Uniomndemphasizes double materialityneaning
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companies musaccount for both the financial impaai$ sustainability issues on their business
(financial materiality)andsustainabilityrelatedmpactsof their activitieson societyLaine, 2024,
Stolowy & Paugam, 2023Yhis raises questions about the extent to which teeselardwill
ultimately converge or whether it will simply add another compliance layer for companies
operating globally(Stolowy & Paugam, 2023For examplgjurisdictions with carbon regulations
often mandate specific reporting at the facility level rather than for the company as éBuiscle,
Johnson, et al., 2022; Stanny, 2018; The World Bank, 2022)

Both voluntary and mandatory reporting enhance data transparency, in contrast-partlyird
providers who often lack transparency in the data and methods th@euget al., 2022; Eurosif,
2023; Popescu et al., 2021hlowever, the reliability of voluntarily reported corporate data
frequently faces skepticism, while mandatory reporting face challenges witkcahaparability
issues due to different national regulatigBasch, Johnson, et al., 2022; In & Schumacher, 2021;
Matisoff et al., 2013)Nevertheless, data reported directly by companies are considered valuable
by investorqEurosif, 2023) Additionally, investors are increasingly demanding forwiaaking
information to mitigate climateelated risks in their portfolios, yet they struggle to find reliable
forward-looking indicators(Bolton et al., 2022; Eurosif, 2023; In & Schumacher, 2021; TCFD,
2021c)

ESG and climaterelated measurements: Missing the forwardooking perspective

To assess companies' climagtatedrisks, ESG ratingand climaterelated toolsarewidely used,
although their reliability is questiondxy investorgBrock et al., 2023; Gydnyodrova et al., 2023;
Krueger et al., 2020; NGFS, 202Zhis mistrusis corroboratedy industry surveyshowingthat

many investordelieved these ratingend metrics do natdequately refleceitherthe true ESG
performance of companiesthe forwardlooking carbonperformance of compani¢Brock et al.,

2023; Eurosif, 2023)urthermore, this mistrust underscores the need for enhanced methodologies

that can provide more valuable insights into the future carbon performance of companies.

For instanceDrempetic et al(2020)demonstratedhat largerfirms often receivd higher ratings
than smallefirms due to their greater capacity to meet providdr L Q | R WEiaNd4sTRIQ
suggests that ESG ratings may reflect the level of disclosure more than actual company

performance. In addition, the aggregation of numerous factors withimtheo&Bmental (E)pillar
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score can mask specific deficiencies or strengths, thereby obscuring true company performance
(NGFS, 2022; Schoenmaker & Schramade, 2019)

Furthermore, 2 (& 'V U H\indiDatéstKat the E pillar scorgrimarily reflecs disclosure
practicesratherthan forthcoming changesn companiescasting doubt on its usefulness as a
forwardlooking climate metric(OECD, 2022) For instance, providers measure whether
companies have an emissions reduction target (true or false), but they do not assess the quality of
WKHVH WDUJHWYVY QRU WKH FRPSD Q L(BWdkif 2023, JMaldsviid evdR ZD U G V
2021; NGFS, 2022; OECD, 2022)

Forwardlooking climaterelated metrics include climate scores, climate stress testing like-Value

at Risk (VAR) measures, and temperature alignment tools such as implied temperature rise (ITR)
metrics(A. J. Bingler & Senni, 2022; Eurosif, 2023; Kalesnik et al., 2021; NGFS, 2022ke

tools are designed to help investors assess potential climate risks and align their portfolios.
However, they are also subject to a range of limitations that may affect their reliability and decision
usefulness for investo(Battiston et al., 2017; A. J. Bingler & Senni, 2022; Kalesnik et al., 2021;
Raynaud et al., 2020; Weber, 2024)

Kalesnik et al(2021)examined the predictive power of forwdmbking climate scores developed

by third-party providers and found no evidence that these metrics carried useful forecasting
information about the future carbon performance of companies. Climate stress testing
metodologies, which assess potential financial losses under global warming scenarios, are highly
sensitive to the discount rates applied and rely on climate scenarios with uncertain underlying
assumptions that could vary drastically, even for the same gl@ibading temperature (e.g. carbon

capture and storage technologiéBattiston et al., 2017; Campiglio et al., 2023; Weber, 2024)

Despite their complexity, such tools, especially those developed within academic settings, are
JDLQLQJ LPSRUWDQFH IRU FHQWUDO EDQNV WR belattdVV WKH
risks, although they often overlook potenfinhncialopportunitieNGFS, 2023b; Weber, 2024)

Implied temperature rise methods are not universally recognized as indicators of climatedisks

remain subject to debat@. A. Bingler et al., 2022; Raynaud et al., 2028bwever, this
methodologyconsisting ofapplying SURMHFW FRPSDQLHVY IXWXUH FDUERQ ¢
Agreementaligned scenarios may not genuinely be forwlaaking (Raynaud et al., 2020; TCFD,

2021c) For example, such projectiongayrely onhistorical GHG emissions trend®presenting
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a backwardORRNLQJ DSSURDFK WKDW IDLOV WR FDSWXUH FRPSD
transition(Raynaud et al., 2020; TCFD, 2021&jowever, these projections may also rely on a
forward-lookingapproach based gmoduction plans (e.g., investment plamgpjcally limiting the

projection toaboutfive years andemissions reduction targetsten questioned for thedredibility

(A. J. Bingler & Senni, 2022; Eurosif, 2023; Popescu et al., 2021; TCFD, 202icgomplexity

of methodological assumptions, such as the climate scenarios, projection methods, allocation
PHWKRGV RI FRPSDQLHVY VKDUH RI JOREDO F&aldaRd@s,EXGJIHW
contribute to discrepancies in the resuftsading to important differences in assigned temperature

ratings at the firmevel, such as 1°& versus 3.6C depending on the providg€Chmel et al., 2023;

Institut Louis Bachelier, 2020; Raynaud et al., 2020 uncertainty and the opacity surrounding

these methods compromise their comparability and perceived relial@iitynel et al., 2023;

Eurosif, 2023; Raynaud et al., 2020)

To be decisioruseful, investors place the highest importance on thensparency and
understandability of the underlying calculation methods, research procssasptiongnd data
sourcesalong with broad applicability across portfoli@urosif, 2023; TCFD, 2021cBingler &
Senni(2022)assessed sixteen forwdabking climate toolsand noted that their effectiveness was
compromised by opaque methodologies and unclear assumptions, which obghare
interpretability of the resultsand limit their usefulness to investordnvestors seemed less
concerned with the use of approximations per seware troubled by the lack of scientific
reliability, transparency, and understandability ¥fRPH WRROV | abdvsaXiBaEWd R Q V
(Eurosif, 2023) This undermines the trustworthiness of their resuitakng it difficult for
investors to make informed decisions basedhmse toolgBrock et al., 2023; Eurosif, 2023;
TCFD, 2021c)Moreover, it underscores the necessity for the scientific community to aid in the

development omore trustworthy and adequate forwdodking information and indicators.

+RZHYHU LQYHVWRUV WHQG WR YLHZ FRPSDQLHVY HPLVVLRQ
%DVHG 7DUJHW LQLWLDWLYH 6%7L DV D UHOL QHEuM$if, PHWULTF
2023) This may beattributed to their scientific basis and standardized sectoral approach, which

can enhance their credibility anlde viewed as facilitating comparability between companies,

unlike other typs of targets (see Section 2.2). However, the sectoral approach of SBTi does not

cover every sector, limiting its broad applicabiliBjorn et al., 2021; Eurosif, 2023; SBTi, 2022a)
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Nevertheless, other types of corporate emissions reduction taagptsable across any sector,

FDQ HQKDQFH WKH XQGHUVWDQGLQJ RI D FRPSD®itiv DFWL|
timeframes potentially extendingeyondthe typical five \HDU RI FRPSDQLHVY LQYHV)
(Day et al., 2022; GFANZ, 2023; NGFS, 2022; Popescu et al., 2021; TCFD, Z0Risa@spect is

particularly relevant for longerm investors, such as pension funds. However, these targets have

their limitations, including issues with comparability between companies, credibility concerns and

uncertain achievement, which are furthermdet in Section 2.2.
2.1.2.4Mainstream Practice: Under a Flexible Big Tent

The shift towards a financial rationale was accompanied by an increased number of responsible
investments approaches (Busch et al., 2021; Richardson, 2009b; Townsend, 2020). One of the
initial barriers was that responsible investment reduced portfoliosifivation (Rl 1.0; employing

only a negative screening approach), which in turn could diminiskadplsted returns, and
neglect potential investment growth opportunitiBgllo, 2005; Richardson, 2009b; Sparkes &
Cowton, 2004; von Wallis & Klein, 2015Furthermore, adequate portfolio diversification may be
required (modern portfolio theory), depending on the jurisdiction of institutional investors, to fulfill
their fiduciary duty(Freshfields Bruckhaus Deringer, 200%he current mainstream practice of
responsible investment includes the approaches of screening (i.e., negative, posHine;lasst
normsbased), ESG integration, thematic investing, stewardship and impact invEStidg
Institute et al., 2023)0ften, investors combine more than one approach throughout their portfolios
(Amel-Zadeh & Serafeim, 2018; GSIA, 2023; Krueger et al., 2020)

Table 2.1 presents the standardized definitiared clarifications of the responsible investment
approaches, established in late 2023 through a joint partnership between the CFA Institute, the
Global Sustainable Investment Alliance (GSIA), and the(BRRA Institute et al., 2023Yhis joint

partnership fbowed a recommendation from the International Organization of Securities
Commissionsaiming to address the lack of agragubn definitions amidst thenainstreaming

adoption ofresponsiblanvestment approach€€FA Institute et al., 2023; I0SCO, 202)his

lack of clarity regardinghe responsible investmeapproaches and the terminology (e.g., impact

funds, sustainable funds, Paalsgned funds) could lead to confusion about the sustainability
DWWULEXWHYV RI ILQDQFLDO SURGXFWYV DQG WKHBERWHQWLD
et al., 2021; I0SCO, 2021; Kim & Yoon, 2023; Kélbel et al., 2020)
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Table2.1: Responsible investment approaches as defined and clarified by the CFA Institute, the
GSIA and the PRI. Adapted fro@FA Institute et al(2023)

Definitions Clarifications
Screening S3«EDVHG RQ GH Includes foursub-approaches: negative, positive, be:
criteria that determine in-class and normbased.

whether an investment is

SHUPLVVLEOH - Could be qualitative (condition) or quantitative

(threshold) criteria such as geographical location (e
flood plain) or ESG factors (e.g., ESG scpcarbon
score, human rights scgre

Bestin-class approach: at minima better than the
median or average performance relative to an
appropriate peer group.

ESG 32QJRLQJ FRQVI Does notimply that ESG factors are more, less, or

integration ESG factors within an equal in weight (consideration) to other ESG factor:
investment analysis and nor that multiple ESG factors or each category are
decisionmaking process consideredTherefore, des not imply any distinct
with the aim to improve  characteristics (e.g., low carbon portfolio).

sk DGMXVWHG U Hypothesis for ESG factors integrated: potentially

financially material (risks or returns) and not entirel
FDSWXUHG LQ FRPSDQLHVY YD«

Thematic Selecting assets to acce: Top-down process to construct portfolio with assets
investing VSHFLILHG W UH expected to achieve higher returns based on an ES
trend (e.g., sustainable agriculture, aging populatiol

Should be related to key medium or letegm drivers
(i.e., economic, technological, demographic, culture
political, environmental, social, regulatory).

Stewardship 3« XVH RI LQYHYV Includes activities such as board participation,
and influence to protect engaging discussion with companies, proxy and vo
and enhance overall long at shareholder meetings, litigation, contributing to
WHUP YDOXH« L industry research, thirgarty, or collective initiatives.
common economic, social
and environmental assets
on which theinnterests

Includes common assets such as a stable climate
HQYLURQPHQWDO DVVHW RU

GHSHQG" asset).
Impact S« LQWHQWLRQ )\ Implies measuring the positive impact generated
investing positive, measurable socii (environmental and/or social), e.g., MWh of renewa
and/or environmental energy capacity added, number of additional
impact alongside a affordable housing units.

ILQDQFLDO UHW Differs from philanthropy activities, as pursuing a

financial return.
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Given the heterogeneity of approaches, responsible investment could be likened to a 'big tent’,
mirroring the PRIsSselLGHQWLILFDWLRQ DV D pELJPRI,RQYY &cceptingD QL] D W
signatories of varying AUMsizes,geographical locations, aralistainabilityperformance levels

(leaders and laggard$Gibson Brandon et al., 2023; Kim & Yoon, 2023; Liang et al., 2022;
Pollman, 2022) That is, responsible investmemnt practice could involve: 1) considering
financially material ESG information to improve risk management relative to potential financial
returns, where higher levels of risks could be acceptable with higher potential returns (ESG
integration approach)na 2) selecting companies with forwalabking carborperformanceabove

the median of their peers to mitigatkmaterelatedrisks (bestin-class screening approacias

presented iTable 2.1

On the other hand, the stewardship approach could correspond to actively investing in
underperforming companies on climaidated factors to potentially drive change, aiming to
protect common environmental assets such as a stable climate. Furthermionpatitenvesting
approach, which appeared later in the litera{mardi et al., 2024; Schlutter et al., 202Bhplies

a clear intent to contribute to reabrld changes, with measurable positive environmental or social
outcomegqBusch et al., 2021; Hochstadter & Scheck, 2015; Kolbel et al., 2020; Schoenmaker &
Schramade, 2018)

The ambiguity surrounding the meaning of responsible investment (ESG) appears to stem from the
ODFN RI GLVWLQFWLRQ EHWZHHQ WKH XVHIXOQHVV RI (6* LQI
versus the expected sustainable outcomes yielded by thosegwaatit by extension, the impact

RI LQYHVWRUV 7KLV FRQIXVLRQ DPRQJ GLIIHUHQW LQYHV!
approaches HELJ \Wad Qowtrfputed to the numerous criticisms facing the ESG movement,
including its politicization by arESG poponent§fEdmans, 2023; Poliman, 2022; Starks, 2023)
Consequentlyedmans (2023 KDV VXJJHVWHG *WKH HQG Rl (B84SchBtKkHUHDYV
al. (2021) KDYH SURSRVHG-RDLHDOWD WVRIRQUHVR G L$édl Seti@iV L D W H
2.1.3.2, ultimatelyleading to the emergence of RI 3.0.

The suggestion didmans (2023 that ESG factorsonsideredinancially material to longerm

investment decisionssuch asemployee satisfaction (his field of research) or climate change

should not be segregated isfoecial terms lik&ESG investing or responsible investin g DW KHU LW ¢
simply investing. This implies that investors who consider ESG factors primarily to align with their
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values (RI 1.0) should be distinguished from those who prioritize (financial) value (Rl 2.0).
+RZHYHU WKH IOH[LWHQMWMW\ R$ SWIRD RKEIKIDY DOORZHG WR JDL
investors and stakeholders, facilitating ESG inclusion within companies and as suggested by

Serafeim (2021)remaining potentially necessary for fostering accountability and progress.
2.1.3 Responsible Investment 3.0: From Mainstream to ReadlVorld Changes

Given the confusion under RI 2RI 3.0 is characterized by hift towards impacts, with investors
aiming to positively contribute to realorld changes, addressing societal challenges such as the
those outlined by the UN Sustainable Development Goals (SDGs) or the Paris Agrdameht
etal., 2021; Schoenmaker & Schramade, 208@8jilarly to the ESG movement (Rl 2.0) detaching
itself from ethical investing (Rl 1.0), nascent literature arguesimmgact investing should be
differentiated and better defined, rather than remaining a blurrfieddtof responsible investment

(or approach as of now, s&able 2. (Busch et al., 2021; Dordi et al., 2024; Kolbel et al., 2020;
Schoenmaker & Schramade, 2018)

2.1.3.1A Combination with An Impact-oriented Objective

While the concept originated earlier, the term ‘impact investing' first appeared in 2007 when the
Rockefeller Foundation sought discussions with leaders in finance, philanthropy, and development
through a meeting in ltalfAgrawal & Hockerts, 2021; Dordi et al., 2024; Hochstadter & Scheck,
2015) This new term explicitlyimplied the nordivisible components of addressing societal
challenges while pursuing financial retu(Bsigg-levine & Emerson, 2011; Hochstadter & Scheck,
2015) That is, the positive social or environmental impacts cannot be substituted by financial
aspects, nor should theorythe oppositesuggestingn optimization of bothThis contrasts with

RI 2.0, which primarily focus on managing financial risks, allowing for potential substitutions
between levels of ESG (or climate) risks and financial retufasthermore, impaedriented
investments focus ampositive screening approach (inclusimt, seeSchoenmaker & Schramade,
2018) rather tharavoiding companiebasedsolely onethical perspective and personal values (RI
1.0) (Bugglevine & Emerson, 2011; Busch et al., 2021)

2.1.3.2Beyond theCurrent Defined Approach of Impact Investing

As discussed bBusch et al. (2021)an investoff positive impacimay go above and outsitlee
current industry definition of impact investing (Sksble 2.1 for further details, seEFA Institute
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et al., 2023)To better define impaatriented investmenBusch et al. (2021proposed to divide
them into two categories; impagénerating investmengd impacialigned investments

Impact-generating investments

This category of investments induces a change by allocating capital to assets generating positive
impacts (e.g., companies financing renewable energy projects through green bonhdkiveeet

al., 2019 or expected to generate impafgsy., companies transitioning; committitayscience

based emissions reduction targets, Seetion2.2.2 (Busch et al., 2021)This is consistent with

the definition of impact investing as intended by the joint partnership betwe&rténstitute,

GSIA and PRI, as long as investors can credibly demonstrate their contrif@ohdnstitute et

al., 2023) However, stewardship approach can induce change by applying: 1) active ownership
(see Sectior2.1.2.9, or 2) participating to international initiatives and coalitigBsisch et al.,

2021)

As discussed throughout Sectidri.2 a number of international investor initiativesch as the

GRI, PRI, or TCFD have facilitated the inclusion BSG and climate considerationsithin
companiegCampiglio et al., 2023; loannou & Serafeim, 2017; Serafeim, 2021¢ly, agrowing

number of investorare joiningcoalitionssuch as the Net Zero Asset Owner AlliaisiZ AOA),

pledgingto invest in line with nezero emissions by 2050r are supporting networkge Climate

Action 100+ ZKLFK PRQLWRUV FRPSDQLHVY FRPPLWPHQWYV WR
engagement activitig€limate Action 100+, 2023; Gosling & Macneil, 2023; In & Schumacher,

2021) Nevertheless, demonstrating their contribution by measuring their positive impacts may be

challenging for investors (see Secti.2.3
Impact-aligned investments

,Q WKLV FDWHJRU\ RI LQYHVWPHQWYVY FRPSDQLHVY LPSDF
environmental or social thresholds (e.§.5 °C warming scenario), suggesting that they have

already changed (no further changes) and made a positive contributionv@rigabutcomes.
Leaving behind the concept of additionality

The broader inclusiorfor impactoriented investmentproposed byBusch et al. (2021partly
relates to the concept of additionality, which is inherent in the traditional defibititmasbeen

voluntarily setaside This conceptmplies that impact investmest or the actions of investors
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should enhance the quality or quantity of positive impacts beyond what would have occurred in
their abseoe (Brest & Born, 2013; Hockerts et al., 2022)

Demonstrating additionality feasibleunder certairronditions such as whemvestors arevilling
to: 1) accept beloviinancialmarket returngseeBarber et al., 2021 pased on the assumption that
other (mainstream)nvestors prioritizeprofit maximisation or 2) pursueopportunitiesthat may
outperform the market drthat otherinvestorsmight notconsiderdue toincreasedransaction
cosk (such aexpenseselated to researciind smalldeal sizesor higher risks(such adimited
exit strategiesnvestments irearly-stage companies, or governance isg(iggest & Born, 2013;
Busch et al., 2021; Hockerts et al., 20283 suggested bylockerts et al(2022) once these
opportunities become known and reach market conditions, other inwest@isoprovide capital
This means that in an open marketh impact investments amarket conditionsgemonstrating
the additionality oimpact investorsvould be very challenging, if not unprovable thas positive
impacts would occuregardless in the absenceimpact investorgBrest & Born, 2013; Busch et
al., 2021; Hockerts et al., 202Zurthermoregrowth in thenumber of impact investorsould

furtherdiminishthe distinctiveness of investors' additionalitiockerts et al., 2022)

If the primary goal of impact investing is tehannelcapital towards addressing social and
environmental challenges while pursuing financial retuassdiscussed i8ection2.1.3.), then,

the emphasis onL Q Y H VaddRanalify should bereevaluated.In fact, if the emphasison
additionality persistdhe expansion of impact investing could paradoxically lead to its conceptual
obsolescence, as achieving additionalinecome unattainable (Hockerts et al., 2022)
Consequently, the two categories of impagented investments proposed Bysch et al. (2021)

hold relevance, even if one category includes companies that are not expected to generate further
changes (impaeligned).

2.1.3.3Positive Impact Measurement:Intentionality is Insufficient

To distinguishit from previous forms of responsible investment (RI 1.0 and RI 2.0), the concept
of intentionality t LQYHVWRUVY REMH F WtantHn¢asrBnZeDtWWery ekst&b8dhde \atV
the inception of the term impact investimyring the Rockefeller meetinBugglevine &
Emerson, 2011 Measuring the positivienpactis fundamentaio enhance the credibiligf impact
oriented investmentb QG OLPLW WKH ULV N {irkllaypsL M@&dn FANV19Z RodKE. Q J 1

Maas, 2024; Schliitter et al., 2023) mere statement of investor' intentionality is insufficient
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without effective measurement of impact to ensure a positive contribution 4woddlsocial or
environmental challengé€remasco & Boni, 2022; Roor & Maas, 2024; Scheitza & Busch, 2024)
+RZHYHU WKH LQYHVWRUVY REMHFWLYHV WRZDUG LPSDFW
mandatedn Europe&n regulationgSustainable Finance Regulations DisclosGfeDR; see, e.g.,
Badenhoop et al., 2023)

Complexity: The burden of the proof

The burden of measuring and (im)proving their positive impacts falls on investors, a task that can

be compleXGeobey & Brierley, 2023; Roor & Maas, 2024; Schlitter et al., 2028)instance,
OLWHUDWXUH VXJJHVWYV FKDQJH RFFXUV LQ FRPSDQLHVY EH
voting activities of investorDyck et al., 2019; Kdlbel et al., 202Qyhich are found to be more

effective than divestment (negative screening; avoidiBg)k & Van Binsbergen, 2022; Edmans

et al., 2022; Starks, 2023However, measuring the contribution of a single investor can be
FKDOOHQJLQJ RZLQJ WR WKH LQYROYHPHQW RI QXPHURXV D]
actions- some may carry more weight than oth@®lbel et al., 2020; Popescu et al., 2021,
Schlitter et al., 2023Nevertheless, combining stewardship activities into the investment process

of other impaciriented approaches could further enhance positive chéiligtsel et al., 2020)

DQG VKLIW WKH PHDVXUHPHQW EXUGHQ WR WKHVH DSSURDF

positive contribution solely through stewardship.
&RPSDQLHVY DVVHVVPHQWYV %H\RQG (6*

OHDVXULQJ FRPSDQLHVY LPSDFWV UHTXLUHVY DVVHVVPHQWYV
negative and positive externalities, a principle referred to as double mat¢Babth et al., 2021,

Popescu et al., 2021Furthermore, measurement of impagented investments should be
contextbased to better understand their contribufdarosmarty et al., 2018)hat is, financing

a renewable energy project (solar farm of 10 MW) in a region with cleaner energy production (such

as in the Province in Québec) does not have the same impact than in a region using mainly coal
power generation (such as a region in d)diThe latter implies a greater difference in GHG
emissions between the current reference (reduced emissions) and a solar farm compared to one in

Québec, leading to more improvement in ambient air pollution and human health.

The positive contribution of an investor could be measured in terms of reduced emissions per dollar

invested, proportional to their share of the total project @¢¢&ibel et al., 2020; Tolliver et al.,
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2019) This also implies that the choice of an appropriate reference (e.g., regional, country) matters,
as it would affect the results reported by an investor. The same problematic applies te impact
aligned investments with the choice of thresholds to deterthiie inclusion or the choice of
benchmarks to determine the impacts of an investor stréiBagpch et al., 2021; Popescu et al.,
2021)

Credibility of measurement methods

To enhance the credibility of sustainabiltyeasurementor impactoriented investments, the
methodsused should meet additional prerequisitespescu et al. (202-eveloped a criteria
PDWUL[ WR HYDOXDWH WKHVH PHWKRGV ZKLFK LQFOXGHV G
among seven key criterial) comprehensiveness of impact categories, assessing beyond GHG
emissions to include social categories and taftie 2) compatibility with sciencdased targets

for sustainable development, like the Paris Agreement, SDGs, and planetary boundaries (see
Steffen et al. (2015hor details on the latter8) prospectiveness, measuring progress towards
goalDQG DFFRXQWV IRU FRPSDQLHMifa\eyld dohsidetrafod, dogenng V W P H G
impacts across the entire value chain, ldvnstream and upstream; 5) reliability, ensuring the
completeness and consistency of data, comparability of resmtsmethodologes that are

transparentreproducibleand quantitative rather than qualitative.

Of the thirteen measurement tools assed2epescu et al. (20219und that none fully addressed
LQYHVWRUVY DGGLWLRQDOLVRX.FH DithXodiyH Brie @odl méetkng tieeH FW L R ¢
prospectiveness criteria (incorporating a forwimaking perspective), and two including the life

cycle consideration criteria. The tool meeting the prospectiveness criteria was the Paris Agreement
Capital Transition Assssment (PACTA), which measures portfolio alignment with-éanbon

pathways. However, this tool provides only a limited forwaaking period of five years,
FRQVWUDLQHG E\ FRPSDQLHVYTY SURGXFWLRQ SODQV FRYHUYV
and relies on a proprietary as$®tel database with data uncertaifBACTA, 2022; Popescu et

al., 2021) Nonetheless, the methodology and assumptions behind the PACTA tool remain
transparenfPopescu et al., 2021ih contrast to ESG and carbon scores from thady providers,

which lacktransparency and credibilitas previously discussed in Sectit.2.3

The development of methodology and indicators relies on the accessibility of standardized,
comparablereliable and transparent dg@udenhoven et al., 2018; TCFD, 202latherwise, the
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outputs may be compromised by untrustworthir{Besg et al., 2022; Busch et al., 2016; Popescu
et al., 2021) This might explain why only two tools included life cycle consideration criteria
(Popescu et al., 2021hoth selfreported company data and thpdrty providers often fall short

in carbondata outside direct company activitieslthough such data can represent most of
F R P S D @taHmfctswithin their valuechain, tlesedata areoftenincomplete or inaccurate
when selfreported (C. Blanco et al., 2016; Huang et al.,, 2009; KlaalRen & Stoll, 2021)
Furthermore, third-party providersdata typically lack transparency irestimation methods
resulting in low comparability and inconsistencesosgprovidersfresults(Busch, Johnson, et al.,
2022; Papadopoulos, 2022)

Nonetheless, a®udenhoven et a(2018) emphasize, one of the critical criteria to consider in
developing methodologies to inform decisimaking istheir flexibility to adapt over time by
incorporating new challenges and information. This flexibility would enable the integration of a

life cycle perspective when it is missing, as recommendd®bpgscu et al. (2021)
2.1.4 Limitations Identified in Responsible Investment

5HIDUGOHVYV RI WKH LQY HV Wiy RIRDMHimpatbhddted (RIKSHW KHU Ul
incorporating a forwardboking perspective that leads to a better understandirthediuture

carbon performance of companies is relevant in both cesdsrecast future carbon performance,

investors must look beyond current metrics and assess companies' actions and willingness to
transition. However, they face challenges in finding reliable and deaisieinl methods and

indicators.

Current methodbave thdollowing limitations: theyeither relyon a backwardooking approach,

provide a limited forwmard ORRNLQJ SHULRG RU KDYH FRQVWUDLQHG XVH
Decisiontusefulness for investorsefers to methods thaare simple to use, trustworthy,
reproducible, and broadly applicalfieurosif, 2023; Oudenhoven et al., 2018; Popescu et al., 2021;

TCFD, 2021c) These qualitiealign with WKH 7&)'fV FULWHULD LQFOXGLQJ HI
transparency, and the capability to cover different types of assets in portfolios while providing

reliable and comparable outputs across compdmiesD, 2021c)

Corporate climate mitigation targets can serve as a key indicator of how companies project their
future performancéCampbell, 2021; Eurosif, 2023; GFANZ, 2023; NGFS, 2022; TCFD, 2021c)

However, implied temperature rise methods from providers, which might include corporate
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projections based on thalimate mitigatiorntargets, are encapsulated in complex methodological
assumptions surrounded by opacity, which compromise their perceived reliability and usefulness
(Chmel et al., 2023; Eurosif, 2023; Raynaud et al., 20@@her providersnethodsoftenremains

limited to whethercompaniegslisclosedan emissions reduction targ#tey lack a comprehensive
evaluation of theTXDOLW\ RI WKHVH WDUJHWY DQG WKH FRPSDQLH"
(Eurosif, 2023; Kalesnik et al., 2021; NGFS, 2022; OECD, 2022)

Based on the broad expectation that companies with targets will demonstrate better future carbon
performance,nivestorsvalue companies witblimate mitigationtargets especially ambition ones

such as those approved by the SRiTie to their transparency and scientific b&Bisndig et al.,

2022; Campbell, 2021; Cheng et al., 2023; Eurosif, 2023; Khandelwal et al., B@2&ver, the

rapidly increasing number of companies setting targets raises concerns about the reliability of these
targetsin general as some appear to be meralydisclosure exercise, casting doubt on their
credibility in achieving these goalBolton et al., 2022; Dragomir, 2023; Hale et al., 2022; SBTI,
2023) This emphasizes the importanmeassessing not just whether companies have disclosed a
target, but also gaining a moo®mprehensive understanding of their reliahilijowever, a

detailed in the following chapter, comparing the ambition and progress of targets from different
companies and sectors, including those approved by the SBTi, faces many challenges, which
currently limit broad applicality across industries.

Consequently, the following needs were identified:

Xx ,PSURYH XQGHUVWDQGLQJ RI FRPSDQLHVY IXWXUH FDU
information (completeness and consistency) from corporate climate mitigation targets to
LQIRUP LQYHVWRUVY GHFLVLRQV

x Develop transparentmethodologiesand indicatorsto enhanceconpambility across
companiesensureapplicallity acrossndustries anaaseof reprodution for continuous

monitoring.

To address the limitations and needs identified, this doctoral dissertation is dedicated to assessing
corporate climate mitigation targets. The subsequsaation reviews the related scientific
literature,leadingto the formulation of the research problem geaeralobjective presented in
Chapter 3.
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2.2 Corporate Climate Mitigation Target

Throughout this doctoral dissertation, the terms corporate climate mitigation target, corporate
emissions reduction target, and corporate target are used interchangediilgnally, the terns

carbon emissiongor simply emissions to streamline the text) aadbon performance includes
greenhouse gas (GHG) emissions, not just carbon dioxi@®) (emissions, and is therefore
expressed in the unit &0, equivalent (C@e). This aligns with the common understandiragm
practitionersthat a corporate carbdootprint includes GHG emissions, not jU B0, emissions
(Goldhammer et al., 2017; Popescu et al., 2021; TCFD, 2017b; Thoma et al., 2018)

2.2.1 General Definition and Characteristics

Corporate climate mitigation targets are typically expressed as a percentage of reduction for a
defined emission scope between a base year and a targéCgélary & Kim, 2021; Campbell,
2021; Dahlmann, 2023y he percentage of reduction is commonly referred tbetarget ambition

and vay from 0% to 100%{detailed in the following section)
Type of targets

They can beeportedaseither absolute or intensitgrgets(relative to activity or economic value
measures (Dahlmann et al., 2019; Herzog et al., 2006; Kolk & Pinkse, 2004¢ activity
measures correspondpbysical metrics, such as ton of steedlirectly implying that these types

of intensity targets caonly be applied to homogeneous sec{&sellner et al., 2005)

An intensity target can result in an increase in absolute emis§iongistance, if the percentage
increase in steel production exceeds the percentage reduction in the intensity target during the same

period, absolute emissions will rise despite achieving the intensity target.
Target timeframe

The timeframe is the period between the base yeataagdt yearspanninga number ofyears.
Literaturemay referto shortterm, mediumterm and longerm targets,often corresponding ta
target yeaexceeding a specific datéor examplein the CA100+ NeZero Company Benchmark,
a longterm target correspond to a target yeaceeding2035, while the Transition Pathway
Initiative had previously defined lorigrm target as a period over 5 yeé@®A100+, 2022a; Dietz,
Bienkowska, et al., 2021)
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Emission scope covered by targets

Following to the GHG Protocol corporate accounting and reporting standard, the corporate carbon
footprintis divided into three scopg8VRI & WBCSD, 2004) Scope 1correspond to thdirect
emissions ofh company while scope 4ncludesindirect emissiongrom the consumption ahe
purchased of electricifyand scope 8overs all otheindirect emissions within theompanyy ¥alue
chain(Harangozo & Szigeti, 2017; Stridsland et al., 2028fope 2 can be reported using two
methodological; locatiotbased (regional gridverage emission factor) and markesed (specific
emissionfactors derived from a contractual agreemé@Bjyrn, Lloyd, et al., 2022; Brander et al.,
2018)

Therefore,targetscover one of the three scopes or a combinatimied (Dahlmann, 2023;
Giesekam et al., 2021alHowever,targetsmay cover specific country operations, or business
division rather than compaswide, resulting in thedisclosureof a percentage of scope covered by
a target(CA100+, 2022b; CDP, 2020b)

Baseyear, baseyear emissionsand base year emissionsovered bythe target

Thebase year could be the year in which the company first disclosed the target or any prior year.
In the same disclosure year, the base year emissions reported for a given year may differ from the
target base year. For instance, a company might report 2018 base year emissions, while the target
base year is 2015. In this case, the 2018 base year emissicespond to the compamwyde

annual emissions for a specified scope.

Since a target may not cover 100%adpecified scopehe base year emissions covered by a target

is the percentage of the company's base year emissions for the scope covered by tRertarget.
instance, if the target coverage reported by a company is 80% with 2010 base year emissions of
100,000 tCOpe, the base year emissions covered by the target is 80CID@.t

Target year, target yearemissions and target year emissions covered by the target

The target ambition is applied to the target base year and the target coverage. Therefore, the
emissions that a company aims to reach by the target year depend on the base year emissions
covered by the target. By default, the target year emissions deedbeemissions covered by the

target. As briefly demonstrateddisclosed targstby companiesare intrinsically linked to the
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quality of ther carbon dataeporting (completeness and consistenayith their assessment
depending on their reliability

2.2.2 Target Ambition: The ExpectedFuture Corporate Carbon Performance

Due to external pressures ath@ value investors place on ambitious targets, sargets have

grown in popularity in recent yeafBendig et al., 2022; Bolton & Kacperczyk, 2023a; Hale et al.,

2022; Khandelwal et al., 2022; SBTi, 2022Bpwever, thewidely varying target parameters

choserby companiescombined withinsufficient informationWR VFUXWLQL]H FREP SD QL H\
to the lack of regulatiorromplicate the comparability of their target ambitions between companies

and could even hinder the assessment of their true ambetnimannet al., 2019; Dragomir,

2023; In & Schumacher, 2021; Montgomery et al., 2023)

Net-zero and sciencéased targets

To gain credibility, many companies rely on recognized practicasthenticatand differentiate
their target ambition, framed by stringent design featuressald foundation such as netero
targets andhose approved by the SB{Hale et al., 2022; SBTi, 2022a&)lowever, selclaimed
netzero targets can vary in robustness due to differences in-tatgielg parameters and the lack
of mandatory oversight, leaving scrutiny to investors and other stakeh(iteset al., 2024;
Robiou du Pont et al., 2024)

Following the SBTi Corporate N&tero standard claiming netzerotarge{s) should imply: 1) a

2030 scienceEDVHG WDUJHW V FRYHULQJ D PLQLPXP RI RI FRPS
and a minimum coverage of 67% of scope 3 emissions when they represent more than 40% of total
company emissiongnd?2) 100% reduction by 2058t the latest on a minimum d30% of total

company emissionéSBTi, 2024a) Therefore,a companyreporting netzero by 2050 without

adheringto scope coverage and 2030 target expectations would be less obatser words,

100% reduction on 100% coverage is not equivalent to 100% on 6fi#ésaime coverage.

Investors seem to view having an approved SBTi target as strengttibaingtegrity of the
FRPSDQ\T (RuM4if,J2828;\Robiou du Pont et al., 202y be considered compliant with

1.5 degree warming limitSBTi accepts two approaches for setting targets: 1) an absolute
contraction approachrequiring anannual reduction of minimum 4.2%, and 2) a sectoral

decarbonization approach, corresponding to intensity targets where companies in a given sector
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will converge to a same intensity at a given \(@&gorn et al., 2021)The first approach, which can

easily be replicated to assess if a company target that is not approved by the SBTi is equivalent, is
not accepted for every sector. Certain sectors can only use the second approach. However, the
second approach is not avalkalfior every sector and requires underlying company inputs, such as
production growth, to determine if a target is compliant with thedgédree warming limi¢Bjorn

et al., 2021; Bjgrn et al., 2023)his results in the annualized reduction of targets approved by the
SBTi varying considerablyBjgrn et al., 2023; Bolton & Kacperczyk, 2023a)aking it more

difficult for investors to determine whether a reymproved target would be compliant with the-1.5

degree warming limit and comparable to the ambition of an approved SBTi target.

Given thesecomparabilitychallengesinvestorstypically evaluatewhether targets disclosed by
companies fulfillacceptablgparameters, such as fetro by 2050 with a defined scope coverage,

or have approve®&BTi target(s)pften using a checklist approach like that of the Climate Action
100+ Net Zero Benchma(iCA100+, 2022a)This approach limits a comprehensive understanding

of targets that do not meet these specific criteria and reduces comparability across different targets.
&RPSDULQJ WKH DPELWLRQ RI FRPSDQLHVY WDUJHWYV LV Ul
approachessuch as besh-class (positive screening based on comparison to peers) or identifying
laggards for stewardship activities (SEable 2.1). Furthermore, it could help determining the
remaining efforts to achiewleir ownportfolio emissionseduction targetby assessing the level

RI UHGXFWLRQ RFFXUUL Q JAZOURR efFaR,RE2D;@Bbltarvef aly 2022} IO¥D,
2021c)

Methods and indicatorsto compare WKH DPELWLRQ RI FRPSDQLHVY WDU

To exemplifymethods andhdicators used in the literature and teguesencounterediue to the
YDU\LQJ WDUJHW SDUDPHMW,Higuwe B2 pleseRsS DiQd. targdisitil theikrJ H W V

corresponding parametegrsm companies in the fossil fuséctor

Previous studieslirectly usedthe percentage of reductiannounced bycompaniesin their
analysigloannou et al., 2016; Sullivan & Gouldson, 2016; D. Wang, 204@Ring the integration

of the timeframe of target&or instancethe 26% reductionin 13 yeas announced byNaturgy
(which they claimed to bsciencebased does not represent the same ambitaenthe25%
reductionin 11 yearsannounced byshell, becausene target reduces emissions faster than the

other due to a shorter target timeframe
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Suncor: 30% intensity reduction per unit
of production from Scope 1 & 2 emissions
(99%) by 2030, compared to 2014
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Naturgy: 26% emissions reduction Shell: 25% emissions reduction
from Scope 1 & 2 emissions Scope 1 emissions (only 5%) by
(100%) by 2025, compared to 2012 2025, compared to 2014

Figure2.2: Emissions reduction targets publicly disclosed by three companies operating in the
fossil fuelssector Extractedrom CDP (2018) The number in brackets corresponds to the
percentage of scope covered by the target.

Other studies have annualized the target ambition of companies, assuming a constant reduction rate
per year (linear reduction trajector{Aldy et al., 2023; Dahlmann et al.,, 2019; Gouldson &
Sullivan, 2013; D. D. Wang & Sueyoshi, 2018 HQFH WKH DQQXDOL]JHG UHGXFW
target i2% per year (26% divided by 13 years), compared to Shell's target of 2.27% per year (25%
divided by 11 years). However, these two targets are not covering the same scope either than the

same percentage of scope.

Regarding Suncor, they have an intensity target while the two other companies have absolute
targets. As briefly explained, a percentage of reduction in intensity usually results into a different
percentage of reduction in absolute emissidierefore, even if Suncor and Naturgy have the
same target coverage (with slight differences in the percentage of scope covered), their target
ambitions, even when annualized, cannot be directly comp&oecbntravene thisomestudies

only assessed targets with sianilparameters (e.g., only absolute targets covering scope 1).
However, it remain often unclear whether correction were made regarding the percentage of scope
covered by the target, or resulted in the exclusion of targets not covering 100% of their seope (s
D. D. Wang & SueyoshR018.
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The last approach involves projecting the companies emissions based on their ambition,
harmonizing them to a scope coverage and timeframe, as done by the Transition Pathway Initiative
(TP WR FRPSDUH FRPSDQLHVY -WidnhedhddWwhrbarkg hyvgec@ldingdiR 3D ULV
the methodology obDietz et al.,(2018) When the target scope coverage is lower, the emissions

not covered by the target are assumed to be congdtaist.approach enhances comparability;
however, its current application is limited to homogeneous sectors due to the use of a physical
intensity metric (e.g., ton of steel), which uggeduction growth projection estimates based on
company osectoraldatato transform absolute targets inteesemetrics(Dietz, Gardiner, Jahn, et

al., 2021; Immink et al., 2018Jor instance, sectors such as retail, apparel, and services are
excluded due to the lack of a common physical intensity metric

Limitations identified in methods and indicators to compare the ambition of
FRPSDQLHVY WDUJHWYV

SUHYLRXV VWXGLHV FRPSDULQJ WKH DPELWLRQV RI FRPSDQL
ODFNLQJ FRPSDUDELOLW\ EHWZHHQ FRPSDQLHVY WDUJHWYV Z|
with similar parameters, or limited in their sectoral coverddence, it restricts its broad
applicability across different sectors and thus, portfolldss literature gap underscores the need

for methods and indicators that can comprehensively compare the ambition of corporate targets
across diverse parameters aedtors.

(Climate) benchmark

Given these challenges in compariWt§f KH DPELWLRQV RI FRPSDQLHVY WDUJF
parameters and the limitationseofisting methods and indicators, benchmarking offers a structured
approach to assesslative performance against peers or across se@erchmarking camake
variousforms andtypically involves two key aspects: 1) tlobjectsof the benchmarking study,

and 2) the entities or subjects against which comparisons are(@agénetti & De Melo, 2002;

Kyrd, 2003; Stapenhurst, 200%) can be performedn processes, products, or strategies, such as
management and business practices (strategic benchmgarg)netti & De Melo, 2002; Kyro,

2003) Comparisons can be internal (against itself), against peers (competitors in the same sector),
functional (focused on specific functions or technologies), or generic (best praeteedless of

the sectors(Kyro, 2003; Carpinetti, 2002fzor example, companieanbenchmark their current
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GHG performance against their peers based on publicly available data, to assess their own relative
performance and understand whether they are leaders or lagbamts, 2023)

Investorsare well-known for benchmarking practices, such e@@mparing companies' financial
performance against various entit{&eville, 2008; L. B. Siegel, 2003; Stapenhurst, 2009)his
dissertation, the term 'benchmark’ refers to this practice, specifically focusing on the comparison
of companies' target ambitigresther against peers within the same sector or across séctoefp

investors evaluate relative performance.

It is important to differentiate this use of benchmarking from the climate policy context, where the
term "benchmark" is associated with alignment towards the 1.5°C traj¢Etiety et al., 2018;
Dietz, Gardiner, Jahn, et al., 2021; Krabbe et al., 2015; Kuramochi et al., 2b&é8¢ benchmarks
focuson assessinghe alignment oEompaniesand their targetwith the sectorall.5°C pathway

rather than direct comparisons of performance among pkerhe climate policy context,
benchmarksorrespond to the sectoral iCtrajectoryrequired for a company to lw®nsidered
aligned not to how ambitious a company's target is relative to others in its sSHut®distinction

has been recentlginforced by the European Uniadoption of minimum standards folimate
benchmarks(financial indices), namely Climate Transition and Parialigned benchmark,
(Galloppo et al., 2023; Hodges et al., 2022)

2.2.3 Target Progress:Walking the Talk or Just Talking?

, QYHVWRUVY LOWHUHVW LQ FRPSDQLHV WKDW GLVFORVH DPE
that their future corporate carbon footprint will reduiceplying that they will attain their goals
(Bendig et al., 2022; Campbell, 2021; Cheng et al., 2023; Eurosif, 2023; Khandelwal et al., 2022)

However, there is a risk that companiesyfail to meet their target

Current literature confirms thabmpanies do not necessarily make sufficient progoesardtheir
goalsand may fail to meet thelf€allery & Kim, 2021; Kuramochi et al., 2021; Ruiz Manuel &
Blok, 2023; SBTi, 2022a, 2023; D. Wang, 2017; Yeo et al., 2622}hermore, failure to progress
might indicate thathe compaly had no genuine intention to reduce their emissions and disclosed
a symbolic target, resulting in reputational risks due to this misleading bel@saiopbell, 2021,

Dahlmann et al., 2019; Dragomir, 2023; Montgomery et al., 2023)
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To address these risks, it is important that investors measure the progress of companiesidargets
compare them to identify which companies are making better progress. This comparison can reveal
that companies progressing slightly less than others might pose lower risks compared to those not

progressing at all, even if they are not fully on trackdbieve their targets.
Indicators to compare theprogressRI FRPSDQLHVY WDUJHWYV

Figure2.3 andFigure2.4 present fictive examples differenttargetVrogressiorior acompary.

The black line in both figures correspaid the targelinear reduction trajectory between the base
year and thdargetyear (constanyearly reduction ratg equivalent to annualizing the target
ambition). This linearity assumption is common in the literatuae,companies do not report
information on the planned reduction trajectory of their tar@®lidy et al., 2023; Bjgrn et al.,

2023; Dietz, Gardiner, Jahn, et al., 2021; Giesekam et al., 2021a; Hale et al., 2021; A. Hsu et al.,
2020; Kuramochi et al., 2021)

The target progress indicators found in the literatare 1) percentage of the target achieved
(Dragomir, 2023; loannou et al., 2016; SBTi, 2022@}h an adaptation proposed lgo et al.
(2022) 2) categorical variables using terminology suchagastrack] tQ RW R,Qr Rthidy&d
(Callery & Kim, 2021; Giesekam et al., 2021a; Kuramochi et al., 2021; D. Wang, 2017; Yeo et al.,
2022) and 3)progress ratigA. Hsu et al., 2020)

As illustratedin Figure2.3, the percentage of the target achiegedesponds to the reduction in
emissions attained at the assessed progression year compared to the total targeted emissions
reduction.The percentage of time elapsed refers to the proportion of the target timeframe that has
passed at the assessed progression jredoth fictive examples 1 and 3, 60% of the target is
achieved; however, tirepercentage ofime elapsed differswith one progressing faster than the

other In other words, achieving 60% of the targeted reduction after 5 years eyearlfimeframe

(example 150% time elaps@dloes not represent the same attainment as achieving it after 8 years
(example3; 80% time elapsgd) X UWKHUPRUH H[DPSOH LV pRQ WUDFNY WEF
a linear reduction trajectory (below the black lind-igure2.3), while exampl8 LV HQRW RQ WUD
(above the black line)This indicator lacks the integration of a time perspectivieich lead to
comparability issues between target not having the same time el&sezttheless, it avoids

assuming a linear reduction trajectory, in contrast to other indicators.
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GHG emissions

Base year
emissions

Percentage of the
target achieved = 60%

Target year \*

emissions

Base t=50% t=65% t=80% Target Time
year ’ T ! year
Percentage of time elapsed

Figure2.3: lllustrative examples of the target progression of a company assuming a linear
reduction rate between the base year and the target year (black line), showing the percentage of
the target achieved with different percentages of time elapsed (t).

Yeo et al. (2022proposed an adaptation of this indicator by dividing the percentage of target
achievedby the number of yearpassed since the base ye#@his showsthe average annual
percentage of the targetchievedsince the base yeaHowever, it does not account for the
remaining time left to achieve the target, by omitting the target year inform&torinstance,
example lachievesl2.5% per yea(60% achievedover 5 years while example 3 has a shorter
timeframe of 4 years passed on 5 years (still 80% of tiaqgsed) resulting i15% per year It

indicates thaéxample3 has a higher achievement per year since its basegegared t@xample

1. Assuming these maintain the same average annual percentage of target achieved until their target
year, example 1 would achieve 122.5% of its targeted reduction (60% already achieved + 12.5%
for 5 remaining years), while exam@eattain75% (60% already achieved + 15% for 1 remaining
year).Therefore, example 3, despite a higher annual achievement rate, is indeed lagging compared
to examplel, as shown irFigure 2.3. Omitting the target year information and by extension
GLITHUHQW WDUJHW WLPHIUDPHYVY OHDG WR D ODFN RI FRPSDL
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The categorical variables are easily understand@sienentioned, example 1 R Q Wah® FN
HI[DPSOH HLOQRW RQ WUDFNY 7KHVH FDWHJRULHV GR LQ\
comparability between targets with different timefrantasithermore Giesekam et al(2021a)

study integrate WK H F D W HJR Uadbellind-tkryetsriad &tfhined their expected target year
emissiongegardless of their timeframe, which is a valuable informattmwever, itstill lacks in
differentiation between progress resuhs.shown inFigure23 H[DPSOHYV DQG DUH E
RQ WUDFNTY DE R Yodtevakple E i© iightlly l62hiq2l s target linear reduction trajectory
compared to example B.company that has increased their emissions compared to its target base

year (0% achieved), potentially disclosing a symbolic target, would not be differentiated from
HIDPSOH ERWK E H ITRslalgpcdBvenfrateS\aUnDrE préinounced limitation caused

by the linear reduction trajectory assumption.

The last indicator is arpgress ratipdevelopd by A. Hsu et al.,(2020) The progress value
representghe speed to which a target is progressing compared itotéinget linear reduction
trajectory.lt alleviatesthe differentiation issue of theategorical variables, while maintaining a
similar interpretability.A value of 1 oraboveindicatespyRQ W U D F N findic@t€s pEHROAR R Q
WUDFNTY ¥&=2£thk 2022joundsubtantialvariability in achievement of corporate targets
near the base year. As shownrFigure 2.4, the percentage of target achieved for example-4 is
600%, with example 5 at 250%, and both having a 5% time elapsed. Thisswitin a progress

value of-120 for example 4-600%/5%) and 50 for example 5 (250%/5%).

The progress ratio can generate extreme outliers due to the specificity of corporate targets, which

is the opposite problem of categorical variabfeddsu et al.(2020)utilized the progress ratio for

a study focused on city targets with a 2020 target year (a homogeneous sample), contrasting with
WKH GLITHUHQW W\SHV RI FRPSDQLHVY WDUJHWYV ZLWK YDU\L(
these outliers can undermitige validity of the results. However, legitimate outliers (those not
resulting from data errors) can provide valuable insighiadi et al., 2009; Orr et al., 1991,

Osborne & Overbay, 2004)



41

GHG emissions

Percentage of the target
achieved = —600%

Base year GHG emissions A\
Target year GHG emissions : *

Percentage of the target
achieved = 250%

Base t=5% Target Time
year —71— year
Percentage of time elapsed

Figure2.4: lllustrative examples of the target progression of a company assuming a linear
reduction rate between the base year and the target year (black line), showing the percentage of
time elapsed (t) with different percentages of the target achieved.

Limitation sidentified in indicators to compare the progressRl FRPSDQLHVY WDUJH

To the exception ohie progress ratio, other progress indicagattser lack comparability between
FRPSDQLHVY WDUJHWYV ZLWK YDU\LQJ WLPHIUDPHY RU ODFN F
limiting a broad applicability across different companies and sectors. While enhancing the
comparability and allowing a bad applicability, the progress ratio would limit a comprehensive
XQGHUVWDQGLQJ RI ZK\ VRPH FRPSDQLHYVY SURJUHVYVY EHWWHU
targets that could provide new insights on diffei@ing best from poor corporate practicébis

ZRXOG KHOS DGGUHVVY FRQFHUQV DERXW WKH YChOpbBIELOLW\ I
2021; Hale et al., 2021; Kuramochi et al., 202his literature gap highlightthe need for a

progress indicator that is specificity adapted for corporate targets and their comparison.
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2.2.4 Target Reliability: Unveiling the Reality Behind Progress and Data
Integrity

ILWHUDWXUH RQ WKH GULYHUV RI FRPSDQLHVY SURJUHVV W
because the number of companies with targets has only recently $Bajeoh & Kacperczyk,

2023a; Hale et al., 2022; SBTi, 2022apV D UHVXOW RQO\ D IHZ GHWHUPLQD
progress towards targets have been assessed, with studies focusing primarily on target parameters
(e.g., ambitionjAldy et al., 2023; Dahlmann et al., 2019; Dragomir, 2023; Giesekam et al., 2021a;
loannou et al., 2016; D. Wang, 2017; Yeo et al., 2022)

While examples given orxisting target progress indicators focused on the limitations related the
varying timeframe, comparabilitgsuesegarding other parameters remains. For instdoaenou

et al., (2016) usal directly thepercentage of reductioms indicator for the target ambitions of
companies as one of the independent variablegertheless, this study covexporate practices
related tomonetary incentives towards managemamd found that these were associated with
higher target progressio@n the other handziesekam et a{2021)constrainedheir study tahe
progression of companies with sciefx®sed targetswith the assessment of their target
parameters. Similar narrow focus to the targets paramatetdew companies characteristics
related totheir progress towards theirs targets applies todther studies(Aldy et al., 2023;
Dahlmann et al., 2019; Dragomir, 2023; Yeo et al., 202@jthermoreAldy et al.,(2023 and
Dahlmann et al2019)used FKDQJH LQ FRPSDQLHVY HPLVVLRQV RYHU WLP
indicator, which correspond to similar issues to the progress indicator proposésblst al.
(2022) However, none of the other studies usexlprogressatio indicatoras dependent variable

in their statistical analysis.

Previousstudies thereforegither show a gapy focusing on a limited number of determinants and

the use of target progress indicators with important limitations. Accordingly, the determinants
GULYLQJ FRPSDQLHVY SURJUHVYVY WRZDUG WKHLU Wahg JHWYV U]
a more comprehensive list of determinants or integrating a time perspective into the target progress
indicator could render previously identified drivers to be less relevmt instance, such
determinants could incledthe disclosure of energy targets, the use of internal carbon pricing,
engagement practices with value chain actors, board oversight of efigtetex issues, or revenue

from low-carbon productsThis gap in the literature underscores the necessity for a thorough
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investigation and a more comprehensive analysis of the factors influencing corporate climate target

progress.

& R P S D Qakgdty @re tied ttheir voluntary carbon disclosuregrising concerns aboduheir

credibility due to their inheremoluntary QDW XUH DQG TXDOLW\ RAFMRRESIDQLHV

al., 2023; Busch, Johnson, et al., 2022; Callery & Perkins, 2021; Dragomir, 2012; Hale et al., 2024;
Montgomery et al., 2023; Talbot & Boiral, 201®revious studies have shown that there is not
always enough information available to adequateé¥y\aH V'V F R P S D QQigtzy Gardiier JH W V
Jahn, et al., 2021; Giesekam et al., 202%#)ile outliers might be legitimate and provide new
insights, they could arise from underlying data reliability issues, requiring careful examination
(Hadi et al., 2009; Orr et al., 1991; Osborne & Overbay, 2004)

Inconsistencies imoluntarycorporate carbon data across various chartrelsbeenidentified,
including CDP questionnairesustainability reportsmandatory reporting progranand third

party data provider®epoers & Jeanjean, 2016; Kolbel et al., 2020; Papadopoulos, 2022; Stanny,
2018) These inconsistencies are also observed through different reporting (gedlesy &
Perkins, 2021; Dragomir, 20129nd even in theame reporting year perigGarciaVega et al.,
2023)

The lteraturehasemphasizé the importance of the reliable voluntary carbon data disclosures to
assessompanies' progress towards their targBtssch, Johnson, et al., 2022; Callery & Perkins,
2021; Dragomir, 2012; Hoepner & Rogelj, 2021; Talbot & Boiral, 20l8)vever, the assessment

of the reliability of disclosed targets by companies through the lens of potential inconsistencies in
their seltreported carbon data remainsexplored.It is unclearwhether inconsistencies differ
between companies with and without targetshaw these affecthe evaluation of the ambition
DQG SURJUHVYV RI FRPSDQLHVY WDUJHWYV
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CHAPTER 3 RESEARCH PROBLEM, RESEARCH OBJECTIVES AND
GENERAL METHODOLOGY

This chapter presents the procdss the research projeds a whole, by demonstrating the
coherence between the research problemingrisom the literature reviewand the research

objectives It alsoprovidesan overview of the methodologysed forthis dissertation
3.1 Research Problem

Investorsencounter difficulties in findindorwardlooking approaches to assess and compare

corporateperformance in addressing climate transition risks with methods and indicators that are
reliable and decisicnseful. Such methods should possess the qualities of being transparent,
consistent, broadly applicable across sectors, and easily replicable to facilitate continuous

monitoring.

Corporateemissions reductiotargets can be useful to understand how companies project their
future performanceHowever, omparing theambition and progresf all types of climate

mitigation targetsbetween different companies faces challenges due to their varying target
parameters. Existing methods and indicaterRP SDULQJ WKH DPELWLRQ DQG SUR
targetsexhibit similar gaps by constraining their assessments to companies with similar targets or
parameters, restrictintheir applicabiliy to limited sectors, and lack comparability between
disclosed targets from companiéthese gaps limit a broad applicability across sectors

contravene$o a comprehensive understanding of disclosed targets by companies

Giventhe FUHGLELOLW\ FRQFHUQV VXUURXQGLQJ FRPSDQLHVY W
understanding why some companies progress more towards their thegetsthersvould help

improve assessment of their reliabilitifurthermore,understanding how inconsistencies in
voluntary carbon data reporting relates to companies with targets and affect the assessment of the

ambition and progress could contribute to improve assessment of their reliability.

To address these challenges, this research aims to ansvalotlveng general research question:
How can the ambition and progressamfrporate climate mitigation targebe® compared across
sectors to generate a comprehensive evaluation of their discloseddadggtable bettanformed

invesmentdecisions?
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3.2 Research Objectives

The general objective of this dissertation is Bevelop methodologies and indicators to
compare the ambition and progress of corporate climate mitigation targets across sectors to
generate a comprehensive evaluation of their disclosed targets to enable beitgormed
investment decisioamaking. More specificallythisgenerabbjectiveaddresssthreemaintopics

of interestenabling theevaluaion of corporate climate mitigation targets:

X How can theambition and progressof corporate climate mitigation targets with different
parameters beomparedto each otheandevaluated?
x How canthereliability of corporate climate mitigation targdisevaluated resulting to:
o Whatare the key determinant$ corporate climate mitigation targets progress?
o0 How does the reliability of corporate carbon degiate to companies wittlimate
mitigation target and their assessmeént

To addresshe general objective and the research questsongbjectives have been identified and

groupedaccording tadhe threamain topicsof interest

X Ambition of corporate climate mitigation targets:
o Objective 1: Develop a harmonization processmparing corporate climate
mitigation targeambition
o Objective 2:Establish absolute and intensity sectoral benchmarks based on climate
mitigation targets.
x Progressof corporate climate mitigation targets:
o Objective 3:Develop an indicatocomparingcorporate climate mitigation targets
progress.
o Objective 4Determine the key determinants of corporate climate mitigation targets
progress.
X Reliability of corporate climate mitigation targets
o Objective 5:Develop indces allowing to measure inconsistenci@s voluntary
corporate carbodisclosures.
o Objective 6:Assess thanplications ofcurrentinconsisteniesin corporate carbon

datadisclosure®n corporate climate mitigation target
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3.3 General Methodology

Figure3.1 presents general overview of the methodology applied to address the objectives of this
dissertation Responses to the six objectives ledthe writing of three scientific articleseach

focusing onone main topic with two objective$hesearticles used voluntary corporate climate

related disclosuresvith theinput datapresented in Sectia® 3.1 Sections3.3.2 3.3.3 and3.3.4
EULHIO\ LQOWURGXFH HDFK PDLQ WRSLF IROORZHG E\ DQ RY
methodologyThe results, as shown kigure3.1 under jevel of analysi§were either at the global

level (all sectas), by sector, or by countryThe cktailed methodolog, along with the
corresponding resuiand discussionsreelaboratedn the succeeding three chaptethapter7

provides he G LV V H Ud¥riemnl diRdQsEigrnncluding general outcomesverall contribution,

futureresearch, limitationgandrecommendations.
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General objective: Develop methodologies and indicators to compare the ambition and progress of corporate climate mitigation

targets across sectors to generate a comprehensive evaluation of their disclosed targets to enable better-informed investment
decision-making

1 [} 1
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Figure3.1: Flowchart of the generahethodologyperresearclobjectives and articles
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3.3.1 Data Sourceand Selection

To generate a comprehensive evaluation of disclosed targets across sectors, Swethirke
articles use voluntary carbon disclosures from the CDP climate change questiasiaipes data.
specificallydrawing on theCorporate Response D#l@atasetseeCDP, 2023, which contains

targetrelated information disclosed by companies.

The CDP which collects data on behalf of investors and suppliers through questionmsities
largest datbaseof voluntary corporate carbon disclosu(Bsisch, Johnson, et al., 2022; Ott et al.,
2017; Zhang & Liu, 2020)This was a key criterion in selecting this datse Additionally, the
questionnaire format resalin a highly structured and standardised daté3epoers & Jeanjean,
2016; Zhang & Liu, 2020Q)covering avide range of information disclosed by companies across
sectors and countriesiaking it the most extensive daéof its kind (Busch, Johnson, et al., 2022;
Ott et al., 2017)

The CDP dataset generallyregarded as igeliable source of corporate climatdated information
(GarciaVega et al., 2023; Stanny, 2018hd is frequently used by investors and academic
researcher@Busch, Johnson, et al., 2022; Callery & Perkins, 2021; Zhang & Liu, 2d2@)ever,
theremaybe potential inaccuracies the information submitted by compasjas theu ERUSRUDWH
5HV SR Q Vishdtladé&rted by the COBusch, Johnson, et al., 2022; Callery & Perkins, 2021,

CDP, 2023; Depoers & Jeanjean, 2016; Gavtega et al., 2023)This necessitatedata cleaning

steps which are outlinedn Figure3.1 XQGHU pu'DWD S bnd &fleRt&dHN/theL.resalfs of

the third articlgsee Sectio3.3.4.

3.3.2 Ambition of Corporate Climate Mitigation Targets

The first article, provided in Chapter, 4ombines objectives 1 and Phe main interest was to
comparethe targeambition of companies witldifferent types of targetswith thatof theirpeers

in order toprovide insightsfor investorsusing strategies such hsstin-classand engagement

The first objective consistaaf developinga uniform and coherent analysis structure to harmonize
corporate targets, followed by tmeeasurementof sectoralambitions based on selfieclared
corporate targets. The lattercludes the development of absolute GHGsectoral benchmayk
economic intensitysectoral benchmarkger revenue and per enterprisdue), and physical
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intensity benchmark(per activity measure for homogeneous sectors). The end results (level of
analysisn Figure3.1) are at the sectoral level, but also given at the global level.

3.3.2.10Dbjective 1: Develop a harmonization processomparing corporate

climate mitigation target ambition.

This objective proposes a consistent harmonization process to ensure comparability between
FRPSDQLHVY WDUJHWYV Z| YWikwitgLa ctidat gnefysis EhtOdehtifiéd the/
limitations in existing approacheBhis harmonization process unifigge parameters aérgets to

a same scope of emissiotimjeframe and target metricThe choice of parametepsirtly depends

on the target data used, in this ciieen the 2018 CDP climate change questionrair®bjective

2. This results to targets being harmoniedcopes 1 and 2 emissions, a common reference year
of 2017 common target years (2020, 2025, and 2030y to the unit of the cosponding
benchmark. For example, the unit for the absolute GHG emissions benchmark®@saslIh this
context, &solute targets requimeo transformation, while intensity targets were transformed into

absolute targets.

3.3.2.20Dbjective 2: Establish absolute and intensity sectoral benchmarks based

on climate mitigation targets.

Objective 2 includegour main steps: 1ylata preprocessing of targets, sBctoral benchmarks
calculation 3) sensitivity analysis}) target progress analysi3ata preprocessirgnsured allarget

data were complete and accurdtased orthe harmonization choice&HG emissior and target
datarequiredwereextracted from the 2018 CDP climate change questiorsaimdfinancial data

from Bloomberg Targets with missing or inaccurate data, identified through developed criteria,

were excluded.

The harmonization process was appliedaiculatehe absolute and intensity sectoral benchmarks
The methodologicalsubstepsvaried depending on whether theectoral benchmarks were in
absolute or intensity metricsjith the latter requiring additional ste@Sensitivity analysis was
performedfor theseadditional stepsfocusing on thenethod used to estimate the activity measure

value.

Another sensitivity analysis for all sectoral benchmdoksised on targets being achieved by the
common base yeafo understandhese achievementsompanie§ S U RibWardg their targets
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wasanalysedy categorizing their performancetheé common base year atie start year of their
target, which can differ from the target base y@ae categoriemcludethree casethat do not
assumea linear reduction trajectory for targefy target already achieved, 2) absolute emissions

reduced since the target base year, 3) absolute emissions increased since the target base year.
3.3.3 Progress ofCorporate Climate Mitigation Targets

The analysis ofcorporatetarget progresn the firstarticle has ledto further questioningas
indicated by theéblack arrow to Objective 3in Figure3.1. In the second articl€Chapter %, the
main interestwas in understanding why some companies have a betteogresstoward their
targetsthan otherswith the target ambition (first main topi©jecomingone of the potential
reasonsAcknowledgingwhat makes a corporate target successful ocawtl provide investors
with insights intaheirreliability (more likely to be attained) amdlevantE SGfactors toconsider

in theirassessment.

Beforehand, an indicatdo compare target progress with that of theirpeers was developed
(Objective 3). For the target progress, the end results (level of anali/igire3.1) areprovided

at the global level in Chapter 5 aadhe sectoral and country levels in AppendiAR.explanatory
analysis waperformed to identify the determinants (significant explanatory variables) that explain
the variability in the target progress of companies (dependant varidbkegnd results fothis
fourth objectiveare only available at the global leyak the regions and sectors were part of the

determinants assessed

3.3.3.10bjective 3: Develop an indicator comparing the corporate climate

mitigation targets progress.

Following a critical analysis of existing target progress indicatdrs, groposed indicator
overcomes issues identifiet) lack of differentiation between categorical variable resgajtsack

of time perspectiveand 3)high variability intarges progression near the base y¢axtreme
values) To address these issues, the proposed indicator is a continuous ydralrided by
construction while still maintaining interpretabilitend considers the remaining time left to

achieve a target.

The proposed indicator penalizes more severely as the target year approaches, while rewarding

earlierthanexpected reductions. In the case of Objective 4, this indicator assumes a linear
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reduction trajectory between the base year and target year (constant reduction rate); however,

simple adaptation allows for ndimear reduction trajectory.

Objective 3 includes two other main steps: 1) data preprocessing of targets, 2) calculation of the
target progress results with the proposed indic&lata preprocessing is similar to Objective 2,
except it uses data from the 2020 CDP climate change questionnaires and applies stricter data
accuracy criterions. To increase comparability between progress results and determinaatd analy

in Objective 4, the calculation step involves harmonizing targets to absolute scope 1 and 2 targets,

following theprocesgpreviouslydevelopedn Objective 1

3.3.3.20bjective 4: Determine the key determinants of corporate climate

mitigation targets progress.

Objective 4 includes three main steps: 1) data preprocessing of determinants, 2) determinant
selection model, 3) robustness analydike explanatory analysis includes 120 determinants
(explanatory variables), sourced from each section of the CDP questionnaire, ensuring that
determinants analyzed in previous studies are included, as long as they are incthd€cDR
guestionnaire.These determinants were grouped irltb categories.e., target parameters,
emissions reporting and other targets, governazar®on price, risks and opportunities, strategy,
engagement, verification, and additional reporting elsewhere, sector, and Eagimg the data
preprocessing step for the explanatory variables, correspondingstarget excludedif the

necessary dataere incomplete.

The determinant selection model usedais ordinary least squares (OLS) regression \aith
backward stepwise selectioconsidering a walue of 0.05 as the significance threshdld test
the robustness of the resyltwo additional modelsveretested 1) least absolute shrinkage and
selection operator (LASSQilifferent variable selection methoidr regressioj) and 2) random
forest regressdnontlinear model)In addition, aootstragresampling techniqyevas appliecn

the mainmodel and the two additional models.
3.3.4 Reliability of Corporate Carbon Disclosure

The results from the data preprocessing steps of objectives 1 emsed concerns abothe
consistency of voluntary corporate carbon datdi¢ated by theblack arrow to Objective 5in

Figure3.1). An important number of targets were disregariech the two previous articledue
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to dataquality criteriondevelopedn earlierobjectives Hence, the main interastthe third article

(Chapter 6)wasto measurethe extent ofinconsistenciesin voluntary corporate carbon data
(Objective 5)to better understantheir impacts, using targembition (first main topic) and the

target progress (second main topic) indicators to exemplify their potential consequences
(Objective 6). S FNQRZOHGJLQJ WKHVH LPSDFWV DQGinvestbBY | EHKELC
awarenessf data reliabilityas well agnform their assessmerRQ WKH FUHGLELOLW\ RI
targets The end results are provided at the global level in Chapter 6, where the sectoral and country

levels are available in Appendix B.

3.3.4.10bjective 5: Develop indices allowing to measure inconsistencies in

voluntary corporate carbon disclosures

Objective 5 is composed of two main steps: 1) data preprocessing, 2) inconsistency indices
calculation First, data preprocessimgvolves identifying relevantparts of the 2020 CDP investor
climate changeguestionnaire fothe inconsistency analysiBhis corresponds tmstances whera
companyaggregatedotal emissiongre compared tthe total sum oémissions disaggregated by

a breakdown per activity (e.g., GHG or countmgsulting in 18 comparisons betwesponses
reported by a compantp two different questionsSecond comparisons for a comparwyere

excluded when one (or both) of the responses were missing.
Themeasuref inconsistencgonsistf three components

X inconsistency indicatoassessingifference betweetwo data points compared

x frequency inconsistencyndex: share RI FRPSDQ\YfV GLVFORVXUH ZLWEK
considering the number of comparisons with sufficient information to be assessed

X presence inconsistengydex: when a company has reported inconsistencies for at least one
of the datgpointscompared

Over or understated aggregated emissions were identified for each comparison and company, with
respect to different tolerance leveliese measures differ fro@arciaVega et al(2023)study

E\ FRQVLGHULQJ GLIITHUHQW WROHUDQFH OHYHOV DFNQR2ZC
reported data by a company may be acceptable depending on the stakeholders and their use of the

data.
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3.3.4.20bjective 6: Assess the implications of current inconsistencies in
corporate carbon data disclosures on corporate climate mitigation

targets

7R HYDOXDWH WKH UHOLDELOLW\ RI FXUUHQW FRPSDQLHVT
corporate carbon data disclosures, two evaluations are propmshdassessed with statistical

analysis:

1) Evaluation ofwhether companies with targets asignificantly more consistent than
companiesvithout targets, using results from Objective 5. Companies with targets were
divided in groups to teshreehypotheses, such as companies with approved SBTi targets
versusthosewithout targets.

2) Evaluation of whethewariatiors generated by inconsistencisgnificantly impactthe
assessment of the ambition and progress of corporate tatgetggh two scenarios using

a minmax approach.

Unlike the first partthe second part requiréso additional stepslt) data preprocessingnd?2)
calculation oftwo scenarios fothe ambition and progress of corporate tardessa preprocessing
involve absolutescope 1 and/or 2 targetsxcluding thosevith incomplete information to assess

the variations in target indicators

The minmax approach impliethat scenario 1 used the maximum value for parameter 1 and the
minimum for parameter 2, hile scenario 2 usethe oppositeFor instance,hte calculation of
targes ambition includeshe inconsistencies reported in the base year emissions (parameter 1) and
the calculation of théarget year emissior(parameter 2)following process of Objective. Zhe
calculation oftarges progressasdevelopedn Objective 4 considersnconsistencies in base year

emissions (parameter 1) areporting year emissions (parameter 2).

The statistical test used for the first evaluatiotheMannWhitney U testsincetwo independent

groups are being comparéelg., companies with approved SBTi targetscasnpanieswvithout

targets). The second evaluation suffee Wilcoxon-SignedRank test, as scenarios for a target
indicator LQFOXGH WKH VDPH VHW RI FRPSDQLHVY WDUJHWYV GHS
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4.1 Abstract

As climate change becomes firmly acknowledged as a financial risk, shareholders must consider
corporate GHG performance to inform responsible investment decisions. To mitigate future
climate risks, prospective benchmarks based on corporate climate mitigatigets are
increasingly demanded by shareholders. However, existing benchmarks often lack sufficient
sectoral coverage or fail to appropriately harmonize target metrics, scope, and corresponding
timeframes. A harmonization process was developed whimlvsathe calculation of sectéevel
prospective GHG benchmarks in terms of absolute or intensity GHG metrics. This process was
applied to harmonize scope 1 and 2 emission targets of 1,697 companies reporting in 2018 CDP
guestionnaires across 13 sectastg 2017 as the common reference year. Results indicate the
importance of using a sectoral approach and applying a common reference year to avoid
considering reductions occurring before the target was launched due to company choice of target
reference yeaIn 2030, the lowest and highest median reduction rates value%arand-36%

for fossil fuels and power generation sectors respectively. The findings obtained strongly suggest
targeted percentage of reductions should not be the only metric conswdeeedcomparing
corporate climate mitigation targets amongst peers. Target progress when the target was announced
and at a common reference year was found to be an important metric to assess potential
greenwashing or poor ambition. In 14% of cases, tamgets already achieved when company

launched them.
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4.2 Manuscript
4.2.1 Introduction

Climate change is increasingly recognized asnancial risk by practitioners and academics
(Battiston et al., 2017; Carney, 2015; Dietz et al., 20 @)t anticipated and correctly accounted

for, climate risks may become systemic risks and cause financial instability across global markets
(Bolton et al., 2020; Dafermos et al., 2018; Saha & Viney, 2020)

Climaterelated financial risks come from two main sources: physisks and transition risks
(Campiglio et al., 2018; Giuzio et al., 2019; TCFD, 201Physical risksnvolve climate induced
weather events causing damage to physical assets, natural,capd&r human capital
(Monasterolo et al., 2017)These events may have significant financial impacts to countries
(Hsiang et al., 2017; Kompas et al., 2018; Nordhaus, 2@bR)paniegBernstein et al., 2019;
Dessaint & Matray, 2017; Goldstein et al., 2019; Pankratz et al., 28id®XxitizengHasegawa et

al., 2016; McMichael et al., 2006; Vicedtabrera et al., 2021)

To mitigate the financial impacts associated with physical clinmateced events, @ansition to a
low carbon economy igequired(Campiglio et al., 2018 However, this process presents another
set of financial risks and uncertainties i.e., transition (slaasterolo et al., 2017; TCFD, 201/a)
stemming frontlimatemitigation policiegsuch as carbon pricingechndogy obsolescencend
changes itonsumepreferencgFeyen et al., 2020; Semieniuk et al., 2020)

Climate policies have grown rapidiy numberthroughout the globe, passing from 72 in 1997 to
1,500 in 201§Nachmany & Setzer, 2018\dditionally, the ambition and effectiveness of such
policiesare expected to increase carbon constraints on both the consumption and production sides
(Erickson et al., 2018)urthermore, carbon prices are expected to increase from a median value
of USD$ 10/tCO2e in 202Q0Norld Bank, 2020}0 a minimum value ofJSD$ 50-100/tCO2€for
atwo-degree pathwalpy 2030(Stiglitz et al., 2017)up to an average price bfSD$ 179/tCO2e

for a 1.5 degree pathwdny 2030(Rogelj et al., 2018)

Shareholders increasingly demaiadward-looking approaches anddustry data to effectively
assess climate transition risgdonnin, 2018; NGFS, 2019, 202 orporateGHG benchmarks
have previouslyfocused on current or historical performancoghich is insufficient for assessing
future risks(Byrd et al., 2013; Sueyoshi & Wang, 2014; Van Atten et al., 2021; Wiedmann et al.,
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2009; Y. Yu et al., 2016However prospectivdbenchmarkbased ororporateGHG performance
are useful to mitigate climate financial risk€limate Action 100+, 2019; TCFD, 2021bnd
facilitate responsible investment stratedi@asch et al., 2011)ndeed Boiral et al.(2012 found
a significant positive link between corporate climate mitigation targets, corporate GHG

performance, and financiperformance.

Corporate climate mitigation targets are commonly expressed as a percentage reduction of GHG
emissions within a stated emission scopetween a base year (BY) and target year (TY).
Corporate climate mitigation targets can be reported as absolute or intensity targets (relative to a
measure of activity or economic valB®ahlmann et al., 2019; Herzog et al., 2006; Kolk & Pinkse,
2004) Corporateclimate mitigatiortarges and future corporaté HG performance are difficult to
compare across organizatiowithout harmonization of scopgetarget metris, and timeframes
(Institut Louis Bachelier, 2020)

Existing studies on corporatimate mitigationtarges have focused on target determinants
(Dahlmann et al., 2019; loannou et al., 2016; Yin et al., 2@4rQetsettingapproachegBjorn et

al., 2021; Krabbe et al., 2015; Randers, 20H2d more recently, scienbased target§Giesekam

et al., 2021a; Kuo & Chang, 2020ther studies have done specific sector and country prospective
GHG benchmarksased oncorporateclimate mitigationtargets For exampleGouldson and
Sullivan, 2013scrutinized targets from supermarkets in the UK, wBildlivan and Gouldson,

2016 compared targets from US and UK companies in the retail sésitesekam et a2018
examined targets from the UK construction sector, winlenink et al.(2018 focused on the
mining sector in South Africa. These type of studies are limited in the broadness of firms included
(D. D. Wang & Sueyoshi, 2018)

ProspectiveGHG benchmarks based awrporateclimate mitigation argets including different
sectors and a broad number of firms, have been previously devéDipéd Bienkowska, et al.,
2021; D. Wang, 2017; D. D. Wang & Sueyoshi, 20M8ang (2017 and Wang and Sueyoshi
(2018 usedtargeted percentage reductions without passing by abgat@emissios. Absolute

GHG metrics are expressed as the total amount of carbon equivalent emissions and are useful to

1 Scope 1 represent direct GHG emissiofithe corporatiofWRI & WBCSD, 2004) Scope 2 is GHG emissions generated from
purchased electricity which could be reported as locdiased regional grid-average emission factor data) or mateased
(specific emission factors from contractual agreem@igI, 2015) Scope 3 is all the remaining value chain GHG emisgiGhKS
Protocol, 2011)
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ensure respect of the global carbon equivalent bu@id@ifmann & Busch, 2008)However,
misleading variations may occur due to a simple decrease in activity, or events such as mergers
and acquisitions; both of which tend to influence intensity metricgteftmann & Busch, 2008)

Wang (2017 compared 989 companies from Europe and United Stateso¥ %#ich reported

targets, and compared targeted percentage reductions between BY and TY, as previously done by
loannou et al(2016. Wang and Sueyosii2018 analysedl495 companies, of which 26.5% did

not have a target, and took differences in timeframe into account by comparing annualized targeted
reductions None ofthesetwo studies harmonized the target timefrarbgausing a common BY

and TY, the target metrics, and the scopeported absolute and intensity reduction targets are
directly comparedD. Wang, 2017; D. D. Wang & Sueyoshi, 201&Jen when a percentage
reduction in emission intensity generally translates to a different percentage reduction in absolute
emissions. Accordingly, harmonizing the target to an equivalent unit is essential when using
reduction targets tassess climate change risks. Reported targets with a different scope are also
directly compared(D. Wang, 2017; D. D. Wang & Sueyoshi, 2018)he target can be
incomparable when they do not have the same scope co@aget al., 2022unless they are

harmonizedn this regardInstitut Louis Bachelier, 2020)

Building on themethodology oDietz et al. (2018, the Transition Pathway Initiative (TPhas
harmonized targegimeframedy calculating an annualized reduction rate using 231%€common

BY for projections to 2030 and 20%Dietz, Bienkowska, et al., 202&hd the target scofPietz,
Gardiner, Hastreiter, et al., 2021)a target does not cover the same scope as the benchmark, the
remaining emissions (not covered by the target scopedssuemed to be constant (Dietz et al.,
2021b) However, TPI onlyprovidedphysicalGHG intensity metricsi.e.absoluteGHG emissions
divided by a unit of production (e.g. kWh, ton of steel, etdhjch can only by applied to
homogeneous sectofi€oellner et al., 2005)As of 2021, 401 companies have been analysed by
TPI, of which 66% repoetd quantitativeclimate mitigationtarges (Dietz, Bienkowska, et al.,
2021)

Another metric often useds economicGHG intensity (Institut Louis Bachelier, 2020; TCFD,
2021b) Economic intensity metrics include absol@G emissions divided by a financial
measuréHoffmann & Busch, 2008; P. Yu et al., 2018j the time of writing, no studies developed
economic GHG intensity benchmarks based on reported corporate climate mitigation targets.

Intensity targets pursue performance improvements which do not necessarily lead to substantial
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reductions in absolute emissiof@@ahlmann et al., 2019jhe mostcommonly usedfinancial
measuresire marketapitalization revenueand enterprise valu@homa et al., 2018 Revenue
and enterprise value are recommendedNiegZero Asset Owner Allianc€2020. Economic
intensity metris can be applied to highly diversified sectddowever, they are highly susceptible
to the price volatility associated with the denominator ug@thoma et al., 2018)in contrast,
physical intensity metrics are recommended for homogenous séktmener et al., 2005)o

avoid the influence aéconomigorice volatility (TCFD, 2021b)

Previous studies either show a gaphair sectoal coverage (only considering a single sector or
homogeneous sectors) or do not sufficiently harmonize scopes, timeframes, and target metrics.
Accordingly, the main objective of this study is to establish absolute and intensity benchmarks with
harmonized squmes, target metrics and timeframes based on self declared corplimsdée
mitigation targets ie., absoluteGHG emission, economiGHG intensity (per revenue and per
enterprisevalue), and physicaGHG intensity targets (per activity measure for homogeise
sectors)Once comparability is enabled through harmonized mesase targets may already be
achieved at the chosen common BY. To better assess these, further analysis is needed regarding
target progress and achievemeftcordingly, he second objective of this study is to assess
FRPSDQLHVY SURJUFHGXedWhOAIRGES V WKHLU

4.2.2 Methodology

Sectorspecific kenchmarks are calculatémt 2020, 2025 and 203The main displayed statistical
metrics are thdirst quartile (Q1) and medianwhich help determine if aompanyis targeting
emission reductions greater théb?o or 50% ofheir peersTarget progress assessed at different
pointsin timeby calculating whethdaarges are alreadgichievedabsolute emissions have reduced

since the compangpecified base year, or if those emissions have increased.
4.2.2.1Benchmark Development

The methodological process to develop absolute and intensity GHG benclooasksts of
multiple stepsas presented ifigure4.1 and explained in the following subsections. Note that
Steps 4b and 4c are only needed to adjust intensity benchmarks when the unit of reduction target
is not the same as the intensity benchmark metric. Sensitivity analysis is describectiam

4.2.2.8 Fictious examples are provided in supplementary information.



59

1 — Harmanization of scopes,
target metrics, and timeframes

¥

2 — Data preprocessing of
emission target disclosure

Y

Only for intensity benchmark if
the target unit is not the same
as the intensity benchmark

3 — Calculation of emissions in
target year

Y

4b - Linear extrapolation of the
—+—® activity measure value until the
target year

da- Linear interpolation until the
target year

¥ ¥

5 —MNormalization of emission

T dc - Intensity calculation
targets to a common base year

¥ e e e !

Sectoral benchmark

Figure4.1: Flowchart of the methodological process to determine absolute and intensity GHG
benchmarks.

4.2.2.2Harmonization of Scopes, Target Metrics and Timeframes

Harmonization is required to allow target comparisons as previously discussed. As such, step 1

involves harmonization of choices regarding scope of emissions, reference year, and target metrics.

This studyonly harmonized target on scope 1 and 2 exdduded scope 3. As shown Kilaal3en

and Stoll(2021), reported scope 3 emissicias most organizationare ofterfound to be either too
incomplete or inonsistent. In additiomostcompanies only report scope 1 and 2 emissions. When
the reported scope 2 markesed emissions were available, they have been used over scope 2

locationbased data.

The compamspecified base year significantly vary from one organization to another, rdragimg

1990 to 2018lIn this study, 2017 is selectedthe common BY acrosall organizations for two
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reasonskirst, 2017 is the latest year available in the dataset. Second, 2017 is the year with the most
data available. Indeed, 98.8% of companies have data available for 2017, compared to 95% for
2016. The presentedharmonizationprocedure can also be applied to more recent and future

datasetsnd to different target scopes.

Targetswere harmonizetb the same unit as the benchmark by transforming intensity samget
absolute targstor the opposite depending on the benchmark unit. The followinganeidefined
for each benchmarkCO2e for absolute GHG emissions, tCO2e per million US dollars of revenue

and enterpris@alue for economic intensity, and tCO2e per activity measure for physical intensity.
4.2.2.3Data Preprocessing of Emission Target Disclosure

Step 2 consists of ensuring target data completeness and acclmbiy 4.1 identifies the
completeness of company data required and corresponding data sources for each beResbmark.
two main sourcesf company GHG emissions data and intensity metrics usedaher@arbon
Disclosure Project (CDP) and BloombéRBjoomberg L.P., 2020; CDP, 2018)he data identified

in Table 4.1: Input data required to derive sectorial benchmarvksre extracted from the

corresponding sources and compiled into a consolidated dataset.

To ensurerobustnessany data entry that is incomplete or judged to be unsuitable has been
removed.The unit or classifiersadopted in this study are identifi@ brackes in Table 4.1.
Reported targets that do not adhere to the specified unit or classifier type are considered unsuitable
and excluded from the benchmark of concern. For example, targets reported with the status
MH[SLUHGY DUH XQVXLWDEOH DQG WKXV H[FOXGHG

Some company data required for this study are subject to harmonization choices such as scope
covered and 2017 emission¥he presented procedure can also be applied to different

harmonization choices leading to different company data required.
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Table4.1: Input data required to derive sectorial benchmarks.

%HQFKPDU
type

Data type

Company data required (unit or
classifier)

Sources

All

Target

BY (year)

TY (year)

Target scope (scope 1, scope
locationbased, scope 2market
based, scope 1 & 2 locatidrased, of
scope 1 & 2 markebased)

Target status (underway or new)
Targeted reduction from BY (%)
Scope covered (%)

BY emissions covered by targ
(tCO2e)

2018 CDP

GHG emissions

BY emissions for scope 1 (tCO2e)
BY emissions for scope 2 markg
based or locatichased (tCO2e)

2010- 2018 CDP

2017 emissions for scope 1 (tCO2¢
2017 emissions for scope 2 mark
based or locatichased (tCO2e)

2017-2018 CDP

Sector

&'31V $FWLYLW\ &OD\

2018 CDP

Absolute
emission

GHG

Target

Corresponding absolute emissig
change for intensity targets (%)

2018 CDP

Economic GHG

intensity

Target

Corresponding absolute emissid
change for intensity targets (%)

2018 CDP

Economical

CompanyTicker (Ticker value)

2018 CDP

Up to 1990 to 2019 revenues ($M |
current 2019 value)

Bloomberg

Up to 1990 to 2019 enterprise val
($M US current 2019 value)

Bloomberg

Physical GHG

intensity

Target

Activity metric of intensity targe
(homogeneous  sectoral activ
measure unit)

2018 CDP

Physical

Up to 1990 to 2017 activity valug
(homogeneous  sectoral activ

measure unit)

2010- 2018 CDP

The nextpart of Step 2 involves evaluating data consistency for each company across years, target

type, and between data sources. Because multiple inconsistencies were found in the reported data,

targetshave been disregarded tifiey did not meet the following conditians

1. The reported period given for tiBey and 2017mustcover a fullyear.
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2. The sum of scope 1 and 2 emissions for the BY and the sum of scope 1 and 2 emissions for
2017 (common BY) must be above zero (entries of zero annual emissiorasa@meed to

be errors).

3. The BY emissions reported must be withir26%% of the adjusted value with the percentage
Rl VFRSH FRYHUHG E\ WKH WDUJHW DQG WKH ILHOG p%DV

guestionnaire.

Finally, whencompanies report multiple targefsr the same TY typically covering different
scopes, onlythe most comprehensiveinclusive target has beemcluded For instance, if a
company reports two targets for the year 2025, one covering scope 1 + 2 and the other only covering

scope 2, only the former was included.
4.2.2.4Calculation of Emissions in Target Year

Step 3 calculates the TY emissions as expressdehiration 4.1 where the part in brackets
calculates the reduced emissions relative to the B8.%H *Ll/f‘correspond to thealue found in

thefield t% DVH \HDU HPLVVLR Q¥§poR&IM the)CDE ghéstivnbDairdH Bd%ble

4.1). Targetsincludedcover scope 1, scopel@ationbased, scope 2 markieased, scope 1 &
locationbased,or scope 1 & marketbased Note that when a target does not fully cover the
harmonized scope (1 & 2), the uncovered emissions are assumed to remain constant between the
BY and TY, following Dietz et al.(20218.

*ioL *oF 17 44 HT 5%H S, V]
Where:
*1o TY annualemissiors for scope 1 and 2 in tCO2e
*50 BY annualemissions for scope 1 and 2 in tCO2e
) 4])16 targetedpercentage reduction from the BY for given scope covered
" 5% percentage of given scope covered

x| Y

50 BY annual emissions for given scope covered in tCO2e
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4.2.2.5Linear Interpolation until the Target Year

Step 4aestabliskesa reduction trajectorpy calculating the emissions in every year between the
common BY (2017) and TY. Since no information is given by companies for their reduction
trajectory, dinear interpolation is applieas follows:

* . F * N
10 Ya» . . TR
LG F s UFSIE 0 va
Where:

* annualemissiors forscope 1& 2 in tCO2en year y
6; target year
%$; common BY
U given calendar year
* O common BY annual emissions for scope 1 and 2 in tCO2e

The linearinterpolationis only carried out ithe commorBY emissions*., ,, ¢s higher than the

TY emissionsHence jf a companyhas reduced emissions between its comysqegified BY and

the common BY sufficiently to already meet its reduction target, it is assumed tleddstiiate
emissions remain constanntil the TY. The only exception from this assumption is when
companies explicitly report an expected increase in absolute emissions when disclosing an intensity

target.

If a company has multiple targgtars linear interpolations applied from the common BY tihe
first TY, fromthefirst TY to second TY,andsoonQ (TXDWLRQ L e dp | &G
by the first TY and emissions for the first TY, respectively, €his allows emissions reductions

to be calculated and compared for years before the TY.

4.2.2.6Linear Extrapolation of the Activity Measure Value until the Target
Year and Intensity Calculation
Steps 4b and 4c establish intensity values up to the TY via the extrapolation of linear regression

models established from historical datae3ésteps are only necessary for intensity benchmarks

when reported targeth not matchthe homogeneous unit for a given sector. Thdbrsabsolute
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emission targets wheeetivity information such as production or revenue are also known. Step 4b

extrapolates thactivity measurealue for the corresponding intensity type.

Step 4c calculates the emission inteasiby combining the results of Stefa and Steplb as
described irEquation 4.3Note that a negativactivity measurezalue for some yeanmmay occur
from Stepdbif the linear extrapolation based on historical desalts ina negative slope. For such

cases, emission intensisfor those yeararenotincludedbecause the resuta model artefact.

L I [ Vvl
Where:
* 4 annualemission intensity in tCO2e pactivity measure
+ annual activity measunealue in unit of the corresponding benchmark

Forinstances in which intensity targets are reported in the homogeneous unit, Steps 4b and 4c are
HIFOXGHG DQG 6WHSV WKURXJK DSSO\ ZLWK D*XQLW PRGL
tCO2e will become tCO2e per activity measure. Physical activityneasuresor homogeneous

sectors can be MWh for the power generation sector, MJ for the fossil fuels sector, and so on.
4.2.2.7Normalization of Emission Targets to a Common Base Year

Step 5 calculates threlative reduction of GHG emissions normalized to the commor{ZBY7)

as given by Equation 4.4.
B L J gss.Fs VA
Where:

& percentage of normalized reduction
i annual emission®r scope X& 2 in the benchmarkarget metric unit

1 645: annual emissiongor scope 1& 2 for the common BY (2017) in the
benchmarkarget metriaunit

A sectoral benchmark is thetetermined for the 13 sectors reported in the CDP Activity
Classification System by consolidating targets for each company through a statistical

representation (medians,land & quartiles).
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4.2.2.8Sensitivity Analysis

Sensitivity analysis is performed on methodologicipS4a and4b to evaluate the impact of
various assumptions and linear extrapolation techniques on final benchmark results. The first
sensitivity analysis is applied for all benchmark types. The default case assumes that absolute
emissions will stay constant if TY ersisns are already achieved in 2017, unless specified
otherwise by an intensity target. The sensitivity analysis case involves performing a linear
interpolation from the common BY to the Ti¥., the company of concern may have already

achieved the TY emissions in 2017 which would lead to an increase of interpolated values.

The second sensitivity analysis evaluates two linear extrapolation methods and two data exclusion
conditions. The default case applies a linear extrapolation and includes all resulting data regardless
of how well the linear model fits historical data vau&hesensitivity analysis case applies a two

part discontinuous piecewise linear regression model to the data and extrapolates based on the last
linear segment. This method identifies trend reversals that may occur throughout historical data
and bases thextrapolation on the most recent trefitie breakoutyear for each company is
determined by maximizing theoefficient of determination 49 for each modeindependently

Adjusted casesxclude companies that produce 4°value less than 0.4.
4.2.2.9Target Progress

The target progress of companies is assessed from the stanviieaaargetwasannounced)
and 2017 (the common BY) considering three casegsardjet already achieved, 2) absolute

emissions reduced, 3) absolute emissions increased.

4.2.3 Results

4.2.3.1Data Completeness and Accuracy

In total, 2,607 companies reported information in the 2018 CDP questionnaire. Of these, 27% did
not report emission reduction targets, 8% reported targets for scopmmntl, 2emissionand 65%

for scope 1 andr 2 emissions. 1,69¢ompanieseported3,009targets forscope 1 and/or 2.

After data preprocessing (step @ply 44%of scope 1 and/or 2 targetereconsidereccomplete
and accurate.e., 964 companies and 1,325 targetlusions were due tacomplete information

(39%), unsuitable targstatus such as expired targets (33%), targetsaveenlapping scopesnd
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same TY(13%), and data inconsistencies (15%). 36% of data were removed due to inconsistencies
involving contradictory information reported for different questions in the same CDP

questionnaire.

4.2.3.2Final Sample Description

For the 964 companies with useable target data, total revenue and enterprise values6eXceed
trillion and 28.5 trillion USD$, respectivelfscope 1 emissions for 2017 was 2.6 GtCO2e, which
represents 7% of global fossil fuels and industrial emissfdaskson et al., 201.85cope 2
emissions for 2017 was 0.6 GtCOZemissionsin 2017 per sectorand their distribution are
available insupplementarynformation.Among the 964 companies, 34% have their headquarters

in the European region, 26% in the USA, 10% in Japan, and 6% in China. The number of companies
per region or country is available in supplementary informatt@n.the 1,325 targets included,

70% cover at least 95% of their scope 1 and 2 emissions.

Table 4.2presents the number of companies and tatgesector included in the final sampénd
general descriptive statistidsr the target timeframe. The timeframe represents the difference
between compangpecifed BY and TY. The results are separated between targets reported as
absolute or intensity by companiasad include their number by secto®n averagereported
absoluteargestends to have longer timeframes than intensity.

Table 4.3showsthe number of companies included in each benchmark according to sector and
year, which represestthe number of data points included in further resadtall duplicate targets

per yeamhas been excluded (see Sectib2.2.3. Year2017 includes all the companies having an
ongoing target with a TY later than 2Q1vhile other years represent the numbers of companies

included with a target for that year or later.
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Table4.2: Number of companies and targbtssector included in the final sample and descriptive statistics on the target timeframe.
The target timeframes are separategendingon whethecompanies reported them as absolute or intensity targets. No C. represents
the number of companies while No T. is the number of targetsMed, the median.

General Timeframe of target reported as absolute | Timeframe of target reported as intensity

Sector/Metrics Nbr | Nbr |Nbr |Min |Med. |Max |Mean |Std. |Nbr |Min | Med. | Max | Mean | Std.

C. T.
Appatrel 13 14 10 5 8.5 17 9.60 | 4.55 4 2 5 13 6.25 | 4.72
Biotech, health care
& pharma 48 60 39 1 10 40 [11.31] 868 | 21 3 7 18 7.81 | 3.89
Food, beverage &
agriculture 55 71 41 1 12 37 | 14.39| 9.20 30 4 10 25 9.37 | 4.54
Fossil Fuels 23 31 21 4 8 20 | 9.29 | 499 | 10 4 11 38 | 13.50 | 10.00
Hospitality 16 23 8 5 10 39 |14.00] 12.04| 15 3 15 40 | 16.13 | 10.85
Infrastructure 70 100 65 3 10 60 | 14.23]11.59| 35 3 9 43 | 12.00 | 10.39
Manufacturing 316 | 414 | 232 1 11 60 | 14.21] 10.24| 182 1 7 40 8.73 | 5.69
Materials 52 61 25 1 10 45 | 14.00| 11.60| 36 1 145 | 40 16.33 | 11.76
Mineral extraction 13 20 12 3 10 33 | 12.50] 9.32 8 2 10 15 8.50 | 4.07
Power generation 28 44 25 3 15 45 116.96]10.91| 19 1 12 40 | 15.68 | 10.34
Retail 31 51 32 4 10.5 44 | 16.59| 11.17| 19 4 15 8.68 | 3.06
Services 265 | 392 | 272 1 11 45 | 14.63| 10.37| 120 1 34 8.83 | 5.88
Transportation
services 34 44 14 1 12 45 | 14.57|13.44| 30 4 95 | 39 | 11.37 | 8.01
Overall 964 | 1325| 796 1 11 60 | 14.19] 10.32] 529 1 8 43 | 10.16 | 7.50
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Table4.3: Number companies per year and sector included for each bencAinarkcronym Abscorresponds to thabsolute GHG
benchmark, Reuwo theeconomic intensity per revenue, Ef¥the economic intensity per enterprise value, anddthe physical

intensityone

2017 2020 2025 2030
Sector/Benchmark Abs. | Rev.| E.V. | Ph.| Abs. | Rev. | E.V. | Ph.| Abs. | Rev. | E.V. | Ph.| Abs. | Rev. | E.V. | Ph.
Apparel 13|10 90|12 9 |8 |o|la|a|3|0|2]2]|2]o0
grlgfnig health care &| yo | 46 | 42 | 0 | 43| 42 | 39 | 0| 15| 14| 12| 0| 10| 9 | 8 | 0
ngi’gl’murze"erage & 55 | 50 | 48| 0 | 54 | 50|48 | 0| 22| 20| 19| 0| 16| 14|12 0
Fossil Fuels 23| 2323|023 2323|012 12]12]0 0
Hospitality 16| 16| 15| 0| 15| 15| 140 8| 8| 7|0 7 1o
Infrastructure 70 | 65 | 62 | 0 | 65 | 59 | 57 | 0 | 30 | 28 | 28 | 0| 26 | 24 | 24 | 0
Manufacturing 316 | 259 | 251| 0 | 274 | 225|218 | 0 | 117|101 | 97 | 0| 75 | 64 | 62 | ©
Materials 52 | 50 | 46 | 0 | 48 | 46 | 43 | 0 | 24| 22| 20| 0| 16| 16| 12| 0
Mineral extraction 13 13 13 0 10 9 10 0 4 4 4 0 3 3 3 0
Power generation 28 | 27 | 25 | 32| 27 | 26 | 24 | 31| 22 | 21| 19 | 24| 20 | 20 | 17 | 22
Retail 31 | 31|30 |3 |3 |3 |0]17|17]|17|0o| 9| 9|09
Services 265 | 240 | 177| 0 | 243 | 214 | 156 | 0 | 122 108| 81 | 0 | 91 | 81 | 58
l;f\r/‘iigg”a“o” 34 | 31| 20| 0|3 |28|25|0|10| 9| 90| 7|86 6]0
Overall 964 | 861 | 771 | 32 | 876 | 777 | 695 | 31 | 407 | 368 | 328 | 24 | 291 | 264 | 228 | 22
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4.2.3.3Absolute GHG Sectoral Benchmark

The percentage of changer sectoincluding median and Q1 fdrom 2017to 2020, 2025 and

2030 are presented Table4.4. The values displayed show a substantial difference in reduction
between sectors. In 2030, the median values for fossil fuels and power generation se@éfs are
and-36% respectively; a difference of 27 percentage points. Q1 results for 2030 rangesifrom

for apparel t662% for materials; a difference of 48 percentage points. These differences show the
importance of taking a sectoral approach when developing benchmarks based on corporate climate

mitigation targets to guide investment decisions.

Table4.4: AbsoluteGHG benchmarks resultll displayed values are harmonized to cover
scope 1 and 2 emissions and refer to 2017 as common BY

2020 2025 2030
Sector/Metrics Median Q1 Median Q1 Median Q1
Apparel -4% -11% -28% -58% -9% -14%
Biotech, health care &
pharma -3% -16% -18% -30% -27% -36%
Food, beverage &
agriculture -6% -15% -16% -24% -21% -33%
Fossil Fuels -4% -12% -4% -13% -9% -19%
Hospitality -4% -8% -12% -14% -21% -27%
Infrastructure -6% -13% -16% -23% -29% -37%
Manufacturing -5% -15% -15% -23% -27% -35%
Materials -5% -23% -12% -26% -29% -62%
Mineral extraction -5% -12% -20% -30% -29% -34%
Power generation -7% -11% -22% -29% -36% -45%
Retail -11% -19% -14% -34% -25% -41%
Services -4% -13% -15% -34% -24% -42%
Transportation services -5% -18% -9% -23% -22% -35%
Overall -5% -15% -15% -26% -25% -39%

Targets with longer timeframes do not necessarily have higher am{itédiery & Kim, 2021)

For the apparel sectdqr examplethe percentage of change for the median and Q1 is higher in
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2025 than in 2030.The targets of this sectaover fourcompanies in 2025 anvo in 203Q
implying a different subs¢SeeTable4.2)
Sensitivity Analysis

Figure4.2 presents the sectoral results for the default and sensitivity analysis cases in 2020, 2025,
and 2030.

166 Default Case 166 , Sensitivity Analysis

75 75

ansj ti
o0d, beverage & agriculture
50 Mineral extraction 50

0 B Hospitality
‘ I Fossil Fuels

25 25

% of change
o

-100 1
2020 2025 2030 2020 2025 2030

Figure4.2: Absolute benchmarks scenario results for default case and the sensitivity analysis.

The default case is@nditional interpolation between the common base year emissions and
target year emissions if the target is already achieved, the emissions are assumed to stay constant

unless an expected increase in absolute emissions is reported by an intensityltarget. T

sensitivity analysis is a linear interpolation between the common base year and the target year
even if the target is already achieved. All displayed values are harmonized to cover scope 1 and 2
emissions and refer to 2017 as common BY. In the boxpletottom of the box represents the

first quartile (Q1), the line is the median while the top of the box is the third quartile (Q3). The

whiskers are at 1.5 times the interquartile range.

The main difference between the two cases is for the third quartile (Q3) and the maximum values
as illustrated irfFigure 2.3When a target is already achieved, the common base year emissions are
lower than the target year emissions resulting in an increase in the sensitivity analysis. While in the
default case, the common base year emissions are assumed to remain condtamtangdt year
(conditional interpolation) which explains the difference between the two castef@3 and

maximum values. Thpercentage of targealready achieved is detailed in the Secdadh 3.6
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The Q1 and the median values of the default case and the sensitivity analysis are similar. Of the 39
observations for Q1 (13 sectors for three years), Q1 values are the same in 34 cases. The same
number of differences occur for the medidhe average annualized difference between the two
cases is 0.32% for the median and 0.2% for Q1.

4.2.3.4Economic Intensity Sectoral Benchmarks

Economic intensity benchmarks have been calculated with respect to revenue and eutdugrise
The percentage of changer sectoincluding median and Q1 from 2017 to 2020, 2025 and 2030
are presented imable 4.5Since financial information was not available for all companies in the
final sample (964), the revendrased intensity benchmark builds on 868 companies, while
enterprise valupased intensity benchmark builds on 771 companies. The number of companies

included in each sector and year is ayddan Table 4.2

From the results displayedTrable 4.5 2030 median values for the revenue benchmark range from
-12% for apparel te67% for power generation; a difference of 55%. Q1 value varies 26

for apparel ta73% for materials; a difference of 47%. For the enterprise value benchmark, median
values vary from-1% for apparel t663% for mineral extraction and fror@9% for apparel te

75% for mineral extraction for Q1 value; a difference of 62% and 46% respectively.

Notable differences are occurring between absoitéc emissios and economic intensity
benchmarkslnflation and other economic parameters were assumed to be already considered by
companies in their targets. Perhaps this is not always the case and that can explain some of these
differences. However, differences in sector ranking occur between the tsRkstffor example,

2030 median value for the fossil sector in the revenue benchmasRY%s (sector ranking:"?

position on 13 sectors) while value for theterprise value benchmark-#1% (sector ranking:

11" position on 13 sectors). In the absolGtdG emission benchmark, the fossil fuels sector has a
2030 median value 69% (sector ranking: 3position on 13 sectors). These differences show the
importance of adequately choosing the benchmark type to gpmepriatanvestment decisian
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Table4.5: Economic intensity benchmarkssults All displayed values are harmonized to cover scope 1 and 2 emissions and refer to
2017as common BY

Revenue (tCO2e / $M USD of revenue) Enterprise Value (tCO2e / $M USD of
enterprise value)
2020 2025 2030 2020 2025 2030
Sector/Metrics M. Q1 M. Q1 M. Q1 M. Q1 M. Q1 M. Q1
Apparel -9% | -18% | -40% | -64% | -12% | -26% | -11% | -19% | -44% | -49% | -1% | -29%
Biotech, health care & -18% | -24% | -36% | -48% | -50% | -59% | -11% | -18% | -38% | -53% | -44% | -64%
pharma
Food, beverage & -18% | -31% | -32% | -43% | -41% | -55% | -8% | -20% | -22% | -36% | -37% | -51%
agriculture
Fossil Fuels -36% | -44% | -47% | -56% | -60% | -68% | -20% | -34% | -29% | -40% | -41% | -53%
Hospitality -17% | -22% | -34% | -35% | -44% | -48% | -10% | -17% | -25% | -30% | -35% | -43%
Infrastructure -25% | -33% | -39% | -50% | -55% | -66% | -18% | -29% | -35% | -46% | -43% | -62%
Manufacturing -19% | -31% | -35% | -46% | -52% | -59% | -5% | -23% | -25% | -40% | -44% | -56%
Materials -23% | -38% | -36% | -43% | -50% | -73% | -9% | -28% | -16% | -43% | -45% | -72%
Mineral extraction -26% | -35% | -50% | -57% | -59% | -64% | -32% | -43% | -55% | -68% | -63% | -75%
Power generation -31% | -41% | -53% | -59% | -67% | -73% | -19% | -30% | -26% | -50% | -51% | -65%
Retail -25% | -30% | -38% | -48% | -49% | -61% | -20% | -35% | -46% | -51% | -57% | -60%
Services -18% | -27% | -36% | -50% | -48% | -63% | -14% | -23% | -33% | -47% | -46% | -62%
Transportation services -19% | -33% | -33% | -38% | -48% | -57% | -16% | -36% | -31% | -40% | -45% | -52%
Overall -20% | -31% | -37% | -49% | -50% | -63% | -12% | -26% | -29% | -46% | -45% | -61%
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Sensitivity Analysis

A sensitivity analysis was performed on the financial extrapolation method corresponding to Step
4b (see Sectiod.2.2.7. The results for the default and sensitivity analysis cases are presented in
Figures 4.3 and 4.4 for revenue and enterprise value respectively. The adjusted cases are presented

in supplementary information.
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Figure4.3: Revenuebased intensity benchmarks results for default case and the sensitivity
analysisThe default case is a financial extrapolated values based on a linear regression model
and the sensitivity analysisa financial extrapolated values based on the last segment of a
discontinuous piecewise linear regression modlédisplayed values are harmonized to cover
scope 1 and 2 emissions and refer to 2017 as commomBiYe boxplot, the bottom of the box
represents the first quartile (Q1), the linenis median while the top of the box is the third
guartile (Q3). The whiskers are at 1.5 times the interquartile range.
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Enterprise Value Benchmark: Default Case

Enterprise Value Benchmark: Sensitivity Analysis
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Figure4.4: Enterprise valudased intensity benchmarks results for default case and the
sensitivity analysisThe default case is a financial extrapolated values based on a linear
regression model and the sensitivity analisesfinancial extrapolated values based on the last
segment of a discontinuous piecewise linear regression n#ddeisplayed values are
harmonized to cover scope 1 and 2 emissions and refer to 2017 as comnmorhgYooxplot,
the bottom of the box represents the first quartile (Q1)inkas the median while the top of the
box is the third quartile (Q3). The whiskers are at 1.5 times the interquartile range.

Differences between cases are substantial as indicated by the large difference in data dispersion
displayed in Figures 4.3 and 4’Phe discontinuougpiecewise linear regression captures the last
trendof a company historical financial values whielads to an increased numbeeagfrapolated
financial valuedased on a negatigrowth (negative slope) compared to the default case which
captures the global trend. For the sensitivity analyisesriix of an increasing number of negative
slopes and lower nunmeb of positive slopes leads substantial differenceand an extended

interquartile range as shown in Figsile3and4.4.

Both economicbhenchmarks are very sensitive to the financial extrapolation metisedsSome

sectors are more sensitive than othswsh as infrastructure, mineral extraction, and power
generation which have at least 3% differences perfgeboth statistical metrics (median and Q1)
in both economic benchmarks. For the revenue benchnmerlgvierage annualized difference is

2% for the median and87% for Q1.For the enterprise value benchmdhe averageannualized
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differenceis 3.38%for the median and.24% for Q1.However, the mineral extraction sector is
skewing the average difference results by contributing to a much larger proportion.

4.2.3.5Physical Intensity Sectoral Benchmark

Only the power generation sector had a relevant number of companies (more than 20) reporting
physical intensity benchmarks with consistent physical units (TCO2e/MWh) and represents 25%
of all 2017 emissions from the data in this study. phgsical intensity benchmafkr the pwer
generatiorsectorincludes 19 companies witkportedntensity targetsand 13 companies with 22

absolute targetsonvertedusingproduction data into physical intensity targets.

The percentage of changecluding median and Qftom 2017 t02020, 2025 and 203for all
benchmarks regarding the power generation sex@rpresented ifable 4.6. No substantial
difference occurs between the physical intensity and absolute GHG emission benchmarks.
However, notable differences occur between those two benchmarks and the two economic intensity
benchmarks. Economical intensity benchmarks include fiahgeowth which further diminish

the intensity reduction. Nevertheless, the sector ranking is similar t#jibsition in the absolute

GHG emissions and economic intensity per revenue benchmarks® aodiBon in the economic

intensity per enterprise value.

Table4.6: Benchmark resultir the power generation sectéil displayed values are
harmonized to cover scope 1 and 2 emissions and refer to 2017 as common BY

2020 2025 2030
Sector/Metrics Median Q1 Median Q1 Median Q1
Physical intensity -7% -16% -19% -29% -35% -47%
Absolute GHG emission -T% -11% -22% -29% -36% -45%

Economic intensity (per| -31% -41% -53% -59% -67% -73%
revenue)
Economic intensity (per| -19% -30% -26% -50% -51% -65%
enterprise value)

Sensitivity Analysis

A sensitivity analysis was performed on the extrapolation method corresponding to Step 4b (see

Sectiond.2.2.7). Only the default case and adjusted default case have been applied since there was
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insufficient data to establish a piecewise mottetotal, the default case includes 32 companies
while the adjusted case includes 27 companies. No substantial difference was found to occur
between these two cases. The average annualized diffefegteeserihe two caseare 0.09% for

the median and 0.15% for Q1.

4.2.3.6Target Progress

For the 964 companies, 228adalreadyachievedheir most longtermtarget in 201746% have
reduced their absolute emissions compared to the congpmyfied BY, and32% have increased
them sinceThe median amualizedabsolute emissioreductiors across all sectorlsetween the
reportedBY and 2017 id.76%.Differences betweeR017, the common BY defined in this study,

and the BYreported by companies in the CBR years for the median add36 year®n average.

The progress on climate mitigation targp&s sectoin 2017 are presented iRigure 4.5. Some
sectors have more companies with achieved targets than others as shown in Figure 4.5. The
Hospitality, Fossil Fuels, and Infrastructure sectors have more than 30% of their companies with

achieved targets.

Some progress may be due to the use of offsets by comifatieg have improperly included

them in their absolute emissions reportiddevertheless, 152 of the 964 companies studied
reported purchasing 10.5 MtCO2e of compliance carbon credits or voluntary offsets. The reduced
emissions from all the compaispecifed BY to 2017 represent 302.3 MtCO2e. Another part of

the progress may be due to the use of renewable energy certificates (RECSs) as they are allowed in
the scope 2 markdtased accounting appréa@VRI, 2015) The use of REC is reported by 352
companies studied for a total of 90.7 TWh while the total energy purchased by the 964 companies
studied represents 3,213.6 TWh. However, some companies may have not shared information
about the use of offsets or RECs dhése numbers are potentially underestimated. Nevertheless,
companies with a scope 2 marketsed targets tend to have more ambitious targets than those with

a scope 2 locatiehased targdBjarn, Lloyd, et al., 2022)ndicating that companies with market

based targets generally intend to purchase RECs
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Figure4.5: Target progress in 2017 by percentage of companies per $desoitts presented by
the highest percentage of achieved targets

Depending on theompany choice of target B¥mission reductimmay occurbefore the target

was announced (start yeaAs such, target progress results have been analysed between the
companyspecified BY and the target start year, and are presentadure4.6. In 14% of cases,

targets were already achieved in the year they were announced which indicates a potential lack of
ambition Figure4.6). The fossils fuels sector had 30% of companies with achieved targets in 2017,
while an analysis of target progress at the start year shows that 20% of sector targets were achieved

when launched demonstrating the importance of such analysis.

Differences between the compasgpecified BY and targetart year idneyear for the median and
two years on average. On average, 27%anfet emission reductiamoccurred between the
companyspecifedBY and the target start yeddevertheless, 36% aérgets have the same BY
and start year, meaning thabfiecompanies did not a reductiors caused by their choice of
target BY.
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Figure4.6: Target progress at the start years by percentage of target perRestdts presented
by the highest percentage of achieved targets.

4.2.4 Discussion

4.2.4.1Comparison to Existing Literature

In total, 2,607 reporting companies were assessed in this study, which is a substantial increase
compared to previous studie80 companies fowang (2017, 1495 companies folvang and
Sueyosh(2018, and 401 companies f@ietz et al(2021)). The share of companies not reporting

a climate mitigation target (27%) is consistent with previous studies using earlier CDP
guestionnaires (25 % faang (2017 and 26.5% foWang and Sueyoski2018) or more recent
database, (34% fd@ietz et al.(2021)).

Only 44% of the 3,009 scope 1 and/or 2 targets reported in CDP questionnaires were considered
complete and accurate. Some exclusions suehmssitabletarget status or duplicate entries can

not be avoided. However, 46% of the exclutladetscould have been avoided by more diligent
reporting. Giesekam et al(20213 which studied the sciendsmsed emission reduction targets

(final sample of 133 targets) mentioned an exclusion rate of 21% due to insufficient information

beingavailable Here, the exclusion rate due to incomplete information is 39%. Since both science
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based and nesaciencebased targets were included, remencebased targets may be more prone

to having incomplete information.

Differences intargetedabsolute emission reducti®hetween sectolis 2030were found to range

from -9% to-62% depending on the metricsed(see Sectiod.2.3.3. Dietz et al.(2021), Wang,

(2017, andWang and Sueyost{R018 useda different sectoral classificatiorout substantial
differences in targeted emissioeductiors between sectors also occurred in those studiesg

(2017 used the target percentage reduction without annualizing it between the BY and TY, making
it difficult to compare with ouresults.Wang and Sueyosl{2018 annualized the percentage of
reduction from the BY to the T¥Wut did not present aggregated results at the sector level, instead
focusing on regional differences. Btlow comparisorwith the results ofVang and Sueyoshi
(2018, the resultshere have been annualized and aggregated per region (see Supplementary
Information). The percentage of absolute emission reductions obtaanedjenerally lowethan

that ofWang and Sueyosli2018, eventhoughthe data used in this study is 5 years more recent
and companiesshould be expected to have increased their ambition. For example, the US
annualized average reduction raté\fang and Sueyosk2018 is -3.14% while here is 2.4% for
2020, 2.5% for 2025 and 2.2% for 2030. As explained in the Set20B.§ part of the reduction
occurred before the target start year (14% of targets were already achieved by that time) and
between the target start year and the common BY, which can explain some of the difference with
Wang and Sueyosli{2018 results . Further studies should correct for the reduction occurring
before the target start year which represents 27% of the reductionaiar@etrageNevertheless,

it is interesting to note that amongst developed countries, Canadian Hawesthe lowest
annualized average reduction rate in 206R5706) and 2030-1%), in agreement with the findings

of Wang and Sueyos(i2018.

Dietz et al.(202]) displayed an annual average percentage of emission reductions with a 2019 BY
for their sectoral physical intensibenchmarksThe data used by TPlame fromthe latest version

of FTSE Russel(TPI, 2022) while datafor this study comes from 2018 CDP academic package.
To allow a better comparison, a normalisation with a 2017 BY has been performed ugiRg the
(2021 databasefor power generation companies assessed in 2019 (see Supplementary
Information). The TPl sample included 31 companies while our sample included 32. Median
targeted reductions are identical for TY 2025 and 2030, while TPI finds lower median targeted

reductons for TY 2020 and lower Q1 of targeted reductions for all TY. These differences can be
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explained by the targets included in each sample and the sampling year: TPI covers targets reported
in 2020, while 2018 is covered here. As should be expected, some companies have more ambitious

targets which will decrease Q1 sectoral results.

Regarding progress atlimate mitigationtargets, 22% of companies have achieved their most
long-term target while 46% have reduced from the compapecifed BY, and 32% have
increased This is consistent withNVang (2017 and Kuramochi et al(2021) for the combined

results of achieved and reduced from their BY resultsGiadekam et a(20213 for the achieved

target. HoweverWang (2017 and Kuramochi et al(2021) only defines whethea target is on

trackor not compared to the linear reduction trajectory between tharBIYTY, while Giesekam

et al.(20213 also assess if the target is achiev@dr approach to evaluate the progress in respect

to climate mitigationtargets avoids the linear trajectory assumption while still differentiating
achieved, reduced, or increased compared to the corgpaaifiedBY. Due to their low sample
size,Giesekam et a(2021h did not include a sectoral comparison. Our results show substantial
differencebetweersectors for the target progress rangmugn 15% to 31% for achieved targets,

to 29% to 62% for the one reducing, and 23% to 54% for targets incréasingbsolute emissions
compared to the compaispecified BY(seeFigure4.6). While these achievements are promising

for some sectors, further research is needed to assess whether the targets progression actually
FRUUHVSRQG WR PRUH HPLVVLRQ UddgnisualWaieRtqry \Wshiz@ioRdRIP SD Q L
by Kuramochi et al(2021).

Giesekam et al20213 mentioned some targets were achieved before offi@dl &proval. In

this study, it was examined whether targets were achieved before their start year. Such cases were
found to correspond to 14% of the final sample. This raises questions concerning poor ambition by
companies as also indicated Gyesekam et al20213. However, most of those targets are not
sciencebased and their achievement is primarily due to the choice of the BY. Choosing targets
parameters in such a manean be consideregreenwashingas defined bypelmas and Burbano

(2011, and alsol.yon and Montgomery2015.

4.2.4.2Limitations and Future Research

The main limitations of the present study are the exclusion of scope 3 targets, the data accuracy of

reported information, the assumption of linear reductions for benchmark results and the emissions
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not covered by a target, thggh sensitivity to thextrapolatiormethod useébr economieintensity
targets, and the lack of physical production data in CDP questionnaires for most sectors.

Scope 3 targets were not assessed in this studyssiope 3 emissiorfer companyspecifiedBY

were generally incomplete or inaccurads also found bBusch et al(2020, Klaal3en and Stoll

(2021, andGRAIN and Institute for Agriculture and Trade Poli3018. Blanco et al(2016
assessed scope 3 emissions disclosed®yompanies and found that on averagely 22%
reportedscope 3ralues.n this study, aly 8% of companiewere found talisclose scope 1, 2 and

3 targets.These results are consistent with previous studies that found scope 3 targets are much
less common than targets for direct emissi@wsuldson & Sullivan, 2013; D. Wang, 2017; D. D.
Wang & Sueyoshi, 2018However, scope 3 emissions can make up for over 75% of the total
company emissionfHuang et al., 2009)As such, it is important that more companies disclose

scope 3 targets and BY emissions.

This study is based on reported information from companies which may lack accuracy. One of the
main issues concerns Bdfmissions, which may change over time due to mergers and acquisitions

or changes in company emissions coverage. The third criteria in Sé@i@rBwas designed to

minimize this issue. Additional data accuracy criteria should be developed to prevent such
problems in future studies. In 26% of cases, companies did not report BY emissions corresponding

to their target in thsamequestionnairavhere they report their targg€ompanies should report

WKH VDPH %< XVHG IRU WKHLU WDUJHW LQ WKH p(PLVVLF
QuestionnaireIn our study, 91 companies were excluded due to data mismatch between the
M7DUJHWVY DQG WKH pOHWKRGRORJ\Y VHFWLRQV LQ WKH
VKRXOG XSGDWH WKHLU %< HPLVVLRQV LQ RUGHWJWHRVVYD W F

section of the CDP questionnaires.

Since no information was given on the reduction trajectory of reported targets, a linear reduction
was assumed when developing benchmarks as done in previous studies (seé 2ettpmhe
integration of intermediary targets as done in Step 4a help to diminish consequences of this
assumption. Accordingly, companies should report intermediary targets when they hatezrtong
targets. Ideally, companies should give more informatiorein teduction trajectory to avoid the

need for assuming a linear pathw&ynce no information was provided on emissions not covered

by targets, these emissions were assumed to stay constant oy&lloweng Dietz et al(20211h.
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To reduce uncertainties on benchmarks, companies should report additional information on the
expected trajectory of these emissions.

An important limitation of economic intensity benchmada&velopedin this study is high
sensitivity to theextrapolationmethod usedfor economic valued.e., average annualized
differences ranging from 1.87% to 3.38% were observed depending on the statistical metric and
benchmark(see Sectio.2.3.4. Unfortunately, no relevant studies were found to allow a
comparisonNeverthelessntensitymetricsareoftenused by investor® performportfolio GHG
footprint assessment&xtrapolation methodsisedfor longterm economical values should be
decidedby the investor as different forecasting methods maypreéerredfrom one investor to

another for various reasans

The present study shows the limitations of relying on CDP data for developing benchmarks for
intensitybased reduction targets, given its lack of physical production data and standardized
measureOnly the power generation sector had enough intensity targets with similar physical units
or production data available to surpass 20 compaitesefore, other informatiosourcessuch

as corporate sustainfty reportingshould beusal to complement CDP questionnairefere
possible However, fysical intensijg metrics can only be applied to homogeneous sector
(Koellner et al., 2005)

7KH EHQFKPDUNYVY GHYHORSHG KHUH FDQ EH XVHG WR FRPSD
intentions with those of peers. However, companies do not alanysvetheir targeted emission
reductionsFor example, considering that the materials industry contains "hard to abate" emissions
(e.g., from cement and steel production), it is not a divatthe relatively high abatement ambition

of that sector will be realizedMore advanced models could alleviate this problem by adjusting
projected reductions withn assessment of target progress performance determimaghtpast

target achievemest Furthermore, 21% of the 2,000 biggest companies in the world have
committed to a netero target by 205(Hale et al., 2022)Since most of these neéro targets

were not included in this study, it is important to update the analysis in the upcoming years with a
more recent CDP dataset or with another database

Additional work to this study has been conducted (see Supplementary Information) regarding the

comparison of benchmarks developed here to the Paris Agreement goal and to determine if high
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emitting companies are planning to reduce more in the coming years compared to their peers.

Nevertheless, further work is still needed on these topics.
4.2.4.3Contributions and Recommendations

The present study contributes to the scientific literature on corporate climate mitigation targets.
First, the extent and breadth concerning the number of companies considered has made it the largest
study on the matter, with 2,607 companies being asseSsednd, the methodological approach
allows the harmonization of targets with respect to sdopeframe, and target metrics, to produce

a uniform and coherent analysis structure. A comparison\Wahg and Sueyosli2018 shows

that annualizing reductions from a compapecified BY to the TY can overestimate the
percentage of reduction, as reductions occurring before the target is launched are also integrated.
This reveals the importance of a common BY in the developmkmenchmarks based on
corporateclimate mitigatiortargets. Third, target progress results indicate the relevance of tracking
such indicators at the common BY and a target start year to determine poor ambition or

greenwashing.

Results obtained from the study have produced insights leading to recommendations for
practitioners such as companies, investors, and governments. Companies need to improve the
quality of their GHG emissions and target data reporting. To teagkt ambitiormore accurately

and avoid linear reduction trajectory assumptions, companies should report more intermediary
targets. Investors and governments should pressure companies to do so in order to maximize the

quality and accuracy of analysis results.

For investors, a sectoral perspective should be taken when comparing the ambition of corporate
climate mitigation targetsSectoral results from this study can help investors assess companies
ambition compared to their peers in order to apply aibedfss responsible investment strategy.

These results can also be useful for an engagement and voting responsible investi®giesdby

giving more suitable and achievable targets coming fromibesass peers for lagging companies.
Investors shouldlsotrack target progress through time and engage for more ambitious reductions
once companiesaveachieved their target, sin@2% ofcompanies kat theirtarget activeeven if

they werealready achievedrlo identify poor ambition and greenwashing, investors should also
assess the target progress at the start year, since 14% of companies have achieved their target before

announcing them. These results can also help investors better understand their fooaited
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financial climate risks or to determine their own reduction trajectory based on corgorete
mitigation targets.However, not all companies report a target. For such cases, a precautionary
approach as suggestedigepner and RogefR021) should be taken to estimate the trajectory.

For governments and policymakers, the results can help to better understand how much could be
achieved through corporate climate mitigation targets if realized. However, the reduction resulting
from corporate climate mitigation targets will not be suffiti® respect national mitigation targets
(Kuramochi et al., 2020Nevertheless, understanding where sectors are projecting themselves can
be useful to policymakers to know where more efforts and regulations are reduired.
supplementary information, the annualized reduction rates of firms aggregated per country are
valuable information for comparing firms from one country to another. For example, Canadian
firms have the lowest annualized average reduction rate amongsbksy countries in 2025 and

2030. Monitoring target progress from corporate climate mitigatiogets is also important,
considering that 32% of companies have increased their absolute emissions since setting their
reduction targets

4.2.5 Conclusion

This studyis the largest study establishing benchmarks based on corgbtinaéée mitigation

targets by assessing 2,607 compamidter the target data preprocessing step, the final sample
included 964 companies for absolute GHG emission benchmarks, 868 for the economic intensity
benchmark per revenue, 771 for the economic intensity benchmark per enterprise value, and 32 for

the pover generation physical intensity benchmark.

Results confirnthe importance of taking a sectoral perspective when determining or comparing
target ambitions. The methodological approach consisting of harmonizing every target to the same
scope, timeframe, and target metric show the importance of having a commomdraseavoid
overestimating the percentage of reductions by considering those occurring before the target was
launched due to company choice of target base year.

Furthermore, the percentage of redudaiahould not be the only metric considerddrget
progress is an important parameter to assess potential greenwashing or poor ambition. In 2017,
22% of companies had achieved their most {targn target, 46% have reduced their absolute

emissions compared to the compapecified base year, and 32% have increased their absolute
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emissions since. Substantial sectoral differences occurred in those rates. Nevertheless, 14% of
targets were achieved before the target was even announced.

Although the results of this study have produced valuable contributions, further work should be
performed to develop more advanced models including a readjustment of corgonatie
mitigationtarget reductiosbased on an assessment of target progress deternandrast target
achievementto increase the accuracy and applicability of such benchmarks.
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5.1 Abstract

As the importance of nestate mitigation actions in the transition to a {oarbon economy
becomes firmly established, a rapidly growing number of companies are setting corporate climate
mitigation targetsShareholders increasingly value these commitments, conveying the impression
of good future carbon performance. However, a critical question emerges: why do some companies
progress better than others toward their climate mitigation targets? There islg@rack of
empirical literature assessing companies” progress against their mitigation targets. Using a new
indicator to evaluate the progress against individual corporate climate mitigation iargets
comparable manner, this study presents an exglgnanalysis of 120 determinants applied to
4,341 climate mitigation targets (scope 1 and 2 emissions) of 2,975 companies reporting to the
2020 CDP questionnaire. The target progress assessment shows that 30% ticteegeieased
emissions sinctheirbase yearl 5% have reduced their emissions but not at a sufficientwade,

55% wereon track to achiamg or hadalready achievetheir targetsin addition, 18% of targets

were already achieved the year the target was set, which may be due toghdusse year with
unusually high emission3.he findings reveal 19 key determinants significantly associated with

the progress against corporate targets and highlight future research orientation. Our results indicate
better progression by companies having absolute targets with longer timefranmgiscioging
additional, as well as remuneration links to clirgiated issues. Companies with more ambitious
targets progress less than others, except when the ambitious targets are approved by the Science
Based Targets initiative. The latter implies ambitious targets from some firms may only be
symbolic, and that investors should consider both target ambition and pr&@jeasguidance and

regulations should be implemented by policymakers to prevent misleading target information.
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Future research should address limitations related to reliance eesaifed data and exclusion
of scope 3 emissions targets, along with the research directions suggested by the findings.

5.2 Manuscript
5.2.1 Introduction

To mitigate climate change risks, a transition to a-t@nbon economy is needé@ampiglio et
al., 2018; Daumas, 2024, Lee et al., 2023; Semieniuk et al., .ZD@®)Ymportance of nestate
actor mitigation actions is increasingly recognized in order to achieve such a traiinopton

& Whitmarsh, 2023; A. Hsu et al., 2023; Kuramochi et al., 20@@)eed, mvestorsand companies
have a major role to play in climate change mitiga{iBalton et al., 2022; Busch et al., 2024;
Millar et al., 2018)

To manage their climatasks, ®veral institutional investors are transitioning their investment
portfolio to align with a goal of globaietzeroemissiondy 20500r sooneKBolton et al., 2022;
Gosling & Macneil, 2023; Hoepner & Rogelj, 2021; Popescu et al., 202t¢sponse to such
external pressures, companies are setting climate mitigation tékpets et al., 2021; Babcock
et al., 2022; Bjgrn, Tilsted, et al., 2022; Cadez et al., 2019; Sullivan & Gouldson v#titfi)are
commonly expresseas a percentage reduction for a given emission $dugieeen a base year
and target yegBolay et al., 2022; Campbell, 2021Investorgeact positively taorporate climate
mitigation targets by adding a premium value when the reduction announced is aggressively
ambitious(Cheng et al., 2023; A. He, 2022; Khandelwal et al., 20B#®wever, investors are
currently rarely considering if these targets are likely to be (@ampbell, 2021)Without an
assessmertf target progresshere is increased risk that symbolic targets milslead investors
regardingthe futurecarbon performancandreputationof companiegCampbell, 2021)

Existing studies have confirmed tr@ampanies areften noton track to achiang their climate
mitigationtarges (Bolay et al., 2022; Callery & Kim, 2021; Kuramochi et al., 2021; Ruiz Manuel
& Blok, 2023; SBTi, 2022a, 2023; D. Wang, 2017; Yeo et al., 202@)vever, these studies have

2 Following the GHG Protocol corporate accounting and reporting standapk 4describeghe direct enissions of

the company while scope 2 are indirect emissions linked to the purchased of electricity purchased and scope 3, any
remaining indirect emissions within the value ch@tarangozo & Szigeti, 2017; Stridsland et al., 20ZA)o
methodological approaches can be used to report the scope 2 emissions;:lmsgib(regional gridverage emission

factor) and markebased (specific emission factors derived from a contractual agrediBjemt), Lloyd, et al., 2022;

Brander et al., 2018)
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not exploredwhy this is the caseDespite the growing number of companies setting climate
mitigation targetgBolton et al., 2022; Hale et al., 2022; SBTi, 2Q2Bgre is currently a gap in

the literature in understanding why some companies progress better thanAuddezssing this

gap is crucial, as better understanding of what makes a corporate climate mitigation target
successful would guide various stakeholders, including investors, in recognizing best practices and
increasing the credibility and accountability of such actigtede et al., 2021; Kuramochi et al.,
2021) Moreover, identifying best practices would allow investors to engage with companies to

ensure their implementation.

Most scientific literature on corporate climate mitigation targets have mainly focused on firms
attributes and external context associated with the decision to set a(fargetr et al., 2023;

Bryant et al., 2020; Cadez et al., 2019; Desai et al., 2023; Eleftheriadis & Anagnostopoulou, 2017;
Reid & Toffel, 2009; Yin et al., 2017}arget setting approa¢Bjorn et al., 2021; Krabbe et al.,

2015; Lux et al., 2023; Moshrefi et al., 2022; Poschmann et al., 2023; Randers, 2012; Schweitzer
et al., 2023pand target ambitio(Bolton & Kacperczyk, 2023a; Dietz et al., 2018; Dietz, Gardiner,
Jahn, et al., 2021; Doda et al., 2016; Rekker et al., 2022, ,2028)an emerging literature on
sciencebased and netero target¢Bjarn et al., 2023; Bjarn, Tilsted, et al., 2022; Fankhauser et
al., 2022; Freiberg et al., 2021; Giesekam et al., 2021a; Hale et al., 2022, 2024; Kuo & Chang,
2021; Robiou du Pont et al., 202#)owever, only few studies have assessed the determinants of
companies” progress against their targets, and these are often limited to specific aspects, including
target type, specific company characteristics, or distinct emission redundiitives implemented

by companiegAldy et al., 2023; Dahlmann et al., 2019; Dragomir, 2023; Giesekam et al., 2021a;
loannou et al., 2016; D. Wang, 2017; Yeo et al., 20B8) instanceGiesekam et al(2021)
restricted their study to the influence of tartygte on theprogression of 81 sciendmsed targets,

and conclude that firmsprogress less towardargets covering scope énissions than other
scopesWang (2017xonstrained his study to a sectoral comparison of 989 European and US firms
disclosing in 2013 and found that US target progression is significantly higher than European in 8
out of 24 sectorPahlmann et al2019)assessed the targgpeof 1,335 firms disclosing between

2010 and 2013and determined that firms with an absolute and ambitious target with a longer
timeframe are associated with emission reductions (the study did not directly assess target
progress)loannou et al. (20)6assessed 1,127 companies and determined that firms with higher

target ambitions and monetary incentives towards management have a higher target progression.
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Yeo et al. (202Rconfirmed that firms with more ambitious targets are correlated to higher target
progression, via an assessment of 1,500 firms reporting in 2021. However, recent stidtlgs by

et al.(2023)and Dragomir (2023)suggest the opposite: firms with less ambitious targets tend to
progressbetterthan others. These two studies assessed, respectively, the target progression of
companies included in the Russell 3000 index (roughly 450 companies) and the STOXX All
Europe 100 Index, focusing only on limited aspects of taygpetand company characteristics. In
addition to targetype loannou et al. (20)6assessed other target progress determinants such as:
monetaryincentives tomanagement (board members, executive team members, and managers)
number of initiatives to reduce emissions, carbon savings per initiatives, and amount of investments
per initiative. Meanwhile,Day et al.,(2022) assessd targetcredibility with a wider extent of
determinant categms (e.g., strategy, risks, opportunities, carbon pricing, engagement with the
value chain actors, and thighrty verificatior), withoutassessing target progression, and without

exploringwhich determinantsre key to thie progress.

In summary existing studies on determinants of target progress do not provide a complete
overview as they focus on sgjoups of targets, specific company characteristics, or limited
emission reduction initiativesThis leaves unanswered questions, such as: Do monetary
management incentives produce betteresiilts towards target progression than having science
based targets, or othgtrategiesuch as engaging with value chain actorsZ@upanies progress

better againssciencebased targets thaaganst other ambitious targets? This literatugap
highlights the need for an -eepth investigation with a more comprehensive analysis of the
determinants of corporate climate target progress. Therefore, this study aims to assess the target
progress of a wide range obmpanies (across several sectors and regions), target types, and
determinants to address the following research question: What are the key determinants that explain

companies” progress towards their climate mitigation targets?

To answer this research question, an explanatory analysis will be carriexidentify the key
determinants (significant explanatory variables) explaining the variability of corporate climate
mitigation target progress (dependent variableentifying the key determinants dérget
progression requires the ability to consistently harmonize the measurement of target progress
across companies. Due to theitations of existingndicators to measure target progréssiuding

the specificity of the samptiata used, a new corporate target progress indicator that includes time
left to achieve a targetasfirst developed (see Secti@n2.2.. By combining a broad extent of
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determinants and target types, answering this research question will provide guidance on best
practices for shareholders. Furthermore, it will better inform future research orientation, i.e.,

characteristics of targets to be further assessed separately.
5.2.2 Methodology

The following provides an outline of methodological steps applied to address the previously posed
research question. Sectiér2.2.1describes the sample of companies and targets covered for this
study.Section5.2.2.2presents the dependent variable (target progress), avbiteef description

of explanatory variableg&ey determinantsy given inSection5.2.2.3 Section5.2.2.4outlines the

model used to conduct the explanatory analysis. To confirm the significance of explanatory

variables obtained, robustness analysis has been performed as expl&ieetibinb.2.2.5
5.2.2.1Sample: Companies and targets covered

The CarbonDisclosure Project (CDP) database has been fmethis study as it is the most
comprehensive and inclusidataset containingpmpaniescrossll sectors and various countrjes

as well as different targeypesand a wide range of explanatory variablegleed, the CDP
database is the most extensive database of voluntary corporate carbon réBasoig Johnson,

et al., 2022; Ott et al., 2013@nd is commonly used by academ({8sanny, 2018; Zhang & Liu,
2020) Furthermore, the CDP database is in a standardized format as it is compiled from
guestionnaires sent on behalf of investors and/or supply chain é2&psers & Jeanjean, 2016;

Ott et al., 2017; Zhang & Liu, 2020} his standardized format further facilitates the comparison

of information reported by companies. However, it is important to note that the data are entirely
selfreported by companies, and the CDP doessgstematically verifyresponses provided by
companies, which means there could be inaccurgBiesch, Johnson, et al., 2022; Callery &
Perkins, 2021; CDP, 2023; Gardfega et al., 2023)

All the input data required for this studyere extracted from the 2020 CDP climate change
guestionnaire, and compiled into an aggregated dataset, exceaséoyear emissionformation,

which in some cases was extracted from previous questionnaires year due to its unavailability in
the current yearAccordingly, the data sample assessed consist of all companies reportireg to
2020 CDP climate change questionnaire that disclosed one or more emission reduction target. No

exclusions or limitations havesbn placed on the industry sector or operational region.
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The fargets assesseédthis study include absolute and intensity targets covedoge 1 emissions,

scope 2 locatiorased emissions, scopanarketbased emissions, scope 1 and 2 locatiased
emissions combined, and scope 1 and 2 mdrieed emissions combined. Although scope 3 often
dwarf scope 1 and 2 emissidi@DP, 2024c; Mejia & Kajikawa, 2024; Schmidt et al., 202Rir

study excludes targets covering scope 3 emissions, due to previously documented pervasive
accuracy and consistency issues in scope 3 emisasiaosinting and reportin@. Blanco et al.,

2016; Busch, Johnson, et al., 2022; Hansen et al., 2022; KlaalRen & Stoll,add2dye to the
challenge ofpplying the data consistency fili@eveloped for scope 1 andghissiongdescribed

below) to scope 8missions

To allow a direct comparison of different target types and scope coverage, all targets have been
harmonized to absolute targéds combinedscope 1 and 2 emissigrfsllowing the methodology

of Bolay et al., 2022 For the harmonization of targets covering scope 1 only, scope 2 lacation
based emissions have been considered instead of scope 2-baed@for both the year assessed

and base year emissions. Targets have been excluded from theisdngpieput data required to
calculate target progres®venot disclosedr if the missinglata orexplanatory variables required

estimation (see Sectidn2.2.3.

To filter inconsistent datéo avoid biasingesults, a basic set of criteria was applied. The first
criterion involveschecking forinconsistencies between the base year emissions reported for the
scope covered by the tar§and thecorresponding base year emissions reported elsewhere in the
2020 CDP gquestionnaire. Targets have been excluded if there was a difference greateian +/
between these base year emissions values. Note that the structure of the CDP questionnaire
preventsthis filter from being applied to scope 3 emissions, which is one reason behind the
exclusion of scope 3 targets from this study. Additionally, targets with obvious erroneous emissions
values across the reporting scope have been excluded. For exartrjge,af zero annual scope 1

and 2 emission were assuntede errorsFurthermore, a factor near 1,000 or 1,000,000 between
base year emissions and the reporting year, without appropriate justification, was assumed to be a
MXQLW HUURUY DQ@Nalyd#:sSOXGHG IURP WK

3 Value proportionally adjusted to 100% from the percentage of scope covered by the target.
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5.2.2.2Target progress: Dependent variable

To justify the development of a new target progress indicator, existing indicators are first presented

and critically evaluated in the context of our stuBgsed on identified shortcomings, a new
progress indicator is developed. Existing studies have used théolloweng progress indicators:

a) percentage of the targathievedDragomir, 2023; loannou et al., 2016; SBTi, 2022a; Yeo et

al., 2022) b) categorical varides such aspn track] R RW RQ WUDFNY XQGHU WKH
linear reduction trajectory between the base year and targe(Adelgret al., 2023; Callery & Kim,

2021; Giesekam et al., 2021a; Kuramochi et al., 2021; D. Wang, 2017; Yeo et al,,&20P2)

progress ratio, which igquivalent to the percentage of the target achieved divided by the
percentage of the time elapsed with respectltnear targetreduction trajectorfA. Hsu et al.,

2020) Below, we identify issues with these three existing progress indicators (det#ils in

Supplementarynformation Sl).

The twoprimaryissues identied regard the lack of comparability between target progress results;
1)QR LQWHJUDWLRQ RI WKH UHPDLQLQJ WLPH OHIW WR DFKLH
DFKLHYHGY XVHG D OR@Qdtioniry &nd B)VadiQoWHf&eriEiation between target
SURJUHVVY UHVXOWY LQGLFDWRU pFDWHJRULFD®@cKDELDEOH)\
same category). To overcome these issues, the present study integrates the percentage of time
elapsedsince he base yedEquation5.3), and uses a continuous value for target progress results.

The third issue identified is the high variability in the target progress results, which is most
pronounced near the indicated base year of corporate climate mitigation t#egees al., 2022)

i.e. with indicator progress ratidalarge numerator (high or low percentage target achieved) with

a small denominator (low percentage time elapseshults inextreme valugswhich poses

challenges for statistical analysi/hile outliers (extreme values) are often sacrificed to improve
statistical analysis results, legitimate outliers (ones that are not data errors) may contain useful
information(Hadi et al., 2009; Orr et al., 1991; Osborne & Overbay, 200zt address variability

and allow the inclusion of legitimate outliers in our stuoly; proposedarget progress indicator

does not use ratios and is bounded by construction.

Equation5.1present®ur newtarget progress indicatd.zfor the target of the companiat year
P This indicatorreflectsthat the more time a company has left to achieve its targdtigher the

likelihood of achieving itwhile accounting for the emission reductions occurratghe year
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assessed. In other words, this indicator penalizes more severely when closer to the target year, as
there is less time left for the company to achieve its target.

L @mgpa?%@ \PD;
with ' pg L CHIETN ——(52) and 64 LWB@ 3)
Oy

Where:
Gtarget of the company assessed.
P. year assessed.
' b4+ percentage of the target achievedRat the companyG

6.4 percentage of the time elapsedraf the companyG
F? 0 o 0aUese year and target year for the target of the comfany
Azdh, naaaﬂb sivodsscope 1 and 2 emissions for the company Rt © 22 @Oaug@

The target progress indicata?.gis bounded from O to 2 brtificially limiting ' pzand 6,5 from

0% to 100%. Hence, when the year assessed has émissions than the target year (target
achieved),’ pgis 100%, and when the year assessed has higher emissions than the base year (no
emissions reduction), pg is 0%. When the year assessed passes the target year (target year
reached),6.4is 100%, while 6.zis 0% when the year assessed is the same as the base year (target

not started). The latter leads to disregarding the target, as there is no progression to assess.

Figure5.1 depicts a hypothetical scenario to illustrate how a target progress with 60% of the target
achieved and@0% of time left will obtain a higher progress valugs L xr"™ and 6,5 L ur”,
then 254 L si) 4 compared to another with the same percentage achieved but less trhegdft

r-and 6,45 L wr’, then 2,4 L s&. Furthermore,Figure 5.1 illustrates cases of different
percentages target achieved and time elapsed can have the same progress value (for example, see

2p5 L sd@. While having a same progress value, these targets deviate to the same extent from their

“1n the published versioni, .5 L x r " is incorrectly noted agy4 L x 1™ in Figure5.1, which is an error. Thpurnal
will be contacted to correct this discrepancy.
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linear reduction trajectory (perpendicular line to g L 9. Assuming these companies continue
to reduce emissions at the same rate initially targeted between the year assessed and the target year,
they would reach the same progress value in their target year (same perdantggashieved

and time elapsed).

Regarding thenterpretation of theéarget progress results, a valetween 1 and 2 indicates the
company is on track to reaching the target faster than a tie@action trajectory (yellowo green

part in Figure 5.1). A value of 1 implies the company is exactly following a linsstuction
trajectory, or that the target is achieved in the targetf/egg L srr™ and 6,5 L srr”, then

25 L 9. The extreme case &= 2 means that the target was already achieved in the base year
("pgLsrr”and 6,5 L r”). A value between 0 and 1 indicates that the company reducing
emissions at a slower pace than a linear reduction trajectory (orange to redRpguirér®.1). A

value of 0 implies no emissions reduction between the baseayeddarget year'(,5 L r™ and
Bog L srr’).

GHG emissions
r'y

ek‘tzase
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Figure5.1: Graphical representation of emissions for company k at the basg@rigayle) year
assessed (circle), and target yesaar)with potentialtarget progress indicator valuds,
displayed with color gradient and level lines.
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5.2.2.3Determinants of target progress: Explanatory variables

The explanatory variables, i.e., determinants of the target progress, include data from each section
of CDP questionnair¢dCDP, 2020a)and thereby includes determinants analyzed in previous
studies(Aldy et al., 2023; CA100+, 2022b; Dahlmann et al., 2019; Day et al., 2022; Dragomir,
2023; Giesekam et al., 2021a; loannou et al., 2016; Yeo et al.,,202B¢ extetthey are covered

in the CDP questionnaire

A total of 120 explanatory variables are considered, grouped into 11 categories, of which 16 are

continuous variables and 104 are categorical variables. Categorical variables facilitate qualitative

answers and are here assigned a value of 1 or O for afifrerand negative statements respectively.

Missing responses to CDP questions with qualitative answers were assigned a default value of 0
QHJDWLYH )RU H[DPSOH LI D FRPSDQ\ GLG QRW WelVSRQG

climaterelated issuesp WKH UHVSRQVH ZDV DVVXPHG WR EH D QR QH

Section5.2.2.4permits the inclusion of both continuous and categorical variables.

Table5.1 lists the 11 categories and the number of corresponding determinants evaluated, while
providing example®f determinantand their respective units accordingly. The complete list of
determinants including their corresponding CDP questions, preprocessing, and units are available
LQ WKH 6, 7KH IROORZLQJ VL[ FDWHJRULHY DUH GLUHFWO\
M&GDERQ SULFHYTY p5LVNV DQG 2SSRUWXQLWLHVY (CGDRUDWHJ\Y
2020a) 7KH UHPDLQLQJ ILYH FDWHJRULHYVY KDYH EHHQ GHYHORSIH
SDUDPHWHUVY FDWHJRU\ LQFOXGHYV GHWHUPLQDQWYV FRUUHYV
DQG SHUIRUPDQFHY DQG p(PLVVLRQV GiDWNM® HtherHargets RQV R1
HPLVVLRQV UHSRUWHG WKDQ IRU WKH WDUJHW DQDO\]JHG DU
WDUJHWVYT FDWHJRU\ 7KH p$GGLWLRQDO UHSRUWLQJYT FDWHJ
of reporting years and addittdhnO UHSRUWLQJ SUDFWLFHVY DQG WKH pn6HF

describe company activities and headquarters information.
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Table5.1: Number of determinants assessed for each of the 11 categories. Examples of
determinants per category are provided with their respective unit (complete list of determinants in

the SI).
# Category Number of Examples of determinants Unit
determinants
1 Target parameters 20 Annualized target ambition, %
Percentage of the target achieved at the year the targe %
set,
lorO
Absolutetarget(not intensity targét
2 Emissions 33 Energy target, lor0
reporting and Scope 3 target, lor0O

other targets
Userenewable energy certificate in their scope 2 mar 1or0
based accounting

3 Governance 6 Board oversight climateelated issues, lor0

Management remuneration link to climatdated issues, 1or0

CEO remuneration link to climatelated issues lor0
4 Carbon price 4 ETS or carbon taxes regulation, lor0
Internal carbon price lorO
5 Risks and 4 Physical risks considered relevant, lor0
Opportunities Transition risks considered relevant lorO
6 Strategy 13 Low-carbon transition plan, lorO
Revenue for lowcarbon products, %
Climaterelated scenario analysis (quantitative & 1or0
qualitative)
7 Engagement 9 Engage with value chain actors, lor0O
Direct influence on policymakers, lor0O
Position consistent with trade associations where 1 or0
members
8 Verification 1 Third-party verification lor0O
9 Additional 4 Report forfive years in CDP, lor0
reporting Report in financial statement lor0
10 Sector 13 CDP classification lor0

11 Region 13 Based on the company headquarter location lorO
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5.2.2.4Statistical modelling

The main model used to identify key determinants of target progress is an Ordinary Least Squares
(OLS) regression with a backward stepwise selection. The explanatory variables will be considered

as key determinants of the target progress if they areis@mifi.e., pvalue of 0.05 as a threshold.

To do so, all explanatory variables are entered into the model and the least significant variables are
excluded one at a time until only statistically significant explanatory variables réSaichez

pinto et al., 2018; Xu & Zhang, 20QI)his method was chosen due to its wide use for variable

selection in multiple field§Sanchezinto et al., 2018)

To ensure the reliability and interpretability of results obtained, the correlation between
explanatory variables have been tested to avoid multicollinearity as it can make significant
explanatory variables statistically insignifica(@aoud, 2017; Shrestha, 2020Jo identify
multicollinearity, different methods have been applied depending on the variable types, i.e.,
categorical vs categorical variabld¥i Coefficient, categorical vs continuous variables; Point
Biserial, continuous vs continuous variables; Pearson, Spearman, and Kendall correlation
coefficients (Onwuegbuzie & Daniel, 1999; Shrestha, 2020 ensure nosignificant
multicollinearity remainedn the model, th& ariancelnflation Factor (VIF) has been used with
maximum threshold value of(®kinwande et al., 2015; Daoud, 2017; Shrestha, 2020)

To make the explanatory variables comparable, a z score has been applied to scale their units into
a standard deviatiofAbdi, 2007; Turlach et al., 2005yhe mean of each explanatory variable is
normalized to a value of 0 and the standard deviation(Adodi, 2007; Turlach et al., 2005)

5.2.2.5Robustness analysis

To ensure the robustness of results identifying key target progress determinants, two alternative
models (i.e., Lasso and Random Forest Regressor), and a resampling technique (i.e.,
Bootstrapping) have been applied. The Least Absolute Shrinkage anddde(@gpérator (Lasso)

model allows to test a different variable selection method than that used in the main model (i.e., p
value; Sectiorb.2.2.9. Indeed, Lasso is a regularization technique for regression models which
applies a L1 penalty forcing some variable coefficients(®ahchezinto et al., 2018; Turlach et

al., 2005; Zou & Hastie, 2005 ccordingly, explanatory variables with a coefficient higher than

0 are selected in this model.
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Since the main model captures linear relationships between the dependent and explanatory
variables, a nofinear model (random forest regressor) has been téBtednan, 2001; Nguyen

et al.,, 2021) The random forest regressor is an ensemble of decision trees, where the training
process selects the variables by splitting the entire dataset into nodes, and the reduction in the sum
of the squared error is used for estimating the average relativetamperfor each variable
(Breiman, 2001; Nguyen et al., 202Tp do so, the dataset has been split to train the model, and
parameters tuned such as the number of splits and nodes to avoid ovéHitinst et al., 2019;

Segal, 2004)

Since some results may be inferred by a low number of appearances of a variable value in the
dataset, bootstrapping techniques have been appligee threemodels(the main and the two
alterative modelsjo test the robustness and the stability of the variable selection p(acessis

& Tu, 2004; Heinze et al., 2018; Hesterberg, 20Thg original dataset has been resampled 1,000
times to an identical size with randomly replaced data for a whole row, i.e., target progress with its
corresponding explanatory variable informati@wstin & Tu, 2004; Efron & Tibshirani, 1994;
Hesterberg, 2011)he variables are selected based on a minimum of 60% of appearances on the

1,000 resampling of each model.

5.2.3 Results
5.2.3.1Final sample

The total number of companies reporting in the 2020 CDP climate change questionnaires is 4,524
of which 2,975 disclosed a climate mitigation target (66%). The total number of targets reported
by those companies is 6,058, involving 4,341 scope lomRdtargets (72%) and 1,717 scope 3
related targets (28%).

After compiling all required information for the target progress calculation and determinants, 2,734
wDUJHWYV ZHUH GHHPHG pFRPSOHWHY +RZHYHU WDUJHW
Section6.2.2.), reducing the final sample to 1,528 targets from 1,030 companies. The number of
targets exceeds the number of companies as some report multiple targets, e.g., absolute and
intensity targets, different scope coverage, or steonh and longerm targets. Té total scope 1

and 2 emissions of the 1,030 companies represents 4.7 GTCOZ2e, which corresponds to 80% of
United States annual emissions in 20&tiedlingstein et al., 2022)The expected reduced
emissions from the 1,528 targets are 1.8 GTCO2e.
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Table5.2 presents theumber of companies and targets by sector contained in the final sample,
including the scope covered by the targets. Information per country and region is available in the
Sl. For the 1,528 targets, 45% cover combined scope 1 and 2 lebated, and 31%over
combined scope 1 and 2 marketsed. Targets covering only scope 1 represent 13%, scope 2

locationbased, 8%, and scope 2 markased, 3%.

Table5.2: Number of companies and targbissector included in the fingample. The scopes
covered by the targets are represented in the last five columns. Abbreviations: SC1 = scope 1;
SC2 LB = scope 2 locatidbased; SC2 MB = scope 2 marketsed.

Sector companies tages 218 2mp SO SC2LB y
Apparel 25 31 15 11 2 2 1
Eri]c:f;r;, health care & 53 76 23 37 6 7 3
ggggm?jr‘;erage & 56 73 32 28 7 5 1
Fossil Fuels 26 36 18 6 9 2 1
Hospitality 17 25 13 10 1 0 1
Infrastructure 63 100 50 28 17 5 0
International bodies 1 1 1 0 0 0 0
Manufacturing 348 483 239 132 52 48 12
Materials 111 155 70 55 19 6 5
Power generation 30 57 25 2 28 0 2
Retalil 58 91 32 42 6 10 1
Services 208 350 156 118 28 34 14
Transportation services 34 50 18 11 19 2 0
Total 1030 1528 692 480 194 121 41

5.2.3.2Target progress

Figure5.2 showsthe distribution of the target progress indicator for the 1,528 tar@sfs The
average target progress is Q.8@rresponding to beirglightly behindalinear reduction pathway,

see Figure 1. The variabiliip target progress relatively high, with a standard deviation of 0.5,

a first quartile of 0.67, a median of 1, and a third quartile of 1.3. No outliers are present in the

progress results using an interquartile range approach for identification, as the target progress
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indicator is bounded from 0 to 2 by construction. In contrast, other progress indicators show outliers
due to targets being ovasr underachieved, resulting in values exceeding 100% or falling below
0%. These are included in the targets represented lig duis with dots or hatching in Figure 2,

respectively.

As displayed irFigure5.2, 844 targets (55% of the sample) are achieved or on track to be achieved
(25 R 9. Of those 844 targets, 475 (31% of the sample) are achieved, while 108 of them (7%)
also reached their target yedl,g L s grey parts with dots ifigure5.2). The remaining 369 of

the 844 targetwith 2,5 R s(24% of the samplecorrespond to companies reducing faster than
their target linear trajectory, without having reached their target year or their targeted emissions
reduction (white bars with values over 1 and no dots in Figure 2). Furthermore, 684 targets (45%
of the samfe) correspondo companies thare running late against their target linear reduction
trajectory (2,5 O 9. Of those 684 targets, 457 (30%) correspond to companies that increased
emissionsafter thebase year (hatchingarts inFigure5.2 R1 ZKLFK FRPSDQLHVY WD
reached their target yeal{; L r; grey hatch parts ifigure5.2). The remaining 227 targets out

of the 684 (15%) pertain to companies reducing their emissions after the base year but are behind
their target linear reduction trajectory (white bars with values under 1 and no hatching in Figure
2).

Some sectors were found to progress better than others. The power generation sector has a median
target progress above other sectors, while the transportation services and fossil fuels sectors are
lagging the most. Companies with headquarters in Southawp& and Northern Europe have

median target progress values ahead of all other regions. A deeper analysis of the target progress

results per sector and region is available in the Sl.
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Figureb.2: Distributionof targetprogressndicator | - 5 The color baranging fromorange to
redindicates targetbehind linear reduction trajectqryhile the range frorgellow to green
indicates targetaheadf that trajectory (see Figure 1). Targets that have reached their target year
are shown in grey (% time elapsed = 100%), while targets that have not reached their target year
in white (% time elapsed < 100%). Among the targets that have not reacheadrtiegiyear,
those with no emissions reduction are indicated with hatching (% target achievgdan@%
those with 100% of their target achieved are indicated with dots.

5.2.3.3Key determinants of target progress

Using the backward stepwise OLS regression withvalpe threshold of 0.05 (the main model),

19 key determinants were identified, as listed-igure 5.3. Of the 120 explanatory variables
analyzed, 34 have been disregarded due to multicollinearity (correlation between explanatory
variables). The remaining 86 have a variance inflation factor under 5, implying no major
multicollinearity left in the modelAkinwande et al., 2015; Daoud, 2017; Shrestha, 2020)

The main model, including the 19 selected determinants, is highly significant wittalaepfar
below 0.01 (Fstatistic probability) and explains 35.4% of target progress variance in the sample

(R-squared). The 19 key determinantsigure 5.3 are ranked from most to least significant p
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YDOXH 7KH WKUHH PRVW VLIQLILFDQW GHWHUPLQDQWYV DUI
IROORZHG E\ GHWHUPLQDQWYV RI WKH FDWHJRULHV p5HJLRQ
M(PLVVLRQV UHSRUWLQJ DQG RWKHU enhirahisthive/ lfeerDs€léated & D U E F
IRU WKH FDWHJRULHYV p6WUDWHJI\YT pOHULILFDWLRQY p(QJD.
HOVHZKHUHY VHH 7DEOH

Regarding the coefficients presentedrigure5.3, a positive value means that an increase of one
standard deviation of the determinant value will increase the average value of the target progress
by the coefficient value (positive association), while a negative coefficient implies a decrease in
target pogress values (negative associatigh) F. Siegel & Wagner, 2016)The coefficient
interpretation arises from the determinant units associated with-ftere standardization
(standard deviation; see Sectidr2.2.9. The coefficients and-paluesfor each key determinant

are available inhe Sl

Percentage of the target achieved at the year the target was set 4 _
Number of years between the base year and the target year _
Number of years between the base year and the year the target was set _
Northern Europe _
Absolute target (not intensity target) | _
Annualized target ambition - -
Northern America -
Central America - -
Western Europe - -
Financial impact estimate for climate opportunities
Board chair remuneration link to climate-related issues
Southern Europe - -
More than one target -
Approved by the SBTI - -
SC1 emissions breakdown by country -
Southern Africa - Category
EE Target parameters
South-Eastern Asia - - WEm Region
Risks and Opportunities
ETS or carbon taxes regulation - Governance
B Emissions reporting and other targets
South America A - EEm Carbon price

-0.10 -0.05 0.00 0.05 0.10 0.15 0.20
Coefficient

Figure5.3: Coefficient values for the 19 key determinasetected with théackward stepwise
OLS regression moddDeterminantsare ordered from the most to least significanbjue
(under 0.05). Abbreviations: SBTiScienceBased Target InitiativeSC1 = scope 1; ETS =
Emissions Trading System.
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The determinanPercentage of the target achieved at the year the target was #s most
significant and positively associated with target progress. These results can be explained by 19%
of the sample having targets already being achieved by the year the target was set. On average,

32% of the targeted emission reductions arezedlby the year the target was set.

The determinanNumber of years between the base year and the targeisyfa@ second most
significant determinant. Since positively associated, companies progress bettertaiggatsivith
longer timeframe than shorter on@n the other handheNumber of years between the base year
and the year the target was $&hegativelyassociated. Accordingly, progressisrsefor targets
with many years between the base year and the year the target astskeey determinant).
Indeed, some targets anmzed in 2015 or later have base geaxtending back th990.

5HIDUGLQJ WKH RWKHU NH\ GHWHUP L Q bairygdly ADsbitéltirGetW R W K |
(not intensity targets positively associated with target progress, meaning that companies progress
better towards absolutargets than intensity target&nnualized target ambitiors negatively
associated with target progress, suggesting firms setting more ambitious targets are less likely to
attain them compared to firms setting less ambitious targets. The overall median annualized
ambition for the samples 2%, which is higher than the 1.4% median annualized ambition for
targets already achieved (31% of the sample). Furthermore, targets that were achieved at the year
the target was set have a 1% median annualized ambition. However, companies repottimgsambi
targets as approved by the ScieBased Target Initiative (SBTi) progress better towards their
targets than companies with other ambitious tardgpetsceApproved by the SBbeing identified

as a positively associated determinaltiese targets regsent 17% of the sample, with a 2.5%

median annualized ambition.

Of the 19 key determinants, 8 are linked to the region of company headquaotaes.regions
(generally hosting developed economies) are positively associated with target progression, i.e.,
Northern Europe, Northern America, Western Europe, Southern EussmeSouth America
However,Central America, Southern Afric@and SouthEastern Asiaare negatively associated.

Note that we could not identifyey determinants reladego sectorssuggesting that the type of

product or service offered by a company doeesinfluence its target progress.

Regarding theRisks andOpportunitiesficategory companies thatave identified opportunities

leading to a substantive financiaipact, e.g., resource or production efficiency and development
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of new products or services, are positively associated with target progress. HowesayiGgs,

monetary annual savings and investment required for mandatory or voluntary initiatives
LPSOHPHQWHG ZHUH SHUKDSV VXUSULVLQJO\ QRW LGHQWLI
&RQFHUQGQérmansdH HD W irogresdwas found to beoetter when the board chair
remuneration is linked to climatelated issuesvhile CEO and manager remunerations wese
significantly associated with target pregs.

5HIDUGLQJ WKH p(PLVVLRQV UHSRUWLQJY FDWHJRU\ DQG RW
one target, i.e., shetérm and longerm targets, absolute and intensity targets, or multiple targets
covering different scopes, progress better against tigjets than companies only disclosing a

single target. However, companies specifically reporting an energy target were not significantly
associated with target progress. The determir@fi emisions breakdowrby countryis

negatively associated with tagprogress, as with companies operating undétTed or carbon

taxes regulationHowever, these determinants are less significant withlyees between 0.01 and

0.05, and less robust, as discussed in the following section.

5.2.3.4Robustness of key determinants

Figure5.4 presents the results of robustness analysis performed on the main model selection, as
well as additional determinants selected by the other models, i.e., lasso (selection by coefficient
constrained), random forest regressor (selection by average relagpetance), and three
bootstrap models (selection by 60% appearance threshold in its model). Five of the most significant
determinants in the main model (see Figure 3) aresalscted by the oth&ve models confirming

a strong robustness throughout, iReycentage of the target achieved at the year the target was

set, Number of years between the base year and the target, Number of years between the base year
and the year the target was set, Absolute target (not intensity target), and Annualizd targ
ambiton 7KH GHWHUPLQDQWY OLQNHG WR WKH FDWHJRU\ p5HJLF
models. Four determinants identified as significant by the main model have not been selected by
any of the other models, i.&pproved by the SBTSC1 enissions breakdown by country, Seuth
Eastern Asia, and ETS or carbon taxes regulatidrose determinants have-&gue significance

greater than 0.01 in the main model.

Eight additionadeterminantareselected by the other models with some from @teategyfand

fEngagemenfcategoriegbottom rows of Figure 4)n contrast to the main model, three of the



105

other models (random forest regres$asso and its bootstrap mop#&iund a relationship between

the disclosure of scope 3 targets and progress on scope 1 and 2 targets. The use of a different
variable selection method with a linear regression model (lasso and its bootstrap) identified one
supplementary determinant, ..,eCompany reporting their SC2 MB emissiorfpositive
association). Neverthelessx supplementary determinanteve been selecteloy nonlinear
models (random forest regressor and itstsivap), i.e., companies reporting their SC3 emissions,
the percentage of revenue for l@arbon products, target covering SC12 MB, CEO oversight and
remuneration link to climateslated issues, and company engaging with their scope 3 suppliers.
Determinats selected by the random forest regressor or its bootstrap model have no positive or
negative association, since no coefficient is estimated in contrast to other (Bodetsan, 2001;
Nguyen et al., 2021)

Percentage of the target achieved at the year the target was set

Number of years between the base year and the target year

Number of years between the base year and the year the target was set

Northern Europe

Absolute target (not intensity target)

Annualized target ambition

Northern America

Central America

Western Europe

Financial impact estimate for climate opportunities

Board chair remuneration link to climate-related issues
Southern Europe

More than one target
Approved by the SBTi
SC1 emissions breakdown by country

Southern Africa
South-Eastern Asia
ETS or carbon taxes regulation

South America
SC3 target I I
SC2 MB emissions

Revenue for low-carbon products

Number SC3 categories reported - i Models
SC12MB covered by target Bootstrap: Random forest regressor
CEO oversight climate-related issues Randormforéstiegressue
Bootstrap: Lasso
Lasso
Bootstrap: Backward stepwise OLS regression
Backward stepwise OLS regression {(main model)

CEOQ remuneration link to climate-related issues

Engage with scope 3 suppliers F
T

T T T T T
1 2 3 4 5 6
Number of models

panonn

o -

Figure5.4: Determinant selection for the main model (dark grey) and the five other models used
to analyse the results robustnd3sterminantsre in the same order as in Figure 3 if selected by
the main model. Abbreviations: SBTiScienceBased Target InitiativeSC1 = scope 1; ETS =
Emissions Trading System, SC3; scope 3, SC2 MB; scope 2 raset, SC12MB; scope 1
and scope 2 markéiased.
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5.2.4 Discussion

The present study contributes to the scientific literature on corporate climate mitigation targets.
This has been established through assessing the progreskisd®fargets from 1,030 compeas),
considering120 explanatory variablegroupedin 11 categorieqsee Sectiorns.2.2.3. This
representsa substantial increasm variables and categoriesompared toexisting studies
(Dahlmann et al., 2019; Giesekam et al., 2021a; loannou et al., 2016; D. Wang, 2017; Yeo et al.,
2022) Throughthe development of a new target progress indicterresults obtained shed new

light on ambitious targets compared to existing literaturedertify some best practices, but also

poor ones(Section5.2.4.). Furthermorethe findings reveal the significance of certain target
characteristics and identify future research orientation to be fuet@nined(Section5.2.4.2.
Thestudy s limitations are addresseid Section5.2.4.3andrecommendationt® stakeholders are

given inSection5.2.4.3
5.2.4.1Comparison with existing literature

The findingssuggest that companies with absolute targets and longer timeframes progress better
than others. Furthermore, companith more ambitious targets generally progress less, except
when these ambitious targets are approved by the $Bavious studies have stated that firms

with higher ambition are more likely to be attaif®&hlmann et al., 2019; loannou et al., 2016;

Yeo et al., 2022)While our results suppoBRahimann et al(2019)findings regarding absolute
targetswith longer timeframes anldannou et al. (20)dindings regardingnonetary incentives

our findings suggests the opposite of their statement for companies with higher ambition. Recent
studies by Dragomir (2023) and Aldy et al. (2Q2#)wever support our findings that companies

with less ambitious targets generally progriestier although our results differ from Dragomir
(2023) findings on targets with shorter timeframes progressing more.

The differences observed with previous studies might be partly explained by the progress indicators
used(see Sl) reducing the comparability of study results. Additionaéigrlier stug did not
annualize target ambitiorffoannou et al., 2016yvhile recent studies from Dragomir (2023) and

Aldy et al. (2023)ncludedcompanies with extremely high or low target achievements. In contrast,
Yeo et al. (2022ylid not include such extremdartherincreasinghedifferences from our current

study sample.
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Another possiblereason for these discrepancies could be the evolution of corporate target
disclosuresEarlier studies bypahlmannet al.(2019)andloannou et al. (200)6wnith companies
disclosing targets over 10 years ago might have included a higher propurieanly adopters
genuinely committed to reducing their emissigiesders) In contrast, more recent studies have
larger sample sizes, and may include a higher proportion of companies reporting targets as a
disclosure exercise rather than genuine commitrfigratgomir, 2023; Montgomery et al., 2023)
These cases might involve low ambition targets that were easily (and overly) achieved, including
those achieved at the year the target was set (related to the first key determinants, see Section
5.2.3.3, showing the importance of considering extreme values in the analysis. As suggested by
Aldy et al.(2023) companies with ambitious targets might not have properly accounted for future
sales growth when setting their targets, potentially indicating these targets were more about
disclosure than genuine commitment. Howeariberg et al. (2021)etermined that firms
committing to SBTi targets are associated with increased investment in initiatives towards emission
reductions, perhaps explaining why progress is better for targets approved by the SBTi than other
ambitious targets. In this regamlyr study found an association between the target progress and
companies that have identified opportunities leading to substantive financial impacts as well as the

percentage of revenue generated from-&anbon products (other models, ségure5.4).

Giesekam et al. (2021¢sultshaveshown that firms with SBTi approved targets covering scope 3
emissiongprogress significantly less than comparoe$y including scope 1 and 2 emissiard
later progress reports by SBTi confirm this pat{&RBTi, 2023) Our study’s samplexcludescope

3 targetsdue to accounting and reporting issues (Sedfi¢h2.). However, result®btained
indicate that companies reporting scope 3 tangetgress better on their targebvering a scope

1 and 2 (selected by three of the other modelsk-gpee5.4). Furthermore, the number of scope
3 category reported amshgaging with supplie@ppear tampact the progression of scope 1 and 2
targets(nontlinear relationship with target progres$urtherresearch should investigate why
scope 3 disclosur@ycludingtargets and initiativesnayinfluence the progress of scope 1 and 2
targets. Moreover, different models should be tested to capturknean relationships between

target progress and key determinants (six additional determinanigaee5s.4).

Regardingexecutive remuneration, our results support the findingoahnou et al. (2016
concerning a link with target progres¢sannou et al., 201&und a positive association between
monetary incentives to the management which combined the board, CEO, COO, directors, and
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managers. Results from the main model suggest board remuneration is specifically associated with
target progress. Nevertheless, CEO remuneration and corresponding oversight ofrelaeade

issues is selected by one other model (BiEmire 5.4) but does not include the managers
remuneration.Companies having headquarters located in Northern Europe or North America
progress better than others while in Central America, less than others. To a certain extent, this is
inconsistent with the findings ®ang (2017)since the present study identifies European firms as
being more significantly associated to target progress than North American firms. HolWeawgr,

(2017)only assessed US and European firms without including other North American firms.
5.2.4.2Future research orientation

7KH ILQGLQJV KLJKOLJKW WKDW WKH p7DUJHW 3DUDPHWHUVT
target progress (sdegure5.3). Moreover, the five most robust determinants, across statistical
models belong tathis categoryseeFigure5.4). The keyrelevantdeterminants are combined into

three maintarget characteristicseeding further investigation: the choice of bgsar, target

trajectory, and target ambition

The choice of base year from companies is mainly implied in the first and third key determinants
which led to opposite target progression directions, i.e., respectRetgentage of the target
achieved at the year the target was @&t Number of years between the base year and the year
the target was seWhile in some cases a high percentage of target achieved at the year the target
was set may indicate genuinely impressive emission redsctianay alsareflect poor practices

by a companyi.e., low target ambition (targeting a low percentage reduction), and base year
gherry-picking f(selecting a base year with unusually high emissi{Bigyrn et al., 2023; Bolton

& Kacperczyk, 2023a; Callery & Kim, 2021; Dragomir, 2023)rther research is needed to better
understand the base year choice and its implications for target prdgpesxample, what tyge

of compaies gherrypick a base year with unusuallgigh emissionsAre companies with
approvedSBTs less likely togherry-pick fbase years than companies with otigpe oftargets?

While the choice of base year may have some implications, the emisajentory and its
timeframe may also explain some findings for the first three key determindetdrajectory of
emission towards lonterm targetsnay not be linear (second key determinaktimber of years
between the base year and the target yyewith a higher progress achieviethe beginningwhere

companies are picking leWwanging fruits(first key determinanf)and lower latewhen easy
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options have been deplet@dird key determinant)A Q L Q Y HUKRVIHS H\G fhal poteivtidlly

apply in some cases, when initial investments take years to yield their potential for emission
reductions Future investigation is deeply needed to understand the different trajectories and the
target characteristics related to them. Such crucial research would provide the basis required to use
nonlinear trajectories when assessing the progression of coegptmward their targets. For
example, what tymeof company and targets relatedtmwer initialprogres8 Are companies with

longer timeframes and interim targets more likely to reduce rapidithe beginning than

companies with no interim targets?

The findings regarding target ambition underpin the relevance of continuing to assess companies
based on their ambition, i.eRercentage of the target achieved at the year the target was set,
Annualized target ambitiomndApproved by the SBTior example, future research could assess

a subgroup of firms with ambitious targets, like approved SBTs as previously doGe&ebgkam

et al., 2021or compare firms with ambitious targets and different characteristics, such as approved
SBTs versus other ambitious targets. Additional scrutiny is needed to understand why companies
with approved SBTs appear to progress better than other companies with ambitious targets (see
Section5.2.4.). Similarly, the type of targets, i.éAbsolute target (not intensity targe®uld be

used to determine subgroups since it is one of the important key determinants and include
additional components such k®re than one targete.g., nezero targets with absolute interim

targets vs netero targets with intensity interim targets.

Furthermore, the contrasting results regardiget ambitiousbetween our study and earlier
studiessuggest the need for closer investigation into target progress indicators, the evolution of
target disclosures over time, and the impact of extreme values in study samples (see Section
5.2.4.1. For example, future research could compare progress using different indicators for the
same disclosure year and varying sample restraint (including or excluding extreme values) to better

understand their effect on study results, particularly for amisitiargets.
5.2.4.3Limitations

The main limitations of this study are the accuracy ofrif@mation reported by companjdake
exclusionof scope 3 targets in the dependent variable, the assumption of a linear reduction
trajectory, and thehoice ofexplanatory variables (s@eable5.1). Since this study relies on the

use of selreported information by companies, one issue concerns the potential lack of reliability
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RI WKH GDWD SDUWLFXODUO\ IRU HPLVVLRQV GDWD XVHG WR
Companiesnay have overor understated their emissiof@d misreported information related to
determinants assessgd)ther unintentionally or intentionallCallery & Perkins, 2021; Garcia

Vega et al., 2023)eading to potential distortions in the analysis. To minimize this issuestudy
implemented a set of criteria to filter out inconsistencies (see Séc?idn), mainly found in base

\HDU HPLVVLRQV RI FRPSDQLHVY WDUJHWYVY 7KHVH LQFRQVLYV
targets that had all the input data required for our analysis (see Se@i8r). This indicates a

pervasive issue around reliability of sedported climate data, at large. Our findings should
therefore benterpreted with caution, although we emphasize that a study of this size (number of
companies and target progress determinants) could not have been redlwed voluntarily

reported informationIndeed, disclosures are not mandatory in every country and mandatory
disclosures do not include the extent of information used in this @udygh, Johnson, et al., 2022;

R. He et al., 2020; World Bank, 2023)

As previously mentioned in Sectidh2.2.] targets covering scope 3 have been excluded since
consistency assessment of their base year emissions was not possible in the CDP year assessed.
Many studies stated that companies often struggle with scope 3 emissions acd@attingann

et al., 2023; Patchell, 2018; Puschmann & Quattrocchi, 2028§ing their disclosures relatively
uncertain despite recent improveme(is C. Blanco, 2021; Busch, Johnson, et2022; Hansen

et al., 2022; KlaalRen & Stoll, 2021hcluding scope 3 targets without cresdidation ofrelated
emissiondisclosurescould bias results, as their inconsistencies would likely exceed the 44%
exclusion rate observed with scope 1 and 2 targets. However, scope 3 emissions could represent
more than 75%of the total company emissiof€DP, 2024c; Huang et al., 2009; Mejia &
Kajikawa, 2024; Schmidt et al., 2022)eaning that excluding scope 3 targets risks overlooking

an important corporate lever for reducing global emissiohs mitigate this limitation,
determinants with scope 3 perspective were incorporateduimtanalysis. Future research could
extend to scope 3 target progress and their determinants; CDP has recently introduced more
extensive scope 3 conte(@DP, 2024a) Using our criteria for filtering inconsistencies, these

studies could provide ridinsights for future assessments and stakeholders

Since companies did not provide information on the expected reduction trajectory of their targets,
the target progress indicatassume a linear reduction trajectorgas commoly donein previous
studies(Aldy et al., 2023; Dietz, Gardiner, Jahn, et al., 2021; Giesekam et al., 2021a; Hale et al.,
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2021; A. Hsu et al., 2020; Kuramochi et al., 2020r findings suggest that mitigation efforts

may not always follow a linear path, particularly for targets with longer timeframes (see Section
4.2). The target progress indicator can be adapteddaiinearreduction trajectoriesApplying

an exponent on the percentage of time elapsed results in higher progress initially and slower later
(mitigation efforts already started, exponent > 1), or slogvegress initially and faster later,
(mitigation effortsstarting later due to time to initiate them, expaneetween 0 and 1yVithout

further investigation or specific information from companies regarding their planned reduction
trajectories assuming these alternative trajectoreesrently lacks basis andisks mislabeing
targetsZLWK PLQLPDO LQLWLDO UHGXFWLRQV DV pRQ WUDFNTY

Different determinants or a higher number of determinants may lead to different results. Increasing
the number of determinants, disaggregating more CDP questions, or including data outside CDP
are new avenues for future research. For example, CDP doaschute variables related to
company size or financial informatio8uch variablesnaylead to a hidner variance of the target
progress explained. However, not all companies assessed are public, which implies a lack of

financial information for the full gaple of this study.
5.2.4.4Implications of findings

The findings of this study have generated valuable insights leading to future research orientation
(see Sectiorb.2.4.9, as well agecommendations for companies, policymakarsd investors.
Companies need to improve the quality and completeness of their target disclosure.
Inconsistencigssuch as those found with target base year emissions (1,206 targets disregarded out

of 2,734initially judged complete), can be viewed as poor practice and damage a company's
reputation. Furthermore, companies should provide additional information regarding their target
reduction trajectoryBjgrn et al., 2023; Bolay et al., 2022Jhis would facilitate notinear
WUDMHFWRU\ DVVXPSWLRQVY DQG SUHYHQW FRPSDQLHV IURF
reduction plans involve slower initial reductions followed by accelerated reductions due to

scheduled investments.

8QGHUVWDQGLQJ FRPSDQLHVY EHKDYLRUYVY DQG KRZ WKH\ DU}
policymakers identify areas needing increased efforts and regulation. In addjimor iworporate
behaviors, such as inconsistencies, and disparities in target parametdisdings suggest that

ambitious targets from some firms may only be symbdle to their lower progression
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Governments should implement regulations to prevent misleading information for investors and
other stakeholders and provide clear guidanceppropriatetarget parameters and disclosire
The CDP should require companies to specify the expected reduction trajectory in their

guestionnaire.

7KH NH\ GHWHUPLQDQWY OHDGLQJ WR ORZHU RU KLJKHU SUR
for investors to inform their marketilue assessment of firms, such as with ambitious targets.
Investors should exercise caution and conduct deeper inveRi@eg¥ EHIRUH LQFUHDVLQ.
market value based on ambitious targets. Following target progression should be integrated into
investment assessments, given that 30% of firm targets have increased their emissions compared

to their base year and another 18éhieved at the year the target was set. Investors could use the

poor practices identified in this study to inform their engagement stratbtgaawhile, companies

should account for the key determinants by carefully choosing their target parameters, favoring
absolute targets over intensity, setting more than one target such asdheseag scope 3

emissions linking remuneration to climateelated issues, and getting thambitioustargets

approved by the SBTI

5.2.5 Conclusion

This study contributes to the understanding of corporate climate mitigation targets and is the most
comprehensive study of the determinants influencing their progress, with the analysis of 120
determinants applied to a final sample of 1,528 targets fr@B01l¢ompanies. Using a new
indicator to evaluate progress in a comparable way, this study identifies 19 key determinants that
explain why companies progress better or worse than others towards their targets. These
determinants provide valuable insights bevealing future research directions and

recommendations for companies, policymakers, and investors.

The findings highlight that companies with absolute targets, longer timeframes, disclosing
additional targeg and remuneration associated with climaiated issues tend to progress better.

The results reveal that companies with ambitious targets progress less, except when these targets
are approved by the SBTi. This suggests that some ambitious targets mayeb®/mbolic than
genuine. Investors should investigate the progression and ambition of corporate targets when
assessing companies, and policynralshould provide clear guidance and regulations to prevent

misleading informatiotarget information.
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The progression of compani@sWDUJHWYV VKRZV WKDW RI WDUJHWYV ZHL
were set. Furthermore, 30% had increased their emissions compared to their base year, with an
DGGLWLRQDO RI WDUJHWV pQRW RQ WUDFNY DQG WKH U

achiesed).

Despiteits valuable contributionghis study is not without limitations, including theliance on
selfreported data by companies and the exclusion of scope 3 emissions targets. Future research
should address these limitations and explore the implications of target progress indicators, non
linear reduction trajectories, base year choicasg target ambitions to provide a more

comprehensive understanding of corporate target progression.
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CHAPTER 6 ARTIC LE 3: HOW RELIABLE IS CORPORATE
CARBON DISCLOSURE? EVALUATING INCONSISTENCIES AND
THEIR IMPACTS ON CORPORATE EMISSIONS REDUCTION
TARGETS

Authors: AnneFrance BolayAnders Bjgrn Laure Patouillard, Olaf Weber, and Manuele Margni.
Submitted on Novembé&; 2023 in Climatic Change
Supplementary material in Appendix C.

6.1 Abstract

Stakeholders need higfuality, reliable, and comparalderporate carbon data to inform decision

making. While concerns have been raised about the (in)consistency of corporate carbon data,
existing literature provides limited answers, focusing on undifferentiated reliability issues or a
small number of comparsein specific sectordAs a result, it remains unclear how widespread
inconsistencies are in voluntary corporate carbon disclosures, |etinnipllowing questions
unanswered: how instances of urable disclosure relate to companies with and witleouissions
UHGXFWLRQ WDUJHWYV DQG KRZ WKHVH LQFRQVLVWHQFLHV LF
study presents an-akepth analysis of the extent of inconsistencies reported by 2,241 companies in

the 2020 CDP dataset and their relation to ganies reporting emissions reduction targets. The
ILQGLQJY UHYHDO D FRQFHUQLQJ SUHYDOHQFH é&niss@dBRQVLVYV
disclosureskorty-six percent of companies had incatencies, such as differendegween global

Scope 1 emissionand thesum oftheir breakdownger greenhouse gas, or location. The share of
companies with inconsistent disclosures reduces to 22% when tolerating differences of up to 5%,
with companies reporting emissions reduction targets, including those approved by the Science
Based Targets initive and netzero targets, being as inconsistent as companies without targets.
Furthermore, the findings highlighssues surrounding the reliability of base ryeanissions
FRYHUHG E\ FRPSDQLHVY WD UJH iM\actzaKdobidorvdhésgtarpetebd) W O\ R E
even lower ambitions initially announced\dditionally, inconsistencies substantially bias
assessments of companies” target progetesving partially achieved targets due to inconsistent

disclosures.
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6.2 Manuscript
6.2.1 Introduction

Companies are increasingly pressured to report their carbon footf@atkez et al., 2019;
Chithambo et al., 2022; Liesen et al., 20¥ariety of stakeholders demand an@ asrporate
carbon data, such as governments to address climate change and inform reditiateoes al.,
2024; The World Bank, 2022firms to better understand and reduce their supply chain emissions
(C. Blanco et al., 2016; Y. Yu et al., 202@nhd investors tasses$irm-market valuation$Choi

& Luo, 2021; Matsumura et al., 2014ccordingly, stakeholders need higbality, reliable, and
comparable data to better inform their decisi@ssch, Cho, et al., 2022; Hoepner & Rogelj, 2021;
Talbot & Boiral, 2013) For example, poor data qualitpuld impactassessments of companies”
progress against their emissions reductamgets and mislead invest@aboutcompanies” future
carbon performanc@usch, Cho, et al., 2022; Talbot & Boiral, 2018)

Corporate carboulisclosure continues to be voluntary in most parts of the world, even where
emissions trading schemes or carbon taxes,easstthese regulations often cover individual
facilities rather tharthe overallcompany(Busch, Johnson, et al., 2022; Stanny, 2018; The World
Bank, 2022) Owning to its voluntary nature, the quality of corporate cadisclosures, such as
those collected by the Carbon Disclosure Project (CDP), has been quefliepedrs & Jeanjean,
2016; R. He et al., 2020; Zhang & Liu, 2020)

The CDP, the largest dataset of voluntary corporate carbon disclosures, sends questionnaires
directly to corporations to collect data on behalf of invediBtsch, Johnson, et al., 2022; Ott et
al., 2017; Zhang & Liu, 20207 he resulting CDP dataset is highly structuii@dpoers & Jeanjean,
2016; Zhang & Liu, 2020and broadly perceived as a reliable source of corporate cinelated
data(GarciaVega et al., 2023)As such CDP datéhave beemwidely used in academic research
(Stanny, 2018; Zhang & Liu, 2028ind integrated into several thipérty carbon databasg@usch,
Johnson, et al., 2022; Callery & Perkins, 2021; Papadopoulos,. 20@&¢ver, the CDP does not
provide quality assurance, allowing for the possibility that firms may submit unreliable data.
Although firms may face penalties on their CDP scoring, the CDP does not toergbbrporate
Response Datfwhich includes targetelated information disclosed by firflGDP, 2020c, 2023)
While the CDP has improved the completeness of corporate carbon disclosure o\ereter

et al.,, 2015; L. Luo & Tang, 2014; Matisoff et al., 2018)e consistency of the voluntarily
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disclosed carbon data remains a con¢Busch, Johnson, et al., 2022; Hoepner & Rogelj, 2021;
Stanny, 2018)

Previousconsistency studies have assessed corporate carbon data across communication channels
and found inconsistencies, i.e., corporate sustainabiipprts (Depoers & Jeanjean, 2016)
mandatory reporting prograStanny, 2018)andthird-party data provider@Busch, Johnson, et

al., 2022; Papadopoulos, 202Part of the reason appears to be that the underlying accounting
choices of some companies differ across communication channels, with respepbriing
boundaries (i.e., equity, financial, operationalland activitycoverags (e.g., facilities included)

or different methodological approaed(e.g., GHG Protocol t&ndard)(Busch, Johnson, et al.,
2022; Depoers & Jeanjean, 2016; Papadopoulos, 2022; Stanny, J0i8)accountability
flexibility in voluntary reporting has been shown to result in companies generally disclosing lower
carbon values in theicorporate sustainability reporthan to the CDP, which has a more
standardized format{Depoers & Jeanjean, 2016MHowever, carbon data reportethrough
mandatory program@ll facilities not necessarily covered) tetadbe generally lower than in the
CDP datase{Busch, Johnson, et al., 2022; Stanny, 20T8)s leads toinconsistencies between
third-party provides, ascompanies report different das@ross communication channéBusch,
Johnson, et al., 2022; Papadopoulos, 2022)

Other studies have assessed corporate carbon data within a specific communication channel across
time and found inconsistenciéSallery & Perkins, 2021; Dragomir, 2012)his may be partially

driven by companies changing their accounting chaiees time(e.g., reporting boundaries), so

that disclosures made at different points in time may report different emissions data for the same
year(Dragomir, 2012; Liesen et al., 2015; Papadopoulos, 2022)s,Callery and Perkins (2021

found thatcompanies declaredifferent percentage of change in emissionWWKDQ WKH DXWKI|

calculations based on reporteshissiondor the current and previougear.

Only one study, that we are aware of, has assessed inconsistencies within a specific communication
channel and disclosure yg@arciaVega et al., 2023)n this case, inconsistensiasich as when

a companyeportsglobal Scope lemissionghat differ fromthe total sum oScope lemissions

broken down per facility levetannot logically be explained by differences in accounting choices
Furthermore GarciaVega et al. (2023proposedtwo types of inconsistergs; 1) a company

lacking the ability to correctly repaits carbon data (when tlggobalemissions do not equal to the
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total sum of a corresponding breakdown), 2) a company not acting in good faith (wigérbtde
emissions are lower than the total sum). Apart from companies failing to follow the precautionary
principle, as discusseby GarciaVega et al. (2023)the second type dhconsistency could
misguide investors. Indeed, when investassess firmmarket valuationgChoi & Luo, 2021;
Matsumura et al., 2014}he progress of firms against their emissions reduction tafgesch,

Cho, et al., 2022; Talbot & Boiral, 2018)r their portfolio carbon footprint and climatelated
transition riskgIIGCC, 2021; PCAF, 2022; TCFD, 2021#)ey are, to our knowledge, more likely
usingtheglobalemissionger scopélisclosed byacompanyratherthan summing corresponding

breakdown. This implies that companreporting too lowglobalemissions mislead investors.

By assessing the Scope 1 emissions of 33 oil and gas comizamieis;Vega et al. (20233howed

that both types of inconsistencies weseU HV HQ W RI FRPSDQLHY 3ODFNLQJ
DELOLW\’ RI FRPSDQLHV 3QA\Wqlired\bl e CDR, thds&kdatal Ehould K ~
have been consistent, yet firms only face minor penalties on their CDP scoring when they exceed

a 5% difference between their global emissions and corresponding break@@ims 2020c,

2020b) As suchthe extent of unreliable carbon data voluntarily disclosed by companies exceeding
different potential tolerance levels is unclear, as are the implications of unreliable data for the data

users.

An important consideration is how unreliable data affects assessments of companies” progress
against their commitment to reduce emissions, which has not yet been afBassbhdJohnson,

et al., 2022; Callery & Perkins, 2021; Dragomir, 2012; Hoepner & Rogelj, 2021; Talbot & Boiral,

2018) The reliability of this assessment depends on additional data, such as base year emissions
for Scope 1, which are not penalized in the CDP scoring even if discrepancies were {€D&gur

2020c) 1HYHUWKHOHVYVY EDVH \HDU HPLVVLRQV DUH FHQWUDO L
they state a percentage reduction for a given emissions scope between a base year and a target year
(Bolay et al., 2022; Campbell, 202 Burthermore, another important question is how unreliable

data relates to companies with and without emissions reduction targets.

To increase their credibility towards climate change mitigation, a growing number of companies
are setting emissions reduction targets. Among these, ambitious targets framed by stringent design
features such as scierbased targets and Astro targets & becoming more commdhlale et

al., 2022; SBTi, 2022af5ince companies with targets are broadly expected to demonstrate better
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carbon performance in the future, investors valampanies with emissions reductitargets
(Campbell, 2021; Cheng et al., 202&specially highambition targetdBendig et al., 2022;
Khandelwal et al., 2022However, previous studies have shown that sufficient information was
QRW QHFHVVDULO\ DYDLODEOH WR D@GélayxDav,H202; Déty,HVV FR
Gardiner, Jahn, et al., 2021; Giesekam et al., 2024i8)ng concerns about transparency and the
effectiveness of these commitme(Bgarn et al., 2023; Day et al., 2024)oreover, the credibility

of these commitments has been questioned due to their voluntary nature and the pressure from
stakeholders to set targd&srmour et al., 2023; Hale et al., 2024ccording to the legitimacy

theory, such reporting of targets may only serve to legitimize their operations without genuinely
committing to climate change mitigati¢R. He et al., 2020; Talbot & Boiral, 2018)his suggests

that companies with targets may not necessarily report more consistent carbon data than those
without, challenging the assumption of their advancing efforts for climate change mitigation. To
WKH EHVW RI WKH DXW KR UVEWetNaQsRsz€dl viethidr th@ Felidbility<ds daHbvh K D
data differs across companies with and without targets.

Building on the work ofGarciaVega et al(2023) this study aims to assess (in)consistencies in
carbon data disclosed by more than 2,000 companiesnwitie 2020 CDP questionnaires,
specifically addressing the following research question: (RQ1) To what extent do inconsistencies,
including both overand understated global emissions per scope, exceed specified tolerance levels
in corporate carbon discloges? Furthermore, this study aims to deepen understanding of corporate
emissions reduction targets by addressing the following research questions: R@2mpanies

with emissions reduction targets less inconsistdRQ3) How does inconsistent data affect the

assessment of corporate emissions reduction targets and their progression?

To answer the first research question, the number of companiesnaathsistent disclosures,
including those with either oveor understated global emissions per scope compared to elsewhere
within the 2020 CDP questionnaire, and the share of individual companies” disclosures that are
inconsistent will be calculated acdarg to different tolerance levels. To answer the second
research question, three hypotheses will be tested where more consistent carbon data can

reasonably be expected from companies with these characteristics:

H1 Companies reporting a scierlbased target approved by the SBTi disclose more consistent

carbon data than companies not reporting a target.
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H2 Companies reporting a Reero target Without reporting a targeapproved by the SBTI)
disclose more consistent carbon data than companies not reporting a target.

H3 Companies reporting other emissions reduction targetsqut reporting a netero or SBTi

approved targetjisclose more consistent carbon data than companies not reporting a target.

The underlying assumption is that if companies are genuinely committed to reducing emissions,
they should demonstrate more consistent reporting than those without targets. If as much
inconsistencies are found among companies with targets, this couldhgeatlee credibility of

their commitments to emissions reduction. In the third research question, the implications of
assessed inconsistencied be then investigated, with the potential for unreliable data to bias

target ambition assessments and targagness results.
6.2.2 Methodology

The methods to evaluate inconsistencies in voluntary corporate carbon data are described in the

following sections
6.2.2.1Sample: Companies and targets covered

All companies submitting information to the 2020 CDP climate change questionnaire, which was
sent on behalf of investors, were included in this study. The study focuses on comparing aggregated
and unaggregated carbon data corresponding to annual GHGoemifsi the reporting year, up

to three previous years and base year emissions for the Scope 1, Scope 2asatipand Scope

2 marketbased, but excluded Scope 3 emissioSsope 3 emissions, available only by category

as suggested by the GHG Protocol and limited to the reporting pesented a consistency

assessment.

Therefore, eighteen data comparisons, each expected to be identical, were evaluated (RQ1). These
comparisonsg@etailed in Sectior6.2.2.2 are presented iifable 6.1, with corresponding CDP

question numbers available in supplementary information (SI).

5 Scope 1directcompanyemissionsScope 2 indirect company emissions from purchased electriGtppe 3 other
indirect company emissions from the value cl#ifRl & WBCSD, 2004) Scope 2 approaches; locatibased using
regional gridaverage emission factors and matkased using specific emission factors from contractual agreement
(WRI, 2015)
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Table6.1: aRPSDULVRQV LQFOXGHG LQ WKH LQFRQVLVWHQF\ DV
Abbreviations: SC1 = Scope 1; SC2 LB = Scope 2 locdiased; SC2 MB = Scope 2 market
based; BY = base year.

Comparison Global emissions per Corresponding breakdown
number scope (aggregated

carbon data) (usually unaggregated carbon data)

1 SC1 for reporting year SC1 per GHG

2 SC1 per country

3 SC1 per business division

4 SC1 peibusiness facility

5 SC1 per business activity

6 SC2 LB for reporting SC2 LB per country

7 year SC2 LB per business division

8 SC2 LB per business facility

9 SC2 LB per business activity

10 SC2 MB for reporting SC2 MB per country

11 year SC2MB per business division

12 SC2 MB per business facility

13 SC2 MB per business activity

14 SC1 and corresponding SC1 and SC2 (LB or MB), with combined
SC2 (LB or MB as statec disclosure from intensity figure for the reporting
in intensity figure) for year, such as emissions per revenue (disclosed
reporting year separately).

15 SC1 for base year SC1 for reporting year or previous years

16 SC2 LB for base year  SC2 LB for reporting year or previous years

17 SC2 MB for base year SC2 MB for reporting year or previous years

18 SC1 and/or SC1 and/or SC2 covered by an absolute emissit

corresponding SC2 for reduction target for the base year, correspondin
base year, reporting yea the percentage of scope covered by the target.
or previous years

To test whether companies with emissions reduction targets are more credible than companies
without by having a more consistent disclosure (RQ2), all sample companies were divided into
groups following the characteristics defined in the three hypotheaels .Hypothesis contains two
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independent groups: companies disclosing a certain type of target and companies without targets.
For H1, a company reporting that its absolute target or its intensity target is approved by the SBTi
was assigned to the grodpproved SBTi targe{$or CDP question numbers, see Sl). Conversely,
companies that did not report any target (no absolute or intensity target) were assignétbto the

targetsgroup, which is used in all three hypotheses.

For H2, the characteristics to identify fretro target are based on the {¥eto Benchmark of
CA100+ for partial or total netero. Specifically, this correspondsaatinimum to companies
reporting an intensity or an absolute target with an ambition of 100% covering at least 95% of their
scope 1 and 2 emissioftSA100+, 20223)without being in the grouppproved SBTi targetShe
groupTargets (not approved SBTi or regro)from H3 includes companies reporting intensity or
absolute targets not part of either tkgproved SBTi targets Netzero targetgroups.

Corporate emissions reduction targets assessed in RQ3 imtisdieite targets covering Scope 1
and/or 2. Intensity targets, providing solely emissions intensity information (detailed absolute
emissions not included), and Scope 3 targets, following the same rationale as Scope 3 emissions,
precluded assessments. There, RQ3 assessment does not include the total sample of companies

unlike the other two research questions.
6.2.2.2Inconsistency indicator

Recognizing that a certain level of inconsistency may be acceptable, the inconsistency indicator
incorporates predetermined tolerance levels, while usingnitensistency types outlined by
GarciaVega et al. (2023) 7TKHUHIRUH WKH LQFRQVLVWHQF\ LQGLFDWR
disclosed data for a given comparisonnsonsistentor consistenwith respect to a specified
toleranceThe inconsistent category distinguishes whether global emissions per scope-ave over
understatedompared to corresponditigeakdowngeported bycompanies (se€able6.1). The
inconsistency indicator is calculated for each comparison of every company and for each tolerance

level tested, with the calculation detailed in SI.

The inconsistency indicator relies on two variables: the difference and the accepted tolerance, both
of which depend on a specific comparison and compa&hg. difference, subtracting the total
corresponding emissionsreakdownfrom the global emissions per scope, is based on their
functional relationship for each comparison (see details below), making them equivalent to one

another when the company carbon disclosure is consistent.
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This difference is thermssessed against an accepted tolerance, which is the maximum value

between two components:

1) Relative tolerance: Based on a percentage of tolerance allowed, which is applied to the
global emissions per scope for a specific comparison and company. The percentages tested
are 0%, 1%, 2.5%, 5%, 10%, 15%, 25%, 50%, and 75%.

2) Rounding tolerance: Based on the number of elements in the corresponding breakdown for
a specific comparison and company, with each element incremented by one, and the
absolute variation calculated between the totals with and without increments. When the

tolerance allowed is 0%, only the rounding tolerance is accepted.

The inconsistency indicator for a specific comparison and company results in three possible

outcomes:

x Consistent: When the difference is within the accepted tolerance range (between negative
and positive tolerance values), this indicator is labelled as consistent.

X Inconsistent (Overstated): When the difference is greater than the positive value of the
DFFHSWHG WROHUDQFH )RU H[DPSOH D FRPSDQ\TV JORE
total Scope 1 emissions broken down per country (comparison Pabksb.1).

x Inconsistent (Understated): When the difference is less than the negative value of the

accepted tolerance, meaning global emissions per scope are lower.

Each functional relationship defines how global emissions per scope are assessed with their
corresponding breakdowns for a specific comparison (presenfieabla6.1). Comparisons 1 to

14 relate to reporting year emissions, while comparisons 15 to 18 involve base year emissions.
Comparisons 1 to 13 compagbal emissions per scope with a summation of the corresponding
breakdowns. In comparison 14, global emissions per scope is a sum of Scope 1 and 2 emissions,
with Scope 2 being either locatidrased or marketased as specified in the intensity figureisTh

is compared against a single value of combined Scope 1 and 2 emissions disclosed within the
intensity figure, with both the numerator and denominator disclosed separately (e.g., emissions and
revenue). Comparisons 15 to 17 compare single values cancksgdo the same year and scope.

For comparison 18, global emissions per scope (1 and/or 2), which may involve a sum, depend on
the absolute target coverage and corresponding base year. This is compared to the base year

emissions disclosed in the absoltasget, which may be proportionally adjusted to ccdv@% of
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the target scope (see Sect®R.2.9. In cases where a company reported multiple values for global
emissions per scope (same year through base year, reporting year and previous years), the base
year emissions were retained to avoid conflicts with comparisons 15 hwterthat if a company
disclosed multiple targetscomparison 18 is consider&ttonsistenif any of these comparisons

arelnconsistent.

Inconsistentmplies that overand understated inconsistencies are combined. This means that any
difference outside the accepted tolerance range for a specific comparison and company is
considered amconsistentFor the same accepted toleraridaderstatedalone is less restrictive

thaninconsistenss it disregards cases where the inconsistencies are overstated.
6.2.2.3Inconsistency index: Frequency

The frequency inconsistency index measures how often a company has reported inconsistent
comparisons. This index considers the fraction of comparisons that are inconsistent for a company
For example, a company reported sufficient information to assess four comparisons and one of

them is inconsistent, ifsequency inconsistency index result is 0.25
6.2.2.4Inconsistency index: Presence

The presence inconsistency index measures whether a company has inconsistency in their

reporting. A companis inconsistent if at least one of the comparisons is inconsistent

By aggregating the results of the respective companies, the two inconsistency indices (frequency
DQG SUHVHQFH SHUPLW WR DVVHVV ZKDW VKDUH RI FRPSDQ

and how many companies are inconsistent (presence) acrosgt@ndhe 18 comparisons (RQ1).
6.2.2.5Statistical analysis of company with emissions reduction targets

To answer the three hypotheses (RQ2), statistical analyses were conducted to assess if companies
with targets were significantly more consistent than those without. These analyses were performed
twice for each hypotheses using the frequency inconsistadex i(from RQ1), first with a 1%
tolerance to exclude small differences from being classified as inconsistent, and second with a 5%

tolerance to allovior more generous differences.

6 Targets with a status as expired or revised were not assessed.
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For the statistical analysis, the Mawhitney U test was employed. This nparametrical test
evaluates whether two independent groups differ significantly in their distributionssite test)

and the directionality of these differences (tbaided test, i.e., whether one group is more or less
consistent than the othgfllachar, 2008)The ManAWhitney U test is preferred over thetdst
ZKHQ GLVWULEXWLRQVY DUH VNHZHG DV ZLWK YDOXHV SUHGR
inconsistency disclosure, or contain extreme values, such as (Ledbardi & Hurlbert, 2009;
Nachar, 2008)Given the absence of prior evidence suggesting that companies with certain types
of targets are frequently more or less consistent, a significant difference must be observed (two
tailed test, pralue < 0.05) before the directionality can be assg¢swdbardi & Hurlbert, 2009)

As such, rejecting the null hypothesis indicates that the two groups do not come from the same
population, suggesting they are significantly different with one group being more consistent than
the other. Note that companies with insufficient data foc@thparisons were excluded, as there

IS no assessment of the (in)consistency.

6.2.2.6Implications of inconsistent disclosures on emissions reduction target

assessments

7R GHWHUPLQH KRZ LQFRQVLVWHQFLHY DIIHFW WKH DPELWI
reduction targets (RQ3), we evaluated variations in the results of target ambition and progress
indicators using a mimax approach. For each company, two scenargre developed: one using

the maximum value for parameter 1 (base year emissions) and the minimum value for parameter

22 target year emissions for the ambition indicator and reporting year emissions for the progress
indicator2 with the other scenario revergithese values. This mimax approach manages the
complexity of multiple values per parameter and target indicator by simplifying the analysis to only

two scenarios.

Corporate emissions reduction targets translate to emissions reduced for a given scope over the
period between the base year and target year, resulting in the target year emissions a company aims
to achieve. Instances of base year emissions restatemeniy docounting choices and company
changes (such as mergers and acquisitions), are expected to result in adjustmentsrelatad)et
information (CDP, 2020b) The target ambition indicator was calculated using the (in)consistent

disclosure of base year emissions collected in comparison 18gkk$.1), and calculated target
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year emissions. This approach demonstrates how inconsistencies in base year emissions cause

variations in companies' target ambition indicators, and thus their implications.

For example, if a company announces a 50% emisgduction target covering 100% of its Scope

1 emissions, with base year emissions of 100,000 tCO2e reported alonipsidéargetelated
LQIRUPDWLRQ LQ WKH &'3 VHFWLRQ p7DUJHW DQG SHUIRL
comparison 18), it aims to reach 50,000 tCO2e in the target year. However, if the company reports
lower emissions of 80,000 tCO2e for the same yadrscope elsewher@ the CDP sections
HM(PLVVLRQV PHWKRGROR J\§ba&R&mnigsjdht peY icBiR YorgparisoD I8 the

target ambition would be 37.5% (scenario 1; (80,800000)/80,000), indicating lower ambition
thaninitially announced. Conversely, if target year emissions are 40,000 tCO2e, the target ambition
would be 60% (scenario 2; (100,08@®,000)/100,000).

As specified inSection6.2.2.2 a target scope coverage lower than 100 % was proportionally
adjusted, such as targets covering specific country operations rather than ceviggnkor

instance, if the target coverage reported by the compasy0%, the adjusted base year emissions

would be 125,000 tC0O2d.00,000/80%*100%), and the adjusted target ambition announced by

the company would be 40% (50%*40%/100%), resulting in target year emissions of 75,000 tCO2e
(125,000- 40% of 125,000) instead of 50,000 tCO2e. Other base year emissions (global emissions
perscope) represent 100% coverage by default (compaahy). This adjustment approach was

DOVR DSSOLHG IRU HYDOXDWLQJ WKH FRPSDQLHVY WDUJHW S

7R DVVHVV WKH SURJUHVVLRQ RI FRPSDQLHVY WDUJHWYV 'V
progression at the reporting year is above or below a linear reduction trajectory between the base
year and the target year,@efined byBolay et al. (2023)This indicator ranges from 0 to 2, where

the percentage of the target achieved and time elapsed are limited from 0% to 100%. A value equal

to or higherthan 1 represent¥eRPSDQ\ phRQ WUDFNY DERYH ZKLOH D YDO.
RQ WUDFNY EHORZ 7KH WDUJHW S U RREUiH)SOWSsisteEhisEI@MWeR U ZD V
collected through comparisons 1 to 18 (Jexble 6.1) for the base year and reporting year
emissions, parameters 1 and 2 respectively (example provided No&)that targets with no time

elapsed were excluded, as there is no progress to assesshelEase year is the same as the

reporting year, and targets with time elapsed over 100%.
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Statistical analysis was applied to determine if there was a significant difference between the results

of scenarios 1 and 2 for a target indicator due to assessed inconsistencies. Sinces menario
WDUJHW LQGLFDWRU LQFOXGH WKH VDPH VHW RI FRPSDQLH'®
SignedRank twotailed test was employed with a significance levevdhue) of 0.05. This nen
parametrical test evaluates whether two dependent groupssitififificantly in their distributions

(Rey & Neuhdauser, 2011\Whenscenariod and 2 have the same value (company with consistent
reporting for these parameters), fhmtt (1959)method was used for handling zero difference.

Thus, rejecting the null hypothesis suggests that the extent of found inconsistencies (RQ1) was
VXIILFLHQW WR VLJQLILFDQWO\ DIIHFW DVVHVVPHQWYV RI FRP
XVHUVYMPDRV/QWY 54 &RPSDQLHVY WDUJHWYV ZLWK LQVXIILFLH

least one parameter) were excluded, as this would result in assessing only one scenario.
6.2.3 Results

Theresults section mirrors the structure of the methodology, with each subsection corresponding

directly to its counterpart.

6.2.3.1How many companies are reporting carbon data and emissions

reduction targets?

The sum of Scope 1 and 2 emissions reported to CDP by the 2,241 companies for the reporting
year (company specific, but usually calendar of financial year 2019) is 9.18 GtCO2e, considering
Scope 2 locatiofbased emissions where available, over mablsed enssions. This total may

include overlaps between companies; Scope 1 emissions reported by power generation companies
LQ WKH &'3 FRXOG FRUUHVSRQG WR RWKHU FRPSDQLHVY 6FRS
alone is 7.05 GtCO2e, which accounts doound 13% of 2021 global emissiofdNEP, 2022)

and represents 77% of the combined Scope 1 and 2 emissions.

Of the 2,241 companies, 98% disclosed their Scope 1 emissions for the reporting year, 96% for the
base year and only 35% for a year previous to the reporting year. Companies more often reported
Scope 2 locatiofbased emissions than marketsed emissionsée Sl), with several companies
reporting both as required by the GHG Protq@dRI, 2015)

Of the 2,241 companies, 83% reported a total of 4,095 emissions reduction targets. Among these

targets, 61% are absolute, while 39% are intensity targets. Target scope coverage is similar among
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absolute and intensity targets, with 73% of total targets covering Scope 1 and/or 2 emissions, and
the remaining 27% including Scope 3 emissions.

6.2.3.2Where are companies typically inconsistent?

Figure 6.1 presents the percentage of companies with inconsistent disclosures for the 18
comparisonsTable6.1) at a tolerance level of 0%e., only the rounding tolerance is accepted)
The number of companies reporting sufficient information to assess inconsistency varies by

comparison (see bracketskigure6.1).

As shownin Figure 6.1, companies with inconsistent reporting are found for each of the 18
comparisons (RQ1)YOf the 718 companies reporting sufficient information to assess comparison

18, 33% are inconsistent, making it the comparison with the highest percentage of companies being
inconsistent. As comparison 18 relates to base year emissions related to tasgeish tievel of
LQFRQVLVWHQF\ KDV LPSRUWDQW LPSOLFDWLRQV IRU WKH D\
Section6.2.3.6(RQ3). Comparisons 1, 8, 12, and 4 follow, respectively, with the next highest
percentages of companies being inconsistent. Comparison 1 refers to Scope 1 emissions reported
per GHG, whilghe others involve emissions per business facility for different scopes. Comparison

14 has the highest number of companies reporting sufficient information (2,116 companies), of
which 15% are inconsistent, resulting in comparison 14 yielding the higbssiute number of

companies with inconsistencies.

Understated inconsistencies are systematically lower than overstated inconsistencies across all
comparisons. On averagéJnderstatedrepresents 38% of total inconsistencies. However,
comparison 18 stands out with 61% oftiital inconsistencies beifgnderstated This indicates

that the base year emissions reported alongside othertdrgeD DWHG LQIRUPDWLRQ LQ
SHUIRUPDQFHY &'3 VHFWLRQ DUH JHQHUDOO\ KLJKHU SRWH

amount of targeted emissions reducti®®3, see fictive example in Secti6ér2.2.9.
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j: 1, SC1 for reporting year: SC1 per GHG (n = 1290) 4 //// 7.36 21.63

j: 2, SC1 for reporting year: SC1 per country (n = 1868) - 11.46
j: 3, SC1 for reporting year: SC1 per business division (n = 1041) 4,90 12.97
j: 4, SC1 for reporting year: SC1 per business facility (n = 540) /A 5.19 l20.19
j: 5, SC1 for reporting year: SC1 per business activity (n = 798) - 3.88 11.15
j: 6, SC2 LB for reporting year: SC2 LB per country (n = 1677) —///I 5.90 |14.85
j: 7, SC2 LB for reporting year: SC2 LB per business division (n = 936) - 13.78
j: 8, SC2 LB for reporting year: SC2 LB per business facility (n = 514) /////| 7.39 |20.82
j: 9, SC2 LB for reporting year: SC2 LB per business activity (n = 623) - 9.47
j: 10, SC2 MB for reporting year: SC2 MB per country (n = 1143) A /A 5.42 |15.05
j: 11, SC2 MB for reporting year: SC2 MB per business division (n = 672) — 4.46 12.80
j: 12, SC2 MB for reporting year: SC2 MB per business facility (n = 301) //AI 7.31 IZO.GO
j: 13, SC2 MB for reporting year: SC2 MB per business activity (n = 470) — 8.09
j: 14, SC1 & 2 for reporting year: SC1 & 2 from nuiwdeircaatt%rr%iztgqslig i //A 7.04 I15‘45

3
E

j: 15, SC1 for BY: SC1 for reporting or previous years (n = 495) .
|:| Inconsistent: Overstated

j: 16, SC2 LB for BY: SC2 LB for reporting or previous years (n = 450) I‘ Inconsistent: Understated

\

j: 17, SC2 MB for BY: SC2 MB for reporting or previous years (n = 270) 3.33 11.85
j: 18, SC1 &/or 2 for BY, reporting, or previous years: SC1 &/or 2 for BY | | 1
covered by target at 100% (n = 718) ///////////AI 20:19 2315
0 10 20 30 40 50
Percentage

Figure6.1: Percentage of inconsistezimpanies for each comparison with 0% tolerdaeel (n
= number of companies reporting sufficient information per comparjsoosomparison
number).Numbers following hatched pantspresentUnderstated(where global emissions per
scope are lower than the total of a corresponding breakdown), winileers atheends of the
barsrepresentnconsisten{combiningOverstatecandUnderstatedl Abbreviations SC1 =
Scope 1; SC2 LB Scope 2 locatiofbased; SC2 MB Scope 2 markebased; BY =hase year.

As the tolerance increases, the percentage of comgmmiesinconsistent greatly decreases for all
comparisons except comparison 18 (see Sl). For example, comparison 1 decreased from 21% to
9% as the tolerated difference increased from 0% to 1%, while comparison 18 only declines
slightly, from 33.15% to 32.8%. The limited decrease is caused by the rounding tolerance, where
each element is incremented by one (see Se@tibA.d. In comparison 18, this increment results

in a higher tolerance at 0% because it applies to the percentage of emissions covered by the target
rather than to figures summed up asother comparisons. Therefore, comparison 18 at 0%
tolerance yields a more conservative result than other comparisons, despite bemgsthe

inconsistent.
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6.2.3.3What share of companies” disclosures are inconsistent?

Of the 2,241 companies, 2% did negport enough dat® assess inconsistenfoyr any of the 18
comparisons On average, companies disclosed sufficient informationevaluate seven
comparisonsBased on thaggregated resulfsom the frequency inconsistency indeompanies
with inconsistent reporting (0% tolerankel) had an average of 33% of their compared data
found to be inconsistefilRQ1). This indicatesthatthesecompanies tend to beconsistenacross

more than oneomparisonwith an averagef two out of sevelcomparison®eing inconsistent

As the tolerance for differenca@screases, the number of companies with at least one inconsistent
comparison decreases (as detailedFigure 6.2), while the averageshare of inconsistent
disclosures for the remaining companies remains stable (seae3hge of around 25%For
instance,729 companies are labeled inconsistent with a 1% tolerance and 387 companies with a
5% toleranceln both cases, an averagéaround25% of their comparisons were found to be
inconsistentThis suggests that for the same company, the relative differences between figures are

similar among inconsistent comparisons.
6.2.3.4How many companies are inconsistent?

The percentage of companiegh inconsistehreportingfor at least oneomparisorfor different
tolerancelevels isillustrated inFigure 6.2, based on thaggregated resultsom the presence
inconsistency indexRQ1). Whenonly rounding tolerance is accepted, 51% of companies were
always consistent in all comparisons where they disclosed sufficient informatiod,6&maf

companies reported mismatching numbers in one or more comparisons.

As shown inFigure 6.2, 33% of companies report inconsistencies above a 1% tolerance level,
meaning 14% of companies have differenoégess than 1%vetween corresponding numbers
(46.45% at 0% and 32.53% at 1%, totaling 13.9286)the tolerance increases, the number of
companies labeled as inconsistent decreases. However, even with generous tolerances for
differences, a substantial percentage of companies remain inconsistent despite CDP scoring
penalties for differences exceedibfo (22% of companieseeFigure 6.2). These penalties,

however, only apply to 11 of the 18 assessed comparisons.

On average, across tolerance levels, 45% of total inconsistencies correspond to companies

understating their global emissions per scope compared to the total of a corresponding breakdown,
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suggesting a general pattern of underreporting. On the other hand, the remainiQys&tate )l
indicates a relatively balanced distribution between-cauead underreporting.

100 1

- Insufficient data
m Consistent

|:| Inconsistent: Overstated
m Inconsistent: Understated

80 4

60

46.45

Percentage of companies being inconsistent

40 4
32.53
25.84 26.24
'/ 22.04
20 A
17.27
/ 16,38 409
// 12.45 12.54
” 10
// 7 7.18 618 8 —
/ / / Ny i [2e]
. 2.63
A WIAVIAVIAV A A VAV A
No answer Consistent 0% 1% 25 % 5% 10 % 15 % 25 % 50 % 75 %

Percentage of tolerance allowed

Figure6.2: Percentage of companies being inconsisteahe or more of the 1&mparisons
while considering different toleranéevels Numbersabovehatched partsepresentUnderstated
(where globakmissions per scope are lower than the total of a corresponding breakdown), while
numbersat the ends of the bars represi@aabnsisten{combiningOveistatedandUnderstated.

Thefossil fuels sector has the highest percentage of companies being inconsistent across tolerances
from 0% to 25% (see SIOf the 86 companies in this sector, 66% are inconsistent with 0%
tolerance level (compared to 46% of all comparitégure6.2), 41% with differences above 1%,

and 20% with differences above 25%. Excluding a sector with only one company, the power
generation sector has the lowest percentage of companies being inconsistent with differences above
1%, at 24% of th&4 companies.
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6.2.3.5Are companies withemissions reductiorntargetsless inconsisterf2

Of the 2,193 companies with an inconsistency assessment, 1,851 reported emissions reduction
targets, whereas 342 did not. Among these taegsirting companies, 20% had SBipproved

targets (H1), 5% had neero targets without having SB&pproved targets (H2), and 75% had
targets that were neither SBdpproved nor netero (H3).Table 6.2 presents thestatistical

analysis resultgor each hypothesibasedon theshare ofinconsistentindividual companies’
disclosurs with 1% and 5%tolerancelevels, testing for significant difference betwegmoups

(RQ2). The percentage of companies with inconsistent reporting for at least one comparison is
presented as a complement; these imply that companies have shares of inconsistent disclosure
higher than 0%.

At a 5% tolerance level, the companies in the three groups with distinct target types (H1 to H3) are
not different from companies with no targetsvgdue > 0.05), meaning they are neither more nor
less consistent. The percentage of companies with intenisiseporting for at least one
comparison is closer between the target groups and tterget group at 5% tolerance than at 1%

tolerance.

At the 1% tolerance level, the analysis reveals that companiesNetzero targetsH2) and
Targets (not approved SBTi or redro)(H3) are in fact more often inconsistent than companies
reporting no targets. Specifically, a significance in the opposite direction of what was expected for
H2 and H3was found(p-value < 0.05) Companiesvith SBTi-approved target¢H1) are not
significantly different from those with no targets, but the result is close to signifgaalue =
0.053, se@ able6.2). Furthermore, the percentage of companies with inconsistencies is higher for
the groupApproved SBTi targetéH1) than forTargets (not approved SBTi or redro) (H3),

which is statistically significant. This is caused by companies in the Jraxgets (not approved
SBTi or netzero) (H3) having a higher share of inconsistent disclosures than thé@ggnoved

SBTi targetgH1). However, these two groups are not different from one anotivadifp > 0.05).
Further analysis suggests that companies with @Bproved targets (H1) tend to be less
consistent than those with no targets. ExcludiBgcompanies that had both 1zetro and SBFi
approved targets leads to significancer§ue = 0.049), showing they are more often inconsistent

than companies reporting no targets.



132

For both tolerances tested, none of the three groups with distinct target types (H1 to H3) are less
inconsistent than companies without targets, thus refuting all three hypotBesescompanies

could be more frequently inconsistent due to a more complete discigsgher number of
comparisonassessed), a Pearson and Spearman correlation analysis was performed between the
results of thérequency inconsistency index and the numberoofiparisongor which companies
disclosed sufficient dat®8oth corréations weresignificant (pvalue < 0.05), but associatiewere

very weak with correlation coefficierst of -0.09 for Pearson and 0.06 for Spearma@hus
companies reporting more data are not more often incenstsian other companies, and therefore
cannot explain why companies wittetzero target§H2) andTargets (not approved SBTi or net
zero)(H3) are significantly less consistent than companies without targets at the 1% tolerance level.

Table6.2: Statistical analysis resultsr each hypothesigMannWhitney U twaotailed test based
on theshareof inconsistentndividual companies” disclosuresth 1% and 5%olerance levels
(frequency inconsistency indp)Xsterisk (*): statistical significance {ypalue < 0.05), indicating
a difference between groups. Sample size: number of companies included per groups. Presence
inconsistency index: percentagkcompanies with inconsistent reporting for at least one
comparisor(presented as a complement).

1% tolerance level 5% tolerance level
Hypo- = Group name Sample size Presence P-value Presence @ P-value
thesis inconsistency inconsistency
index index
Approved 375 35.20% 19.73%
H1  SBTitargets 0.053 0.919
No targets 342 25.73% 18.71%
Netzero 91 39.56% 27.47%
targets (not
H2  approved 0.027* 0.118
SBTI)
No targets 342 25.73% 18.71%
Targets (not 1,385 34.15% 23.90%
approved SBTi

No targets 342 25.73% 18.71%
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6.2.3.6How doesinconsistent data impact the assessment of the ambition and

progress of corporate emissions reduction targets?

Of the companies with emissions reduction targets, 1,133 compapeded a total of 1,819

Scope 1 and/or 2 absolute targets (excluding intensity or Scope 3 targets in RQ3; see Section
6.2.2.). Among these targets, 43% did not have enough data to assess the implications of
inconsistencies on target ambition, and 13% to assess target progress (or had no progression to
assess, see Secti6r2.2.9.

Inconsistencies generated a significant difference bet#eetwo scenarioesults calculated for

the ambition and progress of targets (RQ3; both Wilcoxon sigarddtests with gvalue < 0.05).

This indicates thatentified inconsistencies affettte ability to correctly assefise ambition and
SURJUHVYV RI FRPSDQLHVY WDUJHWYV 7KH UHPDLQGHU RI WKL’
caused variations itheir ambition or progress results, implying that other targets in the samples

obtained the same ambition or progress outcomes.

Figure6.3 presentslifferences found between scenarios (variations) for the ambition of 314 targets

from 221 companies due solely to inconsistent reporting in base year emissions covered by targets
(comparison 18; sekable6.1). These inconsistencies result in wide variations in target ambition

(bars) compared to the initially announced ambitions by companies (red line; proportionally
adjusted, seBection6.2.2.9, with an average variation of 26 percentage points (bars length). This

high level of inconsistency in base year emissions includes 60% of targett/bhdergtatedblack

bars), where global emissions per scope are lower than proportionally adjusted base year emissions
reported alongside other targetated informationLQ WKH p7DUJHW DQG SHUIRUPDC
Furthermore, these inconsistencies lead to lower target ambitions (part of the bars below the red
line; scenario 1), implying that a part of a target may appear achieved simply due to inconsistent

disclosure.

For instance, in the fictive example given in Sect®B.2.6 a target ambition of 50% was
announced, but inconsistency led to a 12.5% lower result in scenario 1 (red line; 50%, part of the
bar below the red line; 12.5 percentage points). This resulted in 25% of the targeted reduction being
potentially achieved. S a situation occurs for 41% of the 314 targets, where more than 25% of
the targeted reduction appears to have been achieved as a result of inconsistent disclosure in their

respective base year emissions. Additionally, 39% of the 314 targets resulamlilion (bottom
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of bars), of which 51% correspoma Understatedbottom of black bars). This indicates tlia¢
minimum value for the base year emissions is lower than the target year emissions, suggesting
reduction in emissions remains for these targets when accounting for inconsistencies in their base
year emissions. However, target ambition announced by companies otib@8%ot result in any
variation despite inconsistencies in base year emissions, but it could lead to different results when
following the progressn of targets due to changes in thductiontrajectory.

= Target ambition announced I Understated Overstated

100

80

60

Target ambition (%)

40

20

=)

50 100 150 200 250 300
Number of targets

Figure6.3: Variation in FRPSDQLHVY WDUJHW DPELWLRQ EDUV GXH
base year emissions of targets (comparison 18; See TaBlady.bars Understatedt global
emissions per scope are lower tipaoportionally adjustetbase yeaemissions reported
alongside other targeelaiedinformation.Grey barsOverstatedRed line target ambition
initially announced by companies (proportionally adjusted).

Figure 6.4 presents variations in progress indicators found for 437 corporate targets due to
inconsistent disclosure in the base year emissions of the targets and in their reporting year
emissions (comparisons 1 to 18; Sedle6.1). Of these 437 targets (317 companies), 62% involve
understated inconsistencies (black bars), while 11% are bothaneunderstated for either the

base year or reporting year emissions of the targets (black bars). As a result of inconsistent
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disclosures, 27% have conflicting progress conclusions, showarkypassing through the value
of 1 (dotted line)n Figure 4, indicating a reversal fromRQ WUDFNY JUHHQ VKDGHV D
OLQH WR pQRW RQ WUDFNTY UHG VKDGHV EHORZ WKH GRWW

caused by understated inconsistencies.

Furthermore, 30% of the 437 targets appear with differences of more than 20% in their targeted
reduction due to inconsistent disclosure (bar length > 0@ 18% of targets showing
differences of more than 50%ifferences between scenarios arsolely fromvariationsin the
percentage of the target achievewplying that targets may appear partially achieved due to
inconsistenciesAdditionally, 5% of targets involves a 100%arget ambition announced by
companies with base year emissions inconsigsribat did not affect target ambiticgsults.

N Understated WM Overstated
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Target progress indicator
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Figure6.4: Variationin 437 F R P S D @@rigét préigress (bgrdue to inconsistemesfoundin the
base year emissions of targets and in their reporting year emiBammpassing through the
value of 1 (daedline) indicate an inversion of ressiftom tRQ WUDF N {sabbvethéQ VKD GH
dottedline)to yQRW R Q W U Bbdlofvthe doted NnK) @rtd Mice versaBlack bars:
Understated Grey barsOverstated
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6.2.4 Discussion

The present study contributes to the scientific literature on the (in)consistency of corporate carbon
data, the assessment of corporate emissions reduction targets, and their credibility. This has been
established through an-tepth analysis of 2,241 copies reporting to the 2020 CDP climate

change investor questionnaire measuring how widespread inconsistency is within a single
communication channel for a single year. This substantially expands on the vi@akct#Vega

et al. (2023)by increasing the number of companies assessed and accounting for specified
WROHUDQFHYVY OHYHOV 54 JXUWKHUPRUH WR WKH EHVW RI
have assessed whether inconsistency differs between companies with and witlssinnsmi
reduction targets (RQ2) or evaluated whether inconsistencies are sufficiently significant to bias
GDWD XVHUVY DVVHVVPHQWY DV VKRZQ KHUH ZLWK DVVHVVP

(RQ3).
6.2.4.1Contributions to existing literature

The general findings demonstrate tBabpe 1 and 2 corporate carbon date oftenunreliable
particulaty base year emissiomata (RQ1)and that users of such datan beseverely affected

by its unreliablity, asevidencedby the considerable impacts on corporamissions reduction
targetindicators (RQ3). Indeed, thieconsistency is extensive, with 46% of the 2,241 companies

assessed reporg numbers not adding uproughouthe2020CDPquestionnair¢seeFigure6.2).

The results obtained suggedtigherlevel ofinconsistency thathe 39% of fossil fuels companies
previously foundoy GarciaVega et al. (2023Even wheraccepting all the roundingossibilities
used by companiesis done byGarciaVega et al. (2023)we found that 64%f fossil fuels
companiesare inconsistent,compared to44% of all companies. Howevethe previous study
referedonly to Scope 1 emissionc¢mparisond to 5, sedable6.1), wherasthe present study
additionally assessed Scope 2 and base year emisgtoosmayexplainthe higher inconsistency
observedTherefore, our findings indicatkat inconsistency is widespread throughsmdtors (not
merelylimited to the fossil fuels sector; see Sl), emission scopes, and years (e.g., base year; see
Section6.2.3.3. Furthermoreour findings reveal tha concerning number of companies remain
with inconsistencies even when tolerating higher differences betregemtednumbers (e.g.,
above 5%; 22% of companies, ségure6.2).
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The inconsistencies found suggest that companies are experiencing accounting difficulties, where
better internal verification processes could avoid part (GérciaVega et al., 2023; Talbot &

Boiral, 2013) Indeed, inconsistencies accounted for include apparent filling/typing mistakes and
unit errors, which roughly 1% of companies had. Furtherpsmae companiesppeared to have
misunderstood the CDP question éomparisori (Scope 1 per GHG) or laeklinternal expertise

(Talbot & Boiral, 2013)and(based on comparisons with other parts of a given disclosge)ted

the quantities by mass of GHG instead of by mass of&€§d@/alentIn contrast, some companies
appeared to lack transparency by using rounding to avoid acagsgssments of their emissions
progressioriDepoers & Jeanjean, 201&pr example, four sample companies were found to round

to the nearest 10 million tCO2e.

GarciaVega et al. (2023)suggested that inconsistencies identified here vWerstated
LQFRQVLVWHQFLHYVY LQGLFDWH WKDW FRPSDQLHV IDLOHG WKF
about potential bad faith actions. However, our results suggest that an important part of these
inconsistencies involves only minor numerical differentted likely offered no benefit to these
companies (less than 1%; corresponding to 9.5% of compani€sgaess.2). Nevertheless, other
companies may benefit from inconsistencies in their reporting; 10% of companies show differences
in their disclosed data of more than 5%, presenting lower numbers in the data typically used by
investors (e.g., companies reportinglgbScope 1 emissions that are lower than the sum of Scope

1 emissionger business faciliy This might have led to an undeserved reward through investors'
firm-market valuations, as it enhanced their carbon performance assessment and ré@hizition

& Luo, 2021; Matsumura et al., 201#revious studies have shown that firms might intentionally
report advantageous figures to improve external assess(@atieyy & Perkins, 2021; Talbot &

Boiral, 2013) as could be the case here. While this study was not designed to demonstrate such
intentionality, which the balanced distribution of ovand understated among companies brings
into questioninvestors may still be misled by the use of such lower annual emissions compared to

data reported elsewhere.

Previous studiebavesuggested that companies benefit from having emissions reduction targets,
especially ambitious osesuch as targets approved by the SBTi orzeeb targets, by increasing
their firm valuationgBendig et al., 2022; Cheng et al., 2023; Khandelwal et al., 26&®yever,

the inconsistenesidentifiedraise substantial doubts about the credibilityhefsetargets In fact,

companies with targets amet significantly more or less consistéman companies without targets
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when differences up to 5% between reported numbers are toléR@2 H1 to H3. This
guestions the supposed advanced efforts toward climate change mitigation that companies with
targets should demonstrate, considering their laxity in correctly reporting their carbon data.
Furthermore,companies not reporting a target are significantly more consistent than those
reporting netzero targets (H2) and targets other thanzeev and SBTi (H3) when smetl
differences are toleratéd%). Although companies reping targets approved by the SBTi are not
significantly more or lessonsistent thathose not reporting a target, the statistical result is close

to significance(H1; seeTable6.2), with further analysis suggesting they may be less consistent
than those without target$his implies that many companies with targets, including ambitious
ones, might benefit from an underserved reward in their firm valuations by invéBémdig et

al., 2022; Cheng et al., 2023; Khandelwal et al., 2028gse findings support the legitimacy
theory, as an important number of firms seem to report their carbon data and set targets due to
external pressur@CA100+, 2022a; Ott et al., 201 @nd givertheir unreliable carbon data, their
truecommitmento reducing emissionsan be questiongdalbot & Boiral, 2018)

The implications of unreliable data can be substantial for users, as confirmed by its extensive
LPSDFW RQ WKH DVVHVVPHQW RI FRPSDQLHVY, HrPdlidbMLRQV U
carbon datasignificantly affects the possibility of assessing target progression and even creates
doubts about the real ambition of targets, as demonstrateédjune 6.3. The consequences of
inconsistent data are undeniable, as shown by the variability of the target progress indicators
illustrated inFigure 6.4, and can even inverse the conclusion of whether targetsnarack.
Inconsistencies, particularly in the base year emissions of targets, are critical and lead to the
appearance that part of the targets have been achieved (see 8&t8ar This might give
VWDNHKROGHUV D IDOVH LPSUHVVLRQ RI FRPSDQLHVYT HIIRUW
FDVHV ZKHUH WKHUH KDV EHHQ QR UHDO FKDQJH LQ FRPSD(
expertise, a lack of internal verificatigprocesses, deliberate opacity, or misleading behavior on

the part of these compani@3allery & Perkins, 2021; Depoers & Jeanjean, 2016; Gafega et

al., 2023; Talbot & Boiral, 2013/ KHVH ILQGLQJY DERXW WKH FUHGLELOLW\
concerns and needs for regulatitimsught byArmour et al.(2023 andHale et al(2024)
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The magnitude of all theaconsistencies is substantial. When only one of the inconsistencies per
company(the highest) is accounted fpthe total amount® 1.5 GtCO2e. Thisorresponds to

RI 6FRSH DQG HPLVVLRQV DVVHVVHG IRU WKH UHSRUWL
third-party verification do not appear to be sufficient to guarantee reliable data in the assessed
FRPSDQLHVY GQLMVAORNWKRGBRORJ\ RQO\ PDUJLQDOO\ SHQDOL]I
difference of 5% between disclosed data is exceeded, without including verifications of the base
year emissions related to companies' tar(@l®P, 2020¢)resulting in a worrying prevalence of
inconsistenciesven above this tolerated 5% difference (Sgere6.2). Additional resultsuggest
third-party verification fails to ensure reliable data throughout the reporting (see Sl), which
supports the findings oBarciaVega et al.(2023) and Talbot et al. (2018 Furthermore, the
LQFRQVLVWHQFLHYVY LGHQWLILHG DUH H[SHFWHG WR H[WHQG
example, the found inconsistencig®liferate into thirdparty data providers databag®usch,
Johnson, et al., 2022; Callery & Perkins, 2021; Papadopoulos, 208%F in some cases, scrutiny
and verification of the data may be lackif@piral & Talbot, 2021) In addition, the reliability of
the data does not seem to be questioned by users once these data have enjgaety timtdbases
(Callery & Perkins, 2021)Furthermore, voluntary corporate carbon data are used as inputs by
investors and thirgbarty providers for estimating the data of sreporting companie@oepner &
Rogelj, 2021; Papadopoulos, 202@)ereby adding to the uncertainty of these estimations.

6.2.4.2Limitations and future research

This study is based solely on the CDP 2020 questionnaires, meaning that the findings cannot be
directly generalized to other databases or years. However, other communication channels, such as
corporate sustainability reports, are not as highly structilsedXP questionnairg®epoers &
Jeanjean, 2016; Zhang & Liu, 202a)d do not necessarily include sufficient informationier

depth analysis. Nevertheless, the inconsistency indices and approaches to studying the implications
of inconsistencies on emissmreduction targets developed here can be applied to other datasets
and time periodsr usedto compare data between communication channels. The results obtained

can serve as a baseline for future assessntfaritge inconsistency assessments may be extended

" Differences corresponding to more than 1 GtCO2e have been ex¢hidddervations with the highest over 10
GtCO2e).
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to Scope 3, considering that the CDP 2022 questionnaire introduced more extensive content on
Scope 3 compared to previous ye@bP, 2022)

An improved understanding of corporate practices causing data inconsistencies would be beneficial
for stakeholders to understand how better accounting and disclosure practices can be achieved. For
instance, deficient internal processes and aggregatiorH®X UHY DW WKH FRPSDQ\fV
(Adamsson et al., 2017; Dragomir, 20112k of expertise, and greenwashing practiGetbot &

Boiral, 2013)have previously been mentioned by studies as reasons for inconsistent disclosures.
However, what are the corporate practices associated with reliable data? For example, are board
level oversight, executive manageméstel responsibility, company size,cathe number of years

they report determinants of reliability?

Nevertheless, this study did not explore the characteristics of companies with and without targets
that could be associated with inconsistent disclosures, such as company size, headquarter location,
number of countries in which they operate, or whethey thiee subject to carbon pricing
regulations, which is a limitation. Future research could integrate these characteristics into

inconsistency analysis using other statistical models, such as multivariate regression.

The present research demonstrates the consequences of inconsistency in a specific case, i.e.,
assessments of corporagenissions reductionargets. Further cases should be assessed. For
example, how does the ambiguity introduced by data inconsistency cha@geH V Wierkey ILUP
valuation? What ishe variabilityinducedon portfolio carbon footprints and their decarbonization

strategies? How does this change our probability of staying within tkaef@jree ceiling?
6.2.5 Conclusion

The presenstudy enhances the understanding of the (in)consistency of corporate carbon data and
the credibility of corporate emissions reduction targ&isin-depth analysis of 2,241 companies
reporting to the 2020 CDP climate change investor questionmauealsa high level of
inconsistencyin FRP SD @tode/Y and 2 emissions disclosuresth 46% of companies
exhibiting inconsistent disclosurdsven when tolerating differences up to 5% between disclosures

that should be equal, 22% of companies renraiansistent

Companies with targetscluding those approved by the Science Based Targets initiative and net

zero targetsare generally more often inconsistent or as inconsistent as those without targets
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depending on thdifferences betweereported numberthat are tolerated. This raises important

doubts about the credibility of targets for companies with inconsistencies, considering their laxity

in correctly reporting their carbon data. Furthermore, the present study highlights issues
surrounding the reliality of base year emissions covered by targets, which significantly obscure
WKH WUXH DPELWLRQ RI FRPSDQLHVY WDUJHWV $GGLWLRQDC
is significantly biasedyinconsistent disclosures, with targets appearing as partly achieved due to

inconsistent disclosures, which further discredits their credibility.

Given our findings and the reliance on voluntary corporate carbon disclosures by various
stakeholders, including academics, companies, policymakers, and ingtteset al., 2024,
Hoepner & Rogelj, 2021; Stanny, 2018gveral recommendations can be méae. academics,

an extensive data cleaning process is recommended. Carbon data shexrgtibezedprior to
analysis, corrected when possible, and disregastieth neededCompanies need to improve their

data gathering processes, implement an internal verification process to avoid reporting inconsistent
data, and increase internal training to ensure employees understanidtdheequirements.
Additionally, companies should beautiouswhen usingtheir peerV flata for benchmarking.
Disclosure platforms, such as CDP, should nudge and incentivize companies towards reporting
consistent data, e.g., by alerting compamegal timeabout inconsistent entries in online systems

and by counting instances of inconsistenoyre negativelyin disclosure scores. To improtee
reliability of corporate carbon datpolicymakers shouldmplement stringent regulations with a
verification process similar tinat ofthe financial systerfDragomir, 2012)supported by a highly
standardized and consistent framework covering all of the compldif€ict emissions. Regarding
investors,care should be exercised whaading a premium valueased orcorporate emissions
reductiontargets as inadequate datahibits assessments of ambition level and target progress
Accordingly, assessing theonsistencyof carbon data should be integrated into investment
analyss, and investors should engage with companies where inconsistencies are Fmrnd
instance, sch paramaters could beincludedin the Climate Action 100+ Nefero Benchmark.
Furthermore, investors need to engage with thandesto enforce a better verification process.
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CHAPTER 7 GENERAL DISCUSSION

This chaptepresentdow the research work has achieved the general objeutprovides an
overview ofthe attainment ofhe six objectivesutlined in Chapter .3Additionally, it discuses
the contribution of the research project as a whole, suggests potential future redeatities the

mainlimitations,and provides recommendations.
7.1 Achievement ofResearchObjectivesand Contributions

The general objective of this dissertatignt HYHORS PHWKRGRORJLHY DQG LQGL
ambition and progress of corporate climate mitigation targets across sectors to generate a
comprehensive evaluation of their disclosed targets to enableinéi@ned investment decisien

P D N Lwa$ %chieved through the fulfillment of the six objectives.

The first main achievementf this dissertationnvolved the development of methodoleg and
indicators accomplished by completingbjectives 1, 3 and By overcoming thedentified
limitations in previous studiesthe developed methodologies and indicatoais consistently
compare the ambition and progress of any type of targets across different companies, regardless of
varyingtarget parameter3 hisresulsin broad applicability across portfolios. Furthermahese
methodologies and indicators ams#y reproducible, which permits recurrent yearly analysis by

investors.

Thesecond main achievement was itielepth andcomprehensive evaluation of disclosed targets
by companiesapplyingthe developed methodolieg and indicators. This evaluation primarily
occurred through objectives 2, 4, andr@ble7.1 compilesthe studycoveragesamplesize and

final sample for the analyses conducted in Chapters 4, 5, and 6.

The considerable number of companies and taggstsssed in each scientific artieldhancethe
understanding of corporate climate mitigation targeis highlighting current best and worst
practices and suggesting future research directinthe time of publicatiorfor submission for
those not yet publishel] thesescientific articles represent the largest among the largest
assessments of companastheir respective research topiteereforethese resultsould serve

as baselinefor future assssmentdy the scientific community or practitioners.

Finally, the other achievementd this dissertationrelateto the specific fulfilment of the six

research objectives, which araefly summarized and discussed below.
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Table7.1: Coverage and sample of the analyses conducted in Chapters 4, 5, and 6.

Chapter 4

Article 1: Prospective
Sectoral GHG
Benchmarks based on
Corporate Climate
Mitigation targets

Chapter 5

Article 2: What drives
&RPSDQLHVY 31
their Emissions Reductio
Targets?

Chapter 6

Article 3: How reliable is
corporatecarbon
disclosur@ Evaluating
Inconsistencies and Thei
Impacts on Corporate
Emissions Reduction
Targets

Study Targets covering scop& Targets covering scop& Scopes 1 and 2@ssions
coverage and/or scope 2missions and/or scope 2missions for reporting year,
120 explanatory variable previous years, and base
divided in 11 categories. year.
Absolute targets covering
scope 1 and/or 2
Sample 2018 CDPFinvestor and 2020 CDPnvestor and 2020 CDP investor
size supply chain supply chain guestionnaires:
questionnaires: questionnaires: 2,241 companies of whic
2,607 companies of whic 4,524 companies of whic 1,113 reportea total of
1,697 reportec total of 2,925 reportech total of  1,813targets coverelly
3,009targets coveretly  4,341targets covereldy  the study
the study the study
Final 964 companieswith 1,030 companies with 2,193 companiefor the
sample 1,325 target$or the 1,528targets for 120 evaluation of

absolute benchmark,

868 companies for
intensity benchmark per
revenue,

771 companies for
intensity benchmark per
enterprise value,

32 companies for power
generation physical
intensity benchmark.

explanatory variables.

inconsistencies

1,005 companies with
1,584 target$or the
assessments of the
consequences of found
inconsistencies on target
indicators analysis.
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Objective 1. Develop a harmonization processcomparing corporate climate

mitigation target ambition.

A harmonization process wagleeddevelopedn the firstarticleandsubsequently applieid the
second article to enable comparability of corporate targets with different paranibitgngtocess
involvestransformingtargets to a same scope of emissions, timeframe, and target mkisic.
coherent and uniform analysis structure allows for flexibility in parameter selection, such as

extending to include targets covering scope 1, 2, and/or 3 emissions in future research.

As demonstratedn the first articlecompared tgoreviousliterature, te harmonization process

demonstrateds value by:

1) PreventingoverestimatR Q R | F R Pt&@eQaoibitoh,
2) Expandingthe number otompanies and targetsalyzed in a benchmarkeading toa

more comprehensivenderstandingf the situation.

Firstly, the use of a commdrase yeamndicatesthe remaining ambition of companies for a given

target year, avoiding to account for part of targets achiduedoFRPSDQLHVY FKRLFH RI E
Uniformizing thescope of emission@eventoverestimabn resulting frompartial corporate target
DPELWLRQ FRQVLGHULQ Jaryetscdowsr anig B idoriidR BfSehidiodsithin a

given scope.

Secondly,it increaseshe number of companies and targets compared to one arehet, all
companies have targets coveritifferent emissionscopesFurthermoresome companies have
absolute emission targetvhen others have intensitgrgetswith certain companies hiang both
(Dietz et al., 2018; Giesekam et al., 2021a; D. D. Wang & Sueyoshi, .Z0B&)efore, this
enhanceshe representatenessof the benchmark by transforming corporate targets to the same

parameters.

Objective 2: Establish absolute and intensity sectoral benchmarks based on climate

mitigation targets.

Prospective absolute, and intensity sectoral benchmadsed on a subsequent number of
corporatetargets (se@able7.1), were developed using the harmonizafiwacessshowcasingts
value The results confirmed the importantteat stakeholderadoptinga sectoral approacto
assessD QG FRPSDUH FRPSDQ LRdane yaar2 QB0 thdfossiPfEdls\edcRiQuhthe
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lowest median reduction ratesthe absolute benchmanwhile the power generation sectoad
the highest.

To better assess benchmark results witlir tlieosen common reference yeaaditional analysis
wasconducted regarding target progress and achievefistanalysis emphasized thecessity
for stakeholderdo considertarget indicatas beyond target ambition alon&pecifically, some
companies @y haveachievedtheir targetsat the year they were launched (14% of targste
Figure4.6), while othes might have increased their emissions since ttwitpanyspecifiedtarget
base yea(32% of companies, sdagure4.5). The latterscenariaesulsin a remaining ambition
for these companies higher than their initially announced target amifuitimer highlighting the

need for additional indicators.

Objective 3: Develop an indicatorcomparing corporate climate mitigation targets

progress.

In the second article,target progress indicator was developed to enhance understémadingh
an explanatory analysaf why some companies progress better than others towardsatigeits.
The characteristics of thigndicator, which revealed its valueby shedding new light on

determinant®f corporate target progrepseviously analyzed iexisting literature, include

1) Integrating a time perspective, which considers the remaining time left to achieve .a target

2) Being acontinuous variableproviding greater differentiation between progress results
compared taategorical variables

3) Ranging from 0 to 2 by constructipthe indicatormaintairs interpretabilitywhile also
accommodatingor the high variabilityobservedin progression near base ygafhis
prevensthe occurrence of extreme values that cdaldecompromigd the integrity ofthe

statistical models used in théxplanatory analysis.

Previous literature suggested that companies with more ambitious targets progress better than
others (Dahlmann et al., 2017; loannou et al., 2016; Yeo et al., 2022), while findings in the second
article stated otherwis@his discrepancygould be explained by their use of a progress indicator

not integrating the remaining time left to the targets or by the exclusion of extreme values
(variability) from theiranalysisemphasizinghe importance of the characteristics of the indicator
developedFor instancerecent literature, which included companies with extremely high or low

target achievements (variability), supports our findi(gdy et al., 2023; Dragomir, 2023)
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Additionally, theanalysisR1 FR P S D Q L ptagfessioBhbiveld/thaapproximately onehird

of thetargets(30%) have increased since their base yeailexthe majority (55%)re eitheron
track to be achieved travealreadybeenachievedThe prevalence of targedashieved in the year
they were set has increased compared to two ye@ns rising from 14% of targets as mentioned

abovein Objective 2 to 9% of targets reported by companies in the 2020 CDP questionnaires.

Objective 4: Determine the key determinants of corporate climate mitigation targets

progress.

In the explanatory analysis, outthe 120 determinants assesdéivere identified as significantly
associated with the progress of corporate tardggtyondthe insights provided by the target
progress indicator developedietcomprehensive rangef determinantsanalysedcompared to
previous literatureand theutilization of differentselectionmodels in the robustness analysis

yieldedvaluablefindings

1) Future researchorientation based on WKH FDWHJRU\ RI PRVW VLJQLII

SDUDPHWHUVY DQG WdehtifisdHs iBddt\VkoHustPddiQddotQ ihirsenain
researchdirections base year choice, target trajectory, and target ambition.

2) Confirmation of companies with absolute targets with a longer timeframe, as well as
remuneration links to climateslated issues, progress better than others.

3) Differentiation between théetter progression of companies with ambitious targets
approved by the SBTéompared taother ambitious targetsesulting fromthe range of

determinants not previously assessed in prior reseadclitionally, companies with more

than one target were identified by the wider range of determinants assessed as leading to

better progression towards their targets.

4) Additional determinants highlighted by a ntimear model in the robustness analysis

suggested that determinants related to scope 3 emissions are important, even when targets

analyzed do not encompass these emissions.

Furthermore the resultsreinforced warnings raised itme first articleregardingthe exclusive

reliance omassessg target ambitioralone HPSKDVL]J]HG FRPSDQLHVY SRRU SUDF
data quality issues related to their target parameters, and misleading information stemming from
FR P S D Q L HaéflingvdedisibhisW
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Objective 5: Develop indices allowing to measure inconsistencies in voluntary

corporate carbon disclosures

Scrutiny of the corporate carbon data in fireceding twaarticlesinstigatedthe third artick. In
the first article, 15% of the corporate targets were excluded due to data quality, iggiksthe

second article exclude2’% due tanore stringentriteria.

In the third articlethe inconsistencyndicatorof GarciaVega et al. (2023)vasrefinedto better
understanddisparities within reportedarbon databy considering different tolerance levels
Specifically, this new inex revealed that approximately onethird of companies with
inconsistencies (14% out dfe total46%) hadsmall differences between reported numbers (less
than 1%), wile aroundhalf exhibited differences of more than §22% out of the total 46%)

As pointed out byGarciaVega et al. (2023)some of these inconsistencies arise from companies
understating their aggregated emissions per scope compared to data reported elsewhere in the same
CDP questionnairgear. The developed index indicated that 10% of companies understated their
aggregatedemissions per scope by more than 5%, an inconsistency that could have greater

materiality in stakeholder assessments than differences of less than 1%.

Furthermore expandingthe analysis beyond the scope 1 emissions of fossil fuel compasies
researched b@arciaVega et al. (2023emonstrated thatconsistencies were widespresaoss
sectors,emissions scopes (1 and 2), and multipéars, particularly prominent in base year
emissions dataGiven thatbase year emissiorege a cruciatarget parametefor harmoniing
targets, asseisg targetambition,or trackingtheir progression, thprevalenceof inconsistencies

in themhasimportant implications for the assessment of corporate targets

Objective 6: Assess the implications of current inconsistencies in corporate carbon

data disclosures on corporate climate mitigation targest

To understand tlseimplications, the maximum variatioms the assessmeaot companies' target
ambition and progressere analyzed. This involved examining two scendeo®ach company
one retaining the maximum valder target parameter 1 (base year emissiansl) the minimum
value for target paramet@r(target year emissions for the ambition indicator and reporting year

emissions for the progress indicgtdrhe other scenario revethese values
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Statistical tests confirmed significant differences between the calculated values for the two
scenarios of each target indicator. These findings underscored the considerable implications on the
ability to accurately assess companies' target ambition asgtegssion. Additionally, it was

observed that inconsistencies in base year emissions led to an average variation in target ambition
of 26 percentage points, with 60% of companies' targets with inconsistencies having overstated
target ambitions. In thesestances, aggregated base year emissions were lower than those reported
alongside other targeelated information in the CDP questionnaire, resulting in lower target
ambition than announced by companies. These inconsistencies result in part of targeisgappe
DFKLHYHG VLPSO\ GXH WR LQFRQVLVWHQW GLVFORVXUH <
inconsistencies led to inversion in progression results for 27% of the targets with variations due to
inconsistent disclosure. This occurred when the progre®RibnD FRPSDQ\ FKDQJHV IURP
WR HQRW RQ WUDFNT

/I DVWO\ VWDWLVWLFDO DQDO\VLV XWLOL]JLQJ FRPSDQLHVY LQ
companies with targets, including SBapproved and netero targets, were as inconsistent as
companies without targets when tolerating up to 5% diffageim reported numbers. Furthermore,
companies with nosBTi-approved targets were more often inconsistent than companies without
targets when tolerating 1% differences, while companies with -@ppiioved targets showed a

similar trend, nearing statisticaignificance. These findings raised substantial doubts about the
FUHGLELOLW\ RI FRPSDQLHVY WDUJHWV FDOOLQJ LQWR TXHV

their emissions due to their laxity in correctly reporting their carbon data.

The results or the third article reinforced the findings of the preceding two articles regarding
FRPSDQLHVY SRRU SUDFWLFHY DQG WKH UHSRUWLQJ RI SRWH

whether intentional or not.
7.2 Limitations

Althoughthe research objectivéasve been methis doctoral thesiss notwithout limitations,and
there remain a number of importamnstraintsTable7.2 lists the main limitations that cut across
the three articlesThe X marksin parenthesesdicatelimitations that, while still present, are
considered to be of lesser importance within that specific chapter edmparedwith other

chapters.
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Each transversal limitatiors briefly presentedaind discussed belowhe specific limitations of
each article are available in their respective chapters.

Table7.2: Transversalimitations in analyses conducted in Chapters 4, 5, and 6.

Chapter 4 Chapter 5 Chapter 6

Article 1: Prospective Article 2: What Article 3: How
Sectoral GHG GULYHV &RP reliable is corporate
Benchmarks based o Progress on their  carbon disclosufz
Corporate Climate Emissions Evaluating
Mitigation targets Reduction Targets? Inconsistencies and

Their Impacts on
Corporate Emission:
Reduction Targets

1- Generalization of X X X
results

2- Data quality X (X)

(completeness and

inconsistency)

3 tLinear reduction (X) X X)

trajectory assumption

Limitation 1: Generalization of results

The results cannot necessarily be generalize@very type of companies, nor can they be
generalized over tim&heyare based solely on data reported by companidgfarent years of

the CDP climate change questionngirghich primarily include large public companies and lack
extensive coverage afmallerprivate companies-However, the CDP launched a pilot private
markets small and mediugized enterprise questionnaire in 2023, resulting in a dedicated 2024
CDP small and mediursized enterprise questionnaire with a reduced and simplified question
format to ease their repantj burden(CDP, 2024b)Future assessments using the GBsponses
should have a better representation of these companiles upcoming years. Furthermore, text
mining approaches could be used to assessainability report¢Ding et al., 2023; Ning et al.,
2021; Spinder et al.,, 2023nd increase the representativity of these companies in future

assessments
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The rumber of companies with approved SBTi targets and @t targets are rapidly increasing

(Hale et al., 2022; SBTi, 2024byleanwhile, some companiesgemto restate their targets or

remove them it WK H\ DUH pdkang &R &)., ¥02BPHisNhyplies that the relevance of certain

identified corporatgracticesmay beshortlived. However, the results remain useful as baselines

for assessngV KH HYROXWLRQ LQ FRPSDQLHVY WDUJHW GLVFORVXI
year they were set increased from 14%018to 19%in the2020 CDP questionnaires (see Section

7.1; results are from the first and second article
Limitation 2: Data quality, including completeness and inconsistency.

Notwithstandingthe measuretakento disregardnconsistenidatg the reliance on sefeported
carbon data from companies is an inherent limitation, particularly in the first article where the
criteria developed were less stringent than in the second aRérteaining inconsistencies in these
two articles including misreported informatiamlated to the determinants of target progreas,
potentially distort the analysénd results interpreted with cautidvionetheless, studies of this size
(see Table 7.1) could not have been realized without voluntarily reported information, as
mandatory reporting is limited and not enforced in every coBugch, Johnson, et al., 2022; R.

He et al., 2020; World Bank, 2023)

Asexplained in the third articleorporatecarbondata ofterdiffer between sustainability reporting
CDPquestionnairesandmandatoryeporting.Data reported in CDP questionnaigenerallytend

to be highethan in other forraof reporting(Depoers & Jeanjean, 2016; Stanny, 20H®)wever,
some CDP corporate carbon dataybe understated compared to other soyrasthe CDP does
not correct company responses. Additionally, tpedty verified carbon data in the CDP were not
found to be more consistent than those without verification (see Appendixit@je assessments
could improve reliability by crosschecking with other sourcesthough different accounting

choices by companies complicate this verification

Furthermore, data quality issues led to the exclusion of scope 3 targets from this research project,
as scope 3 emissions were often found incomplete and inaccurate in the firstarigikent with
previous studie¢C. C. Blanco, 2021; Busch, Johnson, et al., 2022; Hansen et al., 2022; KlaalR3en
& Stoll, 2021) The criteria used in the first two articles could not be applied to-clossk the
consistency of their target base year emissimsilting in potentially biased results if included

The third article demonstratéhat inconsistencies in scope 1 and 2 emissions signifidamplct
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the assessment of the ambition and progress of scope 1 and 2 iaigeétsly that inconsistencies

in scope 3 emissiorexceedhosefound in scopd and 2emissionsHowever,excludingscope 3

targets diminisbsthe general understanding of disclosed tarfpetseveral reasong) companies

did not necessarily disclose targets for each scope, resulting in some scope 3 targets to combine
with scopes 1 and 2 coverag@gtheirrepresentativeness in the sample studgssincreased during

the yeas assessedand 3) scope 3 emissions can represesibstantial part of total ogpany
emissions(see for example,CDP, (2024c). Nevertheless, the methodologies and indicators

developed can be applied to scope 3 targets.
Limitation 3: Linear reduction trajectory

Throughout this research project, a linear reduction was assineedompanies did not provide
information on th& plannedreductionpaths fordisclosed target3.his assumption is widely held

in the literature, both when evaluating the ambition of company targets and their p(atphe st

al., 2023; Dietz, Bienkowska, et al., 2021; Dietz, Gardiner, Jahn, et al., 2021; Giesekam et al.,
2021a; Hale et al., 2021; A. Hsu et al., 2020; Kuramochi et al., 2021; D. D. Wang & Sueyoshi,
2018)

As shown inTable7.2, this limitation is morgronouncedn the second articlthan in the other
two: i) less present in the first article due to the inclusion of intermediary talipetssed by
companieswhich break the reduction trajectoryormultiple linearsegmentsii) it is less relevant

in the third article due to th& W X G\ T V. HoReyeNthi fiidings of the second articdeggest
thatcompanies' progression towards their targets may not always follow a linegrgrtittularly

for targets with longer timeframe$he target progress indicator can easily be adapted for non
linear trajectoes (see Sectiorb.2.4.3. Despite this, withoutadditional information from
companiesor future investigationthe assumption odin alternativenonlinear trajectorylacks a

soundbasis, ag may lead to targets witminimalinitial reductiondeing mislabeled V tRQ WUDF N
7.3 Future Research

From the limitations, anchore broadlythe explorations of 1B doctoralthesis several potential

avenues for future researemerged
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Target parameters

The explanatory analysis in the second article identified three main research directions specific to
target parameters: choice of base year, target ambition, and target trajectory (detailed in Section
5.2.4.2) Giventhe findings in the third article andvestorinterest{see Sectio.1.2.3, research

should focus on companies with targets approved by the SBTi compared to Attreyagh
research on these companiegagidly increasing, they are often nmimparedo other ambitious

targets such ametzero targetsAdditionally, particulamattention should be given to early adopters

of sciencebased targets versus recent adopters, which may include less committed followers.

As previously explained, this research project did not assess these targets due to the impossibility
to crosscheck the reliability of their base year emissions. However, the CDP has recently expanded
its scope Xontent(CDP, 2024a)With the application othe developed inconsistency indices
evaluationas conducted in this projecan now extend to these targets, potentially providing

valuable insights for stakeholders and deepening the understanding of corporate targets.
Reduction trajectory

Future research should establish the foundation for usinglimesr trajectories to evaluate
companies' progress toward their targets by identifying the characteristics of companies and their
targets associated with varying reduction trajectoN®hile this research is essential, it may
encounter several challenges and could lead to inconclusive findings. However, overcoming these
challengesvould enhance the robustnesstioé assessment of corporédegets and support more
informed decisiormaking.Forinstance investigatinghe annual progression pést targetsould

confirm the various types of reduction trajectoAeklitionally, examining current targets set years

ago can provide valuable insights into progression patterns and the effectiveness of different

reduction strategies.

Neverthelessdata preprocessing withostlikely be daunting First, companiesseem to often

restate their target parameters over t{@allery & Kim, 2021; Jiang et al., 2023)iminishing the

number ofconsistenttargets over timeThis corporate practice should be further investigated
(detailed below). Second, the unreliability of se&lported carbon dafaund in the third article,
exacerbated bghanges irbase year emissionsie toFRPSDQLHV Y DFFRAyQUe J FKRL
challenge leadingto the exclusion of a substantial numlaércompaniesA solution could be to

target only understated inconsistencies with low tolerance levels (e.g., 1%, 2.5%) using the



153

developed inconsistency index, combined with sensitivity analy/sisd, the annual progression

Rl WKH UHPDLQLQJ M HKRIP éncdtivMdrdataDdisé fiond Yhanges in company
activities, sectoespecific consumer preferences, or regional economic factors. A thorough
examination of these noises and the application of techniques to smooth trajectories where
appropriate will be requireéinally, companies' characteristics and target parameters need to align
with specific trajectories, avoiding uttiple contradictory trajectories that could hinder later

applicability.

Techniques such as clustering analysis and feature selection can be employed to categorize these
groups. In addition, probabilistic approaches could be used to assess the likelihood of companies
achieving their targets, based on categ@resiouslydetermined.

Target indicators

Depending on the reduction trajectories found in future research, the target progress indicator in

this research project can easily be adapted and used for éwaltation of corporate targgsee
Section5.2.4.3. However, furtherevaluation could integraten cumulative reductions of a
FRPSDQ\YVY WDUJHW LQWR WKH S thRdppidacVdeRe@pEd\Bgikkes €tP HQ W\
al. (2022) but based specifically on the company's target rather than their carbon budget for 1.5
degrees complianc XFK HYDOXDWLRQ ZRXOG SUURP @EWM L) F RAHITPUH G \
WUDFNY IR Yeddif thByHdve bedsubstantially lagging in their reduction trajectory since

their base yeamwofermultiple years).

Furthermore, combining the assessment of the ambition and progress of corporate targets into a
single indicator would ban interesting development analuablefor decisioamaking However,

this indicator should maintain interpretability, distinguishing between a highly ambitious target
with increased emissions since the base year and a less ambitious target that has successfully
reduced emissions. This approach ensures that one aspectelséadow the othellevertheless,

future research should compapeogress using various indicators (with and without time
perspective integrated) for the same disclosure year and adjust sample criteria (including or
excluding extreme values) to better illustrate their strength and flaws by showing their impact on
studyoutcomes, particularly for ambitious targets. This would help to clearly demonstrate which

indicatorsareappropriatgor no) under certain circumstances.
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Credibility of companies with targets

The credibility of companies with targets emerged@®minentconcern throughout this research,
despite not being its original focus. Companies making promises without intent to reduce their
emissions seem to riggymbolic targets)This is aform of greenwashing, withlontgomery et al.,
(2023) SURSRVLQJ WKH W H DéeppriXghhe Undierfanding@i fow to identify and
flag these companies is key for advancing confidence in corporate climate actions.

DevelopingadQ LQGH[ LQFRUSRUDWLQJ D FRPSUHKHQVLYH HYDOXD)
target based on their history of achieving previous targetsistencyn reporting, and adherence
to best practices could be an avenue for resedeiious research questiosisould be investigated

concerninghe (in)consistency in reportinguch as:

X What corporate practices are associated eatisistency in reportiry

X Are executive remuneratioriged to the achievement of disclosed targetsmpany size,
andthe number of years they have been reporting determinants of data reliability?

x Are there differentiating characteristics between companies with and without targets that
are associated witinconsistentlata, such as headquarter location, number of countries in
which they operate, or whether they are subject to carbon pricing regulations?

x Are there differentiating characteristics between companies with -uaddroverstated

inconsistencies?

Other research questions should explore the history of companies' success or failure in achieving

previous targets:

x Do companies that fail to achieve their previous targets continue to lag on their current
targets?

x What changes in determinants (eaprporatepractices target ambitiopnhave occurred in
companies that were previously failing but are rewecessful, compared to those that
continue to lag behind on their targets?

x Do companiesntentionallyhide their past failure by restating their targets?

X What are the specific characteristics of companies with restated targets that result in lower

ambition or longer timeframes, giving more space to sell a future that will not occur soon?
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x How frequently do companies revise their targets, and what justifications do they provide
for these revisions?
x Do companies temporarily avoid reporting the information needed to assess their progress

towards targets when they were lagging in previous years?

Furthermore, a better understandingofmpanies wittsymbolic targetgould be included in this

index by answering to:

x What are the determinants explaining companies with symbolic targets?
X Is pressure from external stakeholders, including investors, a determinant of symbolic
targets?

X Are companies with symbolic targets prevalent in specific types of corporate culture?

By addressing these questions, future research could help build a more accurate assessment of the

credibility of corporate targets and enhantteverallaccountability in corporate climate actions.
7.4 Recommendations

In light of the contributions of this research, a number of recommendations can be proposed for the
diverse stakeholders involved in corporate carbon data and tanggdslition to the future research

directions.
For the financial community:

x Assessoth WKH DPELWLRQ DQG SURJUHVVLRQnRRdrelIRIRSD QLHV
understanding daheir credibilityin achieving their targets

1) When comparing the&rgetambitionand progresef companieq§] W D Usglthe/ V
harmonization process to ensure a uniform and coherent analysis structure
across different types of targets with varying parameiéris.evaluation can be
useful for various responsible investment approaches, such as comparing
companies to their peers (e.g., bestlass), incorporating this factor into ESG
analysis to mitigate climate transition risks, asetermining the remaining
efforts to achieve portfolio emissions reduction targets by harmonizing
companies' targets to their own targetgpaeterge.g., capital reallocation and

engagement activities).
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2) Preferaby use a progress indicator thitegrate the remaining time left to
achieve a targesuch as thene developedtiere, or at minimathat incorporate
a time perspective.

3) Use the mconsistency indiceto assessWKH UHOLDELOLW\ RI FRPSI
through their carbon data disclosuréhese indicescan be adapted by
accounting for either or both ovesnd understated aggregated emissions and
different tolerance levels, dependingiomestors] VHQVLWLYLW\ WR LQFR
At a minimum, assess understated inconsistencies with a 5% tolerance level,
focusing on the scope covered by the disclosed targets, considering the impact
of inconsistencies on the assessments of catpdargetsThe prevalence of
inconsistencies found in target base year emisssamncerning.

X Integrate the corporate best practices associated with target progression into the assessment
tR IXUWKHU HYDOXDWH WKH UHbBeksdradtices Melude lcdimRdni®8dD QL HV
reporting absolute targets with longer timeframelisclosng of additional targetslike
scope 3 targets, amaving theexecutive and board remunerations linked to climekated
iIssues(see Sectiorb.2.3.3. Furthermorejnvestors should exercise particular vigilance
regarding ambitious targets, such as-zexb targetsas it appears some might only be
symbolic.

x Payparticularattention to thechoice of base year made by compametheir targets to
identify those that may F K HSJLUF\Nth&jr bfise yeailhis might be signalely:

1) A base year that differ from the year the target wasiagtit important progress

already achievedby that year Targetsachieved by that year should be deeply
investigatedThe averagevalue fortheWDUJHWHG HPLVVLRQ UHGXFWL
targetsby that year could beelevantas a threshol@which was 32% for targets

disclosed in the 2020 CDP questionnaires, see SexoB. 3.

2) An assessment of the ydmaforethe base yedand after if different than the year
the target was setfor the year beforehis can be evaluated bgadjusting the

targetbase year

X Monitor annually the ambition and progress of companies. Such recurrent analysis could

help identify companies restating their targets, which may:
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1) ODVN D pnGRZQJUDGHY LQ DPELWLRQ FRPSDUHG WR
example, longer timeframes with higher reduction announced could result in
lower target ambition than previously or changing the coverage to scope with
lower emissions compared toepious one would also result in downgrade of
their ambition.

2) Signal credibility concerns in the targets disclosed by the company, especially
if the progression of the previous targets was lagging the year bétuee.
further underscorthe importance of a combined assessment of the ambition and
progress of corporate targets.

x Engage with companies when their credibility to achieve their targets is in doubt
(progression lagging, company identified with poor or questionable practices).
Furthermore, investors should encourage companies to provide additional information
regarding he planned reduction trajectory of their targets.

X To determine the potential percentage of the target ambition that could be attained by the
WDUJHW \HDU XQERXQG WKH S pdRcihtag®y of tdr@eGactievBiVR R D O C
exceed 100% or fall below 0%, using the same underlying calculations (see Section
5.2.2.9. This assumethat between the year analyzed and the target ybarcompany
would maintain the sanmeduction paceas initially setfor their target.

For governments and policymakers:

X Implement stringent regulations to prevent the disclosure of misleading information for

stakeholders:

1) Mandate corporate carbon data disclosure through a highly standardized
framework with a verification process similar to financial reporting. This should
LGHDOO\ FRYHU WKH WRWDO FRPSDQLHVY HPLVVLRC

emissions.

2) If the above is not mandatory, require companies publicly disclosing targets to
report annually on the emissions corresponding to the scope covered by the target,
enabling stakeholders to track progress effectively. This could help to prevent

symbolic tar@ts.
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3) Standardize targsetting approaches by providing clear guidance on appropriate
WDUJHW SDUDPHWHUY HVSHFLDOO\ WIHFED@BHI\HDU \

ORQLWRU ERWK FRPSDQLHVY WDUJHW DPELWLRQ DQG SUF
DQG UHIJXODWLRQV DUH UHTXLUHG WR DOLJQ ZLWK WKH F

For companies:

X

Implement internal verification of the carbon data disclosed to avoid inconsist@ncies
disclosed carbon data.

Report annually theecessarynformationallowing stakeholdert assess thprogression

of disclosed targets, such as the base year emissions and current annual emissions
corresponding to the scope covered by the targets.

Carefully choosdhe targetparametersto preventWKH DSSHDUDQFH RI EDVH
S L F N [aod §bsolute targetser intensity Furthermoregdisclose more than one targets,

such as scope 3 target or with different timeframes, and get disclosed targets approved by
the SBTi when ambitious.

Provide additional information regarding the planned reduction trajectory of the disclosed
target disclosed.

Tie executive and board remunerations to the achievement of disc¢krgedsor, at a

minimum, toclimaterelated issues

For the CDP:

X

Request information from companies on the planned reduction trajectory of disclosed
targets.

Encourage consistent reporting by alerting companies intinreal about inconsistent

entries The CDP's data entry platform underwent significant changes in 2024, this may

have already been implemented.

Signal the presence of inconsistencies in company reporting to stakeholders within the CDP
[Corporate Response Ddtavhich includes all company responses to the climate change
guestionnaireThis could be highlightedalongside instances where inconsistencies can be
verified, by adding a columnparticularly in theCDP 'Target and performance’ section
helpingstakeholdergxercise caution wheD VVHVVLQJ FRPSDQLHVY WDUJHW
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X Label inconsistencies in company reporting within the CDP scores by adding an asterisk to
the company scoresRU HDV\ LGHQWLILFDWLRQ E\ VWDNHKROGHU\
targets. Furthermore, the CDP scoresproided in a separate dataset for both investors
and academics

X Increase penalties in company scoring for persistent inconsistencies, particularly for: 1)

understated aggregated emissions, and 2) base year emissions of disclosed target.
For the scientific community:

x For assessinghe ambition and progress abrporate targst either 1) coherently
KDUPRQL]JH FRPSDQLHVY WDUJHWYV V)XF K) cbrivparebnlly K WKH (
similar targets, such as absolute scope 1 targets.

x Preferably use target progress indicators that integrate a time perspective and accommodate
the high variability in progression, such as the one developed in this research project. This
approach could provide useful insights.

x Recomnended for any studies including corporate carbon data to apply an extensive data
cleaning process by scrutinizing carbon data prior to analysis, éogdgbem when
possible, and disregard when needeok studiesassessingorporate target particular
attentionshould be given to the base year emissions of targets, considering their importance

and potential impact on the study results.
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CHAPTER 8 CONCLUSION

The main contributions of thidoctoral dissertatiomave enabled the fulfillment of the general
objectiveof developingmethodologies and indicators to compare the ambition and progress of
climate mitigation targets acrodgferent companies,eperaing a comprehensive evaluation of
disclosed targets to enable beitdormed investment decisiemakingy However, the findings
should be interpreted with caution considering the identified limitations. The main contributions

of this research project are:

X A harmonization process tooherentlycompare the ambition of any type of climate
mitigation targets across different compangsl sectorspreventing overestimation of

WDUJHW DPELWLRQ GXH WR FRPSDQLHVY FKRLFH RI WDU.

coverage.

X An application of this process through a methodological framework establishing sectoral

SURVSHFWLYH *+* EHQFKPDUNYVY EDVHG RQ FRPSDQLHVY W
importance ofDVVHVVLQJ ERWK WKH DPELWLRQ DQG SURJUHVV
X $Q LQGLFDWRU TXDQWLI\LQJ WKH SURJUHVV RI FRPSDC(

remaining time left to achieve a target and accommodating for the high variability in target

achievement, which, when combined with the harmonization process allows foeroher

FRPSDULVRQV RI DPELWLRQ DQG SURJUHVV DFURVV GLIII

caneasily account for nehinear reduction trajectories when future research determines
appropriate circumstances for its use.

x An application of the target progress indicatmupledwith an explanatory analysis of the

GHWHUPLQDQWY VLJQLILFDQWO\ DVVRFLDWHG ZLWK W

highlighted companies current best (amdrst) practicesconfirmed the importance of
assessing both tlenbition and progresand suggested futuresearch directions.

Xx ,QFRQVLVWHQF\ LQGLFHYVY DVVHVVLQJ WKH UHOLDELOLW\

data disclosures, which can be adapted by accounting for either or bothaoder

understated aggregated emissions and different tolerance levels, depending on

stakeKk ROGHUVY VHQVLWLYLW\ WR LQFRQVLVWHQFLHV DQG )

X An application of the inconsistency indices to the carbon data reporting of companies with

and without targets, combined wighdemonstration of theimpact on theassessment of
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the ambition and progress of companies' targbighlights concerning prevalence of
inconsistencies throughout carbon data repordihgompaniesit showsthat companies
with targets are not more consistent than those witlama demonstrates the importance
of verifying their reliability, as it can significantly bias the assessment of the ambition and
SURJUHVV RI FRPSDQLHVY WDUJHWYV

X Resultsfrom the three applicationsthe DPELWLRQ DQG SURJUHVV RI FRPS
the reliability of corporate carbon data disclosuresan serve as baselines for future
assessments, as their corresponding scientific articles represent the largest or among the

largest assessments of companies on their respective research topics.

Despites its valuable contributions, this doctoral thesis is not without limitations, which include (1)
the generalization of the results, as they are based solely on data from companies reporting in the
CDP questionnairesvhich mainly include large public companies and lack extensive coverage of
small andprivate companies; (2) the reliance dri. U B®ffreported data, which may lack
reliability and led to the exclusion of scope 3 targets due to incomplete and inconsistent emissions
reporting from compdas; and (3) the assumption of a linear reduction trajec&syompanies

did not provide information on the planned trajectory of their disclosed ta8mtgions have been
suggested to address specific aspetthese limitationssuch as the adaptation of the developed

target progress indicator to account for +imear reduction trajectories

Additionally, future research directions have been sugges$igdprioritizing specific target
parametersincluding the choice of target base yedlifferentiation between companies with
ambitioustargetge.g., netzero targets versus those with approved SBTi taxgatdthe inclusion

of scope 3 targetsenabled byrecentimprovements in the CDP questionnaisesd enhanced
filtering with developed inconsistency indi¢€2) establising the foundatiorfor employingnon

linear trajectoriedy identifyingthe characteristics of companies and their targets associated with
varying reduction trajectoriesyhich will require overcomingchallenges; (3yefining to target
indicators such ascombining ambition and progress into a single indicatbile addressing
interpretability concerns(4) enhance theredibility assessmendf companies with targetisy
developingan index based on historidalrget achievement, reporting consistency, and adherence

to best practicesyhile investigatingseveral research questions.
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Ultimately, this researcproject contributeto broaden and deepen the understandirnggforate
targetsThroughout this researckhe credibility of companies with targetsicluding ambitious

ones such as neero and scienebased targetemerged as jprominentconcerndespite not being

its original focus.The findings emphasize the importance of assessing both the ambition and
progress of companies' targets, as well as their reliability thrthegkens of corporatpractices
andthe consistency dheir carbon dataeporting This research should encourage investogoto
beyondevaluatingwhether targets are sufficiently ambitious to align with the goals of the Paris
Agreement, following guidelines such as the SBstead, iadvocaesfor a more comprehensive
assessment of companies' targ@isprporating the developed indicators and findings of this
research project.
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APPENDIX A ARTICLE 1: SUPPLEMENTARY MATERIAL
A.1 Methodological Fictious Examples

A.1.1 Absolute GHG Sectoral Benchmark

A fictious example describing thenethodological stepdor the absolute GHG emissions
benchmark is presented in this sectidable A.1provides two sets of target information for
&RPSDQ\ pus$v

Table A.1: Fictive example information of Company A for two targets

Company A information Target 1 Target 2
BY 2010 2015
BY Scope 1 (tCO2e) 900,000 800,000
BY Scope 2 (tCO2¢e) 250,000 200,000
2017Scope 1 (tCO2e) 750,000 750,000
2017Scope 2 (tCO2e) 150,000 150,000
Target year 2025 2040
Target reduction from BY (% 50% 50%
T)arget scope (Scope 1 and| Scope 1 Scope 1 &2
2
Scope covered (%) 75% 100%

For Target 1, a reduction of 50% applied to 75% of the scope 1 emissions are anticipated. For
Target 2, a reduction of 50% on all of scope 1 and scope 2 emissions is takgeateghtioned in

the article, the uncovered emissions are assumed to remain constant when a target does not fully
cover scope 1 and 2 emissiolksing Equation 4.1of the main article, the target year emissions

(*io for Target 1 is: 900,000 + 250,0(€50% X 75% X 900,000 = 812,500 tCO2e. For Target

2, *15=2800,000 + 200,00@&50% X 100% X (800,000 + 200,000) = 500,000 tCO2e.

For Step 4a, as the company have multiple targets, linear interpolation has been applied from
common BY to first TY and from the first TY to the second as shown in Figure A.1. This allows
the emissions reduction to be included into the sectoral consofidati2020 even if the TY is

2025.
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Figure A.1: Company A targetgaphicrepresentation

For Step 5, we will divide target metric results obtained for every year wanted by 2017 and subtract
1 so a negative result is a reduction, and a positive result, an increase. For example, the normalized
reduction in 2025 is: 812,500 / 900,0&1 =-10% which differs from the25% announced in
TableA.1.

Once the results for every target for companies in the same sector as Company A are calculated,

the results are aggregated at the sectoral level.
A.1.2 Intensity Benchmark

A fictious example describing the methodological steps specific to GHG intensity benchmark (Step
4b and 4c) is given in this section. The example presents the economic GHG intensity benchmark
per revenue. The Step 4b and 4c would be similar for the oth€ri@ensity benchmark. Simply,

a different unit would be used.

For economic GHG intensity sectoral benchmark per revenue, additional information is needed.
For reminder, the target metric of that benchmark is tCO2e per million US dollars of revenue. Table
$ SURYLGHV WKH UHYHQXH LQIRUPDWLQRUPWDWRRGQDRI\ §IEK S

is the one of Section A.1.1.
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Table A.2: Fictive example information of Company A revenue

Year Revenue ($M US)
1990 8,023
1991 8,926
1992 9,828
1993 10,731
1994 12,148
1995 13,460
1996 14,236
1997 15,070
1998 15,021
1999 15,748
2000 16,724
2001 16,054
2002 16,332
2003 18,232
2004 20,011
2005 21,167
2006 22,923
2007 24,462
2008 25,269
2009 23,123
2010 26,662
2011 29,611
2012 29,904
2013 30,871
2014 31,821
2015 30,274
2016 30,109
2017 31,657
2018 32,765
2019 32,136

From the historical revenue data in Table A.2, we can extrapolate the revenue data based on a linear
regression model from 2019 until 2040 which is the year of the last target of Company A. Figure
A.2 presents thénear regression model (Step 4b). The points and black line are the historical

values. The blue line is the linear regression model.
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Figure A.2: Company A linear regression model

From the Step 4b, we can obtain the needed revenue value foryeaenyeeded until 2040. For
example, the value in 2025 is 39,612 $M US. The Step 4c consists of dividing the emissions for a
specific year by the denominator of the same year which for this benchmark is million of US dollars
of revenue as indicated in Edioen 3 of the article. The emission intensity« ;in 2025 is: 812,500

/39,612 = 20.5 tCO3M US.

A.2 Database Used

The two main sources of data used in the main article are Carbon Disclosure Project (CDP) and
Bloomberg. Bloomberg have been used for the economic data while CDP have been used for all

the other needed data (see Table 1 of the article). For the revemuss tred Bloomberg
FRUUHVSRQGLQJ ILHOG XVHG LQ WKH VWXG\ LV u63$/(6B5(9B78

the enterprise value information.

CDP exists for more than 20 yed€@DP, 2021b)On the requests of investors representing US$
110 trillion in asset{CDP, 20213) CDP sent annual survey to companies in order to collect

information corporate climate risks, opportunities and perform@ieéenta, 2020) Nevertheless,
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CDP also collects information on water, forest, supply chain through other questionnaires sent to

companies, cities or states and regi(@BP, 2021a)

Via all those questionnaires and years, more than 9,600 companies reported information to CDP
(CDP, 2021a)However, not every company reports to every questionnaire or every part of the
guestionnaire. Through the climate change and supply chain 2018 questionnaires, 2,607 companies
reported information on their climate mitigation target. In the last yearsy aademic studies

related to corporate climate mitigation targets used CDP suldamasou et al(2016, Kolk and
Pinkse(2004, Wang(2017), Wang and Sueyosk2018, and Yin et al(2017).

A.3 Further Results
A.3.1 Final Sample Description

A.3.1.1 GHG Emissions per Sector in 2017

For the final sample of 964 companies, scope 1 emissions in 2017 represent 2.6 GtCO2e while
scope 2 emissions are 0.6 GtCO2e. The total emissions for scope 1 and 2 in 2017 are 3.2 GtCO2e.
Figure A.3 give the 2017 sector weight in the final sample. The aumbbrackets represent the

numbers of companies included in that sector.

The scope 1 and 2 emissions within a given sector are not proportional to the number of companies
in that sector. As shown in Figure A.3, 82% of scope 1 and 2 emissions were covered by 5 sectors
for our final sample in 2017 (power generation, manufacturimgterials, fossil fuels,
infrastructure). However, power generation for example, consists of only 28 companies, but
represents 23% of 2017 scope 1 and 2 emissions. Furthermore, the ten most emitting companies of
the power generation sector contributertore than 6 sectors combined. Figure A.4 present 2017

scope 1 and 2 emissions in tCO2e per sector.

Depending on the sector, the scope 1 and 2 distribution may vary widely from one company to
another. In the manufacturing sector for example, the scope 1 emissions are near 0% of the total
scope 1 and 2 emissions for one company while for another conguamg 1 emissions are close

to 100%. Depending on the size of the company, scope 1 and 2 sectoral distribution is affected.
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Figure A.3: Distribution of scope 1 and 2 2017 GHG emissions per sector
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Figure A.4: Scope 1 and 2 GHG emissions in 2017 per sector
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Figure A.5 represent the company scope 1 and 2 avetistygoution per sector. For the
manufacturing sector, the scope 1 and 2 distribution at the sector level is 57% and 43% respectively

while for the company scope 1 and 2 average distribution, the results are 62% and 38% as shown

in Figure A.5.
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Figure A.5: Average company scope 1 and 2 distribution per sector in 2017
A.3.1.2 Number of Companies with a ScieneBased Target.

,Q WKH u7DUJHWYV DQG SHUIRUPDQFHY VHFWLRQ RI WKH &'3 1
IROORZLQJ TXHVWLRED Vit\NG WWOLWJI BW!'FIL HEFHIROORZLQJ DQVZH
WDUJHW p<HV WKLV WDUJHW -babedbyEtHeH SrieleBSs8cRMaky@is DV V F |
LQLWLDWLYHY p<HV ZHb&RQadeGitihiwtrger has noEeBnapptoved as

sciencecEDVHG E\ WKH 6FLHQFH %DVHG 7DUJHWV LQLWLDWLYHT
that is scienceEDVHG JE XMW RZH DQWLFLSDWH VHWWLQJ RQH LQ WKH G
DQWLFLSDWH VHWWLQJ RQH LQ WKH QH[W \HDUVY DQG EOD

The collected answers have been aggregated at company level for every sector in our final sample
DQG SUHVHQWHG LQ )LIJXUH $ 7KH EODQN DQVZHUV KDYH
DQWLFLSDWH VHWWLQJ RQH L QvarifKwithQhe [StiencdasBdUTafjets H GL G

Initiative database if the reported approved scidrased targets information is accurate.



214

Our final sample include 114 companies with approved scibased target (SBT), 255 companies
which consider their targets as sciet@sed even if not approved, and 595 companies which does
not consider their targets as scieth@sed compliant. On tho$95 companies, 383 said they

anticipate setting a scienbased targets in the two upcoming years.

Some sectors have more approved scirased targets than others. Mineral extraction sector has

no approved sciendeased targets. Nevertheless, not every sector has a-sgetaiic guidance

(Sectoral Decarbonization Approach) to set a sciased tagets(SBTi, 2021b) However, other
PHWKRGV ZKLFK GRQYW XVH D VHFWRUDO SHUVSHFWLYH VX

accepted to set a scienbased target$SBTi, 2021a)

Food, beverage & agriculture 725% I 18% | A5 [ 11% 1
Hospitality T9% 1 259 | 21% 1 5% 1
Infrastructure TR I pIsL] I ET=L] I PELA ]
Apparel 1% I EEL) I pEL I EHL7A ]
Transportation L7 5% I 5% ] 38% ]
Services 1% 1 30% I A7% I 18°% |
Power generation T1% 1 7% I 7% I 250 ]
Manufacturing 0% 1 PY.L] I aTT I T ]
Biotech, health care & pharma T 1 pLoL] I 330 I TT% ]
Retail ID%& 1 A% | 26% 1 PEL 1
Materials 10% 1 29% I A7% I 19% |
Fossil Fuels 9% 1 26% I 3% I 27% ]
Mineral extraction LY I CAT I E LA ]
Overall 0% 1 pI:L] I Fila] I pILA ]
0% 20% A0% 60% 80% 100%

O 'Yes, this target has been approved as science-based by the Science-Based Targets initiative'

O 'Yes, we consider this a science-based target, but this target has not been approved as science-based by the Science
Based Targets initiative'

O 'No, but we anticipate setting one in the next 2 years'

O 'No, and we do not anticipate setting one in the next 2 years' & Blank answers

Figure A.6: Sciencéased targets distribution per sector

A.3.1.3 Number of Companies per Country or Region

To allow the results of our study to be compared with Wang and Su€6418), an aggregation

at the country or region level was necessary. The result per region of our study is presented in Table
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A.8 of Section A.3.2.1. Figure A.7 present the number of companies included per region and

countries of our final sample.

The same region and countries structureAteng and Sueyoshi (2018ave been followed.
Nevertheless, more countries are available in our sample. As them, we include UK in the European
Union (EU) as at the time of their study and the data used by our study (2017), UK was still in the
European Union. For information, WWang and Sueyoshi (2018judy, the number of companies

SHU UHJLRQ LQFOXGHG DOVR WKH FRPSDQLHV WKDW GRQMW
companies reporting a scope 1 and/or 2 target with the complete and accuratiatapeatuired

for our study (Methodological Step 2).
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Figure A.7: Number of companies included in the final sample per country or region
A.3.1.4 Economic Intensity Sectoral Benchmarks

Complementary sensitivity analysis based on a data exclusion condition has been performed on
financial extrapolation methods. The adjusted case (exclude companies 4fitrakue less than

0.4) and their corresponding case have been compared.
A.3.1.4.1 Revenue Adjusted Case Results

For the revenue benchmark, the default case (linear extrapolation of the financial value based on a
linear regression) included 868 companies with an averétef 0.64 and a median of 0.74. The

default adjusted case included 679 companies with an ave44gé 0.77 and a median of 0.81.
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Figure A.3.6 presents the results for the default case and the default adjusted case with a 2017
common BY to 2020, 2025, and 2030. The corresponding percentage of change per sector for the

median and Q1 are available in Table A.3.

166 Revenue Benchmark: Default Case 166 Revenue Benchmark: Default Adjusted Case
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Figure A.8: Revenubased intensity benchmarks result for default case and default adjusted case

As shown in Figure A.8, interquartile range variations between the default case and the adjusted
case are not significant compared to the variations between financial extrapolation methods (see
results in the main article). No sectors have an annualizeatigas of more than 3% between the

default and adjusted case for their median and Q1 statistical indicators.

Variations between the default and adjusted case occur 72% on 39 observations for the median and
74% of the time for the Q1. However, the average annualized variation for the median is 0.24%

while the Q1 average annualized variation is 0.43%.

The sensitivity analysis case (linear extrapolation based on the last segment of a discontinuous
piecewise linear regression) included 865 companies with an average R"2 of 0.82 and a median of
0.87. The sensitivity analysis adjusted case has similarsdsiutie sensitivity analysis case as the
number of companies in the sample is 842 compared to 865. Only 23 companies in the sensitivity
analysis case have aa®of less than 0.4. The sensitivity analysis adjusted case has an avrage

of 0.84 and a median of 0.87. Figure A.9 presents the sensitivity analysis case and the
corresponding adjusted case results with a 2017 common BY to 2020, 2025, and 2030. The

percentage of change for the median and Q1 for those two cases are available in Table A.4.
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Revenue Benchmark: Sensitivity Analysis Revenue Benchmark: Sensitivity Analysis Adjusted Case
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Figure A.9: Revenubased intensity benchmarks result for sensitivity analysis and sensitivity
analysis adjusted case

As the two cases only have 23 different companies on 868, the results are very similar as shown in
Figure A.9. Variations between the two cases occur on 15% of the time (39 observations) for the

median and 28% for Q1. The average annualized variatioB58dfor the median and 0.07% for

Q1.
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Default Case

Default Adjusted Case

2020 2025 2030 2020 2025 2030
Sector/Metrics M. Q1 Q1 M. Q1 M. Q1 M. Q1 M. Q1
Appatrel -9 -18 -64 -12 -26 -7 -14.25 | -25 -40 -12 -26
Biotech, healthcare & -17.5 | -24 -48.25 | -50 -59 -19 24 | -415| -51 -50 -61
pharma
Food, beverage & -175| -31 | -31.5| -42.75 | -41 -55 -17 | 275 | -30 | 405 | -42 -54
agriculture
Fossil Fuels -36 -44 | -46.5| -56.25| -60 | -67.75| -36 | -43.5 | -46.5| -56.25| -59 -66
Hospitality -17 | -21.5 -34.75| -44 | 475 | -17 | -21.5 | -35,5| -38.25| -46.5| -48
Infrastructure -25 | -325 -50 -55 -66 -27 | -35.75 | -44 -53 -56 -66
Manufacturing -19 -31 -46 | -51.5| -59.25| -18 -29 -34 | -45.25| -51 -59
Materials -23 -38 -43 -50 | -72.75| -22 | -34.25| -37 | -45.75| -51 -74.5
Mineral extraction -26 -35 | -495| -57.25| -59 | -635 | -235| -29 | -49.5]| -57.25| -59 -63.5
Power generation -31 | -40.5 -59 -67 -72.5 -29 -35 -51 -56 -65 -69
Retail -25 | -29.5 -48 -49 -61 -25 | -29.75| -39 | -49.75| -49 -61
Services -17.5| -27 -49.5 | -48 -63 -17 -26 -37 | -495 | 475 | -62.25
Transportation services -19 -33 -38 -47.5 | -57.25| -19 -32 -35 | -40.25| -47.5| -57.25




219

Table A.4: Revenubased intensity benchmarks result for sensitivity analysisansitivity analysis adjusted case

Sensitivity Analysis

Sensitivity Analysis Adjusted Case

2020 2025 2030 2020 2025 2030
Sector/Metrics M. Q1 M. Q1 M. Q1 M. Q1 M. Q1 M. Q1
Appatrel -15 -26 -48 -68.5 | -14.5| -31.75| -15 -26 -48 -68.5 | -14.5| -31.75
Biotech, health care &| -21 -31 | -385| -52.75| -51 -62 -21 -31 | -38.5| -52.75| -b51 -62
pharma
Food, beverage & -11 -22 -24 -39 -28 | -42.25| -10 -20 | -20.5| -40.5 | -28 | -42.25
agriculture
Fossil Fuels 135| -245 | -17 | -38.75| -34 -54 | -135| -245| -17 | -38.75| -34 -54
Hospitality -18 -22 -32 | -40.25| -43 | -50.5 | -17 | -205| -31 -36.5 | -40 | -46.5
Infrastructure 12.5| -20.25 | -20.5 -32 -37 -51 -11 -20 | -20.5 -32 -37 -51
Manufacturing -13 -25 -31 | -45.25 | -47 -59.5 | -13 -25 -31 -45.5 | -47 -60
Materials -10 | -26.75 | -24 -51 -43 -71 -10 -27 -24 -51 -43 -71
Mineral extraction -8 -18 -20 -31.5 | 41 -42 -8 -18 -20 -31.5 | 41 -42
Power generation 0 -9.5 -16 -29 -36 | -44.75 0 -9.5 -16 -29 -36 | -44.75
Retail -17 -30 -29 -38 -42 -44 -17 -30 -29 -38 -42 -44
Services -13 -25 -31 | -495 | -435| -605 | -13 -25 -31 -50 | -43.5]| -615
Transportation services -12 245 | -24 -33 -52.5| -64.25| -12 | -245 | -24 -33 -52.5 | -64.25
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A.3.1.42 Enterprise Value Adjusted Case Results

For the enterprise value benchmahe default case included 771 companies with an ave#dge

of 0.52 and a mediad®of 0.60. The default adjusted case included 505 companies witbver

0.4 with an averagd®is 0.71 and median, 0.72. Figure A.10 presents the default case and the
corresponding adjusted case results. The percentage of change per sector for the Q1 and median
are available in Table A.5.
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Figure A.10: Enterprise valdeased intensity benchmanesultfor default case and default
adjusted case

Variations between the two cases occur 72% of the time for the median and 85% for Q1. The
average annualized variation is 0.56% for the median and 0.71% for Q1. Nevertheless, no statistical

indicators for any sector haamnualizedsariations exceeding 3% between the two cases.

The sensitivity analysis casecludes 760 companies with an averagfeof 0.72 and median of
0.74.The sensitivity analysis adjusted cgseduces very similar results ioe sensitivity analysis

case The two cases have a difference of 46 companies. The sensitivity analysis adjusted case (716
companies) has an averagé of 0.75 and a median of ©7. Figure A.11 presents the sensitivity
analysis and the adjusted case results in 2020, 2025, and 2030. The corresponding deterministic

values for the median and Q1 are available in Table A.6
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Figure A.11: Enterprise valdeased intensity benchmarks result for sensitivity analysis and
sensitivity analysis adjusted case

As shown in Figure A.11, the results of the sensitivity analysis case and the adjusted one are very
similar. Variations between the two cases occur 51% for the median and 46% of the time for the

Q1. However, the average annualized variation for the méxlai2% and 0.11% for the Q1.



222

Table A.5: Enterprise valdeased intensity benchmarks result for default case and default adjusted case

Default Case

Default Adjusted Case

2020 2025 2030 2020 2025 2030
Sector/Metrics M. Q1 M Q1 M. Q1 M. Q1 M Q1 M Q1
Appatrel -10.5 | -19.25| -44 -49 -1 -285 | -10.5 | -16.25| -44 -49 -1 -28.5
Biotech, health care & -11 -175 | -38 -525 | -435 | -64 -11 | -16.25| -32 -44 -42 -45
pharma
Food, beverage & -7.5 -20 -22 -35.5 | -36.5 | -50.5 -7 -20 -22 | -42.25| -37 -56
agriculture
Fossil Fuels -20 -34 -29 -39.5 | -405 | -53 -20 -34 -33 -44 -43 -54
Hospitality -95 | -17.25| -25 -29.5 | -35 -425 | -10 -29 -29.5 | -30.75| -42.5 | -45.25
Infrastructure -18 -29 -35 | -46.25| -43 -62 -18 -26.5 | -43.5 | -47.75| -58 | -73.25
Manufacturing -5 -22.75| -25 -40 -43.5 | -56 -75 | -=205 | -31 -42 -50.5 | -60.75
Materials -9 -275 | -155 | -425 | -45 |-71.75| -16 -325 | -21 -43 -45 | -71.75
Mineral extraction -32 -42.5 -55 -67.5 -63 -75 -33.5 | -34.25| -48 -48 -63 -63
Power generation -19 -30 -26 -49.5 -51 -65 -7 -29 -40 -49.5 -53 -66
Retail -20 | -34.75| -46 -51 -57 -60 -20 -35 -40 -49.5 | -57 -58
Services -13.5 | -23 -33 -47 -46 | -61.75| -16 -24 -35 -48.5 | -50 | -65.25
Transportation services -16 -36 -31 -40 -45 -51.5 -15 -42 -38 -54 -56 -64
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Table A.6: Enterprise valdgased intensity benchmarks result for sensitivity analysisansitivity analysis adjusted case

Sensitivity Analysis

Sensitivity Analysis Adjusted Case

2020 2025 2030 2020 2025 2030
Sector/Metrics M. Q1 M. Q1 M. Q1 M. Q1 M. Q1 M. Q1
Apparel -17 | -43.25| -48 | -60.5| 35 |-28.25| -17 |-43.25| -48 | -60.5| 35 |-28.25
Biotech, health care & -23 -33 | -535 | -65.25| -66 |-84.25| -23 | -335| -52 | -685 | -61 | -84.5
pharma
Food, beverage & -10 -28 24 | -395 | -37 -50 -95 | -29.5 | -23.5 | -41.75| -37 -50
agriculture
Fossil Fuels 2 -27 -25 |[-30.25| -7.5 | -38.5 2 -27 -2.5 |-30.25| -7.5 | -38.5
Hospitality -14 | -20.25| -36 | -445| -50 | -58.5 | -14 |-20.75| -37.5 | -44.75| -49 | -59.25
Infrastructure -2 -16 -25.5 | -34.75| -43 -53 -2.5 -16 -27 -35.5 | 435 | -53
Manufacturing -8 -21 -30 -46 -50 | -65.25| -9 -21 -31 -46 -52 -67
Materials I -25.5 | -17.5 -44 -40 -74 3 -26 -19 -46 -40 -74
Mineral extraction 27 -4 57 26.5 | 422 278 27 -4 57 26.5 | 422 278
Power generation -1.5 | -875 ] -10 -45 -48 -61 -1.5 | -8.75| -10 -45 -48 -61
Retail -16 -24 -36 -48 | -55.5 | -66.25| -155| -24 | -335 | -42 -53 -58
Services -8 -29 -39 | -575 | -52 -71 -8 -295| -40 | -585 | -53 | -71.5
Transportation services -14 -30 | -28.5 | -47.75] -12 -42 | 125 | -29 | -285 | -47.75| -12 -42
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A.3.2 Annualized reduction rate

To facilitate comparison with previous or upcoming studies, all the benchmark results have been
annualized. For example, the annualized results in 2020 correspond to: percentage of change /
(2020 +2017). Also, some studies suchetz et al.(2021) and Wang and Sueyost@018 uses

only the average as statistical indicator. The median and Q1 are displayed in the main article tables
as they are less subject to outlier and help determine if a company is positioned above 50% or 75%
of their peers. The average results are only shiovthe figures in the main article. Nevertheless,

the average of the annualized sectoral percentage of change is available in this section.
A.3.2.1Absolute GHG Sectoral Benchmark

The annualized sectoral reduction rate results for the absolute carbon emission benchmark are
presented in Table A.7. The table included the average, median, and Q1 statistical indicators in
2020, 2025, and 2030.

To allow a comparison witlivang and Sueyosli2018 results, our results have been annualized

per regions agv/ang and Sueyoshi, 20p8esented no overall results per sector but overall results
per regionsAs explained in Section A.3.1.8Yang and Sueyosli?2018 structure for the regions

and countries have been followed. Table A.8 presents those results and included the average,
median and Q1 in 2020, 2025, and 2030.

A.3.2.2Economic Intensity Sectoral Benchmark

The annualized reduction rate results per sector for the economic intensity benchmark per revenue
benchmark are presented in Table A.9. Table A.9 include the average, median, and Q1 statistical
indicators in 20202025, and 2030.

For the economic intensity sectoral benchmark per enterprise value, the sectoral results for the
annualized reduction rate are presented in Table A.10 and included the average, median and Q1 in
2020, 2025, and 2030.



Table A.7: Annualized reduction rate results per sector for the absolute GHG sectoral benchmark
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2020 2025 2030

Sector/Metrics Average | Median | Q1 Average | Median | Q1 Average | Median | Q1
Apparel -4.0% -1.3% -3.8% -4.6% -3.5% -1.2% -0.7% -0.7% -1.0%
Biotech, health care &| -2.6% -1.0% -5.2% -2.6% -2.3% -3.7% -2.2% -2.1% -2.7%
pharma

Food, beverage & agriculture | -3.5% -1.8% -4.9% -2.5% -2.0% -3.0% -2.2% -1.6% -2.5%
Fossil Fuels -2.5% -1.3% -3.8% -0.9% -0.5% -1.6% -1.1% -0.7% -1.4%
Hospitality -1.9% -1.3% -2.5% -1.5% -1.5% -1.8% -1.4% -1.6% -2.0%
Infrastructure -3.2% -2.0% -4.3% -2.5% -1.9% -2.9% -2.5% -2.2% -2.8%
Manufacturing -3.3% -1.7% -5.0% -2.2% -1.9% -2.9% -2.1% -2.1% -2.7%
Materials -5.0% -1.7% -7.8% -2.5% -1.5% -3.3% -2.7% -2.2% -4.8%
Mineral extraction -2.2% -1.5% -3.8% -2.4% -2.5% -3.8% -1.9% -2.2% -2.6%
Power generation -2.6% -2.3% -3.5% -2.3% -2.7% -3.7% -2.2% -2.8% -3.4%
Retail -4.2% -3.7% -6.3% -2.7% -1.8% -4.3% -2.2% -1.9% -3.2%
Services -2.9% -1.3% -4.3% -2.5% -1.9% -4.2% -2.2% -1.8% -3.2%
Transportation services -3.9% -1.7% -6.0% -1.8% -1.1% -2.9% -1.8% -1.7% -2.7%
Overall -3.2% -1.5% -5.0% -2.3% -1.9% -3.3% -2.1% -1.9% -3.0%




Table A.8: Annualized reduction rate results per region foaliselute GHG benchmark
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2020 2025 2030
Sector/Metrics Average Median Q1 Average Median Q1 Average Median Q1
Australia -2.9% -25%| -4.4% -5.1% -3.8%| -7.8% -4.2% -3.3%| -6.6%
Brazil -3.2% 0.0%| -5.0% -1.1% -1.1%| -1.6%
Canada -4.3% 0.0%| -3.8% -0.7% 0.0%| -0.4% -1.0% -0.1%| -0.8%
Chile -12.7% -12.7%| -12.7%
China -2.4% -0.7%| -4.3% -1.7% -1.5%| -2.1% -1.6% -1.5%| -2.2%
Colombia -1.8% -1.3%| -2.0% -0.7% 0.0%| -1.1% -1.1% -1.1%| -1.6%
Cyprus -4.3% -4.3%| -4.3%
Czechia -9.3% -9.3%| -9.3%
EU -3.9% -2.0%| -5.7% -2.7% -2.1%| -3.9% -2.6% -2.3%| -3.3%
India -4.5% -3.0%| -7.3% -4.0% -2.9%| -5.4% -3.9% -3.0%| -6.4%
Indonesia -10.7% -10.7%| -10.7%
Japan -2.6% -1.3% -3.8% -1.4% -1.4%| -2.5% -1.3% -1.4%| -2.5%
Mexico -3.1% -1.0%| -4.7% -5.2% -5.2%| -6.3% -4.6% -4.6%| -4.6%
Norway -6.1% -4.3%| -7.5% -2.9% -25%| -5.6% -2.3% -1.7%| -4.3%
Qatar -4.0% -4.0%| -4.0%
Republic of Korea -3.9% -1.7%| -4.5% -1.2% -1.3%| -2.0% -1.3% -1.4%| -1.9%
RussianFederation -1.2% -1.3%| -1.8% -1.4% -1.4%| -1.4% -1.7% -1.7%| -1.7%
Singapore -7.9% -10.7%| -11.2% -3.0% -3.0%| -3.9% -2.3% -2.3%| -2.8%
South Africa -3.8% -2.3%| -5.2% -1.9% -1.8%| -3.8% -1.0% 0.0%| -1.5%
Switzerland -2.1% -0.3%| -4.7% -1.7% -1.9%| -3.3% -2.0% -2.4%| -2.5%
Thailand -0.8% -4.3%| -4.7% -2.7% -2.4%| -3.3% -2.5% -1.8%| -3.0%
Turkey -0.7% -0.7%| -1.7% -1.0% -0.9%| -1.8% -0.8% -0.8%| -1.3%
USA -2.4% -1.3%| -3.0% -2.5% -1.9%| -3.3% -2.2% -2.0%| -3.1%
Overall -3.2% -1.5%| -5.0% -2.3% -1.9%| -3.3% -2.1% -1.9%| -3.0%
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Table A.9: Annualized reduction rate results per sector for the economic intensity benchmark per revenue

2020 2025 2030
Sector/Metrics Average | Median Q1 Average | Median Q1 Average | Median Q1
Apparel -5.9% -3.0% -6.0% -5.1% -5.0% -8.0% -0.9% -0.9% -2.0%
Biotech, health care
& pharma -5.3% -5.8% -8.0% -4.9% -4.5% -6.0% -3.9% -3.8% -4.5%
Food, beverage &
agriculture -6.0% -5.8% -10.3% -1.8% -3.9% -5.3% -2.9% -3.2% -4.2%
Fossil Fuels -10.9% -12.0% -14.7% -5.6% -5.8% -7.0% -4.1% -4.6% -5.2%
Hospitality -5.7% -5.7% -7.2% -3.3% -4.3% -4.3% -2.4% -3.4% -3.7%
Infrastructure -7.8% -8.3% -10.8% -5.0% -4.9% -6.3% -4.2% -4.2% -5.1%
Manufacturing -6.2% -6.3% -10.3% -4.1% -4.4% -5.8% -3.8% -4.0% -4.6%
Materials -4.8% -7.7% -12.7% -4.8% -4.5% -5.4% -4.1% -3.8% -5.6%
Mineral extraction -8.6% -8.7% -11.7% -5.8% -6.2% -7.2% -4.3% -4.5% -4.9%
Power generation -8.4% -10.3% -13.5% -5.3% -6.6% -7.4% -4.1% -5.2% -5.6%
Retail -7.7% -8.3% -9.8% -4.4% -4.8% -6.0% -1.8% -3.8% -4.7%
Services -6.2% -5.8% -9.0% -3.0% -4.5% -6.2% -3.8% -3.7% -4.8%
Transportation
services -8.1% -6.3% -11.0% -4.3% -4.1% -4.8% -3.6% -3.7% -4.4%
Overall -6.5% -6.7% -10.3% -3.9% -4.6% -6.1% -3.7% -3.8% -4.8%
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Table A.10: Annualizededuction rate results per sector for the economic intensity benchmark per enterprise value

2020 2025 2030
Sector/Metrics Average Median Q1 Average Median Q1 Average Median Q1
Apparel -3.8% -3.5% -6.4% -2.9% -5.5% -6.1% -0.1% -0.1% -2.2%
Biotech, health care &
pharma -3.1% -3.7% -5.8% -4.5% -4.8% -6.6% -3.6% -3.3% -4.9%
Food, beverage &
agriculture -2.4% -2.5% -6.7% 10.4% -2.8% -4.4% -3.1% -2.8% -3.9%
Fossil Fuels -6.6% -6.7% -11.3% -3.7% -3.6% -4.9% -3.4% -3.1% -4.1%
Hospitality -4.3% -3.2% -5.8% -2.7% -3.1% -3.7% -2.6% -2.7% -3.3%
Infrastructure -4.2% -6.0% -9.7% -3.7% -4.4% -5.8% -2.9% -3.3% -4.8%
Manufacturing 0.6% -1.7% -7.6% -1.5% -3.1% -5.0% -2.5% -3.3% -4.3%
Materials -3.6% -3.0% -9.2% 1.1% -1.9% -5.3% -2.8% -3.5% -5.5%
Mineral extraction -10.1% -10.7% | -14.2% -7.1% -6.9% -8.4% -5.0% -4.8% -5.8%
Power generation -4.4% -6.3% -10.0% -2.0% -3.3% -6.2% -3.0% -3.9% -5.0%
Retail -7.0% -6.7% -11.6% -2.7% -5.8% -6.4% 83.4% -4.4% -4.6%
Services -2.8% -4.5% -7.7% -0.8% -4.1% -5.9% -3.2% -3.5% -4.8%
Transportation services -6.8% -5.3% -12.0% -3.8% -3.9% -5.0% 0.6% -3.5% -4.0%
Overall -2.5% -4.0% -8.7% -1.1% -3.6% -5.8% 0.6% -3.4% -4.7%
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A.3.2.3 Physicalintensity Sectoral Benchmark

Table A.11 presents the physical intensity benchmark annualized reduction rate results for the

power generation sector including our study and TPI results. To allow a more coherent comparison,

theTPI, 2021database for the power generation companies assessed in 2019 have previously been
normalised with a 2017 common BY as done with our results.

Table A.11: Comparison withPI, 2021results for the power generation physical intensity
benchmark (annualized reduction rate and a 2017 common BY).

2020 2025 2030

Sector/ Ave- Median | Q1 Ave- Median | Q1 Ave- Median | Q1

Metrics rage rage rage
Study 4.0% | -22% | -5.4% | -3.1% | -24% | -3.6% | -2.7% | -2.7% | -3.6%
result

TPIresult| -3.7% | -3.0% | -7.1% | -3.3% | -2.4% | -4.7% | -3.3% | -2.7% | -4.5%

A.3.3 Paris Agreement Compliance

The results obtained in the article can be compared with decarbonisation trajectories needed to
fulfill the Paris Agreement. For corporate climate mitigation target to be compliant with required
temperature pathway (2 degrees, viidlow 2 degrees, 1.5 degs), many methods such as the
Sectorial Decarbonisation Approach (SDA), the absolute contraction approach, and GEVA exists
(SBTi, 2020) Some of the methods and temperature pathway are compared to the results of the
article. Other methods and temperature pathway could be used. However, this subject was not the

primary focus of the article. Further work is needed to complete this asséssmen
A.3.3.1Absolute GHG Sectoral Benchmark

With the absolute contraction approach, the minimum annual reduction rate to respettedomell
2 degrees pathway must be 2.888Ti, 2019) With a 2017 BY, the percentage of change should
be-7.5% in 2020;20% in 2025, ane32.5% in 2030. The median value of the retail sector respect

such a reduction in 2020. In 2025, the apparel, mineral extraction, and power generation sectors
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have a median reduction rate exceedid@% while in 2030, only the power generation sector
respects a median reduction rate better t8ar5%.

For a 1.5degree pathway with the absolute contraction approach, the minimum annual reduction
rate must be 4.2%5SBTi, 2019) With a 2017 BY, the corresponding percentage of change is
12.6% in 2020;33.6% in 2025, aneb4.6% in 2030. No sector respects such a reduction rate with
their median values in 2020, 2025 or 2030.

A.3.3.2 Economic IntensitySectoral Benchmark

To the knowledge of the authors, no methods allow a comparison with GHG intensity per revenue
indicator. The economical method for scieased compliant target such as GEVA use tCO2 per
valueadded(SBTi, 2020) However, in order to respectleb-degreepathway,the EU Technical
Expert Group on Sustainable Finance has defin&d @eometric annual average reductising

tCO2e per enterprise valyEU Technical Expert Group on Sustainable Finance, 20/&h a

2017 BY, the corresponding percentage of changki$% in 2020,44% in 2025, and61.1% in

2030. The median value of the fossil fuel and the mineral extraction sector respect such a reduction
in 2020. In 2025, the apparel, mineral extractanmng retail sectors have a median reduction better
than the required44%. In 2030, only the mineral extraction sector surpasses the reduction
requirement of 61.1%. However, the economical intensity results of our study are very sensitive to
the methods uskto extrapolate the financial value. In order to be compared with more confidence

to decarbonization trajectories, those results need to be further investigated.
A.3.33 Physicallntensity Sectoral Benchmark

The sustainable development scenario of the IEA World Energy Outlook 2020 which corresponds
to a weltbelow 2 degrees pathway stated the physical GHG intensity for the power generation
sector(IEA, 2020) The physical GHG intensity in 2025 should be less than 0.33 tCO2e/MWh and
0.22 tCO2e/MWh in 203Q0EA, 2020) No intensity is given for 2020.

Our final sample for the power generation physical GHG intensity benchmark includes 32
companies in 2017 of which 24 have a target until 2025 and 22 until 2030. In 2025, 10 companies
have a target with an intensity under 0.33 tCO2e/MWh while 7 companieshantensity under

0.22 tCO2e/MWh in 2030.



231

A.3.4 Higher Current Emitters Reduction Rate

Higher current emitting companies have the potential to reduce more than lower current emitting
companiesTo test this hypothesis, the power generation companies in the physical GHG intensity
benchmark have been divided into two groups. Group 1 represents companies with an intensity
higher than the global intensity in 2017 and Group 2, under. The global28agity for the power

sector is 0.482 tCO2e/MWHEA, 2019) In total, Group 1 included 14 companies while Group 2
included 18.Table A.12 presents the percentage of change for those two groups including the
median and Q1 values from 2017 to 2020, 2025, and 2030. Groups 1 & 2 combined correspond to
the results of the power generation sector presented in 3abdé the article.

From the values displayed in Table A.12, Group 1 is reducing more than Group 2 in terms of
median value. The average annualized reduction rate between the two groups is 0.6% for the
median and 0.5% for Q1. Accordingly, the higher current emitting compangeplanning to

reduce more on average than the lower current emitting companies.

Table A.12: Higher Current Emitters Reduction Rate

2020 2025 2030
Group/Metrics Median Q1 Median Q1 Median Q1
Group 1 (Over) -8% -22% -20% -26% -35% -47%
Group 2 (Under) -6% -15% -15% -30% -27% -47%
Group 1 & 2 combined -7% -16% -19% -29% -35% -47%

This hypothesis could only be tested on the physical intensity benchmarks as the economical
intensity benchmarks results are very sensitive to the financial forecasting method used. Further

research on the topic is necessary to confirm with more certhdg results.
A.4 Companies Included in Benchmarks

The absolute GHG benchmark includes 964 companies. The economical intensity benchmarks per
revenue counts 868 companies and the one per enterprise value, 760 companies. The physical

intensity benchmark includes 32 companies.
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Table A.13 presents the companies included in each benchmark. For each company, the sector and
CDP account number is also available. The acronym A. is for absolute GHG benchmark, R. for the
economical intensity benchmarks per revenue, EV. for economitaisity benchmarks per
enterprise value, and P. for physical intensity benchmarks. Table A.13 is sorted by company name

alphabetic order.
Table A.13: Companies included in each benchmark

*** Due to the length of Table A.13 (around 30 pages), this table is not provided here but is
available online with the supplementary information of the main article at
https://doi.org/10.1016/}.jclepro.2022.134220


https://doi.org/10.1016/j.jclepro.2022.134220

233
APPENDIX B ARTICLE 2: SUPPLEMENTARY MATERIAL
B.1 Literature review

B.1.1 Target progress indicators

As mentioned in the main article, thalowing progress indicatorare used by existing studies
percentage of the target achie®tagomir, 2023; loannou et al., 2016; SBTi, 2022a; Yeo et al.,
2022) progress ratigA. Hsu et al., 2020Q)andcategorical variables using terminology such as on
track, behindpr achieved Callery & Kim, 2021; Giesekam et al., 2021a; Kuramochi et al., 2021;
D. Wang, 2017; Yeo et al., 2022)

The percentage of target achievedjfation 5.2n the main articlghas beemsed byloannou et

al. (2019 and Dragomir (2023) with an adaptation byeo et al. (2022}hat divides itby the
number of yearpassed since the base ydadeed, if a company has stariesitarget last yeaa
20%achievemenof the targeted reductiatoes not represent the same attainment if there is 1 year
remaining to the target or 9 yeaf® contravene to a certain exteatthe lack of integration of the
remaining time left to achieve a targktannou et al. (20J)6usedthe percentage of time elapsed
(Equation 3n the main articleasa control variable This was als@resented separately BBTI
(2022b) with Dragomir (2023)and Yeo et al. (2022)isually presenting it with the remaining

years left to the target.

Progressatio, as defined byHsu et al. (2020Q)onsists of the reduction achievex thereduction
requiredat the year assessathich measures the speed of the target progression. This assumes
linear reduction trajectory between the base year and targgtpeatant reduction rate per year),

i.e., different equations, but equivalent to Equation 2 (main article) divided by Equation 3 (main
article). The progress ratio has often been transformed into categorical variables where a value of
1 or over corresponds to on track, a value under 1, not dn(C€adlery & Kim, 2021; Kuramochi

et al., 2021; D. Wang, 2017; Yeo et al., 2022y achievedvhen the year assessed has lower
emissions than the target yg&iesekam et al., 2021a&3oth the progress ratio and categorical
variables integrate a time perspective; however, targets will be judged not on track by categorial
variablesregardless oivhether they are slightly or highly behititdr linear reduction trajectgr

leading to a lack of comparability.
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To theauthors knowledge, ontheHsu et al. (20203tudy has useitheprogress ratio as dependent
variable and its use in this study Isnited by the specificity ofour sample.Hsu et al. (2020)
assessed city targets with a 2020 target ypamogeneous sample), which differs from the
specificity of corporate targetéreo et al., 2022)As shown by¥eo et al. (2022)corporate targets

have substantigbrogressvariation near their base year, implying some targets have a high
percentage achieved with a low percentage of time elapsed (extreme values with the progress ratio

indicator; outliers).

On the other hand, the studies Bahlmann et al(2019) andAldy et al.(2023) used a different

approach by measuring the change in corporate carbon performance over tinteghintlann et

al. (2019) measuring the percentage of corporate carbon performance change over one year and
Aldy et al.(2023) measuring the annualized change over 10 years. These approaches are similar to
using the percentage of target achieved (not integrating the remaining time left to achieve the
WDUJHW ZKHQ LW FRUUHVSRQGV WR W hichvdeés adt apgedf tbUH G E\
be the case for all theargets assessed by these stydiess lacking comparability with the

progression measure used).

B.2 Methodology

B.2.1 List of determinants

TableB.1: List of all thedeterminants with their corresponding category, preprocessing and unit,
and the corresponding CDP question. Abbreviations: SC1 = scope 1; SC2 LB = scope 2 location
based; SC2 MB = scope 2 marketsed, SC12LB; scope 1 and scope 2 locdiased,
SC12MB; sope 1 and scope 2 markedised, SC3; scope 3, SBTi = ScieBased Target
Initiative; ETS = Emissions Trading System.

# Category Determinant  Explanation Unit CDP
name guestion
1 Target Annualized Target ambition Percentage C4.1a,
parameters target ambition harmonized at scope 1 an C4.1b

2 divided by the timeframe
of the target
2 Target Percentage of Percentage of the target Percentage C4.1a,
parameters the target achieved when the target C4.1b
achieved at the launched (start year) whic
year the target corresponds to the
was set percentage of the target
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# Category Determinant  Explanation Unit CDP
name guestion
achieved due to the choic
of the baseline year.
3 Target Absolute target The value is 1 for an lorO C4.1a,
parameters  (notintensity  absolute target and O for C4.1b
target) an intensity target
4 Target Number of Difference between the  Year C4.1a_C5,
parameters years between target year and the base C4.1a_Cs8,
the base year year C4.1b_Ces,
and the target C4.1b_C9
year
5 Target Number of Difference between the  Year C4.1a_C5,
parameters years between start year and the base ye C4.1a_C2,
the base year C4.1b_Ces,
and the year C4.1b_C2
the target was
set
6 Target Remaining Difference between the  Year C0.2_C2,
parameters  numbers of target year and the C4.1a_Cs8,
years until the reporting year C0.2_C2,
target year C4.1b C9
7 Target Baseline year Reference year of the Calendar C4.1a_C5,
parameters target year C4.1b _C6
8 Target Baseline year Total of scope 1 and 2 TCO2eq C5.1 C3
parameters  emissions total emissions for the baseline
year. The scope 2 market
based is used only when
the target covers the scof
2 marketbased.
9 Target Start year Launching year ofhe Calendar C4.1a_C2,
parameters target year C4.1b C2
10 Target Last year Reporting year Calendar C0.2_C2
parameters year
11 Target Last year Total of scope 1 and 2 TCO2eq C6.1 C1,
parameters  emissions total emissions for the reportini C6.3_C1,
year. The scope 2 market C6.3 C2
based is used only when
the target covers the scog
2 marketbased.
12 Target Target year Target year of the target Calendar C4.1a C8,
parameters year C4.1b_C9
13 Target Expected Correspond to the base TCO2eq C4.1la C6,
parameters  reduced year emissions covered b C4.1a_C9,
emissions C4.1b C12
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reporting and
other targets

breakdown by

breakdown by business
division for their scope 1

# Category Determinant  Explanation Unit CDP
name guestion
the target multiplied by the
target ambition
14  Target SC12LB If the target coversthe 1orO C4.1a_C4,
parameters  covered by scope 1 and 2 locatien C4.1b_C4
target based, the value is 1, else
0.
15 Target SC12MB If the target covers the lor0O C4.1a_C4,
parameters  covered by scope 1 and 2 market C4.1b_C4
target based, the value is 1, else
0.
16  Target SC1 covered If the target covers the lor0O C4.1a_C4,
parameters by target scope 1, the value is 1, C4.1b_C4
else, 0.
17 Target SC2LB only If the target covers the lor0O C4.1a_C4,
parameters  covered by scope 2 locatio#based, the C4.1b_C4
target value is 1glse, 0.
18  Target SC2MB only  If the target covers the lor0O C4.1a_C4,
parameters  covered by scope 2 markdbased, the C4.1b_C4
target value is 1, else, 0.
19 Target Percentage Percentage scope covere Percentage C4.1a_C7,
parameters  scope covered by the target as reported C4.1b_C8
by the target by the company
20 Target Approved by If the company reports the 1 or 0 C4.1a_C14
parameters  the SBTi the target is approved by ,
the SBTI, the value is 1. If C4.1b_C17
not the case, the value is
21 Emissions Disclose 100% If all sources of scopel 1lor0 C6.4
reporting and of emissions  and 2 are included in the
other targets for scope 1 anc reporting boundaries, the
2 value is 1 and 0 otherwise
22 Emissions SC1 emissions If the company reports the 1 or O C7.1
reporting and breakdown by breakdown by GHG type
other targets gas type for their scope 1
emissions, the value is 1
and otherwise, 0.
23 Emissions SC1 emissions If the company reports the 1 or O C7.2_C2
reporting and breakdown by breakdown by countries
other targets country for their scope 1
emissions, the value is 1
and otherwise, 0.
24 Emissions SC1 emissions If the company reports the 1 or O C7.3a_C2
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reporting and
other targets

energy target, the value is
1 and otherwise, 0.

# Category Determinant  Explanation Unit CDP
name guestion
business emissions, the value is 1
division and otherwise, 0.

25 Emissions SC1 emissions If the company reports the 1 or O C7.3b_C2
reporting and breakdown by breakdown by business
other targets business facility for their scope 1

facility emissions, the value is 1
and otherwise, 0.

26 Emissions Carbon If the company reportsa 1 or0 C6.10_C1
reporting and intensity figure carbon intensity result per
other targets per revenue  revenue, the value isdhd

otherwise, 0.

27 Emissions SC2 LB If the company reports lor0O C6.3_C2
reporting and emissions their scope 2 locatien
other targets based emissions for the

reporting year, the value i
1 and otherwise, 0.

28 Emissions SC2 MB If the company reports lor0O C6.3_C2
reporting and emissions their scope 2 markdtased
other targets emissions for the reportini

year, the value is 1 and
otherwise, 0.

29 Emissions Use renewable If the company mentions 1 or 0 C8.2e C1
reporting and energy using renewable energy
other targets certificate in  certificates in their scope .

their scope 2  marketbased emissions
marketbased reporting, the value is 1
accounting and otherwise, 0.

30 Emissions More than one The value is 1 whenthe 1or0 C4.1a,
reporting and target company reports more C4.1b
other targets than one target including

shortterm and longerm
target, absolute or intensil
targets, or target covering
the scope 3 and 0 when
they report only one targe

31 Emissions Renewable If the company reports lorO C8.2a_C2
reporting and energy their renewable energy
other targets consumption consumption, the value is

1 and otherwise, 0.
32 Emissions Energy target If the companyeportsan 1or0 C4.2a C1
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reporting and
other targets

for the

scope 3 emissions for the

# Category Determinant  Explanation Unit CDP
name guestion
33 Emissions SC3 target If the company reports an 1 or O C4.1a_C4,
reporting and absolute or an intensity C4.1b_C4
other targets target covering the scope
3, the value is 1 and
otherwise, 0.
34 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for at least one scope 3 emissions, the
other targets category value is 1 and otherwise,
0.
35 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 1 category 1, the value is 1
Purchased and otherwise, 0.
goods and
services
36 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 2 category 2, the value is 1
Capital goods and otherwise, O.
37 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 3 category 3, the value is 1
Fuetand and otherwise, 0.
energyrelated
activities not
included in SC
lor2
38 Emissions SC3 emissions If the company reports lor0 C6.5 C2
reporting and for the scope 3 emissions ftine
other targets category 4 category 4, the value is 1
Upstream and otherwise, 0.
transportation
and
distribution
39 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 5 category 5, the value is 1
Waste andotherwise, O.
generated in
operations
40 Emissions SC3 emissions If the company reports lor0O C6.5 C2
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# Category Determinant  Explanation Unit CDP
name guestion
category 6 category 6, the value is 1
Business travel and otherwise, 0.
41 Emissions SC3 emissions If the company reports lorO C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 7 category 7, the value is 1
Employee and otherwise, 0.
commuting
42 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 8 category 8, the value is 1
Upstream and otherwise, 0.
leased assets
43 Emissions SC3 emissions If the company reports lorO C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 9 category 9, the value is 1
Downstream  and otherwise, 0.
transportation
and
distribution
44 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 10 category 10, the value is :
Processing of and otherwise, 0.
sold products
45 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 11 category 11, thgalue is 1
Use of sold and otherwise, 0.
products
46 Emissions SC3 emissions If the company reports lor0O C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 12 category 12, the value is :
End of life and otherwise, 0.
treatment of
sold products
47 Emissions SC3 emissions If the company reports lorO C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 13 category 13, the value is :
Downstream  and otherwise, 0.
leased assets
48 Emissions SC3 emissions If the company reports lor0O C6.5 C2

reporting and
other targets

for the

scope 3 emissions for the
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# Category Determinant  Explanation Unit CDP
name guestion
category 14 category 14, the value is :

Franchises and otherwise, 0.
49 Emissions SC3 emissions If the company reports lorO C6.5 C2
reporting and for the scope 3 emissions for the
other targets category 15 category 15, the value is :
Investments  and otherwise, 0.
50 Emissions SC3 emissions If the company reports lorO C6.5 C2
reporting and for the scope Emissions for the
other targets category 16 category 16, the value is :
Other and otherwise, 0.
upstream

51 Emissions SC3 emissions If the company reports lor0O C6.5 C2

reporting and for the scope 3 emissions for the

other targets category 17 category 17, the value is :
Other andotherwise, 0.
downstream

52 Emissions Number SC3 The number of scope 3  Number of C6.5_C2

reporting and categories categories reported by the categories
other targets reported company
53 Emissions More than If the company reportsto 1 or 0 C6.5 C2
reporting and fifteen SC3 15 or more scope 3
other targets categories categories, the value is 1
reported and otherwise, 0.

54 Governance Board If the board oversight lor0 Cl.1
oversight climaterelated issues, the
climaterelated value is 1 anatherwise,
issues 0.

55 Governance CEO oversight If the CEO oversight lor0 Cil2 C1
climaterelated climaterelated issues, the
issues value is 1 and otherwise,

0.

56 Governance Board If the boardmonitorsthe 1 or0 Cl.lb _C2
oversighton  climate change target at
target every board meeting, the
scheduled at  value is 1 and otherwise,
every meeting O.

57 Governance Management If the management lorO Ci13 C1
remuneration remuneration is linked to
link to climate climaterelated issues, the
related issues value is 1 and otherwise,

0.
58 Governance CEO If the CEO remunerationi 1 or O Cli3 C1

remuneration

linked to climaterelated
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market, reputation,
technological) is relevant
or sometimes relevant, th
value is 1 and otherwise,
0.

# Category Determinant  Explanation Unit CDP
name guestion
link to climate issues, the value is 1 and
related issues otherwise, O.

59 Governance Board chair If the board remuneration 1 or O Cl3 C1
remuneration is linked to climaterelated
link to climate issues, the value is 1 and
related issues otherwise, O.

60  Carbon price ETS or carbon If the totality or part of the 1 or O Cl11
taxes operations areegulated by
regulation ETS, cap and trade or

carbon taxes, the value is
and otherwise, 0.

61 Carbon price ETS or carbon If no operations are lor0O Cli1
taxes regulated by ETS, cap an
regulation next trade or carbon taxes, but
three years the company anticipate it

will be in the next three
years, the value is 1 and
otherwise, 0.

62 Carbon price Voluntary If the company generate ¢ 1 or O Cll.2a C8
offsetting purchase voluntary

offsetting carbon credit,
the value is 1 and
otherwise, 0.

63 Carbon price Internal carbon If the company use an lor0 Cl1.3

price internal carbon price into
their decision process, the
value is 1 and otherwise,
0.
64 Risks and Physical risks If the company report that 1 or O C2.2a_C1
opportunities considered physical acute and/or
relevant chronic risks is relevant ol
sometimes relevant, the
value is 1 and otherwise,
0.
65 Risks and Transition If the company reportat 1 or0 C2.2a_C1
opportunities  risks least one of the transition
considered risks (current regulation,
relevant emerging regulation, lega
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analysis

# Category Determinant  Explanation Unit CDP
name guestion
66 Risks and Financial If the company identifies 1 or 0 C2.3a_C2,
opportunities impact risks with a substantive C2.3a_C10
estimate for financial or strategic
climate risks  impact on the direct
operations, upstream
operations and/or
downstream operations,
the value is 1 and
otherwise, 0.
67 Risks and Financial If the company identifies 1 or 0 C2.4a_C2
opportunities impact opportunities with a
estimate for substantive financial or
climate strategic impact on the
opportunities  direct operations, upstrea
operations and/or
downstream operations,
the value is 1 and
otherwise, 0.
68 Strategy Low-carbon If the company report lor0O C3.1
transition plan having develop a low
carbon transition plan, the
value is 1 and otherwise,
0.
69 Strategy Influenced by If one the following area ic 1 or O C3.1d_C1
climaterelated influenced by climate
risks or related risks, the value is
opportunities  and otherwise, 0. The
areas are products and
services, supply chain
and/or value chain,
investments in R&D, and
operations.
70  Strategy Climate If the company have lor0O C3.1a
related developed a quantitative
scenario and a qualitative scenario
analysis analysis, the value is 1 an
(quantitative  otherwise, 0.
and
qualitative)
71 Strategy Climate If the company have lorO C3.1a
related developed a quantitative ¢
scenario a qualitative scenario
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initiatives

# Category Determinant  Explanation Unit CDP
name guestion
(quantitativeor analysis, the value is 1 an
qualitative) otherwise, 0.

72 Strategy Low-carbon If the company havlew- 1or0 C4.5
products carbon products, the valu

Is 1. If not, the value is O.

73 Strategy Revenue for  Percentage of lowarbon Percentage C4.5a_C5,
low-carbon products in the reporting C4.5a_C3
products year

74  Strategy CO2 savings If the company reports an 1 or 0 C4.3a_C2
for estimated CO2 savings fo
implemented, implemented, commencel
commenced, ol or to be implemented
to be initiatives, the value is 1
implemented and otherwise, 0.
initiatives

75 Strategy CO2 savings If the company reports an 1 or O C4.3b_C2,
for voluntary  estimated CO2 savings fo C4.3b_C4
initiatives implemented, commencel

or to be implemented
voluntary initiatives, the
value is 1 and otherwise,
0.

76 Strategy CO2 savings If the company reports an 1 or O C4.3b_C2,
for mandatory estimated CO2 savings fo C4.3b_C4
initiatives implemented, commencel

or to be implemented
mandatory initiatives, the
value is 1 and otherwise,
0.

77 Strategy Annual If the company reports lor0O C4.3b_C5,
savings for financial annual savings C4.3b_C4
voluntary for their voluntary
initiatives initiatives, the value is 1

and otherwise, 0.

78 Strategy Annual If the company reports lor0O C4.3b_C5,
savings for financial annual savings C4.3b_C4
mandatory for their mandatory
initiatives initiatives, the value is 1

and otherwise, 0.

79 Strategy Investment If the company reports the 1 or O C4.3b_Ce6,
required for investment required for C4.3b_C4
voluntary their voluntary initiatives,
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consistent with otherwise, 0.

climate change

strategy

# Category Determinant  Explanation Unit CDP

name guestion
the value is 1 and
otherwise, 0.

80 Strategy Investment If the company reports the 1 or O C4.3b_C6,
required for investment required for C4.3b_C4
mandatory their mandatory initiatives
initiatives the value is 1 and

otherwise, 0.

81 Engagement Engage with  If the company reports lor0O Cl2.1
value chain they engage on climate
actors related issues with the

valuechain actors, the
value is 1 and otherwise,
0.

82 Engagement Engage with  Percentage of the supplie Percentage C12.1a C5
scope 3 related to scope 3
suppliers emissions wittwhom the

company engage with

83 Engagement Engagement If the company reports lor0O Cl2.1b C1
with customers they engage on climate

related issues with their
customers, the value is 1
and otherwise, 0.

84 Engagement Direct If the company engage in 1 or 0 C12.3
influence on  activities directly
policymakers influencing policymakers,

the value is 1 and
otherwise, 0.

85 Engagement Indirectly If the company engage in 1 or 0 Cl2.3
influence activities indirectly
policymakers influencing policymakers,

the value is 1 and
otherwise, 0.

86 Engagement Process in If the company have lor0O C12.3f
place to ensure process in place tensure
direct or direct or indirect activities
indirect influencing policy are
activities consistent with their
influencing climate change strategy,
policy are the value is 1 and
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statement

information in their

# Category Determinant  Explanation Unit CDP
name guestion
87 Engagement Position If the position oftrade lorO Cl12.3c_C2
consistent with associations is consistent
trade with the company strategy
associations  the value is 1 and
where are otherwise, 0.
members
88 Engagement Position mixed If the position of trade lorO Cl12.3c_C2
with trade associations is mixed (not
associations  totally consistent) with the
where are company strategy, the
members value is 1 and otherwise,
0.
89 Engagement Disclose list of If the company disclose 1 or0 Cl2.3d
all funded publicly the list of all
research research organizations,
organisations they are funding, the valu
is 1 andotherwise, 0.
90  Verification  Third-party If the company verifies by 1 or O Cl0.1 C1
verification a thirdparty at least one o
their scopes, the value is
and otherwise, 0.
91 Additional Report for five If the company has lor0 CDP
reporting years in CDP reported in at least five guestion
CDP questionnaires naire from
between 2010 to 2020, th 2010 to
value is 1 and otherwise, 2020
0.
92 Additional Report for ten If the company has lor0 CDP
reporting years in CDP reported in at least ten guestion
CDP questionnaires naire from
between 2010 to 2020, th 2010 to
value is 1 and otherwise, 2020
0.
93 Additional Report in If the company reports lorO Cl24 C1
reporting another place climate change
than CDP information in another
communication channels
such as CSR report, the
value is 1 and otherwise,
0.
94  Additional Report in If the company reports lor0O Cl24 C1
reporting financial climate change
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that sector and O if not.

# Category Determinant  Explanation Unit CDP
name guestion
financial statement, the
value is 1 and otherwise,
0.
95 Sector Apparel CDP sector classification. 1 or 0 C0.2
Value of 1 if correspond tc
that sector and O if not.
96 Sector Biotech, health CDP sector classification. 1 or 0 C0.2
care & pharma Value of 1 if correspond tc
that sector and O if not.
97 Sector Food, beverage CDP sector classification. 1 or 0 C0.2
& agriculture  Value of 1 if correspond tc
that sector and O if not.
98 Sector Fossil Fuels  CDP sector classification. 1 or 0 C0.2
Value of 1 if correspond tc
that sector and O if not.
99 Sector Hospitality CDP sector classification. 1 or 0 C0.2
Value of 1 if correspond tc
that sector and O if not.
100 Sector Infrastructure  CDP sector classification. 1 or 0 C0.2
Value of 1 if correspond tc
that sector and O if not.
101 Sector International  CDP sector classification. 1 or 0 C0.2
bodies Value of 1 if correspond tc
that sector and O if not.
102 Sector Manufacturing CDP sector classification. 1 or 0 C0.2
Value of 1 if correspond tc
that sector and O if not.
103 Sector Materials CDP sector classification. 1 or 0 C0.2
Value of 1 if correspond tc
that sector and O if not.
104 Sector Power CDP sector classification. 1 or 0 C0.2
generation Value of 1 if correspond tc
that sector and O if not.
105 Sector Retail CDP sector classification. 1 or 0 C0.2
Value of 1 if correspond tc
that sector and O if not.
106 Sector Services CDP sector classification. 1 or 0 C0.2
Value of 1 if correspond tc
that sector and O if not.
107 Sector Transportation CDP sector classification. 1 or 0 C0.2
services Value of 1 if correspond tc
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Category

Determinant
name

Explanation

Unit

CDP
guestion

108

Region

Australia and
New Zealand

Based on the country of
the company headquarter
location. Value of 1 if the
country is in that region
and O if not.

lorO

C0.2

109

Region

Central
America

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lorO

C0.2

110

Region

Eastern Asia

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lorO

C0.2

111

Region

Eastern Europe

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lorO

C0.2

112

Region

Northern
America

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lorO

C0.2

113

Region

Northern
Europe

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lor0O

C0.2

114

Region

South America

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lorO

C0.2

115

Region

SouthEastern
Asia

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lorO

C0.2

116

Region

Southern
Africa

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lorO

C0.2

117

Region

Southern Asia

Based on the country of

the company headquarter
Value of 1 if the country is
in that region and O if not.

lorO

C0.2

118

Region

Southern
Europe

Based on the country of
the company headquarter

lorO

C0.2
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Table B.1: Continued and end.

# Category Determinant  Explanation Unit CDP
name guestion
Value of 1 if the country is
in that region and O if not.

119 Region Western Asia Based on the country of 1 or 0 C0.2
the company headquarter
Value of 1 if the country is
in that region and O if not.

120 Region Western Based on the country of 1o0r0 C0.2
Europe the company headquarter
Value of 1 if the country is
in that region and O if not.

B.3 Further results

B.3.1 Final sample description per country

Table B.2: Number of companies and targets by country included in the final sample. The scopes
covered by the targets are represented in the last five columns. Abbreviations: SC1 = scope 1;
SC2 LB = scope 2 locatiepased; SC2 MB = scope 2 marketsed.

Country Number Number SC1 SC1 SC1 SC2 SC2
companies  targets &2 &2 LB MB
LB MB

Argentina 1 2 0 0 0 2 0
Australia 15 26 13 6 5 2 0
Austria 7 8 3 1 0 0
Belgium 7 14 5 3 2 2 2
Brazil 18 36 14 4 13 4 1
Canada 32 42 29 8 5 0 0
Chile 1 1 0 0 0 0
China 83 100 58 6 14 20 2
China, Hong Kong Special 13 19 9 3 5 1 1
Administrative Region
China, Macao Special 1 1 1 0 0 0 0
Administrative Region
Colombia 4 5 0 2

Costa Rica 1 1 0 1 0 0




Table B.2: Continued
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Country Number Number SC1 SC1 SC1 SC2 SC2
companies  targets &2 &2 LB MB
LB MB
Czechia 2 2 0 1 1 0 0
Denmark 11 15 4 10 0 1 0
Finland 16 24 10 12 1 0 1
France 44 63 24 29 4 3 3
Germany 34 57 14 25 10 4 4
Greece 2 4 0 3 1 0
India 28 42 22 10 3 2
Indonesia 4 1 1 0
Ireland 9 15 7 2 1 0
Japan 73 112 39 65 4 1 3
Kuwait 1 1 1 0 0 0 0
Malaysia 2 4 1 0 3 0 0
Mexico 7 11 6 3 1 1 0
Netherlands 8 3 6 0 0 0
New Zealand 2 2 0 0 0 0
Norway 13 20 14 0 3 3 0
Poland 0 0 2 0 0
Portugal 7 0 0 1
Republic of Korea 36 60 57 1 1 1 0
Russian Federation 4 8 0 2 0 0
Singapore 2 0 0 0
Slovakia 2 1 1 1
South Africa 21 27 18 3 0 6 0
Spain 30 68 11 32 12 5 8
Sweden 25 31 19 2 0 1
Switzerland 23 31 13 2 3
Taiwan, Greater China 57 91 47 17 22 0
Thailand 8 11 6 1 0 0
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Table B.2: Continuednd end

Country Number Number SC1 SC1 SC1 SC2 SC2
companies targets &2 &2 LB MB
LB MB
Turkey 25 47 33 6 5 3
United Kingdom of Great 75 119 54 a7 11
Britain and Northern
Ireland
United States of America 249 331 146 132 31 19 3
Total 1030 1528 692 480 194 121 41

B.3.2 Final sample description per region

TableB.3: Number of companies and targets by region included in the final sample. The scopes
covered by theargets are represented in the last five columns. Abbreviations: SC1 = scope 1;
SC2 LB = scope 2 locatidbnased; SC2 MB = scope 2 marketsed.

Region Number Number SC1& SCl1& SCl1 SC2LB SC2
companies targets 2LB 2MB MB

Australia and 17 28 15 6 5 2 0

New Zealand

Central America 8 12 6 4 1 1 0

Eastern Asia 263 383 211 80 41 45 6

Eastern Europe 10 18 7 3 6 1 1

Northern 281 373 175 140 36 19 3

America

Northern 149 224 98 93 19 10 4

Europe

South America 24 44 14 6 16 7 1

South-Eastern 16 23 11 6 5 1 0

Asia

Southern Africa 21 27 18 3 0 6 0

Southern Asia 28 42 22 5 10 3 2

Southern 64 124 24 49 27 12 12

Europe
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Table B3: Continuedand end

Region Number Number SCl1& SCl& SCl1 SC2LB sScC2
companies targets 2LB 2MB MB
Western Asia 26 48 34 6 5 3 0
Western Europe 123 182 57 79 23 11 12
Total 1030 1528 692 480 194 121 41
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B.3.3Target progress per sector

Materials 1

Manufacturing 1

Services - I |

Infrastructure I I

Hospitality |

Transportation services |

Retail 1

Power generation 1

Biotech, health care & pharma 1

Apparel A I 1

Food, beverage & agriculture 1

Fossil Fuels II

International bodies A

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Target progress

FigureB.1: Distribution per sector of target progress indicdtog The color bar ranging from orange to red indicates targets behind
linear reduction trajectory, while the range from yellow to green indicates targets ahead of that trajectory (see Riguredinn
article).
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B.3.4 Target progress perregion

FigureB.2: Distribution per region of target progress indicatog The color bar ranging from orange to red indicates targets behind
linear reduction trajectory, while the range from yellow to green indicates targets ahead of that trajectory (see Riguredinn
article).
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B.3.5 Determinants with multicollinearity

TableB.4: List of determinants excluded with their corresponding number (see Table 1) and
category due to multicollinearity with other determinants. Abbreviations: SC12LB; scope 1 and
scope 2 locatiofbased, SC3; scope 3.

# Category Determinant name

6 Target parameters Remaining numbers of years until the target year

7 Targetparameters Baseline year

8 Target parameters Baseline year emissions total

9 Target parameters Start year

10  Target parameters Last year

11 Target parameters Last year emissions total

12  Target parameters Target year

13 Target parameters Expected reduced emissions

14 Target parameters SC12LB covered by target

19 Target parameters Percentage scope covered by the target

34 Emissions reporting and  SC3 emissions for at least one category
other targets

35 Emissions reporting and  SC3 emissions for the category 1 Purchased goods and se
othertargets

36 Emissions reporting and  SC3 emissions for the category 2 Capital goods
other targets

37 Emissions reporting and  SC3 emissions for the category8elandenergyrelated
other targets activities not included in SC 1 or 2

38 Emissions reporting and  SC3 emissions for the category 4 Upstream transportation
other targets distribution

39 Emissions reporting and  SC3 emissions for the category 5 Waste generated in oper:
other targets

40 Emissions reporting and  SC3 emissions for the category 6 Business travel
other targets

41 Emissions reporting and  SC3 emissions for the category 7 Employee commuting
other targets

42 Emissions reporting and  SC3 emissions for the category 8 Upstream leased assets
othertargets

43 Emissions reporting and  SC3 emissions for the category 9 Downstream transportatic

other targets

and distribution
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Table B.4: Continued and end.

# Category Determinant name

44 Emissions reporting and ~ SC3 emissions for the category 10 Processing of sold prod
other targets

45 Emissions reporting and  SC3 emissions for the category 11 Use of sold products
other targets

46 Emissions reporting and  SC3emissions for the category 12 End of life treatment of s
other targets products

a7 Emissions reporting and  SC3 emissions for the category 13 Downstream leased ass
other targets

48 Emissions reporting and  SC3 emissions for the category Branchises
other targets

49 Emissions reporting and  SC3 emissions for the category 15 Investments
other targets

50 Emissions reporting and  SC3 emissions for the category 16 Other upstream
other targets

51 Emissions reporting and  SC3 emissions for theategory 17 Other downstream
other targets

69 Strategy Influenced by climateelated risks or opportunities

74  Strategy CO2 savings for implemented, commenced, or to be

implemented initiatives

77 Strategy Annual savings for voluntary initiatives

79 Strategy Investment required for voluntary initiatives

95 Sector Apparel

107 Region Australia and New Zealand
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B.3.6 Stepwise backward OLS regression results

TableB.5: Coefficient and fvalues for the 19 key determinants selected with the backward
stepwise OLS regression model. Abbreviations: SBTi = SciBased Target Initiative; SC1 =
scope 1; ETS = Emissions Trading System.

Determinant Category P-value Coefficient

Percentage of the target achieved Targetparameters 3.12E63 0.195483

at the year the target was set

Number of years between the bas« Target parameters 1.87E31 0.159601

year and the target year

Number of years between the bas« Target parameters 1.91E23 -0.13019

year and the year the target was

set

Northern Europe Region 4.13E08 0.064155

Absolute target (not intensity Target parameters 2.8E07 0.062537

target)

Annualized target ambition Target parameters 2.17E06 -0.05184

Northern America Region 0.000163 0.045635

Central America Region 0.00111 -0.03451

Western Europe Region 0.002137 0.035983

Financial impact estimate for Risks and 0.002793 0.033424

climate opportunities Opportunities

Board chair remuneration link to ~ Governance 0.002821 0.031936

climate-related issues

Southern Europe Region 0.008377 0.030111

More than one target Emissions reporting 0.00859 0.031653
and other targets

Approved by the SBTi Target parameters 0.013247 0.026945

SC1 emission®reakdown by Emissions reporting 0.020036 -0.0259

country and other targets

Southern Africa Region 0.022194 -0.02465

South-Eastern Asia Region 0.025471 -0.02377

ETS or carbon taxes regulation Carbon price 0.030225 -0.02447

South America Region 0.040719 0.022141
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APPENDIX C ARTICLE 3: SUPPLEMENTARY MATERIAL
C.1 Methodology

C.1.1 Sample: Companies and targets covered with corresponding CDP

guestions assessed

TableC. &RPSDULVRQV LQFOXGHG LQ WKH LQFRQVLVWHQF\ DV
with corresponding CDP question numbers. Abbreviations: SC1 = Scope 1; SC2 LB = Scope 2
locationbased; SC2 MB = Scope 2 marketsed; BY = base year.

Comparison Global emissions Corresponding breakdown CDP question
number per scope (usually unaggregated carbon  number

(aggregated data)

carbon data)
1 SC1 for reporting SC1 per GHG C6.1_C1,C7.1a_C2
2 year SC1 per country C6.1 C1,C7.2 C2
3 SC1 per business division C6.1 C1,C7.3a C2
4 SC1 per business facility C6.1 C1,C7.3b C2
5 SC1 per business activity C6.1 C1C7.3c C2
6 SC2 LB for SC2 LB per country C6.3 C1,C7.5 C2
7 reporting year SC2 LB per business division  C6.3_C1, C7.6a_C2
8 SC2 LB per business facility C6.3 C1,C7.6b _C2
9 SC2 LB per business activity C6.3 C1,C7.6¢c_C2
10 SC2 MB for SC2 MB per country C6.3 C2,C7.5 C3
11 reporting year 5o B per business division C6.3 C2, C7.6a_C3
12 SC2 MB per business facility C6.3 C2,C7.6b C3
13 SC2 MB per business activity C6.3 C2, C7.6¢c_C3
14 SC1 and SC1 and SC2 (LB or MB), with C6.1_C1, C6.3_C1,

corresponding SCZz combined disclosure from C6.3_C2,C6.10_C2,

(LB or MB as intensity figure for the reporting C6.10_C5

stated in intensity year, such as emissions per

figure) for revenue (disclosed separately).

reporting year
15 SC1 forbase year SC1 for reporting year or C5.1 C3,C5.1_C2,

previous years C6.1 C1,C6.1 C3

16 SC2 LB for base SC2 LB for reporting year or C5.1 C3,C5.1_C2,

year previous years C6.3 C1,C6.3 C4
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TableC.1: Continuedand end.

Comparison Global emissions Corresponding breakdown CDP question
number per scope (usually unaggregated carbon  number
(aggregated data)
carbon data)
17 SC2 MB for base SC2 MB for reporting year or C5.1_C3,C5.1_C2,
year previous years C6.3 C2,C6.3 C4
18 SC1 and/or SC1 and/or SC2 covered by an C5.1_C3, C5.1_C2,

corresponding SCz
for base year,
reporting year or
previous years

absolute emissi@reduction C6.1 C1,C6.1_C3,

target for the base year, C6.3_C1, C6.3_C2,

corresponding to the percentage C6.3_C4, C4.1a_C6,

of scope covered by the target. C4.1a C5, C4.1a C4
C4.1a_C7

TableC. &RPSDQLHVY

FKDUDFWHULVWLFV IRU HDFK K\SRWKHYV

numbers
Hypothesis Group name Company characteristics CDP question
number
H1 Approved SBTi  Report an intensity or an absolu C4.1a_C14,
targets vs No WDUJHW ZLWK WKH C4.1b_C17,
targets this target has been approved a: C4.1a_C1,
sciencebased by the Science  C4.1b_C1
%DVHG 7DUJHWYV LC(C
H2 Net-zero targets  Report an intensity or an absolu C4.1a_C4,

vs No targets

target with an ambition of 100% C4.1a_C7,
covering at least 95% of Scope . C4.1a_C9,
and 2 emissions without being ir C4.1b_C4,
the group Approved SBTi target: C4.1b_C8,
C4.1b_C10,

Cé4.1a_C1,
C4.1b C1

H3 Targets (not
approved SBTi or
netzero) vs No
targets

Report an intensity or an absolu C4.1a_C1,
target without being in the group C4.1b_C1
Approved SBTi targets or Net

zero targets

In addition to the CDP question numbers presented in Bablend in Tablé.2, the implications

of inconsistent disclosures on the assessment of emissions reduction targets (RQ3) required CDP
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information on the reporting years (C0.2_C2), target years (C4.1la_C8) and target ambitions
(C4.1a_C9).

C.1.2Inconsistency indicator

To calculate the inconsistency indicator described in Se@t# of the main article, the following
equation was used. Note that the functional relationship for a given comparison (presented in Table
6.1 in Sectior6.2.1 of the main article), which defines how global emissions per scope are assessed

with their corresponding breakdowns, is represented as a function in the equation explanation

below.
Equationl: Inconsistency indicator
FY¥o Q Ap Q¥ \ 'yp L r:consistent
As P Y\ 'ye L s:inconsistentoverstated
Ap OF Y% \ 'vp L s:inconsistentundestated
Where:

x F a specific comparison
x G a specificcompany

X Agp: the dfference for comparisoriof company Gcalculated as:
Ao L BpkUp® Upd U 50F BpkTspd Tipdd Typ0
0 E;i@ and Bg,: functionsfor company Gconnected to overarching functiorﬁ% and

B, which links Ufglobal emissions per scope) arig{correspondingpreakdown)

for comparisonk

f E’; . often involves a single value dfelements
f B:often a sum ofTelements.
o | and X the number ofypand Tixelements for company respectively.

X Yu: The accepted tolerance fosmparisonFof company Gcalculated as:
Yo L 1=T:Yagrocindhaeax 0w

0 Y%gro oé dghe relative tolerance fmomparisonFof company Gbased oM gsan

which is the percentage of tolerance allowed:
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Yaoro el Yoo BBy
0 Yazeasx 0w therounding tolerancéor comparisonFof company G

Vaseaxuww L BpkTse E S8 Ty E 583 Typ E SOF BiLkTepdd Tpdd Typo

[ Yaaeaxuw: corresponds to the numbdiof Ty elements for companys
when B is a sum ofTelements.
X 'vp: The inconsistency indicator faomparisonFof company G

o Consistent (0): when the differend®y is within the accepted tolerance interval
>F Yip &p ?

0 Inconsistent, overstated (1): when the differenég, is greater than thpositive
accepted toleranc¥y,

0 Inconsistent, understated (1): when the differengg is lower than the negative

accepted toleranc¥,

C.1.3Inconsistency index: Frequency and Presence

To calculate thdrequencyinconsistencyridexdescribed in Section 2 of the main article, the

following equation was used.

Equation2: Frequency inconsistency index

UézaéfaéLOiAY \% >

® A/F

Where:

x

F a specific comparison

x

G a specificcompany

x

'vp . theinconsistency indicator faromparisonFof company G

-E‘)J agae @:é‘tﬁéfrequency inconsistency index for compa@y

x

To calculate thgresencanconsistencyndexdescribed in Section £.0f the main article, the

following equation was used.
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Equation3: Presence inconsistency index

_é)é@éé@él_é‘}_ \

pagacogp)\ @40=94082 company inconsistent

£8922400 company consistent

Where:

x F a specific comparison

x G a specificcompany

X Jéj aoae Q:étﬂéfrequency inconsistency index for compa@y

x £ a0ea élr‘?e%resence inconsistency index for compaay

As mentioned in Sectio®.2.6 of the mairarticle, the target progress indicator results for the two
scenarios developed using a mmax approach were calculated according to Bolay et al4§202

This calculation involves the (in)consistent disclosure of base year emissions (parameter 1) and
reporting year emissions (parameter 2).

The target progress indicator is determined by subtracting the percentage of time elapsed (limited
from 0 to 100%) from the percentage of the target achieved (limited from 0 to 100%) and adding
1. The percentage of the target achieved is the reduction that ocbetveeen théase yeaand
reporting year, while considering the targeted emissions redumtween the base year and the
target yearThe percentage of time elapsed corresponds to the period between the base year and

reporting year, while accating for the target timeframe (base year to target year).
The following example illustrates this calculation for the two scenarios

- A company announces a 50% emissions reduction target by 2025 from a 2015 base year.

- The base year emissions are reported as 100,000 tCOZ2e in one instance and 80,000 tCO2e
elsewhere (parameter 1).

- The company disclosed 60,000 tCO2e and 70,000 tCO2e for the reporting year, which
correspond to the year 2020 (parameter 2).

Parameters for scenario 1:

- Base year emissions: 100,000 tCO2e (maximum value)
- Reporting year emissions: 60,000 tCO2e (minimum value)

- Base year: 2015



Reporting year: 2020
Target year: 2025

Calculations for scenario 1:

Targeted emissions reduced: 50,000 tCO2e (100,000 * 50%)
Percentage of target achieved: 80% ((100;08@,000) / 50,000)
Percentage of time elapsed: 50% ((202015) / (2025+£2015))
Target progress: 1.3 (80960% + 1)

Parameters for scenario 2:

Base year emissions: 80,000 tCO2e (minimum value)
Reporting year emissions: 60,000 tCO2e (maximum value)
Base year: 2015

Reporting year: 2020

Target year: 2025

Calculations for scenario 2:

Targeted emissions reduced: 40,000 tCO2e (80,000 * 50%)
Percentage of target achieved: 25% ((80;000,000) / 40,000)
Percentage of time elapsed: 50% ((202015) / (2025+2015))
Target progress: 0.75 (25960% + 1)

262

This example demonstrates how inconsistent disclosures can reverse the progress conclusion from

‘on track' (Scenario progresgesult above 1) to 'not on track' (Scenarip@gresgesult below

1). The variation between the target progress results of the scenarios is solely due to the variation

in the percentage of the target achieved, as the percentage of time elapsed remains constant between

scenarios. This suggests that the camyfsatarget could appear to have achieved 55% of its target

reduction due to inconsistent disclosure (difference between Scenario 1 and 2 results5).3
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C.2 Further Results
C.2.1Companies carbon data reporting

C.2.1.1Companies carbon data reporting by sector

TableC.3: Percentage of companies per sector reporting in the 2020 CDP investor questionnaire
for each scope and year. Abbreviations: Nbr Cie = number of companies; SC1 = scope 1; SC2 LB
= scope 2 locatiothased; SC2 MB = scope 2 marketsed, BY = base year.

Reporting year Previous year Base year

Sector Nbr | SC1 SC2 SC2 | SC1 SC2 SC2 | SCi1 sSC2 sC2

Cie LB MB LB MB LB MB
Apparel 27 | 100% 100% 56% | 56% 56% 33% | 93% 81% 63%
Biotech, 107 | 94% 89% 70% | 31% 29% 14% | 94% 90% 67%
health care
& pharma
Food, 123 | 99% 89% 72% | 26% 20% 16% | 97% 86% 72%
beverage &
agriculture

Fossil Fuels 86 |100% 93% 38% | 48% 43% 15% | 94% 88% 33%
Hospitality 36 | 100% 97% 78% | 31% 28% 19% | 100% 89% 61%

Infrastructu 183 | 98% 92% 56% | 35% 32% 19% | 96% 86% 60%
re

Internationa 1 0% 0% 0% | 100% 100% 0% | 100% 100% 0%
| bodies
Manufacturi 457 | 98% 93% 64% | 29% 26% 18% | 97% 88% 60%
ng

Materials 255 | 100% 94% 57% | 43% 38% 23% | 98% 89% 57%
Power 74 | 100% 93% 49% | 42% 38% 11% | 96% 78% 51%
generation

Retail 175 | 99% 92% 67% | 30% 25% 19% | 94% 88% 64%
Services 633 | 98% 94% 64% | 36% 34% 20% | 95% 88% 61%

Transportati 84 100% 90% 67% | 39% 37% 23% | 95% 85% 54%
on services

Total 2,241 98% 93% 62% | 35% 32% 19% | 96% 88% 60%
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C.2.1.2 Companies carbon data reporting by country

The headquarters of the 2,241 companies responding to the 2020 CDP questionnaire were located
in 61 countries. Tabl€.4 describes the 28 countries with more than 15 companies.
TableC 4: Percentage of companies per country reporting in the 2020 CDP investor

guestionnaire for each scope and year. Abbreviations: Nbr Cie = number of companies; SC1 =
scope 1; SC2 LB = scope 2 locatibased; SC2 MB = scope 2 marketsed, BY = base year.

Reporting year Previous year Base year
Country Nbr | SC1 SC2 SC2| SC1 SC2 §SC2| SCi1 sC2 scC2
Cie LB MB LB MB LB MB
USA 480 | 98% 95% 70% | 25% 23% 14% | 96% 89% 61%
Japan 324 | 99% 85% 84% | 42% 35% 34% | 97% T8% 79%
UK 201 | 100% 98% 72% | 38% 37% 20% | 99% 95% 58%
Canada 98 98% 97% 42% | 29% 27% 10% | 96% 92% 43%
France 95 98% 97% 57% | 32% 29% 13% | 96% 92% 52%
Germany 74 97% 92% 80% | 46% 45% 34% | 96% 85% 70%
Sweden 68 97% 82% 84% | 21% 15% 18% | 93% 76% 71%
Brazil 62 98% 94% 37% | 39% 35% 13% | 95% 94% 42%
South Africa | 60 98% 97% 40% | 22% 22% 3% | 98% 95% 57%
India 57 98% 95% 19% | 60% 58% 11% | 93% 91% 35%
Korea 54 |100% 100% 15% | 28% 28% 4% | 96% 96% 35%
Australia 51 98% 100% 24% | 25% 27% 4% | 90% 94% 33%
Switzerland 51 | 100% 96% 80% | 31% 31% 20% | 98% 88% 76%
Spain 48 | 100% 94% 79% | 46% 40% 33% | 94% 83% 69%
Italy 47 | 100% 96% 89% | 49% 43% 40% | 98% 85% 81l%
Taiwan 43 | 100% 100% 35% | 40% 40% 9% | 95% 95% 44%
Norway 42 | 100% 100% 67% | 26% 26% 12% | 100% 100% 69%
Finland 40 98% 98% 88% | 40% 40% 35% | 93% 78% 70%
Turkey 40 | 100% 98% 18% | 28% 28% 5% | 98% 95% 65%
China 32 91% 75% 16% | 19% 13% 3% | 84% 69% 34%
Netherlands | 31 | 100% 94% 68% | 61% 52% 39% | 100% 90% 65%
Ireland 29 | 100% 86% 72% | 31% 21% 17% | 97% 90% 62%
Denmark 24 | 100% 88% 67% | 29% 25% 13% | 92% 83% 67%




TableC.4: Continued and end
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Country Nbr | SC1 SC2 SC2 | SC1 SC2 SC2 | sCi1 sC2 scC2
Cie LB MB LB MB LB MB

Belgium 18 89% 83% 72% | 22% 22% 17% | 89% 89% 61%
China 18 | 100% 94% 28% | 67% 67% 17% | 94% 78% 33%
New 17 88% 88% 18% | 35% 35% 12% | 88% 82% 18%
Zealand

Russia 17 | 100% 88% 6% | 76% 71% 6% | 100% 82% 18%
Mexico 15 | 100% 80% 53% | 47% 40% 27% | 80% 73% 67%
Total 2,241 | 98% 93% 62% | 35% 32% 19% | 96% 88% 60%




266

C.2.2 Inconsistency per comparison

TableC.5: Percentage of inconsistent companies for each comparison with tolerance level of 0%, 1%, 2.5%, 5%, and 10% (n =
number of companie§ HSRUWLQJ VXIILFLHQW LQIRUPDWLRQ SHU FRPSDULVRQ M FRPSD
represent Understated (where global emissions per scope are lower than the total of a corresponding breakdown), whitemeimbers
FROXPQ u,Seht Ificansistedtkcombining Overstated and Understated). Abbreviations: SC1 = Scope 1; SC2 LB = Scope 2
locationbased; SC2 MB = Scope 2 marketsed; BY = base year.

Relative tolerance level 0% 1% 2.5% 5% 10%

Comparisons

Inc.

Under

Inc.

Under

Inc.

Under

Inc.

Under

Inc.

Under

j: 1, SC1 for reporting year: SC1 per
GHG (n = 1290)

21.63%

7.36%

9.15%

2.02%

6.67%

1.32%

4.81%

0.70%

3.72%

0.39%

J: 2, SC1 for reporting year: SC1 per
country (n = 1868)

11.46%

3.85%

4.93%

1.39%

3.48%

0.86%

2.19%

0.64%

1.87%

0.54%

j: 3, SC1 for reporting year: SC1 per
business division (n = 1041)

12.97%

4.90%

4.80%

1.73%

3.17%

1.25%

2.31%

1.06%

1.44%

0.58%

j: 4, SC1 for reporting year: SC1 per
business facility (n = 540)

20.19%

5.19%

11.48%

2.04%

9.44%

1.85%

6.30%

1.11%

4.81%

0.74%

j: 5, SC1 for reporting year: SC1 per
business activity (n = 798)

11.15%

3.88%

4.01%

1.75%

2.88%

1.00%

2.63%

0.88%

2.13%

0.63%

j: 6, SC2 LB for reporting year: SC2
LB per country (n = 1677)

14.85%

5.90%

7.04%

2.74%

5.19%

1.67%

4.23%

1.31%

2.86%

0.95%

j: 7, SC2 LB for reporting year: SC2
LB per business division (n = 936)

13.78%

5.88%

5.77%

2.46%

4.06%

1.60%

2.99%

1.07%

2.14%

0.75%

J: 8, SC2 LB for reporting year: SC2
LB per business facility (n = 514)

20.82%

7.39%

11.87%

3.70%

7.98%

1.95%

5.45%

1.75%

3.70%

0.97%

j: 9, SC2 LB for reporting year: SC2
LB per business activity (n = 623)

9.47%

3.21%

4.17%

1.12%

3.21%

0.48%

2.73%

0.32%

1.93%

0.32%




TableC.5: Continued and end

267

Relative tolerance level 0% 1% 2.5% 5% 10%
Comparisons Inc. Under | Inc. Under | Inc. Under | Inc. Under | Inc. Under
j: 10, SC2 MB for reporting year: | 15.05% 5.42% | 7.09% 2.19% |5.07% 1.40% |4.20% 1.22% |3.06% 0.96%
SC2 MB per country (n = 1143)

j: 11, SC2 MB for reporting year: | 12.80% 4.46% |6.25% 1.49% |4.61% 0.89% |3.72% 0.60% |2.53% 0.30%
SC2 MB per business division (n 5

672)

j: 12, SC2 MB for reporting year: | 20.60% 7.31% | 11.30% 2.99% | 7.64% 1.33% |5.65% 0.66% |5.32% 0.66%
SC2 MB per business facility (n =

301)

J: 13, SC2 MB for reporting year: | 8.09% 3.19% |3.83% 1.06% |3.19% 1.06% |2.55% 0.64% |1.28% 0.21%
SC2 MB per business activity (n 5

470)

j: 14, SC1 & 2 for reporting year: | 15.45% 7.04% | 7.80% 3.40% |6.43% 2.93% |548% 2.41% |4.30% 1.80%
SC1 & 2 from numerator of intensity

indicator (n = 2116)

J: 15, SC1 for BY: SC1 for reporting | 8.08% 3.64% | 6.26% 2.83% |5.66% 2.42% |5.05% 2.02% |4.24% 1.62%
or previous years (n = 495)

j: 16, SC2 LB for BY: SC2 LB for | 8.89% 3.78% |7.11% 3.11% |7.11% 3.11% |6.22% 2.44% |4.67% 1.56%
reporting or previous years (n = 450)

j: 17, SC2 MB for BY: SC2 MB for | 11.85% 3.33% |8.89% 2.59% |7.04% 1.48% |6.30% 1.11% |5.56% 0.74%
reporting or previous years (n = 270)

j: 18, SC1 &/or 2 for BY, reporting, | 33.15% 20.19%| 32.87% 20.17%| 27.44% 16.43%| 23.12% 13.79%| 17.83% 10.58%

or previous years: SC1 &/or 2 for BY
covered by target at100% (n = 718)
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C.2.3 Inconsistency per comparison

TableC.6: Share of inconsistent disclosures among companies with inconsistencies at ddferante levels. Inconsistent:
combining Overstated and Understated categories. Understated: where global emissions per scope are lower than the total of a
corresponding breakdown. Nbr Cie: number of companies.

Descriptive statistics

Tolerance Category Nbr mean std min 25% 50% 75% max
level Cie

0% Inconsistent 1041 33% 24% 6% 14% 25% 44% 100%
Understated 579 24% 18% 6% 13% 17% 30% 100%

1% Inconsistent 729 26% 21% 6% 13% 17% 33% 100%
Understated 367 21% 18% 6% 11% 14% 25% 100%

2.5% Inconsistent 588 26% 21% 6% 13% 17% 33% 100%
Understated 279 22% 19% 6% 11% 14% 25% 100%

5% Inconsistent 494 24% 21% 7% 13% 17% 29% 100%
Understated 224 22% 20% 6% 11% 14% 25% 100%

10% Inconsistent 387 25% 22% 6% 13% 17% 29% 100%
Understated 161 23% 22% 6% 11% 14% 25% 100%

15% Inconsistent 336 25% 22% 7% 13% 17% 29% 100%
Understated 138 24% 23% 6% 11% 14% 25% 100%

25% Inconsistent 281 24% 22% 7% 11% 14% 25% 100%
Understated 115 22% 21% 6% 11% 14% 25% 100%

50% Inconsistent 197 24% 21% 6% 11% 17% 29% 100%
Understated 77 25% 23% 6% 11% 17% 25% 100%

75% Inconsistent 140 24% 20% 6% 13% 17% 29% 100%
Understated 59 23% 21% 6% 12% 17% 25% 100%

C.2.4Inconsistency index: Presence



C.2.4.1Presencenconsistency index per sector
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TableC.7: Percentage of companies being inconsistent in one or more of the 18 comparisons per sector, considering diffeent toleranc

OHYHOV

loZHU WKDQ WKH WRWDO RI D FRUUHVSRQGLQJ EUHDNGRZQ

DQG

I1XPEHUV LQ WKH FROXPQ p8QGHU T UHSUHVHQW 8¢

and Understated). Nbr Cie: number of companies.

ZKLOH QXREBHUV LQ V

Tolerance level 0% 1% 2.5% 5% 10%

Sector Nbr | Insufficient | Consistent| Inc. Under. Inc. Under. Inc. Under. | Inc. Under. Inc. Under.
Cie data

Appatrel 27 3.70% 44.44% | 51.85% 33.33%| 33.33% 25.93%| 25.93% 18.52%| 18.52% 14.81%| 14.81% 11.11%

Biotech, health | 107 7.48% 42.99% | 49.53% 28.97%| 38.32% 23.36%]| 29.91% 16.82%| 25.23% 15.89%| 22.43% 13.08%

care & pharma

Food, beverage 123 1.63% 47.97% | 50.41% 30.08%| 34.15% 20.33%| 26.83% 15.45%| 19.51% 8.94% | 13.01% 4.07%

& agriculture

Fossil Fuels 86 2.33% 31.40% | 66.28% 37.21%| 40.70% 18.60%| 32.56% 11.63%| 31.40% 11.63%)| 26.74% 8.14%

Hospitality 36 0.00% 66.67% | 33.33% 19.44%]| 25.00% 11.11%| 16.67% 8.33% | 11.11% 5.56% | 5.56% 2.78%

Infrastructure 183 2.19% 51.37% | 46.45% 21.86%| 28.96% 13.66%| 25.14% 12.02%| 20.77% 9.84% | 15.30% 6.56%

International 1 100.00% 0.00% 0.00% 0.00% | 0.00% 0.00% | 0.00% 0.00% | 0.00% 0.00% | 0.00% 0.00%

bodies

Manufacturing | 457 1.75% 44.86% | 53.39% 30.42%| 35.89% 17.94%| 28.23% 13.13%| 24.73% 11.16%| 18.82% 8.10%

Materials 255 0.78% 42.35% | 56.86% 36.47%)| 36.47% 19.61%| 27.84% 14.51%| 21.18% 10.98%| 16.47% 7.45%

Power 74 1.35% 43.24% | 55.41% 20.27%| 24.32% 6.76% | 18.92% 4.05% | 9.46% 0.00% | 8.11% 0.00%

generation

Retail 175 1.14% 62.86% | 36.00% 18.86%| 28.00% 11.43%| 22.86% 8.00% | 20.57% 6.29% | 17.71% 4.00%

Services 633 2.69% 62.56% | 34.76% 18.17%| 28.75% 14.38%| 24.64% 12.01%| 21.80% 9.79% | 17.06% 7.42%

Transportation | 84 0.00% 46.43% | 53.57% 33.33%| 40.48% 20.24%]| 30.95% 14.29%| 25.00% 11.90%| 20.24% 10.71%

services

Total 2241 2.14% 51.41% | 46.45% 25.84%| 32.53% 16.38%| 26.24% 12.45%| 22.04% 10.00%| 17.27% 7.18%
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C.2.42 Presence inconsistency index per country
As for TableC 4, TableC.8 only includes the 28 countries with more than 15 companies.

TableC.8: Percentage of companies being inconsistent in one or mtive b8 comparisons per country, considering different
WROHUDQFH OHYHOV DQG 1XPEHUV LQ WKH FROXPQ p8QGHU T U
scope are lower than the total of a corresponding breakdown), while nunRerWKH FROXPQ pu,QF 1 UHSUHVHQW ,Q

Overstated and Understated). Nbr Cie: number of companies.

Tolerance 0% 1% 2.5% 5% 10%
level
Country Nbr | Insufficient | Consistent| Inc. Under.| Inc. Under.| Inc. Under.| Inc. Under.| Inc. Under.
Cie data

USA 480 2.71% 53.33% | 43.96% 25.42%| 27.92% 13.75%| 22.71% 22.71%| 9.79% 18.75%| 7.08% 14.17%
Japan 324 2.16% 52.16% | 45.68% 28.09%| 29.63% 13.89%)| 22.53% 22.53%| 10.49% 16.98%| 7.41% 11.73%
UK 201 0.50% 51.24% | 48.26% 25.37%| 38.31% 19.40%| 30.35% 30.35%| 12.44% 25.87%| 10.45% 20.90%
Canada 98 1.02% 46.94% | 52.04% 19.39%] 29.59% 9.18% | 25.51% 25.51%| 6.12% 24.49%| 6.12% 20.41%
France 95 2.11% 45.26% | 52.63% 35.79%]| 44.21% 28.42%| 32.63% 32.63%| 20.00% 28.42%| 17.89% 23.16%
Germany 74 4.05% 44.59% | 51.35% 35.14%| 37.84% 24.32%| 31.08% 31.08%| 16.22% 18.92%| 12.16% 16.22%
Sweden 68 2.94% 50.00% | 47.06% 25.00%| 29.41% 13.24%)| 23.53% 23.53%| 10.29% 22.06%| 7.35% 22.06%
Brazil 62 3.23% 41.94% | 54.84% 27.42%| 43.55% 17.74%)| 37.10% 37.10%| 14.52% 35.48%| 12.90% 29.03%
South 60 1.67% 61.67% | 36.67% 20.00%| 31.67% 13.33%| 23.33% 23.33%| 11.67% 18.33%]| 10.00% 16.67%
Africa

India 57 3.51% 61.40% | 35.09% 8.77% | 15.79% 5.26% | 10.53% 10.53%| 3.51% 8.77% | 3.51% 8.77%
Korea 54 0.00% 40.74% | 59.26% 25.93%| 31.48% 18.52%| 24.07% 24.07%| 12.96% 16.67%| 9.26% 9.26%
Australia 51 0.00% 64.71% | 35.29% 19.61%| 21.57% 13.73%| 19.61% 19.61%| 13.73% 17.65%| 13.73% 15.69%
Switzerland | 51 0.00% 52.94% | 47.06% 23.53%| 35.29% 17.65%| 27.45% 27.45%| 13.73% 23.53%| 11.76% 21.57%
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TableC.8: Continued and end
Tolerance 0% 1% 2.5% 5% 10%
level
Country Nbr | Insufficient | Consistent| Inc. Under.| Inc. Under.| Inc. Under.| Inc. Under.| Inc. Under.
Cie data

Spain 48 0.00% 60.42% | 39.58% 20.83%| 27.08% 14.58%| 22.92% 22.92%| 14.58% 22.92%| 12.50% 16.67%
ltaly 47 0.00% 48.94% | 51.06% 29.79%)| 42.55% 23.40%| 40.43% 40.43%| 23.40% 29.79%] 19.15% 27.66%
Taiwan 43 0.00% 72.09% | 27.91% 18.60%]| 20.93% 13.95%] 13.95% 13.95%| 9.30% 13.95%| 9.30% 11.63%
Norway 42 0.00% 64.29% | 35.71% 19.05%] 28.57% 16.67%]| 23.81% 23.81%] 11.90% 16.67%| 4.76% 9.52%
Finland 40 0.00% 37.50% | 62.50% 47.50%| 45.00% 27.50%| 35.00% 35.00%| 22.50% 30.00%| 20.00% 12.50%
Turkey 40 0.00% 70.00% | 30.00% 10.00%]| 25.00% 7.50% | 25.00% 25.00%| 7.50% 22.50%| 5.00% 12.50%
China 32 15.63% 34.38% | 50.00% 34.38%]| 50.00% 28.13%]| 40.63% 40.63%| 21.88% 40.63%| 21.88% 40.63%
Netherlands| 31 0.00% 35.48% | 64.52% 38.71%]| 51.61% 25.81%] 45.16% 45.16%| 19.35% 41.94%| 19.35% 38.71%
Ireland 29 0.00% 51.72% | 48.28% 31.03%]| 41.38% 27.59%| 31.03% 31.03%| 27.59% 24.14%| 17.24% 20.69%
Denmark 24 8.33% 37.50% | 54.17% 25.00%| 45.83% 12.50%| 33.33% 33.33%| 12.50% 33.33%| 8.33% 29.17%
Belgium 18 11.11% 27.78% | 61.11% 22.22%| 44.44% 11.11%]| 38.89% 38.89%| 11.11% 16.67%| 0.00% 5.56%
China 18 0.00% 38.89% | 61.11% 38.89%)| 44.44% 27.78%| 38.89% 38.89%| 22.22% 27.78%| 11.11% 16.67%
New 17 11.76% 64.71% | 23.53% 11.76%| 17.65% 11.76%| 17.65% 17.65%| 11.76% 17.65%| 11.76% 11.76%

Zealand
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C.25 Are companies with carbon data verified by a thirdparty less

inconsistent?

To gain credibilityfor their carbon data, ancreasing number of companies use independent third
party assurancéDatt et al., 2021; Zhou, 2022ndeed, externally verified data is perceived as
reliable and valued by investo(BCAF, 2022; Reimsbach et al., 2018; SandBarcia et al.,
2019) However, some authors have shown that thady verification does not guarantee reliable
data(GarciaVega et al., 2023; Talbot & Boiral, 2018)hus, thefollowing hypothesiswill be
tested asmore consistent carbon data can reasonably be expected from companiesswith th

characteristic
H4 Companies with carbon data verified by a third party disclose more consistent carbon data

To answeto H4, thestatistical analysiasedto addres®Q2, and its three hypotheséd1 to H3)
was applied (see Sectidi2.5 of the main article)ln addition to the CDP question numbers
presented imable C.land inTable C.2 Table C.9describes the additional input data needed to

test the relationship between (in)consistency@rtbon data verified by a third party

TableC. &RPSDQLHVY FKDUDFWHULVWLFV IRU K\SRWKHVLV

Hypothesis Name Company characteristics Corresponding
CDP questions
H4 Third-party Report a thirebarty verification C10.1a C1,
verificationvs that is complete with limited, C10.1.a_C3,

Without verification ~ moderate, or high assurance o C10.1.a_C7,
100% of their scope 1 and 2  C10.1b_C1,
emissions. C10.1b_Cs3,

C10.1b_C8

Of the 2,193 companies with an inconsistency assessmbad reportedhaving a thirgparty
verification whereas649 did not. Based on the share of inconsistent individual companies’
disclosures with 1%olerance levelcompanies inthe third-party verificationgroup are not
different from companiesvithout thirdparty verification(p-value > 0.05),ndicating they are

neither more nor less consistehnterefore, the result @ésnot corroborate H4.

This resultsupports théindings of GarciaVega et al(2023)andTalbot et al. (2018 suggesting
that thirdparty assurance does not reduce the presence of inconsistencies in corporate carbon

Z
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disclosuresThis reveals that investors canmsisumererified carbon data are more reliable than
unverified carbon datdn addition todemonstratinghe need for stricter regulation$ corporate
carbon disclosurethis resultshows that investors need to engage with thardy verifiers to

enforce a better verification process.



