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Abstract

Equity and responsibility are central concepts in the climate ethics literature and also the international
climate regimeThese conceptsnderpindebates about faidfistributions offinancial costs for
addressing climate change, as well as rights to gmeénhouseages. Eical principlesare often

drawn on by climate etbists and negotiatorsin the abstret — to inform suchdebates.

However, withoutlearrelationshig to datathese principles remain underutilis@dis leaves
international negotiators and policymakersub-optimal positiors, as they seek tdarify country
level shares otollective climate finance goals and global emissions budgets, in line with
internationally agreettmperature tgets.While studies andioolsto support suckthicalanalysis do
exist,thesetend toaggregate datat higherregional leved, do not include a warmingpeific focus,
follow untransparent methodais,apply a form of moral objectivism that presupposes a single
moral truth,andconflateethical domains by combinirthe sharing otlimaterelatedcoss andrights

to emit greenhouse gaseihin the same assessment.

Motivated by the aim to develop tools which supplatnocratic deliberation amondbke

internationaklimate policy communitythis research builds a bespoke ftloé Science and Ethics of

Fair Shares dabloardtocarryouttopd o wn assessments of countries’ f
climate chage. The research employs a multidisciplinary approach, by drawing on outputs from a

simple climate model anehvironmentally extendedput-output analysis to conduct a daieh

applied ethics. Dynamic comparisons of possible efbaring distributions are enabled via the
operationalisation of five distributional principles: Polluter Pays, Beneficiary Pays, Ability to Pay,
Grandfatheng and Equalityovertime.

Thedashboard presents a praffconcept for a technologgssisted form of reflective equalium,

which enables decision makers to explore and test the practical implications of distributional

principles by combining multiplscientific and ethical parametetsse ofhistoricalwarming and
consumptiorbased emissions on a per ciynper gasdasisrevealtheimportanceof accounting for

shortlived and longlived gases differety. Additionally, the application of principles with warming

related informdbn alignsc o u n tfair sharass'with th®aris Agreeman’ s t emperThe ur e t ar
design of a neviequality-overtime Principle explicitly includefuture generations bjncorporating

C 0 u n tpnojeceedpopuldions inwarming targetalculationsFinally, aclimate justice typolgy is

developedso as to avoid the conceptual confusion that has arisen in other assessments.

Rather than producingbsoluteansvers to questions of moral responsibilitiye dashboard invites
users to test their own intuitions of fairness as they encounter a range of possible scdfitoinge

of wider perspectives on equity and responsibilitythe penultimate chapter, questions are raised



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

about the adequacy of currently avhaladatawhether new data ought to be collected to better reflect
the principlesor whether the principles themselves need to be reinsie face of data constraints

In light of this, theresearclstrengthenshe case fogreater collaboration betweenmmunities of
climateethicists,economists, physical and social scientiBig enablingheory to better inform

practce, future reseich can more readily suppatimate negotiators and policymakéngheirreat

world, effortsharing debates.
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Chapter 1 Introduction

A[l]n order to guide action, our ideal pri
reformulated in the light of realorld considerationswhich we only obtain by

integrating the relevant empirical work on

(Gajevic Sayegh, 2018, p. 407)

81.1 Background

Sincetheearly 2000s¢limate ethicisSteplen Gardinerhas arguethat” Climate change is
fundament al | y(Gardinere2004,pc5a6ls a i d schaeatterisation dhechallenge
as “the perfecas nexlpp @ad n o c nimnitple ethicaldimemsiogns ' s
includingits globalform, the wayit builds over tneacrosgjenerationsandhow it testshe adequacy
of our currentheories andpproaches tissues that are of an interdisciplinagture(Gardiner, 2006,
2011)

For climate change caused by rising atmospheric concentrations of greenhouse gases (GHGs) from
human activity- is a longterm, global issue which will continue to have adverse impacts on human

and norhuman communities around the world for many decatlésast. Despite climate science
knowledge stretching back to the early 1&htury and observational evidence for the issue being in
place since the 1960s, humiaidluced GHG emissions have continued in recent times at an alarming
rate(IPCC, 2021) Higher levels of GHGs in the atmosphere are warming the Earth, with 2024

marking the hottest year on record and the first time that global average temperatures exceeded 1.5°C

above prandustrial levels for an entire ye@opernicus Climate Service, 2025)

As Gardiner explainsa unique feature of climate change are its spatial and temporal dimensions,

where distinctions between its human causes and downstream effects make the issue particularly
difficult to analyse from an ethical standpoint. For instance, GHG emissiondesrgack by people in
locations all over the world in the past, present and future, and the link between cause and harm is
neither immediate, nor obvioy&ardiner, 2006, 2011Yhis canin part, explain why climate change

has been classified as a “ wi ck e fbrmplatianloflwbatthe wh er

problem is and no opportunity to |l earn from ot

nc

t

e
h e

Cli mate change’ s collective nature further compl

“coll ective act i on callectvdlylcentmbuté to thdissueeandcabdthersame tinee s
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must work together to preserve the global public good of a stable c(Batett, 2007; Gardiner,
2011; Jamieson, 2014, p. 4; Roser & Tomlinson, 20dyvever, it is not immediately clear how
much action different actors ought to take. This is where issues of distributive justice arise.

These issues are of relevance to the communities of international climate negotiators and
policymakers, as well as climate ethicists, who have been debating possiblstedforg approaches
since at least the early 1990s. The issues are often discussedstigated by way of two prominent
burdensharing questions, which focus on distributing financial costs for addressing climate change,
and rights to emit GHGs within constrained carbon budgets. Carbon budgets represent permissible
guantities of GHGs hich can be emitted while remaining within global average temperature change
targets.

At the heart of these burdeharing questions are the concepts of equity and responsibility. Equity, as

described by climate ethicistenry Shue, is a term used by diplomats and lawyers which

n

i ncorporates i mportant aspects of{Shuehe9d, por di nary

531) It belongs to no one culture and is universa

what it means to ask whether an arrangement
(p. 532)

Responsibility, on the other hand, involves

concept, responsibility picks out those persons who owe a debt, and conceptions of responsibility will
vary according to the unddfe20lsttpalbd Likegquityf t he debt

responsibility is also globally recognised. However, the complicated nature of climate change raises

guestions about distinctions between causal and moral responsibility, on which grounds and by which

means they should lstinguished and measurgthmieson, 2015; Vanderheiden, 2004)

The establishment of the United Nations Framework Convention on Climate Change (UNBV@CC)
thirty years age- often referred to as the international climate reghsaw these concepts formalised
through the Common But Differentiated Responsibilities and Respective Capabilities {RBPR
principle. This principle established the developed/developing country divide as a critical fulcrum
point in climate change negotiatis. Initially, CBDRRC was used to justify a hard distinction
between the obligationd developed versus developing countug®ere, under the 1992 UNFCCC

and 1997 Kyoto Protocol, emission reduction targets were specified for developed countries only.

However, between the 2009 Copenhagen Accord and the 2015 Paris Agreement, the

devel oped/ devel oping country dichotomy began
rapidly, prompting recognition that all countries would need to act. Thus, tBREE has evolved
with time in |light of countries’ changing ci
dwindling global carbon budget and growing urgency to address the issue in more recent decades

provided the justification for all countriesot just developed ones, to act.

f

”
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The stalling and unsuccessfulness of international diplomacy efforts to address climate change can, in
part, be explained by the inherent contentiousne
interpretations of i(Fuglestvedt & Kallbekken, 2016; Grubb, 2015; Macey, 2019; Rajamani,.2012)
Deepseated disagreements over how much action each country ought to take, based on this principle,

and the broader concepts of equity and responsibility, have resulted in international negotiations

entering
based decision®/ictor, 2011)

gridlock” wh e nanctdsmupt eéfforts te arrivé a @esemsus U N C 0 0 p

Part of the issue is that while negotiators and policymakers tend to dtii@BDR-RC principlein
their highlevel discussions, the principle is often applied without a clear relationship to data and
therefore cannot offer sufficient guidan®&odansky, 2001a; Hermwille et al., 201This leaves the

guestion of how much action individual countries ought to take unresolved.

81.1.1 Applying ethical principles

Discussions of countrlevel effortsharing to address climate change have also occurred within a

diverse climate ethics literature. While the CBBR principle does feature in this literature, several

ot her principles have come t o elmanng oblgatienst he di s cu
(Caney, 2009a; Roser & Seidel, 2017; Shue, 2004@se include the Polluter Pays, Beneficiary Pays,

Ability to Pay, Grandfathering, Equal Per Capita Emissions and Subsistence Emissions. These

principles are presented and defined wiffiable1l andTable2 below.

Polluter Pays The one responsible for causing the environmental Baould pay for its

mitigation and/or remediation

Beneficiary Pays [ The one benefitting, unjustly, from the harm should feayts mitigation

and/or remediation

Ability to Pay The one with the greatest financial means to address the harm should

Tablel. Three financial burdessharing principles and their conceptions of justice
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Grandfathering Future emissions rights should be based upon historical emissions or
patterns of behaviour.

Equal Per Capita | Emissions rights should be allocated equally, on a per capita basis, so

Emissions every person gets the same amount of rights.
Subsistence Emissions rights should be allocated in a way which ensures that, at le
Emissions every person’s basic needs are |

Table2. Three budget allocation principles and their conceptions of justice

At this point, it will be helpful to distinguish between fundamental normative principles and
regulative principles, also described respectively asifiaensitive and faesensitive principles by
Cohen (2003)Consideration will then be given to where the CBR& and prominent principles

from the climate ethics literature fall in relation to these.

Normative principles articulate moral ideals. These principles determine what we ought to do,
irrespective of the facts about our specific situation. For instance, the normative principle of equality
asserts that equality is desirable, regardless of whethare in a position to realise it. In contrast,
regulative principles require the facts of concrete situations in order to determine what ought to be
done. They can be considered lovarel, actionguiding principles that descend from hilgvel

normatve principles like equality, equity and responsibility. Regulative principles take into

consideration the actual circumstances of an ethical choice.

The CBDRRC principle can be thought of as a higlearel regulative principle, which is enshrined

in the international law of climate change agreements. It isseawitive insofar as we must know the

facts about each ¢ oun ange andther capabilities bouesgora nn otdertoc | i ma
make informed judgements about what each country owes to the collective effort to address climate
change. Further, the Polluter Pays, Beneficiary Pays and Ability to Pay Principles areleier

reguldive principles which cash out or specify the CBBR principle in different ways, by requiring

different types of facts in its attribution of responsibility. The Polluter Pays Principle involves facts

about each country’ s e nncigleinvavessfacts dbbuetheBdvanmdes ci ar y
each country has accrued from historical emissions, and the Ability to Pay involves facts about each

country’ s c ap a bFidureltarticlatesahrs Hierarchysobpunciplesleels.



Calculating countries’™ fai~+NIseB@hess)s for addressin

Level Principles
[Normative Equity Responsibility ]
[Regulative 1 Common but differentiat;d responsibilities and respective capabilities ]
[Regulative 2 Pollutc‘ar Pays  Beneficiary Pays  Ability to Pay ]

Figure 1. Hierarchy of principle levels from normative through to regulative

This thesis argues that, were the CBRR principle to be made more specific with reairld
information, it could allow the international community to test their commitments to certain
conceptions of equity and responsibility. This thesis builds thefoasgaking CBDRRC more
practically useful via applications of the Regulative 2 level principl€sgarel above.

An advantage of making the CBERC more practically useful is that it can more helpfully guide
debates about the ethical adequacy of codetrgl contributions towards globally agreed goals
within the most recent international climate change agreemer20Qttb Paris Agreement. Under

Article 2 of the Paris Agreement, countries have agreed to:

AiHol ding the increase in the gl obal average
pre-industrial levels and pursuing efforts to limit the temperature increase to
1.5°C above préndustrial levels, recognizing that this would significantly reduce

the risks ad impacts of climate changéParis Agreement, 2015, Article.2)
These 1.5°C and 2°C targets will be referred to as Article 2 targets throughout this thesis.

The Paris Agreement has shifted away from thedimwn prescribed emissions reductions of the

Kyoto Protocol era by mandating that countries put forward their owstlsgifed actions, called

Nationally Determined Contributions (NDCs). However, despite specifying a global goal in the form

of the two Article 2argets, the Paris Agreement does not contain a mechanism for assessing the

adequacy of countrlevel shares of the global mitigation effort from an ethical stand@ajamani

etal.,2021) Additionally, many countries’ NDCs are no
of into the globally agreed temperature targets. This lack of a mechanism for ethically reviewing
countries’ NDCs, combined wi tldmats$dt aedisadvastageiepancy i

their international burdesharing debates.
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Components of the i nt erR@jprincplaant lonelevielethidtale r egi me’ s
principles have been applied in a range ofwabed dashboastyle tools and studies, including

Climate Equity Reference Calculator, Fair Mitigation Finance Erpland Paris Equity Che¢kolz

et al., 2019; Pachauri et al., 2022; Robiou du Pont et al., 20&Ry of these tools have developed in

the Paris Agreement’s wake an-tkvelsieaekofdlimatedet er mi n e
mitigation finance and global carbon budgets. These assessments are analysed §&t6&ywhere

Table6 provides a summary of these tools and their features.

While these assessments collectively capture a wide range of principles, most tend to apply
components of the CBDRC principle and very few explicitly apply the secamder regulative

principles presented ifiable1 above. The result is that currently available assessments do not delve
into as much detail as they could about the different ways that responsibility might vary or be cashed
out under the CBDHRC principle. This is a current gap, given the extensive sison of the three
financial burdersharing principles that has been done by climate ethicists in the abstract. This means
there is a gap between the philosophical climate ethics literatvinéch discusses these principles
extensively- and the appliedlicnate ethics literature which instead draws on the broader CBDR

RC principle that is more prevalent in the international climate regime.

Moreover, few assessments provide opportunities to consider combinations of parameters that extend
across both scientific and ethical domains, including multjeate forcerand accounting
frameworks—which are concerned with assigning GHG emissions to countatthe more finely

grained countnfevel. Additionally, several of the studies and tools have been criticised for their
untransparent methodologies and for nohgegdxplicit about the ethical principles and conceptions of
fairness that undke their analysigDooley et al., 2021)Somealso displayan assumed moral

objectivism, characteristic of@ositivist worldview, in theirassessments. Finally, a conflation of

ethical domains has arisen within several of the tools, the consequences of which are discussed further
in 82.7.

The multiple gaps and limitations of other tools, described more extensiv@hapter 2 ultimately
leave climate negotiators and policymakers at a disadvantage. A desire to contribute to better
supporting these communities in their deliberations and deaisaking has provided the motivations

for this research project, discussed nex@1.2
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81.2 Research motivations

This research has been motivated by aweald need to develop independent ethical assessments
which assist international burdsharing conversations about coureyel efforts to address climate

change.

More specifically, there was motivation to inves
addressing the issue would vary under different combinations of ethical principles, accounting

frameworks and scientific parameters. Since accounting framewavksttaditionally featured to a

lesser extent in international negotiations, there was motivation to incorporate a range of accounting
framework perspectives within the dashboard, to provide different ways of allocating GHG emissions

to countries.

The intention was to build an interactive, dashbesyte tool which would help meet the research
aims, listed irg1.5 Alongside meeting these aims, the dashboard would serve a more practical
purpose: to help the target audiences of international climate negotiators and policymakers become

better informed in their democratic deliberation and decisiaking.

There was also a particular motivation to put coutgrel contributions to climate change into the

| anguage of the Paris Agreement’s temperature ch
to historical globalvarming Thi s coul d hel p address the Paris |
for ethically evaluatingountrylevel shares of the Article 2 targets. As climate change continues, it

will be important to have independent ethical assessments to scrutinise deuvaitgfforts for

addressig the issue.

81.3 Research questions

The overarching research question that has guided this research is: Can an interactive dashboard shed
light on countrylevel obligations for addressing climate change by applying regulative ethical

principles in a useful way?
This broader question is tested by way of three more specific research questions (RQs), below:

T RQ1: Wh at are countries'’ hi storical contri buf
1 RQ2: Howshould thecosts for mitigating climate change be distributed between countries?

1 RQ3: Howshouldwarming rights be distributed between countries?
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To provide answers to these questions, this research project included the developmewnebf a
dashboaretyle tool—the Science and Ethics of Fair Shares (SEFS) dashiddediashboard is a
web application which enables filtering of complex datasets to draw inferences about-teueitry
responsibility for addressing climate chanlgés publicly available and can be found at the link here:
https://live sefsdashapp.onrender.conThe dashboardontains six pages which a user can transition

between by clicking on links in the navigation pane at the top of every page.

The first page gives an overview of the dashboard and its purpose, while ghgestdin the
dashboard’”s main content. These are the pages wh
posed as part of this research project. In these pages, a selriegdzfwn boxes, buttons and

checkl i st s o-hancksaediowpseng ® geperdtedifferent outputs. The outputs appear
aschartson the righthand side and swiftly update when different options are chosen by a user. A

sample of theseharts as possible answers to the three RQs, are included and discussed throughout

Chapter 4of this thesis. Finally, pages® contain information about how the dashboard has been

built and a list of references to datasets that have been used to create the dashboard.

Currently, the publicly available version of the dashboard does not include tha@&dataset that
has been used to cal easkdemissions.oruindatasetes frdewitham s umpt i

academic license but is not publicly available.

Answers to RQ1 inform answers to the RQ2 and RQ3, which are about distributive justice and effort
sharing. RQ2 is about who pays for mitigation and can be answered by drawing on the three financial
burdensharing principles iffablel above RQ3 is about who has priority over future global average
temperature changes, constrained by globally agreed temperature change targets like the Article 2
targets, and can be answered by way of the budget allocation principkdsl@2 above

Of the three principles iable2, theGrandfathering Principle and a newly designed variant of the

second Equal Per Capita Principl&quality-overtime — have been applied within the dashboard.

The Equalityovertime principle presents a novel and more sophisticated version of the Equal Per
Capita Emissions Principle by explicitly taking
prominent third budget allocation principl¢he Subsistence Emissions Principlis discussed

within this thesis, despite not having been applied withinime dashboard. This prin

in the climate ethics literature meant that the thesis would be incomplete without a discussion of it.

Both sets of priciples inTablel andTable2 are most commonly applied to climate mitigation,

which is about preventing future GHG emissions to limit further climate change. However, the three
financial burdersharing principles can also be applied to other forms of climate action, including
climateadaptation and climate compensation, where the latter is commonly referrédto@as s and

d a ma (@Pa&gé & Heyward, 2017, p. 35@)limate adaptation describes actions which adjust and
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prepare for the effects of climate change, whereas loss and damage refers to actions that are taken to
alleviate suffering once climatelated impacts have occurred.

There is a retribution aspect to loss and damage, where financial payments are viewed as a form of

righting past wrongs or making victimerdenf unwar
to address the suffering brought about by clintatated impactéPage & Heyward, 2017, p. 356)

For this reason, applicatisnf the three financial burdesharing principles may nee¢ad take on

different formsby taking different information into account. To simplify the researchivall

principles have been applied in a mitigation sense only, since definitions of each principle were found

to vary across different forms of climate act{&arber, 2007; Page, 2012)

The budget allocation principlés Table2 are commonly used to allocate rights to emit GHGs within
constrained global carbon budgetsften expressed in kilotons oérbon dioxideCO;) or carbon

dioxide equivalent@O.€). Carbon budgets are a concept that has received substantial attention within

the climate change literatu(eahn, 2020; Matthews et al., 2021; Pan et al., 2G2@ever, the units

of gl obal carbon budgets and countries’ NDCs di f
which are expressed €. This presents discrepancy inmetrids e t we e n NDCgglabal i e s’

carbon budgets, and the Artiddaargets.

Warming rights-a new concept introduced in this thesigpresent the level of warming that

countries can be allocated as part of globally agreed temperature change targets. An advantage of
expressing warming rights in terms of temperature changetii theerts the issue of placing multiple
climate forceronto the same scale using emissions metrics, discirs§8d4.1 It also places an

assessment of countries war ming contributions i

warming rights and emissions rights are discussed within this thesis in relation to RQ3.

81.4 Methodology and theoretical approach

This researchvorks within apragmatistpositivist paradigm which is explained more fuity83.2
Positivism is a philosophical school of thought which prioritises the acquisition of knowledge by
empiricism—from observational data or through experieremd which uses experimental methods
and hypotheticaleductive reasoning to reach geneeddle natural or social lawW€rook & Garratt,
2005; Park et al., 2020 ositivism has underpinned much natural science research, having

successfully guided the evolution of climate science for many years.

However, positivism has faced criticism for its rigid beliefs, especially when applied to the social

sciences. Several of these beliefs would restrict the level of flexibility required to handle the value
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pluralism or range of possible solutions that the applied ethics aspect of the research and SEFS
dashboard generate. For this reason, this thesis incorporates a pragmatist perspective to withhold some
of posi ti vmgentbelefs. mor e stri

Pragmatism is described as an approach for doing research, which allows for the use of multiple
methods in so far as they are uséRadushik & Walsh, 2019; Voisard & Wallimardelmer, 2024)
Pragmatism enabled the research to be progressed using positivist methods, yet not necessarily
achieve what most positivist research sets out to accomplish in terms of working towards a single

unified view, theory or generatible law.

Pragmatism's perspectives on truth and sensemaki
objectivism that could be taken towards the ethical aspects of the thesis, under a solely positivist
worldview.Where a positivist might pursue a single moral truth to each RQ, a pragmatist would

recognise the inherent indeterminacy of wicked challenges like climate change and acknowledge the

presence of multiple, conflicting perspectives that different ethicatisos represent.

Pragmatism also all owed for explorations of ethi
possible links between principles and accounting frameworks, which positivism on its own would

have been itequipped to support. This research project shtihdcefore be viewed as an exploratory
endeavour, where the resulting tool is intended to prompt informed debate amongst its target

audiences rather than produce determinate answers.

Within this pragmatispositivist framework, the research draws on three methodologies or disciplines
to answer the RQsimple climate model§SCMs) industrial ecologylE) and applied ethicSCMs

are a welldevelopedapproacHor predicting and analysing how the global climate system may
respondo perturbations, including rising concentrations of GHG emissiadsother radiatively

active species like aeros@ad indirecshortlived climate forces (SLCFs), which alter the climate

by producing precwors of direct climate force(Buma et al., 2025; Szopa et al., 2021)

This researchuilds on theapproacrand data from th€allahan and Mankin (2028judy, which
uses thd-inite Amplitude Impulse Response (FalR) model to run modi§iadeonecountry-out

experiments n order to determine countries’ twoontributd.i
GHG species- CO; andmethane CH4) —andoneindirectshortlived climate forcer (SLCFyr

precursor gasiitrogen oxidegNOXx) (C. J. Smith et al., 2018)

Ideally contributions to warming from nitrous oxide-(@ — the third most important GHGehind
CO; and CH —would have been included instead of NOx. However, only N&@awas available in
the datasetised byCallahan and Mankin (2022)Ox is anindirect SLCF which indirectly affects
the climate byreacting with other radiatively active species Iid,, tropospherimzone(Os) and

nitrate aerosoléSzopa et al., 2021NOx enhancesheradiative forcingeffect ofOs, reduces the

10
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forcing effect of nitrate aerosadsd reduces the forcing effect©H. by producing hydroxyl radicals
whichalterCH s at mo s p h(®zopa et al.| 20Z1he modifeedleaveonecountry-out
experiments are a positivist method which treats couht@els and precursor gas emissidiasd
associatedgvarming contributionsas scientific facts.

Next, the field ofE, which is underpinned by a natural ecosystem metaphor of everything being
interconnected, takes a systems view of industrial and human systems in its attempts to better manage
environmental problem@.ifset & Graedel, 2002; Shah et al., 202Bhvironmentally extended input

output analysis (EfOA) is anlE technique that draws on statistical information about material and
resource flows and has been empl oyed-based t hi s r es
emissiongWiedmann, 2009b)Consumptiorbased emissions allocate responsibility for GHG

emissions to consumers rather than producers, under the consubgsgzhaccountingCBA)

framework, and offer an alternative perspective on responsibility to the conventional preduction
basedaccounting (PBA) approacfihe EEIOA method follows a series of matrix algebra operations

in order to deducdasceuntemi ss’i oonens dmptsiegn | i ke ¢
contributions, are treated as scientific facts within the research, wdnébrms with the positivist

worldview.

Finally, an applied ethics methodology, which makes use of principksnsed to operationalise the

five aforementioned ethical distributional principles within the SEFS dashboard. Principlism is a

method of applied ethics which involves tdpwn moral and deductive reasogiVoisard &

WallimanntHelmer, 2024)Pr i nci pl i sm’s use of deductive reasor
positivism, which employs hypotheti@eductive reasoning to reach generalisable laws. In this way,
principlism enabled a coherence across the scientific and ethical aspects oé#rshrdsowever,

principlism, unlike positivism, proposes that moral solutions arrived at are continuouslpie\ksa

this reason, while using principlism to apply the five ethical principles, the pragmatist approach

enabled the suspension of the pwotst belief that results deduced from applying any single principle

represent a form of moral law or truth.

81.5 Research aims and hypothesis

This research project includes five research aims and a hypothesis which will now be described.

Aim 1: Developa dashboarestyle tool to answer the three RQs

11



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

This research seeks to understand cotietrgl responsibility for addressing climate change by
applying a range of regulative ethical principles within a dashbstgte tool. The first aim of this
research project, then, is to develop a dashboard waichep answer the three RQs.

Aim 2: Applylower-order regulative principles to make CBERC principle more useful

The research aims to make the CBBR principle more useful by way of applying five of the
regulative principles presentedTablel andTable2. By grounding these principles in relevant,
factual information, the CBDHRC principle in turn can be made useable.

Aim 3:Investigaterelationships between ethical principles and accounting frameworks

This research aims to investigate relationships between different ethical principles and accounting
frameworks which have, to date, been underexplored as options for applying ethical principles.

Aim 4: Clarify relationships between principles and distributive climate justice questions

This research aims to clarify the relationships between different regulative principles and questions of
distributive justice, so as to avoid the conceptual confusion that has occueséstimgdashboare

style tools and practical ethical assessments.
Aim 5:Incorporatea broader range of parameters and offering a more granular analysis

This research seeks to improve upon the shortcomingssifngstudies and dashboastlyle tools by
incorporating a broader range of scientific and accounting framework parameters, as well as enabling

a more finely grained analysis of counteyel responsibility for climate change.
Hypothesis

It is hypothesised that large historical polluters would receive the greatest shares of responsibility for
raising climate finance under the Polluter Pays Principle. Howeweil] iiepend on whether only

one or multipleclimate forcersare considered, how these are combined and under which accounting
framework emissions were assigneds Hnticipated that large exporting countries like Chirl&

have lower emissions balances and reduced responsibility undeBfh&amework when compared

with the PBA framework.

81.6  Significance of the research

Since the SEFS dashboard has been developed with specific target audiences in mind, the results of
this research are of significance to communities which extend beyond the academic audience of this

thesis. It is expected that the dashboard will be oféstdp a wide range of actors, including

12
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international climate negotiators, policymakers and academics, as well as the general public. By
enablingtopd own assessments of countries’ contributi ol
investigating how count rissuesan falfshort m nosnfatavelyaedevahto r a d d
ways, a wider, more practical objective of the SEFS dashboard is that it can help inform debate

amongst these actors.

The actors mentioned previously would also be interested in using the SEFS dashboard, which draws
upon a range of complex datasets, scientific and ethical parameters, to test their intuitions of fairness
about how count®yevel responsibility ought to bessigned. In this way, the dashboard enables a

form of technologyassisted reflective equilibrium (RE). RE is a method within moral and political

phil osophy which begins with sets of principles
opinions(Knight, 2023) RE involves principles and considered judgements being scrutinised and

revised in a process of mutual adjustment, so principles and considered judgements can be brought

into alignment{Knight, 2017) There are two types &E: wide and narrowRawls, 1999)Wide

reflective equilibrium (WRE) starts with as wide a range of principles as possible; whereas narrow
reflective equilibrium (NRE) i s alKmghty0ls;f or der i n
Rawls, 1999)

The SEFS dashboard’s applications of regulative
technologyassisted WREFor exampleit could be argued that the Grandfathering and Equaligr

time principles sit at opposite ends of a notions of justice speavhare Grandfathering represeats

more libertariarperspectiveand Equal Per Capita Emissions approaches reftegjalitarian

perspectiveBy including principleswith very different conceptions of justice, the SEFS dashboard
affordsclimate ngotiators and policymadts an opportunity to explore a wide ethical domain as they
testtheir ethical intuiions. This can allow them to sedether resulting distributions of climate

finance and warming rights align with what they originally believed would beAsipart of WRE,
thedashboard also enables an engagement with the factual implications of thesguadiian

regulative principles.

Giventhat a critical review byHelms (2024¥ound fewinstances of WRE being explicitly applied
within the literatwe, theSEFS dashboard can fill a gapoffering aclimate changdéocussed WRE
Throughoperationalising ethical distributional principles with realrld empirical datasets, the
dashboard sheds new light on courlayel responsibility, enabling its target audiences to test their
intuitions of fairness and revise them as needlbd dashboard therefore fulfils a democratic need by

letting a range of different actors explore concepjasiice and fairness through different

prioritisations of parameters, as coufinteri es con
The absence of a mechanism for ethically evaluat
raises a need for independent tools which can scrutinise theadelacy f countri es’ pr o

13
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addressinglimate change. Having tools for analysmg@ unt r i es’ changing contr.i
change and assessitig adequacyf their efforts to address #rerelevantwithin this Paris
Agreement erawhere countries pledge their own contributitmshe global effort.

Additionally, as thewvorld continues warming due to climate change, and countries work to remain
beneattthe Article 2targets a f urt her benef it of the dashboard
contributions to global warming are expressed as temperature change contributions. This enables the
articulation of moral responsibility in terms of warming rights, the concept introdacker ewhich

is a novel contribution to the international debate. By drawing on the resaltisS(EM the

d as hboar dofferaraelglicit warmingéntric focus aligns with the Article 2 targets and

averts issues that come with using emissions metrics (discuss$2d if). This puts countrjevel

contributions into the same language as globally agreed temperature targets, making it more
straightforward to analyse the world’ s progress

Finally, being able to understand how countries have contributed to climate change at different points

in time can inform better understandings of what
the issue today and in the future. By offering an acéogritamework lens on responsibilitwhich

has historically featured less prominently in international negotifdhagallocations of

responsibiliy in terms of both accounting frameworks and ethical prinsigde help broaden the
internationac o mmuni ty’' s perspectives on this idea. Il n
and demonstrate how responsibility for climate change can fall in different ways, depending on which

scientific, accounting framework and ethical paegers are prioritised.

81.7 Thesis structure

This thesis begins by introducing climate changaresthical issuand highlighting the prominence

of equity and responsibility as concepts within international negotiating fora and the climate ethics
literature.The type=f principles that feature in realorld debatesindpractical ethical assessments

are highlighted to introduce the motivations for this research. The RQs are presented, followed by the
overarching pragmatigiositivist framework which guides this interdisciplinary imgualong with

the research aim3he significancef the researcls highlighted before the structure of remaining

thesis chapters is outlined.

Relevant background informatiditeraturesare presented and reviewiedChapter 2This includes a
history of scientific evidence for climate change; a history of international diplomacy efforts;

emissions metrics ariCMs different ways of assigning GHG emissions to countries (accounting

14
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frameworks); angbrominent climate ethics principledive of whichfeature in the SEFS dashboard.
Research gaps that this research fills, as well as its unique contributions, are also explained.

How the research has been carried-oits research design, including the overarching pragmatist

positivist approach, methodologies and methods that the research emateydescribeth Chapter

3. This includes details of the datasets that have been used and-ghegassing steps which
transformed data into useable format s, how count
consumptiorbased emissions are calculated, and the steps taken tbaydise each of the five

ethical distributional principles in the dashboard. The feedbbtdined frondashboard

demonstrations to several climate experts in 2028soexplained.

Samples of results from the dashboard are presented, compared with findings from similar applied
ethics studies and dashboaitglle tools, and discussedChapter 4Relevant moral ideas and modern

ethical challengedncluding the repugnant conclusi@are also examined.

The penultimate chaptef this thesis Chapter % critically evaluates the researbfi reflecting on its
approach, scope and design, as well as considering the relevance of the research artltheesthod

reflections and technical issues.

Finally, the thesis concludéy Chapter Gsummarisinghe research topic and its importance,
outlining the main contributiorsndpractical and theoretical implications of this research, along with
limitations of the study. Recommendations for future research are then giwxpé&ordinghe

dashboard anitnprovingits level of usefulness to its target audiences

81.8 Chapter summary

As wemove into the seconguarter of the Z1century, humasinduced climate change continues

apace, despite scientific understanding and awareness of the issue, and nearly half a century of
international efforts to address it. Central to climate negotiations have been-bbadieny questions,

where he ideas of equity and responsibility, and various understandings of these, have become points
of contention between countries and stumbling blocks in trying to reach agreements. The same
burdensharing quesins have been prominent throughout the history of the philosophical climate
ethics literature, with climate ethicists often employing a range of ethical principles to answer these in
the abstract. While much of the applied climate ethics literature bassed on applying select

groups of principles to answer burdgimaring questions, few tools have provided the ability to

employ a breadth of ethical principles, scientific and accounting framework parameters, in ways that

avoid conflating ethical domains.
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This thesis describes the development and utilisation of a tool which applies several regulative
principles with realorld data to obtain possible distributions of coutényel efforts for addressing
climate change. The research focusses at the intarablevel and takes natiestates as its units of
analysisDrawing onSCM outputs and methodsom IE and applied ethics, the research develops a
novel dashboard toelthe SEFS dashboardo enable a datach applied ethics. Through its
combination éscientific and ethical parameters, the tool presents a-pfeadncept for how a
technologyassisted form of WRE could be enabled. The dashboard offers a way for climate change
negotiators and policymakers to test their ethical intuitions, while obggengiw responsibility for
addressing climate change falls under different operationalisations of five empirically grounded
ethical principles. Ultimately, this research project and dashboard are motivated by the aim to offer

practical understandingsofdac pr i nci pl e by integrating the rel
(Gajevic Sayegh, 2018, p. 407his is in order to support better informed discussions amongst the

dashboard’s target audiences of international cl
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Chapter 2 Literature Review

82.1 Chapter overview

Chapter Antroducedackground informatioand reviewselevant literatures tsupport an
understading of theScience and Ethics of Fair Shar8&Fg dashboard and its featurdhe history
of climate scienc€g82.2 andinternational diplomacy efforts to address climate chaBge3)(are
detailed followed bya review of themissions metrics and simple climate md@€TM) literatures
(82.4). Next, different ways of allocating responsibility for climate change by way of accounting

frameworksarediscussedh §2.5

The six prominent ethical distributional principles presentéelhisiel andTable2, and the debates
surrounding their definitions and applications witthie climate ethics literature are discusse@g
An exploration of these principlesultiple meanings waallowed for by theoragmatisipositivist
approach which could acknowledge tr@uepluralism alluded to ig1.4 Despite not featuring the
SEFS dashboarthe Subsistence Emissions Principlas beemvaluated and discusskdcause of its

prevalencevithin the climate ethics literature.

Existingrelevantdashboarestyle toolsare evaluated and compared®i6.5 A conflation of ethical
domaingdentified inthese toolsnotivated the design ofdimate justice typology§2.7) which
brings greater conceptual clarity to the resedfahally, the chapter concludesth §2.8reiterating

key gaps the literature review exposed and the unique contributions this research makes.

8§2.2  Scientific evidencefor climate change

Climate change is driven by the relea$anthropogenigreenhouse ga&SHG) emissions intghe
atmosphereThethree mainGHGsarecarbon dioxide (Cg), methane (Ch and nitrous oxide (MD),

with CO, being the largest driver of global climate change to date. In a process known as radiative
forcing, GHGs absorb longwave or infrared radiatidghe light that is reflected from Earth back out

into spacgForster et al., 2021aJhis capturing of greater amounts of infrared radiation, which then
gets converted into heat energy, disrupts the energy balance of the Earth by raising the global mean
surface air temperature and, in turn, altering the climate in what has become kritvn a

“gr eenho (Fereter ethlf 20214, p. 971)
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While anaturally occurring greenhouse efféets made thE a r taveraggemperatur&d3°C warmer

than it otherwise would have been during theipdistrial period (circa 175A.850), rapidly rising

GHG concentrationsince thattimear e changing the atmosphere’s com
radiative forcing and an enhancadthropogenigreenhouse effe¢Mitchell, 1989) Since 1850,

atmospheric concentrations of ¢@H; and NO have increased by 46%, 137% and 24%

respectively and radiative forcing was 2.72Wm2 higher in 2019 than in 1750, predominantly due to

these increased concentratigRerster et al., 2021a, p. 926, 2024)

The rapidlyrising concentrationsf GHGs in the atmospheageattributed tchumanactivities, which
GHG emissions are byproduats Landand use changes and the burning of fossil fuels account for
the highest proportions of humarduced CQemissionswhile the extraction and use of fossil fuels
are also significant sources of anthropogenia @&htl NO emissiongEyring et al., 2021, p. 3;
Ganesan et al., 2019; R. B. Jackson et al., 2020; Saunois et al.,RiéeQ)addies, agriculture and
fertilizer use account for substantial food productiased ChHand NO emissionswith waste being
another large source of GdmissiongGriffis et al., 2017; Kirschke et al., 2013; Kroeze, 1994)

Global annual carbon emissiomave risen rapidly in recent yeansd in 2023theaveragehuman
inducedwarmingfor the yeamwasassessed to He31°C above prindustrial levelgForster et al.,

2024; Friedlingstein et al., 2022)he rate at whiclsHGs from anthropogenic sourca® being

released into the atmosphere is triggering large scale climatic changes which are pushing human and
northuman life intarangesoutsidethoseto which they have adaptetihelong-lived nature of some

GHGs (se&2.4) will ensure that such changes persist into the future, affecting both present people
and future generatiorfi?CC, 2018a)

It should be noted that GHG emissions are not the only radiatively active species that have an effect
onthe global climateSpecies with net cooling effects over relatively sttern, decadal timescales

are known as aerosasdaerosol precursors, and are a type of slwetl climate forer (SLCF)

(Szopa et al., 2021The recent cooling effect of aerosols is significant; it has been estimated that
nearly a third of the effect of anthropogenic warming emissions has been offset by SLCF emissions
(Persad & Caldeira, 2018)

Important aerosols and aerosol precursors inclugdnasid (SQ), nitrate (NQ), sulphur dioxide

(SO), nitrogen oxides (NOx), organic carbon (OC) and ammonia)kBlima et al., 2025Many
aerosobrecursors- like S and NOx— are released alongside €®hen fossil fuels are burnt and
have a detrimental effect on local air quality. Efforts to improve local air quality have resulted in

developec ount ri es aerosol e mi(% Zheny ptal., 2020fhisecneansy i n r e |
thattheregional distribution®f aerosol emissiontsave shiftedvith time andcouldsignificantly
influence the size of count r i lkesause oféeirsttongwsirt c ont r i

term cooling effec{Wang et al., 2015)Thisresearch has ontaken emissions of thte/o most
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dominant GHGs- CO, and CH —and the aerosol precurseNOXx —into accountin order to limit

t he r es@ato&rhotesnanageable sHewever, theesearch could be extended in the

future to includeghe emissions of other GHGs, aerosols agbsol precursoiia calculations of
countries’ fair shargedhisfisaiscusaed finthergs5 ng cl i mate «ch

§2.2.1 History of climate science

Understandindnow knowledge about climate change has evobasdhelp inform discussions about
appropriatdevels of moral responsibility or culpabilitiat actorsnight have for addressing the
issue discussed furthen §2.6.1.1 A brief history of the development of scientific evidence for

climate change will now beutlined.

The history of scientists coming to understand the greenhouse effect dates back to at least the early

19" century wherFrench mathematician, JeBaptiste Joseph Fourier, began theorising about

planetary temperature in the early 182@scher & Pierrehumbert, 2011; Hulme, 200@hile

Fourier did not make any quantitative contributions in this regard, by surmising about factors which
affect the Earth’s temperature his conceptual fr
by ClaudeServaisMathias Pouillet and Svéa ArrheniugArcher & Pierrehumbert, 2011)

As part of his theorising, Fourier conducted experiments, although they may have only been thought
experiments, using a heliothermometem insulated wooden box, containing a thermometer and

with painted black insides and a glass(Adcher & Pierrehumbert, 2011Jhe idea was to prevent

cool air and warm air from mixing, in ordir isolate the effect of trapping light energy in the box.

The effect was observed by measuring the box’'s i

atmosphere worked in a similar way to thiscsa | | e d (Ar¢ther & Pierrefumbert, 2011)

One of Fourier’s misconceptions was the size of
Earth’s temperature. Fourier estimated that the
it actually was. In 1838, French physicist, ClaiB#evais-Mathias Pouillet corrected this error by

obtaining a more accurate measure for the Solar Cor{gtarter & Pierrehumbert, 2011; Kidwell,

1981) This eliminated the need to consider the temperature of space as playing a significant role in
planetary temperature. Pouillet also hypothesised that water vapo@Qanaight trap infrared

radiation in the atmosphere, leading to a warming oEtréh and enabling its life supporting ability

(Baum Sr., 2016)

Evidence for Pouillet’s hypothesis was strengthe

Eunice Newton Foote, who demonstrated in 1856 that carbonic acid and water vapour would absorb
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solar radiation. Foote set up experiments with glass cylinders containing different compositions of

these gases and noticed that when these were placed in the sun, the air temperature in the cylinders
increased. This prompted Foote to concludethsan at mospher e of Bathat gas w
hi gh t e nffpoete, 286Gy r e ”

Three years after Foote, Irish climate scientist, John Tyndall, similarly showed thah@@ater

vapour could absorb longave infrared radiatioiTyndall, 1859, 1861)Tyndall also demonstrated

that oxygen, nitrogen and hydrogen did not absorb infrared radiation and realised that water vapour
was the most important GHG in the atmosphere and was largely responsible forlibg effect that
Fourier had observed in ti820s(Baum Sr., 2016)

Building on the work of Fourier, Pouillet and Tyndall, in 1896, and attempting to explain the
relevance of higlatitude temperatures for ice ages and interglacial periods, Swedish scientist, Svante

Arrhenius, quantified Tyndall’'s results when he
of atmospheric C&(Fleming, 1998) The model used moonlight absorption data that had been

collectedby Americanastronomer and physicissamuel P. Langley over the period of a year and

indicated that if atmospheric G@oncentrations increased or decreased, temperatures would follow

suit (Crawford, 1997)While not driven specifically by concerns about growing €fissions and

associated lonterm climatic implications, the results of the model led Arrhenius to predict that a

doubling of atmospheric GOfrom the burning of fossil fuelsaloneoul d result i n the
temperature increasing by®C over a 500 year perigérrhenius, 1896; Crawford, 1997)

Arrhenius was the first person to provide a model of the greenhouse effect and conclude that
anthropogenic C@emissions from industrial activity would lead to global warm(i@gawford, 1997;

Rodhe et al., 1997)

For much of the early 20certury,“ Ar r h eO®itheay okclimate change . . . lay largely

d o r méHnlineg, 2009, p. 49)t was not until the 1930s, when the theory attracted the attention of
British mechanical engineer, Guy Stewart Call end
more recent information, to determine the net absorption effect of atmospheri€r@Ocan be

considered the first endeavour to detect and attribute-tax@e climatic changes to the anthropogenic

GHG emissiongHulme, 2009) Bot h Arr henius’s and Callendar’ s
contested in their timdt would take anothertwo detesb e f or e Charl es Davi d Keel
measurements of atmosphedi®,, captured at Mauna Loa Observatory in Hawaii, would lead to

what many consider the point of undisputed scientific consensus for climate ¢Badgasky,

2001b) From 1960 onwards, the Keeling Curve showed that atmosphesiw&Qundeniably rising

(Keeling, 1960) This was the point at which theras strong observational eviderfoeincreasing

emissions of Cethat were humaimduced(Hulme, 2009)
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Since Keelingscientists have continued working to understand the climate and how humans are
altering it. There was a "rcenturg wogdinthenl®7@anaisthte i n  Ar r
1960s and 1970slimatologistsSyukuro Manabe and Richard Wetheralidlt the first climate

models to simulate and predict how the climate would respond to changing concentrations of different
GHGs(Manabe & Wetherald, 1967, 1979)hese models formed the basis for the development of

future climate models one of which has been used in this research atekisribed further i83.5

The work of climate scientists continued throughout the XIAB0s, with scientific consensus on

the issue being clearly expressed in the report
(Oreskes, 2004, p. 1686jowever, insidious forces were also at work during this time. Deception

and disinformation tactics used by fossil fuel companies from the 1970s onwards actively thwarted

efforts to address the issue by stimulating public uncertainty in the sciencenéesting the

reliability of climate model¢Supran et al., 2023; Supran & Oreskes, 20EXxonMobil employed

scientists to carry out its own research and develop climate models. The results of which, in hindsight,
proved accurate in their predictions and were in line with the projections of other independent climate
modellers at the time. lother words, the 1976%980s were a time of contradictions and confusion

for the general public, for while ®“academic and

they knew to the publ i c(Supiaxeta. n20P8,pi7) wor ked t o de

§2.3 International efforts to address climate change

While the history of climate science extends back 200 years, the record of international diplomacy
efforts to address climate change spans a much shortepéinael of just 45 years. The first World
Climate Conference in 1979 marked a point at which ghghall discussions of the issue began and
prompted several other conferences in the mid to late X@8{sta, 201Q)However, it was not until
1988 that climate change was thrust into public consciousness by a number of notable events,
including the testimonies of American climate scientist James H@Hséme, 2009) Hansen

presented evidence of a greenhouse effect at congressional hearings in the United States, despite his

coll eagues reservations about Hansen’'s | evel of

there being a detectable greenhouse effdbistime(Kerr, 1989)

In the same year, the World Meteorological Association (WMA) and United Nations Environment
Programme (UNEP) founded th@ergovernmentaPanel on Climate Change (IPCC), with a mandate

to complete comprehensive scientific assessments on the state of the climate for polici@uakars

1 Thank you to Dr Peter Skilling and Dr Kennedy Graham for suggesting | include a section within my thesis
about the political nature of international climate negotiations and the power dynamics at play

21



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

20100 The I PCC"s First Assessment Report (FAR) in
Hansen’'s coll eagues in one of its major concl usi
greenhouse effect from observations is not likely for a decad® ar @PCC, 1990, p. 6)The FAR

also suggested that in a businassisual scenariewhi ch assumed “few or no st
I i mi t e mithsostinwed cde&rance of tropical forests and fossil fuels underpinning the energy
system-the global mean temperature would likely rise by 1°C above 1990 levels byIPGZ5,

1990, p. 52)By 1990, the global mean surface air temperature was found to have increased by

between 0.30.6°C over the previous 100 years.

Since the FAR, there have been five further IPCC Assessment Reports (and many more Special
Reports, which focus on particular issues); three main international climate change agreements; and
annual international climate negotiations, known as the Confedribe Parties (COP). These
international agreements and COPs will be the focus of the following sections. Despite international
diplomacy efforts, GHG emissions have continued to rise.

Bodansky (2016bbreaks the progression of the international climate change regime (and

international climate negotiations) into three phases. The first phase runs frorl 98®0during

which time the 1992 United NatiofsameworkConvention on Climate Change (UNFCCC) was

negotiated and entered into force. The second phase includes the period fre20099&hen the

1997 Kyoto Protocol wasegotiated, anthe third phase spans the years between-Zili%. During

this time, the Kyoto Protocol entered into force;the Ky@toot ocol ' s f i r st commi t m
place; and there was growing support for a more global agreement which the 2009 Copenhagen

Accord set the seed for, culminating in the Paris Agreement six years later.

The following sections discuss these three phases, as well as a fourth phase running b&bxeen 20

2024. Each section will focus on the pfardse’ s key
how agreements compare in this regard across phases); as well as notable points of disagreement
between countries within the negotiations. This discussion serves to highlight three main points: how

the international climate change regime has evolved the pasthirty-five years; that negotiations

are highly plitical; and that negotiations have always been about more than the climate. The
negotiations themselves are arenas where countri
clash amidst a backdrop of power asymmetries. Having an appreciatienpaflitical dimension of

climate negotiations is relevant to this research in the sense that the SEFS dashboard has been

designed to support deliberation and debate in settings where international politics plays out.

Within the constraints of this research project, a comprehensive analysis of international climate
negotiations is not possible. However, discussion in the following four sections will serve to highlight
key components of the negotiations and points whielmost relevant to the SEFS dashboard and

research aims.
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82.3.1 Phasel: 1990 19957 The United Nations Framework
Convention on Climate Change (UNFCCC)

The FAR's publication in 1990 coincided with the
convention on climate change. Two years later, aRtbheDeclaration on Environment and

Development conference, thtlNFCCCwas adopted with its overarching aim being tewza
“stabilization of greenhouse gas concentrations
dangerous anthropogeni c i n(UNFEGCelOX¥MAdide2Wwi t h t he cl

As of today, the UNFCCC currently has nearly universal participation with 196 countries and the

European UnioEU) as parties to itKuyper et al., 2018 However, the agreement does not make

clear at what point dangerous anthropogenic interference (DAI) is. Scientists have pointed out that

impacts and risks of climate change will fall unevenly across communities, who have varying abilities

to adapt to théevel of climatic change that a universally agreed DAI repregd#h®C, 2018a; Victor,

2011) However, the I PCC cannot offer any specific
mandate to “assess cl iimoansdut,mpatandyedoas ngselscsibethen a way
government pol i ci e s(Mamre 20895 s 4085 herefore, definmg adDAD Al ”

threshold coulahot be left to scientists alone because of the economic, political and ethical issues it

presents.

Another central aspect of the UNFCCC was its promotion of key principles. These include equity; the
Common But Differentiated Responsibilities and Respective CapabiiBSR-RC) principle

special needs of developing countries; taking a precautionary approach, subjeceffectigéness

principle; the right to sustainable development; and an open and international economic system. The
former two principles are expressed in Article 3.1T he Parti es shoul d protect
the benefit opresent and future generations of humankind, on the basis of equity and in accordance
with their common but differenti aUNNBCCt1®¥ponsi bi l
Article 3).

Both equity and the CBDIRC principle have been widely referenced during change negotidtions

the international climate regimiaternational law literatureand climate ethics literaturéBauw et

al., 2014; Rajamani, 2011; Stone, 2Q04dpwever, these principles have proven to be contentious for
several reasons. First, the CBIR principle in particular established the Annex | and-Aanex |

Party dichotomy, where Annex | parties included developed countries arshnenx | parties we
developing countries. Initially, the principle recognised that developed countries had contributed the
most towards causing climate change and had greatest financial capacities for responding to it
(Bodansky, 1993)
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This meant that “Developing countries were exemg
file occasional repor t s(Vidgon 2001h m 206)The samesAnnexo ns and a
I/non-Annex | Party distinction would later exempt developing countries from emission reduction

targets under the Kyoto Protocol. This became a point of contention for the United States in

particular, which made clear its discomfort witlistapproaclgVictor, 2011) Second, there are

various interpretations of the equity and CBBR principles, which have shifted with time

(Pickering et al., 2012Developing countries drew on the CBIBR principle to argue that they

should not have to commit to prescribed emissions reductions. The -®BORinciple has been

described within the literature as being operationalised through the Annex | ashNexl Party
distinction(Depledge, 2022)

In terms of international law, the UNFCCC contains elements of both hard and s(Boldansky,

2001a) Elements that are characteristic of a hard law approach include forcing certain duties on
states; making such duties enforceable through binding, dispute resolution; and inflicting sanctions on
violators(Bodansky, 2001a)A soft law approach, in contrast, would be significantly more facilitative
and focus on slowly building scientific and normative consensus; as well as promoting, rather than
forcing, adherenc@Bodansky, 2001a)nternational agreements focussed on addressing global issues
have tended to take a soft law approach from their outset, followed by agreements which grow in

strength and demands from an international law perspective.

The UNFCCC differs from this typical approach in that it contains a mixed architecture, with both
topdown el ements, which define “particular polici
u n d e r(Bodaksky, 2011, p. 37and bottorrup elements, which give countries greater autonomy

and flexibility. For instance, bottomp components of the UNFCCC are contained in Article 4.1,

which requires countries to report on their progress for addressing climate change but does not
prescribe the format, nor how this should be d@wncurrentlyArticle 4.2 establishes a tajown,
nonbindingcommitmentor developed countries to reduce their emissions to 1990 levels by 2000. At
this time, countries like the United States and Urikedjdom were hesitant about agreeing to

specific targets which would limit their GHG emissions under the UNFCC@.rdésult, they

negotiated to reduce the strength of such targets by watering down language within the UNFCCC text
and malkng such targets nehinding (Bodansky, 1993)it is for this reason that the UNFCCC, while
establishing an initial international framework for addressing climate change, has been criticised for
its |l ack of “t enertgbvernniental aganisations (N@@ahichddve typically
subscribed to a hard law approgdBodansky, 2001a, p. 202)

However, the process of developing UNFCCC text was a highly political one. While there was broad
consensus amongste Orgardation for Economic Coperation and Developmef@ECD) countries

with regards to the need for an agreemBntjansky (19933escribes main axis of negotiations as
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taking place predominantly between European countries, which pushed for stronger measures, and the
United States which opposed them. Part of why the UNFCCC has very little teeth, as mentioned

previously, was due to large players like the United Stategstigqg that the 2000 commitment be

watered down. Political tensions and differences of opinion were also evident between developed and
developing countries at this time, who had very different perspectives on the issue. Developing

countries saw climate chge as more of a development, social and political i€Supta, 201Q)

Whereas countries with a more dominant voice in negotiations, like European countries and the

Uni ted States, saw climate change as an environn
technol ogi ¢Gupta, 2000apl. d42¥ negndiuence of these large players in the early
framings of c¢climate change as more of an enviraon

“

del egations of negotiators were initially most |
officials” (Bodansky, 1993; Kuyper et al., 2018, p. 352; Schroeder et al.,.20025 not until later

that developing countries began also being represented by officials from their ministries of

development or foreign affairs, who were better able to articulate the importance of viewing climate

change as a development is¢Bedansky, 1993)The UNFCCC entered into force in 1994.

82.3.2 Phase 2:1995 20041 Negotiating the Kyoto Protocol

In the years following the UNFCCC's entry into f
agreement, under the UNFCCC, which would place more stringent controls on GHG emissions.

Between 1995 and 1997, a new climate agreement, which would include targets and timetables, was
negotiatedqVictor, 2011) The result was the Kyoto Protocol, adopted in 1997 at COP3 of the

UNFCCC or the first Meeting of the Parties to the Kyoto Protocol (MDIR.Kyoto Protocol was
considerably more strict than the -dbNFFCCC and has
ar c hi twhere¢ hindirgg’emission reduction targets were internationally negotiated for 37

industrialised countries and Economies in Transifiii), also known as Annex B Parties

(Bodansky, 2011, p. 704; Grubb, 2008pllectively, these countries were required to reduce their
emissiongrom six GHGs- CO,, CHs, N>O, hydrofluorocarbons (HFCsjperfluorocarbons (PFCs)

andsulphur hexafluoride (Sff—reported irthe carbon dioxide equivale(@O.€) emissions metric

by 5.2% below 1990 levels over the first commitment period, spanning 2008 Grubb, 2004,
Gupta,201Q)These si x GHGs have come to be known as th
included in practical climate ethics assessments discus&2d6irb(Pan et al., 2015, p. 218)heEU

negotiated an overall 8% reduction target, with individual country targets ranging from a 28%

reduction for Luxembourg to a 27% increase for Portugal, in order to reflect individual country
circumstanceéDepledge, 2022; Grubb, 2004)
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The rationale for only placing GHG emission reduction targets on industrialseBIT countries

was based on the idea that they bore greater levels of historical responsibility for causing climate
change. This idea is reflected in the-RWway that o
principle, concerned with responsibility, appears in thet&yrrotocol(Kyoto Protocol to the United
Nations Framework Convention on Climate Change, 19%87#his time developing countries had

pushed hard for developed countries to take the lead on efforts to address climate change and
proposed ways in which historical responsibility could be measured. For instance, the 1997 Brazilian
Proposal offered arlaborate methodology for a burdeharing scheme, which used the specific
indicator of contributions towards global temperature rise as a determinant of historical responsibility
(La Rovere et al., 2002However, theBrazilianProposal was not adopted by #yoto Protocol

because developed countries felt the methodology was biased. Within the Kyoto Protocol,
industrialised countries were expected to take the lead on efforts to address climate chatige, with
theoretical ethical literature at the time also reflecting this b@ieflansky, 2001a; Shue, 1994)

However, the Annex I/neaAnnex | divide proved unacceptable for some countries, most notably the

United States, which refused to ratify #goto Protocol in 2001, following a change of government.

The newGeorge WBush administration justified its position by arguing thatKlgeto Protocol

“fails t o -esngeabbhsedsoh sciancd, msegserious and unnecessary risks to the U.S.

and world economies, and is ineffective in addressing climate change because it excludes major parts

of t he(Danishf200¥7,"p.11) Thi s comment showed the United ¢

climate action as coming into conflict with the
United States’ perspective on the p-AmexéHatyed unf &
divide. The United States’ refusal to ratify the
because the conditions for the Kyoto Protocol to
the protocol but also that Annex | Par e s r epresent at | east 55% of t#h

emi s s i on @t i1998, A. 94QNItli the United States representing 35% of global emissions at
this time, other countries had to be included inkigeto Protocol. TheEU worked hard to get Russia
and Japan to be part of the (Guga20Hment i n the Uni

While the Kyoto Protocol was more stringent than the UNFCCC in itsddagm approach of

prescribing binding emission reduction targstatesvere afforded freedom and flexibility with

respect to how they could achieve their emission
mechanisms- emissions trading, the Clean Development Mecha(@&DiM) and Joint

Implementatior(JI) — presented alternative options &iatedo reach their targe(8odansky, 2001b)

Emissions trading allowed two entities which had controls on their emissions to trade part of their

emission allocations, whiletteDM andJiwer e f or rdsorode r* cirmwesst ment s” b
countriegGrubb, 2004, p. 153heCDM enabled developed countries to purchase emissions

reduction credits in developing countries by funding projects that would reduce emission sources or
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expand emission sinks in these countrwhereas]| enabled the same, but between developed
countries. The United States was an advocate of these mechanisms, which reflected its early
preference for markdiased solutions that placed a price on carbon.

§2.3.3 Phase 3: 200620151 The Kyot o Protocol 6s f
period and the Copenhagen Accord

In 2005, the Kyoto Protocol entered intode. Its first commitment period ran from 208812, with

a first phase taking place between 288087. However, only a year into this first phase, the Canadian
Government announced that the country was unlikely to meet its Kyoto ProtocolEanish,

2007) It would later endup failing to do so and would withdraw from tkgoto Protocol towards the

end of its first commitment period in 20{Ralkner, 2016)Of the 36 countries that remained part of

the agreement, nine were found to have emitted higher levels of GHG emissions than their agreed
emission reduction targets under the Kyoto Prot{bishlov et al., 2016 However, the

overcompliance oEIT countriesmeantthat:* | n t he end, the Annex | count
to comply with t (@raknar, 2046 p. $1105 Shishioo et al.s2016)n s ”

The EI'T countries overcompliance came as a resu
foll owing the SqShisidovet& n20lé)n 'As comlilsleqiueaece of t hes:
economic activity, compared with a 1990 baseline, was less GHG pollution. As partlof the J

mechanism, former Soviet countries were granted more Assigned Amount Units (AAUS) than they

required and were able to sell their AAUs to other developed countries. As a means of meeting their

Kyoto targets, Japan, Eldember countries and New Zealand pasgd many of the AAUs, which

were | ater found to be dydenErensetal 80d0, p. 6615pr1 e mor e t
these reasons, the Kyoto Protocol likely had little discernible impact on the trajectory of the national
emissions of Russia, Australia and Canada, as well as those countries which had purchased AAUs

from EIT countries.

By the beginning of the Kyoto Protocol’s second
emissions were covered by tkgoto Protocol(Falkner, 2016) TheKyoto Protocol had also suffered

from several | arge polluters pulling out of it.
2001, Canada withdrew from tigyoto Protocol in 2012. Australia, Japan and Russia later followed

s ¢ o(bamisht260&)Rdwevpreeren o d

suit and withdrew from thEyotoPr ot oc o |
prior to the Kyoto Protocol’'s first phase, quest

Kyoto Protocol and whether a new agreement should repléeeliner, 2016)
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I n 2006, China overtook the Uni tandthefetwastgowingat t he
acknowledgement that developing countries, many of whose emissions had drastically increased since

the 1997 Kyoto Protocol, also need to reduce their emissions if the world was to successfully curb

climate changé¢Falkner, 2016, p. 2)The KyotoProtocol had faced criticism for not extending

“commi t ments to developing countries, including
though the emissions from developing countries are expected to surpass those of industrialized
countriesintheneax t wo decades” (Danish, 2006, p. 15) . Ho
align themselves with a particular interpretation of equity based upon historical responsibility, which

placed the onus of climate action on developaahtrieswhile rejeding anyemissions reductions
themselvegGrubb, 2011a)This proved too restrictive an interpretation for the United States, whose

i ssue with this narrow perspective can be encaps

negotiator athe COP17Durban conferenc& odd Stern, who said | f equity’s in, we
(Pickering et al., 2012, p. 423)

r

Attempts by the international negotiating community to build consensus for a more global agreement,

which broke down the differentiation between developed and developing countries to generate greater
participation, were stymied by these varying interpietat of responsibility and equity. Yet the

international community were determined to resolve these issues and significant expectations were

placed on th€openhagen conferen@OP15w h i ¢ h , it was hoped, woul d r ¢
treaty to the Kyoto P o t o(Eatkder’, 2016, p. 1107)

The 2009 Copenhagen Accord marked a dramatic shift away from tadewspapproach of the
Kyoto Protocol with its prescribed emissions reduction targets for developing countries only. Instead,

with its bottomu p pl edge and r ev i Aceordsosghtyolget mord coumtrieSo p e n h a
onboard(Bodansky, 2011, p. 701)Vhile relatively brief in length, the Copenhagen Accord sought to

address key issues, which would be worked through during successive COPs and eventually lead to

the Paris Agreement. Notable features of the Copenhagen Accord were its aim to develeg a sha
vision in order to quanti f yDAL bothddydlbped@G' s obj ect i
developing country mitigatigrand financial assistan¢Bodansky, 2011)The slaredvisionincluded

the possibility of a 2°C temperature limit for the first time, which would later make its way into the

Paris Agreement. The developldgveloped country divide was beginning to be broken down with an
expectation that both would contribute towards mitigation efforts, with slightly more stringent

expectations placed on developed countf@sally, a climate finance goal &S$100 billion per year

by 2020 was agreed to bieveloped countriesvhich would involvethemsendingmoney to

developing countries for both climate mitigation and adaptation.

In terms of politics at COP15, the axis of negotiations shifted away from primarily being between the
EU and the United States to the United States and China, which had now passed the United States as
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the largest annual pollutéBodansky, 2010)However, the negotiations stalled when the United

States and China were not able to reach an agreement and efforts were also hampered by a small

coalition of countries, led by Sudan, Venezuela and Bolivia, who objected to the way in which the
Copenhagerccord had been negotiatéBodansky, 2010)A noticeable shift was in the way several

large developing countriesBrazil, South Africa, India and Chirawho have become known as the

BASIC bloc, pledged to slow their emissions gro@tictor, 2011, p. xxvi) Bodansky (2010)

describes how the BASI C gr o tcaleddife wall betweenr i es b egan
developed and developing countries [when flor the first time, the major developing countries agreed
to reflect their national emissions reduction pledgesinanintat i on a |l (p.i240sThis u me nt ”
presented a significant shift from previous negotiating positions, like the coalition®fahe of 77
developing countries and Chif@77 + Ching which worked hard to avoid any emissions

reductions.

In the closing days of the conference, the heads of state of 28 parties eventually drafted the

Copenhagen Accord te@odansky, 2010; Christoff, 201owever, instead of theéopenhagen

Accord being adopted as a COP decision, under the UNFCCC, which would have held more weight

as a legal agreement, it becameabanndi ng pol i ti cal agreement, that
o f(Bodansky, 2010, p. 238; Christoff, 2018 a result, many people felt disheartened in the wake

of the Copenhagen conference which was widely regarded as a failure at ttieatkmer, 2016)

Yet, in hindsight, the Copenhagen Accord planted the seed for the Paris Agreement in its shift away
from t he Ky otdownBtuautdBen, 017)Issteadmpprescribing emissions reduction

targets, the Copenhagen Accord began paving the way towards a more global, flexible agreement with

bottomup, voluntary contributions.

The recorded suggestion of a 2°C temperature target and attempts to resolve other longstanding
issues, such as the developed/developing countrgejivere notable breakthroughs of the

Copenhagen conferenaslithoughthe Copenhagewccordhadno legal force, it received support in

the form of high participation. By the start of April the following year, 120 countries had shown their
support for the Copenhagen Accord by agreeing(tohtistoff, 2010) And 77 countries, which

collectively represented over 80% of global GHG emissions, had submitted pledges to limit their
national GHG emissions to the UNFCCC SecretdBatlansky, 2010; Christoff, 201.0yhe renewed
support for a global climate change agreement speaks to a wider theme of international agreements,

where stringency must sometimes be traded off or sacrificed in order to garner greater participation.

Several climate conferences took place between the Copenhagen Accord in 2009 and the Paris
Agreement in 2015. Notable decision texts were the Cancun Agreements and Durban Platform for
Enhanced Action, which worked to resolve the issues that had beguaddressed by the

Copenhagen Accor@rubb, 2011b, 2011aYhe Annex I/norAnnex | or developed/developing
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country divide remained present and contentious during these negotiations, and differentiation took on

a new form when developing countries explicitly favoured an interpretation of equity, based upon
historical responsibilitywhich made its way into a COP decision text for the firstthees pi t e “t he
strong objections b yGrsbb @4 1ade848Yédt @ positi/e diplmmatia r i e s ”
moment occurred in 2014, when the United States and China signed a bilateral agreement on climate
change which “foreshadowep taefihel(Rakihee 2016pp muohige’s
1114)

China’'s increased prevalence as a centr al pl ayer
Copenhagen and Paris conferences was reflective of its wider geopolitical rise. As an emerging global
power, China began to reformulate its identity as aensooperative player within climate

negotiations by grasping opportunities that efforts to address climate change presented for its

domestic economgVifiuales et al., 2017)Within its 12" Five Year Plan, China included energy and

climate intensity targets and began to invest heavily in the development of renewable energy
technologiegFalkner, 2016)These investmentgould help Cina tobuild greater credibility within
climate negotiations but also served the country
positive attitude following the Copenhagen conference, including its maturing partnership with the

United States, beganibn gi ng an end to the “*‘you go first’ r
highest emitters” t ha/{Vifilmedetd. 2ly ppt-8 d past negoti a

§2.3.4 Phase4: 2015 20241 The Paris Agreement

“

Hai led a “l andmar k"’ , a hi storic climate agr eeme
the Paris Agreement was signed by 196 parties (195 countries gad)tireDecember 2015 and

lauded for its high participatiofpavenport, 2015; Harvey, 2015; Kinley, 2017; Seo, 2017; Warrick &

Mooney, 2015)Like the Copenhagen Accord, the Paris Agreement marks a substantial departure

from its predecessor agreement, the Kyoto Protocol. Notable differences include a shift in architecture
away from the toglown nature of the Kyoto Protocol to a more hybridrapgpa c h of “ pl edge &
r e v i(Jasglet & Jamieson, 2016, p. 64Bhe Paris Agreement has a hybrid structure in the sense

that it contains both binding and rbimding provisiongBodansky, 2016a)

Where before, under the Kyoto Protocol, countries emissions reductions were internationally
negotiated, the Paris Agreement asks countries to volunteer their own contributions to the global
effort, known ad\Nationally Determined ContributiondlDCs) (Falkner, 2016)Often expressed as
emissions reductions beneath their emissions level in some baseline year (commonly 1990), NDCs

take many different forms, which are not directly comparable and vary in their level of aniBamn
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2017) For instance, some ¢ O0unt-usécochange, aNdddestryi ncl ude f
(LULUCEF) sector, while others do not. There are also conditional and unconditional NDCs, where
conditional NDCs are often contingent upon receiving funding from othertries. The nature of
countries’ varying NDCs has made it difficult toc
if countries meet their NDCs. To address this issue, a range of assessments, including by Climate

Action Tracker and theJNEP, have been carried out to better understand the global implications of

count r i €&8nmate Ndbob Sracker, 2023; UNEP, 2024)

Other notable features of the Paris Agreementtetall Parties are now expected to contribute

towards global efforts to mitigate climate change. This signifies a lessening of the Annex | and non

Annex | Party divide. However, obligations on developed countries remain stronger than those on
developing coutnies, indicated through language, specifically the use of the sratiandshould

For instance, “Whereas developed countries ‘shal
wide absoluteemisi on reduction targets,’ devel oping coul
mi ti gat i (Fakner 2016, p.t1148) "

The Paris Agreement also contains the first quanr
within a legal climate agreement. Drawing on the two proposed temperature targets from the

Copenhagen Accord, the Paris Agreement quanthiisobjective fronArticle 2 of the UNFCCC as

“the increase in global average temperature to well below 2°C abeiralpstrial levels and

pursuing efforts to limit the temperature increase to 1.5°C abovieprel u st r (Paris | evel s
Agreement, 2015, Article 2)

It is worth noting that there was no scientific basis for these specific Article 2 t@vgetts, 2011)

A 2°C limit was first proposed by American economist, William Nordhaus, in the late 1970s when he
warned of the effect that continued economic growth could have on gi@a&missions andn

turn, the climatic conditions that humans are accustom@dammhaus, 1977)ollowing theParis
Agreementthe IPCC made clear in its Special Report on the Global Warming of 1.5°C 2018

the human impacts associated with climate change are less at 1.5°C of warming than they are at 2°C
of warming(IPCC, 2018b)In other words, climatic conditions remain closer to thosectimaéntlife

on Earth hasdapted to when there is less warming. Therefore, the less warming the betterciotr
species and ecosystemsd the temperature targe¢present socially constructed focal points that the

world has agreed to rally around.

Perhaps one of the most creative features of the Paris Agreisrtemtansparency, review and

ambition mechanisms that combine in what has become known as the Global Stocktake. Described as

a “global governance innovation” the stocktake &
supporting greater transparency andttrusb et ween countries, while ai mir

ambition over time in fivgyearly cyclegMilkoreit & Haapala, 2019, p. 103The Global Stocktake
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asks countries to put forward increasingly ambitious NDCgper et al., 2018)However, the Paris
Agreement’s compliance mechanism is considerably
reputation” by ™ naoesdthagdo mohnteet thé MDGS they have put forward

(Jacquet & Jamieson, 2016, p. 645; Sachs, 2019, p. 8d&)lars likeSachs (20193re sceptical

about how successful such a compliance mechanism will be without harder forms of international law

like sanctions, while others have expressed the need to gstateractors on boatdacquet &

Jamieson, 2016)

In that vein, an evolving trend throughout the international climate regime has been the growing
involvementnorst at e actors. The Paris Agreement has bee
multi-actor, multtis ect or , and mul til evel cl| i mastaeacpesyv er nanc:
businesses, NGOs and municipal governmentlo have formed coalitions to advance climate

action at these varying levels of governafi¢eyper et al., 2018, p. 363yalkner (2016jraws

attention to the important role that NGOs and environmental organisations can play in monitoring

countryl evel efforts and providing analysis{pPto supp
1122) As well as the rising importance ofnrent at e actors, the Paris Agree
provisions about adaptation and finance, alongside mitigation, marked a shift away from the sole

focus on emissions reductions that was present within the UNFCCC and Kyoto Protocol agreements.

The rise of no-state actors and broadening of the climate action agenda to include different forms of

climate action represent shifts in the international climate regime.

Despite its many accolades, the Paris Agreement has not resolved all issues. Instead it left a number
crucial details to another day, to be worked out by countries at future (E@Rser, 2016)These

include its transparency, review and ambition mechanism; and new carbon market regulations under
Article 6. While developing countries did manage to include provisions about adaptation and
compensation for climateslated harms in Articles 7 andt@ge carefully constructed language within
these provisions rendered them with no legal force, thereby exempting developed countries from

bearing legal rights or liabilities in relation to climate damggeskner, 2016)

Since the Paris Agreement’s adoption and entry i
continued, with a large focus of the following three years (2B@88) being on finalising the so

called Paris RuleboofRajamani & Bodansky, 2019Fhe Rulebook lays out details and guidelines

for operationalising components Paris Agreenf@/ihkler & Depledge, 2018While efforts to

finalise the Rulebook concluded at COP26 in Glasgow, issues remain with regards to rules about

carbon markets and emissions trading under Arti¢ugelli et al., 2021)

In 2018, the first review phase of the Paris Agreement took place, as a predecessor to the more

formalised Global Stocktake proceapdin2 020, t he Pari s Agreement’s in

began. Towards the end of 2021, the first round of the Global Stocktake process commenced with
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countries required to put forward more ambitious NDCs, culminating in the conclusion of the first

Gl obal Stocktake process towards the end of 20223
that these will not be on track to remain beneath the PareeAgent Article 2 temperature targets

(Maslin et al., 2023)

Notable occurrences during the past three years of international climate negotiations have been the
establishment of the Gl obal Met hane Pl edge at CC
“transition away from” f os s icikionftexts thesestablishnfentof t he C
a Loss and Damage Fund, initiated through the GI
withdrawal from and rgoining of the Paris Agreement under the respective Trump and Biden

presidencies in late 2020 and e&021(Arora, 2024, p. 109; Depledge et al., 2022, p. 149;

Friedman, 2020; Stracqualursi & Kann, 202Hese developments highlight the political nature of

the negotiations, which show simultaneous progress on specific issues, and regressions on others, in

the case of the United States’ varying degrees ¢

Politically, the axis of negotiating power and potential gridlock previously sat between the United

States and the EU, followed by the United States and CHmaever, therare signs that it may now

be beginning to fall bet ween | arge emerging econ
i sland states [who] are | osi n(Wikihshneetat., 2022 parae nce wi
1). The watering down of language in the final stages of negotiating the Glasgow Climate Pact in

2021by India and Chinavho could not commit to phasing out fossil fuédsindicative of large

emerging economi es
been historicallyHarvey et al., 2021; W. Morgan, 2021)

and smal l devel oping countr.i

Ti me wi ||l t el l whet her the Paris Agreement’s gov
transparency frameworRexible review and compliance mechaniswi§ be successful in ratcheting

up countries |l evel s of ambition over time. What
political, as the effects of climate change grow more severe and demands to address the issue, by the
most vulnerable countries, take on an increasingly heighted urgency. A fatifesolution was

brought beforette International Court of Justice (ICJ) in 2022, asking for an advisory opinion on a
country’ s cl {Peeb&Nay, 20B3)Thisgshotvs hown countries are engaging

international institutions outside the international climate regime to deal with issues like litigation and

loss and damage that remain unresolved within the formal UNFCCC process in the eyes of those who

stand to lse the mosfWilkinson et al., 2022)
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82.4  Emissions metrics andSimple Climate Models GCMs)

Part of what makes climate change such a difficult challenge to address, alluded to previously, is that
GHGs are byproducts of many processes which serve human needs. Fossil fuel extraction and use,

food production and waste all release GHGs and underpiru nt r i e s (Danish; 2007p mi e s
Through their ability taraplongwave radiation emitted by the Earth in a process known as radiative

forcing, GHGs contribute to global warmif@ubasch et al., 20L3jlowever, not all GHGs are equal

in terms of the warming effect they gener@iferent GHGs exhibit different properties and

behaviours. The two most important properties of GHGs from a climatic standpoint are their

atmospheric residence time and radiative efficjenthatish ow st r ongly a GHG abso
outgoing longwave radiatiofMyhre et al., 2013)The radiative efficiency of a GHG is predominantly
influenced by its abundance in the atmospliierrehumbert, 2014)

CHa is a shordived climate pollutant (SLCP) or shdited climate forcer (SLCF) because it breaks
down due to natural processes after around 12 yEarster et al., 2021b)t is much less abundant in
the atmosphere thaDO; as it exists on a parts per billion (ppb) basis. This gBidsa much higher
radiative efficiency tha€O;, which is present in the atmosphere on a parts per million (ppm) scale.
Recent atmospheric concentration measurentdr@©, andCH, are 421.5 ppm and 1930 ppb
respectivelyForster et al., 2024)

However, it is the large quatiés of CQ that we emit, combined with its lodiyed nature, that
makes it such an effective GHG. Once released, a proportio®.afemains in the atmosphere for
millennia and continues to have a warming effect throughout thigEimeet al., 2009; Myhre et al.,
2013; Pierrehumbert, 2014)

Several relatively recent studies have quantified nati@mal regionalevel historical contributions to

global warming/Allen, Shine, et al., 2018; Callahan & Mankin, 2022; Jones et al., 2023; Skeie et al.,

2017) These studies apply two different methods. The first method utilises an emissions and climate

metric to calculate warming contributions in a bottompfashionThe second method utilises an SCM

in a topdown way by runningeaveonecountryout simulations, which explore how the world

woul d have warmed in the absence of -gedodsdThecount ry
following two sections§2.4.1and82.4.2 review the emissions metrics and SCM literatures to

evaluate these approaches as a means of generating data for the SEFS dashboard.
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§2.4.1 Emissionsmetrics

Emissions metrics have been developed to translate the climatic effects of different GHGs into a
common currencyr scale However, reducing very different GHGs down to one number in order to
represent a count r vy’ s-offchecausaittramovesanfofmaton abounhpw i e s a

GHGs vary with respect to eaother, especially in reference to time.

Two frequently employed metrics are the Global Warming Potential (GWP) ased G®@/P, most

often applied over a 10f¢ear timefrane as GWRo, i s de s cr i b-ngraded radiatve e t i me
forcing due to a pulse emission of a given gas, over some given time horizon relative to a pulse

emi ssion of (Shne d a. n2008,ip.2&FCekeises GWHyvalues to convert

guantities of different GHGs so they can be expressed as if they have the same climatic@@ect as

over a 10@year timeperiod.

However, a significantmitation of convertingCHs emissions into Cé by using GWRovaluesis
that it canmisrepresent the warming effectsifortlived emissionslike CHs. GWPio0 is not sensitive
enough taeflecthow global surface temperature will vary in response to sourcEsipémissions.
For instance, GWi3, overemphasisese effectof sustainedCH, emissionsy afactor of 45, and
underestimatethe effectof newCH. emission sourceduring thefollowing 20 yeardy a factor of 3-
4 (Lynch et al., 2020)

Steppulse metricglike Global Warming Potential StaG{VP*) and the Combined Global

Temperature Change Potential (CGT&E a relatively recent innovati¢Allen et al., 2016, 2016;

Allen, Shine, et al., 2018Thesehave been designed to better capture the behaviour oflisteckt

GHGswith heighted neaterm warming effec which fade substantiallgfter 20 years(Forster et al.,

2021a; Lynch et al., 2020pteppulse metricavert the issue that endpoint metrics like Gi&ge, by
combining “a step change in SLL(Eoliasetat, 202@p.s wi t h
1). It has been argued that steplse metrics are a more helpful way of relating emissions of SLCFs

and longlived GHGs to longterm temperature goa{€ollins et al., 2020)

Metrics have been a controversial topic amongst climatetst&grsince many metrics have faced

criticism for the arbitrariness of their time horizpmssleading naturegrioritising only physical

measues,and ambiguities in relation to temperat(#édlen et al., 2016; Cain et al., 2019; Daniel et

al., 2012; Manne & Richels, 2001; Shine, 2009; S. M. Smith et al., 2B&h criticisms often relate

to the priority that metric deesfifgencetr seguaati fno'r d( itno
below) when designingmetric, and can also partly be explained by the aspiration to put very

di fferent gases onto an equivalent sctlase whi ch
(Daniel et al., 2012, p. 247)
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Figure 2. Causeeffect chainFuglestvedt et al., 2003, p. 269)

Decisions about how to weight different factors to take GHG properties and climate science

knowl edge into account will depend (Bhneetaleach met
2007) For this reasorRierrehumbert (2014rgues that the process of designing metrics is a
normative one, with *“ de e(p.l363) Thisrgoes docthe wiay to explaine j u d g e

why metrics have been an ongoing source of debate amongst climate scientists.

Despitethe criticisms thaémissions metriceave faced, they have been usetkcent studiealong
with climate metrics-which reflectcharacteristicoe f t he Ear t h’ s —toealcplae at ur e
nationalcontributions to climate change and changes in global average tempéhilaureShine, et
al., 2018; Jones et al., 2023heJones et al. (2023fudy uses what it refers to ‘@xpress formulds
to calculate the warming that results from cumulative emissions o{fCQ). Theseformulasconvert
C 0 unt ry GHsahd NO®Gmission®nto an equivalent scaly usingthe GWP* approactbefore
calculatingthe associated global temperature incrégsérawing on &limate metricthe transient
climate response to cumulative emissions of cadhoxide (TCRE). However, a limitation of such
express formulas is that they represdmst-order approximations of a complex dynamic system
and do not captunateractions betweeradiatively active specigp. 20) Additionally, the TCRE
assumes a linear relationship between a €fission and the lonatgrm global temperaturédt is not
sophisticated enough pmrtrayhow temperature mayary through timeand can be influenceay
historicalemissionsand variable emission amdsnTheAllen et al. (2018study also uses the GWP*
and TCRE metrics to calculate contributions to warming of several regions and large cdik@ries

the United States, China and Rus3iaey conclude that this approach presantsore helpful way of

36



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

putting countries’ contr i bderm globabtemperatucelgaals efthe al i gn

Paris Agreement.

SCMs,discussed next, offem alternative approach to the express formulasnisionsand climate
metricsfor determiningcountrylevel contributions to global warmirfgom individual GHGs By
includingemissions from a wide rangé radiatively active species, SCMs enabledlimate

system’ sdynansiasigpde acorporated.

82.4.2 Simple Climate Models (SCMs)

Climate scientists have developed many different types of models to investigate how the global
climate system might respond to different factors, such as changing atmospheric concentrations of
GHGs, volcanic forcing and cloud feedbacks. These indlatel circulation models(GCMs),

energybalancemodels(EBMSs), earthsystemmodels (ESMs) an&CMs.ESMs serve many

functions, including providing the basis for proc
simulate the evolution of the carborusces and sinks on land and in the ocean, in addition to the
physical component @anadell etah, 202%, p. r3@asults of sugngESMm ”

|l i ke the Coupled Model I ntercomparison Project (
Assessment Repo

While ESMs are of a higher resolution than SCMs, they are more computationally expensive to run.

SCMs or emulators, in contrast, present-low s t alternatives which “repro
compl ex ESMs” to test how t bickerantd comriatvelysagceatee m r e s
ways(Arias et al., 2021, p. 49As mentioned ir§2.2.], the first SCMs were developed in the 1960s,
toemulateth&ar t h’ s c¢cl i mate system at the gl obal | evel

have been reasonable predictors of global temperature trends and climatic changes. The computational

efficiency of emulators has enabled the extrapolation of insightsE®its to explore larger sets of

emissions scenarigérias et al., 2021)

Two modern, commonly referenced SCMs are the Model for the Assessment of Greenhouse Gas
Induced Climate Change (MAGE) and the FinitéAmplitude Impulse Response (FalRpdel

These present options for using calculating cour
an approach known dsaveonecountry-outexperiments, SCMs can be run with and without
countries’ GHG emi ssi ons, under a range of scena
individual countries have warmed the planet. Initiadliy countrylevel GHG emissions are included.

Then, one at a ti me, each country’'s GHG emission
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understand how an absence of these emissions would have resulted in different amounts of warming

at the global level. These differences in global warming can then be attributed to individual countries.

Unlike the MAGICCmo d e | the FalR model’'s software is ope
the online software storage and sharing platform, GitHub, and run in the free programming language,
python. FalR is the SCM that was used in this research. For a further disaidsionthe FalR

model has been used, 5

An advantage of using outputs from SCMs like MBG and FalR as opposed to converting
countries’ GHG emissions into metric form, is t6Fh
use and land cover change (LULCC) datasets, as well as information about important forcing agents

like volcanoes and aerosols t@port calculations of contributions to warming at the country level.
Recentstudiesvhi ch consi der quantities of countries’ GlI
emissions metrics without taking these wider forcing agents into account, present comparatively

cruder and less sophisticated approaches.

Two recentstudieshaveused arSCMto quantify countrylevel information.The Skeie et al. (2017)
studyusesanSCM, bui It by Osl o’ s Center for Internation
(CICERO) to calculatecountry and regionalevel warming contributionsom CO,, CH, and NO
emissiondetween 1852012. Results are reported fEight large countries, including the United

States, Japan and India, as well as twelve groups of countries, world regions and sectors, including
international shipping and aviatiohhe Callahan and Mankin (2028judy,in contrastgoes two

steps further along the along tteuseeffect chain inFigure2 and uses thEalR SCMto quantify

national attributiorfor climatedamages associated witlidc o u n tcamibieedCO,, CH: and NOXx

emissions. The purpose of this study is to support loss and damage-bhadieg discussions, rather

than responsibility for mitigating climate change. Howettee Callahan and Mankin (2022)t udy ' s

freely available codeuse of the open source FalR maahel countrylevel focus, mearit could be

built upon to calcul at e c oybyfocusiregsr thedoarth stepiofbo ut i on s

the cause=ffect chain.

By reportingwarming contributiongor a selectfew largecountriesand regions andombining
warming contributions from multiplelimate forcersn order toquantify and attribute climate
damagesthetwo aforementioned stiies are limited in that theyo not offer a morgranular focus of
warming contributions on a per countper gas basi§heS EF S d a sdpdrificdocud ons
countrylevel warming fromindividual climate forcersin contrastincludes an extra layer of
granularty and presenta novel contribution to the literatur€heincorporation of warming from
individual climate forcersan alsasupport international policy debates concerned with how to treat
shortlived and longlived climate forcerswhich is discusseih latersectiong84.4.1.1 84.4.2.1and
86.4) of this thesis.
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§2.4.3 Section summary

GHGs have very different properties and atmospheric residence Timesomplexity of this
information can be losthenGHGs areconverted onto an equivalence scaleshyssions metrics.
While approaches which utilise emissions and climate metresne wayoft al cul at i ng
historical contributions to global warmirlyat arefound within the literature, SCMs @fifseveral
advantages above these more simplistic methods. $C81s are able to emulate the complexity of
the climate systewhile geneatingfaster results than more sophisticated climate modétsout
significantly compromisinghe accuracy of resultsSecond, in their emulation of the climateteys,
SCMs contairninformation abouinteractions betweeradiatively active species and clim#ébecing
agentswhich areunaccountedor by emissions and climataetrics Ultimately, SCMsare more
sophisticated in theincorporation ofglobal dynamicsvhich capturethe affects that radiatively
activespeciedave omone anothercompared withmetricswhich considec o u n temissiensn
isolation TheFalRv1.3SCM s wused within this research t
contributionsfor the SEFS dashboar@hemethod is described in more detail88.5

§2.5  Accounting framewarks

count

cal c

Since the early 1990s, the world has become increasingly interconnected through global trade. In their

analysis of trade between 113 countrlesters et al. (201Tpund that net international tradelated
transfers of C@emissions from developed to developing countries had grown fourfold between
199G6-2008, from 0.4 Gt Cexo 1.6 Gt CQ. This increase coincided with the trends of developed

countrieens 'ssCONs reaching more st eaémissibnevel s

and

continuing to grow. It has been suggested that the slowing of developed countries emissions was, at

|l east in part, due to increasing i mp@Ttef from de

emissions(Eckersley, 2010, p. 371fonsequently, questions suchnd®wse emissions are whose?
and“wh o i s r es pons ihdve beentasddfiomisnat a. s2013; avid & Caldeira,
2010, p. 5687)

Accounting frameworks which assignGHG emissiongo countries in different wayscan be one
way of allocating responsibility farlimate changandoffer varied perspectives on questions about
where responsibility for GHG emissions ought toAiecounting frameworks have bedabated
theoretically, attracting much attention within scholarly and policymaking cigafesnis & Sakai,

2022) However, they have received less attention within international negotiating fora.
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Targeting specific points along the cawdtect chain when designing metriegliscussegbreviously

in 82.4.1— bears a resemblance to how responsibility for GHG emissmmbeassigned at various
positions along the value chain under different accounting frame\tuk&er, Pollitt, et al., 2020)
The greeraccounting perspectivew of Figure3 belowshows four methods of accounting for GHG
emissions and the value chain position that they relate to.

) ) e )

Activity What | purchase What | own and What | sell
description control

Accounting Consumption Production Income/Extraction
pers pective (Leontief inverse) (Extensions per sector) (Ghosh inverse)
{calculation approach

using extended input-
output databases) Value added
(Leontief inverse distributed by added value over value chains)

User pays Polluter pays Producer
«  Source shifting = Use clean technology responsibility
«  Shift to low impact * Enhance efficiency « Ecodesign
products * Reduce emission

* Design for re-use,
circularity, etc.
= Offering PSS instead
of products.

* Reduce purchases factors

Beneficiary pays

+ Transfer income to pay for mitigation

Figure 3. Perspectives on carbon accounting and related mitigation mies{Tukker, Pollitt, et al.,
2020, p. S8)

All accountingperspectiveinvolve implicit assumptions about where responsibility for GHG
emissions ought to li@.able3 below outlinedour of these accountinjameworksand the implicit

assumptions or value judgements about responsibility that underpin them.

Productionbased The producer releases thmissions, thereforthey must take

responsibility for them

Consumptiorbased The consumer drives demand for a good or service, thereforg
must take responsibility for the emissions that were associatg
with this
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Income/extractiorbased The extractor enabled fossil fuels to enter the market, therefg
they must take responsibility for the emissions that occur

downstream as a result of this

Value-added The actors who have added the greatest value per step in the

chain must bear the greatest responsibility

Table3. Accounting frameworks and their implicit beliefs

Vi ewing countries’ r e s p-lmased actounting {PBA) and consdngption t he pr
based accounting (CBA) perspectives in the SEFS dashboard can encourage more nuanced

conversations about country responsibility for emissions and-sfiaringof climateaction.The
income/extractiosbasedand valueaddedaccounting framewoskhavenot been includedh the SEFS

dashboard because substantially more work would have been requisdcliate incomdased

emissions using the Ghosh mades discusedin 85.4.2 The remainder of this section will focus on

discussing théwo mostcommon methods of accounting for GHG emissi®izA and CBA.

82.5.1 Production- and consumptionbased accounting

PBA is the conventional “territorial?” approach o
responsibility for GHG pollution is assumed by the country with sovereignty over the land above

which the GHGs were physically releag&teininger et al., 2018, p. 22&)r instance, the PBA

method of accounting underlies most conventional GHG emissions datasets, such as the UNFCCC
datasebf count r i es ’ (Da@+EQalderay 2000A0part oktkeir commitment to the
UNFCCCprocesscountries apply the PBA framework when they detail their annual GHG emissions

in nationalGHG inventoriesfollowing IPCC 1996 or 2006 guidelin€gona et al., 2020)

However, as the world has become more globalised since 1990, with more goods being traded
between nations, inadequacies of the PBA method have been iddhifiretn et al., 2012; Peters et
al., 2011; Tukker, Pollitt, et al., 2020; Tukker, Wood, et al., 2090kt notably, the PBA is limited

by its supplyside focus since it overlooks the migration of goods and services along value chains,

through to their points of final consumption.

The CBAapproacb f f er s a di fferent perspective by <cal cul
identifying those e niOlisexrd, 2020sp. 412 TukkerdPolktdet al.,r2020,r a d e ”
p. S2) The CBA methocahallenges the PBA perspective and instead places the onus on final
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consumersThe underlying belief of CBA is that responsibility for GHG emissions should lie with the
endconsumer, sincthey are the oneho drives demand for a good or serviGdiveira, 2020)

Countrylevel warming contributions and GHG emissions under both the PBA and CBA frameworks
are included in the SEFS dashboard to provide alternative perspectives for how warming could be
allocated to countries. Despite the CBA approach not yet gaininiicignt traction within

international climate negotiating fora, it remains a useful perspective to offer to policymakers and
international climate change negotiatfi$ionis et al., 2017)The links between trade and the

potential for climate mitigation policies are becoming of increasing importance today as another
means of applying pressure in an uncoordinated global regime, where the private sector also holds
sway. For instance, the Btas begun implementing i@arbonBorderAdjustmentMechanism

(CBAM) to address the carbon intensity of imports.

The rationale for such measures is thath greater trade occurring between nations, there is

compelling evidence that GHG emissions are being

(DuusOtterstrom & Hjorthen, 2018, p. 868; Tukker, Wood, et al., 20Rfjissions offshoring, also

known as weak | eakage, represents a type of

car

cannot be directly att (Eckersldy,20lD,e. 3T1Bothweakand | i mat e

strong leakage will be discusseeixt in82.5.2

82.5.2 Emissions leakage

Leakage is the phenomenon known as offshoring of emissiatescribes the way in which reduced

emissions in one jurisdiction can be offset by increased emissions in another. Since climate change is

a globalissue leakage matters because if emissions are simply released @lgemdiead of redeed

overall then the world will not be taking sufficient action to mitigate climate change.

There are two types of leakage: strong andka#hese are also sometimes characterised as direct and
indirect). Strong leakage is driven by the presence of a climate policy or regulation in one jurisdiction
and the absence of that policy or regulation in the dqfheYu et al., 2021)Weak leakage, on the

other hand,isabgpr oduct of ot her economic conditions

relocation to the Global South to take advantage of a range of lower factor costs (labour,

and

environment al regul ¢ckersey, 201@ p. 8/ )they key destmadion totmbke r s ) ”

is that weak | eakage is not *“ gwhereagsstrdnyleakagetisr i but ab

(Eckersley, 2010, p. 371)
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Weak leakage is evident in a studybgvis and Caldeira (2010)here 23% of global Cemissions

were found to have been traded internationally in 2004. Most of these emissions were exported from
China and other emerging markets to consumers in developed colgige4, from the study,

shows the interregional fluxes of emissions embodied in trade from dominant exporting countries

(blue) to dominant importing countries (red) in 2004.

Figure 4. Largest interregional fluxes of emissions embodied in trade (Miy&QDavis &
Caldeira, 2010, p. 5688)

This trend of emissions being embodied in the exports of developing countries, to then be imported
and consumed by people in developed countt@msforms with findings bysteininger et al. (2018)

whi ch reveal that the emissions needed to sust a
those reported by the convent (o289 Bycaryimgodwi ct i on b a
input-output analysiglOA) on a range omulti-regional inputoutput (MRIO)datasetsit was

estimatelt hat 34 % of A u sasediemiss®ns ocounred wutspl¢Ened region in

2011-mainly in China, Russia and the United Stg&eininger et al., 2018%imilarly, Wiedmann

etal. (2010p st i mated substantial gr owt kaseddO ¢énfissiondni t ed
in the ten years between 1992 and 2002. Whereas under the conventional PBA approach, the United
Kingdom appears to have reduced its net GHG emissions (expressege)nrCZD20 to 51% below

1990 leveldEvans, 2021a)

While there is ample evidence for the occurrence of weak leakage, it has been more difficult to find

evidence for strong leaka@gBavis & Caldeira, 2010; Peters & Hertwich, 2008¢veral studies find
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no sign that strong leakage has taken placé€D@thezleprétre et al., 2022; Franzen & Mader, 2018)
However there is concern about the potential for strong leakage to happen in the future as countries
strengthen economic policy instruments and environmental regulations to achieve climate goals
(Jakob, 2021)For instance, rising emissions pricegether byemissions trading schem@sT Ss)or
carbon taxes, pose a risk that certain industries may move to locations where production costs are
lower (Borghesi et al., 2020; Koch & Mama, 2018)ntil now, the price of emissions under these

instruments has likely been too low to drive this chggeoci et al., 2021)

Not only can leakage undermine the effectiveness of local climate policies and global mitigation
efforts but it also has wider ethical ramifications, especially concerning the distribution of perceived
responsibility for causing climate chan@&osbey et al., 2019)f the PBA framework is the only lens
applied, leakage will impose greater climate action responsibilities on those countries to whom
emissions are outsourced. Therefore, the CBA perspective is an important lens as it corrects for
emissions leakage by msidering the role of final consumers.

§2.5.3 Accounting frameworks and responsibility for emissions

While the CBA approach is compelling, some would not advocate that all responsibility for GHG
emissions be absolved from producers and pushed onto final consDogs©tterstrom and
Hjorthen (2018)ind agreement witfRoser and Tomlinson (2014hen they conclude that

al. (2021)provide a practical application of this point by proposing an Economic Benefit Shared
Responsibility (EBSR) scheme: a hybrid approach between PBA and CBA for attributing trade

related GHG emissions. They argue that this approach overcomes the limitations of PBA and CBA by

recognising benefits that accrue to both producers and consumers throughout the value chain. A

conceptualisation of this approach frdakob et al. (2021% shown inFigure5 below.
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Figure 5. Responsibility for tradeelated GHG emissions under the BR scleme(Jakob et al., 2021,
p. 4)

In a similar veinQliveira (2020)challenges the produceonsumer dichotomy and argues for justice
parameters being included in the development of footprintingadsttsShéelieves that such an
approach will generate fairer and more meaningful results, which move away from assigning

responsibility for GHG emissions to a single agent.

Rather than recognising a joint producensumer responsibility, othstudies acknowledge a

difference in how emissions ought to be accounted for by selecting different accounting frameworks
for different timeperiods(Hickel, 2020; Matthews, 2016jlickel (2020)uses productioibased GHG
emissions data between 188069 and consumptiebased data from 197R015. The choice to use
consumptiorbased data for the most recent tipexiod shows a preference for an accounting lens

which recognises a more globalised world.

Combinations omultiple accounting frameworks and ethical principles are considered in a further
two studieqPan et al., 2022; Steininger et al., 2018)eSteininger et al. (201&tudy compares
countries Equal Per Capita Emissions under four different accounting lenses, whitarthet al.
(2022)c al cul at es c oational enissiens budgHtassedmn aipplacdtion of th&qual
Cumulative Per Capita EmissiorsGPCH Principle, using botltonsumptiorbasedand production
basedemissionsBoth of these studiemnsider a single ethical principle and more than one
accounting framework thighlightthatpeople have varying vievedbouthow responsibility for

emissions ought to be assigned to countaes the implications that different accounting
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frameworks have for countriesloweverwhere multiple GHGs are included, these are combined
using the C@ metricrather than offering the opportunity to isolate the effect of individual GHGs.

While thePBA framework has become the conventional way that countries report their GHG
emissions under the UNFCCC, this does not mean it is the right, nor most appropriate framework to
use. Nor does it provide the clearest picture of atcaunrue sontributions to global warming and

level of responsibility for climate change, especially as the world has become more interconnected
through global trade. The design choices and prioritisation of each accounting framework and the way
in which it imposes regpnsibility can result in countries inadvertently becoming winners or losers in

a responsibilitysense.

For instance, ththirteenmembers of the Organization of the Petroleum Exporting Coun®@ieEQ
will not have emissions falling on their balance sheet under either the prodectcmmsumption

n

based frameworks, despite collectivel yORECpp! yi ng

2021) There is somethingthically contestabl@bout Saudi Arabia producing nearly 10 million
barrels of oil a day in 202¥etnot being accountable for the downstream emissions that this action
enablegfOPEC, 2021)This is where additional accounting perspectives, such as the inoome
extractionbased approach (includedRkigure3) can offer alternative, beneficial lenses for designing

climate policies, as well as allocating responsibili{l@avis et al., 2011; Liang et al., 2017)

Additionally, Liang et al. (2017) pointsutthewayc ount r i es’ emi ssions profil

substantially under different accounting framewoHRa. instance, New Zealand is often described as
having a unique emissions profile for a developed nation, owing to a high propor@ét ahdN,O
emissions from its large agricultural sector and a relatively lower sh@®@,a@missions due to its

high supply of renewable electrici¢¢inistry for the Environment, 2022) et many of the products
associat ed wi GHaandNNOremiZsiores ra supplied to overseas consumers. 94% of
New Zeal and’s sheep meat and 87% of its beef

the largest importer of these produ@gef + Lamb New Zealand, 2024; Hancock, 20Zhjs raises

me @

the question of whether tligH, and NO emissiona s soci at ed with the product

meat and dairy ought to be relocated onto the balance sheet of consumer countries like China, the
United Kingdom and the United States.

Chandrakumar et al. (2028)t udi ed how New -Aedxdnsummiohssedaccownts ct i o n

compared for the year 2012. -bashdesissiomsweral20Nte@&Ww Ze al a

higher than its consumptidmased emissionsa 27% difference. This means New Zealand is a net
exporter of emissions and consequently carries a higher responsibility for emissions under the

conventional PBA framework, as opposed to the CBA.
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§2.5.4 Emissions intensities of products

Another point to consider when looking at a global emission reduction strategy is the emission

intensity of the same products in different locations. New Zealand accounted for just 0.2% of the
world's total a | (Hasanbeigi enal. s202g)oweyer, it ia on@ dd theScleanest

producers of this product because the Tiwai Point smelter is powered by a large nearby source of
renewable hydroelectricitifReeve et al., 2019%imilarly, New Zealand farmers are regarded as some

of the most efficient agricultural producers in the w@g8dunders & Barber, 20Q7Jhis is in large

part due to New Zealand’'s temperate climate prov
Rather than receivingmissionintensive feeddivestock are predominantly pastdfesl and can live

outdoors yearound instead of inbarfsF|l ysj 6 et al ., 2011; Il l.yas et a

Assuming demand for aluminium, meat and dairy products remains constant or grows into the future,
there is a riskhat emissions pricing measuiesuld force these local industries to become less

competitive in the global market. This could induce strong leakage where existing or new
competitorswho are lesenergy efficiety grow their market share, resulting in increased emissions

overall. The idea of needing to consider variable emissions intensities between countries is

summarised byeters and Hertwich (2008hosay“ t he chal l enge for policy
countries that specialize in pollutidntensive exports do so with clean technology, rather than

moving production el sewhere ((p%495 mi ng producti on

This section §2.5.9 and the previous thre€4.5.1-82.5.3 have built the case for includimgultiple
accounting lenses on responsibility within the SEFS dashboard, given the globalised nature of the
wor | d’ s ,ewidenceformwgak emissions legkaand the potential for strong leakaglee next

sectionprovides information about how consumptioaised emissiorean be calculated.

§2.5.5 Multi -regional input-output (MRIO) tables for calculating

consumption-based emissions

While existingdata sourcelke the Global Carbon Project (GC&)ntainpre-calculated, country
level consumptiotbased emissiorfer 119 countries over the 1998022 timeperiod, theyare
limited in that theyonly containinformationaboutc 0 u n tC:iemaissions A review of the
accounting frameworks litetare identified studies whictiseMRIO tablesto calculatecountry-level
consumptiorbased ensisbns(Steininger et al., 2018; Wiedmann et al., 2010 MRIO table

approactwas investigated further, and it was fouhdtMRIO tablesoffer a way to calculate
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consumptiorbased emissionsn a per gas basiwhere emissions from individual GH@anbe
isolated.

Co u n t ronsangptiorbased emissions can be calculated using a technique from industrial ecology
(IE) called environmentally extended inpuitput analysis (EEOA). This technjue builds on the
simpler inputoutput analysis (IOAnethod- discussedn more detail ir83.6.2— by using
environmentatelated information to exterl®A to environmental problen(®Viedmann, 2009a)

EE-IOA can beapplied toenvironmentally extendeaaulti-regional inpuoutput (MRIO) tablesr

global multiregional inputoutput (GMRIO) tables, by performing a series of matrix algebra

operations on these tabl@ggtzes, 2013)

The terms MRIO and GMRIO are often used interchangeaitiyn the IE literatureand refer to

| arge databases, compil ed f r opmanctothetraderelateddata i mpor t
(Kitzes, 2013; Tukker, Wood, et al., 202Bnvironmentally extetied MRIO tablegnclude satellite

accounts, which contain information about environmental and social resources associated with the
production of goods and séces(Lenzen et al., 2012)t is these satellite accounts that enable the

EE-IOA method to be carried out.

MRIO tables began being developed in the late 1930s$he early 2010s, advancements in
computing capabilities enabled the development of more comprehétRigetables(Wiedmann,
2009a) With increasing availability of these tables and improved computing power, it has become
possible to apply the EEDA method to tkse tablesTable4 below summarises and compares the
features okix GMRIO databases which have been developed by researchers at universities and

international organisations.
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Database

Developed by

Country coverage

Sector coverage

Time series

Literature

Studies that use
database to
calculate
consumpftion-
based emissions

Link for further
information

ati

ng

Full Eora

Researchers at the University of
Sydney and University of Ballarat
Now owned and maintained by KGM
& Associates Pty. Ltd.

189 + Rest of the World

15.909

19902017 (academic license)
1990-2022 (commercial license)

Lenzen etal. (2012)
Lenzen etal. (2013)

Chandrakumar etal. (2020)

https://worldmrio.com/

countri

es’

Eora-26

Researchers at the University of
Sydney and University of Ballarat
Now owned and maintained by KGM
& Associates Pty. Ltd.

189 +Rest of the World

1990-2017 (academic license)
1990-2022 (commercial license)

Lenzen etal. (2012)
Lenzen etal. (2013)

Steiningeretal. (2016)
Pan etal. (2022

f a i +N. Igeh @hests)s

Global Trade Analysis

Project (GTAP)

Center for Global Trade Analysis,
Department of Agricultural Economies,
Purdue University

GTAP Consortium

160

65

5 reference years

Aguiar etal. (2016)

Peters & Hertwich (2008)
Hertwich & Peters (2009)
Wilting & Vringer (2009)
Davis & Caldeira (2010)
Petersetal (2011a)
Steiningeretal. (2018)

www.gtap.org/databases/v11/

f

or

OECD Inter-Country Input-
Output (ICTO) Tables

The Organisation for Economic
Cooperation and Development

76 +Rest of the World

45

1995-2020

Yamano & Ahmad (2006)

Ahmad & Wyckoff (2003)
Wiebe etal. (2012a)
Wiebe etal. (2012b)

http://oe cd/icio

addr essi

ng cl i

EXIOBASE

Norwegian University of Science and
Technology (NTNU), Netherlands
Organization for Applied Scientific
Research (TNO), The Sustainable
Europe Research Institute (SERI).
Universiteit Leiden / The Institute of
Environmental Science (CML), Vienna

University of Economics and Business /

Institute for Ecological Economics
(WU) 2.-0 LCA Consultants

44+ 5 Rest of the World regions

200 products
163 industries

1995-2011

Tukker etal. (2009)
Tukker etal. (2013)
Woodetal. (2015)

Steiningeretal. (2018)

https://www.exiobase.en/index. ph

Table4. Review of the mai@MRIO databases, adapted frarakker and Dietzenbacher (2013, p. 12)

mat e

change

‘World Input-Output
DETELEETI ALY (01))]

Developed by 12 European research
institutes, headed by the University of
Groningen in the Netherlands

‘Was financially supported by the
European Commission, Research
Directorate and the Dutch Science
Foundation

43 + Rest of the World

56

2000-2014

Dietzenbacheretal. (2013)
Timmer etal. (2015)

Chen etal. (2019)

www.wiod.org
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These different GMRIO databases have varying country and sectoral coverage, cover different time
periods and aggregate data in different ways.
Offices (NSOs) which adhere to reporting standards, such as the United Nations Systems of National
Accounts (UNSNASs). In facthelOA methodprompted development of the UNSNAsnN

internationally agreed set of standards which countries fatlosompile theimeasures afational

economic activity(ten Raa, 2017)

Both the Global Trade Analysis Project (GTAP) and EXIOBAfaEabaseare heavily focussed on
the EU economies and aggregate sectors from the Rest of the World (RoW). In contFast Bbea
global supply chain databasghe most comprehensive GMRHatabase with 189 countries and
nearly 16,000 sects(Lenzen et al., 2012, 2013)he Eora26 database a simplified 26-sector

version of theé~ull Eoradatabase- was chosen above other GMRIO datab#sesalculating

count r i es ’-basedemsssiomgpfdr iIEBFS dashboardt was chosen for itextensive
country and sectorabverageand because the Z&ctor formatllowed forEE-IOA to be carriecut
following a relatively straightforwarthdustry-by-industryapproachWhile the Full Eora dataset
couldhavebeen used to carry oucammaodityby-industryapproach, whicltan offer a more finely
grained analysis of GHG emissions at the commodity |#vielwould have involved different
mathemécs and is more often applied to understand regional flows within a country, by regionalising
C 0 u n tnational sommodity accoun(R. W. Jackson, 1998; R. W. Jackson & Schwarm, 2011)
Thus, the industrpy-industry approach, with its consistent&éctors for every country, was deemed

sufficient for the purposes of this research project.

Additionally, as mentioned i82.5.3 thePan et al. (20223ndSteininger et al. (201&tudieshave
respectivelydrawn on thdcoradatabase to apply tH®CPCEPrinciple and consider links between
multiple accounting frameworks and fair climate policies. These stgdiesconfidence that th&ora
databasevould be a suitable information sourfoe this researciproject. The steps taken to calculate

consumptiorbased emissions for the SEFS dashboard are outlirg31an

82.5.6 Section summary

Accounting framewaorks are a means of assigning responsibility for GHG emjswiclisate

charge, to different countries. Sitting behind each accounting framework are unstated assumptions
about where responsibility for emissions ouighlie. The conventional PBA approach was designed
in the context of a less globalised wonldhereit was assumed thatcauntrywhich physically
releasedemissionshould takeesponsibilityfor them.However, growth in international trade has led

to emissions offshoring or weak leakage, which an alternative CBA perspectivercecst for.Both
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weak and strong leakage must be kept in mind as countries work towards their climate goaés becau
“[s]tudying carbon leakage is vital . . . to the fair sharing of international emission reduction
respons(@Bbruétali20M)s ”

EE-IOA is a technique which can be applied to environmentally extended MRIO tables to calculate
countr i es -basedaemissiomp $evemInGMRIO databases were compdredlé® and

the Eora26 database was chosen to be included in the SEFS dashboard, due to its comprehensiveness
and use in relevant studies which also combine and discuss multiple accounting frameworks and

ethical principles.

Some have suggested that combining different GHC
and consumer responsibility in dashboards . . . could help to establish a comprehensive picture of the
responsibility fortrade el at e d (&akob atal.j2021,9".6)he SEFS dashboard meets this

demandby enabling users to compar e theRBAandCBAs' GHG
frameworks This enables the dashboard to highlight how prioritising different accounting approaches

can paint vastly different pictures of countries

and their perceived responsibilities for climate change.

Ultimately, peoplewill have different perspectives about where responsibility for emissions ought to
lieeThe SEFS dashboard’s ability t o-lejwlremissiorde user s
allocated under two accounting lenses will support responsibéliged discussions. It could also

promote consideration of emission reduction opportunities tlgittraxist through global trade. The

next section§2.6 reviews the climate ethics literature and considers how responsibility for

addressing climate change can be considered by way of several ethical principles.

§2.6 Ethical distributional principles

Since the late 1980s, moral and political philosophers have contributed to a vast climate ethics

literature, which contemplates important ethical questions that climate change raises. Prominent topics

of debate includéhe allocation ofesponsibility at various leve{ghdividual, local or municipal,

institutional, governmental, corporate, sectoral, regional, provincial, state, federal or national, etc);
climate change as a human r i ght demposlandanter and a f ¢
spatial dimension@Caney, 2010; Gardiner et al., 2010hese overlapping ethical considerations are

highly complex. Philosopher Stephen Gardiner has usedh#agg of the Andrea Galil fishing shjp

enteringa confluenceof multiple stormg o concei ve of <c¢cli mate .cchange a
[which] . . . threaten[s] our ability to behagthically’ (Gardiner, 2006, 2011)
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The three stormthat Gardinepresentare global, integenerational and theoretical. Tgkebal
storm describesnequities that exidbetweemationstates Theinter-generational storrdescribes
inequitiesthat existbetween generations whethrough their actiongast and present peogield
significant power and influence oviére typeof world future people will inhahitFinally, the
theoretical stormeflectsa perspective thdt u ma n gurrepttheoretical frameworks and

understandings are-#quippedo addressong-term challenges likelimatechange.

While grappling with how to address climate change at some of the aforementioned levels, ethicists

have highlighted the insufficien@f conventional moral principles, likeko no harmto argue that

gl obal war ming i s no t(Sirmottprmsrong, @l0®Oriheyldaivesuggesied | * s f 3
that by adopting green virtues, such as humility, temperance and mindfulness, individuals could help
address environmental challeng@amieson, 20075ome moral and political philosophers have

concluded that the nature of climate change challenges our common sense morality, and conceptions

of fairnesgJamieson, 2014while others say we just need new approaches for combining the values

we already have in creative wafgage, 2006)This demonstratebevaried perspectives that

ethicists hold and the complexities of analysing climate change from an ethical standpoint.

A large and consistent focus within the climate ethics literature has been on the questions of

distributive justice that arise, where burdens and benefits fall unequally, botheneeationally

between countries as well as intgmerationally across generatigAgarwal & Narain, 1991; Caney,

2009a; Shue,1993) Questions of distributive justice have
al |l ocat i qBaergtale2010jpp.2EB17)or “ bsulradreinn g (QuusOtsetstrom n ”

& Jagers, 2012, p. 746and can be distinguished on the basis of whether they are focussed on
allocatingcosts(assumed to be financial in natufe) addresg climate changer rights to emit

GHGs within fixed emissions budgets.

This thesis is not focussed primarily on contributing to these normative debatead, it focusses
on applyingethical consideration® the facts of globalsHG emissions. In this sense, the SEFS
dashboard att e mp pesfecttmoral si@armere t@acablehy enablingdacision

makers to more easily test their ethical theories or intuitions agaustry-level emissions data.

TheSEFSd as hboar d’ s i -natteerlenehdf natiostatds- efigagesunith the global

storm, while the Equalitpvertime Principle engages with the inigenerational storm by capturing
how to distribute warming rights over multiple generations. Finally, the technakgigted form of
reflective equilibrium(RE) which the dashboard enables engages with the theoretical storm by
allowing users to better understand conceptions of fairness that underpin different allocations of
nationstate responsibility. By engaging with multiple dimensions of the perfect monad, $ter
dashboard helps to navigate some of the complexity of climate change, and its ethical nature, in an

applied way.
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Table5 below gives a sample dfiese allocation or burdesharingquestions as they appear in the
literature, whether they focus on costs, rights or both, and the source where they can.be found

To help answer such questions, a ramiethical distributional principle@ometimes called burden
sharing or efforsharing principles) are often drawn up®his thesis focuses on the six principles

introduced inTablel andTable2 which are:

1 Polluter Pays

1 Beneficiary Pays

1 Ability to Pay

1 Grandfathering

1 Equal Per Capita Emissions
1

Subsistence Emissions

Gaining anunderstanding of each principle was necessary before they could be applied within the
dashboard to answer the second and third research questions\RQis)this thesis, the first three
principles will be referred to daancial burdersharingprinciples(discussed next i82.6.) andthe

last three abudget allocation principlefdiscussed i182.6.2).

The next section takes andepth look at the threeancial burdersharingprinciples: how they
have been defined and understood by climate ethicists, their theoretical strengths, weaknesses, and

ease of application.
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Source (literature)

How should this 300 btC global carbon emissions budget (over period 1986-2100) ought to be Rights (Agarwal & Narain, 1991, p. 15)
shared?

What is a fair allocation of the costs of preventing the global warming that is still avoidable? Costs (Shue, 1993, p. 40)
What is a fair allocation of the costs of coping with the social consequences of the global warming Costs

that will not in fact be avoided?

What is a famr allocation of emissions of greenhouse gases (a) over the long term and (b) during Rights

the transition to the long-term allocation?

‘Who should pay for the costs of global climate change? Costs (Caney, 2005, p. 748)
How the permission to emit greenhouse gases should be distributed and among whom? Rights (Caney, 2009, p. 125)
What, then, would be a fair way of distributing rights to emit greenhouse gases? Rights

‘Who should bear the burdens of dealing with climate change? Costs (Caney, 2010, p. 203)
How much are these burdens likely to cost to discharge? Which agents should cover these costs Costs (Page, 2011, p. 412)
and why? How great a burden can each of these agents reasonably be asked to bear?

How should the right to emit greenhouse gases be distributed? Rights (Caney, 2012, p. 255)
Given that there is a fixed limit on the volume of green house gases that may be permissibly Rights (Caney, 2012, p. 256)

emitted, how should rights to emit greenhouse gases be distributed?

What are the burdens associated with climate change and policies for its management? (the Costs (Page, 2012, p. 302)
‘burden identification’ question)

Which type(s) of agent should bear these burdens? (the ‘level of agency’ question)

How should the burdens identified m (1) be shared amongst tokens of the agent type identified in

(i1)? (the ‘burden-sharing’ question)

Who must do what exactly? Which contributions must individual countries make and which costs Both (Roser & Seidel, 2017, p. 4)
must they bear? How should these duties be distributed?

Tableb. Distributive justice questions from the climate ethics literature
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82.6.1 Financial burden-sharing principles

Addressing climate change requires financial resouhsegnationaklimate financecommonly

refersto the dedication of financial resources towards two different forms of climate action: climate
mitigation and climate adaptatigWWeikmans & Roberts, 2019\s mentioned irg§1.3 climate
mitigationinvolveslimiting GHG emissions to prevent further climate change, whal@aate
adaptatiorincludesmeasuresvhich involve adjustingto the effects of climate change. A third type of
climate action- loss and damagerefers to financial redress or compensatiorcfionaterelated
harmsand isbecomingncreasinglyimportant aclimate impactsntersify (McNamara & Jackson,
2019)

Efforts to mobilise climate finandeavefeatured throughout climate negotiations. At COP15 in 2009,
Annex | Parties pledged to raise $100 billafrclimate finance by 2020. This goal was met for the
first time two years later in 2022, according to OECD assests(OECD, 2022)COP27 in 2022
marked the establishment of a Loss and Damage fumetide financial assistance ¥alnerable
countriegWyns, 2023)Morerecently,l a st y e a-refered © @tRelirtanceCOP—
establishedwo new climate finance pledges, known as the New Collective Quantified GoalGNCQ

on climate financeThesewere that:

1 Developed countriesaiseUS$300 billion annuallyor developing countrieBy 2035 and

1 All actors (both natiorstate and nostate)raiseUS$13 trillion annually by 2035

This second pledge ieflective ofa broadening international climate regime, under the Paris
Agreement, wheragrowing influence and engagemdaytnon-state actors-including NGOs,

businesses, and regional and municlpakl governmets — has been observed.

In thecase of th009US$100 billion climate finance pledge, thevas little discussion of how

countries’ pl edges c oul.Gasdseere smade absiiow rduch differénte r ms

countries shouldontribute, but withoutlear linksto scientific factsimmediate questions which
follow the more recenNCQG are How much moneghould each actaontribute? Andvhat should

the rationale be fahis?

To better inform these realorld discussionghe thredinancial burdersharing principlesn Table1
—the Polluter Pays, Beneficiary Pays and Ability to Pagn be drawn upon. These principles are
widely discusseth the climate ethics literature amtesent options for determining fair distributions
of climate finance amaus The use of the terqaysin the names of these three principles reflects
their concern with distributingosts in particular, how the costs of different formscbinate action
ought to be shareds explainedn 81.3 only thefinancial costs for climateitigationare the focus

within this thesis.
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The SEFS dashboard offers users the opportunity to see how the costs of climate change-for nation
states vary when each of these different principles, with different metricpalred These

principles and the SEFS dashboard can help an®@2) how shouldhe costs for mitigating

climate changbedistributed between countries?

Conceptions of justice of eafinancial burdersharing principt weresummarisedn Tablel. All

n

three principles relate to the UNFGCCOrinsipleover ar ch

The Polluter Pays and Beneficiary Pays €éifles are distinolvaysof articulatingthe differentiated
responsibilitieselement of the CBDHRC principle, which stem from different interpretations of
responsibility— from contributions to the problem (Polluter Pays) and benefitting from actions that

have caused the problem (Beneficiary Pays). Meanwhile, the Ability to Pay Principle relates to the
respective capabilitieslement of the CBDHRC principle, which stems from an interpretation of
responsibility as basedowms.one’s capability or

Discussions of these principles within the climate ethics literature, incladiiisms against them,
have highlighted the neddr apluralist approack defended ir§2.6.3—where one principle can
compensate for the shortcomings of aeotihis also explainghy the SEFS dashboard has been
designed to incorporate multiple principles, with wide ranging conceptions of fairness, atittewhy

following sectionsnvestigate and carefully articulate thisengths and limitations of eachirmiple.

The following three sectiong2.6.1.182.6.1.3 discuss each financial burdeharing principle in
depth, including theiinterpretationgnd formulations and hothey are understoaghd debated

within the climateethicsliterature. Sincehis research is concerned with carrying out applied ethics,
thetechnically feasibility of applying each principleased on availabléataand suitable metrics, will

also be discssed.

82.6.1.1 The Polluter Pays Principle

The Polluter Pays Priple, also referred to as the Contributor Pay€ontribution to Problem
Principlesand historial responsibilitywithin the climate ethics litetare, is arethical principle
which assigns responsibility for climate action to those who bausedclimate chage (Heyward,

2021; Page, 2012T h e p r iintuitivie pohceptian of responsibility appeals to the common sense

morality “that one must t ak(Roseré& Sefa, 27, p.018)i ty f or

other words, if someone makes a mess, that same someone should cle@dptipciple is

described -lasoKibmgkwlaedause it focusses (Shue, pol | ut

2014,p.208) n t hi s way it f-oodntorwesdwaprebydalisgpexctasibasaed! i t y
on previous contributions to the probléRage, 2011, p. 414)
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Five prominentphilosophical objections have been raised against the Polluter Pays Principle. These
includethe disappearing perpetrators problemoral unfainess, excusable ignoranaesensitivity to

the needs of the most vulneratdaed how to deal withon-harmful emissionsEach of these

objections will bedescribed and ejgned in turn.

The firstobjection against the Polluter Pays Principltisappearing perpetratorgelates to applying
the principleat the level of individugbersonswhere holding past polluteagcountablenaybe
impossible ifthey areno longer aliv§Caney, 2018; Page, 201Daney (2010argues that, for this
reason, théolluter Pays Principlis incomplete andnustbe supplemented by other principles.
However the objection of disappearing perpetrators isral@vantwhere* aollectivistapproactio
mor al responsi bi linvelvwng alledivesoindividuats+ likebusinessegnd
countries- are taken as moral agents inst€Ban, 2023, p. 3By takingcountriesasits unit of
analysis, the SEFS dashboard circumvémslisappearing perpet@s objection sincewith the
exception of several notable border changes masdiing5.2.3 countries havepr the most part,
mairtained a continuous existence over tifloellendorf, 2014)

It has also been arguedhe second philosophical objectiethat thePolluter Pays Principlsuffers
from an inherent unfairneg®cause of the way it holds recent generations responsiltlefoast
actions of their ancestors, which they had no control over or abilityet@pt.Page (2011argues

that this cuts against the ethos of the Poll

n

ut er

actually caused an environment al(p. 415 &©mnkwayrthise out c O

objection isaddressed within the climate ethics literatigrby arguing that just as rights and benefits
pass down through generations, so too can debts in relatianntdul past action&ardiner, 2010Q)

In other words, whileurrent and futurgenerations cannoiecessarily bblamed for theemissiors-
generating activitiesf their ancestors, they should at least lseane level of responsiii for the

harmful impacts of theia n ¢ e sattions s

A third philosophical objection to the Polluter Pays Principle is excusableaigren Excusable

ignoranceoccur's wher e agents are unaware of any potenti e
t he har mf ul action and so ar e dVvacderkegeh, 2016,p.m f aul t

300) In a climate changsenseexcusable ignorancdescribes a lack of knowledgbout the
detrimental impacts associated waimissiors-generating activitie§Gosseries, 2004; Mittiga, 2019;
Moellendorf, 2014; Tan, 2023)

A related concept inexcusable negligeneedescribes a continued inaction to address climate
changedespie knowledge of itdl -effects(Vanderheiden, 2004)n other words, inexcusable
negligence markapoint in time at which countriegere no longer excusably ignorant detame
morally responsible fotheirunabated GHG emissions. Howewdgterminingcourtries inexcusable

negligencevhen it comes to anthropogeni dgnnocdousmat e
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actions begin to cause harm at some point, once thresholds are crossed and further GHG emissions
accumul ate in the at mo s(ganderheidena20@B, pbl8gi n t o cause

While certain countrieare more obviousliistorically responsible for climate change than others,

there are varying views amhich point in timecountriesought to be heldnorally responsible.

Vanderheiden (2004) summarises fngntwhen hea s k [b]y whdt standard should an agent be

held morally responsible for an ¢&fliserotthisf or whi ch
reasongxcusable ignorance raises questiength no immediately cleasinswers- aboutwhat point

in time countries should be culpable for their emissions.

Various climate ethoftfi sdat @avef peopwisiedh at ¥ metit
states to clainexcusablegnorancgMittiga, 2019, p. 165)There are a range sefich cutoff date

possibilitieswhich havemplications for perceived countfgvel responsibilityBodansky, 2001b;

Caney, 2010; Gosseries, 2004; Neumayer, 20Dff¢ringa range ofime-periods over which

emissions are accounted feithin the SEFS dashboard is one way of facilitating such debates

without presupposingn ethicakorrectness of a particuldate.

Oneway that the previous two objectioAsnoral unfairness and excusable ign@enhave been

addressed within the climate ethics literature igjyyealing tdhe legal concept of strict liability

(Gardiner, 2004; Neumayer, 2000; Shue, 1988jct liability* hol ds agents responsi l
caused the problem, regar dl e s(Moelerfdoriw20tphl8it t hey a2
is usuallyapplied in situations where there is concern about particular actions being highly dangerous

or in situations “wher e d§p. 186)fghle coacepis painatieciwittonf c ar e
United States tort lawnd has beeandorsedn environmental casesetting a legal precedent for it

(Gardiner, 2004)However,appealing to strict liability has proven controversial, with some ethicists
arguingthat it asks too much of dutyearer§Caney, 2005)Instead they advocater a form of

limited liability, which would make polluters liable for climatelated costs associated with their
emissiongyenerating activities, provided the costs do not outweigh the benefits they have gained from

those activitiegBell, 2011) Potential unfairnessbjections to the Polluter Pays Principle edso be

averted by the unjust enrichment version of the Beneficiary Pays Principle, discusseaexili2

which is itself a form of limited liability.

A fourth objection to the Polluter Pays Principle is the way that attributing emissions to countries at
the national level can result in a lack of sensitivity towards legitimate emissions of the disadvantaged.
For instance, China overtook the United States akthest annual emitter of G@nh 2006. Applying

the Polluter Pays Principle at the couriyel andover recent timgeriodscould result in large
countrieswith high populationsatsignificantly lower standasbf living being expectetb pay more

than ountries in more affluent positions, like the United States.
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Finally, the principlealso faces the practical challengfedetermining the amount of harm that has
been caused by anthropogenic climate changdisesssed it€aney (201Q)This is because some

formulations otthe Polluter Pays Principle focpecifically on the harm that has been caused, rather

than contributions to theroblem.Within the SEFS dashboard, this challenge has been averted by

basing applications dhe Polluter Pays Principle solely upon GHG emissions datasets, rather than on

downstream harmthat have already occurred, and might occur in the future.

Despitethe aforementionephilosophical objections and practical challenglkes Polluter Pays
Principleis one of thanosttechnically feasiblef the thredinancial burdersharingprinciples to
applyin the SEFS dashboab#cause of its focus on GHG pollution being the primary driver of
climate change. There are many publicly available cotletrgi GHG emissiondataset¢see§83.4.9
which can be used to operationalise the Polluter Pays PrinEipigever,a point worth drawing
attention to is that there avarying perspectives abowho the polluter s i n today’ s
This will be discussed further BR2.6.1.4 which draws links between accounting frameworks, the
Polluter Pays and Beneficiary Pays Bifshesand their perspectives on responsibility.

§2.6.1.2 The Beneficiary Pays Principle

Rather than placing responsibility on those who laesedclimate change, the Beneficiary Pays

Principle argues that those

gl oba

benefiting most frc

greatest burden in terms of t he (Rages2012,pa300) pr event

Here, the focus is on thmnefitthat has been derived from acts, as opposed tuaeattmaful actof

pollutingitself. Therewill be some overlafppetweerpolluters andeneficiaries, since the same actors

that causelimate changé€polluters) may also profit from it as beneficiariéshelpful distinction can
be made between entities tltauseclimate change becauieey mustand entities whiclown
resources, supply chains or technologies that produce emidsarrisstance, theil-importing nation
or the daily commier would be polluterswhereail-exportingnations petrolcompaniegnd

citizens whausepublic infrastructuravhichis funded by oil exporearningsvould be beneficiaries.

The Beneficiary Pays Principle is characterisedbage (2012as having both forwartboking and

backwardt ooki ng el ements. This “hybrid strlkedheure” gi

Polluter Pays and the Ability to P&yinciples which are eithesolely focussed on the pastthe
presemn(Page, 2012, p. 307)he hybrid form isadvantageous becausalibws the Beneficiary Pays
Principle to explairwhy(mostly) developed states ought to pay for climate change, rather than
assuming the wealthier developed states should pay purely because they have the (&aitiy, to
2008)
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Several versions of the Beneficiary Pays Principle have been develdpelvary across not only

the type of climate action, but also the grounds for placing onus on a beneficiary within climate

mitigation (Farber, 2007; Heyd, 2017; Page, 2012y climate adaptation setting, a beneficiarthes

one who benefitt'om climate adaptation measures. In a climate mitigation setting, a beneficiary is

the one who benefits from actions that caused climate change. However, in the climate mitigation

setting, it is difficult toargue that beneficiaries have benefitted figrmangfulactions. This is because

while widespreadossil fuel uséhas beemhe primarydriver of climate change to dati can be

difficult to argue thafossil fuels themselves afendamentally wrong, since they have also brought a

range of benefit?age (2012) er ms t he version he finds most con
BPRpP.313) This form of Beneficiary PdysnkRrdi rheinelfd t
that states have gaingal 313) By focussing solely on benefits, the unjust enrichment Beneficiary

Pays Principle averts debate about whether acts that benefits were derived from were wrongful or not.

This is the particular version of the Beneficiary Pays Principle that has beenaypiseid in the
SEFSdashboardand which will be considered in this thesis.

The Beneficiary Pays Principle offers an alternative to the Polluter Pays Principle because it focusses
on the benefits that have been derived from unjust harms (or unjust enrichment) which are then passed
onto generations alive today, rather than theqdar agents who caused the hatifij n this way the

BPP finesses the problem of disappearing perpetrators, excusable ignorance, and nonharmful
emission’ (Page, 2011, p. 421Mowever, the Beneficiary Pays Principle faces seshiddsophical
objectionsof its own. These include chronological unfairness, theidentity problem and the
disaggregation problem. Each of these objections will be defined and discussed in turn, starting with

chronological unfairness.

Caney (2006argues that the Beneficiary Pays Principle may suffer from a chronological unfairness,
where beneficiaries who are alive today could be expected to pay for benefits which have
accumulated across previous generations. However, this argument is dismiBseg [§2012)vho

argues that the
[ and] ... a ‘no de b(p. BLB)tThigMmeangthat states would oalybie expectéd to

unjust enrichment BPP is natur a

surrender the benefits they have obtained after adverse costs they have experienced due to climate

change are considereidditionally,t he surrendering of states benef

citizens or democratic structures within states.

The nonidentity problem, a challenging problem in population ethics, describes the way in which a
different set of past actions or circumstances could result in different people being alive today. It has

been argued that the Beneficiary Pays Principesuf s from t his challenge be
contributed to the emergence of climate change also played a mihpecessary role, in the coming

into existence of the current citizens of all states such that none of these citizens would tave bee
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born i n the abs e fRage 2012, p.i31h9fhis satsas theaduestom df whethet it is
reasonable to hold people accountable for benefits they have derived from past atidtitiesr

coming into existenceascontingent uponPage (2012highlights that the noidentity problem
objection to the Beneficiary Pays Principle is
natonst ate | evel. This is because countries’ ident

historical events, thaanindividual persois are.

Finally, the disaggregation problem refers to the challenge of distinguishing between direct and
indirect benefits that are associated with activities which have contributed to climate change, making

it difficult to quantify the size of such benefiage (2012¢ontrasts this challenge that the

Beneficiary Pays Principle faces with the way in which buslearing frameworks, based upon the
Contributors Pays and Ability to Pay Principles, can draw upon GHG emissions or national income
datasets to calculate shacégylobal climate efforts which are more reflective of their understandings

of fairness. The disaggregation problem foreshadows the challenge of operationalising the Beneficiary
Pays Principle, especially in a globalised world where benefits associ#te@MG emissions can

accrue along value chains. This is discussed funth&2.6.1.4

The Beneficiary Pays Rrtiple, by comparisoto the Polluter Pays Piiple,is much more difficult

to apply because it is challenging to cal cul at e
can be uniquely linked to t(Rage 20t2tp.3200hénes t hat ca
applying the principle in a practical way, an immediate challenge is to identify to what degree

countries have obtained benefit from actions which have caused the harm that is climate change. Put
another way, how would one determine the degree tohwdduantries have profited from actions that

have contributed towards climate change?

This challengeould explain whyliere are so few studies in the climate ethics literature which
consider how the costs of climate change ought to be distributed between states according to the
Beneficiary Pays Principlét seems the mosilifficult issue the Beneficiary Pays Principle fadbgen,
isin its practical applicatiorin theory, the Beneficiary Pays Feiple involvesquantifying all public
and private revenues from fossil fuels drain GHG emitting sectors, like agriculture, and then
tracinghow those revenues translate into private and public gaioammercial profits and

investment in infrastructure and other welfare enhancing systems, like health and education

While this is theoretially conceivablein practice is it difficultto find how much fossil fuel revenue

was investedh a health systenin comparison with tax revenufor instanceArticulating this

challenge ofinking revenue flows and associated gains has highlighted a distributional complexity,
where some people wilienefitto greater degrees than others, such as recipients of private profits or
communities with political power to obtain greater shares of papkndingOneapproach for

applyingt he Beneficiary Pays Principle takes nati on
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cl i mat i (p.3B3pTotalhadtiandl wealth is the proxy metric that has been used to apply the
principle in the SEFS dashboard.

§2.6.1.3 The Ability to Pay Principle

In contrast to the Polluter Pays and Beneficiary Pays Princthle#\bility to Pay Principle is

descri bed-l ag kadntabigtonicalr sthce it distributes burdens for climate change

irrespective of what has taken place historicélgge, 2011, p. 418l regards both theausationof,

andbenefits deriveffom climate change as irrelevant and focusses instead on the level of ability an
actor has to pay for the costs offaululitmatgrichaingle
(Shue, 2014, p. 60)

Roser and Seidel (201@jstinguish between twimrmulationsof the Ability to Pay PrincipleThe

first is thatall actors should bear the costs of climate change in proportion to their level of capability

in economic terms. The implication is that everyone, even those with very limited economic

capability, ought tdoearthe costs oaddressinglimate change. However, a second reading of the
principle would exempt those with few financial resources from bearing any costs. This second
reading has synergies with tBabsistenc&Emissions Rnciple (discusseith §2.6.2.3, which seeks to
safeguard the vital interests of the most destitute. The SEFS dashboard gives users the opportunity to
only appy the first version of the Ability to Pay Principl&his first version was chosen for its ease of
application since further information would be requit@éxempt certain demographics of a country

from paying for climatemitigation.

Severalphilosophical objectionsave beemxpresse@gainst the Ability to Pay Principla Caney

(2010) Theser el at e t o t h e-logking, ahistorigglared 'narfautt watune@bjections
include a counteintuitiveness of ignoring the historical record, the questionable approach of making
someone pay who is not at faahdthe possibility ofunfair penaltiesarising for thosevho have

become wealthy withowtontributingto climate changezach of these objections will be defined and

discussed in tun.

By ignoring thepast—a morally relevant dimensipgi ven c¢ | i ma ttermitmestalegand s | o n ¢
intergenerational impagt-the Ability to PayPrinciple essentially deenssc t or s’ contributi
issueirrelevant(Caney, 2010)In this way, the principles ¢ o n c e p thasa cont@adtingj ust i ce
temporal orientation tthe Polluter Pays Priziple, which has amexplicit focus orhistorical

contributions to thesste. A proponent of historical responsibility might question why what has taken

place in the past should not inform how to distribute financial costs in the fdiwever, the fact

that two principles point in opposite directions does not provide sufficient rationale to disregard a
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principle. Principles are expected to reflect different perspectives on equity and jivsticover, the
Ability to Pay Pr i n ccanpbés=énsnothar cowtextp whicloimvolve tlebdtea i r n e s
about fairnesssuch as tax policylhe principle underpingrogressive tax schemes, where those with

higher incomes pay mo(8uehler, 1946; Kendrick, 1939)

A second objectioto the Ability to Payis in relation tahep r i n ¢ i -fadlt eatuseWimyaf an

actor is not at fault for contributing to climate change, should that actor pay to address the issue
simply becaustheycan?Caney (2010¥listinguishes between two possible groups who could be
expected to pay: the advantaged and the poor. A third option would be to carry on with the status quo,
where no particular group is iddiietid as having a duty to bear coBy default, option three would

impose burdens on people for something that was not their fault angsymcially future generations

who have not yet contributed to climate chahgewill suffer from its effects. Reflectingn this

three option scemi®, the mosadvantaged-those“mostable topay the pricavithout sacrificirg any
reasonable interests are under a duty to bear cofts 214)

A third philosophical objection to the Ability to Pay Principle is that focussimgl el vy on actor s
financial capatiescould result irthe principle unfairly penalisinghosewho haveincreasedheir

wealthin wayswhich have not contributedimate changeCaney (2010argues that iloes not

matter how groups came to acquireithwealth. Bsitive duties can fall on those who have the ability

to help, provided it does not become excessively demandingoaichvendheir own interests. For

this reason, even countries which acquire wealth in a clifriatedly fashion may obtain positive

duties to commit financial resources towards addressing the issue and its impacts.

The second and thimbjections to the Ability to Pay Princgsshow that countries can inherit positive
duties for bearing climateelated burdens simply because they can afford to bear costs without

worsening their situations, rather than because they contributed to the issue.

The Ability to Pay Principle also faces several challengésrms ofits application Within the
climate ethicditerature the CapabilityandCapacityPrinciplescapturesimilar notiors of justiceas
the Ability to Pay PrincipléDooley et al., 2021; Rajamani et al., 202TRis research reviewed
approaches whichpply the Ability to PayCapability and Capacit@rinciplesandfoundthat these
often rely onindicators omproxymetrics likeGross Domestic Product (GDP¥r Capitaand the
Human Development IndgidDI). In Winkler et al. (2002)c ount r i es’
reductions i s “ measParCepi (th807)vah @en Bergebaly (20@8)so s P

the GDP Per Cagta metricto operationalise the Ability to Parinciple Alongsidethe GDP Per

ability to p:

Capta and HDI indicatorgthree other proxy metriege used tapply the principle in the SEFS
dashboard: GDRGross National Incom@NI) and GNI Per Cdfa.
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§2.6.1.4 Responsibility, the Polluter Pays and Beneficiary P&rnciples

As alludedto in 82.6.1.1and82.6.1.2the Polluter Pays and the Beneficiary Pays Prinsimee
been identifiedy scholarsas havingconnections with accounting framesks. It is important to
discuss these links because GHG emissions data, reported under different accounting frameworks,

presented one means by which both principtadd be operationalised in the SEFS dashboard.

The decision to investigate the possibilityusing accounting frameworks to appiese principle

was influencedby the discovery oseveral recent articles which consider relationships between

accounting frameworks and ethical princip{BsiusOtterstrom & Hjorthen, 2018; Steininger et al.,

2016; Sun et al., 2019; Tukker, Wood, et al., 20Z8gse articletakedifferent views on who the

polluter, beneficiary, producer and consurais.For instanceSteininger et al. (201@&xplainthat the
Polluter Pays Principle allocates responsibility
Principle allocates responsibi l(p.85Suhdtal. (2019 benef
reference these comments and take tptilggenpags st ep f u
principle allocates emissions to producers, whil€ liemeficiary paysprinciple consigns emissions

to con@uUBBETr s”

Explicit links are also drawn between ethical principles and accounting framewdnkkker, Pollitt,

et al. (2020)These can be found in thecounting perspectivendMitigation principlerows of

Figure3. Tukker, Pollitt, et al. (20209gree withSun et al. (2019 terms of drawing a link between
thePolluter Pays Principland producers or tHeBA perspective. However, instead of positioning the
Beneficiary Pays Principle beneath tBBA perspedte, Tukker, Pollitt, et al. (202Q)ositionit in

line with the valueadded perspective. Thisflectsa more sophisticatedew of the Beneficiary Pays
Principle since it acknowledges that benefits from activities contributing to climate change are spread

amongst actors along value ais

In contrastDuusOtterstrom and Hjorthen (201&kea very different approach. They draw on the

Polluter Pays, Beneficiary Pays and Ability to Pay Principles, their characteristics and particular

views of justice, to present a normative debate about which accounting framewloekher

consumptiorbased or productichased- is more just. In this way, they keep the principles and their
conceptions of justice separate to accounting framesyv@hetraditional notion that producers are

pollutersis challengedvhen they argue thdt Co ns u mi n g ngcesadhdtembmdy @émissiens

i s one interpretation b 8AR)Thidrelatestomethan s t o be a
consumptiorbased perspective offers an alternate view of who tleaked polluter might be in a

globalised world.
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Thesedebates about who ought to be considered thetpolinark a shift towardsninterpretivist
paradigm whichwill be discussedh §5.2.1 and which the pragmatipbsitivist approach has

allowed for.While theresearclprimarily employspositivist methodsnd treatparticular

interpretatios of each priaiple as fixedwithin the SEFS dashboard, the pragmatissitivist

approach allowed for an exploration of these normative, interpretive arguments which reveal why
single principlesreinsufficient and why-in theory and in practice principles overlap. This in turn
builds the case for the ethical pluralism which the SEFS dashboard reesalshe importance of
taking a pluralist approach, defended®ih6.3- by enabling applications of diverse principles

representinglifferent conceptions of justice.

§2.6.1.5 Section summary

Fair distributions of international collectieéimate finance goalareanticipated to be an ongoing
focus of international negotiations @suntries work to address climate cbarThe three financial
burdensharing principle, which carnnform such debatesidhere tdaifferentconceptions of fairness,

facevariousphilosophical objetions and technical feasibility challenges.

Given theapplied nature of this researaachprinc i pl| e’ s e s was asdessedpwhéra ac a
lack of suitable data was found b@ave constrainegrinciple applications in practic&@his was

particularly the case for the Beneficiary Pays and Ability to Pay Principles, which commonly draw on
proxy metricsThis finding uncovered a challenge that applied ethicists fetoen seeking to connect
principles with appropriate datasetisey are limited byvhat datehas been collecteahdis currently

availeble. Theoretical ethicistdo not faceahe samehallenge. Instead, they can develop moral

arguments by theorising about what is right wrong in the absteact to write on general issues and
advance defensible positions, as opposed to make issues more specific and data constrained. For this
reason, the approach of applying ethical principles, which the SEFS dashboard follows, will

inevitably open up new fras for contestation.

A lack of suitable datasets for applying the Beneficiary Pays Prindipfrticular prompted
consideration ofhe nexus between accounting frameworks and ethical principles.aised
philosophical questiorsbout distinctions betwegiollutersand consumers and their relationgip
ethical principlesAccounting frameworkpresenpossiblewarmingdependent approximations of the

Beneficiary Pays Praiple.

Applied ethics assessmeiaiso focus on allocatingghts to emit GHG within a constrainedarbon
budgetby way of three prominent budget allocation principlégse next section discusssaveral

budget allocatiomprinciples as possibleptions for answerinRQ3.
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§2.6.2 Budget allocation principles

The Paris Agreement’'s Article 2 temper.,ahowr e tar g
pre-industrial levelsthat countries have agreedrot surpasdHowever, theséargets alone dnot
provideguidance about the proportioftemperéure increasavhich each country should be able to

use or consume.

Carbon budgets areralevantconcept which link cumulativ€ O, emissions to resulting temperature
increases in a linear way, through the transient climate response to cumulative emissions of CO
(TCRE)(Rogel;j et al., 2019Rather than placing a limit on global temperatures that will result from
emissions, carbon budgets reflect a limit on emissions themselvesarBhegually expressed in
GtCO; or atmospheric concentrationsn ppm—and represerd ceiling on allowable C@emissions.

Carbon budgetsan be total or remainingptal carbonbudgetscommerte from the preindustrial
period, whereaaremaining carbon budgéRCB) stars from more recent datéérias et al., 2021)
Carbon budgets also vary in their leeglpplication:global, national or localn its Sixth
Assessment Repothe IRCC estimated the glob&CB to be500GtCO;, for a50% chanceof
remaining beneath the 1.5Xticle 2 temperaturgarget(Canadell et al., 20217\ more recent
estimates 200GtCQ (Forster et al., 2024)5iven current annual rate$ CO; emissions, it is possible
that this budget will be exhaustby 2029

The carbon budget concept traverses many parts of the climate change literature from the science
through to the policy and ethi¢isahn, 2020) A section of the literatureas beemoncerned with
distributingRCBsbetween actors, usualhationstatef Fanni ng & O’ Nei |l , 2016;
2021; McMullin et al., 2020; Pan et al., 202®)ost often, assessments are restricted to CO

emissons only,in partbecause of the complexities that come with placing different GHGs onto an
equivalent scale. However, recent studies have soughtdolate combinetudgetswhich include

other GHGslike CH. (Jenkins et al., 20217 his work is important, givethatcontributionsof non

CO, GHGs have the potential to affd@CB estimdes, in line withthe Article 2 temperature targets

by up to 20GtCQ (Canadell et al., 2021; Rogelj & Lamboll, 2024)

There are varied perspectives about how to distribute a carbon bidgehents have been mafie

everyone to havequal access to the global atmospheric commons, following the likes of the United
Nations Convention on the Law of the S@@aer et al., 20000ther scholarhave suggested the
atmosphere be apportioned to countries based on
(Westing et al., 2001Bearing in mind that GHGs warm the world differently, as discussgd.4,

the carbon budget conceggnbeextended to become an emissionglimate budgefThewarming

related dataset that has been used in the SEFS dashboard also makes it possible &alistribut
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warming budgein line with the globally agreed Article 2 temperature targets. The idea of a warming
budget, and associated warming rights,remeel conceptghathavenot yet beerseenwithin the
climate ethics literature.

To better informdiscussion about how a warming budget might be distributed at the international
level, the threebudget allocation principléa Table2 — Grandfathering, Equal Per Capita Emissions
and Subsistence Emissionasan be drawn upon. These principles are widely discusgbd climate
ethics literature and present optidasfair distributionsof warming rights within constrained

warming budgets, under the Article 2 temperature targets.

The SEFS dashboard offers users the opportunity to sepdssible shares of rights to emit GHGs
and rights to warm the planet, within fixed carbon and warming budgetsior individual nation
statesvhenboth the Grandfatheringrincipleand a more sophisticated version of the Equal Per
Capita Emissions PrincipleEquality-overtime — are appliedTheseprinciplesand the SEFS

dashboard cahelp answefRQ3)how should warming rights be distributed between countries?

Each budget allocation principle, how it has been understood and debated within the climate ethics
literature—including its features, various versions and interpretations, as walilasophical
objectionsto each principle- will be discussed in the following three sectio§2.6.2.182.6.2.3.
Additionally, since this research is concerned with carrying out applied ethiteckimécalfeasibility

of applying each principle, based on available data and suitable metrics, will also lssatiscu

While the Subsistence Emissions Principle does not feature in the SEFS dashboard, a discussion of

budget allocation principles would have been incomplete withdut, gi ven t he princi pl
within the climate ethics literatur&he rationale for not includintis principle is also discussed.

Each of these principles and the discourse surrounding them within the climate ethics literature will

now be discussed, starting with the Grandfathering Principle.

82.6.2.1 The Grandfathering Principle

Grandfathering is a principle which takes the past as its starting or reference point for alfatating

rights In other words, rights are inherited or acquired, based upon an established custom or prior
practceThe pri ncicanbeé reacedi gionyvari ous “teUrdteddf at her i n
Stateslegislation(Schmidt Jr., 1982, p. 846)hese clausesxcluded nearly all African Americans

from having the right to vote by grantinightsonly to American citizens, whose fathers or
grandfathers had “voted anywhere befor(Riset,he onse
2006, p. 248)
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In a climatechangecontext,a Grandfathering Principeommonly takes ct or s’ pleveler emi s ¢
as a starting point for distributing rights to emit in the fu(height, 2013) Severatlimate

agreements and policy instrumergpresent realorld applications of th&randfathering Principle

For instanceexpressing ount ri es’ Kyoto Protocol emission red
emissions levelsreflected “ par ti al c¢commi t (@anayt 2009@ p. §28amiladlyf, at her i
allocatiors of European Union Emissions Trading System (EU ETS) allowadraabeen classified

as instances of “ becals allawaecesgverashddc auhéri eg” previ c
emissions level§Caney, 2009a; Knight, 2013, p. 41B)nally, the forms of o0 u n tNDCseften

follow implicit commitments to a GrandfatheriRgincipleby being percentage reductions beneath

historicemissiondevels(Williges et al., 2022)

Despitetheserealworld instances of th&randfathering Principle, it hamrnered much criticism
from prominent climate ethicisighoregard itas anunfair emission allocation methahddismiss it
asethically indefensibléCaney, 2009a; Jamieson, 2010; Page, 2013a; Roser & Seidel, 2643l
of the philosophical objeiionsagainst a Grandfathering Principiél now be discussed.

Described byRoser and Seidel (201d)s st i pul ati ng “equal relative r
Grandfathering Principlerould maintain the distributioof historical emissions in some baseline year

(p. 120) Thefirst objectionto this principleis that it wouldpreservehe statugjuoandexenpt

developing countries from being able to raise their standardiog kivhile other countries, with long

records of pollution, continue to polluitethe samgroportiors to how theyhavepreviously.ln other

words, the principle endorses historical distributions of emissions without considering what they

necessarily ought to {®oser & Seidel, 2017)n this way,Page (2013argues that the principle

applies* an i mpl ausi bl e wealevagce of higtonic usageeof tine capawcity tofithe e

at mosphere t o as s (pmB3)Simialy, amiesen(2010jescribesdha grihciple

asethically problematb e cause “ [t ] he existing pattern of enmn

priority in the devel opment p(Jamiesers 210, x 22 her t han

Theeffect is thal GrandfatheringPrincipleupholdsthe existingworld order, where those who had
taken up atmospheric spacetfinould continuebeing grantedhe same relative ppmortions of this
spaceUltimately, theGrandfathering Principle p r i v i | e g e-emitting muntyie€s@artha g h
et al., 2018, p. 348)

A second, relatedbjection isthatthe Grandfathering Principkoes not consi der peop
wouldcontravenal e v e | 0 p i n dghttoaeveldpment€asey, 2009a)f he princi pl e’ s

operation on an e@lirelative reduction basimeans thaltarge developing countries, like China and

I ndia, would be allocated “radically fewer emiss
and European citizens, and as such would thwart
therealisdton of fundament al h u m@aneyr 200Pth p. 428Recausene et b as
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fossil fuels remain essential for providing energy securitgdividuals in manycountriesa

Grandfathering Principle wouldreachother importanethical concerndike human rights.

Aswellas* guar antee[ing] existing advantages for the
vul nerabl e the r esourtheGrandfatherimgdmntiplethds dderticisbda si ¢ n e €
for coming intoconflict with otherwidely accepted principseof climatejustice includinghistorical

responsibilityand thePolluter Pays Principl@Caney, 2009a; Dooley et al., 2021, p. 302)

Dooley et al. (2021argue that

inGrandfathering of emissions, in particular,
assessments of global climate action; it is not a defensible general principle of

equity. Grandfathering undermines the foundations of climate equity reasoning by

contradicting pinciples that aim to protect the vulnerable and promote

sustainable development. It allows polluters to evade paying their due and

di scouragem308dmbi ti ono

However, this third criticism is not sufficient on its own to disregdhedsrandfathering Principle,
since principle®ftenhave very different conceptions of justiand can be expected to point in
opposingdirections. For instance, the Ability to Pay Principle is ahistoricaldetermines
responsibilityon the basis ofapability that actors might have for addressing an issue, irrespettive

how culpable or responsible they are for causing it.

Caney (2009andRoser and Seidel (201&@knowledgeseverajustification strategies and arguments

in favour of the princife and then build cases against th@$e strategies and argumeintslude

customary rightdbased defences, legitimate expectations, the longhaul argument and the priority
argumentlin brief, thecustomary rightdased defencewh er e “t he de facto and u
a good gives rise to a kind of ' c(Rosar& emel,y ri ght'’
2017, p. 122} is dismissed because the conditions for legitimate appropriation were not satisfied

since theatmospheric appropriation waeither beneficial to others, nor leaves them in as good a

position as they otherwiseould have beenThelegitimate expections defence- which would

endorse emissionatensive lifestyles of individuals in developed countriés disregarded because

once the consequences of climate change were known,llid lWwave beemorally questionable for

individuals indeveloped countrie® continue living so decadentliyinally, boththelonghauland

priority argumentsire based on thmlitical palatability ofgranting large emitters grandfathered

rights, so that thegngagewith global climate mitigation effortsThese arguments are batismissed

by Caney (2009pecae tley argue focaeringto existing power imbalances asdccumtto the

practical appeal thahese are merelythepr i ce t o pay” for gettthang | ar g

because they would resultdfair distribution of GHG engsions(p. 129) In a similar veinDamon
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etal. 2019menti on how “grandfathering is just a polit
poll uters . : : [ where] (pt2Bley may need to be ' pai

Despite receiving heavy criticism from several climate ethicists, a range of moral arguments have

been made in defence of the principle by moral and polpitddsophersincluding Luc Bovens Carl

Knight and Rudolf Schuesslefhesescholarshave criticisedjuick dismissals of therinciple s use i n
climaterelated contextand insteadrgue for temporary formsf a Grandfathering Principle. These
temporary forms would give historical emitters more time to reduce their emiggtbosit granting

permanent rights for them to emit more than developing counfities. moral argumentfor the

principle, along with a customary righbased defence, will now be discussed.

The Grandfathering Principle applied in theeal world toallocate common pool resources by
appealingto afirsinfirst-s er ved basi s o(Roséer& Begel, @itha p. $1Fori ght ”
instance, thdlarine and Coastal Area Act 20iklan example of national legislatiarich identifies

two categories of customary intereitatN e w  Z e dridigenalis tsbekavein the marine and
coastal area: protected customary rights and customary marir{€ititeeyson & Christmas, 2021)
Givenproof of an undisruptedxclusive usef a resotce and areaincel84Q customary marine

title has beegrantedunder thisActtorecogns e a rightsiafderscéstral connections to

resources within particular aea

A further property rightsbaseddefence othe principlecan be found iBovens (2011)which

developa“ Lockeasn dafefgmandf at h e(p.il)lhis appmoaciacknowledges i ght s”
countries’ differential i nvestments in GHG emitt
whichthelockean condition of | eaviisicearly weachefg10) and as
The enougkandasgood condition marks the pointhereacommon resourcean no longer be taken

without leaving others worseff than they otherwise might have been. &6tG emissionsthe

enoughandasgood condition would be breached once emisssongassed an innocuous level.

However,determiningsuch a leveWwith certainty would be a challge.Moreover would all

countries want to return to a level of no anthropogenic warming anidgustrial revolution

climates? This seems unlikely, given that some level of warming may have resulted in more
favourable climates and growing conditions for some cowdridregions Bovens (20113uggests
that emissions rights could be allocated based upon prior usage up until the time that theedough

asgood condition was violated.

A third, consequentialistefence of the Grandfathering Principle is wiaight (2014)refers to as
“moder at e emi s s i(poS7TH Thi argues dnhat thkidgher costsaaed byhigh
historical emittersvhen transitioning to lower emissioage greater than those faced by lower
historical emittersFor this reason, and by appealing to a rangmbfical philosophies- including

utilitarianism, egalitarianism, prioritarianism and sufficientaisen— the higher emittershould be
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provided withgreater resourcesicluding emissions entitlements, help them transition. In this
regardthe Grandfathering Principles viewed as a possible approachdtocating emissions

entittementsamongstountries.

Finally, Schuessler (201 @rgues for aemporary,’ | ubcaks ed mor al def efpce of gr
141) Luck egalitarianisnis atheory of justiceconcernedvith equalising the spread ohearned

gains and welfare loss€Rhe catral claim of this theory is that no one should be at an undeserved

advantage or disadvantagtowever, emissiongeductionswill result in some agents experiencing

unnecessary hardshiphich wasnot of theirown doing as they transition to greener ways of living.

This hardshiphe argues* ought t o be buffered by a community 1
d o (@.d41) This would mean that both rich and poor are entitled to help over gtn of

reducing their emissions.

This temporary form of grandfatheringsembleshe Contraction & Convergend€&C) proposal,
put forward by the Global Commons Institute in the late 1990s. The C&C approach argued for

devel oped countries emi ssions contracting so as

their emissions, with the intention being that developed andede o pi ng countri es e mi
converge at a point in the futug®&. Meyer, 2000, 2007)Jnder this temporary form of
grandfatheringd e v el oped c o uwould dordractn a gradiiabway, whilesdeveloping

count r i e swouldénonéasesso that lsoth converge at similar levels in the future.

Like thePolluter Pays Principle, the Grandfathering Principle relatively straightforward principle
to applysince itrequires information abowt 0 u n thistéri@lsGHGemissionsat a particular point

in time. There arenany countrylevel GHG emissions datasets that can be usedltulatec ount r i e s

future emission rightander a Grandfatheriri@grinciple.

Implicit applicationsof the Grandfathering Principbgppear irstudies which referenctaged

approaches, a constant emissions ratio, the inertia principle and sovepeigaiyled reduction
approachegPeters et al., 2015; Raupach et al., 2014; Robiou du Pont et al., 2017; Robiou du Pont &
Meinshausen, 2018; Williges et al., 2022poley et al(2021)bring attentiorto these implicit
applications in theireview of sixteen influential climateelatedeffort-sharingassessmentsvhere

several of these combine tBeandfathering Principleith others to create @mposite indexSuch
approaches can be misleadimigen they claim valuaeutralitybecause thegeeminglyimply there is

one ethicallydeterminatevay for the world to reduce emissions, when in fact there are many.

Despiteits criticismsand philosophical objectiopthe Gandfatheringrinciplehas been included in
the SEFS dashboardwing to its realvorld presence angrevalence irtlimate ethicaissessments
However, t Inelusipnrshoulctniotbée iderpsetedadsyalty to theGrandfathering
Principle, or an expression of ethical endorsem@it be clearits inclusiondoes not implythatit is

the correct distributive principle to choose.
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Becausehe SEFS dashboard enables its target audiences to test their intwtapying a range of
ethical prirtiples it is senible toinclude those principles which are actively applied within the real
world, even if their ethical foundations have been challenged. Viewing allocations of emissions and
warming rights amongst countries according to@Gna@ndfatheringPrinciple can broaden the

spectrum of principles being considetedsupport the enablement of a wide reflective equilibrium
(WRE). The@ andf at her i ng hightaso copdbadtesriticisms df thespringiple if
many users judge the distributions to be ahjdditionally, theoccurrence of studieghich have not
always explicitly named this principle theirassessmentsr combined it with other principles,

motivated a decisiontolmeara bout t he pr i nc 86F8dashbpard ncl usi on

Finally, someamay disagree with the language of referring to Grandfathering as an ethical principle,
given the strong arguments that have been mounted by climate ethicists against it. However, the
principle can be considered ethical in the sense that it is eguiding, not that it is necessarily

morally right. Moreover, compelling moralefences of the principEhow the importance of

including it in this analysis which is open to ethical pluralism. In other words, critigbms
grandfatherindhave not povided sufficient grounds for excludinigis action-guiding princige from

this analysis.

§2.6.2.2 TheEqual Per CapitaEmissions Principle

The second budget allocation principl&qual Per Capita Emissiorsassumes an egalitarian notion

of justice,wherebyeveryone ought to be allocated the same amount of emissions, regardless of where

they live in the world and irrespective of historical emitting behaviour. The princigledgknown
within the climate ethics literature Bsnissions EgalitarianisrfRoser & Seidel, 2017; Schulan et al.,
2023)

A philosophical objectiotto thisprinciple is that it is not clear why emissioas a specific form of
good ought to be distributed equally amongst people when other goods or common pool global

resources are not divided in this w@aney, 2012)This had led to the principle beiegticised

n

because it demands an insensitivity to theweald factthat® [ p] Bapkeunequal needs”

require different amounts of emissions to meetdf@s264; Gardiner, 2010; Moellendorf, 2015)

A further, related philosophical objeton to the Equal Per Capita Emissions Principléhest it
focusses on the wrong thingoellendorf (2015argues the principle should be concerned with

persons or their webeing, rather tharffocusing oremissionsHe also arguethat the principle is

implausibly indifferent to past emissions. By distributing permissible emissions amounts on an equal

per capita basis at some point in tirppast emission distributiorsge not factored into how many
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emissions people might receive in the future, des$psterical emissionbBavingan unequal
distribution.

In contrasto the previouphilosophical objections, ord the strongest arguments for allocating
emissions on a per capita basis is that it is sirfider et al., 2000Calculations for applying the
principleare straightforwarthecaus®nly two pieces of information are required: population

information for each country and a figure forthe RCBep r i nci pl e’ s ease of appl
simplicity, canexplain its applicatioin manyassessmentgshich seek to quantify national historical
responsibility for climate change by way of dividing carbon budgetdstudies which provide

equitable efforsharing approachdsFanni ng & O’ Neil, 2016; Gignac &
2020; Matthews, 2016; Robiou du Pont & Meinshausen, 2RE3ultsof the Matthews (2016¥tudy

found many large developed countries to bearbonandclimatedebt.Climate debt is a concept

which broadly articulatethe moral responsibility thatighly pollutingcountrieshaveto compensate

less polluting countriegliventhese differences n ¢ o wontributioesdatlimate chage (Haas,

2025; Pickering & Barry, 2012)

Scholars have, howevatescribedheir application®f the principle as starting pointis be built upon
and made more sophisticatedhe future(Matthews, 2016)The ECPCEPrincipleis a more
sophisticated versiamat hasemergedPan et al., 2022; Robiou du Pont et al., 20IRg ECPCE
Principlediffers fromits simpler predecessby incorporatinganticipated future populations, as well
as historicapopulationfigures and historical emissiorstimates Some applications of the ECPCE
approactalso includadiscount rates, whereby historical emissionsgaren a lower weightingp
reflect theenergy efficiency improvementisat have occurred sing¢ean den Berg et al., 2020)he
discount rate formulation of thinciple circumventshe philosophical objection of the Equal Per
Capita Emissions Principle being implausibly indifferent to past emistiahsvas raised in
Moellendorf (2015)

A new version of th&qual Per Capita Emissions Principl&quality-overtime —is developed

within this thesis andpplied in the SEFS dashdrd. This principle builds uporthe ECPCE appach
by distribding a carbon budgetcross historical as well &gture popuations.By incorporating a
temporal dimension, thequality-overtime Principleexplicitly takes future generations into acaau
Historicalwarmingestimates and future permissimarming,corstrained byArticle 2 targetsare
distributed across historical and projecpegbulations, based on a range of future scenarios. This is
something that none of the financial bureédraring nor the other budget allocation pripleswere
found to do As such, iis an examm of aprincipleaddressinghe intergenerational component of
climate chage.The temporal element of tigguality-overtime principlealso renders it more similar

to the C&Capproach
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§2.6.2.3 The Subsistenc&missions Principle

The Subsistence Emissions Principées evolvedroman approach f di st i ngui shing t hi
emi ssions’ of the poor, f r(Agarwdl & Marain, l190% p.B8Bhuee mi s s i ©
(1993)el aborated on this idea by ¢poS7)yLater,Ggandgyhe term *
(2009 pr oposed: “The Subsistence Emissions Principl
emi ssions required for them t o(p.d38}lraotherweds, mi ni ma l
Subsistence Emissions Principleuld allocaterightsto emit GHGsin such a way that e o prhost’ s
basicneeds are met.

The Subsistence Emissions Princiiglsynonymousvith “ sfficientarianisni and” mmissions
sufficientarianisni principles where a proponent of sufficientarianiswould believe in aninimally
decentstandard of living beneath which no one should(falH. Meyer & Roser, 2009, p. 219;
Schulan et al., 2023, p..1)

Strong cases have besade in favour of th8ubsistence Emissions Principle Th e pfodusnci pl e’
on improving thdives of themog worst offhas a strong moraignificance, basednthe idea that

everyone is entitled to a basic standard of living which will require GHG emissions to achieve

(Caney, 2009a; Vanderheiden, 2008)e principle also acknowledgdisat people have different

needs. In this way does not suffer from the same insensitititsat theEqual Per Capita Emissions

Principle suffers fronfCaney, 2012)However, while the Subsistence Emissions Principle does

contain aregalitarianelement inso far ast requires that everyorfeat | east reach the s
of s uf fitidees mtrragyiréhat everyone havihe same number of emissionsathievethis

like an Equal Per Capita Emissions Principle wd@chulan et al., 2023, p..5)

Severakriticisms ofthe principle have been raisethese include thehallenge oflistinguishing
between luxury and subsistence ssiongthe applicationchallengesnvolvedwith thisandthe
exemption claimThese will be discussed iarn, followed byconsideration ofvhether the principle

can provide a full account of justice on its own.

One of the greatest obstacles the Subsistence Emission Principle fadesitig able to clearly
distinguishsubsistenc&om luxury emissions Thi s al so affects the princ
making it difficultto apply the principle in practice, especially at the level of natiates. Scholars

like Drennen (1993have suggested possible industrihted and biological (neimdustriatrelated)
distinctions.Shue (1993jelated this approach to equity concerns by implying that industrial

emissions could be a proxy for luxury emissions andindustriatrelated ones a proxy for

subsistence emissions. However, blanket categorisations of emissions on anltzgisigshowd a

|l ack of sensitivity to the fact that: *“Just as t
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the desires of the wealthy, many of the @@issions in China and Indi@uldbe . . . in service of
the needs of the poor. Some agricultural methane emissions are a luxury, and some indgstrial CO
emi ssions a(p.&7)a necessity”

In another attempt tdifferentiate between luxury and subsistence emissikt&s,and Baer (2012)
developed a conceptual framework for célculating
657). The framework focussed on identifying energy requirements of different countries across ten

essential activities to calculate emissions entitlements. As part adélislopment emissiorghose

which would allow countries to improve their infrastructure and lift their standard of lviveye

differentiated frommaintenance emissiornhe annual emissions required to support a decent standard

of living. However, the framework highlights the complexity in translating a universal standard of
decentlivng t o the national l evel , since countries’ e

specific.

A criticism levelled at the decent living emissions framewotkésexemption of mitigatioburdens
for those who fall beneath a decent standard of living thresbolgs Otterstrdm (2021)erms this

t he “ ex e mpdp 108 He gods anitavatgue that being grarsigiosistence emissioskould
not absolve one frommoral dutiego remedy the harmful effects of thosmissions, eveim cases
where people have few resources. In shvth rights to emitcome responsibilitiesGrantingan actor
rights to emitGHGs does not alleviate that actor frasbligationsto, in the future, correct for the

harms associated with those emissions.

The Subsistence Emissions Principliso raiseshe question ofvhether itcan provide a full account

of justice on itoown. Two cases can illustrathis point In the firstcase- where a RCB has not yet
been exhaustedoncesubsistence emissions have been distribischot cleahow remaining

rights to emitought to balistributed In the second casewhereaRCB has been exhaustethere

may not be enough emissions rights fefteveryme to meetheir basic needslhesecasegsaisethe
possibility that the principle is insufficient on its own and additional principles may be required for

allocating carborudges.

Despite theSubsistence Emissions Princi@grominence in thelimate ethics literaturéts
aforementioned criticissand application challenges have resulted in it being difficult to apply
countrylevel basigDuusOtterstrom, 2021; Shue, 1993, 2018)particular, the challenge of
defining and separating subsistence from luxuryssioins for natiorstates- where individuals
within a country willhave wideranging requirement®r rights to emit-is why the principle has not
been included within the SEFS dashboard.

75



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

§2.6.2.4 Section summary

The importance of remaining beneath globally agreed temperature targets raises questions of
distributive justice which the three budget allocation princiglssussedn §2.6.2canhave a role in
providing guidance orThese principles have all faced philosophical objectiaasvell agimitations

in terms their technicaase of application.

Despitethe Grandfathering Principleeing disregarded by mawlimate ethicistsit appealgo the
widely acceptedoncept ottustomay rightswhich isapplied in many contexts, including the rights
of Indigenous peoples to territoriand resourcewith which they have ancestral connectiofise
principle alsdfeatures in internationalimateagreements angblicy instruments in the realorld
andrecent moratlefences oit have warranteds further consideratiort is for these reasons that the
Grandfathering Principle has beiecluded within the SEFS dashboard.

TheEqual Per Capitemissionsappro&h on the other hand faces philosophical objections to its
simplicity and has been strongly tgsed for not being sensitiveiton d i v i d waading heeds.i d e
Awareness of these issues motivated the development of ssophisticated version of the principle

to be applied within the SEFS dashbod&duality-overtime. This principle has been influenced by

the ECPCHPrinciple and bears a resemblance toGB€ approach. The Equalidgvertime Principle

is one of fewprincipleswhich explicitly takefuture generations into acaai+ animportant

consideration, given the intgenerational implications of climate change.

While strongcases have been maddavour of theSubsistence EmissioRsinciple in theclimate
ethics literatureit has not been includedthin the SEFS dashboattecaus®f difficulties involved
with applying itat the countrytevel. Yet a review of the climate ethics literature would have been

insufficientwithout a discussionf it.

82.6.3 Combining climate ethicsprinciples

Due to theaforementioneghilosophical objections and limitations tleditnate ethics principleface,
climate ethicists havadvocatedor combiningsuchprinciples(Caney, 2010; Dooley et al., 2021)
this way, the strengths of one principlkn be used to address the shortcomings of an@bser &
Seidel, 2017)The combining of ethical principlggesent®ne way ofofferingmore holistic

perspectivesn responsibility and fairness.

For instanceCaney (2010puts forward astrongcase forcombining the Polluter Pays and Ability to

Pay Principlesn a PovertySensitive Polluter Pays Pdiple. Heasserts that the Polluter Pays

76

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Principle “must be supplemented with an additi on
what we might t @.r218) ThehRemakeemeouldcirtlade Varioypesof

historical emissions that the Polluter Pays Principle has been less equipped to deal with, such as the
emissions of previous generations, emissions frommuenarinduced climate change and the

legitimate emissions of the disadvantadéd.argues that the Remainder copdéddistributed

according to the Ability to Pay Principle in approach he termsthheHy b r i dp. 321)e w”

Similarly, Dooley et al. (20213 u g g e s[li]ecaude aapacity is an exclusively forwdrdking

indicator of equity, capacity should be utilized along with others that, like responsibility, are partly

backwardl o0 o k (p.r83@L)

Climate ethicists have also argued for combining the Subsistence Emissions and Equal Per Capita
Emissions Principled-or instanceyanderheiden (200§)roposea“ modi f i ed eqUual shar
whichwoulddi stri bute survival emi ssions fandthenr t o ens
remaining luxury emissionsn anequal per capita badjp. 226) Page (2006)efers tosuch

combi nat i ons pluflistpheorigs@.il{2) As an exampldie refers tdthose that

apply a sufficiency principlashen at least some are below the threshold and a priority principle when

al | ar e(p.aM)®Buckplunalist'theories ake a simi |l ar approach to C
enablinga more sophisticated treatmefitheso-called Remaider. While the SEFS dashboaddes

not yet supporsuch pluralist theoridsy allowing userdo combineand weight differentlimate

ethicsprinciples, itcould support this in the fute and igdiscussed i186.6

§82.6.4 Other principles and theories of distributive justice

Many additionalprinciples have featuddan climaterelated research and international negotiations
andareof relevance to the type of distributive justice questimmssideredn this thesis. In its Fifth
Assessment Report, the IP@t&ntion four main equity principles: responsibility, capability, right to
development and equalif§PCC, 2014, p. 287heselPCC principles are higlevel, normative
principles. As mentioned i81.1.1 such normative principles do not provide sufficient guidance
about what ought to happen. A principle of equafity instance, doesot specifically adviseow

equality might be achieved.

In contrast, théive principles whichfeature in the SEFS dashboakrateat thesecondorder
regulativelevelin Figurel and offer avay tomakethd PCC’' s n o ciples actiowgaiding.r i n
For instanceall threefinancialburdensharing prigiples takeactual information into accouibty

applyingthenormative principle of responsibility reatworld circumstancesSimilarly, the
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Subsistence Emissions Principle could be employ@daede action guidance to the normative
principle ofright todevelopment.

Two other prominenprinciples whichhave not been reviewed in detadre but whichhave featured
strongly inglobalclimatepolicy debateslongsidesquity andfairness principlesare efficiency and
effectivenesgPickering et al., 2009; Zhou & Wang, 2016)

The efficiencyprincipleis often discussed in terms of thest efficient use of erssionsor a
minimisation of abatemegbsts(Manne & Stephan, 2005)\pplied to the situation of distributing

CO; emissionsanefficiency principlewould allocate thes@verselyt o countri es emi ssi
intensitiegZhou & Wang, 2016)This would reward countries ftineir emission reduction efforts as
they shift towards more low emission giiaes and could favour developed countries which have

begun undergoing their loaarbon transition earlier than developing doies.

The effectiveness principlan contrast prioritisesapproaches and allocation methedsch achieve

the most effectiveealworld outcomeby enabling the greatest emissions reductjBickering et al.,

2009; Wiegandt, 2001PDften, theeffectiveness principlbas been used alongside fairness criteria to

evaluate the effectiveness of international climate agreerardtpoliciegPickering et al., 2012;

Wiegandt, 2001)For instance, scholalemve argued thaffectivenesss relatedto fairnessn the

sensethdti nef fective policies fail to prevent cl i mat
t owar ds f ut URoser &Tomliasora 2014ppn226)

Both theefficiencyand effectivenesgrincipleshave historically been favoured by developed
countries, in contraso theequity principle thatdeveloping countries advocate for and which have
come to dominate the climate ethics literat{ifiekering et al., 2009)-or this reasorthe efficiency

and effectivenesgrinciplesare more sensitive to the means by which countries collaborate on
climaterelated goals and efforts to address the issue in the real world, rather than ideal end states

articulated by equity principles.

Alongside these other principlesholars havargued that theories of distributive justice are relevant
to the types of questions considered in thesihiDavidson (2021has argued that carbon budget
principles, as well aprinciplesassociated with sharing costs for different types of climate action
relate to different theories of justice or political schools of thought, includiffeyent types of
libertarianism, cosmopolitan liberabalitarianism and utilitarianisnfrorinstance, a right
libertarianism theory might distribute a carbon budget on the basis of a Grandfathering Principle,
while a leftlibertarianism theory might distribute a carbon budget on the baars Bfjual Per Capita
EmissiongPrinciple. In contrast, the cosmopolitan libegghlitarianism and utilitarianism theories
would distribute a carbon budget in such a way that the least advantaged have the greftest bene

which would alignwith a Subsistence Emissions Principle.
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Prioritarianism is another theory of distributiwv
utilitariani sm wi t(lhH &Meybkri&&ssert2006,p.r28@rooree(2082) i t y ”
explains that a prioritariawould prioritise raising thevell-beingof those most worse offApplied to

RQ3-which is concerned with fair allocations of warming righthis could translate into worséf

people being allocated monearming rightshan better off people. In this way, prioritarianism would

encourage a shift towards equaliBroome, 2012; L. H. Meyer & Roser, 2006)

It is not within the scope of this research to link relevant theories to each of the ethical ptinciples

to consider how different theories might rank each of the principlis would be a difficult task

because such theories are e in nature antlave complicated relationships to the applied

principles and what priority they accord to them. The main point to nttatitheories wilprioritise

the applied principles in different ways. For instance, a libertarian might put a lot of emphéasis on t

Polluter Pays Principle, but nothing on a Subsist&msissionsPrinciple. Whereas an egalitarian

might insist upon the inverse priority. Either way, the SEFS dashboard accomnadtiat@®tical

diversity and allows people &xpress their preferences in the way that they use the toettey see

the resulting realvorld implicaions.The r esearch’ s r el ev a(iRctleeorieso | nt er
is similarly considered i85.3.1

§2.6.5 Relevant dashboard tools

A number of dashboard tools have been developed since the ZaDEsH categorisesevenof these

tools, which have been built by researchers from a range of institutes, universities, foundations and

think tanks. Several of these, like the Climate Equity Reference Calc(8at6r5.3, have been
particularly influenti al and cited in key report
Warming of 1.5€ and theParis Agreement has been a clear motivator for the develoimals

like Paris Equity Checkg2.6.5.7 (IPCC, 2018a)All tools serve a similar purpose to the SEFS

dashboard by providing possible equitable efétréring approaches for addressing climate change.

Each of thesseventools will now be discussed in turn.

82.6.5.1 Greenhouse Development Rights

One of the earliest tools to emerge which sought to confront the bsindeing questions that climate
change raises was the Greenhouse Development Rights fran{@aerket al., 2009 Developed by

researchers from EcoEquity and the Stockholm Environment Institute, the framework provides a
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means of distributing emissions reductions and adaptation to climate change between countries. It
uses the capacity ¢ine Ability to PayPrinciple and responsibility in terms Gontribution to the
Problemwhich, as mentioned i82.6.1.1 is another name that the Polluter Pays Principle goes by.
The Greenhouse Development Rights framevadsk contains aufficientarianism aspect to it in that

a development threshold is used to safeguard emissions rights for those countries which would
otherwise fall beneath their development needs without them. In this way, the Greenhouse
Development Rights framework ilncles a formulation of thability to Payprinciple which is

slightly different to that which has been included in the SEFS dashboard, as menti®2&dlird

§2.6.5.2 Climate Equity Reference Calculator

The Climate Equity Reference Calculator is the successor to the Greenhouse Development Rights
framework whichfocusses on allocating emissions rights aligned with budgets of an overall global
effort (Holz et al., 2019)It includes a Responsibilitgapacityindicator, which enables users to apply
di fferent weightings to countries’” |l evels of

the issue. Thealculator draws on a core database of information, including historical GHG emissions

datasets. The Climate Equity Reference Project usemhlbidator to assess the adequacy of

n

i S

countries’ I ntended Nationally Determined Contr.i

approach was highly regarded $gholars for the demaocratic process by which the equity criteria
were reache{Dooley et al., 2021)While thecalculator includes aBix Kyoto GHGs: CQ, CHa,

N-O, HFCs,PFCs an®&Fs, the CQe emissions metric is used to combine these different GHGs
which has been problemafiar the way itmisrepresemstthe warming effect of shotived emissions
over short timdramesas outlined irsection82.4.1 Moreover, the calculatatoes not provide an
additional lens on responsibility by offering multiple accounting framework perspectives. Like its
Greenhouse Development Rightsmeworkpredecessor, the Climate Equity Reference Calculator

enables a focus on bathitigation and adapt#@n (Holz et al., 2019)

§2.6.5.3 Fair Mitigation Finance Explorer

Fair Mitigation Finance Explorer has been developed by researchers from the International Institute
for Applied Systems Analysisan international research body with member organisations in Africa,

the Americas, Asia and Europe. Thep | or er '’
finance, for climate mitigation efforts only, across ten world regions: SeaghAsia and Developing

Pacific, Middle East, Asi#acific Developed, Africa, Southern Asia, Latin America andiBaan,
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Eastern Europe and WeSentral Asia, Eastern Asia, Europe and North Amefib&. explorer

enables applications of threelogh-level equity principles— responsibility, capability andeed- that

are argued for iDooley et al. (2021)ike Climate Equity Reference Calculattiig explorer

provides the ability to combine different principles by giving each a weighting, where all three
principles’™ weightings must sum to 100. The
cumulative gross anthropogenic fossil fuel and industry €@fiissions between 1852019 from the
IPCC Si xt h As s eSummaeyfot PolRyempkers; indicators like GBer Capita and

Capital stockPer Capita from the World Bank Indicators dataset; as wedlstisnates from academic
articles(Pachauri et al., 2022Two indicators can be used to apply each of the three principles, where
each principldand either of its two indicators) can also be applied on their own. However, Fair
Mitigation Finance Explorer does not allow possible finance distributions to be based upon multiple
GHGs, nor to be influenced by allocations of responsibility under diffacmounting frameworks. It
also has a less granular focus, by including data at the wagridn level, rather than at the country

level.

82.6.5.4 Climate Equity Monitor

Devel oped by researchers from India’.®& National

Swami nat han Research Foundati on, t HietofGtsk imad e
equity assessment to emerge from the Global SM&SRF, 2022, para. 1Jhe tool uses population
figures from the World Bank and countigvel emissions from thRotsdam Realtime Integrated

Model for probabilistic Assessment of emissions Paths (PRIMMg®rical timeseries for all six

Kyoto GHGs underthe IPCCs Four t h As anéthesconespdanding &\WmP values to
calculate C@e emission figures. The equity approach is based upon cumulative historical emissions

over thel850-2019 period, expressed in @O, being allocated bet ween

n

t ool

Equ

c

(O

2019.Pos&il e carbon budget s, as defined in the | PCC’

determine the extent to which countries have exceeded enathin their fair shares of emission
rights. The distribution of emission rights is displayed on a map, where shades of red indicate
industrialised countries’ varying |l evels of
carbon credit arendicated by shades of blue. It is the only tool of the seven dashboards considered
here that refers to thennex I/norAnnex | distinction, which can be used to toggle between these

groups of countries on the map. While thenitorrelies on an equal per capita distribution of

car b

emi ssions rights, the calculation is relatively

(2019) are used. The conception of fairness

popuations have varied in the past, nor how they might change in the flihgenonitoris also
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limited in that it presupposes only one perspective for fair distributions of carbon budgets by
refl ecting countr i &métric,evithou aplionsrosalsauselattestart yeansgosiC O
1850, and consider additional principles as well as the static per capita one.

8§2.6.5.5 Climate Action Tracker

Perhaps one of the most widely recognised and of
towards reaching he Par i s Agr e e misthdClirsate ActianiTradkez. Develdpedibyg e t s
researchers at New Climate Institute and Climate Analytics, Climate Action Tracker seeks to assess

the adequacy of countly e v e | efforts against the Paris Agreen

countries fair shares. I t s CQCriteallyi Insfficientosl5°€m r ank s
Paris AgreemeinCompatible The Climate Action Tracker assmentake a broad viewaf ount r i e s’
climate change mitigation efforts by considering natideaél policiesaswellax ount r i es’
historical emissions frorthe PRIMAP-hist dataetbetween 199022 Countries NDCsand other

targets are also incorporated into the assessment.

However, the Climate Action Tracker only offers assessments for a select group of 42 countries and

has been criticised by scholars for its untransparent methodology which does not clearly explain how
differentinformation is weighted and which specific ethical principles are drawn on and to what
degregDooley etal.,2021) The Climate Action Tracker’'s |l ack ¢
encouraging deliberation and debate amongst its users. Despite these limiTitaaiz Action

Tracker has become an influential tool, commonly referred to in reports and by the media as evidence

that countries must ramp up their efforts to reach Paris Agreemeni{Gbals & Asgarian, 2024;

Kirk, 2023).

82.6.5.6 Eth Climate Calculator

The Eth Climate Calculator, developed by academics at the ETH Zirich in Switzerland, is focussed
on distributing a globaCO; budget out to 205(Bretschger, 2013; Bretschger & Mollet, 2015he
calculator provides users with options to vary the size of this budgktde different numbers of
countries base the budget on four equity principlasd vary the degree of historic responsibility. The
budget allocations are based upon a combination of four princptgsbal carbon taxand equal per

capita emissions. The Eth Climate Calculator builds on the work of the Climate Equity Reference
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Calculator, by using the same emissions, GDP and population datasets. It also includes a fuel price
dataset which is treated as a proxy for the global carbon tax budget allocation.

Out of the seven dashboards discusseg®.6.5 the Eth Climate Calculatand the Greenhouse
Development Rights framework attee onlytwo toolswhich explicitly applythe Ability to Pay
principle. The other equity principles that the Eth Climate Calculator applies are cost sharing,
technical contribution and technical developmeritere thecost sharing principle is related to the
costs associated with addressing climate change for a colihrtechnical contribution principle
reflects the size of a country’ s -effigiestt or i c al
technologiesnd the technical development principle madpe=ater allowances for earlier emissions
when less carbeafficient technologies were availablEhesdast three principlesould be
consideredaimilar tothe efficiency and effectiveness principldiscussed i182.6.4 in their focus on
the means rather than the ends of reaching climate Jdedsnclusion of these principles
distinguisheghe Eth Climate Calculator from the other dashboards, which tend to draw on more
commonly discussed higlavel ethicalprinciples like responsibility, capability and need. The Paris

cont

Agreement’s entry into force and the announcemen

development of the Eth Climate Calculator.

§2.6.5.7 Paris Equity Check

Paris Equity Check is the result of collaborative efforts between the Aust@dianan Climate &
Energy College, The University of Melbourne and The Potsdam Institute. Paris Equity Check uses
what it desocprtiilmeasli"gati onss$cenarios to assess
NDCsand fair shares of a remaining emissions bu(gebiou du Pont et al., 2017, p. 1; Robiou du
Pont & Meinshausen, 2018)he budget is assigned according to fagiity categoriescapability,

equal per capita, GreenhouBevelopmenRights,equal cumulative per capitnd aconstant

emissions ratioAs mentioned ir§2.6.2.1 aconstant emissions ratio is another name for the
GrandfatheringPrinciple. Paris Equity check draws on results from the MAGI®CM and, like the
Climate EquityReferenceCalculator, combines historical estimates of all six Kyoto GHGs for
countries, according to the G®emissions metri¢lowever rather than letting users toggle between
theseequity categorieto understand how countigvel fair shares might vary according to each
equity categoryr weighings of eachParis Equity Check combina$i categories to arrive at average
values for each country or group of countriesis approachyhich frames resulting distributions as
“Equitably DeterminedCo n t r i bhisdriticised IsyDooley et al. (2021for claiming objectivity

throughcombining multiple equityprinciplesinto acompositandex
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Assessmentike Paris Equity Checkin their pursuit of equitably determined contributions, appear to
believe that a single moral or equitable truth can be arrived at. ®yimjgtomaticof themoral
objectivism that a positivistould presuppee. Arguments againBaris Equity Chek by Dooley et

al. (2021)yeinforcethe importance and usefulnesg t h i s pragenatisgmagiticighappsoactfor
enablinginterpretivist explorations of principlemultiple meanings ansupportingthe SEFS

dashboard’ ssmet hi cal pl urald]
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reference to Paris Agreement Mitigation gaps
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out to 2050

Future: Emissions budgets out
2050 and 2100

Past & Future: Current
climate mitigation finance
obligations and remaining

obligations over 2010-2020 between1990-2035 ‘warming rights
and 2020-2030
Greenhouse gases CO; from fossil fuel C0O; (excluding emissions from CQ; from fossil fuel and Six Kvoto GHGs: CO,, CHy, Six Kyoto GHGs: CO,, CHs, CQ,, excludes emissions from Six Kyoto GHGs: CO;, CH., Emissions and warming
consumption LULUCF) industry N;0, HFCs, PFCs, SFs(in N;0, HFCs, PFCs, SF¢(using land use and reforestation V. Fs(in amounts from CO,, CHy, N;O
All other non-CO, in COye, CO.e). Excludes emissions GWP g values from IPCC COqe. 1g GWP1 g values and NOx
using GWP; g values from from LULUCF, international AR4) from IPCC SAR). Excludes
IPCC AR4 shipping and aviation ssions from LULUCF,
emissions
aviation emissions
. i i iati EcoEquity EcoEquity Shonali Pachauri (lead author) National Instifute of Advanced New Climate Instifute ETH Zirich University Australian-German Climate & Auckland University of
o1 ga]]lSﬂthl]S, affiliations Stockholm Environment Stockholm Environment worls at the Infernational Studies, Bengaluru, India Climate Analytics Energy Collage, The Technology
Institute Institute Institute for Applied Systems M.S. Swaminathan Research University of Melbourne
Analysis Foundation, Chennai, India Potsdam Institute

Table6. Dashboard tod
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§2.6.6 Section summary

Theclimate ethics literature is diverse and from itssetibhas considerete types of distributive

justice questions which this research project focusseEhenabstract, ethical debates surrounding six
prominent ethical distributional princige Polluter Pays, Beneficiary Pays, Ability to Pay,
Grandfathering, Equal Per Capita Emissions and Subsistence Emisdians been reviewed and it
was found that each principle hasiquestrengths and weaknes$esm a philosophical standpoint

and can bapplied with varying degrees else, depending on what data is availableen the

principles a d v adimate gthicgsthava arguédir multipleptinciges keing

combined in a pluralistimanner, to better capture a diversity of perspectives on fairness.

The dashboards discussed above and preseniedii@6 all seek to answer burdesaring questions
similar to those that have been raised throughout the history of international climate negotiations and
the climate ethics literature. The number of ethical principles considered by these tools is vast; across
al seven toolsthirteendifferent ethical principles are either implicitly or explicitly referenced and

operationalised. The most common of -Rthese being

principle. While the tools vary in their focus, most are concerned with climate mitigattbather

n

this be emissions reductions, mi tigation finance

t ool s

with these tools, as wible discusseth Chapter 4

These dashboards also have a number of shortcomings, including untransparent methodologies of fair
shares approaches, in the case of Climate Action Tracker; a belief that equitabkeheffio

approaches cararried out in ammbjectiveway andproduce determinate answeirsthe case of Paris

Equity Check; and an unintentional conflation of ethical domains, where a mixture of financial
burdensharing and budget allocation principles are used. The conflation of ethical domains will be
discussed furthdén §2.7. The dashboards also neglect key principles like the Polluter Pays and
Beneficiary Pays Principles, despite significant portions of the climate ethics literature being devoted

to discussing these.

While many of the dashboards do include multiple GHGs in their equity assessments, these are often
combined using the G® metric, which has been problematicttoereasons outlined i§2.4.1

Additionally, none of the dashboards offer multiple accounting frameworks as options for distributing
responsibility. Instead, they assume a produdbased paradigm of responsibility. The SEFS

dashboard addresses these gaps and overcomes thesafisigtenabling an analysis of country

level contributions to global warming so that five ethical principles can be applied using a range of

variable focuses have made it di fficul't

t

scientific, accounting framework and et hical par
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countries’ contributions as -legel shagemip lne with therParisi ncr e 8
Agreement’s Article 2 temperature targets.

82.7  Climate justice typology

As mentionedat the beginning o§2.6 questions of distributive justice hawensistentlybeen raised
within the climate ethics literature and a rangetbfcalprinciples are drawonto answer thse
Distinctions can be made between two types of distributive justice questimmonly referred to as
theallocationquestionthe sharing of financial costs for addressing ¢thimate changand the

sharing of rights to emit GHGs within fixed carbon budgets.

Several existing tools that were reviewe@&mh6.5displayed a conflation of these separate

distributive justice cocerns.Most commonly, financial burdesharing principlesvereemployed to
answer questions which focus on distributing carbon or emissions budgets, which budget allocation
principles are more suitable for answeriRgr instance, botthe ETH Climate Calculatoand Paris

Equity Checkslide across these distinct ethical domains by employing both financial bslvdgng

and budget allocation principles within their assessments.

Taking the ETH Climate Calculatas an initialexanple, the aim of the calculator is to determine fair
shares of £0; budget out to 2050. The calculator provides carbon budget allocations according to
three different approaches based on equity pringiplgtobal carbon taxand equal per capita
emissions. However, the inclusion of the Ability to Pay Principdefinancial burdersharing

principle— within the equity principle approach for allocati@@, budgets- which budget allocation

principles are more suitable for ansimg — represents a conflation of ethical domains.

Similarly, Paris Equity Check employs five very different distributive criteria within its hybrid
assessment. These include a Capability principle (another name for the Ability to Pay Pdnciple
financial burdersharing principlepnd a Constant emissions ratio principle (another name for the
Grandfathering Principlea budget allocation principle). These occurrences of conceptual confusion
suggest misunderstandings about the purpose of financial bsindeing principles and budget
allocation principlesand the types of questions they are most suitable for answerindnigtilightsa
need to clearly distinguish between different types of questions and prinaiples,motivatedhe

development of a climate justice typoloigy this thesispresented below iRigure®6.

Figure6 formalises how the three financial buregmaring principles- Polluter Pays, Beneficiary

Pays and Ability to Pay are used to answer financial costated questions, whereas the three budget
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allocation principles- Grandfathering, Equal Per Capita Emissions and Subsistence Emisaiens
used to answer rights to emit questions.

COSTS QUESTIONS RIGHTS QUESTIONS

ABILITY TO PAY BENEFICIARY PAYS POLLUTER PAYS EQUAL PER CAPITA GRANDFATHERING SUBSISTENCE
EMISSIONS EMISSIONS*

"Not currently included in the SEFS dashboard

Figure 6. Climate justice typology of questions and related ethical principles

By clearly separating these two related, but distinct, ethical dopth@slimate justice typology
brings greater conceptual clarity to thisearch inquinyt also follows the advice of several scholars,
who havestressed the importancelafepng the sharingof financial costs and allocations of carbon
budgetsseparatéDuusOtterstrom, 2023; Grubb, 1995; Pickering et al., 2012; Shue, 1993)

§2.7.1 Possible explanations for this conceptual confusion

A possible explanation for how such conceptual confusion may have arisen is that the climate ethics
literature has developed in a relatively organic way, with many sources of influence. For instance,

realworld influences on the literature can be founthiemway that the 1997 Brazilian Proposal
articulated a methodology for calculating countr
measure of their responsibility for the isgua Rovere et al., 2002T his prompted studies in the

early 2000s to consider indicators and measures that would assist international conversations about

the various ways in which warming could be calculated and assigned to co{Blarehard, 2002;

den Elzen et al., 2005; Héhne & Blok, 2005)

Several prominent climate ethicists and moral and political philosophers have also had an influence

on the climate ethics literature by theorising and debating such principles in the gBsirduter et

al., 2010; Page, 2006; Shue, 20149)Whi | e t hese phil osophers’ under s
grown with time, confusion can arise for researchers in this field when different principles, with

apparently similar understandings of fairness, are used to answer botlaodsightsrelated

guestionswithin the same assessment.
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Caney (2009)for instance, presents three different principles for distributing rights to emit: equality,
grandfathering and historical responsibility, where the latter acts as a budget allocation principle.
However, in other articles l§aneyand Derek Bellhistoricalresponsibility can also be used to mean
the Polluter Pays Princip(8ell, 2011; Caney, 2005, 2010)

This can create confusion because the Polluter Pays Principle tends to be concerned with distributing

n

climaterelated costs, rather than rights to emit, as seéalite5. Whi | e Calewvely’ s hi ghe

philosophising of historical responsibility serves its purpose within moral and political philosophy, to
researchers seeking to apply ethical principles to data, such discussions can generate
misunderstandings by seeming talslover an important distinction between cliraaiated costs

and GHG emission rights.

The typology inFigure6 presents one way bktter organisingoncepts within the distributive

climate justice literure and provide clarity about which type of question each principle raltde

during the research proce3fiere arehowever,many ways to categorisifferentethical principles

and the questions they are suited to answering. For instance, the Polluter Pays and Grandfathering
Principles are different principleghich bothshare aoncen with what has happened in the past.
However, their purposes vaity the waythey distributadifferent types of goods: financial resources

and emissions right3herebre, theymust be employed to answer different questions to each other.

Yet both principles could fall within the same category of being historically focussed principles.

By connecting costsaand rightsrelated questions with the most appropriate ethical principles, the
typology presents a novel contribution to the climate ethics literature that could aid future researchers
trying to make sense of the domain as they seepédoationalise principles. The next section

summarises thishapter.

82.8 Chapter summary

Despite increasing scientific evidence for climate changle | | mat e negoti ator s’

the issue by way of international agreementsr the padhirty-fiveyears count ri es’ GHG

have continuedising. As a result, calls to address the challenge are grawangasinglyurgent,
especially from those who stand to lose the most.nBee for independent assessmertieh
evaluateequitableeffort-sharing approaches of particular relevance within thi%garis Agreement

era where countries voluntarilgpecifytheir national contributiorto the global effort.

To inform theirethical effortsharingdiscussionsdimate change negotiators have tended to draw on

high-level regulative principles enshrined in international law, like the CEBQRprinciple. However,
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without facts to apply such principles at the cougmel, the CBDRRC principle is not conducive
for fostering wellinformed debate alu possible distributions

Within the climate ethics literature, the CBBREC principle is often made more specific by way of
lower-level regulative principles, like tharee financial burdesharing principlepresented iTable
1: the Polluter Pays, Beneficiary Pays and Ability to Régwever, thiditerature reviewhas found
few instances of thedmancial burdersharing priiplesbeing explicitly appliedvithin practical
climate ethics assessments and dashksigtdtools The CBDR-RC principle and othdrigh-level

regulative principlegeature more commonly in contrast.

An absence of these lowkavel regulative principlebas limited opportunities for international
climate negotiators and policymakers to become better informed about what theREBBiRyht
mean at an individual country leyély being made more spéici. Ultimately, this leaves these actors
in a suboptimal position, which is undesirabMhen theParis Agreementontains nanechanism for

assessing the ethimld equacy of countri es proposed shares.

Empirically grounding lowetevel regulative principles, then, with reabrld informationpresents a
way of making the CBDHARC principlemore practically useful. International negotiators and
policymakers would stand to benefit from tools which present equitable-siffaring approaches for
climate change along the lines of the loMerel regulative principles which are made more useful by
facts.Suchprinciples offer opportunities to better guide climate action, while producing possible

answers to burdesharing questions that climate negotiators face in the real world.

For this reason, tools which can utilise scientific and ethical information to condoibwop

independent et hical assessments of countries re
important for assisting civil society efforts to scale uparastate contributions over time. W

several such toolsdiscussed i82.6.5— do exist,some have a less granular, regieleakel focus and

do not cover a wide range of scientific and ethical parameters. Two of the tools also suffer from
untransparent methodologies and display a form of moral objectivism which is misleading and does

not reflect the ethical pluralism of the climate ethics literature.

Instances of conceptual confusion arising withie same dashboastlyle toolsmotivated the
development of a climate justice typologyesented ig2.7. The typology supports a clear distinction
between costsand rightsbased questions, by connecting financial burstearing principles with the
former and using budget allocation principles to answer the latter. This has been important for

providing greagr clarityduring theresearch procesghen answering RQ2 and RQ3.

This review has exposed the issues these tools suffer from and identifietbar of gaps in this
literature that thisesearch seeks to filthe SEFS dashboard addresses these gaps by presenting a

novel method for people to investigate the results of operationalising multiple ethical principles using
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culating countries

a wide range of countrevel information Despite nofeaturingin the SEFS dashboard, the

Subsistence Emissions Principl@sdiscussed i182.6.2.3due to itsprominencen the climate ethics

literature.

Chapter zhasalso drawrattentionto underlyingbeliefs ofparameters, includingccounting

frameworks and ethical principleshich feature withirthe SEFS dashboar@ffering users a range

of parameters (and choices) within the SEFS dashli®areg way that underlying judgments and

beliefs can be made apparent and questioned, as opposed to being irEitigps unknowingl—

taken for granted or assumed. In this way, users gain an opportunity to see how their choices result in

varied distributions ofinancial shares for climate mitigati@md rights to emit GHGs.

The literature review has highlighted seven gaps that this resdésch fi

1.

calculating historical warming from multiptdimate forcersat the country level, over

multiple timeperiods;

cal cul ati ng c o tbasedremiss®ns orcager gas bapig; i o n

explicitly operationalisingegulativeethical principles from the philosophical climate ethics
literature like the Polluter Pays, Beneficiary Pays and Ability to Pagciples;

explicitly applying forms of the Grandfatherifginciple on its own

applying sophisticated versions of tBgualPer Capit&amissionsapproach which take future
generations into account when allocating GHG emissions budgets;

dashboaretyle tools which integrate a range of realrld datasets, scientific and ethical
parameters to answer the questions of distributive justice that are raised in the climate ethics
literature; and

tools within the climate ethics literature which help to prevent a conflation of ethical domains
in applied ethics studies and dashbestyde tools.

Specific contributions from this research, which fill the seven gaps listed above are:

1.

using a SCMto calculatec 0 u n thisterieabwarmingcontributions from threelimate
forcers overmultiple time-periods;

usingan environmentally extended MRIOo cal cul at e cobased ri es c
emissions on a per gas basis;

carrying out calculations to explicitly operationalise the Polluter Pays, the Beneficiary Pays
and the Ability to Payrinciples;

explicitly applying forms of the Grandfatherifginciple on its own

developing and operationalising a more sophisticated version Bfjtred Per Capita
Emissionsapproach, th&quality-over-time Principle;

building a novel dashboard which integrates scientific and ethical information to answer the

RQs and
91
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7. developing a climate justice typology to clearly distinguish between financial bshdeimg
principles and budget allocation principles, so as to avoid a conflation of ethical domains.

By detailingbrief historiesof scientific evidence for climate change and internatiotialate
negotiationsreviewing a range of literatures to articulgsgps within the applied ethics literatuaad
expressing the unique contributions of this resedblapter zhas built the case for the importance of
using dashboardtyle tools to serve the democratic need of allowing the international community to
explore their value differences. The next chapter describes the process of building the SEFS
dashboard, includindhe overall research design and methods that were udestdtop and calculate

its key compones.

92



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Chapter 3 Research design, methodology and methods

83.1 Chapter overview

The applied aspect of this reseantyolvesbuilding and demonstrating the Science and Ethics of Fair
Shares (SEFS) dashboard, which supports the filtering and interrogation of large-teeitry

datasets and information to help answer the three research question<QRPr Jegins by
overviewing the research design, including the pragmadisitivist approach, methodology and

methods for carrying out the resea(gB.2.

Next, to help the rederappreciate th€EFSdashba r d ' st, examples of two dashboard pages
are showrand describeth 83.3 In 83.4 thesecondary data sources displayed in the dashboard are
described, including thessumptionsuncertainties and cavedtat sit behind thepand the pre
processing steps which were used to transform data into more ugealtats for the dashboard.

The proceduréor calculatingc ount ri es’ hi storical contadimakeut i ons
forcersby drawing on aimple climate model (SCM) to run modifieshveonecountry-out
experimentss outlinedin 83.5 How the environmentally extended inpotitput analysis (EEOA)

methodwas used to calculakeo u nt r i e s '-based emsssiomgdéscrized ing3.6

The approach for appng five ethical distributionaprinciples— Polluter Pays, Beneficiary Pays,
Ability to Pay, Grandfatheringnd Equalityovertime —is articulatedn 83.7. Feedback obtained
while demonstrating the dashboard to several climate experts throughe®ehigmber 2023 is
explaned in83.8 along with a description of how this expewputinfluenced thed a s h b designd * s

The chapter is summarised§B.9

83.2 Research design

All research operates within a particular paradigm that shapes the objectives and decisions of the
researchGuba and Lincoln (1994 ef i ne a research paradigm as “1t he
worldview that guides the investigator, not only in choices of method, but in ontologically and

epi stemol ogi cal I(p105) Undermnmeyredctadaradigen are fundamental beliefs

about the nature of reality (ontology) and how knowledge is created (epistem@oofyy, 1998;

Grix, 2004) The paradigm guides thesearch approactheplan or strategy that will be taken

(methodology)and specific procedures that will be followed (meth@@sdtty, 1998) Each of these
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elements and how they relatetiis research projeere shown irFigure?7 below and will be
discussedh turn.

§3.2.1 Positivism

This research predominantly functions within a positivist paradigm. While there are diverse forms and
understandings of positivism, it is commonly considered a theory of knowledge which presupposes a
foundationalist ontology which rests upon justified &fslj and an objectivist epistemology which

means that meaning about the world lies in objects and it is the role of the researcher to discover this
meaning(Crotty, 1998; Halfpenny, 2015; Hasan & Fumerton, 2022; Ryan, 20%) distinct forms

of positivism illustrate how the paradigm has evolved over time.

Comtean positivism, which developed in the earl§ déntury, emphasised the existence of
“invariabl e natur al | aws” and believed that | egi
must be obtained through experience and empirical evidetadgppenny, 2015, p. 14By using such

scientific methods, Comtean positivism aimed to discover gésadvld laws and unify the sciences

both natural and socialinto one integrated system where social knowledge could be acquired in a

similar way to the natural sciencgrotty, 1998; Halfpenny, 2015; Pollins, 2007)

Later, in the 1930s, logical positivisia renewed form of positivism which emerged out of the

Vienna Circle, where it was developed by a group of natural scientists turned philosoplaeed

importance on logical reasoning and analysis and introdiheeckrification principle or principle of

verifiability (Drakopoulos, 2024; Khanday et al., 2024) Accor di ng to this princi
meaningf ul unl ess it is capable of being verifie
statement being tested by observation and experirf@ratty, 1998, p. 25; Goff, 2024)ike

Comtean positivism, logical positivism also sought to unify the sciences, albeit in terms of a common

language and logic in the way that mathematics has a common language atddibgenny, 2015)

While these different forms of positivism diverge in their orientations and what they emphasise, they
both contain key tenets which connect them with the positivist pargd@igmk & Garratt, 2005)

Common to both forms of positivism is a focus on identifying causal relationships to understand
outcomes that are observed and a belief that knowledge must be arrived at in an objective manner,
where logical positivism is more stringent about maintaifiifiga] c¢cl ear di sjuncti on
and v(@rbtty, 4998, p. 26; William, 2024)
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To summarise, theaintenets of positivism aréhat knowledge is obtained through empirical

evidence- either observational data or by experierntbat a single, tangible realigxists

relationships are causalndthere is a clear fastalue distinction(Halfpenny, 2015)Additionally,

applyinga positivist paradigm involves hypothetideductive reasoning, whereby the researcher

forms a hypothesis and then tests, through experimentation, whether or not this is supported by data
(Park et al., 2020; Ryan, 2015; William, 2024)

The research approach in this thesis is practically consistent with positivism in sever&igays

use ofmathemétcal and engineeringelatedmethodsapplied to quantitative datalhers with an

empirical approach, where courdarel information for applying different ethical principles within

the dashboard atecated ascientificfacts.Second, in itsise ofsecondary data sourcéise research

assumes a separation between the researcher and the data, so the researcher can adopt the position of a
“di sint er e(Sube &Linsonj1894,tp.i182Actording to the positivisivorldview, this

enables the research to be carried out in an objective manner, with a clear distinction between the
objective facts of countrevel greenhouse ga&HG) emissionsandthe subjective valugbat

inform different views on how we practically ought to resgh¢o the issue.

Third, there are affinities between the principlist method to ethics used in this research (discussed
further in83.2.3.3 and the deductivist reasoning that characterises positivism. Similanto

positivism forms scientific hypotheses by working back deductively from natural laws, a principlist
approach to ethics involves deducing determinate answers to ethical questions by applying normative
principles to the realorld circumstances of an ethicilemma. Both involve deductive reasoning,

albeit one in the domain of facts (positivism), the other in the domain of values (principlism).

Despite the positivist paradigm having successfully progressed much scientific research and what is
commonly referredbawoedddmrahgsaced codsldevabl@liteiant e

especially when applied to the social sciences and in its aim to determine gelderalws(Khanday

et al., 2024, p. 535pP o0 s i t iemphasison ®bjectivity does not consider the social context in

which researcis carriedout and how knowledgs not generalisabléo multiple cultures angblaces
butrather s oci al | (fardng, 1992 . 438; William, 2024)dditionally, the importance

that positivism places cempirically verified knowldgemakesanability to explore subjectivbeliefs

and interpretBonsout of scopdKhanday et al., 2024Thesecriticismsof positivismhave

implications for this research.

First,undera purely positivist approach, the ethipaihciples in this researakiould be considered
universal laws or inviolable moral truths within a positivist paradigm, instead of regarded as
commonly used principles which inform deliberation and collective deeraiking in the climate
policy community. This could lead sform of moral objectivismsuch as thatbservedn existing

climate ethics assessments like Paris Equity Check, asmegl®i§82.6.5.7 Second by takinglaws
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and principles as givepositivism wouldnhibit aninterpretivist approacto theethical principles
used in this research and exploration of theimultiple meanings.

For these reasonte positivist approach of this thesis is complemented by pragmatist commitments,
discussed i183.2.2 This enables the research to progress in a positivist manner, with mostly positivist
methods, but without a strong commitment to the existence of geablaliaws and the fasialue
distinction that characterises both forms of positivis@omtean antbgical. The incorporation of
pragmatism, as discussed in the next seckiag,allowed sucbntological commitmentt be

suspended or withheld.

83.2.2 Pragmatism

Pragmatism is often not considered a doctrine or philosophical paradigm on its own, but is rather an
approach for doing research, “characterised by i
interdisciplinary practice that structures our analysisobpb | e ms i (Voisald& wor | d”
WallimannHelmer, 2024, p. 9Pragmatismis open to considering multiple theories and perspectives

on the basis of whether they provigsefulinsights, rather than whether they absolutefpturethe

nature of reaty and have been arrived at in an empirigay.

Accordingto classical pragmatist, William Jamespragmatist takes the viewthanh o t heory i s
absolutely a transcript of reality, but that any
(James, 1906, as cited in McDermott, 19 E&Xpanding on this notiorilary Putham has argued

that:“They [the classical pragmatistsld that we should recognize thiagte are many different

descriptions of the world, to be evaluated by how far they are useful in achieving specifihereds

being no description of the world available apart from that from some particular stahdpaintam,

1987, p. 70)In this way, pragmatisiwill endorseatheory, methoar way oflooking at the world

provided it servea useful functionlt is agnostic about truth in an objective sense, but treats useful

theories and principles as closely associated with truth, bettaisesefulness in practice is a

reliable indicator otheirt r ut hf ul ness. For example, a theory’s

predictions, or an ethical principle’s capacity
produces positiveutcomes or social appral are usefulThis is incontrast to the more rigignetsof
positivism which assues that tru&nowledge can bacquiredoy the application ofigorous

scientificmethods.

As well as itsconcern to be usefulrggmatist research &so oftencharacterised as having a mixed

methods deign,being motivated by reatorld problemshavinga purposeorientated inquiryand
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ultimately being hopeful that it can have an influence on addressingoddl problemgJohnson &
Onwuegbuzie, 2004; Kaushik & Walsh, 2019; D. L. Morgan, 2014a, 2014b)

This research projetierefore aligns with pragmatism through its muoigthod stratgy, focus on the

wicked challenge of climate chg®,and aim to develop a tool that will be useful in theé vearld by
supporting deliberation and dRRhagmatammI gstpetr sz et
truth and sensemadg havealso been particularly helpfirt freeingthe research from some of

positivism's maisorssedpreviomsly @2l bel i ef s

For i nst an c giew optruth gmrasts with thaosal objectivism thapositivismmight
pursue where a logical positivist might view the application of an ethical principle as a single moral
truth. This can be par t-foupdatonalst natirsbeingy artithetigaltoa g mat i s

| ogical positivism whichn“wasi hguedméi bodl fandf b
(Baker & Schaltegger, 2015, p. 268 Baker and Schaltegger (20450 i nt out , “ Pr agmat
mai ntains a challenging, albeit I|iberating, viev

resides not in how accurately it represents the external world but rather in how useful it is for enacting
¢ h a n(jg 265) In this regard, pragmatism was an appropriate perspective for handling the

multiplicity of results that can be obtained from the dashboard, by appliyiegseethical principles.

Taking a pragmatist viealso moderatethe more stringent positivist belief that a single answer for

how much responsibility countries ought to take for addressing climate change could be arrived at,

akin to a geneftisable natural law. Rather than seeing the pudlkhowledge as being governed by

the aim to identify true laws of nature by mirroring reality, pragmatists emphasise how truths can shift

with time, and are sensitive to the particular time and context in which individuals find themselves

(Barnes, 2008)This was a helpful perspective to take when analysing the results of applying the
ethical principles and the way i n whenaxnatveountr i e
assumptions which underpin what constitutes a reasonable level of moral respoasility

continuously shiftingSuch a perspective has supportedptieciplist belief that rather than arriving

at a single solution, there many views of distributional fairness which are continuously revisable.

Related to its notion of truth, pragmatism is also concerned with the concept of sensemaking, which
describes how individuals come to Bekerd and “ make
Schaltegger, 2015, p. 263pohn Dewey encouraged a form of practical sensemaking, when his theory

of education argued for a l earning by doing” ap
i nformed by of8ilandar, 215, p.€95Jhis expegiential form of learning is evident,

both in the process of developing the dashboard, as well as in how its target audiences are encouraged

to engage with it. The research’s experiment al d
contiruously guided by ideas from a range of literatures is reflective of a ledopidging approach.

Additionally, the dashboard can encourage a secondary, experimental ldandoigg in its target
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audi ences as they interact with the dashboard. T
can conduct their own experiments will allow them to make better sense of what ethical principles can

mean in practice when they are applied with-veatld data.

Finally, pragmatism’'s intrinsic hopefulness is e
useful and applicable to the rembrld challenge of global climate chan§¥ithin their philosophies,

John Dewey and John Rawls both stressed the important role that democratic deliberation and debate

have for advancing knowledgEestenstein, 2023; Saward, 2Q@Y developing a tool which

supports ethical analysis, and which can be used to encourage discussions amongst the communities

of international negotiators and policymakers, greater understandings ofqdtieant e s’ mor al
responsibilities for climate changan be built in the hope that useful insights for addressing the issue

might be uncovered by these communities.

Ultimately, pragmatm informs the approach to positivisfrange of positivist methods have been
used, in so far as they are useful, for progressing the researthpradideevidencebased
informationwhich will strengthertollective decisiormaking However by taking a pragmatist
perspectivecritical distance ipreservedowards the hard positivist assumptiafighere being
generdisable natural laws and truly objective knowledge through a strongdad distinctionlin

thisway, the paradignht guides this research is positivism with pragmatist characteristics.

83.2.3 Methodology and methods

The three main methodologiesdisciplineshat this research draws on &€Ms industrial ecology
(IE) and applied ethics. Each of these methodologies and the specific techniques (methods) that are
used to carry out the research will be discussed in turn, starting@ktsand modifiedeaveone

country-out experiments.

83.2.3.1 Simple Climate Models (SCMsnd modified leavene-country-out

experiments

SCMs(discussed ig2.4.9 arewelle st abl i shed approaches for simula
which enable climate scientists to reconstruct the past climate or predict how the climate might

change in the future. The specific type of climate model that has been empldyied@search is the

Finite Amplitude Impulse Response (FalR) madalJ. Smith et al., 2018By using this model to

runmodifiedleaveonecountry-out experiments, where emissioofsthreeclimate forcerdor each
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country are excluded and then includdthin the modele st i mat es of countri es’ t
contributions to global warmingn a per gas basis can be calculé@allahan & Mankin, 2022)The

specifics of howcode which interacts with tifealR model has been adapted to support the aims of

this reseech are describeith §3.5

83.2.3.2 Industrial Ecology (IE)and environmentally extended inpubutput analysis
(EE-IOA)

IE,al so referred to as ,i$adisepline concerned with stlidyilgu st ai nabi
relationships between industrial processes and the natural environment, within ecoffdleidsy,

1998; Kapur & Graedel, 2004, p. 373he discipline cuts across the fields of science, engineering,

ecology and economics, and arose in the late 1990s when motivations to better understand the
environmental impacts of industrial processes and concerns about unsustainable practices were

growing (Ehrenfeld, 2000)

To study the flow of natural resources throughout an economy, IE uses a range of analytical
techniquegShah et al., 2024Dne of these EEOIA—c an be used to calcul ate
consumptiorbased emission®iedmann, 2009b)Consumptiorbased accounting (CBA) offers a

different perspective on allocating responsibility for addressing climate change compared with the
conventional productichasedaccounting (PBA) approactiscussed it82.5.1 The specific matrix

algebra steps that have been used as p&fE-ODA are outlined ir§3.6.2

83.2.3.3 Applied ethics angrinciplism

The final methodology in this research is appli e
ethics is a branch of moral philosophy which seeks to apply ethical principles to practical problems
(Fitzpatrick, 2008, p. 4)The discipline emerged out of a need to address ethical dilemmas in the real

world. Prominent contributionfrom medical ethics and bioethiagsthe 1960s pavetthe way for

other specialisations of applied eth{@ham, 2016) Environmental ethics is one sugipecialisation

andclimate ethics is a growing arearekearclwithin environmental ethic€Gardiner et al., 2010)

Principlism, which surfaced gsinciplist theory in the 1970s when there was motivation to make
ethics more practically useful, is one way of carrying out applied d®&sichamp & Childress,

2019) Principlism refers to any account of ethic:

pri ma f ac i(m428)The methogHaebeen used within biomedical contexts, including to
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apply the four principles of biomedical ethics discussdgieauchamp and Childress (1979)

autonomy, nommaleficence, beneficence and justice. Principlism, commonly described as following a
top-down manner of moral reasoning, takes a framework or set of ethical principles as its starting

point and uses deductive reasoning or deduction to eelngical conclusioiiVoisard & Wallimann

Helmer, 2024)The processes of further specification and balancing judgements make principles more
contexts peci fic and resolve conflicts between princi
di r e c(Bdawwmamp & DeGrazia, 2004, p. 61; Beauchamp & Rauprich, 2016)

While principlism is used as a method in this research, it is underpinned by a number of assumptions

or beliefs, characteristic of a paradigm. For instapgeciplism assumes that the core set of
principles constitute “the common morality” in
moral normgBeauchamp & DeGrazia, 2004, p. 5But another way, the common morality is viewed

“as a universal morality that is not relative to
a s s o c i (Betuchmmps&’Childress, 2019, p. 428)

Principlism also holds that sets of principles, rather than one supreme principle, are required, where
all principles are initially given equal moral weightifBeauchamp & Rauprich, 2016Jhis is

because mor al | y r eiwerld sitmationsecanpotbe teducedtfo asmgle,y r e a l
supreme mor al principle but need to (h® captured
Finally, principlism does also not believe that a single solution will be arrived at, because of the way

that norms shift with time. In this wagrinciplism views possible solutions as dynamic and

continuously revisable.

This research usegsinciplism to apply five ethical distributional principles, four of which have been
widely discussed in the climate ethics literature: the Polluter Pays, Beneficiary Pays, Ability to Pay
and Grandfathiing (Caney, 2005; Duu®tterstrom & Hjorthen, 2018; Roser & Seidel, 2QTHese
principles are treated as social facts within the realm of climate diplomacy and international law,
which negotiators will benefit fromapplying to answer ethical burdesharing questions concerned

with wham ought to bear responsibility for addressing climate change.

Principlism s use of deductive reasoning has aff
hypotheticedeductive reasoningVhere positivism uses hypothetideductive reasoning form a

hypothesis and then tdsy way of experimentahether this is supported by data pr i nci pl i sm’ s
deductive reasoning providastructuredvay of analysingethicaldilemmasin this way,principlism

creates a coherence across the ethical and scientific aspects of thigyteesiling a deductivist

apprach across those elements.

As well as itsaffinities with positivism principlism may alse- depending on how it is interpreted

haveaffinities with pragmatismrhis would be the caskthe principles areassumed to be pluralistic
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and change over timén this wayprinciplismshares similarities withoth positivism and
pragnmatism, reminiscent of hothis overall research pject connects thedeo paradigms.

83.3 SEFS dashboardayout

The three pages of tliBEFSdashboargwhich are associated with answering each of the, Rldsw

the same gemal layout displayed ifrigure8 andFigure9 below.

The navigation pandindicated by a yellow bordesjts at the top of each page and provides links to

each of the other pages. The RQ that each of the middle three pages of the dashboard are concerned
with answering is on the top Idfiand side of the dashboard, indicated by a red border. This enables
uses to understand which RQ the page is focussed on helping them answer. Finally, the selection
pane (green border) includes a range of options which users can choose to answer the RQs in different
ways. Uses do this by selecting different combinations of parameters. Parameter choices are offered

by dropdown boxes, buttons and garsliders.

Finally, the output section (within the purple border) on the 1iigind side of the dashboard includes
chartsshi ch hel p answer the RQ of interest. The das
dashboarebtyle tools, including Fair Mitigation Finance Explorer, in the way that the RQ and

selection pane are on the Hfind side of the page, while outputsased on user selectiorsare

displayed aghartson the right.
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The Science and Ethics of Fair Shares dashboard

Introduction | Contributions to warming | Distributing costs | Distributing rights | Methods | References |
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Figure 8. Dashboard page layout for RQ1
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The Science and Ethics of Fair Shares dashboard

Introduction | Coniributions to warming | Distributing costs | Distributing rights | Methods | References |

Qz- Countries’ fair shares of the US$100 billion finance goal according to the Polluter Pays Principle based on Production-based warming in (°C) from CO2
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Figure 9. Dashboard page layout for RQ2
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83.4 Datasetsand pre-processing steps

A rangeof secondarylataset typesre brought together within the SEFS dashboaehswver the

three RQsThese includamationalGHG inventorieshistorical GHG emissions and land use datasets,
multi-regional inputoutput (MRIO) tades, macroeconomic indicators and population data3éts.
datasetincludedifferent numbers of countries. The country coverage (number of couwffrieasgh

dataset and its data souaredetailedin Table7 below.

Table7 shows the eighdata sourcethat are used in the SEFS dashboard and the four categories of
actors in them: Annex | Parties (developed countriesyArorex | Parties (developing countries),
Neither and OthetJnder theUnited Nations Framework Convention on Climate Change (UNFCCC),
there are 43 Annex | Parties, and 155-Aomex | Parties. One of the Annex | Parties is a
supranational organisation, the European Union (EU). All other Parties are countries. A further ~52
countries are neither classifiedragtherAnnex |, nornonAnnex | Parties under the Conventiget
appear in many of the datasets that are drawn on for this research. The final ca@tien-

includes regional groupings and an aggregated Réise@forld (RoW) grouping that appears in the
Eora26 dataset. There is high country coverage for Annex | Parties across the data sources, however
nortAnnex | Partiescoverage fluctuates between 108 (69%) and 152 (98%). A lack of consistent
nortAnnex | Party data across different datasets is a limitation of thieriation that is curretly

available.
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National GHG
inventories

Historical GHG
emissions and land

Dataset type Multi-regional Macroeconomic indicators

input-output tables

Population

use

Data source

Principles

Metrics

Annex I

non-Annex I

Neither

Other
(Extra data)

Total

UNFCCC

Polluter Pays
Equality-over-time
Grandfathering

kt of GHGs

43

155

198

CEDS, Houghton
& Nassikas (2017)

Polluter Pays
Equality-over-time
Grandfathering
°C
42
128

4%

174

Eora-26
Polluter Pays
Equality-over-time
Grandfathering
kt of GHGs
42
133
14
1
(Rest of the World)
190

UNDP

Ability to Pay

GNI Per Capita, HDI

41

149

191

World Bank

Ability to Pay

GDP, GDP Per Capita,
GNI
43
152

20

219

World Bank

Beneficiary Pays

Total Wealth, Total
Wealth Per Capita
38

108

217

Table7. Country coveragénumber of countrie)f different datasets

*includedin the CEDS and Houghton & Nassikas (20d&@jaset are the following countries:

T Guernsey
Isle of Man

1
T Jersey
1

Svalbard and Jan Mayen Islands

Our World In Data
(HYDE &
Gapminder v7)

Equality-over-time

Historical populations
42
152
21

51
(Groups of countries
based on world region)

266

Riahi et al. (2017)

Equality-over-time

Future population
projections
41
131
5
0
177
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Figure10 below outlines how data from the eight source§ahle7 above are used in this research

and the RQs that they relate to. Lengths of the peach boxes at the top of the diagram indicate the RQ
relevance to different parts of the research and data below. The blue boxes indicate work carried out

by researchers aratganisations in gathering data and information to compile datasets. The pink

boxes include the work done by researchers to wr

contributions to global warming.

The horizonal black line separating the blue and pink boxes from the yellow and green boxes has been
used to differentiate work done outsitlés PhD projectfrom work done during the PhD which makes

use ofthe data (blue boxeghd builds upon code fro@allahan and Mankin (2022pink boxes)

during the research process. Beneath the blackitiriee yellow and green boxes, the calculations

and reformatting procedures which supported dashboard development are summarised.
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Research
questions
A range of other data, suchas UN National
volcanic for that feed into Accounts Official
. Data
Our Wordin
Data
{DE
international trade
data
Global Enwy
- Riahi etal. (
Outside
of PhD to compile datasets and databases
LT\T ccc . Population-
n;nunal GHG related
mventories
Part of
PhD

Figure 10. Work done outside and as part of thi<Ph
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§3.4.1 National GHG Inventories

While the trend of humaimduced climate change has been occurring sineengrestrial times, it is
only since the 1990s that countries begatting up the processes and resoutcgmthelinformation
about their GHG emission$his information habeendetailed innational GHG inventories, biennial
update reports (BURs) amationalcommunications (NCs), based on Intergovernmental Panel on
Climate Change (IPCC) guidelines and u n tUNHCEG dbligationgKawanishi & Fujikura,
2020; Stevens et al., 2017)

Annex | Parties’ UNFCCC G200 archusad muppgdrapplichtionee nt or i €
of the Polluter PaysGrandfathering and Equaliyvertime Principles. A limitation of the UNFCCC

datasets that,due to norAnnex | Party data being considerably incotesis only Annex | Party data

has beeincludedi n t he SEFS das hb oGHGthvent®@iesncludeinformagion nat i on
about emissions which is grouped according tdahewing six sectorsagriculture,energy,

industrialprocesses ahproductuse (IPPU)Janduse,landusecharge andforestry (LULUCF) other

and waste.

83.4.2 Historical GHG emissionsand land use

A time-series of Istorical GHG emissionsncludingcarbon dioxidgCO,) emissions from burning

fossil fuels (CG-fossil) andland use and land cover chanig&/LCC) carbon fluxesare required for
theFalRSCMtoc al cul at e countri es’ rmingtsanswerRQlaTheaarbamt r i bu't
fluxes from LULCC datasets are multiplied by 3.664 to convert them from tonnes of carbon to tonnes

of CO, (Friedlingstein et al., 2022These datasets also enaspplications of th&olluter Pays,

Grandfathering and Equalityvertime Principles to answer RQ2 and RQ3

Severakxisting datasetwith GHG emissions estimatégtween 175021 include the Global
Carbon ProjectGCP) the Reduced Complexity Model Intercomparison Prdje&MIP), the
Community Emissions Data Systé@EDS)and thePotsdam Realtime Integrated Model for
probabilistic Assessment of emissions PERRRIMAP) historical timeserieéFriedlingstein et al.,

2022; Gutschow et al., 2016; Hoesly et al., 2018; Nicholls et al., 20%@n, these datasets make use
of information fromthe same data sour¢cesich a®JNFCCCnationalGHG inventories, but combine

this data with other sources in different ways.

The CEDS historical emissions datasetised t o cal cul ate countries'’ co

SEFS dashboard. Developed by researchers at Pacific Northwest National Labora@gp&e
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dataset includes estimates of courdyel GHG emissions between 172014. It provides
information for 22Iregions countries, regions, territories or island$is datasetvas chosen for its
long timeseries, as well as its use in tBallahan and Mankin (2028judy, which this research
builds upon $ee83.5for more detail).

ExistingLULCC datasets provide details about natieina v e | carbon fluxes assoc
changing land use practices over time. Three prominent LULCC datasets inclBd®kikeeping of

Land Use Emission8LUE) model byHansis et al. (2015}heGlobal andRegionalFluxes of

Carbonfrom Land Useand Land Cover Changeby Houghton and Nassikas (201af)d the reduced

form earth system model (ESMPSCAR, byGasser et al. (20207 hese cover a range of periods

between 175@018. The BLUE and thdoughton and Nassikas (201dgtasets are classified as
bookkeeping models, which keep “track of the yeas
(including both biota and soils)” by including r
(Houghton et al., 1983, p. 231h contrast, OSCAR is a Dynamic Global Vegetation Model

(DGVM), which is more detailed and encompasses biogeochemical feedbacks that take place.

TheHoughton and Nassikas (201¥)okkeeping modes the particular LULCC dataset that has been
used in the SEFS dashboditdorovides LULCC information for 186 countries and was chosen for its
long timeseries, as well as its use in tBallahan and Mankin (20228judy, which this research

builds upon(see83.5for more detail).

The creation of mankistorical emissions and LULCC carbon flux datasetslire thegathering and

piecing t@ether ofinformation from a range of sources that are available, in the absence of more

specific, detailed and consistent records. This is why such historicasdiries are often described as
estimatesWhere available, the CEDS dataset draws on national GHG inventory data, collected and

put forward by UNFCCe&ountries themselves. However, significant limitations are that such data is

only availalte from 1990 onwards and it is particularly sparsenfarannex! Parties. Emissions

factors and activity data, which includes information about fuel use and processing activity, are used

to develop emissions estimates in place of inventory data. Then scaling and historical extensions take
place to produce a consistéime-series back to 1750. The methodology for constructing this dataset

is described as a “mosaic strategy” whereby diff

complete timeseries(Hoesly et al., 2018, p. 375)

When constructing LULCC datasets, an understanding is required about types of vegetation that were
present at various points in time and vegetation growth rates over considerable lengths of time (some
165-170 years), where detailed and consistent recamdss countries are often not available. To

construct this datasdétioughton and Nassikas (201dfew on a diverse range of data sources. These
included country’'s own historical narratives anoa

Organization (FAO) and its Forest Resources Assessment (FRAS), the Global Fire Emissions

110



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin
Dat abase (GFED), as well as some countries’ nat. i
agencies. Where available, data from couspgcific LULCC studies were incorporated, and areas of
specific |l and cover types (croplands and pastur e
popul ation”p.468)i or to 1961

Sources of uncertainty in historical LULCC carbon flux estimates and assumptions which have been

made to support simplification of the bookkeeping model are described Withighton and

Nassikas (2017and will not be covered in detail here. However, among the various estimates that

have been done, di fferent assumptions are made a

assumptions is more accurate. In this case, the different estimates reprasenrg r t(pad68)t y ”

It is also worth noting that emissions from lamgk change accounted for 30% of cumulative
anthropogenic carbon emissions over the 326@0 periodFriedlingstein et al., 2022, p. 1940)
However, LULCC emissions are increasingly accounting for smaller proportions of cumulative and
annual emissions as they become dwarfed byfG€xil emissions which have risen rapidly since
1960.

Two furthertrends in LULCC estimates are worth noting. First,+atitude countries are now
becoming net LULCC emissions sinks as they remove carbon from the atmosphere due to recent
forest growth, whereas countries in tropical regions are becoming the domina@CL&Hitters.
Second, a large current source of uncertainty is in the estimate of deforestation rates and carbon
densities within the tropics, with many estimates being revised across subsequent FRAs. The
implication of this, provided deforestafi trends continue growing in these areas in the future, is that
a greater share of annual LULCC emissions will have higher levels of uncertainty associated with

them.

Despite the obvious challenges, limitations and uncertainties associated with constructing a long term
time-series of LULCC carbon fluxes, ti#oughton and Nassikas (201dgtaset offers one of the

most upto-date estimates of counttgvel LULCC carbon flux information.

83.4.3 Multi -regional input-output (MRIO) tables

The Eora26 database isn environmentally extend@dRIO tablewhichis used taalculate
consumptiorbased emissiorfer 189 countrieso answelRQ2 and RQ3vithin the SEFS dashboard
Count r i eGHG emissisrbetweent996-2015 are used to support applications of the
Polluter Pays, Grandfathering and Equatitiertime Principles. Despite not extending over as long a

time-period as other datasets, a benefit of the R6érdatabase is that its format enables computation
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of production as well as consumptiemased emissionsn a per gas basis, offer multiple
accounting lenses on natistate responsibility for GHG emissions.

Compiled by researchers at the University of Sydney, the Ebtdatabase combines countgyel
informationfrom the range of databaseslicated inFigure10. Thisincludesinput-output tables

(I0Ts)f r om c o u nt rSiatistics Officdd ENSOEnchadher MRIO databaseso unt r i e s’
national accounts and commodity and international trade statistics from United Nations databases, as
wel | as a timeseries of ¢ @osddnrRedtime IntdyiatedtModeli ¢ a |

for probabilistic Assessment of emissions Paths (PRIMAP)

The process of constructing the Eora database is documented comprehenkeenemet al. (2012)
andLenzen et al. (2013)n brief, the process involved the iterative construction of a-teres
which started withnitial estimatef tradeflow informationfor all countries in the year 200§ince
this was found to have the greatest availabdftpational IOTs Then a series obackcastingand

forecastingoperations were performed obtain estimatefor years either side of this initial estimate.

Given its wide country and sectoral covggand londime-series relative to otheGMRIO tablesin
Table4, the Eora26datasetvas chosen t o cal c ulbasedemissonsimtthei e s’
SEFS dashboar@he dataset is aldoee for use with an academic license, which meant licensing

costsdid not presend barrier to access.

83.4.4 Macroeconomic indicators

A range of macroeconomic indicaterincluding Gross Domestic Product (GDP), Gross National
Income (GNI), the Human Development Index (HDI) and Total Wealthve been sourced from the
World Bank and United Nations Development Progranfai¢DP) websites and are employed as

proxy metrics to apply the Ability to Pay and Beneficiary Pays Principles within the SEFS dashboard
These principles offer answers to R@iw should the costs for mitigating climate change be

distributed between countries?

Limitationsof these datasets inclutieeir variable country coverage (as indicate@anle?7) and
different countries applying slightly different versions of the United Nations Systems of National

Accounts(UNSNAs). For instance, many developed countries follow the 2008 standard, whereas

c

developing countries follow the earli#993 stadardThe conver sion of differen

currencies intdJnited States DollargUS$) is another area where discrepancies may arise. Often,
prices are reported in purchasimgwerpariies (PPP) figuresyhi ch “equal i ze t he

of currencies [by] measur[ifghe totala mount of goods and services
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currency can b uyWordBank 2021, p. 8lHowe\en pricegrg dlso reported in
market exchange rates (MER# the case of the Total Wealth datasétich do not reflect the
relative sizes of economies in the same \W&prld Bank, 2021)

The sophistication of countries statistical i nf
which means macroeconomic indicators are likely teehaariable reliabilityLequiller and Blades
“i's highl

statistical system that exists in a given countr

(2014)point outthatthequ al i ty of nati onal account s

that the quality of nati onal(p. 20cThareforetfs coungiesn ot t he
where certain information is missing or follows a slightly different set of standards, approximations

and adjustments will need to breadeon top of there being greater levels of uncertainty associated

with thisdata.

83.4.5 Population

Both countri es’ estimatedaoprojected futurp mopulaticimurds ar@used to
apply the Equalityovertime principle within the SEFS dashboard to answer R@orical
population estimates come from @er World in Datadataset which captures a tiraeries running
from 10,000Before Common EraBCE) until 2023.To createhis timeseries, Our World in Data
combinedthreedatasetin chronologicabrder, including thédistory Database of the Global
Environment (HYDE)atase{10,000BCE-1799, the Gapminder version 7 database (33@d9)
and the United Nations @vld Population Prospects (2024 revisidajase{1950-2023).

Projected future population figures come from the Shared Socioeconomic Pa{B®ay) from
Riahi et al. (2017)The SSBdataset gives population projections out to 2100, based on five different

population growth scenias describedn Table8 below.
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SSP1 Sustainability- Taking the Green Road 7

SSP2 Middle of the Road 9

SSP3 Regional Rivalry- A Rocky Road 12.6

SSP4 Inequality— A Road Divided 9.3

SSP5 Fossitfuelled Development Taking the 7.4
Highway

Table8. Shared Socioeconomic Pathwalescribed in Riahi et al. (2017)

Historical population estimates between 18815 from the Our World in Data tirseries are
combined with projected future population figures between 28050 fromRiahi et al. (2017)The
combination of these population datasets supports the allocation of warming and emissions rights
between coumies

83.4.6 Pre-processing of data

Once useful data sources were identified and obtained, time was spent praesgsiogverting the

data intomore suitabléormatsfor the SEFSdashbard. Most processing of data waeried out in

the statistical programming language, R, which contains libraries d@ndlirfiunctions that are

helpful for manipulating large datasets, like the tidyverse library. It became apparent that transforming
datasets into a colummise orientabn or long format would be useful for filtering key variables to

supportcountry-level comparisons and analysis.

A columnwise format where data is grouped in columns rather than across eoaisless/ariables to
be referenced bgpecificcolumnheadingslt is a more efficient way of organising information for
use within dashboards, where a user can quicky query a database of information by selecting different

columntheadingsAn example of the columwise format is shown iigure11 below.
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Dataset Accounting | Sector Gas Metric Year Value Country Code
framework

Figure 11. General columiwise format

AppendixA includes the code that was written to transform dataaotumnwise format, to

support greater ease of use in the SEFS dashboard.

A chalengeof drawing on multiple sources of information is that country naners foundo vary

across datasetSor instance, Palestine is known as the State of Palestine, or West Bank and Gaza in
different datasets and Czechia is also known as the Czech Repudlditonally, some country

names have changdebr instanceSwazilandhas becomé&swatini.Spelling differences and

abbreviation use in countnameswvas afurther factor which made it difficutb recognise the same
countryacross datasetm order to join and filter countrlevel information across datasets, a

dictionary was createi relatedifferent foms that country names were found to taka-letter
International Organization for Standardization (I209les Table9 below presents the Democratic

Republic of Congo, and the six different vgdlgis country sameappearsn different datasets

Congo (the Democratic Republic of the) COD
Democratic Republic of the Congo COD
Dem. Rep. Congo COoD
Congo the Democratic Republic of the COD
Congo, Dem. Rep. COoD
Congo (Democratic Republic of the) COD

Table9. Varying names of the Democratic Republic of Congo found in datasets
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Appendix B includeshefull dictionary of country names and/8tter ISO codethat was created to
match countries across different datasets.

§3.4.7 Section summary

The SEFS dashboard draws on divetagsetso answerthe three RQs considered in this thesis.

Many of these datasets have varying levels of country coverage and different assumptions and

limitations. It is important to be aware of large uncertainties associated with the historical emissions

and LULCC datags, in particularlt is also important to recognise the different forms this

uncertaintycan take from uncertainty Bmissions factor estimates, through to growing developing

court r iemissionsinie f utur e, which are anticipated to ma
emissionsLiteratureaboutmanyof these datasetdghlighted the importance afhproving the

statistical infrastructure and reportinfdeveloping countries which present a rapidly growing source

of emissions in the fure.

Significant time and effort wergpent preparing data for use within the dashhoactldingaltering
data formats to aid ease of use and filterability within the dashbbaedchalleng®f countrynames
varying acrosslifferent dataset&/as addressealy creating alictionary of coutry codes, which

corresponded withifferent combinations of text characters in country names

Cal cul at i higori@alcenmitiutionsagiobal warmings another example of pqocessing
data to obtaimelevant informationThe following sectiong§3.5 explainshow historical GHG
emissions andLULCC estimates from thEEDS andHoughton and Nassikas (201d3taset are used

to calcul at e wamingtontiibet®rds. hi st or i cal

83.5 Calculating historical warming contributions

As mentiomed in§2.4.2 dimate scientists have developed a range®fMsandSCMsor climate

model emulgorsto replicate the global climate system and its response to perturbations, such as
changing atmospheric concentrations of GHGs, volcanic and aerosol forcings, as well as cloud
feedbackgHeld, 2005; National Research Council of the National Academies, 2012; Stocker, 2011)
SCMs, like the FalR modehndthe Model for the Assessment of Greenhouse Gas Induced Climate

Change IMAGICC), as well as larger ESMallow warming at the global level to be analysed under
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different emissions scenarios. This is useful as the world collectively reviews how it is tracking
against the Paris Agreem tArticte 2 temperature target

However, manfESMs are large and computationally expensive to$@Mspresent an alternative

means of testing how the climate system responds in a quick and relatively accurate Ifagti®n.

research, thparticular version ofheFalRmodelt hat was used tlostorical cul at e «c
contributions to globalvarmingis FalRv1.3(C. J. Smith et al., 2018} his version isisedin the

Callahan and Mankin (2022judy, whichthis researchuilds uponFalRv1.3 includes the following

39 species: CgXossil, CQ land useCHa, N2O, SQ, CO, NMVOC, NQ, BC, OC, NH, CF, CFs,

CeF14, HFC23, HFC32, HFC430, HFC125, HFC134a, HFC143a, HFC227ea, HFC245fg, SF

CFC11, CFC12, CFC113, CFC114, CFC115, CCl4, Methyl chloroform, HCFC22, HCFC141b,

HCFC142b, Halon 1211, Halon 1202, Halon 1301, Halon 2402BC&hd CHCI (C. J. Smith et al.,

2018)

While FalRv1.3s notthe most recent version of the FalR motlees t r uct ur e of t he mod
changedsignificantlyin FalRv2.0to becomedbject orientatedSimply buildingonthe code

developedy Callahan and Mankin (2022)hich utilised the FalRv1.3 modaidffered a quicker and

more straightforward approatian trying to write code from scratch that interfaesith later

versions of the FalR model.

The FalRv1.3 model was used to run modifiesiveone country-outexperiments sthat

contributions to historical global warming could be calculated for 174 countries over the2Q880

time-periodfor use in theSEFS dashboar@hese experiments involve calculating warming

contributionsfor each country and each GHG in turn, by isolating and removing these from the

overall global warming for a given tir@eriod when all countriesnd theirGHG emissionare

included.Each difference in warming is attribdteo theparticularc ount ry’' s G#hiéh emi ssi o
were left out. Code used in t@allahan and Mankin (2022judywasedited by including an

additional for loop within théeaveonecountry-out experiments to loop through individual countries

two GHG species- CO;, methane (Ck) —and an indirectshortlived climate forcer (SLCF-

nitrogen oxides (NOx)AppendixC shows the modified code, where editehighlighted in yellow

83.5.1 Section summary

C o u n thrstorieas contributions tglobalwarming have beecalculatedor the SEFS dashboaby
using theFalR SCM which includes radiative forcing and temperature response associated with 39
different speciegp carry outmodifiedleaveonecountryoutexperimentgC. J. Smith et al., 2018)

Theseexperimentssolatewarmingcontributionsfromc o u n t r »j GHsahd NOX@missionsone
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at a timeto determine global temperature changes s c h  sapserxce amdsattribute these
differences aper gasvarmingamounts to cournies.

83.6  Calculating consumptionbased emissions

As mentioned ir82.5.5toc al cul at e ¢ o u nbased emissionsctire methochg-EE o0 n

can be applied to aiti-regional inputoutput (MRIO tables In this researchEE-IOA has been
appliedtotheEora 6 dat abase to cal c ubbsedemissomswverttheild®& ' cons
2015 period for use in the SEFS dashboard. Appdddicludes the list of 26 sectors in the E@&
datasetHowever before describing thEE-IOA techniqueandMRIO tablesin greater detaila

discussion of inpubutput analysis (I0A) and inpatutput tables (Ids) will be necessary.

IOA is a techniqugntroduced in the 1930s by Sovigmerican economist, Wassily Leontief, who

later won the Nobel Prize in Economic Science in 1973 for his work in developing th@iriput
approachLeontief, 1936; Wiedmann, 2009hitially, IOA was used to trace the flows of goods and
services throughout an economy, from their points of production through to their final consumption.
However, Leontief began extendil@A to environmental problenend other applications in the

early 19704Leontief, 1970) The inputoutput technique has since found many applicatimm

detailing energy and climatelated concerns through to water us@lygedmann, 2009b)

I0OTs—a collection of tradeelated information which represents the excharfggmods between
different regions or couries— are whatOA is applied tolOTs divide an economy up into its
sectoral components. In the wordd_ebntief (1986) “ A n-ouiput fahletdescribes the flow of

goods and services between all of the individual sectors of an economy over a stated period of time,
say, @2ear”

The extension diOA to environmental problems is referredaEE-IOA. This falls within the field

of IE, as explained i83.2.3.2and i s regarded as a s-ouwputal science
framework is extended for environmental pressures by showing the primary resource requirements or
emissions for each industry. The environmental inputs or wastes/emissions are hence treatssl much

same as labour and capital intheinpu t put f (Waodee0413,p.KL89)

Both environmentally extenddTs and environmentally extend®dRIO tablesare expressed as a
system of linear equations which describe the interdependencies between the different sectors of an
economy including the environmental resources anghyducts associated with tia Being

expressed in this way provides a useful structure for performing matrix algebra operations to extract

useful information from the tables, such as consumgiased emission3he next sectio83.6.])
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describes the structure of anvironmentally extended MRI@blein more detail and the different

matrices and informatiom includes.

83.6.1 Structure of an environmentally extendedmulti -regional
input-output (MRIO) table

Figurel2 belowshows thdour matriceghat anenvironmentally extended MRIS composed of.

Z FD
A%

Key

Industry transaction matrix zZ

Value added matrix A%

Satellite accounts matrix Q

Final demand matrix FD

Figure 12. Structure of anvironmentally extended MRI@ble

The first matrix, Z, ighe industry transaction matrix, also known as the transitions matrix,
intermediate flow matrix, or intermediate demand matrix. It includes information about quantities of
goods and services that are used as inputs to each sector, and which are udedtiorppocesses

to generate outputs. ThenZatrix is a square matrix with dimensiamg n.

In this matrix,each row and column corresponds to a different sector, where row egpriesent
sector inputsandcolumn entries represent sector outffitiszes, 2013) The columns are sometimes
referred to as productiaecipes because the rows within eaolumn sectorepresent the quantities

of raw materials which are required to produce outputs for that sector.
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Beneath the Z matrix sits tvalueaddedmatrix, or primary inputs matrix, V, with dimensioos n.

The V matrix includesabourand capitabostsandhas the same number of columns as the Z matrix.

The Q matrixsits beneath the V matrand isreferred to as the matrix of satellite accowonts
nonmonetary inputs to productidbenzen et al., 2012Within the literature, the same matrix is
denoted by a D and is referred to as the matrix of pollution output or direct impact interindustry
activity (Miller & Blair, 2009).

Like the V matrix, the Q matrix has the same number of columms the Z matrixdowever,it will
likely have a different number of roydependingn the quantity o$atellite information associated
with each of the production processepresented by the columns of Z.

The Q matrixgreen matrix irFigure12 above)contains quantities of natutemsed inputs or
environmental resources which aregrpducts of production processes, like water and GHG
emissions.EE-IOA draws on th&) matrix tocalculate quantities of GHGshich are associated with
each of the differengroduction processes of different sectoral inputs and oufflisinformation is

essential for calculatingpnsumptiorbased emisens.

The Final Demand matrix, FD, includes the demands that are drivedustriessuch as households,
governments, inventories, capital formation (investment) and foreign exports. Thaisirdustries
in theEora26 dataseéare:

1 Households
1 Non-profit Institutions Serving Households (NPISH)
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Government
Gross fixed capital formation

1
1
1 Changes in inventories

1 Acquisitions less disposals of valuables

Therefore, the Eor@6 FD matrix has the dimensionsrok g, whereq = 6.

Q0 E M
oo €& E & T
Q0 E Q0

The next section outlines the matrix algebra steaswere taketo move from the Z matrix to the
technical coefficient matrix, A, and ultimately calculate the upsti@&l® emissionsissociated with
producing goods and services from a particular sector.

83.6.2 Method for calculating consumption-based emissions

The steps taken t o c a-basadknissiens feechuofthertiree ma@HGso ns u mp t
—CO,, CHs and NO —for use in the SEFS dashbodotlow the industry-by-industry approach

outlined inKitzes (2013)andLeontief (1970) which areendorsed bBunsen and Finkbeiner (2023)

This section§3.6.9 expl ains the matrix algebra operations
based emissiorfsom the Eora26 daksetThe R code f or cal cul-bmged ng cour

emissions is included in Appendix E.

First, each element of the output vector, , is created by adding together the row sums of the Z

matrix and row sums of the FD matrix, according to the equation below, Wheosvs in Z and FD,

"x columns in Z and= columns in FD.
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Second, three direct intensity vectors, one for each of the three main(GHGK) HQ ), are

created by dividing the relevant rows of the Q matrix (which contains information about each of the
three main GHGs) by th®  vector.

0 0
o ¢

o 3
G X

o 3
@ P

Third, the A matrix (also known as the technology matrix, direct coefficients matrix or direct
requirements matrix) is created by dividing the Z matrix by the total output vectorEach element
of the A matrix represents ratios of products that are required by ¥#ainr sectofQo produce one

unit of sector@ product. The A matrix has the same dimensions as Z, n x n.

o w
o0 -— W
W
» E &
0 é E é
W E

Fourth, three total intensity vectorsne for each of the three main GHE® HO HO )-—are

created by first calculating the Leontief inverse (also known as the total requirements matrix or output
multipliers matrix), L. This is done by subtracting the A mafirdm an n x n Identity matrix (a matrix

with ones along its diagonal and zeros elsewhard)then taking the inverse of this.
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0 O o0 p T

The physical interpretation of the Leontief inverse is that its coefficients, also referred to as economic
multipliers, reflect the flow on effects that increasing a unit of production canfdwatie wider

economy. I n the case of -basddemidsians,iha gefficients ofthe i e s’ C
Leontief inverse become known as emissions multipliers and represent the indirect emissions

associated with production processes. The Leontiefrée therefore captures how an increase in

emissions in om production process can increase the emissions intensity of other processes

throughout an economy.

Each total intensity vector is multiplied by the Leontief Inverse, as below.

0 0 B b p
0 0 b b c
O "Q 0 po

Finally, the upstream emissions can be calculated by multiplying each of the total intensity vectors

that were created in the previous step by the sum of the rows of the FD matrix.

O O "a P T
@] @] "a pu
@) @] "ap p o
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§3.6.3 Section summary

This section §3.6 has outlinedhe process by which countlgvel consumptiorbased emissions
have been calculatédr use in the SEFS dashboa@bde wasvrittenin the statistical programming
language, R, topply the EE-IOA methodto the Eora26 MRIO tablein anindustryby-indudry
formulation The matrixalgebra stepghat were followedo calculatec 0 u n tconsumiorbased

emissims were detaileth 83.6.2

83.7  Applying ethical distributional principles

Thissetion(83.7descri bes the process —hcgordindto fivsathicalount r i es
distributionalprinciples discussdin 82.6— have been calculated and applied within®iid=S

dashboarés possible answets RQ2 and RQ3JFirst,83.7.1outlines the sixstep process that was

followed to develop an understanding of thetgcalprinciples and how they could be applied. This
involvedsurveying thephilosophical and applied climate ethiiteraturesand engaging with

academics whbavepublished relevardtudiesor developed dashboastyle tools similarin purpose

to the SEFS dashboard.

Calculations to apply the three financial buredraring principles and two budget allocation
principles are presented 83.7.2and83.7.3 Features of the fiverinciples,including related
conceptandmetrics that can be used to apply thene outlinedn §3.7.4 Finally, 83.7.5

summariseshis section.

83.7.1 The sixstep process of applyingethical distributional

principles

Theoverall approach of applying the fieghical distributionaprinciples within theSEFS dashboard

is described ifrigure13 below, which depicts a predominant linear flow from understanding the
philosophical climate ethics literature through toeeting on eacprinciple s f eat ur es and
information requirement®r applications However, in reality the flow was ndimear, with much

jumping back and forth between the different stepepresented by the curved arrowas more

information was uncovered and greater levels of understanding wereSkepi$. 1 and 2 were covered
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in 82.6 where the literature on ethical distributional principles and relevant dashboard tools was

reviewed.

Step 1
Understand the
theoretical climate
ethics literature

) 2

Step 2

Understand the
applied climate ethics
literature

L 2

Step 3

Understand
calculations behind
climate ethics studies

and tools

(inchuding engaging with
authors of studies and tool
developers)

L 2

Step 4

Apply financial
burden-sharing
principles

L 2

Step 5
Apply budget
allocation principles

2

Step 6

Reflect on principle
information
requirements

(including warming/emissions
dependence/independence)

Figure 13. Sixstep process for applying principles in the dashboard

Part ofStep 3 involved interviewing several academics throughoutf8aptember 2023 about

applied climate ethics studies and climate equetgted dashboard tools they had written or were

involved in the development of. These included Associate Professor Tejétdtaat the National

Institute of Advanced Studies in Bengaluru, Indteofessor Lucas Bretschger at the University of

ETH Zirich in Zirich, Switzerland; and Associate Professorzkang Pan from the China
University of Petroleum in Beijing, Qma.

Associate Professor Kanitkar is part of the team whom developed the Climate Equity Monitor

dashboard-“ t h e

f

r st

ni tiat.i

vV e

from

t he

gl obal
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signatori es (Climate GhangdduC(MESRF), 2022, paraCpyrespondenceith
Associate Professor Kanitkar’s coll eagutie Aravin
datasets that sit behind t@dmate Equity Monitodashbard and how carbon debts and credits had

been calculated.

The ETH Climate Calculatas one of only twgractical ethical assessments presentdabie6

which explicitly appy the Ability to Pay principleTo understand more about the ETH Climate

Calculator and the specific calculations that sit behirrofessor Lucas Bretschgeas contacted.

Professor Bretschger and his colleague, Matthias beditfeferred tahe Bretschger and Mollet
(2015)andBretschger (2013)aperswhich explainthec al cul at or s cal cul ati ons

assumptions.

Finally, Associate Professor Xadmang Pan was asked about a paper which he was the leada@uth

— Implications of the consumptidrased accounting for future national emissions buddetsociate

Professor Pan has been a prominent proponent of the Equal Cumulative Per Capita Emissions
(ECPCE) Rinciple and has written extensively on equitable carakocationschemegPan et al.,

2015, 2017; Pan, Teng, Ha, et al., 2014; Pan, Teng, & Wang, 2014a, 2014b; Teng et al., 2011)
Specific questions for Associate Professor Pan focussed on how carbon budgets were allocated across
countries’ «c¢hangi n gsimoamatiohindotmiedtmeeppraach édodevdlopimgehe T h

Equality-overtime prirciple.

The researcher also intendedengagdrofessor Niklas Hohne from New Climate Institute, who was
involved in development of the Climate Equity Reference Calcylabar Dr Shonali Pachauri from
the International Institute for Applied Systems Analysis and lead author of an atticte described
the Fair Mitigation Finance ExplordHolz et al., 2019; Pachauri et al., 202dpwever reading
relevant articleprovided sufficient deta&bout how these twimols work, includinghe calculations

that sit behind them and the datasets they draw on.

Steps 4 and 5 will be covered nex&B.7.2 Sep 6 of the process involved reflecting on principle
information requirements. For instance, some principles are dependwstarital emissiondata,

while others are noEeatures ovarming and emissionslependence will be covered in greater detail
in83.7.4

83.7.2 Applying the financial burden-sharing principles

Thefollowing three sections8@.7.2.183.7.2.3 outline the metrics and calculationsed taapply the

three financial burdesharing prigiplesto generate answets RQ?2.
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A review ofthe climate ethics literaturevealed several metrics for applying the Polluter Pays

Principle, discussed i82.6.1.1Th e s e i

and historical emissions.

necl

ude

countries

The SEFS dashboard offers users three different dafasegsplying the Polluter Pays Principle
described inrable10below. By selecting the CEDS Boughton and Nassikas (201d3tasets, the

principle

the historical responsibility formulation of the Polluter Pays Principle, as articulated by the Brazilian

can be

Proposalmentioned previously i82.3.2and§2.7.1

operationali sed

according

However, there are unresolved issues about how to treatlisteaitversus londived GHGs For

instance, applying thiolluter Pays Principle based on cumulative emissions makes selwefor

lived or stockpollutants, like C@, which accumulate in the atmosphere. For these pollutants, it is the

total stock that matterfn contrast, a cumulative emissidimsmulationfor shortlived flow

pollutants, like biogenic CHmakes less sense because for flow pollutants it isiteeof changen

the concentran of these GHGs that matters.

The BEora-26 dataseprovides the option tapply the Polluter Pays Principle witbuntrylevel GHG

emissionsunder both th&BA andCBA frameworks, while the UNFCCC dataset includes Annex |

Party data undesnly the PBA framework

Warming amounts CEDS & Houghton & 1856-2014 174
(°C) Nassikas (2017)

GHG emissions (kt) | Eora26 19906-2015 189
GHG emissions (kt) | UNFCCC 1996-2020| Annex | Parties only

Table10. Polluter Pays metrics in the SEFS dashboard

contri

t
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The Polluter Pays Principle is operationalised within the SEFS dashboard according to the steps and

equations belowApplying a warmingspecific formulation of the principtieom the CEDS and

Houghton & Nassikas (201 dptaset are given aan example.
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Step 1: Cal cul at ewatnting fromaumulativeGHG emissiongor the chosen time
periodby summing all countriésontributionsn each year of that timperiod.

® 0 h Y & Q6WM i 0D B px
Where
17 o ist h e wwarnlindoves the chosen timperiodT
1T 06 is thewarming contributiorof countryi in yeary
Step 2: Calculatee ach country’s share of0™Hiebyxhosen cl

dividingeach country’s wdrhmi mwg r dvamingr it bu tail on by
contributionfor thesamechosen timeperiod. Then multiply this figure by the chosen
finance goal amount, from th@"0¢ setiof numbers.

0 § N e
0 "W iQ o 200w & "O"0¢ wop T T, b fp v YXO QO a QEPE |

Where

1 O "®1Q isthe share of the chosen climate finance goal based @ratheng contribution
of countryi over timeperiodT

1T 0O is thewarming contributiorof countryi over chosen timgeriodT

1 "O'0¢ idthe chosen climate finance goal in US$ billions

83.7.2.2 The Beneficiary Pays Principle

A review of the Beneficiary Pays Principle82.6.1.2found few instances a@he principlebeing
applied in practicefor this reason, Tot&lealth—the proxy metric suggestad Page (2012} is
used to apply the principle within the SEFS dashboard. Because it was ayaiédll&Vealth Per
Capita is also used to apply the principle. These datasets have been taken YaridHgank
database. Values are measured at market exchangéM&tes)in constant $$ using a country

specific GDP deflatorThis information is shown iffable11 below.
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Total Wealth World Bank 19952018 217
Total Wealth Per World Bank 19952018 146
Capita

Tablell Beneficiary Pays metrics in the SEFS dashboard

Total Wealth includes produced capital, natural capital, human capital and net foreign asset

Applying the Beneficiary Pays Principle with the Total Wealth and Total Wealth Per Capita metrics
involves a significant as s(anmdpeanefithas beer sblalytderimedc ount r
from pastclimate change causing actiohghile there is likely to be some correlation between a
country’s curr e shistdrieavGG enussionsy tia wilknbecessardy b&aue for

all countries. For instance,i nce the 1973 oil <c¢crisis, both Franc
reduced theirC&e mi ssi ons and f os wilhavebeerdble 0 grpodfferehe ncy ” an
forms of capitain waysthat have notontributed to climate chang®lillot et al., 2020, p. 1)This

means thaboth countriegould be unfairly penaedunderTotal Wealth applicatiasiof the

Beneficiary Pays Principle

Another issue witlusing the Total Wealth metric as the basiscfas st al | ocati on i s t he
wealth maybe tied up imontliquid, physical infrastructureexpecting countries to pay for climate

related costs, based on the value of theirliguid assets, would face practical challenges in the real

world. That said, it was challenging to identify more compelling metrics for the Beneficiary Pays

Principle where it appear® be one of the least applied principles in practical climate ethics

assessnres.

The Beneficiary Pays Principle is operationalised within the SEFS dashboard according to the steps

and equations below.

Step 1. Cal cul at e t he ofwoerofthetwosnettice inTakle1hateoled lee

Total Wealthmetric is used below as an example.

& 6 h  oN p wdgump Y VKD QA 0 "QEwE |

Where

7 @ is the World’'s yTotal Wealth in year

129



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

1T 0O is the Total Wealth of countiiyin yeary

Step 2: Calcul ate each country’s sh&®d , bf the cho
dividing the wealth of countryinyearyby t he wor | d’' s ylTheanal We al

multiply this figure by the chosen finance goal amount, fromi@@¢ setof

numbers.
174 vy 6 [N I vy 'l Pl 'l "l i 5 \ \ J 1 r
0 "W Q (b—z "O0Ed™00¢ wap mho g bg Tp v YK QA O QEnE i
Where

1 O "W Q isthe share of the chosen climate finance total for countryeary

1 "O°0¢ idthe chosen climate finance goal in US$ billions

83.7.2.3 The Ability to Pay Principle

A review of theAbility to Pay Principle ir82.6.1.3revealedhat severaproxy metricsare commonly
used taapplythe principle Five of theseproxy metrics— describedn Table12 and discussed below

are provided in the SEFS dashboard to apply the principle.

GDP World Bank 2021 219
GNI World Bank 2021 219
GDP Per Capita World Bank 2021 219
GNI Per Capita UNDP 2021 191
HDI UNDP 2021 191

Tablel12 Ability to Pay metrics in the SEFS dashtmb

GDPis a widely recognized macroeconoriridicatorwhich iscommonly usedts i g n a | a countr

economic performance. Often misconstrued as a measure of wealth or how well a country is doing,
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GDP includes all the output that has been generated by people working within an economic territory,
which is defined as “the geogr dpdquilec&Bldes,a cor r esp
2014b, p. 153)Sitting behind the choice to use GDP as a measuralicationof ac o u n ability * s

to bear climataelated costs is the assumption that the higher the output of a country, the more a

country will be able to afford to address the costs of climate change.

The next metric for applying the Ability to Pay Principl&NI—iss i mi | ar t o GDP but {
include primary incomes generated in the territory bynans i d e n(Lequiller & Bladss)

2014b, p. 330)This means that theacomes of people who work in one country but live in another

will not count towards the overall income of the country or economic territory in which theylwork.

other wordsGNI excludes the economic activity or output that has been generated thutdideders

of the economic territory.

The next twametric options- GDP Per Capita and GNI Per Capitarevariations of the first two

options in that they divide GDP and Gathountby c ount r i fgsrés. Imthispvayltheyt i o n
incorporate a consideration of country siZer instance, it would generally be expected that a large
country would produce more output than a smaller country. Converting the output and income into
per capita terms provides a greateticationof the efficiency of each cmtry, where, it could be

argued, thatountrieswith more efficient production diigher levels of income per persaill have

the ability to contribute more towards the costs of addressing climate change.

The final metric for applying the Ability to Pay Principlehe HDI—is a number between zero and

one and takes three variables into account: standard of living, education level, and standard of health
(Lequiller & Blades, 2014bPeople in countries with a higher HDI tend to ertjayher levels of

these measurgen averageAn underlaying assumption aiing the HDI to operationalise the Ability

to Pay Principle is that countries ought to pay for the costs of climate change in proportion to their
level of human development. The highera unt r vy’ s d e theenhor finareial tapdciy v e |

the people in that country have for addressing the costs of climate change.

The Ability to Pay Principle is operationalised within the SEFS dashboard according to the steps and

equationdelow No year subscript is shown in the equations becaudatalk for the year 2021.

Step 1: Cal cul at e t he ofwmwerofthe five metriostif@able 12albole 0 lee

GDP metric is used below as an example.

W 0 YXO QA & QépE i
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Where

T w i s the sum of t heGDRPal ue of each country’s

T 6 is the value of the HDI for countiy

Step 2: Cal cul at e a 0OcH¥ i@nof the yotalsglotmlHirzance goal.
6 "W IQ 2 "0"0¢ i & "0"0¢ @ ap ih fp b fp v YD QA 0 QécE |
Where
T 0™KQi s a country’'s share of a chosen total fi

1 "O'0¢ i»achosen climate finance goal in USions

83.7.3 Applying the budget allocation principles

The following two sections§@3.7.3.183.7.3.2 outline the metrics and calculations used to apply two

budget allocation principlesGrandfathering and Equaligvertime —to generate answers to RQ3.

83.7.3.1 The Grandfathering Principle

Like the Polluter Pays Principle, the Grandfathering Prindcgpé®ncernedvith what has happened in

the pastindis applied within the SEFS dashboard using the sareecombinations ofistorical

warmingand GHG emissions datasets as the Polluter Pays Prirtdgmever, instead of using

c o0 u n thisterieakcontributionso climate change toalculatetheir shares of a global climate

finance goalthis information isnstead used tcalculate sharesf a remaining carbon budget (RCB)

or global temperature change targétder a Grandfatherirgr i nci pl e, countri es’ h

contributions provide a basis for future warming or rightemit GHGs.
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Warming amounts CEDS & Houghton & 1850-2014 174
(°C) Nassikas (2017)

GHG emissiongkt) Eora26 19906-2015 189
GHG emissiongkt) UNFCCC 1990-2020| Annex | Parties only

Table13. Grandfathering metrics in the SEFS dashboard

The Grandfathering principle is operationalised within the SEFS dashboard according to the steps and
equations belowApplying an emissionsspecific formulation of the principldased on CO

emissions onlyis given as an example.

Step 1: Cal cul at e t he G@pemiksnsdor tioeichnseh tapiernod, by
summing all countrie€0, emissions in each year of that ti¥period.

0 6 h Y @@ QWM e QD QoW co

Where

T Oaret he wor | d’CO emiasionslowertthe ehesen tiperiodT

1 O aretheCO, emissions of countryin yeary

Step 2: Cal cul at e eraportion cfhistonicalCOyemissions by dividing each
countChgmbssi ons by COlemissiong forlthe thesdimes t a |
periodT.

5

o "WQ ,Oﬁ Y O3 QOWM & QD 0Q4a Q¢ i "Qécgta Qi

Where

1 6 "®Q aretheCO;emissions that countiyemittedas a proporti on of t
emissions amount over tinperiodT
1 O arethe cumulativeCO, emissions of countriyover chosen timeriodT

T O aret he Wor | d’ GO emissionsloeet thecrosen tiperiodT
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Step 3: Cal cul at e each RoOBbynultiplyingthesdrtom beidget by edch e

counpregpertion of t hxemissionoledthesimepericlT. or i ¢ al
0 "W O "W 26 08 wa B/ cu
Where

T 0™KQ i s a coun COemissions fordhe featuretimeeriodF

T 0™ aret he emi ssions that country i e@htt ed, a
emissions amount over tinperiodT

1 0 "O¢ i5theRCB

§3.7.3.2 The Equality-overtime Principle

Engagement witissociate Professor Pamho applied thé&qual Cumulative Per Capta Emissions
(ECPCE)principlein a recent sty as discussed i83.7.1 motivated the development and
application of the Equalitpvertime Principle within the SEF8ashboardThe approach and
calculations for applying therinciple to obtain warming rights will be described fifstlowed by
the approach for applying the principteobtain emissions rights.

When applying this principlen a warmingdependent wayadistinction is made betweearseof past

warming andightsto future warming. This is because the distributions of past warming were not

formally allocated to countries as rights. Countries simply used up this space, in a way that some have
referred to as “at mospher i c (Fanpipgr&dlipkelj2828,ip.d@77, or “ c
Page, 2013b, p. 237n the future, warming could be allocated to countries as rights. Rather than

simply assuming usage, this righiased framing is more intentional and deliberate and is used to

differentiate between past usaa® future rights.

Calculations for applying the Equalibvertime Principle in a warmingependent way take the

following four pieces of information into account

Countries’ hi storica®Oldwar mi ng use bet ween 18!
Countries’ hi storica0l4popul ations bet ween 18!
Count ri e sfuturepapuwations; haged dhe five different SSPs frofable8,

between 20152050

1 A temperature targeis a function of past warming

This information is includeth Table14 bdow.
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Warming amounts CEDS & Houghton & 1850-2014 174
(°C) Nassikas (2017)

GHG emissions (kt) Eora26 19906-2015 189
GHG emissions (kt) UNFCCC 1990-2020| Annex | Parties only

Our World In Data
(HYDE & Gapminder)
Riahi et al. (2017)

Historical populations 1850-2021 251 regions
(including countries

177

Future population 199G6-2100

projections

Table14. Equalityovertime metrics in the SEFS dashboard

The Equality-overtime Principleis operationalised according to the idea of pensears, where a
personyear is defined as a person being alive in any given Jearnumber of perseyears for a

particular period of interestisthesumcob unt r i es’' a owerdhatlperipdo pul ati ons

The Equalityovertime Principle is operationalisedithin the SEFS dashboaadcording to the steps

and equations belovApplying awarmingspecific formulation of the principJdased omvarming

fromcountri es’ ,emissiand calyisigivem as@Dexample.

Step 1: Calculate the total number of perspears over the timperiod of interest.
This includes historical perseyears and future persgmars, based on a
particular population growth scenario.
0Q1l i £4d0QOIDQI [ ¢d0QDI 0QI 1 é¢d0QRI
n 0 0 hCY TYMRYYRYYSY VY'Y N QUi €& wdQ@di i
Where
1 n arethe persegears of the world over timperiodT, according to Future Population
Scenarids
0 isthe population of countiyin yeary
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0 isthe population of countiyin yeary, according to Future Population Scendio

1 “Vis a set of different Future Population Scenarios

Step 2: Cal cul at e t h e wanmang fran’ cemulhtivesCemissiondarl

the timeperiod of interest.
@ 6 h Y @ Q6WM &¢ D 3 X

Where

1  ist he wwarnlind from cumulative CQemissiondor the historical timeperiod T

1 o isthewarming from cumulative CQemissiongienerated bgountryi in yeary

Step3: Calculate the averagearming contributiorper persoryear over the
historical and future timperiods,wherew is scaled by a factor of4to
account for future warming. Because the method needed to be flexible
enough to accommodate any chosen fragod,”Y a simple approach for
determining the allowed future warming was to scale existing warming up to
that point by a factor. Different factors would give different resiiltss is
what is elsewhere referred to as the temperature target when discussing the
Equality-overtime Principle.

0 PR Z W Jo
n ROl ¢t oBaol

Where

1 O isthe averagavarmingamountper persoryear that the world can afford while

remainingbeneath the temperature targetross théistorical and future timgeriod
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Step4: Cal cul at e a -yearsafaor the hjstoreal gnetirrestimeperiod
n 0 0 NQi i €& w@oi i
Where
1 n are the persogears of country for the total timeperiodT
f 0 isthe population of countiyin yeary
0 isthe population of countiyin yeary, according to Future Population Scen&io

Step5: Calculate countryevel shares of theemperature targéor the2015-2050

period.

0™ O zq 0 Y om

Where

1 O "W Q isthe share of theemperature targéhat is available to countiyover the future
time-periodF

1 O isthe averagearmingamountper persofyear that the world can afford while
remainingbeneath the temperature targetross théistorical and future timgeriod

1 n arethe persogears of country for the total timeperiodT (1850-2050)

1 O isthe historical warming contribution of counirin yeary

When applying the Equalitgvertime principle in an emissiordependent way, the followirfgur

piecesof information are taken into account:

Countries’ hi stori e2020 emi ssions between 1990

Countries hi storica020popul ations bet ween 19
Count ri e sfuturepapuwations; hased on the five different SSPs fi@inle8,
between 20242050

1 An emissions limit as a function of past emissions
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The Equalityovertime Principle is operationalised within the SEFS dashboard according to the steps

and equations below. Applyinganemissisnpeci fi ¢ f or mul ati on of the pr

cumulative CQemissions only, is given as an example.

Step 1: Calculate the total number of perspears over the timperiod of interest.
This includes historical perseyears and future persgmars, based on a
particular population growth scenario.

0QI i £¢dOQOIVQI I €8 0QOI 0Qi i £d QI

N 0 0 hY CYYERYYGYYSRYMEY D B Qi i £ & i i

Where

1 n  arethe persogears of the world over timperiodT, according to Future Population

Scenarids
f 0 isthe population of countiyin yeary
f 0 s the population of countiyin yeary, according to Future Population Scen&io

“Yis a set of different Future Population Scenarios

Step 2: Cal cul at e t h e cuiadatiie €O enisdionderithe timiec a |

period of interest.

0 6 h Y @@ Q6WM O QD QO ¢ K

Where

T Oar e t heumulativelCO®énsssiondor the historical timeeriodT

1 O arethecumulative CQemissionof countryi in yeary
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Step3: Calculate the averagamissionger persoryear over the historical and future
time-periodswhereO is scaled by a factor of 1.5 to account for future
emissions. Because the method needed to be flexible enough to accommodate
any chosen timgeriod,”Y a simple approach for determining the allowed
future emissions was to scale existing emissions up to that point by a factor.
Different factors would give different results. This is what is elsewhere

referred to as thRCB when discussing the Equaliyvertime Principle.

, p®20 QO ,
o et oo

Step4: Cal cul at e a -yearafar the historeal gnetirrestimeperiod.
n 0 0 NQi i €¢&cg@oi i
Where
1 n are the persogears of country for the total timeperiodT
f 0 is the population of countiyin yeary
f 0 s the population of countiyin yeary, according to Future Population Scen&io

Step5: Calculate countryevel shares of thRCB for the 2016-2050 period.

6w 0 2 6 Qo o

Where

1 O "W isthe share of thRCBthat is available to countiyover futuretime-periodF

1 0 arethe averag€O, emissiongper persofyear that the world can afford while remaining
within the RCB, across théiistorical and future timgeriod

1 n are the persogears of country for the total timeperiodT (1990-2050)

1 O are the historicaCO, emissionf countryi in yeary
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83.7.4 Featuresof ethical principlesand information for applying

them

The five ethical principles applied within the SEFS dashboard have a range of features that are worth
drawing closer attentioto, andwhich influence howithey are appliedlable15 provides a summary
of thesefeatures and how these compare across differertipies.

First, allprincipleshave beefiound to go by differermames or related concejtsthe literature.
Being aware of this was important when it came to reviewing the climate ethics fienadu

identifying relevant studiestocompareh e S EFS dashboard’s results wit

Seconddepending on their conceptions of justice, principles are described as h&singua or
backwardlooking focus and this is reflectad the information that is used to apply thefor
instancethe Polluter Pays Pritiple is backwardlooking because it ifocussed on what has occurred
in the past, where climate finance obligations can be based upon hisgdiGamissions or the
warming associated with these emissidnsontrast, thé\bility to Pay Princple isforward-looking

because it isoncernedvitha ¢ t o r s tircuenstances. n t

The Beneficiary Pay$randfathering and Equaligvertime Principlesall havebothaforward and
abackwardlooking focus In the theoretical climate ethics literature, the Beneficiary Pays Pringiple
described abaving bothforward andbackvard-looking elemets because fohow it focuses on

future and existing benefitad isolates only those benefits thet strongly associatedth historical

climate change furthering aqiBage, 2012However , t he SEFS dashboard’s
Beneficiary Pays Priipleis reduced to a solely forwaidoking orientationpy using the proxy

metricofc ou nt r i eetated inoenaidntinfa singlerecent year.

The Grandfathering and Equalibywer-time Principles are also both forwamahd backwardooking.
A pastreference year which sets daseline for future emissiotsvels—is the Grandfathering

Pr i n chagkwasdlboking elenent, and théorward projection ot o u n tfuture ergssion
reductiosi s t he Gr andf dorwarelookimgglenfentTheEgualgyoweert-tisie
Principle is both forwardand backwardooking in the way that it distributes a global temperature

target or RCB across past and future generatigms.information is captured ifiable15.

Third, asdiscussed previaly, the Ability to Pay and Beneficiary Pays Principles are commonly
applied with proxy metricsSThe most challenging principle to operationalise in this research was the
Beneficiary Pays Principle. Aside from one suggested operationalisation Réthe(2012)to the
resear che rthese ale naxistihgdashp@aretyletools orpracticalclimate ethics

assessments which have applied the Beneficiary Pays Principle. A lack of other examples could, at
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least in part, be due to the challenge of quantifying the level of benefit that different countries have
derived from historical contributions to climate cgan

This challenge of applying certain principles, as well as their absence from practical ethical
assessmentbas raised the question of whetpénciple applications may potentially be a source of

moral bias, where there may be a tendency for applied ethics practitioners to reach for those principles
which can be most easily applied. If this were the case, it would mean that the scope of moral
perspectives on countigvel fair shares for addressing climate change will be inadvertently limited

by the appliability of principles. However, the ease with which a principle can be applied merely
reflects what scientific information and data has been available and measurable to date. These factors
are not morally significant reasons to use or not use a pringgiléhere remains a risk that they may

unnecessarily restrict ranges of ethical perspectives that are considered in climate ethics assessments.

A further important feature of ethical distributional principles is whether they are operationalised in a
warming or emissionslependent or independent way. A principle is warmargemissions
dependent when it uses information abmato u n pastygdntsibutions to climate changeither

their historical warming or historical emissions.

The Polluter Pays, Grandfathering and Equaditgr-time Principles are all warmin@nd emissions
dependent principles and have been applied in the SEFS dashbwardhing and emissions
dependent waysVhen applying these principles, choices need to be made about the particular
dataset, accounting framework, whether one or multiiieate forcersre included, the type of

metric, sectors and tirqgeriod over which warming or emissions are considered.

Operationalising the Beneficiary Pays Principle in a way which is warrningmissionslependent

is one way the principle could incorporate a backwaoding element to taken thehybrid form
discussed in the literature (s&2.6.1.2. The Beneficiary Pays Principle, as it has been applied in the
SEFS dashboard, is not a warming emissionsglependent application. However, the Beneficiary
Pays Principle could become warmirg emissionsdependent if it were to be operationalised in

way thatlinked the principle withdifferent GHG accounting frameworks, particularly the
consumptiorbased one, as discusse@h6.1.4 Additionally, the extractiobased accounting
framework presents a further option for applying the Beneficiary Pays Principle in a waoming

emissionsdependent way within the dashboard, which is discussed furtB&r4r2

Warming and emissionslependent principles require more information and a greater number of
choices to apply than nemarmingdependent and neemissionsdependenprinciples like the

Ability to Pay Principle For this reason, their applicatiosigan a greater space of possible solutions.
Figure14 compares thdifferent information requirements ftrewarming and emissionslependen

principles in the SEFS dashboard.
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Feature / Principle

ng

countries’

Polluter Pays

f ai—+N.Igeb @hess)s f or

Beneficiary Pays

Ability to Pay

addr essi

ng cl

Grandfathering

mat e

change

Equality-over-time

Definition / notion of fairness

Related concepts

Forward- or backward-looking
application within the SEFS
dashboard?

Metric or proxy mefric

Other possible proxy metrics
suggested from dashboard demos

Warming- or emissions-dependent
application within the SEFS
dashboard?

Efforts or costs should be shared in
propertion to each actor’s
contribution to causing the problem.
In the case of anthropogenic climate
change, the cause of the problem is
GHG emissions.

Historical responsibility

Backward-looking

Historical GHG emissions
Historical warming (from GHG
emissions)

Yes

Effort or costs should be shared in
proportion to the benefit that each
actor has derived from harm-causing
actions. In the case of anthropogenic
climate change, downstream harms
are caused by emitting GHGs.

Responsibility

Forward-looking, although the
climate ethics literature describes this
principle as a hybrid one, with both
forward- and backward-looking
elements

Total Wealth
Total Wealth Per Capita

Cumulative Total Wealth

Carbon intensity: CO, emissions per
dollar of GDP (1820—2018). Source:
Our World in Data

No, but it could be operationalised in
this way

Those actors with the greatest
financial resources should bear the
greatest costs or pay the most.

Capability
Capacity

Forward-looking

Gross Domestic Product

Gross Domestic Product Per Capita
Gross National Income

Gross National Income Per Capita
Human Development Index

National Disposable Income

Remaining GHG emissions (or
warming) rights shall be granted to
actorsin the same proportions to
historical emissions (or warming).

Staged approaches
Inertia principle
Constant emissions ratio

Forward- and backward-looking

Historical GHG emissions
Historical warming (from GHG
emissions)

Table15. Features of the fivethical distributionalprinciples in the SEFS dashlak

Remaining CO, emissions (or
warming from CO, emissions) shall
be granted to actors based on
equalising cumulative CO, emissions
(or warming from CO, emissions)
over past and future projected
populations.

This is a more sophisticated version
of the Equal Per Capita (EPC) and
Equal Cumulative Per Cumulative
Capita (ECPCE) Principles

Emissions egalitarianism

Forward- and backward-looking

Historical GHG emissions
Historical warming (from GHG
emissions)

Historical population

Future population projections
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Principle Polluter Pays Grandfathering Equality-over-time

—

CEDS, Houghton & Nassikas (2017) F— { UNFCCC Eora-26

Accounting framework Production-based | Consumption-based

Sectors . :
Single Multiple
sector sectors

Greenhouse gas
m

Metric (units)

Time-period

Population datasets

UNFCCC:
Eora-26:

1990-2020
1990-2015

Our World In Data
(Gapminder & HYDE)

Riahi et al. (2017)

Population metrics
Historical populations

Future population projections

Population time-periods

1850-2021 1990-2100

User choices

Figure 14. Informationrequirementsnd choices for applyinggarming and emissionslependent principles
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Of thethree warmingand emissionslependent principleshown inFigure14 above the Equality
overtime Principleis the most informatiointensive principle to applyhis is because requires
countri es’ -reldtedcomdribuions; ds avell gse0 u n thistarieakahdorojected future
population figuresA disadvantage of needing to rely on so many datasets to apply the principle is
thatcertain countrieswvhich do not collect data f@ll three datasetbecome excluded from the
analysis This is illustrated by the Venn diagramhRigure15 below, which shows the overlap of

common countries in different datasets.

First join, country total
reduced from 174 to 163
\

AN

Our World in Data CEDS, Houghton &
historical population Nassikas (2017)
dataset datasets

174 countries,
18502014

215 countries,
18502021

Second join, country total
reduced from 163 to 158

177 countries,
1990-2100

Riahi et al. (2017)
future population
growth scenario
dataset

Figure 15. Commorcountries in dataset®r applying the Equalipvertime Principle

Operationalising the Equalityvertime principle led to some countries being excluded from the
analysis because not all datasets contained informfatic@very country However |osingsixteen
countries which were not common to all three main datggetselatively insubstantial given the 158

common countries that remained.

83.7.5 Section summary

This section §3.7) has outlined thenethodologyby which theapplied ethics component of the

research was carried 088.7.1described the sistep approacfor applying ethical principleand
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highlighted the importance of developing a robust understanding of the climate ethicgditditat.

was especially the case when it came to understanding and applying tHen#hweial burdersharing
principles,which have beenomprehensively discussed and debatdtie abstradby climate

ethicists and philosophenrgetnot applied to the same extent as the two budget allocation principles.

Calculations for applying the principles were informed by engagement with climate experts who had
written on applied ethics topics or developed similar dashksigitel tools to the SEFS dashboard.

The mathematicd@ quati ons f or c¢ al c ufbraddiessigg clonate changeiuedsr’ f ai
each of the fiveethicalprincipleswereoutlined in83.7.2and83.7.3 The nexsection(83.8 describes

the dashboard development and demonstrations that took place to obtain further feedback from

climate experts and refine the tool.

83.8 Dashboard development and demonstrations

The SEFS dashboard was developed by following an Agile Programming approach. New features
were defined aminimum viable products(MVPs) and work was done to develop these features
quickly and build on them through making iterative improvements. The work inveiéchingback
and forth betweemultiple literatures, especially the climate ethics literaticenderstand

theoretical definitionand philosophical objections against #tkicalprinciples as well apractical
assessmentmnd dashboardtyletools These toolprovided examplesf data and information that

could beused to apply the principles.

83.8.1 Dashboard structure and code layout

The SEFS dashboard includes six pagkesh users can navigate between, listed below.

Page 1 Introduction

Page2 Contributions to warming
Page3 Distributing costs

Page4 Distributing rights

Pageb Methods

Page6 References
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The code for each of these pages is contained in separate python files, of the saraeranseone
main python file, app.py. This file references the six other files (introduction.py,
contributions_to_warming.py, distributing_costs.py, distributing_rights.py, methods.py and
references.py).

APP-1 <- Main folder within the repository

--app.py <- Main python file which calls the other files

----pages <- Subfolder

______ introduction.py <- Python code to structure the introduction page

—————— contributions_to_warming.py <- Python code to structure the contribuséa warming page
—————— distributing_costs.py <- Python code to structure the distributing costs page
------ distributing_rights.py <- Python code to structure the distributing rights page
______ methods.py <- Python code to structure the methods page

...... references.py <- Python code to structure the references page

Figure16 below shows the relationships between the different files and how they work together, as
well as the names of the various functions that are called to carry out specific calculations.

Functions called

calcAbilityToPay
calcBeneficiaryPays
calcPolluterPays

Main python file

Six pages referenced Data files imported
introduction.py

g contributions to warming.py

/

warming_Callahan&Mankin_ALL_GHGs.csv
warming_Callahan&Mankin ind GHGs.csv

e e 0 costs_principles PPP.csv
distributing_costs.py o principles

g distributing_rights.py
\

costs_principles APP_BPP.csv

app.py

calcEqualityOverTime
calcGrandfathering

methods.py
\
\
references.py

Figure 16. SEFS dashboard code layout

Seven .csv files contain all of the data that is required to perform calculations within the dashboard.

These are shown in tmeiddle column ofFigure16 aboveand are alséisted inTable16 below.
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warming_Callahan&Mankin_ALL_GHGs.csv

warming_Callahan&Manking_ind_GHGs.csv

costs_principles_PPP.csv

costs_principles_ APP_BPP.csv

rights_principles_equadvertime_grand.csv

W| Wl N N| | P

rights_historical_population_estimates.csv

B D] W W NN

3

rights_future_population_scenarios.csv

Tablel6. .csv files that the dashboard takes as inputs

There are also several functions whilctiude the calculations to appharious ethical principles.

These are shown in the rigimost column ofigurel16 above and are also listedTable17 below.

calcWarming Cal cul ates countries’ hi stori cd

calcAbilityToPay Cal cul ates countries’ finance ¢
principle

calcBeneficiaryBays |Cal cul ates countries’ finance ¢
Principle

calcPolluterPays Cal cul ates countries’ finance ¢
Principle

calcEqualityOverTime Cal cul at es countries’ GHG emi s g
Equality-overtime Principle

calcGrandfathering |Cal cul ates countries’ GHG emi s ¢
Grandfathering Principle

Tablel7. Functions within the dashboard
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83.8.2 Dashboard demonstrations

Between JulySeptember 2023, informal demonstrations of the SEFS dashboard were given to six
climate experts-eedbackeceived during these demonstrations influenced further refinements to the
SEFS dashboard that took place throughout AugR@8-April 2024. This feedback is summarised in
Tablel18 below, whichlists interviewee suggested improvements that could be made to the SEFS
dashboard and the rationale behind these suggestitims first and second columrighe third

column contains the researcher’s response to
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ng climate change

Extend the historical timperiod.

Only displaying datasets with a 1990 start date

a significant limitation.

A previous version of the SEFS dashboard onl
contained datasets with pa290 information.
By building on code fronthe Callahan and
Mankin (2022)study— which includes a longer
historical timeseries of GHG emissions back to
1850-the historical timeperiod for calculating
countries’ wa rwasextanded. o
A dataset of countriésistorical population
estimates back to 18%@as alsancluded to apply

the Equalityovertime principle.
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ng

Refer to principles adistributive not ethical

Grandfathering is not an ethical principle.

Grandfathering arguablg an ethical principle
becaus®f the moral arguments that haagsen
in defence of it, as discussed82.6.2.1 As
explained previoushincluding the
Grandfathering Principle within the SEFS
dashboarghould not be viewed as support for {
principle. The principle hakeen included
because it is commonly put into practice and h
shaped international climate polititgough the
Kyoto Protocoland climate policy instruments
like emissions trading schem@sTSs) This has
made the principle of uraidable relevance to

this project.

Build links between differerdashboard pages.

In its current statdhere are no clear links
betweereach page of the dashboard and the th
RQs

The three main pages of the dashboard remair|
standalone pages. However, the discussfon
warming and emissiogtdependent principles
83.7.4serves to highlighthe linksbetween RQ1
—-which is concerned w
contributions to global warmingand how
warming and emissionslependent principkecan

be applied to answer RQ2 and RQ3.
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climate change

ng

The AppropriatorPaysPrinciple would be an

interesting principle to include in the dashboarg

The Appropriator Pays Principle woudsign
responsibilityto those actors who havaken up
someoft he at mospher etys
without authority or permission, féheir own use
in a form of environmental colonialisithis
principle isrelevantto distributive climate justice
guestiondecausef how it focusses on
appropriation ofin atmospherisink and hovithe
sinK s capacity might be distribute@ountries
which haveused more of thisink, or its
absorptivecapacity havedeniedother countries

the opportunity to access this.

An Appropriator Pays Principleas not yet been
included within theSEFS dashboard

Despite references to atmospheric appropriatid
within the climate ethics literatuend climate
ethicistDale Jamiesontating that* Cl i ma't
ethicists often say that climate change at its co
is a problem of rich people appropriating more
their tioef

Appropriator Pays Principleas not yebeen

t han shar e a
explicitly discussed and applied asethical
principle (Fanning & Hickel, 2023; Jamieson,
2014, p. 6; Page, 2013 urther work would be
required tadefineand clearly distinguish this
principlefrom other weHlrecognised ones, and

investigategpossible ways to apply it.
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Consider including a page with marginal

abatement cost curves (MACCs).

It can be useful for countries to understand hoy

much it will cost them to mitigate climate chang

This would be useful to do but does not align w
the overall aims of this particular doctoral
research project.

MACCs are graphs which show the abatement
potential of different climate mitigation measure
and the relative costs associated with each
measure. They are used to identify |easdt
emission reductions within a particular territory
However, this projeds focussed on apportionin

responsibility to natiorstate actors.

Table18. Suggested dashboard improvements from climate expert
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83.9 Chapter summary

Chapter has outlined the research approach and introduced a tangible output of the research: the
SEFS dashboar@heresearch desigrincludinghow multiple methodologies and methods are

situated within an overarching pragmatisisitivist paradigmwas presented 3.2

This was followed byverviewso f t he SEFS d@&@33) dataourdewhschdreay o ut
combined within the dashboaadd thesteps taken tpre-processand convert this data into useable
formats(83.49. The procedures for calcul atingHaenduntri es
consumptiorbased emissiong8.6 were then explained.

Next, thedatasets and formuldehind applications of eaddi the fiveethical distributional principles

were detailecgndinformation requirements for applyisgich principleverereflected on ir§3.7. The

~

chapter concludedy summarising | i mat e experts’ f eethlBa8wkichon t he

helped strengthenttta s hboar.d’ s desi gn

In summay, Chapter Jhas articulated how a range of knowledgel methodsrom the fields of
climate sciencdE and appliecethics have been brought together during this research project to
produce a novel dashboastyle tool. The manner in which the dashboard was developed is best
described as an iterative one, with much switching back anddoithand froingbetween

developing components of tashboard anthen returning to various literatures to be informed and
guided by these. The next chapter presents and discassiis that werebtained from the
dashboard to answer the thiR©s.
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Chapter 4 Results and discussion

84.1  Chapter overview

This chapter presenthartsand tables from th8cience and Ethics of Fair Shar8& £ dashbard
and discusses these as answeeath of the thregesearch questions (RQ8)ost of the results in
this section come directly from the SEFS dashboard. Howsseeralchartshavebeen created from
dashboard outpuend do not appear in the dashboard itself.

Answers taRQ1, which focussesn countrylevel contributions to historical globalarming, are
presentednd discussed i®4.2 Next, 84.3presents answetes RQ2,which focussesn fair

distributions of financial costs for mitigating climate chanfee costsreferred to in RQ2 are

financial in nature. Therefore, a discussion of answers to this question requires situating the results
within the climate financéteratureand drawingon realworld climate finance estimatemcluding

the US$100 billion climate finance pledgentioned previasly and theNew Collective Quantified

Goal (NCQG)onclimate finance

Next, 84.4presents and discusses answers to RQ3, which focusses on fair distributions of warming
rights within fixed global temperature change targéterights referred to in RQ3 are akin to

property rights or rights to exploit the global atmospheric comsRQ3 is answered by way of two
budget allocation principlesGrandfathering and Equaligyvertime. As mentionedn Chapter 1

these budget allocation principlepresent very different ideas of justiand allow for a form of
technologyassisted wide reflective equilibriufd/RE). For instance, thEquality-overtime Principle
ascribes to an egalitarian notion of justice, whereas the Grandfathering Principle followa first

first-served ocustomary rightdased appiach.

Finally, 84.5discusses thknks between each of tHeQsin terms of the data each uses and how
answers to RQ1 can inform answers to RQ2 and RQ3, depending on which distributional principle is

selected by a user. This section also concludes the chapter.

As climate change progresseslipymakers and international climate negotiators will continue
grappling with how to addresise challengéairly in years to come. Scientific knowledge of
greenhouse gaseSKIG9 and how they warm the world differently has been crucial in enabling a
better understanding of humarduced climate change and what it is driven by. However, scientific

knowledge, data and evidence alone are insufficient to support efforts to addissseh@uestions

n

relating to countries’ fair shares are ultimatel

explore how a country’s fair share varies when
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applied, thereby encouraging value judgements sitting behind these principles to be seen and
acknowledged for a richer discussion.

842 Countriesd contributions to gl

Understanding how countries havarmedthe planetover different timeperiods is the focus of RQ1.

Historical precedestlike the 1997 Brazilian Proposarguedthat ount r i es responsi bi
addressing climate changkouldbe in proportion to how much warming they had gener@eatzil,

1997; den Elzen, 1999; La Rovere et al., 2002; Skeie etal.,.Z0h7) s expl i cit focus o
contributions to globalvarmingwithin international climate negotiationsotivated a rangef studies

in the early 200080 developmethodologieforc al cul at i ng cwammngr i e s hi st o

contributiongBlanchard, 2002; den Elzen et al., 2005, 2005; Hohne & Blok, 2005)

More recently, an explicfocus on globalarmingcan also be seen in the framing of the Paris

A g r e e mdice 2'tesnperature targetahich 196 parties to the agreement hagreed to not
surpassThere is also well-established literature on carbon budgets, which link allowable quantities
of carbon emissions that can be emittethtzse targetfAllen et al., 2009; Anderson & Bows, 2008;
Meinshausen et al., 2009)

Yetcal cul ating countries hi storical cont835 buti on
outlines. This may, in part, explain why festudiesguantifywarming contributions at theational
l evel. The SEFS dashboard all ows ngdeutlisingt o vi ew c
outputs from aimple climate modgISCM)which was used taun modifiedleave onecountry-out
experimentselaborated on i83.5 These experiments involvedtendingthe code developed by
Callahan and Mankin (20228p that warming ass@ted withcarbon dioxide €0O,), methane CH.)

andnitrogen oxidesNOx) emissions could be calculated.

84.2.1 Resultsand discussion

The SEFS dashboard offers usaichoice okix timeperiods over whicktovi ew countri es’ h

contributiongto globalwarming, listed below.

1. 1850-1960
2. 1850-1990
3. 1850-2014
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4. 1960-1990
5. 19602014
6. 19902014

Figurel7displaysc o u n thistarieakcontributionso warming(in °C) over theabovesix time-

periodsfrom the emissions of GOCH, and NOx It should be noted that the country codésng the

x-axisdo not align with each bar in tlohart The purpose of displaying thesearts igo showthe

different shapes and spreads of the distributibheindexon the righthandside of each chart

specifies the tofhirteencountries. The warming contribution of Brazil (BRA) is shown as a blue bar

t haedrelativaicontribwyidnand how theise have changed

ndi cate

with time for comparative purposes.
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Figure 17. Countries' contributions to warming (°C) from @H, and NOxemissions

(A) 1850 1960, (B) 18501990, (C) 18502014, (D) 19601990, (E) 19602014, (F) 19902014

In chartsA, B and C ofFigurel7, wherethe start date is 1850, the United States features prominently

as the largest contributor to historical global warming:hartD, where the start date 1960 and the

end date is 199@he contributions of Russia and China become more comparable with the United

StatesIn E and F, where the end date is 20QHina overtakes the United States as the largest
contributor to globalwarmingchi na’ s i ncreasing c¢umubesetaterve war mi

tmeperi ods refl ect s industealishtiarjolerey. st art of China’ s
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B r a zcontribuson to warming (blue bar), relative to other countries, also increases in later time
periods. Growing fossil fuel use in rapidly industrialising regions and greater deforestation to make

room for agricultural expansion, particularly in Latin Amgan countries, has driven GHG emissions
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increases in many African, Asian and Latin American countries betweer2(BIFE][Lamb et al.,

2021)

This can explain why

Br azi

S

r el pdriods. e

Overall, theseesults show that early emittelike the United Statehave the greatest contributions

to warming when late 1%and early 20 century warming is inclded. However, different story

emerges after 199@s large developing countries like China and Brazdergatheir processes of

industrialisation.

Tablel9, Table20andTable21 below show theop tencountries which have contributed to
historical globalwarming fromthe same threelimate forcersoverthe 1856-1960, 18561990 and
1850-2014 timeperiods.These tableare taken from the dashboard drae been displaydtere to

more easily show the rankirdg major warming contributorand their temperature contributions.

Values in theTemp_differenceolumnare thewarming amountgin °C) that each country has

contributed over the given tirageriod.

0 0o = o0 M k= W M

Y
]

United States of America (the)
China

Russian Federation (the)

United Kingdom of Great Britain and Northe. ..

India
Germany
France
Indonesia
Brazil

Canada

CHN
RUS
GBR
IND

DEU
FRA
DN

BRA
CAN

0.116
0.036
0.032
0.029
0.025
0.023
0.014
0.012
0.011

0.011

Table19. Toptencountries' contributions to warming (°C) from all GHGs5081960
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1 United States of America (the) 0.180
2 Russian Federation (the) RUS 0.090
3 China CHNM 0.072
4 India IND 0.040
5 Germany DEU 0.039
G United Kingdom of Great Britain and Northe-.. GBR 0.038
7 Brazil BRA 0.026
8 Indonesia DM 0.023
9 Ukraine UKR 0.022
10 France FRA 0.020

Table20. Toptencountries' contributions to warming (°C) from all GHGs, 185890

1 United States of America (the) 0.230
2 China CHNM 0.166
3 Russian Federation (the) RUS 0.095
4 India IND 0.064
5 Germany DEU 0.045
[ Brazil BRA 0.045
T Indonesia DM 0.043
8 United Kingdom of Great Britain and Morthe... GBR 0.041
9 Japan JPN 0.032
10 Canada CAN 0.026

Table21. Toptencountries' contributions to warming (°C) from all GHGs, 183014
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Table22belowg i v e s ¢ o tenrankingefomraldet9pTable20andTable21, as well those
over the later three timgeriods 1960-1990, 19661990 and 199€014.

usS 1 1 1 1 2 2
China 2 3 2 1 1
Russia 8 2 3 2 3 -
UK 4 6 8 10 - -
India 5 4 4 4 3
Germany 6 5 5 4 8 -
France 7 10 - - - -
Indonesia 8 7 9 6 4
Brazil 9 6 5 5 5
Canada 10 - 10 - 9 -
Ukraine - 9 - 8 10 8
Japan - - 9 7 6
Venezuela - - - - - 7
Iran - - - - - 9
Mexico - - - - - 10

Table22. Country positions within the tdgncontributors to warming over the six tirperiods

Across all timeperiods, five countries consistently feature in thetéopthe United States, China,

India, Indonesia and Brazil. These coung&rsws arehighlighted in yellow inTable22 above While

the United States and China are always the highest or second highest contributors to warming, the
positions of India, Indonesia and Brazil rise with time and all three of these countries appear in the top
five contributors to warming when the mosteat timeperiod— 1996-2014—is chosen. Other

noticeable trends are the way in which the United Kingdom, Russia, Germany and France drop out of
the toptencountries when more recent tirperiods are chosenwhere the start year is 1960 or later

and the end year is 2014. Canada, Ukraine and Japan also appear inghedoptries put not

across all timgeriods. T h e s e rankingswithinithe ®fentend to beslightly lower ovelithe
time-periods with1850 startlates Finally, when the latest timperiod is selected, a grogpnew

countries enter the tdpnthat were not in periods when the start date was earlier than 1990:

Venezuela, Iran and Meca.
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These resultalign with realworld obsevations. For instanc&uropean countries and the United

States havachievecannual GHG emissions reductions on average betweeh-2018, with

significant reductions itheir energyrelated emissiond.amb et al., 2022)This can be explained by

these countries’ successes in shifting away fr on
portfolios to incorporate renewable and nuclear sources. This was particularly the case for France and
Sweden, which chose to becotass oil dependent following the 1973 oil crisis, and have on average

reduced their annual emissions since 1@illot et al., 2020)

The rising warming contributions of Venezuela, Iran and Mexico can be explained by these three
countries having abundant oil reserves, which they have exported to other countries, and which have
also begun playing an increasing role in underpinning tloeiregtic economig@gbanike et al.,

2019; Agnani & lIza, 2011; Esfahani & Pesaran, 2008¢restingly, these countries have suffered
multiple economic crises but have also experienced periods of rapid economic growth in the late
1990s and early 200@Solaymani, 2020; Weisbrot & Sandoval, 200iMe rapidly rising populations

of Mexico and Iran over the 1992014 period can also explain higher levels of warming from rising
energyneedqgEscamillaGarcia et al., 2024; Esfahani & Pesaran, 2009; Rehld@nta et al., 2013;
Solaymani, 2020)

In contrast to developed countries decarbonising their econgmiasylarge developing countries
havenotbegun decarbonising their energy sectors to the same extese begun consuming

greater proportions d@heir produced fossil fuekhan they did previously, as is the case for Venezuela
(Agbanike et al., 2019Yhese countries are nawertakinglarge historical emitters in what is

anticipded to be a continuinggend(Jiang et al., 2019)

Whilei t can be useful to consider couwlmateforees®t contr
once there is also benefi isolating and analysing the warming effect from just one or Tihe

charts inFigure18 andFigure19 (below) displayc ount r i e s’ hi stogabal c al contri
warming across thredifferent timeperiods, fromcombinations of one or twdimate forcersA—C of
Figurel8includes warming from C&only, while A-C of Figure19includes warming from both

CHs and NOx.

The SEFS dashboard includes functionatiyfilter charts so that only the tdifty contributing

countries are displayed. Aadvanage of this ighat countrycodes and bars align. To demonstrate this
functionality, the charts ikigure18 andFigurel19include only the tofifty countriesThewarming

contribution of Brazil (BRA is againshown as abluebarineacthart t o i ndi cate the

positionandrelative contributionandhow these have changed with time for comparative purposes.
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Figure 18. Countries' contributions to warming (°C) from €€missions only

(A) 1850 1960, (B) 18501990, (C) 18502014
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Temperature contribution (*C} Temperature contribution (*C)

Temperature contribution (°C)

Thechartsin Figure18 andFigure19 will now be compared witkthose inFigure17, which gave the
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Figure 19. Countries' contributions to warming (°C) from ¢€&hd NOx emissions
(A) 1850 1960, (B) 18501990, (C) 18502014

results ofc 0 u n tcamibiredcontributions to warminfrom CQ, CH: and NOx as well adlable

22,

periods. The distributions Rigure18 aresimilar in shape to those W-C of Figurel17. For instance,
in chat A of bothFiguresthe warming contributions are highly skewed towards the United States,

which displ ayed c¢ ou tehcoritribwors topvarmingtoveiothe sixtime t hi n

which has aignificartly higher contribution than the next country.

However, whertomparinghe orderof countries whichmake up the next largest contributors to

warmingin Figure18 andFigure19 with those inTable22, noticeable differences emerd@oking

atthe first column offable22, which includesvarming from allthreeclimate forcersver thel856-
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1960time period China and Russia had the second and third highest warming contributions, followed
by the United Kingdom and India in fourth and fifth. However, wbely CO, emissionsare

considered over the same time periodhat A of Figurel8, the United Kingdom, Germany and
Russiacome in at second, third and fourth, whereas China falls to fifth and India to the eleventh
highest contributorThis reflects the industrialised naturetioé developed o u n tformere s’
economies, and how Gldnd NOxhave tended tplay a greater role in tfermer ecmomies oflarge
developing countries lik€hina andndia, which wereassociated with agricultural activities a

greaterdegree.

The comparative scale of China’s and India’ s agr
proportions of their total populatiotisat have beeangaged in agricultural activities. For instance, in

1975 the Chinese population was between-880 million, where the number of Chinese engaged in
agricultural activities was 68@65 million, or 8685% of the total poputeon (Wortman, 1975)For

India, agriculturee c count ed f or n e amatiopal itcane indasfthe mdimurceount r y’
of employmentt the time of Independence in 1947, when ~72% of the total working population was
engaged in agriculte (Tripathi & Prasad, 2009By 2009, still more than 60% of the Indian
workforcewasengaged in agricultur@ripathi & Prasad, 2009) n compari son, the Uni
agricultural labour force in 1975 consisted of only 4.2 million worker2%of the totalpopulation

of 210 million (Wortman, 1975)

Whenonly emissionsfromCHand NOx are included in the calcul a
contributionsover the same timperiod— 1856-1960- the United Stateshows significantly less

dominance than it did when emissions fralithreeclimate forcer§C0O,, CH: andNOXx) or only CQ

emissions were include#inally, whenthe longest timgeriod— 1856-2014—is selected, China has

the highest warming contributidrom CH, and NOx emissionsfollowed by the United States and

then Irdia. This again reflects the nature of these couptrs ° e @ the typieseo$ activities they
engageinThe significantly higher proportioms of war |
emissions can be explained by their large agricultural sectors, where rice is the most commonly grown

crop, and rice paddies are a significant source of@hssiong{Sprague, 1975; Tripathi & Prasad,

2009; Wortman, 1975)

These results show that countries’ contr-i buti ons
period selected, but also the choice to inclingewarming effect of multipler isolatedclimate

forcers A disadvantage of translating the warming effect of multgtilmate forcersnto anoverall

figure (in°C) is thatproportions oshortlived and longlived warmingare hiddenAs explained in

82.4 the atmospheritesidence timés what determingthetemporaryor morepermanent warming

effects of GHGsDifferentiatingbetweertemporary and permanewarmingcan have important
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policy implicationsandwill be discussed further in relation to applications of the Grandfathering
Principle in84.4.2 wherecountries may inherit cooling ogktions.

WhileRQli s concerned with determining colingthei es’ hi
results in this section can also be useedglore answers to the question of what proportion of

warming countries ought to be held responsible for. This relates to the concemssaiixe

ignorance and inexcusable negligendiscussedh §2.6.1.1 The dashboardoes not give specific

answerdo this questionhoweverit can help show whaiossible answers would lb@d how different
perspectives on temporal responsibility might play out, given the famt$nstance, ibne were to

take a posfLl990 view of responsibility, thdargeobligationsassociated with addressipge-1990

warming would be absolvddr early industrialising nations. However, if one were to believe that
countriesshould nobe completely absolved oésponsibilityfor their pre1990warming,then early

industrialsing countries would beagreater obligations

As mentioned irChapter linsteadf providing a singleightanswertdRQl1, t he SEFS dasht
virtue is in it enabling its usete explore their value differences by viewing a raofjpossible

answersSuch answers reflect varying perspectives atssaporalmoral responsibility andan
supportdebatesbout proportions afhortlived versus londived warming withinglobal temperature

change target$iventhatbaseyears and timgeriods for culpability are contested, the SEFS

dashboard affords its users an opportunity to experiment with differenpénmdsand warming

from different combinations of GHG® test their own ititions of fairness In this way, climate

negotiators and policymakers can investigate the results of assigning moral responsibility for past

warmingin different waysto better inform ethical debate.

84.2.2 Comparisonwith similar studies

The sample of results obtained from the SEFS dashboard will now be discussed in relation to similar
practical climate ethics assessmemdstudiesOne of these studiesSkeie et al. (2017 also

cal culated countries’ c 0 ICMrSkele ettali (20hBsedth@Centea r mi ng L
for International Climate and Environmental Resea@dio (CICERO-SCM and includederritorial

or productiorbasedemissions fron1850-2012 The studycalculatel aggregated warmingmounts

of Annex | Parties, the United States, and Ehegopean Union and its 28 memb@ed)28). At the

time, the United Kingdom was still part of theuropean Union (EUAnnex | Parties were found to

have accounted for 68% of totaiktorical global warming frortheir cumulativeCO, emissions

between 850-2012,yet only 54% of total warming when CHandnitrous oxide(N20O) werealso

included.
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In its current state, theEFS dashkard does nonclude a feature to group warming contributions of
countries at the regional level or by common coalitions, suétmasx | Parties and the EUZBhis
was deemed out of scope for the current resqagiect. However, developinthis type of featte,
whichwould enable direct comparisons be made betweehe results of th&keie et al. (201 Atudy
and theSEFS dashboaydould be incorporatedtimfuture iterations of the tool.

Another study which calculates counttigsarming contributions is théones et al. (2023fudy This
studymakesuse of the sameULCC datasetbut a different historical C&fossil emissions dataset

from the Global Carbon Pjext (GCP) Jones et al. (202@nables analysisofcourr i es’ contr i b
to global mean surface temperature (GMST) change betw&dr221.The results are presentas

choropleth graphs, with colour scales indicating contributions to climate chdugk in terms of a

temperature increase and as a proportion of total anthropogenic warming fcdass.all three

time-periods— 18511960, 18532000 and 18542021 consideredy theJones et al. (2023%udy,

the United States contributes towards the great e
contribution since 2000 is edlent.T h e Un i t hastbricAdommihanceas a large contributor to

global warmingg n d Ch i bleaiseas asignificant contributor in recent decaalem with

findings from the SEFS dashboafther e ducti on i n European nations’
proportion of totalnthropogenievarming is another trend in the choroplgthphs which matches

the SEFSd s h b oresultd.” s

Both Skeie et al. (2017ndJones et al. (2023)so draw attention to the varying proportions of

warming that are associated with £f0ssil emissions and G@missions from land use changdey

highlightthe effect thathoosing whether to include or exclude these emissian$ave on countries

like Brazil and Indonesia, which have substantial contributions to warming from their land use

sectors. The SEFS dashbqardits current statedoes nodifferentiate between CG&based warming

from countries’ f os Fhislisbécaust thediniteé AnhphtudelImpulsee s ect or s
ResponséFalR) modelvl.3,both CQ-fossil emissions and carbon fluxes associated with land use

change mudbe combined tealculate CQemissions when the climate model is rlihis means that

the two cannot bdistinguished

84.2.3 Section summary

This section §4.2 has presented and discussathples ofesults from the SEFS dashboard, as a
range of possible answersRQ1: What are countriesé historical con

The results highlight t h adepeadothe tinreperod Overavlicht r i but i
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warming is considerednd whether warminfyom severaklimate forcersor just one or twpare

included.

When earlier timgperiods— 1856-1960 and 185Q1990— are selected, it is observed that many of the

early emitters, like the United States, the United Kingdom, Russia, Germany and France account for

significantly higher proportions of historical warming contributitimn in later periodddowever,

when warming prior to 1990 is not includddiddle Eastern, Central American and South American

countriesenter the topenandthe comparative rankingsf India, Indonesia and Brazil noticeably rise.

The choice of start date raises questions about from what point in time countries ought to be held

morally responsibldor their historicabwarming contributionsThere are a range of perspectives on

this topic which include considerations ekcusable ignorance and inexdoganegligence, as
previously discusseith 82.6.1.1 These considerations are also relevarihe results oPolluter Pays

Principle applications, discussedga.3.3 Additionally, the entry of large developing countries into

the toptencontributors to warming over more recent tiperiods highlights what is anticipatembe

acontinuedrend That i s, as ehergyrelatedemissigns ltavestagnaieiid se’

|l arge developing mwatlilomdse't edgmi ki dmhe whird '’

Up until the 1990s, the dominance of developed couhttm#ributiors to climate changprovideda
strong rationaldéor only Annex | Paries havingemission reduction commitmeniader the Kyoto
Protocol.However, the SEFS dashboard can help shine a light on discussions about how
responsibility falls differently under different tinpeeriods. If a dashboard user is of the view that
ignorance can only be excusegal until 1990 then this puts the weight of responsibility onto
developing coutnies. This, intrn, raises ethical questioard potentially undercutle spirit of the
Common But Differentiated Responsibilities and Respective CapabiltBSR-RC) principle.

While it is interesting to consider countries h i scontributionsatd global warming, this thesis is

S

ultimately caxcerned wittusing such information to better understand unt r i es’ et hi

The results presented and discudedtiesubsequertivo sections- 84.3and84.4— useinformation
aboutc ount ri es’ wansimapplicatioosmhseveral principldhese resultshed light
onapproaches for fairly shagrclimate mitigation effortén terms of financial costand waming and

emissiongights.

84.3  Distributing the costs for addressing climate change

fut

c al «

Addressing climate change is going to cost money. The question of how financial costs for addressing

climate change ought to be shared between countries is an ongoing ethical and political debate. These
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debates also occur within a context of urgency, because, as the landmark 2006 Stern Review
concluded, the benefits of taking early action on climate change would far outweigh the economic
costs of inactiorfN. Stern, 2006)

While the direst future scenarieghat the world might reach betweer78C of warming by the end

of the 2% century— are becoming less likeljiaumanaltered climate change continues to worsen with
time (Hausfather & Peters, 2023s a resultclimate finance estimatémve increased t0S$1

trillion by 2030(Songwe et al., 2022)

At the 18" Conference of the Parties (COP15) in Copenhagen in 2009, an explicit climate finance
agenda was put on the table. Developedntries pledged to mobilig4¢S$100 billion annually

towards climate financi®r developing countrieby 2020(Roberts et al., 2021RecenOrganization

for Economic Ceoperation and Developme(@ECD) assessments have found that the goal was not
reached until two years after tterget dat€d OECD, 2022) At the most recent COP in Azerbaijan last

November, countries agreaathe NCQGon climate financeThere are two parts to this goal. These

are reaching

1 US$300 billion annually by 2035 of climate finance to developing countries from developed
countries and
1 US$1.3 trillion annually by 2035 of climate finance to developing countries, from public and

private sources

The climate financamountsn thesegoals includes financial resources for bdiimate adaptation

and mitgation efforts For this reasorRQ2 has realorld relevance in that it could help with

informing debates about coundigvel fair shares of collective climate finance mobilis@ffprts.

There are four climate finance goal options within the SEFS dashboard, shown below, all expressed in
USS$ billions.The US$100 billion climate finance option aligns with the COP15 climate finance

pledge.
1 100
1 50
1 25
1 20

Once a climate finance goal has been chosen within the dashboard, users bptrerthe
operationése the three financial burdesharing principlepresented iTablel with different
datasetsto see hovelimate mitigation finance could labstributed under these principl@he
following three sectionég4.3.1 84.3.2and84.3.3 present and discuss the results of applying each
principle starting with the Ability to PayClimate finance amounts are proportions of the US$100
billion pledge.
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84.3.1 The Ability to Pay Principle

The Ability to Pay Principle is the first principle that users can choose to operationalise within the
SEFS dashboard to answer the questidmow climate finance goals can be shared. This principle is
also commonly referred to as tbapacityor capability principle in similar studies and dashboard
style tools(Dooley et al., 2021; Rajamani et al., 2020Ne fivedifferent metricsbelow- often

referred toasproxymetrics in the climate eits literature— can be used to operationalise this
principle within the SEFS dashboaiithey are called proxy metrics because they are imperfect

approximations of the principl@hese metrics were defined and discug®d.2.3

Gross Domestic Produ@BDP)
Gross National Incom@sNI)
Gross Domestic Product Per Capita

Gross National Income Per Capita

= =4 =4 4 A

Human Development IndgXiDI)

84.3.1.1 Resultsand discussion

Charts AE in Figure20 beloware the result of applying the Ability to Pay Principle with eaictine
five metrics These chartshow the distribution ahitigationfinance obligation$or 219 countries in
the case ofhartsA, B and C and 191 countries for D dadt should be noted that country codes
alongeachchart s-axis do not align with each bar. However, itidexon the righthandside of

each charspecifies the toghirteencountries. The purpose of displaying thebartsis to highlght

the shape and spread of the distributions as indications of how climate finance can be shared by

countriesacording to different Ability to Pay metrics.
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Figure 20. Sharesof the US$100 billiopledgeaccording to the Ability to Pay Principle

based on (A) GDP, (B) GNI, (C) GDP Per Capita, (D) GNI Per Capita, (E) HDI
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ChartsA—E of Figure21 belowprovide a more zoomed in view of the chart&igure20, by only

displaying the toffifty paying countriedNew Zealand appears in the titfty paying group of

countriesacross almetrics. The bar foNew ZealandNZL) is orange instead of blue to highlight the

country’s position for comparative purposes.
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Figure 21. Shares of the US$100 billion pledge according to the Ability to Pay Principle

based or{A) GDP, (B) GNI, (C) GDP Per Capita, (D) GNI Per Capita, (E) HDI

Thechartspresentedn Figure20andFigure21 abovewill now be discussed. Ultimately, tlobarts
paintvery different pictures of potential cost sharing allocations. When the Ability to Pay principle is
operationalised with the metrics of GDP andl@Ncharts A and B ofFigure20 andFigure21, the

same four countriesthe United States, China, Japan and Germamguld be expected to bear just
over half (53% and 54%) of the total financial burden respectively.

It cannot bedetermined from the static chartstims thesis, however, ldyoveringyour cursorover
different countrie$n charts A and B of thdashboard, it can be seen thavalu is thecountry which
would be expected to have the lowest climate finance sha8$56,000 under the GDP metric and
US$76,000 under the GNI metriBy contrast, when the per capita versions of these macroeconomic
indicators are applietd produce charts C and e distribution of cost sharing is not as heavily
skewed towards such a small number of countries. Bumaglid be the couny with the lowest

climate finance share &fS$18.9 million under the GNPer Capita metric andJS$6.1 million under

the GDPPer Capita metric.

The most equal distvution of cost sharing is produced by usingHDI to apply theAbility to Pay
Principlein chart E.South Sudamvould be expectetb pay the lowesthare of the total, whidis

US$280 million (or 0.28%). This is a significantly higher amount than wWetountries with the
lowestfinance shares would Bxpected to pay under the other four metrics. The more even sharing
of costs across countries under the HDI metric can be explained by tHeekiDla three decimal
pointnumber betwen zero andne where the three decimal points are Imaiad enouglho capture

t he gr anul arwidérmngiogfevels af demetopmem. AS a result, the Hdles a
considerably moreven spread of climate finanskareghan other metrics. This means that even
countries with Least Developed CounfbypC) statusjike South Sudarare expected to pay

significantsums closer in value to highly developed countries like Switzerland and Norway.
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The charts irfFigure21, which show only the tofifty paying countries, demonstrate that applying the

Ability to Pay Principle with different metrics can result in very different mixes of countries

appearing in the highest paying groups of countries. When the Ability to Pay Principle is

operationalised witthe metrics of GDP and GNI, ma®@roup of Twenty( G20 nations are expected

to pay the highest amounta.charts A and B, therder of the togen paying countries under the

GDP and GNI metrics is the same, with only sligh
under each metri c. For i nstance, the United St at
the GNI metric than the [BP metric, with the opposite being true for Chifibese slight differences

can be explained by how the mesriare calculatedror instance, the GNI metric includes theomes

of businesses and individudltsat lie outside of the economic territq@larke, 2005)This explains

how the manyAmericanbusinesses, entreprenearsl individualsvhich reside outside of the United

States enable the countrysecure a positivinancial inflowfrom overseas economic activities and
assetstesultingint he Uni t e digugbeing fightly highdt thaits GDP figure The

opposite is the case for China, where its citizens and businesses that operate overseas generate less
income compared to the income that is generated by the foreign citizens and businesseg operatin

within China.

WhenGDP Per Capita and GNPer Capita are applied instead, the highest paying countries are small,
wealthy European countries like Monaco, Liechtenstein and Luxembourg and a few overseas

territories and tax havens, such as Bermuda, the Cayman Islands and the Faroe Islands. Singapore, the
United States and Norway also appear in thadagvhen the per capita metriase appliedWhile

Monaco, Liechtenstein and Luxembourg might be incredibly wealthy on a per capita basis, they do

have very low populations-87,000, ~39,000 and ~640,000 respectively) and therefore it might seem
inappropriate that they be expected to pay such substantial amounts towards a climate finance goal.
Nevertheless, it raises an interesting point when it comes to discussions ahoshé&aing climate

finance.

How much New Zealand would be expected to pay caseka by hovering over the orange bar in

each of theharts ofFigure21in the dashboardn charts A and B, where the GDP and GNI metrics

have been selectedNew Zealand would be expected to pay $263 and $262 million respectively,

whereasn charts C and Dynder the per capita versions of these metrics, New Zealand would be

expected to pay between $1.36 and $1.14 billimchart E, where the HDI has been selected, New

Zeal and would be expected to pay $681 million. £
climate finance share is $1.1 billion. To put these figures in coriexgte finance shares ranging

between US$263 millior $1.4 billion represets betweer0.1-0.5%o0 f New Zeal and’s ann
which was US$253.Billion in 2023.This does not seem ta&ubstantiah figure,howeverif climate

negotiatorsveretoargué n  Ne w Ze al|l fromd pusely selinteeesterl persgtive, they
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mightc hoose to advocate for the use of mslateri cs

smaller.

Thechartin Figure22 below is not included within the dashboard but has been created from outputs
of applying theAbility to Pay Principle with the five different metrics for twelve ctigs. The chart
shows that the climate finance amountsGanada, Denmark, Germany, Japan, Singapore, Sweden,
the United Kingdom and the United Statesy considerably under different metrics. This suggests
that these countriemught to care significantly abotite metricsthat might be usetb reflect their
capacity ombility to pay for climate changelated costs. In contrast, the results for South Sudan,
Tonga, Trinidad and Tolga and the United Arab Emirates do not differ substdynti@onversely, for
these countries the choice of metsanlikely to matter as much within a negotiating context.

Country payment amounts when applying the
Ability to Pay Principle, using different metrics

(=)
f=}

—
th

B GDP
GNI

—
(=]

GDP per cap
GNI per cap
mHDI

Payment amount $USD billions

OII- III|I-I = HEEECE ] = III [ |

Canada Denmark Germany Japan Singapore South  Sweden Tonga  Trinidad United  United  United
Sudan and Arab  Kingdom  States
Tobago Emirates

Country

Figure 22. Climate finance shares under Ability to Pay Principle metrics

The remaider of thissection §4.3.1.) will focus on discussing thpotentialrelevance and

inadequaciesf using the five metrics to apply each of the principles, starting with the HDI.

UnderanHDI applicationof the Ability to Pay Principleevery country would bexpected to pay
between US$28@&99 million. A moreeven spread of climate finance hoispeal when considering
the collectve challengeof addressing climatehange, wherpractically everycountry contributes to
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the issie and must therefore hold some responsibility for addressidgvitever, theconsiderably
moreevens pr ead of countries’ cl i manetec, whencanpaced obl i ga
with the highly skewed GDP and GNI metric distributions, ragsgeestion about the adequady
relying solely on the HDI as a measure of countr

A shortcomingof relying onmacroeconomic indicators likeDP and GNI for determiningount r i e s
climate finance shares is that theleenot capture thete at which national resources are being
depleted. While a country’s economi c-pariadtiput mi gh
does not necessarily mean this will be the case in the future. The potentiaightatness of these

metricsmay not provide a reasonable reflection of a
and the wealt associated with this in the futuBecause climate change is a letlegm issue, it could

be worthwhileincludinga metric which takes o u n't r i ecenomichutptit pateatial, for

instance, into account. This idea is discuds#efly in 84.3.2

A further consideration is the degree to which countries are susceptible to the effects of climate
change, based on their location in the world. For instance, one could make the case that countries
which are closer to the equator are likely to enter ckneatremes which are outside the range they
have become adapted to at a faster rate than those countries which lie in-lduitundiel regions
Therefore, it could be argued that, in the futime Ability to Pay Principle ought to have some aspect
of thedegree of climatic change that countries are experiencing or likely to experience built into it.
Onesuch indicatothat might be suitable is tigvironmentalM ulnerability Index (EVI) Developed

by theSouthPacific Applied Geoscience Commissi@OPAC) and the United Nations Environment
Programme (UNER) t he EVI quanti fi es hbility(FPaattetal, 2022Fh@v i r o n me
indexcombines information such as the proportion of GDP that primary industries like agriculture
make up, the share of population in Itying coastal zones and the remoteness or landlockedness of

courtries.

Finally,somec ou nt r i e sclimaselirmregsalumudrthe&sDP and GNimetricsare close to

or effectivelyzera The reasonfor this can bejuite diverse.For instance, th€ayman Islandwith a

populationof ~68,000would be expected to pay very litilehen the metric of GDP is prioritised.

While the Cayman Islands and its residents might be considered relatively wealthy, much of the

wealth associatedith this overseas territorig produced offshore within other economic territories.

Since GDPs a measuref the economic activity that takes plagghin an economic territorymuch

oftheCay ma n bffshora ecdnsmic output does not count toward®itd GDP figure which

is acomparatively smalUS$5.9 billion.On the other hand, for countries whitéive been engaged

in a civil War for many yeardike Syria, it is likely that economic records have not been kept. For this

"'s GDP f iwguldbeeits clirmatedifafice atet, whenebbsgd z er o &

upon this metricThis raiseghe possibility of exempting certagountries from their climate finance

reason, Syria
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obligations when they are engagedhiare pressing domestic matters like War. Such exemptions
would be similar to thexemption clainto theSubsistence Emission Principilaentioned in§2.6.2.3

This discussion has drawn to lighdtential inadequacies of relying on proxy metrics for calculating

countries shares of dHontHese metricareecalculatedmaudirgthE i nanc e
information theydraw uporand potential data gafisr certain countrigoought to becarefully
consideredvhenusing themo informd e bat e about laesno moliedwlimat ot ent i a

finance goals.

An updated SEFS dashboard incluttesclustered bar charta Figure23below, which display the
top ten countries’ climate finance shares based
principle.

(A)

Metric

M cop
M GDP per capita
M GNI
u

GNI per capita
0.15 HDI
0.1
0.05
) II IIII II III- I-I- Bull= lIl- =l -

Umted States United Kingdom ITtaly Canada Korea, Rep. Korea (Republic of)

Proportions of climate finance

Country

(B)

Metric

M GDP per capita
M GNI per capita
W HDI

Proportions of climate finance

0.02
0 | il EEE EEE i I

Luxembourg Cayman Islands United States  Faroe Islands

Country

Figure 23. Clustered bar charts for showing principle applications with different metrics

(A) All five Ability to Pay metrics (B) Three Ability to Pay metrics
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84.3.1.2 Comparison with similar studies

The results of applying the Ability to Pay Principle within the SEFS dashboard will now be compared
with similarclimate ethics assessmeatsd dashboardtyletools which explicitly allocate costs for
addressing climate change under the Ability to Pay principle, or the rekgedityandcapability
principles.

The Climate Equity Reference Calculatoarsonline tool which includes applications of the Ability
to Pay Principle via itResponsibilitycapacityindicator(Holz et al., 2018, 2019However, the

calculator’s applicat i ondeehpmertbhreshotdpoaexcludethose r i nci p
individuals within countries “whose income and e
(Holz et al., 2018, pp. 12223). This represents a défent formof the Ability to Pay Principle that

was mentioneth §2.6.1.3 which incorporates a sufficientarian or nebdsed component because it

can be made more or less progressive.

This sufficientaian or needdasedcomponent ensures climate finance contributions do not
compromi se peopl es’ Haveeveg thenSEESdashbbardacunrenlyedoes got me t .
include this component making the assessment less comparable. The applicatienaflthe ul at or ' s
Responsibilitycapacityindicatoralso deviatefrom the focus of the Ability to Pay principle within

the SEFS dashboard in that it is used to allocate carbon budgets out to 2030. This makes the results
from thecalculatorslightly morerelevant toRQ3, which is about distributingarming rights and

emissions rightdt also represents a conflation of ethical domains that was identifgi7.

Another relevanttodl or compari ng t he SE Ft8e FdiaMitigatiom Rimadce s r e s u
Explorer(Pachauri et al., 2022) his does have a specific focus on sharing the costs of climate

mitigation, rather thaparbon or emissiortsudgets. However, the tool focuses on world regions

rather than individual countries. The explorer includesponsibilittandCapabilityindicators. It also

includes an additional, third indicatordeed One of the metrics for appl:’
Capability indicator is GDPer Capita— one of the five metrics which are also used to apply the

Ability to Pay Principle within the SEFS dashbaoard

TheResponsibilityCapabilityandNeedindicators within theexplorercan all have various weights
applied to them. When ti@apabilityindicator weight is set to 100%e ResponsibilityandNeed
indicators ardothset to 0%, and the metric of GIer Capita is used, the North American (NAM)
region is expected to be the highest payer of mitigation finance, followed by Europe (EUR) and then
Eastern Asia (EAS). This result broadly aligns with applying the Ability to Pay Principle using the
metric of GDPPer Capita within the SEFS dashbiddaHowever the Fair Mitigation Finance

E x p | oworld regien aggregation makes it impossible to compare individual country contributions.
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Theexploreruses thesameTotal GDPPerCapi t a from t he Worl d Bank’®s Wo
Indicators dataseHowever the data is for the year 2019 in purchasing powerieafRPP) (constant
2017 internationdUS$), whereas the data for the SEFS dashboard is for the year 2021.

Finally, a study byVinkler et al. (2002)s one example of an explicit application of the Ability to Pay
Principle. However, it is in reference to carbon allocation scheraesmilar concept to carbon

budgets. It uses the proxy metric of GB& Capita and considers a much smaller sample of countries
—thesix large developing nations of China, India, Brazil, South Africa, Argentina and Nigeria. The
older data and significantly smaller sample size ofgistountries in th&Vinkler et al. (20025tudy,

as well as the Ability to Pay Principle being applied to carbon allocation schemes, make a meaningful
comparison with the Ability to Pay results from the SEFS dashboard difficult

The SEFS da s hilbveltayedof gganutadtyiamd widgr reach over existing dashboards
makes a unique and nowaintributionto the climate ethickterature.By restricting applications of
the Ability to Pay Principle to financial burdetaring questions, the dashboard also averts the
conflation of ethical domainatthe Climate Equity Reference CalculatmmdWinkler et al. (2002)

have sufferedrom.

84.3.2 The Beneficiary Pays Principle

Theunjust enrichment version of tiBeneficiary Pays Principle put forward and defended fage
(2012)—is opeationalised within th&EFS dashkard. A beneficiaryonP a g éefingtion, when
applied to questions of sharing the costmifgatingclimate change, ian actor that benefits from
actions which have caus#te harm of climate changBeneficiariesare expected to pay in

proportion to the amount of benefit they have deraed the particular metric that Page proposes to
reflect this benefit is Total Wealth.

Page (20123uggests using total wealth from a World Balakaseto apply the Beneficiary Pays

Principle. A“climate beneficiary levyis then calculated in propot i on t ototalwealthultnt r vy’ s
must be noted that this is an emissiarswarmingagnosticapplicationof the Beneficiary Pays

Principle(p. 325) A further discussion of how the Beneficiary Pays Principle could link with

accounting frameworks and emissionswarmingorientated datasets was considere84r6.1.4and

83.7.4

The Wor | The Ghangikg'Wealth of Natioreport defines wealth in the following way:
“ We a-the Btock of produced, natural, and human capiteimeasured as the sum of assets that

yield a stream of benefits over time. Changes in the wealth of nations matter because they reflect the
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change in countries’ assets that underpin futur e

of their economic progress, but not wealth, and national wealth has a more direct atednong
i mpact on pWalghBark, 2621,Ip.i460¥hss’'guote higlights the usefulness trfacking
a range of resources that countries have witieir borders over time. This can serve as a more

hel pful indicator of countries’ future i ncome
as opposed to how much economic output countries generate.
The Total Wealth datasets that are used within the SEFS dashboard include the following types of
capital and assets:

1 Human capital

1 Natural capital

1 Produced capital

1 Net foreign assets
Humans themselves present a source of capital because of the way they can engage in various wealth
generating activitieaVMi t hi n t he Worl d Bank’s Tot al Weal t h
the expected earnings of individuals over their lifetirewever, viewinghumars solely as a source
of labour potentiaheglects other important factdilse their education and skill level$n 2018,
human capital was the | argest «c¢ont roughlywed%of t o t

global wealth(World Bank, 2021)

Naturalcapital recognisea value ofhatural resourceissofar as thegan beturned into profitable

goods and services atrdded tagenerate economic output and wealtbr instanceincluded within

da

he

theWorldBank s natur al c api ttgpesotagricudtugablang, fisheries, faldeist§, f er e nt

mangroves, nonenewable assets like fossil fuels, prote@eshs, and renewable assets.

Produced capital includes the value of baitvironment assets like machinery, buildings and other

structures, equipment, and residential andmesidential urban land. Finally, net foreign assets are

cal cul ated by subt r a clities in gheracountres from itsyifamscialfasseisdann c i a |

other countries, such as portfolio equity, debt securities and foreign direct investment.

It is wealthrgenerating activitiethat, directly or indirectly, release GHG esions. Behind using

Total Wealthas an indicatofor the Beneficiary Pays Piple sitsa significant assumptioff otal

Wealth represents tliegree to which countries have benefitted from climategehafet, basing a
country’'s total wealth on calculations which i
not reliablyrepresenthe degree to which countries hgwefited and benefiteffom climate change

causing ativities in the pasfThis is because nall countries havelrawn on various capitals in ways

that simultaneously generate wealth and contribute to climate chHamgastance, thErench and

Swedish energy sector diversificatiqusscussed i184.2.7) are examples for how economies can be
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powered in ways that do not also worsen climate chathgeever, Total Wealtls theonly
suggestedneasurdor applying the Beneficiary Pays Principle that has been identified tavithta
the climate ethics litetare.

84.3.2.1 Results and discussion

Thecharts inFigure24 andFigure25 are the result of applying the Beneficiary Pays Principle with
the proxy metricsof Total Wealthfor 217 countriesand Total Wealth Per Capitar 146 countriesn
the years 1995 and 201BhartsA-D in Figure24 below showthe shape of the distributiaf climate
mitigation financelt should be noted that country coddsng eaclt h a r-dxis do not align with

each barTheindexon the righthandside of each chadpecifies the tofhirteencountries.
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Figure 24. Shares of the US$100 billigpledgeaccording to the Beneficiary Pays Principle
based or{A) Total Wealth in 1995, (B) Total Wealth in 2018, (C) Total Wealth Per Capita in 1995,

(D) Total Wealth Per Capita in 2018

ChartsA-D in Figure25 belowshowonly the firstfifty countriesfrom eachchartin Figure24. The

bar for Canada (CAN) is orange instead of bl ue
purposesCanadaioldsarelatively consistent ranksthe eighth or ninth highest paying country

across these charts.
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Figure 25. Shares of the US$100 billion pledge according to a Beneficiary Pays Principle

based or{A) Total Wealth in 1995, (B) Total Wealth in 2018, (C) Total Wealth Per Capita in 1995,

(D) Total Wealth Per Capita in 2018

Thechartsin Figure24 andFigure25 show that differendlistributions of climate finance result when
different metrics and years are chosen to apply the Beneficiary Pays Principle. Under the Total
Wealth metric, thshape of distribution® A-B of Figure24is similar in 1995 and 2018. In both
cases, the distribution is highly skewed towards the United States, Chjpzeand GermanyA and

B arereminiscent of the charts Figure20, where the GDP and GNI metrics were used to apply the
Ability to Pay Principle All other countries arexpected to pay significantlgss.The shape of the
distributiors in chartsC and Dof Figure24 are similar to each other atite climate finance goal is
lesshighly skewed towards just several large counttiks,in A and B. The top paying countries

under the Total Wealth Per Capita metric include Switzerland, Norway, Iceland and Qatar in 2018.

To better understand these results, we must delvéaavceach form o€apital contribtestowards
eachcounty ' Tetal Wealthfigures For instance, nonrenewable natural capital acadon6% and

n

34% of Norway’'s and Qat 8wi szdaondhlddMeladntd’,s aThat alc

This can be expl ai n eubstdntjal oiNreserveln gontiast, aumdn cgpdal ar ' s
contributes 64% and 62% t owar ds,whichisin bnawiththe and
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proportion that human capital contributes towards global weaditth¥ human capital figures as

proportions of Total Wealtfor Qatar and Wrway are significantly lower at 45% and 22%
Proportions that all four countries’ produced ca
comparable range of 285%, while net foreign assets make up considerably higher proportions of
Norway’' s and Qatar’s Tot aBwit¥®daad andhcelantd at3%3&d 1&n d 1 4 9
respectively.

This further analysis of the degrees to which different forms of capital contribute tadhvesd®ur
countries’ we ad d uwmetdtthgepessdenprbpartions of each of the four capitals
The oil reserves of Norway and Qatar willdmntributing substantially to these natibttal wealth
and both countriewill have benefitted by selling their oil assets to other countries. However, for
countries like Switzerland and Iceland, whose high per capita wealtbre attributable to high
humancapital, the total wealth metris likely to be a less usefiridicator of the level of benefit that
these countriesave derived from climate causing actions

Table23, Table24, Table25 andTable26 showclimate finance values of theptenpaying
countries across the two metrie§otal Wealth and TotalWealthPer Capita— for the years 1995 and
2018.

United States 30141
2 Japan JPM 10.516
3 China CHNM 5.601
4 Germany DEU B.442
5 France FRA 4 438
B United Kingdom GBR 3627
7 Italy ITA 3.147
8 Russian Federation RUS 29581
g Canada CAMN 2948
10 Brazil BRA 2534

Table23. Total Wealth of topencountries1995
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1 United States 24719
2 China CHM 21.076
3 Japan JPM 6.141
4 Germany DEU 4831
5 France FRA 3.287
[ United Kingdom GBR 2845
7 India IND 2828
8 Canada CAN 2645
9 Russian Federation RUS 2177
10 Brazil BRA 2134

Table24. Total Wealth of topencountries in 2018

1 United Arab Emirates 5558
2 Switzerland CHE 5310
3 MNorway NOR 4.486
4 Luxembourg LUX 3.930
5 lceland ISL 3.009
[ United States UsA 33
7 Kuwait KWT 3202
8 Canada CAN 3.041
9 Denmark DMK 3.032
10 Qatar QAT 2. 865

Table25. Total Wealth Per Capita of tagncountriesin 1995
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Switzerland 4.801
2 Norway NOR 4 445
3 lceland ISL 3.701
4 Qatar QAT 3.385
5 Luxembourg LUX 3.369
6 United States USA 3.271
7 Denmark DMK 3.158
8 Australia AUS 3.103
9 Canada CAN 3.084
10 Singapore 5GP 3.067

Table26. Total Wealth Per Capita of tdencountriesin 2018

When looking at the tofenpayingcountriesin Table23 andTable24, a striking differencds the
threefold i ncr eas dromUS$6QT Ibilliom an 1995 td WSH24 hilkor BOE8h a r e

China also switchesnkwith Japan to become the second highest paying country in @@&8ein

1995 it was the third highestaredrapgfrom@®S$tdsunt ry. Ja
billion in 1995 to US$6.1 billionin2B.Thi s t hreef ol d i ncrease in the
largelybee x pl ai ned by the five factor increase in Chi
period wher e human capital c 0 nwealth in 200.8MDrld Bankp t owar ds
2021) Thisincrease in per capita human capital and overall waddthresultedi€ h i na’ s

development statushangerom a low-income country in 1995 to an uppaiddle-income country in

2018.

On the other hand, whehe Beneficiary Pays Principle is operationalised using the metric of Total

WealthPer CapitaTable25andTable26 show a very different group &bp tenpaying countriesnd

there is a significantly more even spread or sharing of the climate finance goal across aouttries

D of Figure24. The samdour Scandinavian countriesSwitzerland, Norway, Iceland, Denmark

and two North American countrieghe United States and Cadai@— appear in the tofen paying

countries in 1995 and 201&s well as Luxembourg and Qatar. However, two Middle Eastern

countries- Kuwait and the United Arab Emirateghat were present in the 1995 tem paying

countries drop out of the tdpnand are replaced by Australia and Singapore in 2018. Another

notable observation is that many of thetepc ount r i es’ expected payment a
stable. FoinstanceS wi t z e shareaonlyldegeased from US$5.3 billion in 2018 to US$4.8
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billion in 1995 and Nor way’' s US$Ll@médlionireluctohis o r el at
2018.

An interestindgfinding fromapplying the Beneficiary Pays Principle with the Total Wealth and Total
WealthPer Capitanetrics is thaCanada was consistently ranked tfe@B9" highest paying country
across all four applications, with its share of climate finance falling within the US852.56illion

range. This consistent rank and climate finance ammanbked the question of whether certain
countries should care more than others about the particular metric that is used to determine their
climate finance burdend~or countries like Canada, it would seem that theiceived accountability
and responsibilitys less sensitived the choices of metric and year when applyimeBeneficiary

Pays Principle. In contrast,country like China-with very different climate finance obligations
under different applications of the principlenight care considerably more.

Finally, when considering the results of applying Bemeficiary Pays Principle in tt&®EFS

dashbard, concernabout potetial unfairness arisd-or instance, as countries transition towards

powering their economies with renewable enexgyrces instead dbssil fuetbased ones, it will be

possible for countries to maintain or increase their total wealth without further contributing to climate
changeThis means that using theetric of total wealth may beconmereasingly inaccurate as a

measurofthed egr ee t o whi ¢ h ¢ o u nattionis which cortriputedo climate e f i t t e
changeas their economies chge. Further, if operationalisirthe Beneficiary Pays Principle in

warming or emissionsentric ways were to be made possible in the futureliance on emissions

data over recent periods to apply the princgalald also risk unfairly penalising many developing

countries which could have less ability and resources than developed countries to switeh to low

carbon alternatives.

As a broader point, thé&/o r | d Bha Gharigiag Wealth of Nationsport argues against narrowly
focussing on GDP and instead advocates for aggr e
resources that countries have at their disposal to support vgealénating activities in the future

(World Bank, 2021)This idea shows the importance of striking a balance between different

principles and metrics, which follows from the commitments of this research project to principlism

and pluralism. In other words, drawing on a wider range of information will erfeblepresentation

of different countries’ capacities for bearing c

countries’ circumstances and vulnerabilities to
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84.3.2.2 Comparison with similar studies

Comparing the results of applying the Beneficiary Pays Prineiiplén the SEFS dashboard with

similar studies has been dftilt. While climate ethicists have dedicated substantial effort towards
theorising about the Beneficiary Pays Principle in the abstract, no practical ethical assessments were
found that explicitly apply thi sneatidenwithinthé e. To
climate ethics literature suggests data for operationalising this priigde, 2012)This presents a
disconnect between tipdilosophical climate ethidgerature and theractical ethical assessments

which have been developed to suppbet international climate policy communitytheir financial
burdensharing discussions

Itis striking to noticchowap r i nci pl e’ s theoretical strengths an

debated so robustin the abstracgtyet when ongoes to applyhe principle in practican entirely
new set of challenges are encounteakking to apply thBeneficiary Pays Principle revealed a

new rangef barriers with theoreticalobjectionsrelegated to secorarder issues.

To validate theesuls of applying the Beneficiary Pays Principle within the SEFS dashboard, the
Page (2012application of aclimate beneficiary ky, based ot 0 u n t2005taas Hational wealth
values,can be directly copared with the Total Wealth dataset in the SEFS dashboard for the year
2005.

United States 30.168
2 China CHM 11.259
3 Japan JPN 8243
4 Germany DEU 5201
5 France FRA 4.001
6 United Kingdom GBR 3.686
7 Canada CAN 2.802
8 ltaly ITA 2676
8 Russian Federation RUS 2575
10 Brazil BRA 2.424

Table27. Toptencountriesi Total wealth in 2005 to compare with results frBage (2012)
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The resultof applying the Beneficiary Pays Principle within the SEFS dashboard, using 2005 Total
Wealth datacloselymirror those ofPage (2012)Nine of the toptenpaying countries are the same
across Table 2 dPage (2012andTable27 above. The proportions of climate finance that each
country is expected to pay are similar, with the greatest deviations being for the United States and
China. The United States would be expected toys$30.2 billionunder the SEFS dashboard
application, but onjJS$30.7 billionunder the Page (2012) applicati@hinahassubstantially lower
total national wealth andould consequetty be expected to pag significantlyless US$3.5 billion

under theclimate beneficiary levgalculated irPage (2012)thanthe US$8.2 billion in th&EFS
dashboardilt is likely thatthesel i f f er ences can be explained by
estimates as data gathering praesi have improved. For instance, the 2021 Changing Wealth of
Nations Report mentions how advances in the rigor of asset valuations have improved estimates of

countries natur al capital, whi ch now d&érigsso i

and mangrove@Norld Bank, 2021)

A further difference is the&pain appears in the toégnpaying countries under thigage (2012)

n

ev

u

climate beneficiary e vy, but i n t he SpaifiSranked $4bbhndltalg,” s resul t

Australia and South Korea. The opposite is true for the Russian Fedefatgse. differences
between théage (2012peneficiary levyand the SEFS dashboard r & agairikaly be

explained by updates to countries

84.3.3 The Polluter Pays Principle

Of the three financial burdesharing principleshe Polluter Pays Principle the most information
intensive toapply.Onceusers have selected a dataset, further choices become availamplying
the Polluter Pays Principle. These includegpecifictime-period, sectorsaccounting frameworks,
GHGs and metrics to usdhe SEFS dashboard provides users with three different dataset options for

applying the Polluter Pays Principlested below.

1. Community Emissions Data System (CER8) Houghton & Nassikas (2017)
2. Eora26

3. United Nations Framework Convention on Climate Change (UNFQE3 Inventoies

Results ofapplying the Polluter Pays Pciple with thesedifferent datasetwill be displayed and
discussed in turnfhe first dataset enables users to apply the Polluter Pays Principle based on
countries historical warming contributions fro@0,, CH; and NOxemissions Thesecond and third
dataseg enable users to apply the Polluter Pays Principle bas€®DgrCH, and NO emissions

amountsnstead of weming contributionsin terms of accounting frameworks, only tBera26
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dat aset of fers users the choilwageddar@HGemissisnsc ount r i

being assigned undbothproductionbased accountind®’BA) andconsumptiorbased accounting
(CBA) perspectivesThe UNFCCC GHG Invent@sdatasetontains information about onnnex |
Partes GHG e nbecausd tlosrdatg is more comprehensive tharAxoex | Party data.
Allocating a climate finance goal based on this dataset presents one way of testing USS1E

billion climate finance goal oughd have been shared by developed countries in 2020.

84.3.3.1 Results and discussion

Theset ofchoroplethchartsin Figure26 are the result of applying the Polluter P&mcide based
on historical warming (in °Qyver differentime periods. Char includeswarming from allthree
climate forcersCO,, CHs and NOx ChartsB-D include warming frononly individual climate

forcers
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Figure 26. Sharesof the US$100 billiopledgeaccording to the Polluter Pays Principle

based o warming (°C), calculated from the CER&dHoughton & Nassikas (2017) datasets
between the years 18528014, where (ARl threeclimate forcers(B) CQg, (C) CHs, (D) NOx

Results ofapplying the Polluter Pays Principle within the SEFS dashboard will now be discussed,
starting with applying the principle based on the metric of historical warmirsgintiportant to
reiteratethat theCEDSandHoughton & Nassiskas (2017) dataaetethe PBAframework This

means thatvarming contributionsire allocated to the country wh&e&iG emissionsvere physically
released.

When the Polluter Pays Principle is applied using the metric of historical warming (in °C) from the
threeclimate forcers- CO,, CHs and NOx— between 185014, the United States is the country

with thehighest climate finance shané US$17.8 billion, followed by China ($12.8 billion) and

Russia ($7.3 billion)When the Polluter Pays Principle is restricted to considering warming fram CO
emissions only over the sametpeer i od, the United States’ share i

China's r#ti0césbitbl USn, and Russia’'s also reduce

When the Polluter Pays Princigensidersvarming from CH emissions only over the same time
period, China becomes the country that ought to pay the most and would be expected to pay US$15.2
billion, the United States would be next at US$9.8 billion, and India would be close behind the United
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States at US$9 billion. It is interesting to note this entry of India into the top three paying countries. A
| arge proporti pemissohs are associated with dgricultur@ fbod produckien.
mentioned previously, Chirend India both havieadsubstantially largeagricultural industries than

the United States. This shows th@vac o u n tontgbutisn to warming is highly related its

economic activities.

Finally, when the Polluter Pays Principle is restricted to considering warming from NOx emissions

only over the same timgeriod, China isgainthe country with the highest payment obligation at a

very significant US$25.1 billion, the United States follows at US$17 billion and India and Russia are

next as was the case when only warming from @Hissions were taken inszcount. While not a

GHG, NOx is assaated with the burning of fossil fuel$hesee esul t s hi ghl i ght that
climate finance obgjations varydependingn whichclimate forcersare beingconsidered and the

time-period ovemwhich their associatedarming is considered.

The set othartsin Figure27showc ount ri es’ ¢l i mat &oliterRaysnce shares
Principle when it is operationalisesith CO, emissions (in kilotons) from all sectors under BiRA

andCBA framewaks from the Eor&26 dataset.
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Figure 27. Sharesf the US$100 billiopledgeaccording to the Polluter Pays Principle

based orCO, emissions (kt), from the Ec26 dataset between the years 198015, where (A)

Productionbased emissions, (B) Consumptlmased emissions
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Thehypothesisnadeat thebeginning of this researgrojectin 81.5wasthaChi na’ s cl i mat e

shares would differ substantially under the PBA and CBA frameworks, since China is an exporting
nation andutsourcesnany of itsemissions to other countries through global tr&ttevever,

China’s climate f icdsofEigured7were feusd toe relatively sirbilart h

under both the PBA and CBA frameworks|k&8%$20.4 billion US$18.6illion respectively These
differences are less substantial than anticipated, given that China produces many goods and services
for other countriesHowever, these results can be explained by Chéiraga large producer of goods

and servicewvhich it sends offshorand alsaconsumes a high proportion of domestically.

Figure28b el ow shows China’s PBA and CpBeAodefdl& si ons
2015. This has been done to see whether there

CBA emissions in more recent years.
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Figure 28. Shares of the US$100 billion pledge according to the Polluter Pays Principle

based on C@emissions (kt), from the Ecf26 dataset between the years ZIA@ML5, where (A)

Productionbased emissions, (B) Consumptlmased emissions

Over the more recent 2042015 timeperiod,Chinatrades place with the United States to become

both the largest producer and consumer of &@@issionsa h d C h i nohthe €limatdfimamee
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goal grows considebdy under both accounting framewasrtoUS$29.0 billion under the PBA

framework and US#6.9 billion under the CBA frammeork. While the difference et ween Chi na’ s
CO, emissions, under both frameworkshigher over th€016-2015periodthan thel990-2015

period, the difference is a relatively insubstantial US$0.2 billion.

It should be noted that limitation of theEora26 dataseis that it does ndhclude emissions

estimates for the most recaitihtyears from 2016-2024. If such data were available for this period,

it is expected that China’s climate finance obl i
frameworks. While China’'s annual emi s20ldtms gr owt
0.3% between 2012017& it has ent e Chndremains thedangeshammuah@8d ”
emitter(J. Zheng et al., 2019, p. 24®i nce countries’ climate finance
are based upon their cumulative emissions over a particulaptieme i od, China’ s share
goal would be expected to remain high, despite recent reductions in its emissions growilerHowe

the size of any countalsgd esp ecld smaane tfh en atnrcaej eocbtl a rgys

emissions accounts over the same tjpe&od.

The following chartdn Figure29 apply the Polluter Pays Principle usidlFCCC GHGInventoies
datasefor 42 Annex | Parties between 192020 These chartsanact as amxample for how the

US$100 billion climate finance goalthat developed countries pledged at COR&buld be shared.
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Figure 29. Sharesf the US$100 billiopledgeaccording to the Polluter Pays Princepl
basedon UNFCCC dataset, productidrased emissionsetweerl 990 2020, where:

CO; emissions (in kt) from all sectgiacluding the LULUCF sector
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CO; emissions (in kt) from all sectors except the LULUCF sector

CO; emissions (in kt) from the Energy sector only

CO, emission (in kt) from the Industrial Processes and Product Use sector
CH,4 emissions (in kt) from the Agriculture sector

N0 emissions (in kt) from the Agriculture sector

Regardless of whickector is chosen, or whethbelanduse landusechangeand forestry
(LULUCEF) sectoris included or excluded, the United States is expected to pay the hilijmese
finance shareyithin the range of US$2@7 billion. This isawide window of possible climate
finance obligations and suggests that within a negotiating setting, the UnitedcStdtkse expected
to care significantly about the type of sectors and GHGs which are used to detisrburden
sharing obligationsinder the Polluter Pays Principle.

84.3.3.2 Comparison with similar studies

Studies which focus oapplying a responsibility principle amdicator are of relevance when

comparing the results of applying the Polluter Pays PrincCiflis. is because responsibility is closely
linked with causation and the Polluter Pays Principle asserts that those who have caused harm ought
to pay for this in proportion to the amount of harm they caused. Therefore, studies which may not
reference the Rlater Pays Principle explicitly, but mention responsibility, provide options for

comparing the rests of applying the Polluter Pays Principle within the SEFS dashboard.

As mentioned irg84.3.1.2 the Climate Equity Reference Calatorincludes a Responsibilitgapacity
indicator. The Responsibility component of the indicator caappdied toemissionswith three

different start dates 1850, 1950 and 1996which place decreasing weight diwstorical actions.
However t h e c putpase differs foom the purpose that the Polluter Pays Principle serves
within the SEFS dashboaimksofar as thealculatoris concerned with allocating emissions out to
2030, instead afalculatingfinancial costs for addressing climate change. Thereforealbalator
applies a responsibility principle, with links to the Polluter Pays Principle, but to answer a different
question of allocating carbdyudgets. For this reason, the resaftthe calculator arkess directly

comparale with those from the SEFS dashboard.

Another dashboard tool worth comparing Polluter Pays Prin@plfaicationswith is the Fair
Mitigation Finance ExplorefThis wasalso used ir84.3.1.2t0 compare the results of thdility to

Pay PrincipleTheexplorerhas two options for assessing responsibility, based on historical
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cumulative net anthropogenic fossil fuel and industry @@issions over two different tirq@eriods:
1856-2019 and 1992019 It does not include net G@rom theland use, landise change, and

forestry CULUCF) sector(Pachauri et al., 2022The data comes from the Summary for Policy
Makers of the Working Group Il Contributiontothent er gover nment al Panel
(I P C CSixth Assessment Report. The data is aggregated at the regional level and tecludes

regions.

When the Responsibility indicator weight is set to 100% and the weights of the Capability and Need
Indicators are set to zero, the North American (NABBionis expected to supply the most

mitigation finance, followed either by Europe (EUR) and then Eastern Asia (EAS), depending on
whether the cosgffective investment need bounds are set tdaver or upper value. Howevewhen

the timeperiod between 199Q019 is selected instedtie EAS regiorwould be expected to

contribute a far greater amount difcate mitigation financerThis aligns with findings from the SEFS
dashboard in the way thathen later periods are prioritised thatemissions prior to 1990 are

excluded, China is expected to become the highest payer of climate fiHameaer,Fair Mitigation
Finance Explorér segionallevel aggregation prevents a less finely grained comparison from being
done with the SEF Ssofitte$dlllter RaysdPriinsiplea pp | i cati on

Prompted by the 1997 Brazilian Proposal and a motivation to develop methodologies for calculating
countries’ contri but ishiesinthelatgloa®baad earky 208B0had g ,

a focus orresponsibility for historical warminfgen Elzen et al., 2005; den Elzen & Lucas, 2005)

However, these studies useicholded at as et s, which do not i nclude

warming contributions imorerecent years. For this reason, the results of these studies are less
directly comparable with thesults of applying the Polluter Pays Principithin the SEFS
dashboard.

84.3.4 Discussioni All three financial burden-sharing principles

The SEFS dashboard can be used to answer the question of lumstiher addressing climate
changeshouldbe distributed between countrié&ery different allocations of climate finance can be
observed when the three financial burdéaring principlesas well awvarious metricgor

operationésing them,are applied within the dashboard to answer this question. Some of the largest
deviationsinc o u nt r i €fisahce obligatiors bceur across applications of the same principle
This is thecasefor the Ability to Pay and Beneficiary Pays Principles, which are both operationalised

with several different proxy metrics. In contrast, applications of the Polluter Pays Principle under

n

S eVveE

c

different parameter prioritisations tend to produce results where@mwntri c |l i mat e fi nance
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fall within a more consistent rangguch varying climate finanagbligations can appeal to differing

notions of fairness.

The United States and China were found to be the two countries with the first and second highest
climate finance obligations, across most applications of the principles. They are also the two countries
which have featured strongly within climate negotiagiowith significant power politics playing out
between themand climategolicy increasingly becoming a source of geopolitical competition

(Christoff, 2010) Thisis in terms ofbothcountries shoulderingosts for addressing climate change

aswell as identifyingfuture opportunities for innovation and market expansion that the issue presents
for their economi es. For instance, China’s rapid
resulted in it becoming the dominant supplier of this technalbbyM. Jackson et al., 2021Jhis is
providing opportunities for China to enter new markets so it can expand its Belt and Road Initiative
and exert its geopolitical promines, at the same time as supporting other countries to ramp up their
climate mitigation efforts.

These two countries will now be taken as examples, to see how their climate finance obligations
compare when different principlesd metrics are applied within the SEFS daahthoThe resultef

applying these principles for the United States and China are presefmtdualé@8 below.

The following abbreviations appearimmTable28 below.

°C Degrees Celsius

CO Carbon dioxide

Consumpbased Consumptiorbased accounting framework
GDP Gross Domestic Product

GDPpc Gross Domestic Product per capita
GHG Greenhouse gas

GNI Gross National Income

GNilpc Gross National Income per capita

HDI Human Development Index

kt kilotons

Prodbased Productionbased accounting framework
T™W Total Wealth

TWpc Total Wealth per capita
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Acc. Framework GHG Metric Time period Climate finance obligations (USS billions) Climate finance obligation rank Country rank (out of all countries)

USA China USA China USA China
- - GNI 2021 252 18.8 1 2
- - ™ 2018 247 21.1 1 2
- - GDP 2021 2455 18.6 1 2
Prod-based Cco, °C 1850-2014 224 10.6 1 2
Consump-based CO, kt 1990-2014 218 18.1 1 2
Prod-based CO, kt 1990-2014 21.0 20 1 2
Prod-based All  °C 1850-2014 17.8 12.8 1 2
Prod-based Cco, °C 1990-2014 17.1 18.2 2 1
Prod-based All  °C 1990-2014 124 233 2 1
- - TWpc 2018 33 0.7 6 40
- - GDPpc 2021 2.0 0.4 9 69
- - GNIpc 2021 1.7 0.5 7 71
- - HDI 2021 0.7 0.6 21 79

Table28. Climate finance amounts and ranks under different principles andanetri
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For the United States, it is differempplicationsof the Ability to Pay Principle that result in the

United States’ | argest and smallest shares of a
is applied with thé&SNI metrig the United States is expected to pay its greatest climate finance share

of US$25.2 billion. In stark contrast, when the Ability to Pay Principle is applied withlElemetric,

the United States is expected to pay is smallest sfi&8$669 milion. In contrasto applicdions of

the Ability to Pay Principledifferentapplicationsof the Polluter Pays Principle result in the United

St a t-8"highest shares, within the rangel$$12.4-22.4 billion.

For China, the picture gmilar yetdifferent in several way€ h i n a’ sclingate éirmnceshare is

US$23.3 billion. This is based on the Polluter Pays Principle, operationalised with the metric of

warming (in °C) fromCQO,, CH; and NOxemissiondetween 199€014. Like the United States,

China is also expected to pay high sums under the GDP andr@NIlotal Wealth metricsyhich are

used to operationalise both the Ability to Pay and Beneficiary Payspes.Ho wev er , Chi na’ s
country rank and climate finance share drop significantly in comparison to the United Statéisevhen

GDP PetCapita GNI Per Capita metrics are prioritised.

Thevaried resuk discussed in this sectibighlight how different combinations of parameters can

affect countries perceived responsi,bnddrthg i es anoda
three financial burdesharing principlesin §85.3.1 threeinternational relations (IR) theories are
described andrawn onto consider how these results might be used by countries in a negotiating

context.

84.3.5 Sectionsummary

This section §4.3 haspresented the results of applyiting three financial burdesharing principles
within the dashboartb provide possiblanswerdo RQ2, which is about distributing the costs of

climate mitigation.

The United States and Chirear the highest sharesclimate finance goalunder most principle
applications. However, marty o u n tshalieseiese foundo vary substantiallyjdepending on the
particular metric that is used to apply the Ability to Pay and Beneficiary Pays Prin@ipédsDlI

metric gavehe most even spread of climate finance obligations.

Compared with the other two financial bureiraring principles, thBolluter Pays Principls more
complicated to applpecaseit requiresthe most information and that users make nobi@ces.
Results of applying thBolluter Pays Principleieremost affected by the choice of historical time

period GHGs, andvhich sectors are included. Differences in climate finance obligations under a
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PBA or CBAaccounting framework were not found to be as stadaticipaed for large players like
the United States and Chirtdowever, allocang emissions under @BA framework was only
possible for one of three datasets used to apply the Polluter Pays Prinuijphes dataset only
covered theelatively brief and recenime-period from 19962015.

Challengesrose whemseeking to compare tt®®E F S d a srashlte with otHerspractical ethical
assessments, which were foundboless directly comparabl€his is because other assessments
aggregatedlimate financéourdens or carbon budgatocationsat the regiaal level, containedoo

small a sample size abuntries or usal data which is now out afate. Another common divergence
was that similar studies covered both allocating the costs of addressing climate change and future
emissions rights within the same assessment. In contrast, the SEFS dashboard keeps these two
domainsseparateaccording to the typology presenteds2.7.

Additionally, several dashboastyle tools applied a development threshold, like a wellbeing or
standard of living safeguard, to exempt f{mgome individuals from having an obligation to pay or
reduce their emissions beneath levels that would impinglesinability to meet their basic needs.
This reflecteda different interpretation of the Ability to Pay Rriple than the one whidimas been
applied within the dashboard, as mentione84r6.1.3

Forthese reasonghe SEFS dashboapdesentanimprovement onpast studies in the way it traverses
new terrain byfacilitating analysist thecountrylevel and on a per gas basis, which enable more
granular insightéort he t ool ' s The ingragarabdity of this appre@ash, from a research

verification perspective, meanssults cannot be checked against studies with a broader, regional

n

focus. However, decisions were made to not compr

interests of comparability.

84.4  Distributing warming and emissiongights

This section §4.4) presents and discusses answeRRQ@3,which askdhowrights to warm the planet
might be fairlydistributed betweenountrieswithout exceedinglobaltempergure change targets.

While the SEFS dashboard offers users the options to display distributions of both GHG emissions
rights and warming rights, only the results of displaying warming rights will be discussed here since

warming rights are the more novelnoept.

Samples of results, according to applications of warming rights undegtredity-overtime and

GrandfatherindPrinciples are discussed as answers to RQ3. However, before presenting the results of

applying these principles, this section highlights two use cases for the application of principles related
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to the allocations of emissions rights: firstly, for evaluating the ethical adequiiatiohally
Determined Contribution$NDCs); secondly, for providing guidance for the initial allocations of
emissions trading schemdsT(S9.

On the first of these, RQ3 has r eNDEvaempledgest o t he
to achieve a certain absolute reduction in emissions by a particuldKaaye van den Bergh,

2019) Suchpledges implicitly follow a relative reduction form of the Grandfathering prin¢fRdeser

& Seidel, 2017)However,because countries commonly articulate their pledges in terms of tiee CO

emissions metridgt is not clear how much of the overall Article 2 temperature targets these pledges

will use up. The SEFS dashboard would provide a starting point for ethical analysis and scrutiny of
countries’ NDCs. With | ar ge a snslateshmto teroperaturea nd c av e
changes and then compared with results from the SEFS dashboard to judge whether countries are in

fact doing their fair share, acdlng to different ethical principles and different interpretations of

fairness.

The second use case is for providing guidance for the initial alloc&ibBs.Based on the concept

of Pigouvian taxes, which internalise externalities, ETSs are a Mzketl form of environmental
regulation which grant tradeable units or permits to pollf@estram, 1992; Rose & Tietenberg,

1993) ETSs- like the European Union Emissions Trading System (EU ETB¢ designed to

mitigate GHGsandallocate allowances to polluting entities according to a form of moderate

emissions grandfathegr{ICAP, 2024; Knight, 2013)nitial allocations of emission entitlements

under such schemes have traditionally been based upon practical approaches like benchmarking and
auctioning or what is politically palatable, rather than what might be e{l&P, 2024; Tietenberg,

2006) For instance, 95% and 90% of allowances were allocated freely in the first and second phases
of the EU ETS. This was deemed to be the “politi
states in this mulEléermaa ¢tal.p2016,p. AYhesSEFSashbesayds t e m”
presents one way in which initial allocations might be decided upon in ways that have forms of moral

backing, with which realvorld initial allocations might be compared.

84.4.1 The Equality-over-time Principle

There is a large literature which argues for distributing rights to emit GHGs equalper capita
basis(Agarwal & Narain, 1991; Pan et al., 2022; van den Berg et al., 282@gr the definition in
Table2, theEqual Per Capit&missionsPrinciplegrants the same amountearhissions rights to
everyone Howeverbecaus& o u nt r i e s 'are pobspatic| itastunicleanahich point in time

Equal Per Capitantittements ought to be allocatiedndividualsat a countrylevel basisFor once an
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allocationhas been decided updhere is a question of whethero d ay ' s descendants ou
greaterability to pollutethan was granted by way of emissions rights to tetestors?

The pie chart ifFigure30 below showsvhatcountrylevel shares of emissions righteuld befor

people alive in 2023, based upon an Equal Per Capita Emissions Principle

Equal per capita country shares

>

s China =India = United States w=Indonesia = Pakistan = Rest of the world

Figure 30. EqualPer CapitaEmi ssi ons shares based on country

Figure30r ef | ect s t he worl d’ s p o pldoweveriitaoud beatgued si ngl e
thata purelyequal per capitallocation ofrights to emitbased on some fixed point in timeay
disadvantager advantagéuture populationsThis is because the per capita allocation is fixed, yet

populations may increase or decrease in the future, relativéeth er countri es’ popul a
implication is thapopulation change cout@sult in arunder or overllocation ofemissions rights,

according to a static formulation of the Equal Per CdpitéssionsPrinciple.

Figure3lbelows hows how countries’ populations may gr ow
surrounding the central pie chart represent future generationthréledevekexpansion opeople

from the dark blue segment of the pie clnepresentac ount ry’ s i nc,wkeeesheng popu

county 'psoportionof t he worl d’s popul ation remains const
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Generation 1

Generation 2

Generation 3

Figure 31. Per capita shares of an emissions budget across generations

However, in reality, countridgke India and Nigeria have fast growing populations which are

projected to increase significantly in the futg@u et al., 2021; Ogunleye et al., 201Bdr this

reasonthesec ount ri es’ popul atdglobahpepulatisrar@alsdikelpto increeen s o f t
as other countries’ g he paudlitgavertome Rrincple appliedawithinaghe d e c | i
SEFS dashboamistributes warming rights betweeaountries in a temporal way, which takes into
account h opepulations ohange oges time.

84.4.1.1 Resultsand discussion

The SEFS dashboard includes optitmallocateemissions and warming rights from multigléenate
forcers However,within this thesis, priority has been givendisplayingand discussing the results of
warming rights from C@emissions only, fothreereasons.

First, thelong-lived, cumulativenature ofCO; as a stock pollutamesults in it persisting in the
atmosphere for timescales that exceed human lifespanshisreasonglobally agreed temperature
change constraintn CO,-related warming extend over multiple generatidrss is not the caser

shortlived, flow pollutantsike CHa, where the warming effect cdoe undone on relatively st
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timescales of twenty years or leSecongdwarming rightsare a novel concept introded in this

thesisTother esear cher ' s Kk n o wave rbigyet beeexplicitiyndiscugsedrwithgnh t s
the climate ethics litature.For this reason, warming rights were deemmexie inteesting to discuss

than emissions right&inally, warming rights- expresseth °C—makesc o u n't r catoss'mora | | o

relevant by putting thenmto the same metric as tieticle 2 temperature targets.

Thethree stges ofcalculating the Equalitpvertime Prirciple are described in chartskigure32,

Figure33, Figure34 andFigure35 below. The two charts ifrigure32 show the first step applying

the principleChartA di spl ays 174 countries h ensissians, i ¢ a |

whereaghartB provides &zoomed irpicture of just theop fifty countries.
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Figure 32. Countries' historical warming use (°C) from €émissions betweek850 2014

(A) all countries, (B) toffifty countries
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Chart Bshows that th&nited States was the greatest historical user of past warming. Fromeits CO

emissions only, the United States warmed the Earth by 0 dwéCthe 18562014 period. The
United States is followed by China, Russia, Germany, Great Baitaiindonesia.
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Next, thetwo charts inFigure33belows how countri es

f a i +N. Igeh (@hess)s

for addressi

cumul ative hi

warming (in °C per person). This is the amount of warming that has been generated by countries,

di vided by each c o wyeats+the susn ofqpeopteidl

va in eacheyeap ®Iregery n

year over the period of interests in Figure32, chart Adisplays alll74countriesin the datasefind

chartB displays only the tofifty countries.
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Figure 33. Countries' historical cumulative per capita use of warming (°C) frorp éldssions

between 185014

(A) all countries, (B) toffifty countries

Chart Bin Figure33above, shows that Qatar is the country with the highest cumulative historical per

capita use of warming from its G@missions, followed by Kuwait, the United Arab Emirates,

Canada and Luxembourg. This res

ul t can be

major oil and gas extracting and exporting economy, following discovery of the North Field gas

resevoir in 1971(lbrahim & Harrigan, 2012; Tusiani & Johnson, 2023)

While not answering RQ8pecifically, charts AC in Figure34b e | o w

show how countr

based on their historical per capita warming use, have changed over three differpariims. New

Zealand (NZL), indicated by the blue bar, is taken as an example.
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Figure 34. Countries' cumulative historical per cumulative capita warming (°C) froméb@ssions

(A) 1850 1960, (B) 18501990, (C) 18502014

In chart Aof Figure34,whenc ount ri es’ war mi ng ¢ ontperiode1850F ons o0V e
1960- are consideredNew Zealands the country with the highest cumulative historical per

cumulative capitavarmingNew Zeal and’ s hi gh per -19@pmepesiode mi s s i
can be explained by New Zealand having a landmass with high forest cover and a relatively low

population density. While many forests were cut down prior to European settlement inyjtig'ea

centuryt hi s trend continued as | arge swathes of the
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cropping, horticul t(@usseieta.,®6ld, p.202;Eweats esak,2006; e ment s”
Houghton & Nassikas, 2017)

In charts B and C, when the timperiod is extended beyond 1960, three petrostaf@star, Kuwait

and the United Arab Emiratessurpass New Zealand. These states continue to grow their per capita
emissions relative to the next highest per capita warming count@iagada, the United States,
Luxembourg, and Australiaas can be seen @hartC. Theseresuts highlight that for countries like

New Zealand, with low population densities and much forested land, contributions to warming over
certain periods &ve been greater from land use change or conversions than the burning Gidtssil
Whereas increased demand for fossil fuels since 1960 has played a dominant role in driving up the per
capita warming of prominent petrostates.

Finally, the following four charts Figure35 belowdisplay couh r i e s Wwarnfing tights, based

on theEquality-overtime PrincipleT h e s e t a k l@stokcal warnhirrg use and historical

populations between 1852014into account as wel | as CcoOounundeiae s’ futur e
moderate population growth scenanat to 2050ChartA showsall 174 countriesin the dataset,

while chartsB andC show only the tofiifty and bottonfifty countriesrespectively
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©)

0 Code
—0.02 LTy

—0.04 TKM

Future shares
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»
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Figure35.  C o u future waensng share§C) according to the Equalitgvertime Principle
based upon countr i e sdmissiansandocumulatad populations | at i ve C
between 185®014 and future populations between 2A@0

(A) all countries6é past per capita warming us

ChartsB and Cof Figure35 aboveshowa zoomed in picture afountries positive or negative

warming rights. Positive warming rights reflect future amounts of a remaining global temperature

target which countries have an ethical right to obtain. Negative warming rights indicate the level by

which a country has already exceédks fair share of warming, according to the Equabtgrtime

Principlel n an emi ssions rights sense, negative right
d e b tMatthews, 2016, p. 60)

ChartB shows that the tofive countrieswvhich receive the higlst numbers gbositive warming

rights are India, China, Pakistan, Bangladesh, and Njgatarding to the Equalitgvertime

Principle Based on war mi ng f remissionsbeivween 185814 nandvhilee s co
remainngpeneat h the Paris Agreement’s 2°C temperatul
0.33°C, 0.32°C, 0.04°C, 0.04°C and 0.041Gvarming rightseach. On the other harak shown in

chartC, the top fivecountriesdeemedo have the greatest levels of warming deletthe United

States, Russia, Germany, Greatdn, and Canaddhese countries would receigbligations to

undo their past warming by the following amour@084°C,-0.009°C,-0.007°C,-0.004°C -

0.003°C.
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84.4.1.2 Comparisonwith similar studies

Fourrelevant studiebave allocate@missions rightandcarbon and climatdebtsat the countryevel

on a per capita basishese studies and their results will nbevsummarised arambmparedvith those
from the SEFS dashboar@he first study, byMatthews (2016)presents a hew way of quantifying
inequalities between countries, by calculating cadimiclimatedebts. This was done by considering
nationalCO, emissiondrom fossil fuel combustiobetween 199&013 in the case of carbon debts;
and national warming contributions from &@H., N.O and S@emissions, in the case of climate
debts The studydeterminedhatclimate debts amounted to 0.11°C between 12000 andseveral

of the same countries to thdsentified by the SEFS dashboarthe United States, Russia, and
Canada- were found to bén climate dehtOn the other handihdia, China, Bangladesh, Pakistan and

Nigeriawereall in climate credit.

A second study, bifickel (2020) also sought to quantify the degree to which countries have overshot
their fair shares of C£emissions on a per capita basis. The study consideredr@i€sions over two
different timeperiods 1850-1969 and 1972015. Emissions were accounted for undeRBa
frameworkfor the first period and the CBfiamework for the secorgkriod Justification for the

CBA framework during the second period was becausedhiel has become more connected by
globaltrade. TheHickel (2020)studyfound that the United States was responsible for a 40% excess
of global CQ emissios andAnnex | Partiesvereresponsible for 90% of excess emissions. Both
China and India were found to be within the boundaries of their fair shares, although China would

overshoot its fair share soon.

Table29 offers comparisons of thresults in botlstudieswith the closest possible comparisons of the

Equality-overtime Principle in the SEFS dashboard.
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Time period 1990-2014 1960-2013 1850-2014 1850-2015
1990-2013
Way of 1.5*global Average per 1.5*global 350ppm
expressing limit | emissions capita emissions | emissions
Accounting PBA PBA PBA PBA (1856-
framework 1969)
CBA (1970-
2015)
Warming or Warming (°C) Warming (°C) Warming (°C) Emissions
emissions? (Gigatonnes)
Emissions from Fossil fuels and | Fossil fues and Fossil fuels and | Fossil fuels only
which activities land use change| land use change| land use change
Which GHG?
CO; CO; CO; CO,
AOver sho 1 United States United States United States United States
(those in climate 2 Canada Russia Canada Russia
debt) 3 Australia Brazil Great Britain Germany
4 Russia Canada Australia United Kingdom
5 Saudi Arabia Germany Argentina Japan
AUnder shg 1 India India China India
(those in climate 2 China China India China
credit) 3 Pakistan Bangladesh Bangladesh Bangladesh
4 Bangladesh Pakistan Pakistan Indonesia
5 Nigeria Nigeria Nigeria Nigeria
Table29. Comparing SEFS dashboard results with similar per capita studies
These studies, for the most part, find similaicatied overshooters and undershooters, giving
confidence in the results from the SEFS dashboard. Differences in parameter choices, sueh as time
period ranges, and the use of multiple accounting framewenkell as the exclusion of land use
change in thédickel (2020)study, could account for differences in the top five overshooters and
undershooters.
The SEFS dashboard’ s appumadaive per aurhulativa ¢apitawaeming ng hi s
(see charts ifrigure34) as aprecursor step in calculating the Equalityertime Principlecanalso be
compared wittthe results of a third studyEvans (2021bywhi ch quanti fi ed countr

capita emissions as a perspective on countries’

the methods behinBvans (2021band the SEFS dashboard differ in significant ways.

TheEvans (2021b3 t udy cal cul ated countries’ per capita e
these values to obtain countries’ hi stori cal per
the approach taken by the SEFS dashboard which instead divides a’cauntrg u mul at i ve warr
over the entire period of interest by the sum of

period referred to as persgrears In this sense, the SEFS dashbbasd E gavextimie Principle
is closer in itsapproach tdhe Hickel (2020)study.
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Equations 31 and2 below articulate how historical per capita emissions are calculatBddns
(2021b)and within the SEFS dashboard.

Evans (2021bapproach

06 do0awodduwn Qa di | Q¢ ¢ T
Where:

1 E=CO:emissions in a given year. The year is indicated by the subscript followikg the

9 P =Population in a given year. The year is indicated by the subfuliqpting theP.

SEFS dashboard approach

On 6 a MeITH = = = — Lo
d 0 V] E 0 anlssgﬁwl

Where:

1 W=warming from CQ@emissions in °C

9 P =Population in a given year. The year is indicated by the subfaliqpting theP.

Time period 1850-2014 18502021
Emissions or Warming (°C) Emissions (tonnes)
warming?
Accounting PBA PBA
framework
From which GHG? | CGO, CO,
How is population Personyears Sum of per capita
considered? emissions in each
year
1 Qatar New Zealand
2 Kuwait Canada
3 United Arab Australia
Emirates
Country rank 4 Canada United States
5 United States Argentina
6 Luxembourg Qatar
7 Australia Gabon
8 Bahrain Malaysia
9 Kazakhstan Republic of Congo
10 Brunei Nicaragua

Table30. Comparing SEFS dashboard results with Evans (B021
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Columntwo of Table30 above sbws the tertountries with the highest historicaimulative per
cumulative capita warming from G@missiongin °C) overthe 1850-2014 timeperiodandcolumn
threeshows theop tencountries with the highesistoricalcumulative per capit€O, emissiongin
tonne3 over the 18562021time-period. Warming and emissions are baté attributed to countries
under the®BA framework.

Countries which feature in the tognof both the SEFS dashboard results Baens (2021bare

indicated in'blue . Differences could be explained by the inclusion of a further seven years of data in
theEvans (2021bapproach, as well as the slight difference in calculations, stated previously.
Additionally, Evans (2021bihotes that countries with populations beneatémillion people are not
included in the table. This means that several countries with small populations, but high per capita
emissions- like Luxembourg, Guyana, Belize and Bai— do not feature in thé&vans (2021b)

column of the table, but are presentpnarple in the SEFS dashboard column of thble.

The fourth study which has results that are of relevance to applications of the Eonetityne
Principle within the SEFS dashboard is a stigyan et al. (2022)This study calculates shares of a
remaining carbon budget (RCB)r 177 countries by allocatingjobal cumulative GHG emissions of
2030 in CQe over the 199100 period to align with the 1.5°C Article 2 targ@oth thePBA and
CBA frameworksare used to apply @gual CumulativePer CapitaEmissions (ECPCHPrinciple.
CBA emissiongverecalculated for the 1992015 period using the Ec6 datasefThe results
broadly conform with those from the SEFS dashbgatte sense that many large Annex | Parties
would have exceeded their share of an emissions budget whiatesdo the 1.5°C temperature

target This means thegre in carbon debt arndould need to achieve negative emissionthe future.

84.4.1.3 Population ethics and relevance of the repugnant conclusion

Since the Equalitpvert i me Princi pl e all ocates warming right

populations, th&epugnant Conclusicha fundamental challenge in modern population ethics
bears relevanc€onceived of by DereRarfit,the Repugnant Conclusion compares different worlds
based solely upon their aggregate level of Wwelhg(Parfit, 1984) In the case of one world with few
inhabitants that are well off and another world with many more inhabitants that are considerably

worse off, the repugnant conclusion would view both worlds as dgaidit (2016)explains that

“This conclusion seems repugnant, some people

| ar ge nppmMboatlr ”

Rather than comparirthe overallwell-being ofpeople indifferent worlds RQ3is focussed on

determininghow warming righteni ght be shared between countries
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researchers have drawn attention to pastakes of other researchers, who conflated emissions and
well-being by assuming that greater emissions will result in greattbeing(Q. Li & Chen, 2021;
Steinberger & Roberts, 201@n this logic fixed warming targets would place limits on a

popul ati on’ s c obeihgewhere wodds Wwith mard peoplé woulcréckdss per
person warming rightsesultingin less wellbeing per person.

While theDistributing Rightgpage of the dashboard does not explicitly encourage users to consider
which world might be ethically better, the five different population growth sieaptionsfor

applying theEquality-overtime Principlewould suppa such acomparison. This is becaysieone

were to evaluate the five scenarios under an aggregatéewet] lensand it turned out that one of
these had more people but less per personbegilg, then theepugnant conclusiomight be

reached.

n

Taking I ndia as an example, two powaningtightt n gr owt

under the Equalitpvertime Principlew i | | be compared. Both are based

historical CQ emissions between 185P014.The first population growth scenario, based on the first
Shared Socioeconomic Pathw@EP1) results in India and its projected 53.1 billion people that will
be alive between 2033050 being allocated 0.1303°C of warming, or 2.45%10 per person. In

contrast, population growth scenario 4 (SSP4) results in India and its projected 53.8 billion people that

will be alive between 2012050 being allocated 0.1295°C of warming, or 2.41%0 per person.
This demonstrates how, as afmpduct of its approach for answering RQ3, the SEFS dashboard can
enable different future worlds, wittotentidly different levels of per person wdiking, to be

analysed.

However, to reiterate, this research is not focussed moral assessments of different worlds based on
their per person welbeing.Interestinglywhile the assumption that more emissions would support a
greater level of welbeing held credence in the pastsitess convincing in a world where increasing
numbers of people are meeting their needs from renewable energy sources, without further
contributing to the greenhouse effect. Therefore, an allocatiarming rights as proxy forwell-
beingisunlikd y t o be the most accurate indofealt or of

being.

84.4.2 The Grandfathering Principle

This section §4.4.2 presents results of applying the GrandfatheRngciple within the SEFS

dashboardPriority has again been given to presenting warming right&(int is important to point

out that countries’ c u mu |, averapamiculariane-periotigre f r om GHG
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considered to be the basis for allocating future warmgigs under the Grandfathering Principle

This approach differs from other studies and-meaild instances athe Grandfathering Principle

which often take emissions amounts in a single year dsattis for future emissions reductions.

84.4.2.1 Results and discussion

Thesix chartsin Figure36showc o u nt r i e svarmimgiusoven the fudl inheperiod— 1850~
2014—- and from eaclof CQO,, CH, and NOXxin turn.Charts A, C and Hisplayall 174counti e s’

historical warminguse.Charts B, D and F displaynly thetop fifty countriesfrom each of the

immediately precedingharts to provide a momwomed irview.

It is worth acknowledging hetéat the followingchartsare very close to those which appeshin

Figurel7, where thelifference is that thosghartscombined warming froreach gasin this section,

warming from @chgasis considered in isolation, starting with g@llowed by CH and therNOx.
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In Table31below, thetop tencountries from eacbharthave had theiabsolutewarming amounts
t hat
proportion of total warming from thats over the 18582014 timeperiod. These warming

converted intoelatvea mount s, s o e a ¢ h gas igpresentedysas war mi n

proportions are expressed as percentagbecketsafter the country name.

countri
proportion of

overall warming

e

1 United States China (15%) China (25%)
(22%)
2 China (11%) United States United States
(10%) (17%)
Russia (7%) India (9%) India (7%)
Germany (5%) Russia (9%) Russia (4%)
Great Britain Brazil (5%) Japan (3%)
(4%)
6 Indonesia (4%) | Venezuela (4%) | Indonesia (3%)
7 Japan (4%) Indonesia (2%) | Brazil (2%)
8 Brazil (3%) Great Britain Canada (2%)
(2%)
9 India (3%) Australia (2%) Germany (2%)
10 Canada (2%) Ukraine (2%) Mexico (2%)
Total warming 0.79°C 0.45°C 0.06°C
over the 1850
2014 period
This group of 64% 58% 67%

Table31. Relative warming contributions (all threémate forcer}, 1850 2014

The results imable31 show thatencountries accounted for 64% of historic warmirgm CQ
emissions over the 185P014 timeperiod. In thecase of distributing future warming righiader a
Grandfathering Priciple, theseencountries would obtain the same proportionfutiire warming

constrained bytemperature change target. However, withis top tercountriesthere are
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substantial differences between the warming that would be givavedoped and developing
countries. Six developazbuntries woulaollectively obtaird3% of future warming: the United
States, Russia, Germany, Great Britain, Japan and Canada. Meafainieveloped countries

would collectivelyobtain approximatelpalf of this warming(21%).

The result is quite diffrent in the case of allocating future warming ridgi#sed on historical relative
warming from CH and N&. China and India would jointly be allocated 24% and 32% of future
warmingrightsfrom CH:; and NCx respectivelyThese countriewould obtainsignificantly higher

sharesf CHs- and NOxrelated warming, than CGoelated warmig. HoweverCH.-related warming

is more temporary in nature, duettee GHGbeing shoHived.

Table32 below combinesvarmingcontributions fronCO,, CH, and NOxfor the five countries that
have generated thmeostwarming over the 1852014time-period, in order to determine shares of

future warmingBased on the Grandfathering Principles tUnited Statesould inherit18% of future

warming, followed by China (13%) and Russia (7%).

addr essi

United States 18%
China 13%
Russia 7%
India 5%
Germany 3%

Table32. Countries' proportions of past warming

While it can be useful to consider warming from different GHGs over the sam@dinoel, it is also
illuminating to considehowc ount r i es’ war mi thegsaneGH@aryoverut i ons
different timeperiods elative to other countrie¥he charts irfFigure37 andFigure38 displaythis

information. Discussing these results will be theusof the remainder of this section.

Charts inFigure37 andFigure38 cannot begenerated by the SEFS dashboard in its current state.

Thesechartswerecreatedrom dashboard outpusot hat count r i

different GHGsover different timeperiods could be detenined.

Thechartsdidgpay f i ft een cwaunimg usdroem<O; and thentChlaver diferient

time intervalsThecountries displayed in thesbartswere thetop fifteencontributors to warming

ative

n
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over the 18561960 periodlt is important topoint out that all results in this section havelative

nature to them. This is because each bar reflect
total warming, froma specificGHG and overa particular timeperiod.This meanshatwhile a

country may havencreased its COemissiongluring a particulatime-period,if other countries have

also increasetheir CQ emissionsthef i r st country’ s ab snaylbéhidden i ncr eas
by the cdlective size of these othero u nt r i e sli thisisenser tlemswteig-igure37 and

Figure38s how t he de gr e erelativehistonidalavarmitgaantmibutions ey over

different timeperiods.

Countries' proportions of historical warming use from CO,
emissions over six different time intervals between 1850 and 2014

35%

30%

25% B 1850-1960

B 1960-1990
20%

19902014
15% = 18501990
10% m1960-2014
5% ‘l | W 1850-2014
0% Illll || II II I | IIII“ lalat 10 Lo |“|II IIIIII IIIIII II|||| alalon mmnsnn madam

USA GBR DEU RUS CHN IDN CAN FRA ARG BRA IND JPN UKR POL AUS ZAF

Figure 37. Proportions of historical warming (from GPover different timgeriods

Figure37 shows the United States has been the greatest contributopt@id@d warming,
accounting for between £33% of CO,-related warmingpver all six timeperiods. Russia and China
account for the next highest share€ab-relaed warmingaccounting for betweet-11% and 5

18% respectively.

Early industrialisers like Great Britain, Germany, Canada, and Fhenvasimilar proportions of
CO»-relatedwarming. Theirelative CO,-related warmingvashigher over earlietime-periods—
1850-1960 and 185Q1990— andis significantly lower over more recent tinperiods— 1966-1990,
19606-2014 and 1992014 This can be explained these countries starting pietessesf
industrialisation much earlier than othétdbella et al., 2024)Then, sincahe 1990s and early 2000s,
early industrialiserbegan decarbonising their domestic economies, and offshoring production to

large developing countries like Chiaa many of these countribeganto industrialisgBaiocchi &
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Minx, 2010; Y. Li & Hewitt, 2008) For instance, mankarge Latin American and Asian developing
countries like Brazil, Argentina, China and India began undergoing their industrialisation journeys
towards the end of tH20" certury and developed large manufacturing indusi@srmai, 2012)By
2014, the relative warming contributions over the 32804 timeperiod of Brazil (3%) and

Indonesia (5%3urpassnost of the four early industrialiseSreat Britain(2%), Germany (3%),
Canada (2%) and France (1%).

The CO,-related warming profilesf Russia, Ukraine, and other Eastern European countries like

Poland, which have their highest &f@lated warming contributions relative to other countries over

the 19661990 periodaredistinctive.These distinctive profiles can ke&plained by the rapid

industrialisation journey of thenion of Soviet Socialist Republics (USSRiich began from the

early 1930sThis continuedi nt i I t he USSR’ ,whed thepostoomonunist@eagonomia 199 1

crisisled to a significant reduction in industrial production and related emissions.

Conversely to Soviet and Eastern European countr
CO»-related warming occurredliring the1966-1990 period. Deforestation practices, as opposed to

the burning of fossil fuels, domi (GaspagidtalAr gent i na
2008) More recently,the x pansi on of Argentina’s agricul tural

land use conversions for soybean production.

Countries' proportions of historical warming use from CH, emissions
over six different time intervals between 1850 and 2014

W 1850-1960
W 1960-1990

W 16902014
W 18501990

10%
oos M I_ Ia h ||| |_.I_| b || || I lan Enclal Hunimn |III|I malamm memmmn W1850-2014
CHN IND IS G!SR FRA IEU BRA L!\'R AUS ARG IDN CAN BGD

USA VEN

Figure 38. Proportions of historical warming (from GHover different timgoeriods

Figure38aboveshowsc ount r i es’ r el a tsrelated warmingover dxtireei ons t o C
periods. TheJnited States and Russia contributed significantly to warming frome@tissions over
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earl i er peri ods .sentissionghawehad a Retinegativecdoltg efiddtin the
most recent tim@eriod—1990-2014. Thi s can be expl ained
dramatically reducing in size following the collapse of the Soviet Union in I®isequently,
Russi a’ s agemissonslretucad byl 17% ddtween 1992 and gB€fierhorn et al.,
2019)

Other countries, like Great Britian, France, Germany and Ukraine, also display negatinegaeor

cooling—from their CH emissions when thengesttime-period— 1856-2014 — is consideredGreat

Britain and Francalsoshownegative Chirelated warmingverthe 1960-2014time-period.

These results highlight an important point: tbettaincountries haveindone the warming aheir

past CH emissions in recent timgeriods.This can be explained WyH, s  divedmature, which
means itsvarming effect can be reversedthin short timescalefAllen, Lynch, et al., 2018)lhese

by

resultsalsohighlight thetemporarynature of Ch-related warming, as oppostte more permanent,

long-lived warmingfrom CQ,. Theshift from CHs-relatedwarming to cooling can be explained by

t hese count r i es movidgeamay fdmiacivitiesowhichoetrase SHnissions.

The ability to revers€Hs-related warmingaises annteresting point abouhe allocation ofvarming

t

he

n

rights under &randfathering Primi pl e. | f countries’ have generate

warming from their Chtrelated emissions, then there is a question as to wiethetriesmight

inheritobligations tocool the planeunder a Grandfathering Princifi@ o t he r esear cher
knowledge, the possibility of inheriting cooling obligations under a Grandfathering Principle has not

yet been discussed in the climate ethics literature.

A further question is whether globally agreed temperature change targets, like the Article 2 targets,

should be disaggregated into targets for shetd and longlived warming. However, given the links

between economic activities and GHGs, it may be too prescriptive to come up with how much

warming ought to be allowed from different GH®sather than specifying how much warming

countries ought to receive from each type of GHG, a less prescriptive approach would be to specify

overall warming rights (in °G)and let countries determitlee GHG make up of this themselves

Countries like Ireland and New Zealanwvith large amounts of temporary GFelated warming

from their agricultural sectorsmight be able to achieve cooling by reducing these emissions, which

would leave them with more room for G@lated warming.

84.4.2.2 Compaison with similar studies

A range of studies, similar in focus to the SEFS dashboard, distribute carbon budgets or allocate rights

to emit according tthe Grandfathering Principl@obiou du Pont et al., 2017; Robiou du Pont &
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Meinshausen, 2018; van den Berg et al., 2026)vever, several of these studies combine the
Grandfathering Principleith theequal per capita approachesferredtoas bl ended sharing
pr i nc(Raupaehstal., 2014, p. 874; Williges et al., 20ZR)s renders the results of these

studies less directly comparable with restrtisn theSEFS dashboard which operationalites
GrandfatheringPrinciple on its own.

A further important difference between t8EFS dashboardapplication of the Grandfathering

Principle and relevargtudiesis thatone study excludesO; emissions from ULCC, which the

SEFS dashboard does incly@eters et al., 2015Additionally, two relevant studigdecus on a

small er number of countries, or aggregate emissi
NDCs and Intended Nationally Determined Contributions (IND@®inshausen et al., 2015; Peters
etal.,2015) I n its current form, the dashboard does n
and INDCsAs indicated in the introduction to this sectiofiinal importantdifference between the

SEFS dashboard’s applicati on etfdiedsthatthéatharndf at her i
studies allocatemissions rights based upon emissions in a syegle The Grandfathering Principle

in the SEFS dashboard by contrast usesulative historicalvarming over multiple years as a basis

for allocating futue warming rightswherewarming rightsepreserga novel contribution to the

climate ethics literature.

Overall, results of applying th@randfathering Principlwithin the SEFS dashboateind to conform
broadly with the results of similatudies wherebyin those studies margirge, developed countries
wouldinheritthel i on’' s s hrightséo emifHovievet, the usef different metricsdata and
methods- involving multiple principle combinationsrendergesults from thesstudiesnot directly

comparable with the results of applying the Grandfathering Principle within the SEFS dashboard.

84.4.3 Section summary

The previous two sectiorf§4.4.1and84.4.29 havepresented and discussed Equatitaertime and
GrandfatherindPrinciple applicationswithin the SEFS dashboard, to answ€)3.While the
dashboardgupportscalculationsof bothfuture emissions rights and warming righaely warming

rightshave been displayed and discussed gimese are the more novel contribution.

The results of applying both principles show similarities watlatedstudies from the climate ethics
literature. However, the Equalityvertime Principle is a new principldat hasot featured in other
studies to datd~or this reason, the results of applyth principlehad to be compared with Equal
Per Capita Emissions aCPCEapproachesyhich used different datasets and performed slightly

different calculations.
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Similarly, therewer e | i mit ed opportunities to directly <co
the Grandfathering Principle, which relied upon cumulative warming over multiple years, with

relevant studieDataset differences and approaches which blended the Grandfathering Principle with
otherprinciplesalsor e nder ed t he SEFS dashboard’s applicati
comparablevith the existing literature.

The results of applying botbrinciples were discussed in the context of historical events and the

changing nature of countries economies. Such in
i n count r iwarming caniributionsDisruptvd politicaleventslike the collapse of the
Soviet Union canexplaindramaticreductions iformerSo v i et  bistouigaltvarmirg s ’

contributions with implications for allocations afourt r i e s Wwarnfingrights. e

An interesting idea arose from a 4«migsiof i ndi ng t ha
reductions over recent periods have had a net cooling effect. This provoked the idea that: countries

could receive cooling obligations, undeGeandfathering Principln more recent timeriods.

Finally, apolicy implication of this workis that global temperature chargegetscould be separated

into temporary and more permanent warminges. The SEFS dashboard could therefore prompt

debate about whether there is merit in treating the warming effect generated Hiwvsti@hd long

lived GHGs differently. Howeveprescribing temporary and permanent targets at the celenvtl

mayr i sk overstepping the bounds of national sover

contributions from specific GHGs are so closely tied to activitreerpinning their economies.

84.5 Chapter summary

Chapter sas presenteaind discussed samplefresults from the SEFS dashboashnswers to the
threeRQs. Answers to RQhighlight the importace of timeperiodover which warming is
consideredwhere most 19to mid-20" century warmings attributed to early industrialising nations
andlargedeveloping couinies havecome to dominatpost1990 warmingcontributions While it is
not expected to provide answers to such questions, the SEFS dastdioarthble explorationghich
support debates aboarhich eras of anthropogenic warming ought to colerspectivesn the
concepts obxcusable ignorance and inexcusatggligencediscussed i§2.6.1.1 are relevant to

such debates araffect perceptions afountrylevel responsibility for causing climate change.

Answers taRQ2 highlightthe very differentdistributions of climate finance that can result from
applications of the Ability to Pay, Beneficiary Pays and Polluter Pays Principles within the SEFS

dashbard. A lack of practical applications of the Beneficiary Pays Principle within the literatdre
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substantial ar i ati ons i n some count r ibetlstheAbdityto Reg and f i nan
Beneficiary Pays fihciples has raised questions about the adequacy of proxy metrics, whether new
data might ped to begathered, or thprinciples themselve®vised.

Answers to RQ3 by wagf the Equalityovertime Principle would see many large developing

countries receiving future warming rights, with early industrialising nations having obligations to

undo the warming of their historical emissions. Conversglplications of the Grandfathering

Principlepaintan almost oppositgew, wher e | arge, devel oped countri
share ofuturewarming rights Additionally, chartscreated from dashboard outputs have revealed the
potential for countries tmherit cooling obligations where their emissions of stiged CH; have

declined in recent timperiods.

Studieswhich seeko answer similar questiongere found to havaregionatlevel focus combine
multiple principlesor use different informatianThismadedirect comparisonbetween these studies
and theSEFS dashboar(h order to validate the research findings) difficult and highlitfiiignore

finely grained analysiand novel insights dhis research project.

Results from the SEFS dashboalsb highlightthat thereare no single answers to any of the three

RQs. RQ1 answers depeod the choice of GHG artdne-period over which warming is considered

while RQs 2 and &ll within the area of distributive justice. For these questions, a wider range of
paranetersinfluence theesults. Ultimately, the dashboasdn bring into clearer view the mawnglue
judgementsvhich underpic hoi ces when it comes to assessing ci
climate changeThe pragmatisipositivistapproach of this researbtlas allowedor theresults and

discussion of therto be responded to @ pragmatisivay. This supports the valysguralismof the

results byacknowledginghat a range of ethical perspectives exist
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Chapter 5 Critical Review

85.1 Chapter overview

This chaptecritically reflects on theesearctanddescribe®ptions forextending the study thatere
identified during the research proceasdwhich could beexploredbeyond théoundaries of this
particular projectA critical evaluation of the e s e ascopelandslesign ahdwthe researciwvas

carriedout is offered irg5.2

Sectionswithin 85.3considet he research’ s rel evance Baencet her fi
and Ethics of Fair Shares (SERf&)shboardor its target audiencesternationaRelations(IR)

theories are drawn do hypothesisédow thesaheoriesmight engage with the dashisdand view

inter-state behavioymwhichprinciples might be argued for and whis is followed by a discussion
ofthedashboard’ s albancédingi ¢ @t iporoyiafe countri es’ pr o
change and whether the dashboard is constrained by its focus on what might be ethically ideal, rather

than practically useful.

Methodbased and technical critiques of the research are the fo86s40T his includegeflections
on how to incorporatfuture generationmto applications of the principl€§5.4.1), a discussion of
moresophisticated methods for calculating consumphiaged emissionand thepossibility of
combining multiple accounting framewortsoffer more nuanced perspectives on nastate
responsibility(85.4.9. The technical critiques are concludedh4.3 which echoes the limitations

of using proxy metricirom Chapter 3and questions whether new principles and datasets are needed.

Finally, 85.5summarisethe key themes of thishapterand reiteratethe usefulness and importance
of both the reseah and SEFS dashboard.

85.2 Researchfocus,scope and design

This section §5.2 begins by evaluatinthe pragmatispositivist approatecto explain how positivism

became lesasefulfor dealing with varying definitions of ethical principles, leading to the exploration

of more helpfuparadigmg85.2.9). | mplications of the researcher’ s
considered and discussedgi.2.2 including the consequences of being amongst a climate elite and

drawing on frameworks that have evolveaim within this demographic. Limitations of tf&EFS
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dashboar d’ s s eslates, diveticegrewing importaade of mastateand substate
acbrs, are discussed i85.2.3

85.2.1 The pragmatist-positivist approach

As explainedn Chapter JandChapter 3the paradigm which has guided this researepigmatist
positivig approachwhich utilises the tools and methodologies of positivism but substitutes its
objectivist commitments with a moeepragmatisapproach tahe ethicsand its interaction witthe
scienceFor the most part, positivism was a useful paradigm for progressing the resdsesh
researchmethods were of a positivist hature in that they involved manipulating quantitative data by

using engineeringelated techniques from the natusalences.

However, several features of positivisnadeit lesswell suited to handlinghe plurality of

perspectives on fairness that SIEFS dashboattelped uncoveror this reason, theragmatist

approach-which endorses paradigms and methodologies that offer useful perspectives, explanations

and methodsal | owed for the suspensi on o,fwitheub me of posi
rejecting aspects of positivism that were usefuhfamdlingcountrylevelinformationand building

the SEFS dashboarthe pragnatist approactcould therefore acknowledgleat many different

distributions of fairness can in fact exist at once, as opposed to each being treated atisagknera

moral law or truth.

The pragmatist approach was also helpfulgiaiding the researchwhere a purely positivist approach
would have beeill -equippedo deal withdefinitions of ethical principles varying across different
types of climate action and ethical principles taking different forms. For oesiara mitigation
context the beneficiargenefitsfrom climatecausing actions, whereas in an adaptation context the
beneficiary benefits from risk reduction measyfesmrber, 2007; Page, 201Additionally, two
formulationsof the Ability to PayPrinciple are distinguished between within the climate ethics
literature. The firstvould expect everyone to bear costs, while the second we&altipt those with
limited financial capacityrom bearing any cos{RRoser & Seidel, 2017Yherearealsodifferent

forms of grandfathering: weak, moderate and sti(gmight, 2013; Roser & Seidel, 2017)

Varying understandings and definitions of different principéesswell as their relationships to
accounting frameworksnarked points at which positivism became less helpful as a paradigm for
dealing with thesessues. At these points, interpresivi—which seekgo understanénd explain
socialreality and human behaviotlay investigatinghuman experiencen the context oéxisting
knowledge cultural and contextual influees— presente@nalternativeparadigmfor acknowledging

a princi pl enings(Cratty]1998;Radaor, B0 ather than believing in the existence
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of discoverable, objectivieuths,interpretivismacknowlelgesthe role that individuals play in
constructingsubjective forms ofmeaning as thegctively interact wittand make sense of the world

(Radnor, 2002; Yanow & Schwarhea, 2014)Since the principleassign responsibilitglifferently

in different contextand have multiple formulations and meanirnggrpretivismaccommodatethe

ethical controversies that result from variable understanaifipe principleswhich are informed by

i ndi v unifuegaluss’'and experiers.Ilt wasat the pointsvh er e princi ples’ defi
forms were found to varhata pragmatist perspective was able to accommadggepretivist ways

of thinking, which were explored in ordertorefleet pr i nci pieasngs. mul t i pl e

Following thisinterpretivist explaation, and in order to continue advancing the reseapagific
principle déinitions were chosen and treated as fixed in order to continue their application in a
positivist way.lt is acknowledged that selections of different principle definitiamd formsat these
points may have resulted in principles beimglerstood andperationalised in different ways, with
different outcomes.

In summary, during the research process, positivism encountered a range of challenges. An

overarching pragmatist approach enabled the use of positivist methods for progressing the research in

so far as they were useful for achieving the resegirob.However, despitéhe positivist nature of

many of the research methotiseresearch questiofRQ9 are ultimately responded to in a

pragmatist way. This is because pragmatsiables a value pluralishy allowing formany possible

answers to eaahf theRQs.The challenge of how to treat differing principle definitions and forms

was not resolved within this research project. F
principles’ s antlighlighteid posts at whach altermptive paradigms, like

interpretivism, have a role to play.

85.2.2 W.E.I.R.D researchand identifying new principles

W.E.I.R.D—an acronym coined bijenrich et al. (2010} has been used to refieralack of diversity

within behavioural science research and question the validity of researchers drawing universal
conclusions from studies carried out upestern, Educated, Industrialized, Rich and Democratic
(W.E.I.LR.D)research participas

This research is W.E.I.LR.D in the sense that it is a product of ideas and frameworks which have
emerged from within a W.E.l.R.D demographic of climate elitdsch includes diplomats,

negotiators and the wider international research and policymaking cotreawriio have come to
dominate understandings of climate change through a justice and equity lens. The research has also

beencarried out by a member of the W.E.|.Rcldnate elite, a doctoral candidate based in a
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developed country (New Zealand). Consequently, the language and understandings that the research
builds upon are characteristic of approaches recognised by this gooupstence, the ethical

distributional principles applied in the SEFS dashboard have emerged out of Western ethical
traditions and ideals.

Consequentlyit could be argued thaihe SEFSlashboaranay not engage satisfactorily with wider
audiences because it doest incorporate ethicgderspectivefrom a diverse range of cutesand
traditions This means that widelemographicsincluding Indigenous peoples and local communities
(IPLCs), Least Developed Countries (LDCs), developing countriesAnaex | Partiesand
Economies in Transition (EIT) mayot find their understandings of fairnesieeted by principle
applications.

However, asisers engage with the dashboard and come to betderstand the practical implications

of applying differentprinciples,they can be expected to obtain better understandinggch

principlé s conception of fairnesh this way, users can decide for themselvby way of the
technologyassistedvide reflective equilibrium(WRE) that theSEFSdashboard enableswhetheror

not they agree with each prThrouhinetadgingsithathe der | yi ng
dashboard and interrogating their own conceptions of fairnesss may also find opportunities to

identify different ethicabrinciples—reflective of diverse culturadlorms and understandings of

fairness- which could further enrich equitable eff@taing discussionsSuch principles could be

incorporated into future iterations of the tool.

85.2.3 Non-state andsubnational actorsas the unit of analysis

This research takes natistates as its unit of analgst specificallythose 18 countries which are

Partiego the United Nations Framework Convention on Climate Change (UNFCCC). However, some
datasets in thBEFSdashboardlso include tax havens and British and Danish territories like the

Cayman and Faroe Islands. This explains why such places have made an appearance in the sample of
results fromthe dashboaroh §4.3.1

This section focusses on assessing the feasibility of includingtateand subnationdénseswithin

the SEFS dashboard. Argualtyh e S EFS das h b o ar estates isdimitecchafise c us o n
other importanhon-stateand subnational actgrscluding businesses, civil sociegndregional and

local governmentslso bear responsibilityfhese actorsave become ahcreasing interegbd global

climate governance scholarshighere multilevel and polycentric governance approactasgnise

them, dongside natiorstates, as agents of change who also have the abiléstd and pioneer

stronger climate actiofWurzel et al., 2019)Thegrowing influence and participation nbn-state
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actorsin international climate negotiatioyes discussed i82.3.4 andthelarge sharesf global

emissions that some of these actors accounpfovidejustificationsfor offering a nomrstate actor

lens.For instanceresearch byhe Carbon Majors Database found that just 100 companies, dubbed
“Carbon Majors”, account ed f greenhGuselga8Hts) t he wor | d’
emissions between 1988 and 2@@5iffin, 2017, p. 1) Scholars have since argued that such carbon

majors ought to contribute significant amounts of climate finance towards loss and damage

(Schleussner et al., 2023)

However,data limitations andaps for norstateactorsarea significant issu¢hat has been

highlighted by scholar@Hsu et al., 2019; UNEP, 2018)hereare many datasets with varying levels

of completeness, which do not provide comprehensive coveragestate actors that is consistent

and comparabléVhile partnershipsike the GHG Protocol anthe Science Based Target initiative

(SBTI) provide guidance to the corporate sector in the form of protandisargesetting manuals
reportingis voluntay and comprehensive coverage aodsistency of information remains an issue
(SBTi, 2023) At the municipal level, initiatives like C40 Cities and the Global Protocol for
CommunityScale Greenhouse Gas Emission Inventories (GPC) provide guidance for cities to report
their emission$C40 Cities Climate Leadership Group et al., 20HHwever data gapand

inconsistencieare alsaignificant limitations

Two initiatives which present upcoming information streams that might fill data gaps and support
assessments of the type that this thesis is concerned with, but fstat@mactorsare the Taskforce

on Climaterelated Financial Disclosures (TCFD) and Taskforce on Nala¢ed Financial
Disclosures (TNFD). The TCFDs and TNFDs are indul&dyinitiatives, established in 2015 and
2021 respectively, which encourage the corporat@serassess and disclose climated nature
related risks to businegslori & Mader, 2021; Redman, 2022)jhe Taskforces aim to shift the sector
towards climate friendly and natup®sitive ways of operating and provide greater guidance to
investors about climateelated riskPierce, 2023)Since 2021, several countries, including New
Zealand and the United Kingdohmave passed laws to manddtatcompanies within the financial
services industry and other publicly listed companies carry out chirektied risk reporting, guided
by the TCFD framework. Additionally, many firms around the world have adopted the framework and

begun voluntarily repomig on such risks of their own accord.

In terms of calculating carbon budgets at the secteval, climate ethics assessments hbheen
carried out for théuildings, cement and electric utilities sectfgbert et al., 2020; Rekker et al.,
2022) However, onef theseapproacheéirst calculatesational carbon ligets, suggestintipat
emissions estimates foationstates are needed befonenstate actas ©°  f a ican beldieamineds
(Habert et al., 2020)
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An advantage of having us#iteenvironmentally extended inpoutputanalysiS EE-IOA) technique

t o cal cul aonsamptiosbased emisseodst the SEFS dashboaislthat it can be used to
calculateand assigrmonsumptiorbased emissiores boththe city and corporate lev@Hiertwich &

Wood, 2018; Wiedmann et al., 202However, rather than differentiating between produetaond
consumptiorbased emissionsons t at e a ct @re sommanlyreferen asstape 1 (direct
emissions), scope 2 (upstream emissions), scope 3 (indirect emissions, or emissions associated with
other inputs)Stenzel & Waichman, 2023The use of the EEDA technique, which can be readily
applied to norstate actor information should it become available, would allow such information to be
efficiently included in the SEFS dashboard.

A further type of norstate actor that could be incorporated in the dashleardividual states or
provinces of large federal countries, like the Uni&des. Due tdheir relative size, economic

influence and powesuch countries couldave their climate mitigation finance and warming rights
shares allocated at the state, rather than the rstao®, level. This is because such countries are
composed of multiple large states, which are themselves comparable to countries in terms of
population sizeJandmass and economic output. For instance, in recent global economic analyses, the
American state of California has commonly been ranked the fifth largest economy in the world,
behind the United States, China, Germany and Jafeziri, 2024) Three other American states

Texas, New York and Floridahave also been ranked amongst the top 20 global economies.
Accounting for emissions at the std¢wel for federal countries could offer a complementary and

beneficial nopstate actor lens withithe dashboard, once relevant datasets become available.

Onechallengeassociatedvith takingnationstatesas the unit of analysis how to dealvith border
changesvhich present difficulties n at tri buti ng “pasgt &(@aulkbstialgns t
1992; Neumayer, 2000, p. 189Yhile the world as a whole has experienced a period of relative peace
and the majoty of countryborders havenduredsince the second/orld War,theSovi et Uni on
collapse Eritrea breaking away from Ethiopia in 1993, and South Sudan obtaining independence from
the Republic of Sudan in 20hteseveral examplesf nationstate borders shing as new countries

have formed. Haever,since the majority ofiationstates havenaintainedelatively consistent
identities *
emissions when natiemt at e s’ b o r dis aclmowtedgeget candidaredgrendrissuefor

the research, given the relely few instance®f this (L. H. Meyer & Sanklecha, 2017, p..5)

While nationstatesare not the onlynit of analysigor apportioning climate changelated fair
shares, the historical dominance grdticipation of these actors withimernationahegotiating fora
and the availability ofelevantdataset$or applyingdiverse ethical priciplesprovidedstrong

justificationsfor solely focussing onationstates
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Despitethe existence dftudieswhich calculatesectorallevel carbon budgets lack of
comprehensivegonsistentlataremains a limiting factor for offering ethical assessments ofstate

a c t dimateselated obligationsAdditionally, principles which make sense at the natitate level,

like Equality-overtime, may not be as relevant for calculating#soh at e act or s’ war mi ng
because population figures do not easily translate into &tad® actor context. Fthis reason, new

principles may need to be designed that are better suited&tateractors. Given the scope and time

bounds of the research, bringing r&tate actor data into the dashboard was not pursued.

Nevertheless, incorporating a nstate actotens once more information becomes available presents a

possible future extension to the SEFS dashboard.

85.3 Relevance to other fields and practical usefulness

Thissectioconsi ders t he r esearlkRdnd ®wdiflerenttheariemight t o t he f
engage with the SEFS dashbo@dnefitsthe dashboard can bring fdimate negotiators and

policymakersare also discussed, followed ag evaluation othe ealworld applicability of the

research, in a field that evolves quickly, and where many viable solutions to the issue now exist

Finally, challenge®f taking abstract ethical principles frgshilosophical to applied doans are

discussed.

85.3.1 International Relations (IR) theories

This thesis has not engaged substantively with theories éfdReverthed a s h b m@rnational
focusmeandghat the field ofR —which develops explanatory theorfed o0 br oaden and dee
understanding of ¢ osamighthpve useful gontnbationk tdakeptatlisi t i ¢ s ”
research{Burchill & Linklater, 1996, p. 13)ProminentR theories, includinglifferent strands of

realism liberalinstitutionalismandconstructivismmay have different ways of interacting with the

dashboard and coming poedictthe predominance of certain principles.

Realismtheory, for instanceyiews natiorstates as thprimaryactors withintheinternational system
It believes natiorstatesbehaverationally to achieve their goals and mimngtrease theipower in a
zerosumway in orderto suceed(Burchill & Linklater, 1996; Nicholson, 1998Realism views the
international system asherentlyanarchialwith anunequal distribution of power, where relations

betweerstates are besixplained in terms of power politi¢6riffiths et al., 2009)
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Realism theor couldpredictthe predominance of@randfathering Priciple, where powerflearly

emitters like the United States and the United Kingdom negot&tesisions reductiotargets to be in

reference to a 1990 baselimeder the Kyoto Protocol his would havereserved the stataggioby

all owing future emissions t o Reaismtheonpauldgsor t i on t ¢
accept climate adaptatiaentric definitions of the Beneficiary Pays Principteentionedn §2.6.1.2

where the Beneficiary Pays approach is interpreted as the beneficiaries of climate action being

expected to invest in those positive benefits.

A realism theorymay also expect some limited use of the Polluter Pays Principle, wiareblyies

punish othecountriesfor environmental harms that have crossedntrybordersHowever,the

theorywould be sensitive to the challenges of implementation beeewiseposing opayments for

pollution requires the successful exercise of power. This would be easier said than done in the
international system afationstates where classicakalismtheory would draw attention to power

imbalances trumping argppeals to ethically appropriate distributiongiméncial costor warming

rights because “the strong do wh aThucydidesy2008)an and
Finally, neorealisn theory might refer to the anarchial structure andiselip system of states to

explain that power politics witome to dominate natiemt at es’ r espon@\Valizt o cl i ma
1979) AsSchelling (1992 o n ¢ | u ddewtlopediorichhas no selinterest in expensively

curtailing carbon consumption and that tiexelopingvorld cannot afford to incur economic

penalties to sloWywNhe greenhouse effect

Rather tharassuming &elf-help system ostatesliberal institutionalismor liberal internationalism
theorywould take a less pessimistic viewrgdtionstates interactions with each other and effaxis
address climatehangeWhile still largely concerned with natiestates, liberainstitutionalismtheay
also places highmportance orinstitutionsand believes itheir potential as legitimate political
ordersto encouragsuccessful cooperatia@mongstourtries (Burchill & Linklater, 1996; Suhr,
1997) Liberd institutionalismmay point to a near universal signing of tRaris Agreement andhe
endorsement of iteatchetmechanisnas examples afationstatescooperating to tackle climate
change with growing levels of ambitiorather than intestate interactions being dominated by
combative powestrugglesLiberalinstitutionalism theory would also see benefit in engaging with
the SEFS dashboadirectly, to exploreethical distributionga g ai nst whieahworlc ount ri es’
contributionscould be comared Traditional liberalism theory, which liberal institutionalism stems
from, is highly optimistic about the potential for the international systet®nd towards progress and
achievepurposivechanggGriffiths et al., 2009)In this sense, liberalitheaies wouldseevaluein

the SEFS dashboardeesults as a meaw$ encouragingreder efforts by countries in the real world

as theyaspireto tackleclimate changever moreamltiously.
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A final IR theory— Constructivism-is concerned witlinderstanithg why and how certain norms

spread and influence nati@tate behaviour, to promote new values and socially acceptable practices
(Acharya, 2004, p. 239onstructivism theory focuses on a range of actors within world palitids

their social interactions. It has a particular focus on theth@gnternational institutionplay,

through their regulative and constitutive functiansshaping natiorstatesidentities and interests

over time(Griffiths et al., 2009)Constructivism theory views interactions between institutions and
nationstatesas mutually reinforcing and believes thationstates behave and interact with other

agentdn ways thateflect theiridentity and how they choose to construct their national interest.
Constructivisntheorywould highlight the norasetting functions of the international climate regime,

and the role its shifting axis of power have played in influen€ingi na’ s e measg@een | dent
energy leadeiConstructivism schota have foundthdét s har ed i deas about appr o]
behaviour had a profound i mpact of(doffmdne 20dGat ur e an
p. 3). Constructivisntheorywould therefore see engaging with the SEFS dashlasaadvay to test

norms that influence the development of the nationalést.

Consideration will now be given to hawe results presented $4.3.4— which compared the

financial obligations of the United States and China under different parametrisations of the three
financialburdensharing principles- might be used within a diplomatic settinthis discussion will
start withapplications of th&olluter Pays Principlehich American climate negotiators might

choose trioritise

Assuming a realist IR theory, which expects countries to act in their owimtstst in pursuit of
geopolitical advantagevith motivations taninimise their climate finance obligations, we might
expectAmerican climate negotiatote argue for daseline year af99Q so that warming and
emissions amounts froonly the1990-2014 timeperiodare included. Thisvould make the United

St ates relative contribution to causing cl i mat e

contributions of latter indusalisers, like China, since 1990.

American negotiators might also argoe climate finance ammits to beallocated to countries under

the PBA framework because the United States’ CB-A
emissions, as shown Figure27 andFigure28, while the opposite is true for @fa. Finally,

American negotiators might choose to argue for the inclusion of warming contributions from multiple

climate forcersrather than exclusively focussingonCO Thi s i s because the Uni
contribution to climate change becomes smaller whethr&@é climate forcerare included in climate
finance obligation calculations. Whereasgs China’ s
and NOx emissions, which have accounted for a gr

contributions in recent timperiods.
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In contrast to their American counterparts, and again under a realist IR theory, Chinese climate

negotiators might argue for an earlier baseline year of 1850, to incorporate the warming from early
industrialisation. They might claim that other early indasisers must foot the bill famitigating this

warming even if portions oft were unknowingly caused. Chinese negotiators are also likely to

advocate for GHG emissions being assigned under a CBA frameworktlgatéhh i na’ s GHG
accounts were found tme slightly lower under this framework than the PBA framework. They may

also argue for a sole focus on £mi ssi ons, since China’'s c¢climate f

when warming from otheslimate forcersare not included.

These hypothetical arguments highlight the importance of time horizon over which warming is

considered, as well as whether emissions of all tliete forceror just the main driver of climate

change, CQ ought to be included. Choosing to allocate emissions to countries under a PBA or CBA

l ens also has important ramifications for the si
contributions to causing climate change. These different ways in whi¢tothwer Pays Principle can

be applied are a#xpected to be points of contention between the two most dominant players in

climate negotiations.

However if all countrieswere tonegotiate and aetiongthe lines of realist IR theoryhiswould

result inall countriesshifting responsibility and avoiding the costs of climate actiboreover the
actual behaviour afiationstatescannot be fully explained bysimpleselfinterest.For instance, the
2014bilateral agreement on climate change between the United States and China digmalled
willingness of these countriés engage in negotiations more productively. This could mean that
incentives my growfor countries to collaborate and work together, which is consistent with liberal

institutionalismtheory.

Ultimately, different IR theorieseeworld politics and natiorstate behaviour in diffent lighs. Yet,
realism, liberal institutionalism and constructivisrould all find direct way®of engagingwith the

SEFS dashboard, to furthest¢heir theoriesThe SEFS dashboard presents a moralist perspective, to
compare with IR theories, and brings transparency to the approach of consideringlewahtry
responsibility. It does this by showing how different combinations of parameters shift responsibility in
different ways and bring to light thabt everyone can avoid responsibility otherwise no mitigation of
climate change will occutJsing the SEFS dashboard to engage and discuss different IR theories
couldadd additional perspectives to a more nuanieitheration and debatdout what countrevel
ethicaldistributions offinancial costs and warming righissociated with addressing climate change

ought to be
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85.3.2 Enabling top-down assessments of countrlevel efforts

Regardless dfiow different IR theories explain natiatate behaviour and the functioning of world

politcsst her e i s benefit in using the SEFS dashboard
contributions towards addressing climate change. This is especially important as the architecture of
international agreements has shifted away from thelteyn structure of the Kyoto Protocol to the

more bottorrup configuration of the Paris Agreemédaicquet & Jamieson, 2016)

Under the Paris Agreement, countrége expected to pledgeeir own emissions reductions.

However, it is difficult toassess what the resulting effect of these different reductions vailldbe

global level, as othelsave mentione{Schulan et al., 2023pifferent metricsbeing usedt the

global and national levels further complicates the issue. For instance, global climate goals of limiting
warming to no more than 1.5°C and 2°C are expres
Nationally Determined Contributions (NDCs) arigen expressed in terms of Megatons or millions of

tonnes oftarbon dioxide equivalen€0O.e) (UNFCCC, n.d.) This makes it challenging to track
countries’ progress and efforts towards addressi
leaders from climate laggar@siefferink & Wurzel, 2017; Wurzel et al., 2019)

The SEFS dashboard, while not able to assess the adequacy of specific NDCs in its current state,

enables a toplown analysi§ or determining countries climate f
rights.In this way, the SEFS dashboard moves a step closer towards being able to assess whether
proposed NDCar e i n | ine wit ltdoesthisthroughllewingusérato r s har es.
interrogate their own value judgements and notions of fainuk#e choosinglifferent principles to

apply, as they carry ot technologyassisted form dfVRE. This can givedashboard users

opportunities ta@ain insight into the implications of applying many perspectives of fairness in order

to crystallise and articulate their own ethical intuitions about natiat® responsibility. This, in turn,

could help people make informed and reflective contributioriggobal discussions about country

level responsibility for addressing climate change, while acknowledging the many views on the issue.

85.3.3 Relevance for policymakers

The SEFS dashboard can bring value for policymakers through supporting a better understanding of
hownationst at es’ contri buti ons t omeandwha thiecoddnmeange hayv
in terms of possible climate finance shares and warming rigbtsnstage, furtheranalysis and

interpretatiorof the result€an reveahow climate change has been caused by different human
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activities to varying degrees in tpast. Thigs evident for countriebke New Zealand which had
high historical per capita emissions due to the large clearing of forest that took place thrpughout
and postEuropean settlemeas shown by the chartskigure34 of §4.4.1.1

By encouraging policymakers to interact with the dashboard and seek to understand the different
factors that contribute t o c¢oundoulderceuragewar mi ng c C
policymakers to consider more deeply the type of activities that countries choose to ergam

bearing these activities may haver@tions t at e s contributions to furth

future.

85.3.4 Realworld applicability of the research

Climate change resear@ha field whichis evolvingrapidly. Solutions to the issue ndaake many
forms from behavioural change policies, carbon prices, government subsidesppubtie
partnershigbased investment in climatelated research, natdbased solutions, renewable energy
development and deployment, as well as geoengineethgitpies like solar radiation management
(SRM) and carbon dioxide removal (CDfawzy et al., 2020; Moriarty & Honnery, 2022; Nielsen
et al., 2021)Moreover, countrieare likely engaging in many of these different solutions, to varying
degrees, at the same time.

Now that the research project has been completed, it is apparent that the research forms a starting
pointfrom whichfuture reseah can be builtponto capturethe different ways that countries are
simultaneously engaging in making climate change worse, mitigatiangdalleviating its effectsA

sample of futureesearch questisrand possible datsouces that offer more sophisticated ways of

reflectingc o u nt r i eraldted effbrisana dstee inTable33 below. Taking all of this information

into account would enable a more nuanced approac

addressing climate change.
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Area

Climate finance
Mitigation
Renewable energy

Climate finance
Mitigation
Renewable energy

Mitigation
Renewable energy

Climate finance
Fossil fuels

Indirect mitigation

Climate finance
Adaptation

Mitigation

Governance
Policy
Climate leadership

Governance
Policy
Climate leadership

at

ng countr.i

Question

What are countries’ financial investments towards renewable energy
research and development?

‘What are countries’ financial investments towards renewable energy
deployment?

At what rate are countries’ renewable energy capacity and deployment
growing?

What are countries’ financial investments towards maintaining a fossil
fuel industry (including subsidies)?

‘What are countries® contributions towards indirect mitigation?

‘What are countries” contributions towards climate finance and climate
adaptation finance, in particular?

What are countries’ avoided emissions?

Which countries are showing the greatest levels of climate policy
innovation and entrepreneurship?

What signs are there of countries’ public and private sectors working
together to address climate change (moonshot example)?

es’ f a i +N. Igeh @hests)s

Possible data source

BloombergNEF (published by Statista)

Global Energy Monitor
(Global Solar Power Tracker)
(Global Wind Power Tracker)

Global Energy Monitor

Global Energy Monitor
(Global Coal Plant Tracker)

International Monetary Fund

International Monetary Fund

Climate Policy Initiative

Climate Policy Initiative

GHG protocol

World Bank

UNFCCC Technology Executive
Committee (TEC)

f

addressing

Further information

Global Coal Plant Tracker Summary Tables

IMF Fossil Fuel Subsidies Data: 2023 Update
(report)

IMF finance (report)

Global Landscape of Climate Finance 2023
(report)

State and trends in climate adaptation finance
2023 (report)

Estimating and reporting avoided emissions
(report)

Reality Check: Lessons from 25 policies
advancing a low-carbon future (report)

Good practices and lessons learned on the setup
and implementation of National Systems of
Innovation (report)

Table33. Sample of future questions

cl i

mate change

Link to data, reports

https: tatista.com/statistics/799098/glob
al-clean-energy-investment-by-country

org/projects/global-

d-pow

https-//globalenergymonitor.org

1

1

https//www.climatepolicyinitiative org/publicat
ion/global-landscape-of climate-finance-2023/

https://gheprotocol.orp/estimating-and-
reporting-avoided-emissions
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Related to the opening point in this sectigh.8.4 about climate change research being a field that

moves quickly, political scientist Leah Stokes has argued that 75% of the climate problem can now be
solved by clean electricity and electrificati@ioneers, 2023; Stokes, 202Q)sing clean electricity

and electrification to decarbonise economies is becoming more realistic as countries like New Zealand
reach an “electrification tipping point,” where

and cars to reduce livingpsts and cut emissions is strqidjison et al., 2024, p. 3)

However, as more countries begin reaching such tipping points, the adequacy of existing financial
burdensharing principles for determining courdgyel fair shares of climate finance may come

under scrutiny. For instance, as the transition towards cléames of energy accelerates, the
Beneficiary Pays Principle may place greater financial obligations on large emerging economies like
Venezuela, Iran and Mexico. These countries have recently increased their fossil fuel use substantially
and in an era wimeswitching towards cleaner forms of energy was less financially viable than it is
today. In contrast, many early industrialising countries may be further ahead on their clean energy
transition and if benefits from climate causing actions are only coeslideer recent timperiods,

early industrialising countries would face lower burdens than emerging economies. This could result
in the Beneficiary Pays Principle becoming ethically contestable when emerging economies bear
higher burdens simply becausetltecarbonised after early industrialisers. For this reason, the
Beneficiary Pays Principle may become susceptible to the implausibility critique that the
Grandfathering Principle has facese82.6.2.3, which describes how the principle affords a

temporal priority without moral justificatio@amieson, 2010)

85.3.5 Going from the philosophical to the applied

Climate ethicists andevelopers of tooJssimilar in purpose and functionality to t8B&FS dashboard,
havegrappled witha tensiorthat exists betweette philosophical and the applied. This can be
described afinding a balance between what might be ethically ideal and what might be most realistic
or practically useful against a backdrop of power asymmetries. This is articulZBeebgt al.

(2010}

AEt hicists c¢onsi deirapprogriately, werbai¢vieframedange have
their questions in terms of what might actually be feasible, not merely what is

ideal. Of course, the relationship betweendidealband thedpracticalois a

dialectical one. Both will change over time, influenced by each other; individuals

at any one time may agree(p@lw) one and disagre
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Put another way, tools like the SEFS dashboard face the challenge of being too far removed from
reflecting what might be practically possible for countries, in their absolute focus onatioat
states’ et hi c a be. Thib has thegotantaincrendsenyldss valtable.

Theoughtimpliescanprinciple, commonly attributed ttmmanuelKant, is of relevance and worth
discussindhere Like many ethical principles, oughmplies-can is open to interpretati@md
philosophers havargued about the meaning that Kant intended by this prin€iplsophers like
RobertStern (2004have analysed different ways in which the principle has been used to evaluate

agent s mor al obligations in different contexts.
Kant meant by this principle, would be excessively demandifagy an agento bear moral duties

whichar e beyondc aphaacti tayg.e nfthhiss i s summari sed by the
Religion Within the Boundaries of Mere Regssimared irStern (2004) “duty commands no

what we((pbdé4&n do”

The oughtimplies-can principles of relevance to the SEFS dashboard because of the way the
dashboard calculatestions t a maeasobligations for addressing climate chargets current

state, the dashboard does not place any feasibility bounds on the range of possible ethical solutions.
This means thdtnancial obligationamightbebeyondc o u n tcapaciiesdndquantities of

warming rights might be inadequalfiéhe impractical implications of the United States béing
warmingdebtunder applications of tHequality-overtime principle and not having a right to future

warming, is an example of this.

An adherence to the ougimplies-can principle wouldnean limiting what could plausibly be asked

of states. However, it would be difficult to discern where such feasibility constraints lie to distinguish
between what would and would not be plausibtestates. In other wordstatescould stop releasing

GHG emissionshoweverthis would likelyhave disastrous consequences for their populafidres
oughtimplies-canprinciple raises questiorms whatreasonable expectations to place on countries
would lodk like and whethestrict readings of th8EFS dashboardeesults remain useful dountries
could be expected to act beyond their capacities. Thikhése the Grandfathering Principieay have

more practicabppeal

85.4 Method-based reflections and technical issues

This section §5.4) focuses on severatethodbased and technicabpect®f the research. First,
85.4.1discusseshe intergenerational challenge that climate change premeatsflects on the
complexities ofapplying principles in ways which takefuturistdimension into accounin 85.4.2a

more detailedormulationo f count r i elsased emissigisibngiiyt disaussed, as well as
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the possibilites ofaddingand combining multipl@ccountingrameworksto reflect more nuanced
perspectives on responsibilitytith new datasets becoming available, the prospects of this are
encouraging and present possible extensions to the research and SEFS ddshbtargs.4.3
discussetimitations theSEFS dashboard inherltg usingproxy metrics.

85.4.1 Incorporating future people in principle applications

While significantdistributive issues and injusticesx i st b e t w efferts to aduiress tlimatee s ’
change in the preserthesealso existcross timebetween generationSome moral and political
philosophers have argued thla¢seinter-generationainjusticeshave the potdral to play more
significant roleghanintra-generational one§ardiner (2006)lescribeghe challenge that future

generations face as a

itemporal fragmentation of agency €é in princ
may actually become unified and so able really to act as a single agent; but
temporally fragmented agents cannot actually become unified, and so may at best

onlyactasiftheywr e a si (pgd0de agent o

Cl i mat e c han g e,insludingthe gispersalfokita effects eviene, make it anew class

of collective action problenwhatGardiner (2016)eferstoas t he tyranny ofp. t he col
8). This describebow advantagefrom fossil fuel use- like cheap energy that past and current

generations obtain outweighcentives to reducperils thatfuture generationwill face from

historical fossil fuel userhe result could have@mpoundingeffect, wheresubsequergenerations
similarly choose t ointérestincuwbingha emissidns tlratwidvarsely e | i t t | €
affecttheir descendan{p. 26)

A risk of taking natiorstates as the unit of analysighin the SEFS dashboardithout regard for

natonst ates’ future persons, i s t Heaporadimgngon.t i on 1 s
This has the potentiéd advantag@resent persorabovefuture peopleKnight (2013)alsoalludes to

these intergenerationaisuesvhen articulatindrow theGrandfathering Principle grants rights to emit

without explicitly taking current and future generations into account.

ARi ghts to initial acquisition, which have i
equally held by all, lose that support when we consider current and future

generations. They are excluded from such rights because there is nothing left in

common to acqte. Their entitlements are influenced by what they inherit, for

which they cafp.49 aim no credito
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One way that greater balance can be struck between present and futureipdmpilecluding
projectedfiuture populationsn calculations which apply the principléghe Equalityovertime
Principle is the only principle in the SEFS dashboaitth an explicitlyfuturistdimensionin the sense
thatfuture populationfigureshave beerncorporatedy basingallocations of warming rightsn how
count r i es ‘willghit pvertimmet i on s

In contrast, although applicationéthe Beneficiary Pays and Ability to Pay Principléggh per capita

metricsdotake ount ri es rel ati vel y,thséonly att singlegpgnuin at i ons |
time. Adding afuturist dimensionto theseprincipleswould bedifficult becausénformation about
countries’ anticipat ed fdreeAbilityso PayfPriricipleonthe eendfii nan c i 8
that future humans might derive from the emissions of their predeséssthe Beneficiary Pays

Principle, would have tde estimated. It is unclear how this could be dameisanticipated to be a

deeply compliceed and near imsible tak, akin to prdictingwh at countri es’ future
would be.

For instance, a ictbhedututewibe partialydépendenon whamatupabcgpital

it has at its disposal to turn into goods and trade with other nafiddgionally,c | i mat e change’

future physical impactgt alocallevelar e uncertain and t hemikand oo coul
natural environmestandfinancial positions. For instanciepacts that théugust 2022 Pakistan

floods had on the country’s infrastructure and f
with certainty in advanc@Nanditha et al., 2023However,such information would be important to

include in calculations which reflenttions t a futere capacities to contribute towards addressing

climate changender arAbility to Pay Rinciple.

To summarise, asideom the Equalityovertime Principlea futurist dimension has not been

incorporated into calculatiorisr determiningdistributions ofclimate finance and warming rights,

under the SEFS das hb daluter Pays, Reheficeny Palyso Ability tpPay and i p | e s
GrandfatheringProjected measuresf a count r y wauld beinecassagy fosmakingat i on

these principlegcorporate a focus duiture generationgdowever, this would be difficult to do.

85.4.2 Consumption-based emissions and accounting frameworks

A significant early part of the research involved learning how to calculate consurhpted

emissions. The Eor26 dataset was identifies onewvhich would enable consumptidrased

emissions to be calculated for 189 countries between-2848, byusing thel eortief inverseto

carry outEE-I0A. The consumptioitbased emissionghich appear in the SEFS dashboard have been

calculatedaccording to the industiyy-industryapproachyhere the samemissions intensity value
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is applied to all commodities within thatdustry. This means thatifferent commodities, with very
different emissions intensitieslike wool and meat within the agtiltural sectorcan have the same
emission factor applied to thetdsing acommodity-by-industryapproachin contrast, would provide
more accurate estirtes of consumptiohased emissions becawgeecificemissionsntensity values
for different productsvould be used

However, calculatingonsumptiorbased emissions according toanmodity-by-industryapproach

was not pursueds part of this research project becanfshie additionatomplexity involved in

working with the Full Eora dataset, instead of the simpler 2érane Moreover, theoriginal
industryby-industryapproactwas deemed sufficiefbr satisfying the research aint$owever, a
commodityby-industrya ppr oach f or cal cul alblasesdhenissiooscoutdbed es’ c o
incorporated into future iteratms of the tool by applyinthe approacio the Full Eora dataset.

While investigating how to calculate consumptimased emissions, a range of other accounting
frameworks and modelisereencountered, includintpeincome or extractionbased accountingnd

valueaddedramewaks (Lazarus & Erickson, 2013; Tukker, Pollitt, etal., 202 unt r i e-s i nco
based emissions can be calculated using the GhodR| or supplyside inputoutput model, set out

in Miller and Blair (2009) The Ghosh model, like the Leontief model (define@3r6.2, presents a

means of carrying olEE-IOA. A key difference between the two is thila¢ Leontief model assumes

fixed input coefficients and is described as a demside modelwhereas f i outpudcoefficients

are assumedinthesupgyi de [ or GMites&Blair, 2009 p. b44)

The Ghosh model’' s assumption “that outrgsuied di st ri
in physical interpretations of the model drawing criticism in the early 1980s because of its theoretical

flaws (Guerra & Sancho, 2011; Miller & Blair, 2009, p. 544; Oosterhaven, 1988, .1088¢isms

focused on how transmission of primary input increases in one sector result in output increases in all
sectors that buy from that single sector, without there also being increases in primary inputs in those
sectors. This makes the model imdidnle. A reinterpretation of the Ghosh model as a price model by

Dietzenbacher (1999 focus on prices, rather than physical quantities, resolved these issues.

In summary, the Leontief and Ghosh models both represent flows of goods and services throughout an
economy but differ in their supplpr demaneside focus. Theoretical assumptions underlying the

Ghosh model have been challenged, however its reinterprefedim a supphdriven model- which

focussed on physical quantitieso a price modehelped overcome these issues. Implementing the
Ghosh model t o c al-basebaeaxtmacticroasetemissiors svas identifiedoama

piece of potentialdture work early in the research and not pursued further, in part because of an
awareness that the Ghosh modadisuffered criticism. However, recent studies/e used the method

andrestoredconfidence in this appreh (Cheng et al., 2023; Liang et al., 201@¥ing the Ghosh
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modelto carry outEE-IOA ontheEora26 datasepresents one way chlculatingc ount ri es’ i nc ¢

or extractiorbasecemissions.

Alternatively, newextractionbasedemissions datasetsnerged in early 2024. These have been
developed and put online by Robbie Andrew frors | ©enterfor International Climate and
Environmental ResearcRICERO. The data is available for download here:

https://robbieandrew.qgithub.io/GCB2023/extraction.hifine dataset currentipcludes information

for 123 countries and the total world. Future releases will improve on these initial estiviailes.

this data has ngtet beerincluded in the dashboard, an obvious next step would imelude it to
broaden howesponsibility for emissions can be allocated to countfies extractiorbased

accounting perspective could also present a wartémgendent way of applying the Beneficiary Pays
Principle @sdiscussed i83.7.4. Since|t could be argued, that fossil fueth countries benefit
financially from extracting fossil fuels and putting these into supply chains.

Finally, in §2.5.3 the Economic Benefit Shared Responsibility (EBSR) scheménybrid approach

which combines thproductionbased and consumptidirased accountingCBA) frameworks-was

discussedThe rationaldor this schemewas that it took a more nuanced view of responsibility, by
acknowledging that benefitecrue to both producers and consumers throughout valins cha

Combining multiple accounting frameworks allows limitatiafsisingsingle frameworks to be

overcomeWhile there iscurrently nooption within the SEFS dashboardnh@rge multiple

accounting framewds, theability to displayc ount r i e s’ GHG emi ssions infol
combinations ofwo accounting framewtxs and ethical principles alreagyesents a novel

contribution tathe climate ethics literaturelowever, includinga featurd o0 wei ght countri e
emissions under multiple accounting frameworks would @&fen morenuanced perspectives on
nationstateresponsibility for addressing climate clg@randwvould be anothemovel contribution and

direction for future research.

85.4.3 Data issues and th@revalenceof proxy metrics

Chapter 3lescribed the various datasets used in this reseactiingthelimitations, and issues
they suffer from. This section will continue this discussigith a particular focus on the usepybxy

metrics for applying the Ability to Pay and Beneficiary Pays Principles.

The prevalence of proxy metsim similar climate ethics assessmentsdicative ofa current lack of
appropriate data for applyireghical distributionaprinciplesandreflects a challenge that comes with

applying ethical principles to the complex esese of climatelt also meanghatthis research
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pr o] ievestigaton ot o u nt r i aeshas beem limited $yhthe most appiaps data that was
found to be availale, as mentioneth 82.6.1.5

While proxy metrics will not provide the most accurate approximations of the principles, they are

what is currently available farse.However, adisadvantage of relyingn proxy metricgor principle
applicationsisthattheyi sk di storting how countries’ contrib
of obligation they bear for addressiitgareperceivedFor instance, the Total Wealth metric for

applying the Beneficiary Pays Principle may become an even poorer proxy for the benefits derived

from histaical GHG emissionas climate change progresséhisis because, asountries

decarbonise their energy sectdahgeywill increasingly beble to grow greater amountswéalthand

meet theirenergyrelated needs in ways that do not also see them obtaining benefit from climate

causing actions.

This raises further questisabout whether the principles themselves are adeguagther new
principles are needeghich could make better use of data that has been collectiat¢pandvhether
newdatasets need to be created whietter reflect each principl&@he consideration of ethical

principles e &2.6alsoadisedahe guestian aftwhether théranmay be a bias towards
those principles which are most straightforward to apply, which could risk distorting climate ethics

assessments by unnecessarily reducing the scope of principles that are included.

The exercise of developing teEFSdashboardhashelped identifycurrent data gaps and could
promptsocial scientists to collect moaglequat@latain the futurewhich better capte the essence of
the principkes and limit the potential for moral assessments to be restricted to only those principles
which are most readily applicable tod&yhen such data becomes available, the infrastructure of the
dashboard is already in plaieincorporate the data and furttsepport countrfevel comparisons

and angysis.

The proxy metric issue hasompted furtler thinking abot whatnewinformationsocialscientists

couldgather to create new datds. Examples of helpful informatiaould includefinancial amounts

that countries have invested in climate mitigation measures like renewable technologies, and measures
which more specifically capture the benefits that countries have derived from historical fossil fuel
extraction and use within their toers.This informationcould improvethe SEFS dashboard by

allowing principleapplications to align more closelyith the essence of the principleg better

reflecing countrylevel contributions- both positive and negativetowards the globailimate

mitigation effort.

243



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

85.5  Chapter summary

Chapter 5 has critically evaluated aspects of the research. Reflections can broadly be grouped into
three categories: those that focus onrdsearch scope and designd how it has been carried out
(85.2;t hose which «consi drelevanteitoeothd& BcRdemiadisaplinesoandriedel s
of usefulness to its target audien€g8s.3; and those which are moneethodbased and technical

(85.4. Many of themethodbased reflectionsevealdirections for further study and ways to expand

the SEFS dashboard in theure which are elaborated om86.6

However, the SEFS das hb oramaihs agnificanilimitationcwehicon pr oxy
highlights the challenge of applying ethical princigiesinswer questions of distributive climate

justice The proxy metrics issue has raised further questinasidingwhether different data should

be collected to enable more appropriate operationalisations of the principles2ther the

principles themselves should be disregarded and new ones, based on currently available data, be used
instead?The possibilityof climate ethics assessments being biased towards those principles which are

most straightforward to apply &further consideration, which nedatasets could also help address.

Putting the proxy metrics issue aside, the SEFS dashboard provides its users with greater clarity about
how nationstates have contributed to climate change at various points in time. It can also encourage
(often) implicit value judgements, underlying rots ofequityand responsibility, to be seen as users
consider varied perspectivesncluding those of IR theoriesabouthow climate change could be
addressed by countrieBhe process of developing the SEFS dashbbadalsalluminated

complexities hat come with carrying out multidisciplinary research and taking abstract ethical

principles from the philosophical to the ajgpl. Inadequacies of currently available datasets have
revealed aneed for social scientists to gather new informasindclimate ethicist$o revise or

develop alternativethical principles that can help inform buregmaring discssionsas climate

change and ways of tackling it continue to evolve.
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Chapter 6 Conclusion

ilnterpretations of fairness concepts are |
single authoritative and consensual formula are therefore unlikely to be of broad

interest. What is much more likely to be of interest are comprehensive assessments

ofcon ri butions to climate change: What is for

climate change, viewed from a plurality of p
critically on certain key choices, or do they more or less hold under a range of

different interpretations®

(Skeie et al., 2017, p. 2)

86.1 Research topic and its importance

This thesis began by outlining the importance of equity and responsibility as concepts within the
international climate regime and climate ethics literatéiremeline of international diplomacy

efforts inChapter Zevealechow understandings dhese concep@mongst the international climate
policymaking community have viad and dferentinterpretations ofhe Common But Differentiated
Responsibilities and Respective CapabilitiéBPR-RC) principlehave been sources of contention
between countries, leading to a developed/developing countdedihis exposed a need to make
the principle more practically useful for international climate negotiators and policymakers by

applyinglower-level regulativeprinciples with factual information.

To meet this needhisreseach hascalculatedc o u n tfair shares’for addressing climate change
according to applications difze lower-level regulativeprinciples A tangible output of the researish

the Science and Ethics of Fair Shares (SEFS) dashboard. This is a bespoke tool, built to facilitate the
research inquinandi nf or m del i berati on and debate amongst

equitable efforsharing approaches at the international level: climate negotiators and policymakers.

The SEFS dashboaitttbs offered a means of bringing five ethical principles to life, so that these

communities can explore the implications for countries once the principles are quantified with real

world, countrylevel information.Through its novel combination of datasets, the SEFS dashboard
enables swift analysis across specific variabl es
accounting frameworks and et hical prifinaméepl es t o

goak and remaiing warming rights.
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Research which provides greater clagtywhat countrtevel mitigation effortought to be from an
ethical standpoirindmoves towards enablirgjobal goalso become translatabte the country
levelwill be beneficial for supporting the international climaddcy communityin their burden
sharing discussion3his thesis has built the cafe developing dashboastyle tools to shed light on
countrylevel equity and responsibiliiy relation to questions of distributive climate justice.

86.2 Research gaps and aims

While severaindependentlashboarestyle tools andlimate ethics assessmedtsexist, thesavere
found tohave a less granular focanddid notoffer opportunities to consider widebreadth of

scientific and ethical parametees well as lowelevel regulative principlethat couldhelp make
interpretations of th€BDR-RC principle more specificSimilar tools weralso foundo combine

ethical principles in a form of hybrid equitable assesgnsgmptomatic odhering to the moral
objectivism of a positivist worldviewAdditionally, several toolglemonstrated instances of

conceptual confusiowhenconflating related, yet distinct, ethical domains by confusing distributions
of financial costs and rights to emgiteenhouse gaseSKIG9. These different tools were discussed in
§2.6.5 andTable6 compared therwith each otherand the SEFS dashboardhtghlightthe

particular gaps that the SEFS dashboard fills.

This thesis hasoughtto addressuch gapsy providing countrylevel assessments a peigasbasis
and offeringa wider range of variablexrosslimate science and ethidemains The research aims
have beemnvestigated by way of three research questions (RQs), with answers to RQ1 providing

assessments of countries hi storical warming con
to RQ2 and RQ3, which focused on allocations of financial costs andimg rights Presentatiomf

the resultsn Chapter 4s clear about thethical principles that underpin each analgsighow the
overarchingvorldview of positivism with pragmatist characteristics nagderated the positivist

beliefin there being a single form of objectivettrdo eaclRQ.

86.3 Main results and contributions

Throughthisr esearch’ s combination of diverse datasets
SEFS dashboard enables a technolasgistedVide Reflective Equiliium (WRE)to prompt greater

consideration of natiece t at e s ieséosapddressing diimate ichtangehis fills a gap
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identifiedby Helms (2024)of there beingelativelyfew explicit applications of WREdespite it
being considered a fundamentaansof ethical justification.

T h e d a s abliitpta filtel cosntrylevel contributions on per gas basialsooffersa more

finely grained analysithan that provided bgimilartools presenteth Table6. Many of these tools
convertmultiple GHGsinto thecarbon dioxide equivalen€0.e) metric, which has been problematic
for reasongreviously outlinedn §2.4.1 The ability to focus on individualimate forcersevealed

the importance of considering shtivied and longlived climate forcerseparatelyMethane CH,)-
centric applications of the Grandfathering Principle raised the possibility of certain countries

inheriting cooling obligations if, over the tinperiod of interest, their CHmissions had reduced.

Additionally, the discussion of warming rights is a novel concept which hagehbeerseen in the
climate ethics literature, where an advantage of applyimgiples with warmingelated information

is that results can be expressed in the dameeraturéerms asth® ar i s Agreement ' s Ar
targets
ThenovelEquality-overtime Principlehas been designed to explicitly

intergenerational dimensions by distributcaybon dioxide ©CO,) emissions across past and projected
future populations. Thisas heeded calfsom applied ethics practitioners to make the Equal Per
CapitaEmissiongPrinciple more sophisticated.

Finally, theclimate justice typologpresentedn 8§2.7is anovelmeansof differentiating betweethe
two related ethical domains captured by RQ2 and R®3vell as providing answers to the RQs, the
researclpromptedfurther philosophicalquestionsalong the wayThese have theoretical implications

and arediscussed further i86.4

86.4  Practical and theoretical implicationsof research

findings

The research findings hapeactical and theoretical implitans for a wide rangef stakeholders,
includinginternationalklimate negotiatorgolicymakers and researcherisich will now be

discussed.

By providing a broagpectrum of ethical princips to represertrangeof moral perspectiveshe
SEFS dashboarhablests users to carry out their own experiments orifitn testsin aform of
technologyassistedVRE. This can help climate negotiators and policymakers better comprehend

what aligning with a certain ethical principle can mean when data is applied in peaxctadé®w
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them torefine their ethical intuibnsby compelling them to think through the implications of concrete
principle applicationsin this way, thaVRE enabled by the dashboard sapport a more formalised
cognitive process fagstablishinggood judgemento betterfeed intodiscussions and debates.

TheSEF S d as h b adafitedcountrybereli confriluyonsinder different accounting
frameworks and on a per gas badfersa more finely grained analysis of natistatelevel
responsibility for climate chandgban similar tools with aegionalfocus.This isparticularly
beneficial for the target audiencesimternationaklimate negotiators and policymakers, who are

concerned with the contributions of natistates.

TheSEFRlashbeapdisit f ocansbutmms todistaricaltglobalevarmingan
example of using climate science knowledge to enlighten answers to ethical questions and practical
policy-related dedionsUsi ng t he dashboard to demonstrate
hasrevealed the benefit of considering sHoréd and longlived climate forcerseparathy.

Applications of the Grandfathering Principle and considerations of colaweywarming from

individual climate forcersver different timeperiods allowed the dashboard to highlight the

temporary nature of the warming generated by dhartl GHGs, like CH, and how this can be

reversed on relatively short timescal€kis raisedurther questionsf realworld policyrelevance,

such as whether@randfathering Principle applied over tirperiodswhenc o u n t r sjassasciatedC H
warming hadallen might result in those countriedbtainingcooling obligations, rather than warming
rights. This information could feed into palidecisions about where financial investments in
mitigation efforts might best be directed to acknowledge variations in the levels of warming

permanence generated by different GHGs.

Basing applications of the Equaliovert i me and Gr andfathering Princip

historicalwarmingcontributions, rather thaemissionsis anovel contribution to the climate ethics

literature, where ethical distributions of warmimnghts have noyet beerexplicitly discussedAn

advantage of focussing evarming rightds thatthip ut s countri es’ change r i but i

into the same metrics as tRaris Agreement Article 2 temperature targets, makingssipte to

analyse whatair distributions of countrevel effortmight be in terms of these global goals.

Thedevelopmenof a new version of the Equal Per Capita EmissRrinciple— Equality-overtime —
presents a more sophisticated means of distribetinigsionsightsthan approaches found in the
literatureand takes scientific knowledge of GHG properties into accduhti s pri n¢i pl e’
which includes warming fror®@0, emissions only, acknowledges €0s per si st ence i
atmosphere by distributing h e  @umuative warming effect across past and fupgeple In this

way, climate science knowledge about how different GHGs warm the Earth in different ways has

d
(o

beenusedtonf or m t he pr i nci plDsfriutionlobveimiggrighasactbssa pp !l i cat i
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historical and projected populations atsflectsa typeof intergenerational feness,a feature which
other ethical principles do not explicitly incomate, as discussed §5.4.1

A conflation of ethical domains, which had been observed in similar climate ethics assessments,
motivated the development othmate justice typologyo support the research inquiry by clearly
separating the two related, yet distirathical areathatRQ2 and RQare concerned witihe

t vy pol o gdistinstionoflcasta and rightsrelated questionsould help other applied ethics

practitioners avoid theonceptual confusiopresent irsimilar practical ethicahssessments.

Finally,ther e s e ar ¢ h '’ -gositivist apgroaaht ailowed for the exploration of additional
paradigms, like interpretivism, where a purely positivist perspective would have beeguijlped to
acknowledge and engage witte multiple meanings of different principles and accounting
framewaks. The pragmatist characteristics of tapproachalsoprevented an adherenizethe kind of

moral objectivism that a purely positivist approach would take towards the ethics compadhent of

researchinthiswayt he r esear ch’ s p supgpred aethedl pluciibnaanditieet er i st i

acknowledgement that a range of ethical perspectives €Ristcombiningof paradigms, so that the
research ipredominantlypositivist in nature, with pragmatist characteristics, could provide a helpful
approach for other researchers to follow when carryingntertdisciplinaryclimaterelated work

which seeks to traverse climate science and ethics topics

86.5 Limitations of the study

It is worth reiterating that the SEFS dashboard is experimental in hature and should be viewed as a
proof-of-concept for how climateelated information could be presented, and how answers to
guestions of distributive justice at the level of natibaitescan be studiedNevertheless, the
dashboar d’ s us ehasdsulted inlit acguirihgdimitdtiarts assoeiates! withgh, with

implications for how resultareviewed by target audiences.

First, theCommunity Emissions Data Syste@EDS andHoughton and Nassikas (201dgtasets

used to answer all three RQs do not include emissions and land use change estimates beyond 2014.
This meanshe~0.26°C of humainduced warmingvhich has occurred since 20hés not been
captured in the dashboard’ s results, assuming
for the 20142023 periodForster et al., 2024Additionally, the Eora26 dataset does not include
count r i es ’-basedemsssiompbeforen1®Ibesearesignificant limitatiors becase the

inclusion ofpost2014 andore-1990 emissionsould result in very different pictures of counteyel
responsibility Future iterations of the tool could incorporate more reesmssions and land use

change estimatdsy stitching together datasetscover these timperiod gaps.
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A second I imitation is the speceandones$hotivedtlimateus on w
forcer (SLCF)only. As explained iri82.2 a range of otheradiatively active speciegcluding

prominentaerosols and aerosol precursaenhave significantlimatic effects Sulphur dioxide

(SO) emissions-fromc o unt r i e sorsangd whick prodwe sulphat8Q;) aerosols- have

detrimental effeconlocal air quality, as well ag significantshortterm cooling efécton the global
climate,known as‘masking (Y. Zheng et al., 2020, p. 22@or this reason, severstudieshave
includedsulphateaerosol emissiona calculationsf nationalor regionalcontributions to global

climate forcing and temperature charigadronova & Schlesinger, 2004; Matthews et al., 2014;

Ward & Mahowald, 2014Whiled e v e | 0 p e dSOcandwsulpghatdemsol’emissions began to

fall from the 1970sdueto h e s e cpowensectaingrallcingclean air standards, many

devel oping countri es’ (@@vangetalg201l5egYmiheng étal.n202DEsr e y et
means thatwere aerosol emissions to be included in calculations for applying waramdg

emissionsgdependent principle§ hi na’ s obl i gati ons wseuHoweverii kel y be
is not clear that the relatively shaerm cooling from aerosol emissions oughtamcel out or

decrease ountri es’ obl i gat Hieedwarnfing fromthed @ eamgssonsing t he | o
ot her words, countries’ aerosol emission®t coul d
obviousthatsuch offsets in warming ought to alleviate countries from bearing responsilildiesre

associated with theltO,-related warming, which will persist over longer time periods than the

masked cooling aheir aerosol emissions.

A third limitationisther esear ch’ s rel i ance on proxy metrics t
Beneficiary Pays Pririples. Thishas the potential tdiminishtheperceived usefulness the SEFS

dashboard fomternationahegotiators and policymakers, as discussegbii.3 Future work could

focus on considering how these principles might be operationalised in ways that are more reflective of

each principle
the next sectionS6.6).

S meani ng litératurens disdussed towaeds theeendot al c |

86.6 Recommendations for future research

This section §6.6) presents possible directions for extendimgresearch which were identified

during the researgbrocess and alludet in earlier chaptersf this thesis.

While RQ2has focussedolely onfinding fair allacations of financial resources foimate
mitigation, the three financial burdesharing principles could also be appltedhetwo other types
of climate actiormentioned irg1.3and82.6.1 climate adaptation and loss and das&air

allocationsof financefor measures which adapt to the effects of climate change and compensate
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victims of climaterelated harmsvill be of ongoing significance to the internationahwite
policymakingcommunity, giverthe specificfocus on climate financat the 29 Conference of the

Parties (COP29) and the establishment of a Loss and Damagad-padt ofCOP28. The focus of

RQ2 couldalso be shifteih another wayratherthanidentifyingc ount ri es’ cl i mate f i1
RQ2 could consider hotfinancial resources ought to be distributedeceivingcountries.

Giventhatclimateethicists havadvocated for merging of ethical principles to crdsafierid views,
future iterations of the SEFS dashboeandldweight and combinethical principlesas mentioneth
§2.6.3 This would give users the opportunitydombinemultiple principledike the Responsibility
Capability Index of the Climate Equity Reference Calculator or apply pegeeni@ightinggo the
Responsibility, Capacity and Need Principles in Fair Mitigation Finance Explorer (discussed in
§2.6.9. In a similar way, the dashboard could also include options to combine multiple accounting
frameworks in the vein of tHeconomic Benefit Shared Responsibility schediscussed i§2.5.3
However, thisvork wouldnot be without the technical and philosophical challenges that come with
combiningfactors ina dashboard. For instance, there are many different ways that priacidles
accounting frameworksould be weighted, all of which would introduce further value judgements.

In 82.4 two different methodforc al c ul at i hisgoricaleutribationstoegkbalwarming
were identified The first methoditilisesan emissions metric and a climate metric in a bottigm
fashion, while the second methosles aimple climate modglSCM)in a topdown way to run
modifiedleaveonecountry-out experiments. @ly results from the second methwdrepresented
and discusseith 84.2.10f this thesisA future piece of research codulttlude the first method within

the SEFS dashboard so that bapiproaches could be compared with one another.

I ncluding the first method for cal culirgiwvoulg count
also supporan obvious extension to the reseatohinclude functionality which enables comparisons

between ethical allocatiomsf ¢ o u nt r irights withtheNatiomallg Determined

Contributions(NDCs) that countries havpledgedTwo ethical assessmenimesented and discussed

in §2.6.5 havebeen developetb evaluateghe ambition otountrylevel effats, expresseby their

NDCs However,bothassessmentsave beemriticised for their untransparent methodolagie
Therefore,mcludingf eat ur es t o c o4werld NOXCs witbwanmingrighes allocations a |

under differentthical principles in more transparent ways could fill this gap.

Findly, to address the current limitation i&lying on proxy metrics for applying the Ability to Pay
and Beneficiary Pays Principles, discusseg5m@.3and86.5 a future piece of work could involve
devisingnovelmetricsand colecting newinformationto betterreflectthe essence of these principles
TheBeneficiary Pays Principleould also be applied warmingcentric ways by using the
extractionbased accounting framework, as discussedibid.2 This work would also reduce the risk

of principle applications becoming a source of moral bias, where ethical assessments favour the use of
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thoseprinciples that are easily applied. The emergence of new datasets, and use of accounting
frameworks for applying ethical principles wowddpport more comprehensive climate ethics
assessments angitigatea g ai nst t he pot ent beinyunhecessarity sedueesl.s ment s’

86.7 Final remarks

As a contribution to applied ethics, tlsigsidyhas demonstrated the value in carrying out
interdisciplinary research to generate new insightsriatmnstate levetesponsibility for climate

change, as the world seeks to address this wicked chalBygiilising SCM outputs EE-IOA and
operationalising ethical principles in ways which eeflproperties of GHGand explicitly capture
intergenerational dimensions, tB&FS dashboarahd its results provida range operspectivesn
equitable efforshaing that will be of interest to groups that extend beyond the academic audience of

this thesis.

While communities of climate ethicists and moral and political philosophers have advanced their
thinking on many ethical issues that climate change raises since the earlyth8@)smain few
independent assessments which explicitly apply the three financial kslvdgng principles and the
Grandfathering Principle on its own. The process of answéismthree RQ hasevealedchallenges

that accompany the practical applicatiorsothethical prirtiples includingdatasetsvith different
countryand tme-periodcoverageyariableinformationadequacynd a lack of suitable metrics for
applyingthe Ability to Pay and Beneficiary Pays Principlegnciples facing greater challenges in

terms of their ease of application raised the possibility of whether there may be a moral bias towards
those principlesike thePolluter Pays and Grandfatherjwghich are more readily applied with data

that is already available. This could unnecessarily restrict climate ethics assessments.

By acknowledginghese challenges and illumiiry separations between h@thical principles are
understood and debated in the abstvacsus howthey can be applied in practidbisreseach

strengthenshe cae for more deeply considerihgw these principles should be applied. It has been
argued that considerati@mught to bagiven as tavhether new data needs to be gathered to better
represent the principles, or whether the principles themselves are inadequate and need revising in the

face of data @nstrants.

Consequently, this project calls for greater collaboration beta@®munities otlimate sciertists,
economsts ethicists, and social scientiststhe future Closer engagemebetween communities of
ethicistsand the producers of physical and social smaevill help build betterunderstandings dhe
principlesso thatnecessary data to support their operatigatibn can be generatékhis will

strengthen the climate ethics literature as a whole by enabling theory to better inform,@adtice
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vice versaln turn, this will benefiinternational climate negotiators and policymakers in the real
world, who will continue discussing equitable effshtaring approaches for addressing climate

change as the issue progresses

253



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

References

Abella, J., Anderson, M., Anderson, M., Ascierto, J., Ashburn, D., Bigelow, F., Carroll, K., Chabot,
M., Charboneau, Y., Chmielewski, K., Daly, J., Dixon, L., Dohutia, S., Duignan, B., Field,
A, Gol dstein, E. , Gosner , kovA (Eds)Geoadm.t , T. , Gr
Industrial Revolution. IfeEncylopaedia Britannica
https://www.britannica.com/event/Industrigevolution

Acharya, A. (2004). How ideas spread: Whose norms matter? Norm localization and institutional
change in Asian regionalisrimternational Organization58(2), 239-276.
https://doi.org/10.1017/S0020818304582024

Afionis, S., & Sakai, M. (2022). Productioand consumptioiased accounting: An overview of the
debate. In M. Jakob (EdHlandbook on trade policy and climate charfyst edn, pp. 239
255). Edward Elgar Publishing Limited.
https://www.elgaronline.com/edcollbook/edcoll/9781839103230/9781839103230.xml

Afionis, S., Sakai, M., Scott, K., Barrett, J., & Gouldson, A. (2017). Consumptisad carbon
accounting: Does it have a futurd?REs Climate Chang&(1), Article e438.
https://doi.org/10.1002/wcc.438

Agarwal, A., & Narain, S. (1991¥%lobal warming in an unequal world: A case of environmental
colonialism(pp. 134). Centre for Science and Environment.
http://www.indiaenvironmentportal.org.in/files/GlobalWarming%20Book. pdf

Agbanike, T. F., Nwani, C., Uwazie, U. I., Anochiwa, L. |., OnojaGT C., & Ogbonnaya, I. O.
(2019). Qil price, energy consumption and carbon dioxide)EfMissions: Insight into
sustainability challenges in Venezudlatin American Economic Revie®28(8), 1-26.
https://doi.org/10.1186/s405dB.9-00708

Agnani, B., & Iza, A. (2011). Growth in an oil abundant economy: The case of Venelueiaal of
Applied Economicsl4(1), 62-79. https://doi.org/10.1016/S150826(11)60005%

Allen, M. R., Frame, D. J., Huntingford, C., Jones, C. D., Lowe, J. A., Meinshausen, M., &
Meinshausen, N. (2009). Warming caused by cumulative carbon emissions towards the
trillionth tonne.Nature 458 1163-1166. https://doi.org/10.1038/nature08019

Allen, M. R., Fuglestvedt, J. S., Shine, K. P., Reisinger, A., Pierrehumbert, R. T., & Forster, P. M.
(2016). New use of global warming potentials to compare cumulative aneishdrtlimate
pollutants.Nature Climate Changé, 773-776. https://doi.org/10.1038/nclimate2998

Allen, M. R., Lynch, J., Cain, M., & Frame, D. J. (2018)imate metrics for ruminant livestack
University of Oxford. https://www.oxfordmartin.ox.ac.uk/publications/clirratetricsfor-
ruminantlivestock

Allen, M. R., Shine, K. P., Fuglestvedt, J. S., Millar, R. J., Cain, M., Frame, D. J., & Macey, A. H.

(2018). A solution to the misrepresentations of@Quivalent emissions of shdived

254



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

climate pollutants under ambitious mitigatidipj Climate and Atmospheric Scienéel6.
https://doi.org/10.1038/s4164¥1.8-0026:8

Allenby, B. R. (1998)Industrial Ecology: Policy framework and implementat{@st edn). Prentice
Hall.

Anderson, K., & Bows, A. (2008). Reframing the climate change challenge in light a2 @@t
emission trend$hilosophical Transactions: Mathematical, Physical and Engineering
Sciences3661882), 38633882. https://doi.org/10.1098/rsta.2008.0138

Andronova, N., & Schlesinger, M. (2004). Importance of sulfate aerosol in evaluating the relative
contributions of regional emissions to the historical global temperature cliitigation
and Adaptation Strategies for Global Changgt), 383-390.
https://doi.org/10.1023/B:MITI.0000038845.44341.bb

Antoci, A., Borghesi, S., lannucci, G., & Sodini, M. (2021). Should | stay or should | go? Carbon
leakage and ETS in an evolutionary mod@#lergy Economicd.03 Article 105561.
https://doi.org/10.1016/j.eneco.2021.105561

Archer, D., & Pierrehumbert, R. T. (Eds). (201The warming papers: The scientific foundation for
the climate change forecadst edn). WileyBlackwell.

Arias, P. A., Bellouin, N., Coppola, E., Jones, R. G., Krinner, G., Marotze, J., Naik, V., Palmer, M.
D., Plattner, GK., Rogelj, J., Rojas, M., Sillmann, J., Storelvmo, T., Thorne, P. W., Trewin,

B., Achuta Rao, K. M., Adhikary, B., Allan, R. P., Armoir, .. Zickfeld, K.

Technical Summary. In V. Massd@elmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S.
Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B.
R. Matthews, T. K. Maycock, T. Waterfield, OeMkgi, R. Yu, & B. Zhou (Eds limate
Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Clpgm¢@3-144).
Cambridge University Press. 10.1017/9781009157896.002

Arora, P. (2024). COP28: Ambitions, realities, and futtrezironmental Sustainability’, 107-113.
https://doi.org/10.1007/s423924-003040

Arrhenius, S. (1896). On the influence of carbonic acid in the air upon the temperature on the ground.

Philosophical Magazine and Journal of Sciertk 237276.

Ausseil, A-G. E., Dymond, J. R., & Weeks, E. S. (2011). Provision of natural habitat for biodiversity:
Quantifying recent trends in New Zealand. In O. Grillo & G. Venora (ERisjliversity loss
in a changing planefpp. 201220). InTech.

Baer, P., Athanasiou, T., Kartha, S., & KeiBenedict, E. (2010). Greenhouse Development Rights:
A framework for climate protection that i
In S. M. Gardiner, S. Caney, D. Jamieson, & H. Shue (Edishate ethics: Essential
readings(pp. 215-230). Oxford University Press.

255

S

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Baer, P., Harte, J., Haya, B., Herzog, A. V., Holdren, J., Hultman, N. E., Kammen, D. M., Norgaard,
R. B., & Raymond, L. S. (2000). Equity and greenhouse gas responsthiiignce
2895488), 2287.

Baer , P., Kart ha, S., Athanasiou, T., & Kemp- Ben
Rights framework: Drawing attention to inequality within nations in the global climate policy
debateDevelopment and Chang#0(6), 11231138. https://doi.org/10.1111/j.1467
7660.2009.01614.x

Bai occhi , G. , & Mi nx, J . C. ( 2 Q@danbsyians: Ngiotbat r st andi r
perspectiveEnvironmental Science & Technology(4), 11771184,
https://doi.org/10.1021/es902662h

Baker, M., & Schaltegger, S. (2015). Pragmatism and new directions in social and environmental
accountability researclccounting, Auditing & Accountability Journ&8(2), 263-294.
https://doi.org/10.1108/AAAD8-201201079

Barnes, T. J. (2008). American pragmatism: Towards a geographical introdGetforum 39(4),
1542-1554. https://doi.org/10.1016/j.geoforum.2007.02.013

Barrett, S. (2007Why cooperate? The incentive to supply global public gdogford University
Press. https://doi.org/10.1093/acprof:0s0/9780199211890.001.0001

Baum Sr., R. M. (2016, July 1&juture calculations: Was Svante Arrhenius the first climate change
believer?Science History Institute Museum & Library.
https://www.sciencehistory.org/stories/magazine/futakeulations/

Beauchamp, T. L., & Childress, J. F. (197inciples of biomedical ethidd st edn). Oxford
University Press.

Beauchamp, T. L., & Childress, J. F. (201®inciples of biomedical ethid8th edn). Oxford
University Press.

Beauchamp, T. L., & DeGrazia, D. (2004). Principles and principlism. In G. Khushf Ezshdlbook
of BioethicqVol. 78, pp. 5574). Springer. 10.1007/402021275 3

Beauchamp, T. L., & Rauprich, O. (2016). Principlism. In H. ten Have (Edcyclopedia of Global
Bioethics Springer. 10.1007/978-319-094830_348

Beef + Lamb New Zealand. (2024yade Policy Beef +Lamb New Zealand | By Farmers. For
Farmers. https://beeflambnz.com/trgutdicy

Bell, D. (2011). Global climate justice, historic emissions, and excusable ignoféecklonist
94(3), 391411. https://doi.org/10.5840/monist201194320

Bertram, G. (1992). Tradeable emission permits and the control of greenhousdlgasesirnal of
Development Studigg8(3), 423-446. https://doi.org/10.1080/00220389208422240

Bioneers. (2023)eah Stokeas The future is electric | Bioneers 20pBuTube Video.].
https://www.youtube.com/watch?v=57Ry9LnUWO0g

256



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Blanchard, O. (2002). Scenarios for differentiating commitments: A quantitative analysis. In K. A.
Baumert, O. Blanchard, S. Llosa, & J. F. Perkaus (Bis)ling on the Kyoto Protocol:

Options for protecting the clima{pp. 203-222). World Resources Institute.
https://www.wri.org/research/buildirgyoto-protocol

Bodansky, D. (1993). The United Nations Framework Convention on Climate Change: A
commentaryYale Journal of International Lawt8, 451-558.

Bodansky, D. (2001a). International law and the design of a climate change regime. In U. Luterbacher
& D. F. Sprinz (Eds)lnternational relations and global climate chan@. 20:219). The
MIT Press. https://mitpress.mit.edu/9780262621496/internatietetionsandglobak
climatechange/

Bodansky, D. (2001b). The history of the global climate change regime. In U. Luterbacher & D. F.
Sprinz (Eds)|nternational relations and global climate chan@p. 23-40). The MIT Press.
https://mitpress.mit.edu/9780262621496/internatisakdtionsandglobalclimatechange/

Bodansky, D. (2010). The Copenhagen climate change conference:-igsm.American Journal
of International Law104, 230-240.

Bodansky, D. (2011). A tale of two architectures: The once and future U.N. climate change regime. In
H.-J. Koch, D. Kbnig, J. Sanden, & R. Verheyen (EG@#ynate change and environmental
hazards related to shipping: An international legal framew@g 35-51). Brill | Nijhoff.
https://doi.org/10.1163/9789004244955 005

Bodansky, D. (2016a). The legal character of the Paris AgreeReview of European, Comparative
& International Environmental Lay25(2), 142-150. https://doi.org/10.1111/reel.12154

Bodansky, D. (2016b). The Paris climate change agreement: A newAogean Journal of
International Law 110(2), 288-319. https://doi.org/10.5305/amerjintelaw.110.2.0288

Borghesi, S., Franco, C., & Marin, G. (2020). Outward foreign direct investment patterns of Italian
firms in the European UnThesScandnaviamiowmaliofon Tr adi !
Economics1221), 219-256. https://doi.org/10.1111/sjoe.12323

Bovens, L. (2011). A Lockean defense of grandfathering emission rights. In D. G. Arnoldr¢ied.),
ethics of global climate changpp. 124-144). Cambridge University Press.
10.1017/CB0O9780511732294.007

Brazil. (1997) Proposed elements of a protocol to the United Nations Framework Convention on
Climate Change, presented by Brazil in response to the Berlin Mandate
https://unfccc.int/resource/docs/1997/agbm/03b.pdf

Bretschger, L. (2013). Climate policy and equity principles: Fair burden sharing in a dynamic world.
Environment and Development Economi&5), 517536.
https://doi.org/10.1017/S1355770X13000284

Bretschger, L., & Mollet, J. C. (2013rices vs. equity in international climate policy: A broad
perspectiveETH Zurich. http://www.ssrn.com/abstract=2561326

257



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Broome, J. (2012)Climate matters: Ethics in a warming wor(éist edn). W. W. Norton & Company,
Inc.

Buehler, A. G. (1946). Ability to Payrax Law Revieyi(3), 243-258.

Buma, B., Ocko, I., Walkowiak, B., Xu, Y., Lackner, M., Sartzetakis, S. S., Alpert, A., & Dhungel, S.
(2025). Considering sectoral warming and cooling emissions and their lifetimes can improve
climate change mitigation policieNpj Climate and Atmospheric Scien8gl), 287.
https://doi.org/10.1038/s416425-011318

Bunsen, J., & Finkbeiner, M. (2023). An introductory review of irgutiput analysis in sustainability
sciences including potential implications of aggregatBrstainability 15(1), Article 46.
https://doi.org/10.3390/su15010046

Burchill, S., & Linklater, A. (Eds). (1996Y.heories of International Relatiorignd edn). Macmillan
Press Ltd.

Burelli, T., Lillo, A., CampbelDuruflé, C., & Touchant, L. (2021, November 30). We were at
COP26: It had mixed result§he Conversatiarttp://theconversation.com/weere-at
cop26it-hadmixedresults172558

C40 Cities Climate Leadership Group, ICL-Hlocal Governments for Sustainability, & World
Resources Institute. (2014, Decemb&he Global Protocol for Communitycale
Greenhouse Gas Emission Inventories (GRIZ20 Knowledge.
https://www.c40knowledgehub.org/s/article/T@&balProtocotfor-CommunityScale
Greenhous&asEmissionlinventoriesGPC?language=en_US

Cain, M., Lynch, J., Allen, M. R., Fuglestvedt, J. S., Frame, D. J., & Macey, A. H. (2019). Improved
calculation of warmingequivalent emissions for shditved climate pollutantdNpj Climate
and Atmospheric Scienc1), Article 29. https://doi.org/10.1038/s416029-00864

Callahan, C. W., & Mankin, J. S. (2022). National attribution of historical climate dantgaatic
Change 1723), Article 40. https://doi.org/10.1007/s105822-03387y

Canadell, J. G., Monteiro, P. M. S., Costa, M. H., Cotrim da Cunha, L., Cox, P. M., Eliseev, A. V.,
Henson, S., Ishii, M., Jaccard, S., Koven, C., Lohila, A., Patra, P. K., Piao, S., Rogelj, J.,
Syampungani, S., Zaehle, S., & Zickfeld, K. (2021). Globab6a and other
Biogeochemical Cycles and Feedbacks. In V. Mafdamotte, P. Zhai, A. Pirani, S. L.
Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K.
Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. Waterfi€ldYelekgi, R. Yu, &

B. Zhou (Eds)Climate Change 2021: The Physical Science Basis. Contribution of Working
Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change
(pp. 673-816). Cambridge University Press. https://doi.org/10.1017/9781009157896.007

Caney, S. (2005). Cosmopolitan justice, responsibility and global climate chaigdgn Journal of

International Law 18(4), 747775. https://doi.org/10.1017/S0922156505002992

258

n



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Caney, S. (2006). Environmental degradation, reparations, and the moral significance of history.
Journal of Social Philosophg7(3), 464-482. https://doi.org/10.1111/j.1467
9833.2006.00348.x

Caney, S. (2009a). Justice and the distribution of greenhouse gas emissiomal. of Global Ethics
5(2), 125-146. https://doi.org/10.1080/17449620903110300

Caney, S. (2009b). Justice and the distribution of greenhouse gas emiksional of Global Ethics
5(2), 125-146. https://doi.org/10.1080/17449620903110300

Caney, S. (2010). Climate change and the duties of the advantagedl Review of International
Social and Political Philosophy.3(1), 203-228.
https://doi.org/10.1080/13698230903326331

Caney, S. (2012). Just emissioRkilosophy & Public Affairs40(4), 255-300.
https://doi.org/10.1111/papa.12005

Caney, S. (2018). Climate change. In S. Olsaretti (Etg,0Oxford handbook of distributive justice
(pp. 664-688). Oxford University Press. 10.1093/oxfordhb/9780199645121.013.23

Chandrakumar, C., McLaren, S., Malik, A., Ramilan, T., & Lenzen, M. (2020). Understanding New
Zeal and’ s -basedgeenhquseigasemissions: An application of-raglonal
input-output analysisThe International Journal of Life Cycle Assessm2bt1323-1332.
https://doi.org/10.1007/s1136¥19-01673z

Chen, K:W., & Asgarian, H. (2024, May 20). Climate change is a human rights iEsee.
Conversationhttps://theconversation.com/climatkangeis-a-humanrightsissue228156

Cheng, X., Wu, X., Guan, C., Sun, X., & Zhang, B. (2023). Impacts of production structure changes
on global CH emissions: Evidences from incorbased accounting and decomposition
analysis Ecological Economig213 Article 107967.
https://doi.org/10.1016/j.ecolecon.2023.107967

Christoff, P. (2010). Cold climate in Copenhagen: China and the United States at COP15.
Environmental Politics19(4), 637656. https://doi.org/10.1080/09644016.2010.489718

Clarke, R. J. (2005). GDP and GKIECD Observer20045), 32. https://doi.org/10.1787/observer
v20045-en

Climate Action Tracker. (2023 OP28 initiatives will only reduce emissions if followed through
Climate Action Tracker. https://climateactiontracker.org/documents/1197/CAT-22623
09_COP28_InitiativesAssessment.pdf

Climate Change Group (MSSRF). (2022)imate Equity Monitorhttps://climateequitymonitor.in/

Cohen, G. A. (2003). Facts and principlekilosophy & Public Affairs31(3), 211-245.

Collins, W. J., Frame, D. J., Fuglestvedt, J. S., & Shine, K. P. (2020). Stable climate metrics for
emissions of short and lodiyed species-Combining steps and pulsé&svironmental
Research Letterd 5(2), Article 024018. https://doi.org/10.1088/174826/ab6039

259

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Copernicus Climate Service. (202%5he annual climate summary: Global climate highlights 2024
https://climate.copernicus.eu/sites/default/files/custmmioads/GCH2024/GCH2024.pdf
Cosbey, A., Droege, S., Fischer, C., & Munnings, C. (2019). Developing guidance for implementing
border carbon adjustments: Lessons, cautions, and research needs from the |Renawe.
of Environmental Economics and Polidy(1), 3-22. https://doi.org/10.1093/reep/rey020

Crawford, E. (1997). Arrhenius’ 1A8nBid 26(I) Gl ® | of th

Crook, C., & Garratt, D. (2005). The positivist paradigm in contemporary social science research. In
B. Somekh & C. Lewin (EdsResearch methods in the social scier{pps 207-214). SAGE
Publications. https://search.worldcat.org/title/Reseanethodsin-the-sociat
sciences/oclc/56654330

Crotty, M. (1998).The foundations of social research: Meaning and perspective in the research
procesg1st edn). Allen & Unwin.

Cubasch, U., Wuebbles, D., Chen, D., Facchini, M. C., Frame, D. J., Mahowald, N., & Winer, J.
(2013). Introduction. In T. F. Stocker, D. Qin-k. Plattner, M. M. B. Tignor, S. K. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex, & P. M. Midgley (EdS)imate Change 2013: The
Physical Science Basis. Contribution of Working Group | to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Chafge 119-158). Cambridge University Press.

Damon, M., Cole, D. H., Ostrom, E., & Sterner, T. (2019). Grandfathering: Environmental uses and
impacts.Review of Environmental Economics and PoliS(1), 23-42.

Daniel, J. S., Solomon, S., Sanford, T. J., McFarland, M., Fuglestvedt, J. S., & Friedlingstein, P.
(2012). Limitations of singkdasket trading: Lessons from the Montreal Protocol for climate
policy. Climatic Changelll, 241-248. https://doi.org/10.1007/s105841-01363

Danish, K. W. (2007). An overview of the international regime addressing climate change.
Sustainable Development Law & Poli@{2), 16-15.

Davenport, C. (2015, December 13). Nations approve landmark climate accord iif iahew
York Timeshttps://www.nytimes.com/2015/12/13/world/europe/climetteangeaccord
paris.html

Davidson, M. D. (2021). How fairness principles in the climate debate relate to theories of distributive
justice.Sustainability 13(13), Article 7302. https://doi.org/10.3390/su13137302

Davis, S. J., & Caldeira, K. (2010). Consumptlmased accounting of G@missionsProceedings of
the National Academy of Scienc&87(12), 56875692.
https://doi.org/10.1073/pnas.0906974107

Davis, S. J., Peters, G. P., & Caldeira, K. (2011). The supply chainagéi@i@sionsProceedings of
the National Academy of Scienc#&8845), 1855418559.
https://doi.org/10.1073/pnas.1107409108

260



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Dechezleprétre, A., Gennaioli, C., Martin, R., Mudls, M., & Stoerk, T. (2022). Searching for carbon
leaks in multinational companie¥ournal of Environmental Economics and Management
112 Article 102601. https://doi.org/10.1016/j.jeem.2021.102601

den Elzen, M. G. J. (199%Report on the expert meeting on the Brazilian Proposal: Scientific aspects
and data availabilitypp. 94-99). https://unfccc.int/resource/brazil/documents/mrep1999.pdf

den Elzen, M. G. J., & Lucas, P. L. (2005). The FAIR model: A tool to analyse environmental and
costs implications of regimes of future commitmeBisvironmental Modeling & Assessment
10, 115-134. https://doi.org/10.1007/s106665464 %z

den Elzen, M. G. J., Roelfsema, M., & Slingerland, S. (2010). Dealing with surplus emissions in the
climate negotiations after Copenhagen: What are the options for comprénésey Policy
38(11), 66156628. https://doi.org/10.1016/j.enpol.2010.06.032

den Elzen, M. G. J., Schaeffer, M., & Lucas, P. L. (2005). Differentiating future commitments on the

sasis of countries relative historical r
‘“Brazilian Proposal’ i n idanCBmatic €manhge7d, 2770 f a
301. https://doi.org/10.1007/s105885-53829

Depl edge, J.dodvd22KyoThbeProopcol ? Exploring
literature on global climate change governahaernational Environmental Agreements:
Politics, Law and Economic82, 673-692. https://doi.org/10.1007/s107822-0958G9

Depledge, J., Saldivia, M., & Pefasco, C. (2022). Glass half full or glass half empty?: The 2021
Glasgow climate conferenc€limate Policy 22(2), 147157.
https://doi.org/10.1080/14693062.2022.2038482

Dietzenbacher, E. (1997). In vindication of the Ghosh model: A reinterpretation as a price model.
Journal of Regional Scienc&7(4), 629-651. https://doi.org/10.1111/002146.00073

Dooley, K., Holz, C., Kartha, S., Klinsky, S., Roberts, J. T., Shue, H., Winkler, H., Athanasiou, T.,
Caney, S., Cripps, E., Dubash, N. K., Hall, G., Harris, P. G., Lahn, B., Moellendorf, D.,
Miiller, B., Sagar, A., & Singer, P. (2021). Ethical choicestelguantifications of fair
contributions under the Paris Agreeméyature Climate Changd.1, 306-305.
https://doi.org/10.1038/s4158%21-010158

Drakopoulos, S. A. (2024). Value judgements, positivism and utility comparisons in economics.
Journal of Business Ethic$89, 423-437. https://doi.org/10.1007/s105623-05395z2

Drennen, T. E. (1993). After Rio: Measuring the effectiveness of the international redpvnge.
Policy, 15(1), 15-38.

DuusOitterstrom, G. (2021 he role of subsistence emissions in climate jughice 16; pp. 104
120). The Institute for Futures Studies.
https://www.iffs.se/media/23375/climate_ethics_vol4 webb.pdf#page=102

DuusOitterstrom, G. (2023). Subsistence emissions and climate jutitish Journal of Political
Science53(3), 919-933. https://doi.org/10.1017/S0007123422000485

261

esp

pol i

car i



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

DuusOitterstrom, G., & Hjorthen, F. D. (2018). Consumptiased emissions accounting: The
normative debaté=nvironmental Politics28(5), 866-885.
https://doi.org/10.1080/09644016.2018.1507467

DuusOtterstrom, G., & Jagers, S. C. (2012). Identifying burdens of coping with climate change: A
typology of the duties of climate justig8lobal Environmental Chang@2(3), 746-753.
https://doi.org/10.1016/j.gloenvcha.2012.04.005

Eby, M., Zickfeld, K., Montenegro, A., Archer, D., Meissner, K. J., & Weaver, A. J. (2009). Lifetime
of anthropogenic climate change: Millenial time scales of potentiala@® surface
temperature peturbation¥ournal of Climate22(10), 25032511.
https://doi.org/10.1175/2008JCLI2554.1

Eckersley, R. (2010). The politics of carbon leakage and the fairness of border mézdhioe$.
International Affairs 24(4), 367393. https://doi.org/10.1111/j.174093.2010.00277.X

Ehrenfeld, J. R. (2000). Industrial Ecology: Paradigm shift or Normal Sciémefican Behavioral
Scientist44(2), 229-244. https://doi.org/10.1177/0002764200044002006

Ellerman, A. D., Marcantonini, C., & Zaklan, A. (2016). The European Union Emissions Trading
System: Ten years and counieyiew of Environmental Economics and
Policy, 10(1), 89-107. https://doi.org/10.1093/reep/rev014

Ellison, J., Thorn, D., Pawson, M., & Griffith, S. (202E&)ectric homes: The energy, economic, and

n

emi ssions opportunity of el e(pptR2)fRewirmgg New Ze:

Aotearoa. https://www.rewiring.nz/electitomesreport

EscamillaGarcia, P. E., River&onzélez, G., Rivera, A. E., & Soto, F. P. (2024). Seconomic
determinants of greenhouse gas emissions in Mexico: An analytical exploration over three
decadesSustainability 16(17), Article 7668. https://doi.org/10.3390/sul16177668

Esfahani, H. S., & PesaraM. H. (2009). The Iranian economy in the twentieth century: A global
perspectivelranian Studies42(2), 177211.

Evans, S. (2021a, March 18) . An azl egrsa se milUsKs iiosn sn'o v

Carbon Brief https://www.carbonbrief.org/analysig-is-now-halfway-to-meetingits-net
zeroemissiongarget

Evans, S. (2021b, October 5). Analysis: Which countries are historically responsible for climate
changeZarbon Brief https://www.carbonbrief.org/analysihich-countriesare-historically-
responsiblgor-climatechange/

Ewers, R. M., Kliskey, A. D., Walker, S., Rutledge, D., Harding, J. S., & Didham, R. K. (2006). Past
and future trajectories of forest loss in New Zeal@idlogical Conservationl333), 312-
325. https://doi.org/10.1016/j.biocon.2006.06.018

Eyring, V., Gillett, N. P., Achuta Rao, K. M., Barimalala, R., Barreiro Parrillo, M., Bellouin, N.,
Cassou, C., Durack, P. J., Kosaka, Y., McGregor, S., MiK,,Svlorgenstern, O., & Sun, Y.
(2021). Human Influence on the Climate System. In V. Magsaimotte, P. Zhai, A. Pirani,

262



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K.
Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, &
B. Zhou (Eds)Climate Change 2021: The Physical Science Basis. Contribution of Working
Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change
(pp. 423552). Cambridge University Press. https://doi.org/10.1017/9781009157896.005

Falkner, R. (2016). The Paris Agreement and the new logic of international climate politics.
International Affairs 92(5), 11071125. https://doi.org/10.1111/14@346.12708

Fanning, A. L., & Hickel, J. (2023). Compensation for atmospheric appropribliiare
Sustainability 6, 10771086. https://doi.org/10.1038/s418033-011308

Fanning, A. L., & O’ Nei |, D. W. (2016). Tracking
steadystate framework: A case study of Canada and Sgaiwiogical Indicators69, 836-
849. https://doi.org/10.1016/j.ecolind.2016.04.034

Farber, D. A. (2007). Adapting to climate change: Who shouldJmaynal of Land Use &
Environmental Law23(1), 1-38.

Fawzy, S., Osman, A. |, Doran, J., & Rooney, D. W. (2020). Strategies for mitigation of climate
change: A reviewEnvironmental Chemistry Letters8, 2069-2094.
https://doi.org/10.1007/s1034020-01059w

Festenstein, M. (2023) . Dewey’ s politTheal phil os
Stanford Encyclopedia of Philosophyletaphysics Research Lab, Stanford University.
https://plato.stanford.edu/archives/spr2023/entries/dgyeétical/

Finlayson, C., & Christmas, J. (2021). Marine and Coastal Ardde Ikupu Taurangipp. 187199).
Huia Publishers.

Fitzpatrick, T. (2008)Applied ethics and social problems: Moral questions of birth, society and
death Policy Press.

Fleming, J. R. (1998). Arrhenius and current climate concerns: Continuity oryee&f@apEos
7934), 405410. https://doi.org/10.1029/98EO00310

Flysjo, A., Henriksson, M., Cederberg, C., Ledgard, S., & Englutl, (2011). The impact of
various parameters on the carbon footprint of milk production in New Zealand and Sweden.
Agricultural Systemsl04(6), 459-469. https://doi.org/10.1016/j.agsy.2011.03.003

Foot e, E. N. (1856). CircumstAmercadourad df &ericé ng t he
and Arts 22(66), 382-383.

Forster, P. M., Smith, C. J., Walsh, T., Lamb, W. F., Lamboll, R. D., Hall, B., Hauser, M., Ribes, A.,
Rosen, D., Gillett, N. P., Palmer, M. D., Rogelj, J., von Schuckmann, K., Trewin, B., Allen,
M. R., Andrew, R. M. , B e t Zhai, P. (2024). kdicatord80b r ger , |
global climate change 2023: Annual update of key indicators of the state of the climate
system and human influendearth System Science Dafi®(6), 2625-2658.
https://doi.org/10.5194/esskb-26252024

263



Forster, P. M., Storelvmo, T., Armour, K., Collins, W., Dufresnd, JFrame, D. J., Lunt, D. J.,
Mauritsen, T. , Pal mer , M. D. , Wat anabe, M.

Energy Budget, Climate Feedbacks and Climate Sensitivity. In V. Md3sionotte, P. Zhai,

A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M.
Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekgi,
R. Yu, & B. Zhou (Eds)Climate Change 2021: Thehfsical Science Basis. Contribution of
Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change(pp. 923-1054). Cambridge University Press.
https://doi.org/10.1017/9781009157896.009

Forster, P. M., Storelvmo, T., Armour, K., Collins, W., Dufresné, JFrame, D., Lunt, D.,
Mauritsen, T. , Pal mer , M. D. , Wat anabe, M.

Energy Budget, Climate Feedbacks, and Climate Sensitivitylitmate Change 2021: The
Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Char(gp. 923-1054). Cambridge University

Press. https://doi.org/10.1017/9781009157896.009

Franzen, A., & Mader, S. (2018). Consumptlmased versus productidrased accounting of GO

emissions: Is there evidence for carbon leak&ge/fonmental Science & Polic§4, 34-40.
https://doi.org/10.1016/j.envsci.2018.02.009

Friedlingstein, P., Jones, M.  W. O Sullivan,
Quéré, C., Peters, G. P., Peters, W., Pongratz, J., Sitch, S., Canadell, J. G., Ciais, P., Jackson,
R. B., Alin, S. R., Anthoni, P., Bates, N. R., Becker,Blg | | oui n, N. , .. Zeng,

Global Carbon Budget 202Earth System Science Dafiad(4), 19172005.
https://doi.org/10.5194/essd1-191 72022

Friedman, L. (2020, November 4). U.S. quits Paris climate agreement: Questions and dhewers.

New York Timedttps://www.nytimes.com/2020/11/04/climate/patiisnateagreement

trump.html

Fuglestvedt, J. S., Berntsen, T. K., Godal, O., Sausen, R., Shine, K. P., & Skodvin, T. (2003). Metrics

of climate change: Assessing radiative forcing and emission inditesatic Change58,
267-331. https://doi.org/10.1023/A:1023905326842

Fuglestvedt, J. S., & Kallbekken, S. (2016). Fair shakeg@re Climate Chang®, 19-20.

https://doi.org/10.1038/nclimate2791

Gajevic Sayegh, A. (2018). Justice in a ideal world: The case of climate chan@eitical Review

of International Social and Political Philosoph34(4), 407432.
https://doi.org/10.1080/13698230.2016.1144367

Ganesan, A. L., Schwietzke, S., Poulter, B., Arnold, T., Lan, X., Rigby, M., Vogel, F. R., van der

Werf, G. R., Jansserddaenhout, G., Boesch, H., Pandey, S., Manning, A. J., Jackson, R. B.,
Nisbet, E. G., & Manning, M. R. (2019). Advancing scientific uistinding of the Global

264

Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

n



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Methane Budget in support of the Paris Agreem@ldbal Biogeochemical Cycle33,
1475-1512. https://doi.org/10.1029/2018GB006065

Gardiner, S. M. (2004). Ethics and global climate chakggcs 114(3), 555-600.
https://doi.org/10.1086/382247

Gardiner, S. M. (2006). A perfect moral storm: Climate change, intergenerational ethics and the
problem of moral corruptiofEnvironmental Valugd5(3), 397413.
https://doi.org/10.3197/096327106778226293

Gardiner, S. M. (2010). Ethics and climate change: An introdudtibREs Climate Changé(1),
54-66. https://doi.org/10.1002/wcc.16

Gardiner, S. M. (20114 perfect moral storm: The ethical tragedy of climate cha@péord
University Press.

Gardiner, S. M. (2016). Betraying the future. In S. M. Gardiner & D. A. Weisbach (B&lsjting
climate ethicgpp. 6-45). Oxford University Press.

Gardiner, S. M., Caney, S., Jamieson, D., & Shue, H. (Eds). (20late ethics: Essential
readings Oxford University Press.

Gasparri, N. ., Grau, H. R., & Manghi, E. (2008). Carbon pools and emissions from deforestation in
extratropical forests of Northern Argentina between 1900 and 2B08systemsdll, 1247
1261. https://doi.org/10.1007/s1060208-91908

Gasser, T., Crepin, L., Quilcaille, Y., Houghton, R. A., Ciais, P., & Obersteiner, M. (2020). Historical
CO; emissions from land use and land cover change and their uncemBaggosciences
17(15), 40754101. https://doi.org/10.5194/H/-40752020

Gignac, R., & Matthews, H. D. (2015). Allocating a 2 °C cumulative carbon budget to countries.
Environmental Research Letted$X7), Article 075004. https://doi.org/10.1088/1748
9326/10/7/075004

Goff, P. (2024, March 16). The mystery of consciousness shows there may be a limit to what science
alone can achiev@he Conversatiarttps://theconversation.com/theysteryof-
consciousnesshowstheremay-be-a-limit-to-whatsciencealonecanachieve225034

Gosseries, A. (2004). Historical emissions and-figig. Ethical Perspectived1(1), 36-60.
https://doi.org/10.2143/EP.11.1.504779

Griffin, P. (2017).The Carbon Majors database: CDP Carbon Majors report 2@y 1-16).
Climate Accountability Institute. https://cdn.cdp.net/cdp
production/cms/reports/documents/000/002/327/original/Caklb@jors-Report
2017.pdf?1501833772

Griffis, T. J., Chen, Z., Baker, J. M., Wood, J. D., Millet, D. B, Lee, X., Venterea, R. T., & Turner, P.
A. (2017). Nitrous oxide emissions are enhanced in a warmer and wetterRvoddedings
of the National Academy of SciencEs4(45), 1208112085.
https://doi.org/10.1073/pnas.1704552114

265

n



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Griffiths, M., Roach, S. C., & Solomon, M. S. (200Bjity key thinkers in International Relatians
Routledge.

Grix, J. (2004)The foundations of researcRalgrave Macmillan.

Grubb, M. (1995). Seeking fair weather: Ethics and the international debate on climate change.
International Affairs 71(3), 463-496. https://doi.org/10.2307/2624836

Grubb, M. (2004). The economics of the Kyoto Protocol. In N. Hanley & A. D. Owen (Hus),
economics of climate chan@kst edn, pp. 72L14). Routledge.
https://doi.org/10.4324/9780203495780

Grubb, M. (2011a). Cancun: The art of the possiblenate Policy 11(2), 847850.
https://doi.org/10.3763/cpol.2011.0698

Grubb, M. (2011b). Durban: The darkest hoGfiate Policy 11(6), 1269-1271.
https://doi.org/10.1080/14693062.2011.628786

Grubb, M. (2015). From Lima to Paris, part 1. The Lima hang@lanate Policy 15(3), 299-301.
https://doi.org/10.1080/14693062.2015.1029767

Grubb, M., Sebenius, J., Magalhaes, A., & Subak, S. (1992). Sharing the burden. In I. M. Mintzer
(Ed.),Confronting climate change: Risks, implications and respofpes305-322).
Cambridge University Press.

Gu, D., Andreev, K., & Dupre, M. E. (2021). Major trends in population growth around the world.
China CDC Weekly3(28), 604-613. https://doi.org/10.46234/ccdcw2021.160

Guba, E. G., & Lincoln, Y. S. (1994). Competing paradigms in qualitative research. In N. K. Denzin
& Y. S. Lincoln (Eds)Handbook of qualitative resear¢pp. 105-117). SAGE Publications.

Guerra, A:l., & Sancho, F. (2011). Revisiting the original Ghosh model: Can it be made more
plausibleZEconomic Systems Resear2§(3), 319-328.
https://doi.org/10.1080/09535314.2011.566261

Gupta, J. (2010). A history of international climate change pdlidREs Climate Changé(5), 636-
653. https://doi.org/10.1002/wcc.67

Gutschow, J., Jeffery, M. L., Gieseke, R., Gebel, R., Stevens, D., Krapp, M., & Rocha, M. (2016).
The PRIMARNhist national historical emissions time serigarth System Science Da&
571-603. https://doi.org/10.5194/es801612,%25202016

Haas, A. R. N. (2025, March 26). Wealthy nations owe climate debt to Afftaads that could help
cities grow.The Conversatiarhttps://theconversation.com/wealhgtionsowe-climate
debtto-africafundsthatcould-help-citiesgrow-252043

Habert, G., Rock, M., Steininger, K. W., Lupisek, A., Birgisdottir, H., Desing, H., Chandrakumar, C.,
Pittau, F., Passer, A., Rovers, R., Slavkovic, K., Hollberg, A., Hoxha, E., Jusselme, T., Nault,
E., Allacker, K., & Lutzkendorf, T. (2020). Carbon budgtdr buildings: Harmonising
temporal, spatial and sectoral dimensidgldings and Citiesl(1), 429-452.
https://doi.org/10.5334/bc.47

266

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Halfpenny, P. (2015Positivism and sociology: Explaining social lifeaylor & Francis Group.

Hancock, F. (2021, July 19). Why red meat is getting more expefadio New Zealand
https://www.rnz.co.nz/news/whoseatingnewzealand/44717 tredhyneatis-gettingmore
expensive

Hansis, E., Davis, S. J., & Pongratz, J. (2015). Relevance of methodological choices for accounting of
land use change carbon flux€obal Biogeochemical Cycle29(8), 1236-1246.
https://doi.org/10.1002/2014GB004997

Harding, S. (1992) . Ret hinking st anThe@entenhial e pi st €
Review 36(3), 437470.

Harvey, F. (2015, December 14). Paris climate ch
successThe Guardianhttps://www.theguardian.com/environment/2015/dec/13/paris
climatedealcop-diplomacydevelopingunitednations

Harvey, F., Carrington, D., & Brooks, L. (2021, November 13). COP26 ends in climate agreement
despite India watering down coal resolutidhe Guardian
https://www.theguardian.com/environment/2021/nov/13/ceptriesagreeto-accept
imperfectclimateagreement

Hasan, A., & Fumerton, R. (2022). Foundationalist theories of epistemic justification. In E. N. Zalta
& U. Nodelman (Eds)The Stanford Encyclopedia of PhilosopMetaphysics Research Lab,

Stanford University. https://plato.stanford.edu/archives/fall2022/entries/jtatedational/

Hasanbeigi, A., Springer, C., & Shi, D. (2028)uminium climate impact: An international
benchmarking of energy and €idtensities Global Efficiency Alliance.
https://www.globalefficiencyintel.com/aluminuolimateimpactinternational
benchmarkingenergyco2intensities

Hausfather, Z., & Peters, G. P. (2020). Emissieish e ‘ busi ness as wusual’ sto
Natureg 577, 618-620. https://doi.org/10.1038/d4158@0-0017%3

Held, I. M. (2005). The gap between simulation and understanding in climate moBeliegn of
the American Meteorological Socie86(11), 1609-1614. https://doi.org/10.1175/BAMSG-

11-1609

Helms, K. (2024). Applications of the wide reflective equilibridrhe Journal of Ethic28, 215-
237. https://doi.org/10.1007/s108923-09458 1

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). The weirdest people in the Beha?oral and
Brain Sciences33, 61-83. https://doi.org/10.1017/S0140525X0999152X

Hermwille, L., Obergassel, W., Ott, H. E., & Beuermann, C. (2017). UNFCCC before and after
ParissWh at ' s necessary f or Chwmate Bdiclk¥(@)1601@0. c |l i mat e
https://doi.org/10.1080/14693062.2015.1115231

267



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Hertwich, E. G., & Wood, R. (2018). The growing importance of scope 3 greenhouse gas emissions
from industry Environmental Research Letteds3(10), Article 104013.
https://doi.org/10.1088/1748326/aae19a

Heyd, D. (2017). Climate ethics, affirmative action, and unjust enrichment. In L. H. Meyer & P.
Sanklecha (Eds¥;limate justice and historical emissiofp. 2245). Cambridge University
Press.

Heyward, C. (2021). Is the beneficiary pays principle essential in climate justicsk Filosofisk
Tidsskrift 56(2—3), 125-136. https://doi.org/10.18261/issn.159401-2021-02-03-07

Hickel, J. (2020). Quantifying national responsibility for climate breakdown: An eqaitgd
attribution approach for carbon dioxide emissions in excess of the planetary bolihdary.
Lancet Planetary Health4(9), 399-404. https://doi.org/10.1016/s2546296(20)30194)

Hoesly, R. M., Smith, S. J., Feng, L., Klimp@t, JansserBlaenhout, G., Pitkanen, T., Seibert, J. J.,
Vu, L., Andres, R. J., Bolt, R. M., Bond, T. C., Dawidowski, L., Kholod, N., Kurokawa, J.,
Li, M. , Liu, L., Lu, Z. Mour a, M. C. P. ,
(1750-2014) anthopogenic emissions of reactive gases and aerosols from the Community
Emissions Data System (CED&eoscientific Model Developmenfl(1), 363-408.
https://doi.org/10.5194/gmil1-369-2018

Hoffmann, M. J. (2010). Norms and social constructivism in international relatio@sfénd
Research Encyclopedia of International Stud@sford University Press.
https://doi.org/10.1093/acrefore/9780190846626.013.60

Hohne, N., & Blok, K. (2005). Calculating historical contributions to climate chafgjecussing the
“Br azi | i aGlimaBaChgngeslaléd1-173. https://doi.org/10.1007/s105885
59299

Holz, C., Kartha, S., & Athanasiou, T. (2018). Fairly sharing 1.5: National fair shares ofG 1.5
compliant global mitigation effortnternational Environmental Agreements: Politics, Law
and Economicsl8, 1174134. https://doi.org/10.1007/s107847-9371-z

Holz, C., KempBenedict, E., Athanasiou, T., & Kartha, S. (2019). The Climate Equity Reference
Calculator.Journal of Open Source Softwad35), Article 1273.
https://doi.org/10.21105/joss.01273

Houghton, R. A., Hobbie, J. E., Melillo, J. M., Moore, B., Peterson, B. J., Shaver, G. R., & Woodwell,
G. M. (1983). Changes in the carbon content of terrestrial biota and soils between 1860 and
1980: A net release of G@ the atmospher&cological Monograph3(3), 235-262.
https://doi.org/10.2307/1942531

Houghton, R. A., & Nassika#\. A. (2017). Global and regional fluxes of carbon from land use and
land cover change 185P015.Global Biogeochemical Cycle31(3), 456-472.
https://doi.org/10.1002/2016GB005546

268

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Hsu, A., Hohne, N., Kuramochi, T., Roelfsema, M., Weinfurter, A., Xie, Y., Lutkehermoller, K.,
Chan, S., Corfedorlot, J., Drost, P., Faria, P., Gardiner, A., Gordon, D. J., Hale, T.,
Hul t man, N. E., Moorhead, J., erRrg,Wv(2019%. A S. , S
research roadmap for quantifying rstate and subnational climate mitigation actidature
Climate Changg9, 11-17. https://doi.org/10.1038/s415888-0338z

Hulme, M. (2009)Why we disagree about climate change: Understanding controversy, inaction and
opportunity(1st edn). Cambridge University Press.

Il brahi m, ., & Harrigan, F. ( 20 N3dience Qoarteect r ' s e c or
20121), Article 9. https://doi.org/10.5339/connect.2012.9

ICAP. (2024) Emissions trading worldwide: Status report 20B#ternational Carbon Action
Partnership. https://icapcarbonaction.com/en/publications/emissaatisgworldwide- 2024
icap-statusreport

llyas, H. M. A., Safa, M., Bailey, A., Rauf, S., & Pangborn, M. (2019). The carbon footprint of energy
consumption in pastoral and barn dairy farming systems: A case study from Canterbury, New
Zealand Sustainability 11(17), Article 4809. https://doi.org/10.3390/su11174809

IPCC. (1990)Climate change: The IPCC scientific assessn&nt. Houghton, G. J. Jenkins, & J. J.
Ephraums, Eds). Cambridge University Press. https://www.ipcc.ch/report/arl/wgl/

IPCC. (2014)Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group
Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate Gkange
Edenhofer, R. PichMadruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, 1.
Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schiémer, C. von Stechow,
T. Zwickel, & J. C. Minx, Eds). Cambridge University Press.
https://wwwipcc.ch/report/ar5/wg3/

IPCC. (2018a)Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming
of 1.5°C above prindustrial levels and related global greenhouse gas emission pathways, in
the context of strengthening the global response to the threat of climate cbasig&able
development, and efforts to eradicate povévtyMassonDelmotte, P. Zhai, HO. Pértner,

D. Roberts, J. Skea, P. R. Shukla, A. Pirani, W. Moufe@kia, C. Péan, R. Pidcock, S. L.
Connors, J. B. R. Matthews, Y. Chen, X. Zhou,IM5omis, E. Lonnoy, T. K. Maycock, M.
Tignor, & T. Waterfield, Eds). Cambridge University Press. https://doi.org/
10.1017/9781009157940

IPCC. (2018b). Summary for Policymakers. In V. MasBatmotte, P. Zhai, HO. Pértner, D.

Roberts, J. Skea, P. R. Shukla, A. Pirani, W. Moufo@ha, C. Péan, R. Pidcock, S. L.
Connors, J. B. R. Matthews, Y. Chen, X. Zhou, M. I. Gomis, E. Lonnoy, T.a&ychtk, M.
Tignor, & T. Waterfield (Eds)Global Warming of 1.5°C. An IPCC Special Report on the
impacts of global warming of 1.5°C above fimedustrial levels and related global

greenhouse gas emission pathways, in the context of strengthening theagpbake to the

269



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

threat of climate change, sustainable development, and efforts to eradicate jopey
24). Cambridge University Press. https://doi.org/10.1017/9781009157940.001

IPCC. (2021)Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to
the Sixth Assessment Report of the Intergovernmental Panel on Climate Chadgsson
Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L.
Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R. Matthews, T. K. Maycock,
T. Waterfield, O. Yelekci, R. Yu, & B. Zhou, Eds). Cambridge UrsitgrPress.
https://www.ipcc.ch/report/ar6/wgl/

Jackson, M. M. , Lewi s, J . ., & Zhang, X . (2021)
deployment and transfer of solar photovoltaic technolegyergy for Sustainable
Development60, 90-101. https://doi.org/10.1016/j.esd.2020.12.006

Jackson, R. B., Saunois, M., Bousquet, P., Canadell, J. G., Poulter, B., Stavert, A. R., Bergamaschi,
P., Niwa, Y., Segers, A., & Tsuruta, A. (2020). Increasing anthropogenic methane emissions
arise equally from agricultural and fossil fuel souréassironmental Research Lettedd(7),
Article 071002. https://doi.org/10.1088/178826/ab9ed?2

Jackson, R. W. (1998Regionalizing national commodityy-industry accountsl((3), 223-238.

Jackson, R. W., & Schwarm, W. R. (2011). Accounting foundations for interregional comibpdity
industry inputoutput tablesLett Spat Resour Sel, 187196.
https://doi.org/10.1007/s1207#8.1-0066:8

Jacquet, J., & Jamieson, D. (2016). Soft but significant power in the Paris AgreRateng. Climate
Change 6, 643-646. https://doi.org/10.1038/nclimate3006

Jakob, M. (2021). Climate policy and international tradecritical appraisal of the literatur&nergy
Policy, 156, Article 112399. https://doi.org/10.1016/j.enpol.2021.112399

Jakob, M., Ward, H., & Steckel, J. C. (2021). Sharing responsibility for-teddied emissions based
on economic benefit&lobal Environmental Changé6, Article 102207.
https://doi.org/10.1016/j.gloenvcha.2020.102207

Jamieson, D. (2007). When utilitarians should be virtue theddstgas, 19(2), 160-183.
https://doi.org/10.1017/S0953820807002452

Jamieson, D. (2010). Adaptation, mitigation, and justice. In S. M. Gardiner, S. Caney, D. Jamieson, &
H. Shue (Eds)Climate ethics: Essential readin@sp. 263-283). Oxford University Press.

Jamieson, D. (2014Reason in a dark time: Why the struggle against climate changedaied
what it means for our futur@xford University Press.

Jamieson, D. (2015). Responsibility and climate cha@Gtmbal Justice: Theory Practice Rhetaric
8(2), 23-42. https://doi.org/10.21248/gjn.8.2.86

Jenkins, S., Cain, M., Friedlingstein, P., Gillett, N. P., Walsh, T., & Allen, M. R. (2021). Quantifying
nonCQO; contributions to remaining carbon budgeipj Climate and Atmospheric Sciende
Article 47. https://doi.org/10.1038/s416021-002039

270



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Jiang, J., Ye, B., & Liu, J. (2019). Research on the peak ge@¥sions in the developing world:
Current progress and future prospégiplied Energy235, 186-203.
https://doi.org/10.1016/j.apenergy.2018.10.089

Johnson, R. B., & Onwuegbuzie, A. J. (2004). Mixed methods research: A research paradigm whose
time has comeEducational ResearchegB3(7), 14-26.
https://doi.org/10.3102/0013189X033007014

Jones, M. W., Peters, G. P., Gasser, T., Andrew, R. M., Schwingshackl, C., Gutschow, J., Houghton,
R. A., Friedlingstein, P., Pongratz, J., & Le Quéré, C. (2023). National contributions to
climate change due to historical emissions of carbon dioxide, mesthad nitrous oxide
since 1850Scientific Data 10, Article 155. https://doi.org/10.1038/s415023-0204 %1

Kapur, A., & Graedel, T. E. (2004). Industrial Ecology. In C. J. Cleveland (Eac)clopedia of
Energy(pp. 373-382). Elsevier. https://doi.org/10.1016/80-176480X/005337

Kartha, S., Athanasiou, T., Caney, S., Cripps, E., Dooley, K., Dubash, N. K., Fei, T., Harris, P. G.,
Holz, C., Lahn, B., Moellendorf, D., Miiller, B., Roberts, J. T., Sagar, A., Shue, H., Singer, P.,
& Winkler, H. (2018). Cascading biases against poor t@sNature Climate Change,

348-349. https://doi.org/10.1038/s415688-01527

Kaushik, V., & Walsh, C. A. (2019). Pragmatism as a research paradigm and its implications for
social work researctgocial Sciences$(9), Article 255.
https://doi.org/10.3390/s0csci8090255

Kawanishi, M., & Fujikura, R. (2020). Assessment for the implementation of a national greenhouse
gas inventory: The case of Jap&lanagement of Environmental Quality: An International
Journal 32(2), 359-375. https://doi.org/10.1108/MEQ6-2020-:0116

Keeling, C. D. (1960). The concentration and isotopic abundances of carbon dioxide in the
atmosphereTellus 12(2), 206-203. https://doi.org/10.1111/j.2153190.1960.tb01300.x

Kendrick, M. S. (1939). The Abilityo-Pay theory of taxatiorlhe American Economic Review
29(1), 92-101.

Kerr, R. A. (1989). Hansen vs. The world on the greenhouse tB@ahce244(4908), 10431043.
https://doi.org/10.1126/science.244.4908.1041

Khanday, S. A., Vali, K. M., Junaid, Md., & Ahmad, M. (2024). Understanding positivism: A
gualitative exploration of its principles and relevance todag. European Journal of Applied
Sciencesl2(6), 531543. https://doi.org/10.14738/aivp.126.17986

Kidwell, P. A. (1981). Prelude to solar energy: Pouillet, Herschel, Forbes and the solar constant.
Annals of Scien¢88(4), 457476. https://doi.org/10.1080/00033798100200321

King, L. C., & van den Bergh, J. C. J. M. (2019). Normalisation of Paris agreement NDCs to enhance
transparency and ambitioBnvironmental Research Lettels)(8), Article 084008.
https://doi.org/10.1088/1748326/ab1146

271

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Kinley, R. (2017). Climate change after Paris: From turning point to transform@tiorate Policy
17(1), 9-15. https://doi.org/10.1080/14693062.2016.1191009

Kirk, A. (2023, December 7). Visualised: How all of G20 is missing climate -geig some nations
are closer than otherShe Guardian
https://www.theguardian.com/environment/2023/dec/07/visuahesdall-of-g20-is-
missingclimategoalsbutsomenationsare closerthanothers

Kirschke, S., Bousquet, P., Ciais, P., Saunois, M., Canadell, J. G., Dlugokencky, E. J., Bergamaschi,
P., Bergmann, D., Blake, D. R., Bruhwiler, L., Came&mith, P., Castaldi, S., Chevallier,
F., Feng, L., Fraser, A., Heimann, M., Hodson, E. L., Houwgelin S . |, Josse, B.
(2013). Three decades of global methane sources andNatkise Geoscien¢®, 813-823.
https://doi.org/10.1038/nge01955

Kitzes, J. (2013). An introduction to Environmentaixtended InpuDutput AnalysisResources2,
489-503. https://doi.org/10.3390/resources2040502

Knight, C. (2013). What is grandfatheringfivironmental Politics22(3), 416-427.
https://doi.org/10.1080/09644016.2012.740937

Knight, C. (2014). Moderate emissions grandfathetfirzironmental Value3(5), 571592.
https://doi.org/10.3197/096327114X13947900181635

Knight, C. (2017). Reflective equilibrium. In A. Blau (EdV)ethods in analytical political theory

(pp. 46-64). Cambridge University Press.

Knight, C. (2023). Reflective equilibrium. In E. N. Zalta & U. Nodelman (E@sg Stanford
Encyclopedia of Philosophietaphysics Research Lab, Stanford University.
https://plato.stanford.edu/archives/win2023/entries/refleatydlibrium/

Koch, N., & Mama, H. B. (2019). Does the EU Emissions Trading System induce investment
leakage? Evidence from German multinational firBrsergy Economic81, 479-492.
https://doi.org/10.1016/j.eneco0.2019.04.018

Kroeze, C. (1994). Nitrous oxide and global warmi@gience of The Total Environmebd32-3),
193-209. https://doi.org/10.1016/004697(94)90457%K

Kuyper, J., Schroeder, H., & Linnér,-B. (2018). The evolution of the UNFCC&nnual Review of
Environment and Resource3, 343-368. https://doi.org/10.1146/annufrerviron102017
030119

Kyoto Protocol to the United Nations Framework Convention on Climate Change, 11 December
1997. https://unfccc.int/resource/docs/convkp/kpeng.pdf

La Rovere, E. L., de Macedo, L. V., & Baumert, K. A. (2002). The Brazilian Proposal on relative
responsibility for global warming. In K. A. Baumert, O. Blanchard, S. Llosa, & J. F. Perkaus
(Eds),Building on the Kyoto Protocol: Options for protecting the climie 157173).

World Resources Institute. https://www.wri.org/research/buildtiyato-protocol

272



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Lahn, B. (2020). A history of the global carbon budy¢tREs Climate Changé1(3), Article e636.
https://doi.org/10.1002/wcc.636

Lamb, W. F., Grubb, M., Diluiso, F., & Minx, J. C. (2022). Countries with sustained greenhouse gas
emissions reductions: An analysis of trends and progress by s@latwaite Policy 22(1), 1-
17. https://doi.org/10.1080/14693062.2021.1990831

Lamb, W. F., Wiedmann, T., Pongratz, J., Andrew, R. M., Crippa, M., Olivier, J. G. J., Wiedenhofer,
D., Mattioli, G., Khourdajie, A. A., House, J., Pachauri, S., Figueroa, M., Saheb, Y., Slade,
R., Hubacek, K., Sun, L., Ribeiro, S. K., Khennas, S.,Cah,e&5. | a R. du, ... Mi nx,
(2021). A review of trends and drivers of greenhouse gas emissions by sector from 1990 to
2018.Environmental Research Lettefd(7), Article 073005. https://doi.org/10.1088/1748
9326/abeede

Lazarus, M., & Erickson, P. (2013)ccounting for greenhouse gas emissions associated with the
supply of fossil fuelsStockholm Environment Institute.
https://coilink.org/20.500.12592/7mfcz5

Lenzen, M., Kanemoto, K., Moran, D., & Geschke, A. (2012). Mapping the structure of the world
economyEnvironmental Science and Technologf(15), 8374-8381.
https://doi.org/10.1021/es300171x

Lenzen, M., Moran, D., Kanemoto, K., & Geschke, A. (2013). Building Eora: A global-regitin
input-output database at high country and sector resollimmnomic Systems Research
25(1), 26-49. https://doi.org/10.1080/09535314.2013.769938

Leontief, W. (1936). Quantitative input and output relations in the economic systems of the United
StatesThe Review of Economics and Statistié3), 105-125.
https://doi.org/10.2307/1927837

Leontief, W. (1970). Environmental repercussions and the economic structure: A urtyputt
approachThe Review of Economics and Statisti3), 262-271.
https://doi.org/10.2307/1926294

Leontief, W. (Ed.). (1986)nput-Output Economic&nd edn). Oxford University Press.
https://global.oup.com/academic/product/inputputeconomics
97801950352787?cc=nz&lang=en&

Lequiller, F., & Blades, D. (2014a). The essential macroeconomic aggregdesidrstanding
National Account$2nd edn, pp. 1316). OECD Publishing.
https://doi.org/10.1787/978926421468ii

Lequiller, F., & Blades, D. (2014blnderstanding National Accounggnd edn). OECD Publishing.
https://doi.org/10.1787/978926421468i

Li, Q., & Chen, H. (2021). The relationship between human-keitig and carbon emissions.
Sustainability 13(2), Article 547. https://doi.org/10.3390/su13020547

273



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Li, Y., & Hewitt, C. N. (2008). The effect of trade between China and the UK on national and global
carbon dioxide emissionEnergy Policy36(6), 190741914,
https://doi.org/10.1016/j.enpol.2008.02.005

Liang, S., Qu, S., Zhu, Z., Guan, D., & Xu, M. (2017). Incdmased greenhouse gas emissions of
nations.Environmental Science and Technologi(1), 346-355.
https://doi.org/10.1021/acs.est.6b02510

Liefferink, D., & Wurzel, R. K. W. (2017). Environmental leaders and pioneers: Agents of change?
Journal of European Public Polic24(7), 951968.
https://doi.org/10.1080/13501763.2016.1161657

Lifset, R., & Graedel, T. E. (2002). Industrial Ecology: Goals and definitions. In R. U. Ayres & L. W.
Ayres (Eds)A handbook of Industrial Ecolodpp. 3-15). Edward Elgar.
https://doi.org/10.4337/9781843765479.00009

Lynch, J., Cain, M., Pierrehumbert, R. T., & Allen, M. R. (2020). Demonstrating GWP*: A means of
reporting warmingequivalent emissions that captures the contrasting impacts of ahort
long-lived climate pollutantsEnvironmental Research Lettefi$(4), Article 044023.
https://doi.org/10.1088/1748326/ab6d7e

Macey, A. H. (2019). The principle of responsibility in the global response to climate change: Origins
and evolution. In B. Martin, L. Te Aho, & M. Humphrisl (Eds), ResponsAbility: Law and
governance for living well with the Ear{ist edn, pp. 114.25). Routledge.
https://doi.org/10.4324/9780429467622

Manabe, S., & Wetherald, R. T. (1967). Thermal equilibrium of the atmosphere with a given
distribution of relative humidityJournal of the Atmospheric Scienc24(3), 241259.
https://doi.org/10.1175/1520469(1967)024%253C0241: TEOTAW%253E2.0.CO;2

Manabe, S., & Wetherald, R. T. (1975). The effects of doubling thec@@entration on the climate
of a General Circulation Modelournal of the Atmospheric Scienc8g(1), 3-15.
https://doi.org/10.1175/1520469(1975)032%253C0003: TEODTC%253E2.0.CO;2

Mann, M. E. (2009). Defining dangerous anthropogenic interferéroeeedings of the National
Academy of Science®0§(11), 40654066. https://doi.org/10.1073/pnas.0901303106

Manne, A. S., & Richels, R. G. (2001). An alternative approach to establishingffadenong
greenhouse gasdsature 410 675-677. https://doi.org/10.1038/35070541

Manne, A. S., & Stephan, G. (2005). Global climate change and the-effidigncy puzzleEnergy
30(14), 25252536. https://doi.org/10.1016/j.energy.2004.07.007

Maslin, M., Parikh, P., & ChitYee, S. (2023, December 15). COP28: Five major outcomes from the
latest UN climate summif.he Conversatiarhttp://theconversation.com/copfi8e-major
outcomedrom-the-latestun-climatesummit219655

Matthews, H. D. (2016). Quantifying historical carbon and climate debts among nilidase
Climate Changgeb, 60-65. https://doi.org/10.1038/NCLIMATE2774

274

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Matthews, H. D., Graham, T. L., Keverian, S., Lamontagne, C., Seto, D., & Smith, T. J. (2014).
National contributions to observed global warmiBgvironmental Research Letteg§1),

Article 014010. https://doi.org/10.1088/178826/9/1/014010

Matthews, H. D., Tokarska, K. B., Rogelj, J., Smith, C. J., MacDougall, A. H., Haustein, K., Mengis,
N., Sippel, S., Forster, P. M., & Knutti, R. (2021). An integrated approach to quantifying
uncertainties in the remaining carbon bud@ammunications Earth & Environmeiz,

Article 7. https://doi.org/10.1038/s432420-000649

McDermott, J. J. (Ed.). (1977)he writings of William James: A comprehensive editidmiversity
of Chicago Press.

McMullin, B., Price, P., Jones, M. B., & McGeever, A. H. (2020). Assessing negative carbon dioxide
emi ssions from the perspective of a national
budgetMitigation and Adaptation Strategies for Global Changg 579-602.
https://doi.org/10.1007/s1102719-098816

McNamara, K. E., & Jackson, G. (2019). Loss and damage: A review of the literature and directions
for future researchVIREs Climate Chang&0(2), e564. https://doi.org/10.1002/wcc.564

Meinshausen, M., Jeffery, M. L., Glitschow, J., RoldauwPont, Y., Rogelj, J., Schaeffer, M., Hohne,

N., den Elzen, M. G. J., Oberthir, S., & Meinshausen, N. (2015). Nation2 @&t
greenhouse gas targets and diveraiiare leadershipNature Climate Chang&(12), 1098
1106. https://doi.org/10.1038/nclimate2826

Meinshausen, M., Meinshausen, N., Hare, W., Raper, S. C. B., Frieler, K., Knutti, R., Frame, D. J., &
Allen, M. R. (2009). Greenhousgas emission targets for limiting global warming to 2°C.
Nature 458 1158-1162. https://doi.org/10.1038/nature08017

Meyer, A. (2000)Contraction & Convergence: The global solution to climate chgtigeedn).

Green Books Ltd.

Meyer, A. (2007). The case for contraction and convergence. In D. Cromwell & M. Levene (Eds),
Surviving climate change: The struggle to avert global catastrgmne29-56). Pluto Press.
Meyer, L. H., & Roser, D. (2006). Distributive justice and climate change: The allocation of emission

rights. Analyse & Kritik 28(2), 223-249. https://doi.org/10.1515/a4#006:0207

Meyer, L. H., & Roser, D. (2009). Enough for the future. In A. Gosseries & L. H. Meyer (Eds),
Intergenerational justicélst edn, pp. 21248). Oxford University Press.

Meyer, L. H., & Sanklecha, P. (2017). On the significance of historical emissions for climate ethics.
In L. H. Meyer & P. Sanklecha (Ed€}limate justice and historical emissiofpp. £21).
Cambridge University Press.

Milkoreit, M., & Haapala, K. (2019). The global stocktake: Design lessons for a new review and
ambition mechanism in the international climate regimirnational Environmental
Agreementsl9, 89-106. https://doi.org/10.1007/s1078489425x

275



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Miller, R. E., & Blair, P. D. (2009)lnput-Output Analysis: Foundations and extensi{2rsd edn).
Cambridge University Press.

Millot, A., Krook-Riekkola, A., & Maizi, N. (2020). Guiding the future energy transition tezeed
emissions: Lessons from exploring the differences between France and Skresigy.
Policy, 139, Article 111358. https://doi.org/10.1016/j.enpol.2020.111358

Ministry for the Environment. (2022, e r Ur an g haurehu kat. mahana a

greenhouse gas inventory 192020(p. 456). Ministry for the Environment.
https://environment.govt.nz/assets/publications/@m&ntory/NewZealandGreenhouse
Gaslnventory1990-2020 Chaptersl-15.pdf

Mitchell , J. F. B. (1989). THhReviews®f Geaephyhi@/(ls e ’
115-139. https://doi.org/10.1029/RG027i001p00115

Mittiga, R. (2019). Allocating the Burdens of Climate Action: ConsumpBared Carbon
Accounting and the Pollutd?ays Principle. In B. Edmondson & S. Levy (Eds),
Transformative Climates and Accountable Governdppe 157194). Springer International
Publishing. https://doi.org/10.1007/988319-974002_8

Moellendorf, D. (2012). Climate change and global jusii¢iREs Climate Chang8(2), 131:-143.
https://doi.org/10.1002/wcc.158

Moellendorf, D. (2014). Responsibility and climate change policf¥hie moral challenge of
dangerous climate change: Values, poverty, and p@tipy 152-180). Cambridge University
Press.

Moellendorf, D. (2015). Climate change justiBéilosophy Compasd((3), 173-186.
https://doi.org/10.1111/phc3.12201

Morgan, D. L. (2014a). Pragmatism as a paradigm for mixed methods resedntbgiating
gualitative and quantitative methods: A pragmatic approggh 2544). SAGE Publications,
Inc. 10.4135/9781544304533

Morgan, D. L. (2014b). Pragmatism as a paradigm for social res€aualitative Inquiry 20(8),
1045-1053. https://doi.org/10.1177/1077800413513733

Morgan, W. (2021, October 22). Glasgow showdown: Pacific Islands demand global leaders bring

action, not excuses, to UN summiihe Conversatiarttp://theconversation.com/glasgow
showdownpacific-islandsdemanegloballeadersbring-actionnotexcusego-un-summit
169649

Mori, N., & Mader, A. (2021)Mobilising private finance for biodiversifpp. 1-9). Institute for

Global Environmental Studies. https://www.iges.or.jp/en/pub/biodivefisiance/en

ef f e

Moriarty, P., & Honnery, D. (2022). Renewable energy and energy reductions or solar geoengineering

for climate change mitigatior2nergies 15(19), Article 7315.
https://doi.org/10.3390/en15197315

276



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

MSSREF. (2022)Climate Equity Monitad An online dashboard on equity in climate charngeS
Swaminathan Research Foundation Science for Sustainable Development.
https://www.mssrf.org/oustories/climatesquity-monitoran-online-dashboaren-equity-in-
climatechange/

Myhre, G., Shindell, D., Bréon, M., Collins, W., Fuglestvedt, J. S., Huang, J., Koch, D., Lamarque,
J-F., Lee, D., Mendoza, B., Nakajima, T., Robock, A., Stephens, G., Masui, T., & Zhang, H.
(2013). Anthropogenic and Natural Radiative Forcing. In Btbcker, D. Qin, GK.

Plattner, M. M. B. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex, & P. M.
Midgley (Eds),Climate Change 2013: The Physical Science Basis. Contribution of Working
Group | to the Fifth Assessment Report of the Intergowental Panel on Climate Change
(pp. 659-740). Cambridge University Press.

Nanditha, J. S., Kushwaha, A. P., Singh, R., Malik, 1., Solanki, H., Chuphal, D. S., Dangar, S., Mahto,
S. S., Vegad, U., & Mishra, V. (2023). The Pakistan flood of August 2022: Causes and
implications.Ear t h 6 s11(3, Attialere2022EF003230.
https://doi.org/10.1029/2022EF003230

National Research Council of the National Academies. (2012). Strategies for developing climate
models: Model hierarchy, resolution and complexityAlnational strategy for advancing
climate modellindpp. 63-80). The National Academies Press.
https://nap.nationalacademies.org/read/13430/chapter/7

Neumayer, E. (2000). In defence of historical accountability for greenhouse gas emissibogical
Economics33(2), 185-192. https://doi.org/10.1016/S0983D09(00)00135X

Nicholls, Z., Gieseke, R., Lewis, J., Nauels, A., & Meinshausen, M. (2020). Implications-of non
linearities between cumulative G@&missions and C&nduced warming for assessing the
remaining carbon budgdEnvironmental Research Lettefd(7), Article 074017.
https://doi.org/10.1088/1748326/ab83af

Nicholson, M. (1998)International Relations: A concise introductidiacmillan Press Ltd.

Nielsen, K. S., Clayton, S., Stern, P. C., Dietz, T., Capstick, S., & Whitmarsh, L. (2021). How
psychology can help limit climate chandgenerican Psychologis?6(1), 136-144.
https://doi.org/10.1037/amp0000624

Nordhaus, W. D. (1977). Economic growth and climate: The carbon dioxide prdfiesnican
Economic Reviey67(1), 341346. https://www.jstor.org/stable/1815926

O Brien, D. , Shall oo, L., Patton, J . , Buckl ey, F
assessment of seasonal griaased and confinement dairy farmgyricultural SystemslL07,
33-46. https://doi.org/10.1016/j.agsy.2011.11.004

OECD. (2022)Climate finance provided and mobilised by developed countries inZ0A®
Insights from disaggregated analy$gp. +75). OECD.

277



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

https://www.oecd.org/en/publications/climdteanceprovidedandmobilisedby-developed
countriesin-20162020_286dae5dn.html

Ogunleye, O. O., Owolabi, O. A., & Mubarak, M. (2018). Population growth and economic growth in
Nigeria: An appraisalnternational Journal of Management, Accounting and Econgmics
5(5), 282-299.

Oliveira, R. V. (2020). A methodological framework for developing more just footprints: The
contribution of footprints to environmental policies and just®&ence and Engineering
Ethics 26, 405429. https://doi.org/10.1007/51199829-001008

Oosterhaven, J. (1988). On the plausibility of the sugplyen inputoutput modelJournal of
Regional Scienc8(2), 203-217. https://doi.org/10.1111/j.14®787.1988.tb01208.x

Oosterhaven, J. (1989). The supdhjven inputoutput model: A new interpretation but still
implausible Journal of Regional Scienc29(3), 459-465. https://doi.org/10.1111/j.1467
9787.1989.tbh01391.x

OPEC. (2021)2021 annual reporfpp. 1295). Organization of the Petroleum Exporting Countries.
https://www.opec.org/opec_web/en/publications/337.htm

Oreskes, N. (2004). The scientific consensus on climate ch@oigece3065702), 16861686.
https://doi.org/10.1126/science.1103618

Ott, H. E. (1998). The Kyoto Protocol: Unfinished busin&ssironment: Science and Policy for
Sustainable Developmeni)(6), 16-20, 4145. https://doi.org/10.1080/00139159809604595

Pachauri, S., Pelz, S., Bertram, C., Kreibiehl, S., Rao, N. D., Sokona, Y., & Riahi, K. (2022). Fairness
considerations in global mitigation investmer@sience3786624), 105#1059.
https://doi.org/10.1126/science.adf0067

Page, E. A. (2006 limate change, justice and future generati@ts edn). Edward Elgar
Publishing Limited.

Page, E. A. (2008). Distributing the burdens of climate chahgaronmental Politics17(4), 556-
575. https://doi.org/10.1080/09644010802193419

Page, E. A. (2011). Climatic justice and the fair distribution of atmospheric burdens: A conjunctive
accountThe Monist94(3), 412-432. https://www.jstor.org/stable/23039152

Page, E. A. (2012). Give it up for climate change: A defence of the beneficiary pays principle.
International Theory4(2), 306-330. https://doi.org/10.1017/S175297191200005X

Page, E. A. (2013a). Climate change justice. In R. Falkner (Hte)handbook of global climate and
environment policypp. 231247). John Wiley & Sons, Ltd.

Page, E. A. (2013b). The ethics of emissions tradMiiREs Climate Changé(4), 233-243.
https://doi.org/10.1002/wcc.222

Page, E. A., & Heyward, C. (2017). Compensating for climate change loss and daoidigal
Studies65(2), 356-372. https://doi.org/10.1177/0032321716647401

278

n



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Pan, X., den Elzen, M. G. J., H6hne, N., Teng, F., & Wang, L. (2017). Exploring fair and ambitious
mitigation contributions under the Paris Agreement g@&aisironmental Science and Poljcy
74, 49-56. https://doi.org/10.1016/j.envsci.2017.04.020

Pan, X., Teng, F., Ha, Y., & Wang, G. (2014). Equitable access to sustainable development: Based on
the comparative study of carbon emission rights allocation schampgeised Energy130,
632-640. https://doi.org/10.1016/j.apenergy.2014.03.072

Pan, X. , Teng, F., Ti an, Y., & Wang, G.- (2015) .

carbon world: A consistent studipplied Energyl155 218-228.
https://doi.org/10.1016/j.apenergy.2015.06.011

Pan, X., Teng, F., & Wang, G. (2014a). A comparison of carbon allocation schemes: On the equity
efficiency tradeoff Energy 74, 222-229. https://doi.org/10.1016/j.energy.2014.05.109

Pan, X., Teng, F., & Wang, G. (2014b). Sharing emission space at an equitable basis: Allocation
scheme based on the equal cumulative emission per capita pridgipled Energy113
181G6-1818. https://doi.org/10.1016/j.apenergy.2013.07.021

Pan, X., Wang, H., Lu, X., Zheng, X., Wang, L., & Chen, W. (2022). Implications of the
consumptiorbased accounting for future national emissions bud@étaate Policy 22(9—
10), 1306-1318. https://doi.org/10.1080/14693062.2022.2067113

Parfit, D. (1984)Reasons and persartSlarendon Press.

Parfit, D. (2016). Can we avoid the Repugnant Concluside®rig 82(2), 110-127.
https://doi.org/10.1111/the0.12097

Paris Agreement, 12 December 2015. https://unfccc.int/sites/default/files/english_paris_agreement.pdf

Park, Y. S., Konge, L., & Artino Jr, A. R. (2020). The positivism paradigm of rese&zaldemic
Medicine 95(5), 696-694. https://doi.org/10.1097/ACM.0000000000003093

Pauw, P., Bauer, S., Richerzhagen, C., Brandi, C., & Schmole, H. (Ziffd)jent perspectives on
differentiated responsibilities: A statd-the-art review of the notion of common but
differentiated responsibilities in international negotiatigh®. 6). German Development
Institute. https://www.idogsesearch.de/fileadmin/migratedNewsAssets/Files/DP_6.2014..pdf

Peel, J., & Nay, Z. (2023, April 4). The UN is asking the International Court of Justice for its opinion
on states’ <climate obITheganversatons. What does t
http://theconversation.com/thavis-askingthe-internationalcourtof-justice for-its-opinion
on-statesclimateobligationswhatdoesthis-mean202943

Persad, G. G., & Caldeira, K. (2018). Divergent gledule temperature effects from identical
aerosols emitted in different regioddature Communication9(1), Article 3289.
https://doi.org/10.1038/s4146¥18-058386

Peters, G. P., Andrew, R. M., Solomon, S., & Friedlingstein, P. (2015). Measuring a fair and
ambitious climate agreement using cumulative emissiBmgaronmental Research Letters
10(10), Article 105004. https://doi.org/10.1088/174826/10/10/105004

279

n

h i



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Peters, G. P., & Hertwich, E. G. (2008). £mbodied in international trade with implications for
global climate policyEnvironmental Science & Technolog(5), 140:1407.
https://doi.org/10.1021/es072023k

Peters, G. P., Minx, J. C., Weber, C. L., & Edenhofer, O. (2011). Growth in emission transfers via
international trade from 1990 to 200&oceedings of the National Academy of Scignces
108§(21), 89038908. https://doi.org/10.1073/pnas.1006388108

Pickering, J., & Barry, C. (2012). On the concept of climate debt: Its moral and political value.
Critical Review of International Social and Political Philosoph$§(5), 66 7685.
https://doi.org/10.1080/13698230.2012.727311

Pickering, J., Vanderheiden, S., & Miller, S. (20@Xhical issues in the United Nations climate
negotiations: A prel i mi (ppy8). GanteelfoyApplied of part i
Philosophy and Public Ethics.
https://citeseerx.ist.psu.edu/document?repid=repl&type=pdf&doi=d95ef295e3d07f7b2921aa
6fb60f214bd3830622

Pickering, J ., Vander hei den, S. ., & Mill er, S. (2
the next global climate agreemefthics & International Affairs26(4), 423-443.
https://doi.org/10.1017/S0892679412000603

Pierce, A. (2023). In the clamor about <climate c
Environmental Law Reportegb3(2), 1009510103.

Pierrehumbert, R. T. (2014). Shdisted climate pollutionAnnual Review of Earth and Planetary
Sciences42, 341-379. https://doi.org/10.1146/annurearth060313054843

Pollins, B. M. (2007). Beyond logical positivism: Reframing King, Keohane, and Verba. In R. N.
Lebow & M. I. Lichbach (Eds)Theory and evidence in comparative politics and
international relationgpp. 87106). Palgrave Macmillan. 10.1057/9780230607507_4

Pratt, C., Mitchell, J., & Kaly, U. L. (2022The Environmental Vulnerability Index (EVI) 2004
Pacific Environment Data Portal. https://pacifiata.sprep.org/dataset/environmental
vulnerability-indexevi-2004 1

Putnam, H. (1987)T'he many faces of realism La Sal | e, I I : Open Court.

Radnor, H. (2002)Researching your professional practice: Doing interpretive methogsn
University Press.

Rajamani, L. (2011). The reach and limits of the principle of common but differentiated
responsibilities and respective capabilities in the climate change regimandibook of
Climate Change and Indi&outledge.

Rajamani, L. (2012). The changing fortunes of differential treatment in the evolution of international
environmental lawinternational Affairs 88(3), 605-623. https://doi.org/10.1111/j.1468
2346.2012.01091.x

280



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Rajamani, L., & Bodansky, D. (2019). The Paris Rulebook: Balancing international prescriptiveness
with national discretioninternational and Comparative Law Quarter§g(4), 1023-1040.
https://doi.org/10.1017/S0020589319000320

Rajamani, L., Jeffery, M. L., Hbhne, N., Hans, F., Glass, A., Ganti, G., & Geiges, A. (2021). National
‘“fair shares’ in reducing greenhouse gas emi
international environmental lavZlimate Policy 21(8), 983-1004.
https://doi.org/10.1080/14693062.2021.1970504

Rao, N. D., & Baer, P. (2012). * De Bustainabiltyi vi ng’ €
4(4), 656-681. https://doi.org/10.3390/su4040656

Raupach, M. R., Davis, S. J., Peters, G. P., Andrew, R. M., Canadell, J. G., Ciais, P., Friedlingstein,
P., Jotzo, F., van Vuuren, D. P., & Le Quéré, C. (2014). Sharing a quota on cumulative carbon
emissionsNature Climate Changd, 873-879. https://doi.org/10.1038/nclimate2384

Rawls, J. (1999)A theory of justicéRevised edition). Oxford University Press.

Redman, P. (2022New TCFD ESG disclosure requirements in Canada and the UK: How the TCFD
four pillars work in climate risk reportingOneTrust. https://www.onetrust.com/blog/tcfd
esgdisclosurerequirementsanadauk/

Reeve, D., Comendant, C., Blick, G., & Yarrall, D. (20I9)e national importance of the six largest
hydroelectric power schemes for the New Zealand electricity system and climate change
objectiveqpp. 144).

Rekker, S., lves, M. C., Wade, B., Webb, L., & Greig, C. (2022). Measuring corporate Paris
compliance using a strict scierbased approaciNature Communicationd3, Article 4441.
https://doi.org/10.1038/s414822311434

RendonHuerta, J. A., PineRodriguez, J. M., Garciladpez, J. C., YafeEstrada, L. G., & Kebreab,

E. (2013). Trends in greenhouse gas emissions from dairy cattle in Mexico between 1970 and
2010.Animal Production Scien¢&4(3), 292-298. https://doi.org/10.1071/AN12327

Ri ahi , K., van Vuur en, D. P. , Kriegler, E. , Edmc
Calvin, K., Dellink, R., FrickpO., Lutz, W., Popp, A., Cuaresma, J. C., Kc, S., Leimbach,
M. , Jiang, L., Kr am, T. , Rao, S. , Emmer |l i ng,

Socioeconomic Pathways and their energy, land use, and greenhouse gas emissions
implications: An overviewGlobal Environmental Changd?2, 153-168.
https://doi.org/10.1016/j.gloenvcha.2016.05.009

Ri ser , R. V. (2006) . Di sfranchi sement, the U. S.
constitutional convention debates the Grandfather cl&userican Journal of Legal History
48(3), 237279. https://doi.org/10.2307/25434804

Roberts, J. T., Weikmans, R., Robinson, S., Ciplet, D., Khan, M., & Falzon, D. (2021). Rebooting a
failed promise of climate financblature Climate Changd 1, 18G-182.
https://doi.org/10.1038/s4158821-0099062

281



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Robiou du Pont, Y., Jeffery, M. L., Gutschow, J., Rogelj, J., Christoff, P., & Meinshausen, M. (2017).
Equitable mitigation to achieve the Paris Agreement gbitire Climate Changé, 3843.
https://doi.org/10.1038/nclimate3186

Robiou du Pont, Y., & Meinshausen, M. (2018). Warming assessment of the Joptt®aris
Agreement emissions pledgé&&ature Communication$, Article 4810.
https://doi.org/10.1038/s4146¥18-072239

Rodhe, H., Charlson, R., & Crawford, E. (1997). Svante Arrhenius and the greenhousémiifiégt.
26(1), 2-5.

Rogelj, J., Forster, P. M., Kriegler, E., Smith, C., & Séférian, R. (2019). Estimating and tracking the
remaining carbon budget for stringent climate tardéasure 571, 335-342.
https://doi.org/10.1038/s41588.9-1368 2

Rogelj, J., & Lamboll, R. D. (2024). Substantial reductions in@@a greenhouse gas emissions
reductions implied by IPCC estimates of the remaining carbon buclgmimunications
Earth & Environment5(1), 1-5. https://doi.org/10.1038/s432423-011688

Rose, A., & Tietenberg, T. H. (1993). An international system of tradeable@i@ements:

Implications for economic developmeiihe Journal of Environment & Developme2(tl),
1-36. https://doi.org/10.1177/107049659300200102

Roser, D., & Seidel, C. (201 limate justice: An introductiorRoutledge.

Roser, D., & Tomlinson, L. (2014). Trade policies and climate change: Border carbon adjustments as
a tool for a just global climate regimgncilla luris, 223-245.

Ryan, P. (2015). Positivism: Paradigm or cultuPelicy Studies36(4), 417433.
https://doi.org/10.1080/01442872.2015.1073246

Sachs, N. M. (2019). The Paris Agreement in the 2020s: Breakdown or bré&aiaipgy Law
Quarterly, 46(1), 865-910.

Saunders, C. M., & Barber, A. (200Qomparative energy and greenhouse gas emissions of New
Zeal andbés and t h(do. 29K gps £25).aAgribuginessrand EEcohomigs
Research Unit. https://digitalnz.org/records/211761

Saunois, M., Stavert, A., Poulter, B., Bousquet, P., Canadell, J., Jackson, R., Raymond, P.,

Dlugokencky, E., Houweling, S., Patra, P., Ciais, P., Arora, V., Bastviken, D., Bergamaschi,

n

P., Blake, D., Brailsford, G., Bruhwiler, L., Carlson, K., Carrol, M., Zhuang, Q. (202

The global methane budgé&arth Sys. Sci. Datd 2, 15611623.
https://doi.org/10.5194/esskP-1561-2020

Saward, M. (2002). Rawls and del i Daempocsatyiavy e democr

public deliberation: New perspectivgsp. 112-130). Manchester University Press.
SBTi. (2023).SBTi monitoring report 2022: Looking back at 2022 and moving forward to 2023 and
beyond https://sciencebasedtargets.org/reportsfabtiitoringreport2022

282



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Schelling, T. C. (1992). Some economics of global warnmiihg. American Economic Revigs(1),
1-14.

Schierhorn, F., Kastner, T., Kuemmerle, T., Meyfroidt, P., Kurganova, I., Prishchepov, A. V., Erb, K.
H., Houghton, R. A., & Miller, D. (2019). Large greenhouse gas savings due to changes in
the postSoviet food system&nvironmental Research Lettedg)(6), Article 065009.
https://doi.org/10.1088/1748326/ab1cfl

Schleussner, €F., Andrijevic, M., Kikstra, J., Heede, R., Rogelj, J., Simpkin, H., & Schmidt, S.
(2023).Car bon majorsé trillion dollar damages:
to loss and damage finan@ep. 129). Climate Analytics.

https://climateanalytics.org/publications/carbroajorstrillion -dollar-damages

Schmidt Jr., B. C. (1982). Principle and prejudice: The Supreme Court and race in the progressive era.

Part 3: Black disfranchisement from the KKK to the Grandfather Cl&sambia Law
Review82(5), 835-905. https://doi.org/10.2307/1122210

Schroeder, H., Boykoff, M. T., & Spiers, L. (2012). Equity and state representations in climate
negotiationsNature Climate Chang®, 834-836. https://doi.org/10.1038/nclimate1742

Schuessler, R. (2017). A ludgdased moral defence of grandfathering. In L. H. Meyer & P. Sanklecha
(Eds),Climate justice and historical emissiofpp. 14+164). Cambridge University Press.

Schulan, A., Tank, L., & Baatz, C. (2023). Distributive justice and the global emissions budget.
WIRESs Climate Changé&4(5), Article e847. https://doi.org/10.1002/wcc.847

Seo, S. N. (2017). Beyond the Paris Agreement: Climate change policy negotiations and future
directions.Regional Science Policy & Practic®(2), 121-141.
https://doi.org/10.1111/rsp3.12090

Shah, A., Mat, C. R. C., Ibrahim, A., Zhang, Y., & Muzammil, S. (20@#@justrial Ecology: A fusion
of material and energy in green supply chain contggtinger.

Shine, K. P. (2009). The global warming potertidlhe need for an interdisciplinary retri@limatic
Change 96, 467472. https://doi.org/10.1007/s105889-964 7-6

Shine, K. P., Berntsen, T. K., Fuglestvedt, J. S., Skeie, R. B., & Stuber, N. (2007). Comparing the
climate effect of emissions of sheand longlived climate agent®hilosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences
3651856), 19031914. https://doi.org/10.1098/rsta.2007.2050

Shine, K. P., Fuglestvedi. S., Hailemariam, K., & Stuber, N. (2005). Alternatives to the Global
Warming Potential for comparing climate impacts of emissions of greenhouse@asasc
Change 68, 281-302. https://doi.org/10.1007/s10588511469

Shishlov, I., Morel, R., & Bellassen, V. (2016). Compliance of the Parties to the Kyoto Protocol in the
first commitment periodClimate Policy 16(6), 768-782.
https://doi.org/10.1080/14693062.2016.1164658

283

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Shue, H. (1993). Subsistence emissions and luxury emiskmn: Policy, 15(1), 39-59.
https://doi.org/10.1111/j.1469930.1993.tb00093.x

Shue, H. (1994). After you: May action by the rich be contingent upon action by théngitana
Journal of Global Legal Studie$(2), 343-366.

Shue, H. (1999). Global environment and international inequéligrnational Affairs (Royal
Institute of International Affairs 19441 75(3), 531545.

Shue, H. (2014)Climate justice: Vulnerability and protectidast edn). Oxford University Press,
Incorporated.

Shue, H. (2019). Subsistence protection and mitigation ambition: Necessities, economic and climatic.
The British Journal of Politics and International RelatipB%(2), 251-262.
https://doi.org/10.1177/1369148118819071

Sikandar, A. (2015). John Dewey and his philosophy of educdimomnal of Education and
Educational Developmer2(2), 192201. https://doi.org/10.22555/joeed.v2i2.446

SinnottAr mstrong, W. (2005) . lt’s not my fault: GI ol
W. SinnottArmstrong & R. B. Howarth (EdsRerspectives on climate change: Science,
economics, politics, ethi¢¥ol. 5, pp. 285307). Emerald Publishing Limited.
10.1016/S1568740(2005)5

Skeie, R. B., Fuglestvedt, J. S., Berntsen, T. K., Peters, G. P., Andrew, R. M., Allen, M. R., &
Kallbekken, S. (2017). Perspective has a strong effect on the calculation of historical
contributions to global warmindenvironmental Research Letted®(2), Article 024022.
https://doi.org/10.1088/1748326/aa5b0a

Smith, C. J., Forster, P. M., Allen, M. R., Leach, N., Millar, R. J., Passerello, G. A., & Regayre, L. A.
(2018). FAIR v1.3: A simple emissioitmsed impulse response and carbon cycle model.
Geoscientific Model Developmetl(6), 2273-2297. https://doi.org/10.5194/grid-2273
2018

Smith, S. M., Lowe, J. A., Bowerman, N. H. A., Gohar, L. K., Huntingford, C., & Allen, M. R.
(2012). Equivalence of greenhowgas emissions for peak temperature linhtsture Climate
Change 2, 535-538. https://doi.org/10.1038/nclimate1496

Solaymani, S. (2020). A C@missions assessment of the green economy inGraenhouse Gases:
Science and Technologh(2), 396407. https://doi.org/10.1002/ghg.1969

Songwe, V., Stern, N., & Bhattacharya, A. (20&hance for climate action: Scaling up investment
for climate and developmefgp. 197). Grantham Research Institute on Climate Change and
the Environment, London School of Economics and Political Science.
https://www.lse.ac.uk/granthaminstitute/publication/finafareclimate-actionscalingup-
investmerdfor-climateanddevelopmat/

Sprague, G. F. (1975). Agriculture in Chisience1884188), 549555.
https://doi.org/10.1126/science.188.4188.549

284



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Steinberger, J. K., & Roberts, J. T. (2010). From constraint to sufficiency: The decoupling of energy
and carbon from human needs, 1:92805.Ecological Economics((2), 425433.
https://doi.org/10.1016/j.ecolecon.2010.09.014

Steininger, K. W., Lininger, C., Meyer, L. H., Mufioz, P., & Schinko, T. (2016). Multiple carbon
accounting to support just and effective climate polidigure Climate Chang®, 3541.
https://doi.org/10.1038/nclimate2867

Steininger, K. W., Mufioz, P., Karstensen, J., Peters, G. P., Strohmaier, R., & Velazquez, E. (2018).
Austri a’ s -basedgseenhopse gas emissions: Identifying sectoral sources and
destinationsGlobal Environmental Changd8, 226-242.
https://doi.org/10.1016/j.gloenvcha.2017.11.011

Stenzel, A., & Waichman, I. (2023). Supgihiain data sharing for scope 3 emissidig.Climate
Action, 2, Article 7. https://doi.org/10.1038/s441623-00032x

Stern, N. (2006)The economics of climate change: The Stern Re@awbridge University Press.

Stern, R. (2004) . Does ‘ Ought 'Utlitampe{ly 426XCan’ ?
https://doi.org/10.1017/S0953820803001055

Stevens, L. B., Goodwin, J., Salisbury, E., Ahigren, C., Mangwana, P., & Nierop, M. V. (2017). A
national greenhouse gas inventory management system for South 8fean.Air Journal
27(2), 44-51. https://doi.org/10.17159/248BF2X/2017/n27n2a7

Stocker, T. F. (2011). Model hierarchy and simplified climate models. In T. F. Stocker (Ed.),
Introduction to climate modellingpp. 25-51). Springer. https://doi.org/10.1007/93&42
007736_2

Stokes, L. C. (2020%hort circuiting policy: Interest groups and the battle over clean energy and
climate policy in the American state@xford University Press.

Stone, C. D. (2004). Common but Differentiated Responsibilities in internationatagrican
Journal of International Law98(2), 276-301.

Stracqualursi, V., & Kann, D. (2021, February 19). US officially rejoins the Paris climate accord.
CNN https://edition.cnn.com/2021/02/19/politicshegoinsparisagreemenbiden
administration/index.html

Suhr, M. (1997). Robert O. Keohane: A contemporary classic. In I. B. Neumann & O. Waever (Eds),
The future of International Relatioifgp. 96-120). Routledge.

Sun, Y:Y., Lenzen, M., & Liu, B-J. (2019). The national tourism carbon emission inventory: Its
importance, applications and allocation framewodksirnal of Sustainable Touris27(3),
360-379. https://doi.org/10.1080/09669582.2019.1578364

Supran G. J. S., & Oreskes, N. (2017). Assessi
(19772014).Environmental Research Lettel(8), Article 084019.
https://doi.org/10.1088/1748326/aa815f

285

n

E



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Supran, G. J. S., Rahmstorf, S., & Oreskes,
projections Science3796628), Article eabk0063. https://doi.org/10.1126/science.abk0063

Szirmai, A. (2012). Industrialisation as an engine of growth in developing countries 20050
Structural Change and Economic Dynamiz3(4), 406-420.
https://doi.org/10.1016/j.strueco.2011.01.005

Szopa, S., Naik, V., Adhikary, B., Artaxo, P., Berntsen, T., Collins, W. D., Fuzzi, S., Gallardo, L.,
KiendlerScharr, A., Klimont, Z., Liao, H., Unger, N., & Zanis, P. (2021). Shoed
Climate Forcers. I€limate Change 2021: The Physical Science Basis. Contribution of
Working Group | to the Sixth Assessment Report of the Intergovernmnetal Panel on Climate
Change(pp. 817922). Cambridge University Press.
https://doi.org/10.1017/9781009157896.008

Tan, K-C. (2023). Climate reparations: Why the polluter pays principle is neither unfair nor
unreasonablaVIREs Climate Changé&4(4), Article e827. https://doi.org/10.1002/wcc.827

ten Raa, T. (2017). Introduction. In T. ten Rdandbook of InpuDutput Analysigpp. £6). Edward
Elgar Publishing Limited.

Teng, F., He, J., Pan, X., & Zhang, C. (2011). Metric of carbon equity: Carbon Gini Index based on
historical cumulative emission per capitalvances in Climate Change ReseaB), 134~
140. https://doi.org/10.3724/SP.J.1248.2011.00134

Tham, J. (2016). Applied Ethics. In H. A. M. J. ten Have (E€hgyclopedia of Global Bioethi¢pp.
156-165). Springer. 10.1007/978319-094830_26

Thucydides. (2003). Chapter XVII: Sixteenth Year of the Wahe Melian ConfereneceFate of
Melos (R. Crawley, Trans.). lfihe History of the Peloponnesian WRroject Gutenberg.
(Original work published 431 B.C.). https://www.gutenberg.org/files/7142Fh1AP42
h.htm

Tietenberg, T. H. (2006). The initial allocation.Emissions trading: Principles and practi¢znd
edn). Routledge.

Tripathi, A., & Prasad, A. R. (2009). Agricultural development in India since Independence: A study
on progress, performance, and determinaastnal of Emerging Knowledge on Emerging
Markets 1(1). https://doi.org/10.7885/19481X.1007

Tukker, A., & Dietzenbacher, E. (2013). Global multiregional inutiput frameworks: An
introduction and outlookEconomic Systems Resegr2§(1), 1-19.
https://doi.org/10.1080/09535314.2012.761179

Tukker, A., Pollitt, H., & Henkemans, M. (2020). Consumptimsed carbon accounting: Sense and
sensibility.Climate Policy 20(S1), S+S13. https://doi.org/10.1080/14693062.2020.1728208

Tukker, A., Wood, R., & Schmidt, S. (2020). Towards accepted procedures for calculating
international consumptiehased carbon accoun@imate Policy 20(S1), S96S106.
https://doi.org/10.1080/14693062.2020.1722605

286

N.

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Tusiani, M. D., & Johnson, AM. (2023).From black gold to frozen gas: How Qatar became an
energy superpoweColumbia University Press.

Tyndall, J. (1859). On the transmission of heat of different qualities through gases of different kinds.
Proceedings of the Royal Institutid) 155-158.

Tyndall, J. (1861). On the absorption and radiation of heat by gases and vEpdasaphical
Magazine Series, 22, 169-194, 273285.

UNEP. (2018)The Emissions Gap Report 20(p. 185). United Nations Environment Programme.
https://www.unep.org/resources/emissigagreport2018

UNEP. (2024)Emi ssi ons Gap Report 2024: No more hot ai.
rhetoric and reality, countries draft new climate commitm@ops 1-75). United Nations
Environment Programme. https://www.unep.org/resources/emisgamneport2024

UNFCCC. (n.d.)NDC Registry United Nations Climate Change. https://unfccc.int/NDCREG

UNFCCC, 9 May 1992. https://unfccc.int/resource/docs/convkp/conveng.pdf

van den Berg, N. J., van Soest, H. L., Hof, A. F., den Elzen, M. G. J., van Vuuren, D. P., Chen, W.,
Drouet, L., Emmerling, J., Fujimori, S., Hohne, N., Kéberle, A. C., McCollum, D., Schaeffer,
R., Shekhar, S., Vishwanathan, S. S., Vrontisi, Z., & Blok2K20). Implications of various
effort-sharing approaches for national carbon budgets and emission patGlimgsic
Change 162 1805-1822. https://doi.org/10.1007/s105849-02368y

Vanderheiden, S. (2004). Knowledge, uncertainty, and responsibility: Responding to climate change.
Public Affairs Quarterly18(2), 141+158.

Vanderheiden, S. (2008\tmospheric justice: A political theory of climate chan@eford
University Press.

Vanderheiden, S. (2016). The obligation to know: Information and the burdens of citiz&tbkldal
Theory and Moral Practigel9, 297-311. https://doi.org/10.1007/s10601596180

Vaziri, A. (2024, April 16). Califor nTheaSam et ai ns
Francisco Chroniclehttps://www.sfchronicle.com/california/article/califormetains
standingworld-s-5th-largest19406905.php

Victor, D. G. (2011)Global warming gridlock: Creating more effective strategies for protecting the
planet(1st edn). Cambridge University Press.

Vifiuales, J. E., Depledge, J., Reiner, D. M., & Lees, E. (2017). Climate policy after the Paris 2015
climate conferenceClimate Policy 17(1), 1-8.
https://doi.org/10.1080/14693062.2016.1242060

Voisard, A., & WallimanaHelmer, I. (2024). Towards a practical climate ethics: Combining two
approaches to guide ethical decisioaking in concrete climate governance contextics,
Policy & Environment27(3), 333-349. https://doi.org/10.1080/21550085.2023.2236504

Waltz, K. N. (1979)Theory of international politicdMcGrawHill Professional.

287



Cal cul ating countries’ fai+N.Igebfghess)s f or addr essi

Wang, Y., Jiang, J. H., & Su, H. (2015). Atmospheric responses to the redistribution of anthropogenic
aerosolsJournal of Geophysical Research: Atmosphet@§(18), 96259641.
https://doi.org/10.1002/2015JD023665

Ward, D. S., & Mahowald, N. M. (2014). Contributions of developed and developing countries to
global climate forcing and surface temperature chaigeironmental Research Lette7),
Article 074008. https://doi.org/10.1088/179826/9/7/074008

Watrrick, J., & Mooney, C. (2015, December 12). 196 countries approve historic climate agreement.
Washington Poshttps://www.washingtonpost.com/news/energy
environment/wp/2015/12/12/proposhki$toric-climate pactnearsfinal-vote/

Weikmans, R., & Roberts, J. T. (2019). The international climate finance accounting muddle: Is there
hope on the horizonClimate and Developmerit1(2), 974111.
https://doi.org/10.1080/17565529.2017.1410087

Weisbrot, M., & Sandoval, L. (2007)he Venezuelan economy in the Chavez \(parsk-22).

Center for Economic and Policy Research.
https://www.cepr.net/documents/publications/venezuela_2007_07.pdf

Westing, A. H., Baer, P., Harte, J., Haya, B., Herzog, A., Hultman, N., Kammen, D. M., Norgaard, R.
B., Holdren, J., & Raymond, L. S. (2001). Atmospheric ett8cience291(5505), 827328.

Wiedmann, T. (2009a). A review of recent muéigion inputoutput models used for consumption
based emission and resource accountteglogical Economic69(2), 211-222.
https://doi.org/10.1016/j.ecolecon.2009.08.026

Wiedmann, T. (2009b). Editorial: Carbon footprint and inpuitput analysis an introduction.

Economic Systems Resear2i(3), 175-186. https://doi.org/10.1080/09535310903541256

Wiedmann, T., Chen, G., Owen, A., Lenzen, M., Doust, M., Barrett, J., & Steele, K. (2021}. Three
scope carbon emission inventories of global citlesrnal of Industrial Ecology25(3), 735-

750. https://doi.org/10.1111/jiec.13063

Wiedmann, T., Wood, R., Minx, J. C., Lenzen, M., Guan, D., & Harris, R. (2010). A carbon footprint
time series of the Uk results from a mulregional inputoutput modelEconomic Systems
Research22(1), 1942. https://doi.org/10.1080/09535311003612591

Wiegandt, E. (2001). Climate change, equity, and international negotiations. In U. Luterbacher & D.
F. Sprinz (Eds)international relations and global climate changp. 127150). The MIT
Press. https://mitpress.mit.edu/9780262621496/internatietelonsandglobalclimate
change/

Wilkinson, E., Bishop, M., & Castill&Vinckels, N. S. (2022, November 4). Why a chain of tiny
Pacific islands wants an international court opinion on responsibility for the climate crisis.
The Conversatiarttp://theconversation.com/wdaychainof-tiny-pacific-islandswantsart

internationalcourtopinion-on-responsibilityfor-the-climatecrisis 193595

288

n



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

William, F. K. A. (2024) Delving into the principles and application of positivism in research: A
guide for scholars14§1), 7~13. https://doi.org/10.47119/IJRP1001461420246237

Williges, K., Meyer, L. H., Steininger, K. W., & Kirchengast, G. (2022). Fairness critically conditions
the carbon budget allocation across countfisbal Environmental Chang&4, Article
102481. https://doi.org/10.1016/j.gloenvcha.2022.102481

Winkler, H., & Depledge, J. (2018). Fimj-Bonn: Wi |l | t he *‘ TlanktaPolicy spi ri t
18(2), 141145. https://doi.org/10.1080/14693062.2018.1417001

Winkler, H., SpaldingFecher, R., & Tyani, L. (2002). Comparing developing countries under
potential carbon allocation schem€&simate Policy 2(4), 303-318.
https://doi.org/10.3763/cpol.2002.0236

Wood, R. (2017). Environmental footprints. In T. ten Raa (Ethhdbook of InpuOutput Analysis
(pp. 175-222). Edward Elgar Publishing Limited.

World Bank. (2021)The changing wealth of nations 2021: Managing assets for the fiilodd
Bank. https://hdl.handle.net/10986/36400

Wortman, S. (1975). Agriculture in Chin&cientific American2326), 13-21.

Wurzel, R. K. W., Liefferink, D., & Torney, D. (2019). Pioneers, leaders and followers in multilevel
and polycentric climate governan&nvironmental Politics28(1), 1-21.
https://doi.org/10.1080/09644016.2019.1522033

Wyns, A. (2023). COP27 establishes loss and damage fund to respond to human cost of climate
changeThe Lancet Planetary Healtfi(1), e2122. https://doi.org/10.1016/S2542
5196(22)00334X

Yanow, D., & SchwartShea, P. (Eds). (2014nterpretation and method: Empirical research
methods and the interpretive tufand edn). M.E. Sharpe, Inc.

Yona, L., Cashore, B., Jackson, R. B., Ometto, J., & Bradford, M. A. (2020). Refining national
greenhouse gas inventoriésnbiqg 49, 1581-1586. https://doi.org/10.1007/s132809
013129

Yu, B., Zhao, Q., & Wei, ¥M. (2021). Review of carbon leakage under regionally differentiated
climate policiesScience of The Total Environmgn82, Article 146765.
https://doi.org/10.1016/j.scitotenv.2021.146765

Yu, P., Cai, Z., & Sun, Y. (2021). Does the emissions trading system in developing countries
accelerate carbon leakage through OFDI? Evidence from (Bmeagy Economicd0],

Article 105397. https://doi.org/10.1016/j.eneco0.2021.105397

Zheng, J., Mi, ZzZ., Coff man, D., Shan, Y., Guan,
carbon emissions growth in the new phase of economic develogbmenEarth 1(2), 246~
253. https://doi.org/10.1016/j.oneear.2019.10.007

289



Cal cul ating countries’ fai+N.IgeB@hess)s f or addr essin

Zheng, Y., Davis, S. J., Persad, G. G., & Caldeira, K. (2020). Climate effects of aerosols reduce
economic inequalityNature Climate Changd0, 220-224. https://doi.org/10.1038/s41558
020-0699y

Zhou, P., & Wang, M. (2016). Carbon dioxide emissions allocation: A reiealogical Economigs
125 47-59. https://doi.org/10.1016/j.ecolecon.2016.03.001

290



Calculating countries’

Appendices

f ai—+N.Igeb @hess)s f or

Appendix A: R code for transforming data into a columnwise

format

# Getting total wealth data into column

# Setting working directory
setwd ("C:/Users/..." )

# Clearing variables
rm(list  =ls ()

library  (tidyverse )
library  (tidyr )

wide_data <- read.csv ("wealth indicators.csv"

new_tidy data <- pivot_longer (wide_data, "X

"Year" , values_ to = "Value" )

- wise format

, header =TRUB

1 "X.237, names_to =

addr essin
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Appendix B: Dictionary of ISO codes and country names

# Country
1 Aruba
2 Afghanistan
3 Angola
4 Albania
5 Andorra
6 Netherlands Antilles
7 UAE
[}
9
10 Argentina
11 Armenia
12 American Samoa
13

Code
ABW
AFG
AGO
ALB
AND
ANT
ARE

ARG
ARM

14

15 Australia

16 Austria AUT
17 Azerbaijan AZE
18 Burundi BDI
19 Belgium BEL
20 Benin BEN
21 Burkina Faso BFA
22 Bangladesh BGD
23 Bulgaria BGR
24 Bahrain

25

26

27 Bosnia and Herzegovina BIH
28 Belarus BLR
29 Belize BLZ
30 Bermuda BMU

# Country Code
EFS
3z
33 Brazil BRA
34 Barbados BRB
35
36
37 Bhutan BTN
36 Botswana

39
40

41 Canada

42 Channel Islands CHA
43 Switzerland CHE
44 Chile CHL

45 China
46

47

48

49

50 Cameroon
51

52

53

54

55

CMR

56
57
58
59
60 Colombia coL

# Country
61 Comoros
62
63
64 Costa Rica
65 Cuba
66 Curacao
67 Cayman Islands
68 Cyprus

71 Germany
72 Djibouti
73 Dominica

74 Denmark
75

or

addressin

Code
COM

Ccue
Cuw
CYM
CYP

69
70

DEU
Di
DMA
DNK

g climate change
# Country Code
9 Micronesia, Fed. S5 FSM
82 Gabon GAB
93

94

95

96

97 Georgia

98 Guernsey GGY
99 Ghana GHA
100 Gibraltar GIB
101 Guinea

102

103

104

105

76 106 Guinea-Bissau GNB
77 Algeria DZ4 107 Equatorial Guinea GNQ
78 Ecuador ECU 108 Greece GRC
79 109 Grenada GRD
80 110 Greenland GRL
81 Eritrea ERI 111 Guatemala GTM
82 Western Sahara ESH 112 French Guiana GUF
83 Spain ESP 113 Guam GUM
84 Estonia EST 114 Guyana GUY
85 Ethiopia ETH 115

86 Finland FIN 116

87 Fiji FIl 117

88 France FRA 118 Honduras HND
89 Faroe Islands FRO 119 Croatia HRV
90 [Micronesta (Federated States of) | TRSM] 120 Haiti HTI
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# Country Code  # Country Code  # Country Code  # Country Code
121 Hungory o 151 o1 -
122 Indonesia IDN 152 182 212 Palau PLW
123 Isle of Man IMN 153 183 Mali MU 213
124 India IND 154 184 Malta MLT 214
125 Ireland IRL 155 Lebanon LBN 185 Myanmar MMR 215 Poland POL
126 156 Liberia LBR 186 Montenegro MNE 216 Puerto Rico PRI
127 157 Libya LBY 187 Mongolia MNG 217
128 158 188 Northern Mariana Islands MNP 218
129 Iraq IRQ 159 189 Mozambique MOZ 219
130 Iceland ISL 160 Liechtenstein LIE 190 Mauritania MRT 220 Portugal PRT
131 Israel ISR 161 Sri Lanka LKA 181 Mauritius MUS 221 Paraguay PRY
132 laly ITA 162 Lesotho LSO 192 Malawi MWl 222
133 Jamaica JAM 183 Lithuania LTU 193 Malaysia MYS 223
134 Jersey JEY 164 Luxembourg LUX 194 Namibia NAM 224
135 Jordan JOR 165 Latvia LVA 195 New Caledonia NCL 225
136 Japan JPN 166 196 226 French Polynesia PYF
137 Kazakhstan KAZ 187 197 227 Qatar QAT
138 Kenya 168 198 Nigeria NGA 228 Romania ROU
139 169 St. Martin (French part) MAF 199 Nicaragua NIC 229 Rest of World ROW
140 170 Morocco MAR 200 230

141 Cambodia 171 Monaco MCO 201 231
142 Kiri 172 202 Norway NOR 232

143 173 203 Nepal NPL 233 Rwanda RWA
144 174 204 Nauru MNRU 234 Saudi Arabia SAU
145 175 Madagascar MDG 205 New Zealand NZL 235 Sudan SDN
146 176 Maldives MDV 206 Oman OMN 236 South Sudan SDS
147 177 Mexico MEX 207 Pakistan PAK 237 Senegal SEN
148 178 Marshall Islands 208 Panama PAN 238 Singapore 3GP
149 179 209 Peru PER 239 Svalbard and Jan Mayen SIM
150 Kuwait 180 210 Philibpines . UPHL . 240 Solomon Istands sLB
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# Country # Country # Country Code
241 Sierra Leone 271 301 Vanuatu vuT
242 El Salvador 272 302 Samoa WSsM
243 San Marino 273 303 Kosovo KAK
244 Somalia 274 304
245 Serbia SRB 275 Tuvalu TUV 305

246 South Sudan 276 306 South Africa ZAF
247 Sao Tome and Principe 277 307 Zambia IMB
248 Sudan 278 308 Zimbabwe ZWE
249 Suriname 279
250 280

251 281
252 Slovenia
253 Sweden
254

282 Uganda UGA
283 Ukraine UKR
284 Uruguay

285

286

255

256

257 Sint Maarten (Dutch part)
258 Seychelles
259

287
288
289 Former USSR USR
290 Uzbekistan UZB

260

261 Turks and Caicos Islands 291 Holy See

262 Chad 292

263 Togo 293

264 Thailand

265 Tajikistan TIK 295

266 Turkmenistan TKM 296

267 Timor-Leste TLS 297 British Virgin Islands VGB
268 Tonga TON 298 Virgin Islands (U.5.)

269 Trinidad and Tobago TTO 299

270 Tunisia TUN 300
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Appendix C: Modified code from Callahan and Mankin (2022)

hist_emissions_subtract =

xr .DataArray(  np.zeros(( niso , | GGG +hist emissions .shape),
coords =[iso , GG . s
pecies ],
dims=[ "is0" "tim
e", "species" ])

# first load hist emissions
hist_emissions_subtract [ | =

np.broadcast_to(  hist_emissions ,( niso , | GGG st emissions

.shape)

# now loop and subtract emissions for each country over the relevant years
for i in np.arange( O, len (iso ), 1):
country = iso [ii ]

hist_emissions_subtract  [ii , [}, 0] = hist_emissions [;, 0]

for ss in np.arange( 3, len (species ), 1): # we'lldo CO2 separately
sp = species [ ss]
it sp N + this line used to be: if sp in anthro_sp:
print (sp)
national_shares_spp =
xr .open_dataarray( loc_emissions_shares +'CEDS_National " +sp+'Emissions_Year
ly Shares " +accounting +" " +str (yl_shares ) +"-"+str (y2_shares )+".nc" )
hist_emissions_subtract [ii -shares_yr_overlap , SS]
hist_emissions [shares_yr overlap ,ss]*(1 -
national_shares spp .loc[ country ,:].values)
else :
hist_emissions_subtract [0, -shares_yr_overlap , SS]

hist_emissions [shares_yr overlap |, ss]
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# COZ2 fossil
hist_emissions_subtract [i ,-shares_yr_overlap 1] =

hist_emissions [shares_yr overlap ,1]*(1 - shares_co2 .loc[ country ,:].values)

# CO2 landuse
#hist_emissions_subtract[ii,shares_yr_overlap,2] =
hist_emissions[shares_yr_overlap,2]*( - shares_co2.loc[country,:].values)
co2_lulcf_country =
co2_lulcf .loc[ country ,yl shares :y2 shares ].values
if len (co2_lulcf_country [ ~np.isnan( co2_lulcf_country )])
len (co2_lulcf_country ):
hist_emissions_subtract [i ,-shares_yr_overlap 2] =
co2_lulcf .loc[:, yl_ shares :y2_ shares ].sum( dim="iso" ) - co2_lulcf_country
else :
hist_emissions_subtract [ii -shares_yr_overlap

co2_lulcf .loc[:;; yl shares :y2 shares ].sum( dim="iso" )

A

T subtract =

xr.DataArray(np.zeros((niso, B < (iime),nrun)),
coords =[iso, [ ime. run),
dims=[ "iso_attr’ , G (e’ "fair

_run"])
for i in np.arange( O,nrun, 1):

if (i ==0) | (np.mod(ii, 5)==0)):
print (ii)
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jj in np.arange( 0O,niso, 1):

country = isoljj]

for Kk, sub_sp __in_enumerate (species_subtract):
C, F, T_subtract]jj,kk,:,ii] =

fair_scm( emissions =hist_emissions_subtract[jj, B values,

natural =hist_natural_emiss
ions,

F_solar =hist_solar_forcing

F_volcanic =hist_volcanic_f
orcing,

r0 =r0_ensii], rc =rc_ensiii
], rt =rt_ens]ii],

tcrecs =tcrecs_enslii,:])

A

T_subtract.name = "temperatures"

t sub_df fair_runs = T_subtract.to_dataframe()

t sub df =

t sub_df fair_runs.groupby([‘iso_attr", "time"]).mean()
t_sub_df.to_csv( | EEEEEEEE)  his line usedto be

t sub_df.to_csv(‘temp_outputs_modified.csv')
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Appendix D: List of Eora-26 sectors

n Eora-26 sector

1

(XN & ) B - S R |

w0 o o~

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Agriculture

Fishing

Mining and Quarrying

Food & Beverages

Textiles and Wearing Apparel

Wood and Paper

Petroleum, Chemical and Non-Metallic Mineral Products
Metal Products

Electrical Machinery

Transport Equipment

Other Manufacturing

Recycling

Electricity, Gas and Water
Construction

Maintenance and Repair

Wholesale Trade

Retail Trade

Hotels and Restaurants

Transport

Post and Telecommunications
Financial Intermediation and Business Activities
Public Administration

Education, Health and Other Services
Private Households

Others

Re-export & Re-import

f

or

addr essi
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Appendix E: R code for calculatingc o u n t consuemgtion-based

emissions

# This R script reads in the following files and calculates
countries'

# consumption - based GHG emissions

# Below are the set of steps to follow

# 1. Read in Q_subset matrix, T matrix and FD matrix
# 2. Calculate output vector by summing rows of T matrix

# 3. Calculate direct intensity vector, f

# 4. Create technical coefficient matrix, A

# 5. Calculate total intensity vector, F

# a) Calculate identity matrix, | =. . . (use in - built R
function)
# Db) Calculate Leontief inverse, L = (I - AM-1

# c) Multiply L by direct intensity vector, f

# 6. Calculate total upstream emissions, E (E = F * FD)

# Setting working directory
setwd ( "C:/Users/..." )

# Clearing variables
rm(list  =ls ()

library  (dplyr )
library  (purrr )
library  (plyr )
library  (magrittr )
library  (stringr )
library  (fst )

library  (itertools )
library  (matlib )
library  (matrixcalc )
library  (tibble )
library  (phonTools )
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library  (stringr )
library  (reshape2 )
library  (reshape )
library (data.table )
library  (tibble )
library  (dplyr )
library  (tidyr )

e R R e S e R R R e s e e e
SRR

# Steps 1 & 2: Read in Q_subset matrix, T matrix and FD matrix, and

generate y_out vector

e R R e S e R R R e e e e e
SRR

# Q labels

Q _labels <- read.delim ("labels Q.txt" , header =FALSE)
# Checking that third column is filled entirely with NAs

sum(is.na (Q _labels [, 3]))

Q _labels <- Q _labels [, -3]

# T labels

T labels <- read.delim ("labels T.ixt" , header =FALSE)
# Checking that fifth column is filled entirely with NAs

sum(is.na (T_labels [, 5]))

T labels <- T_labels [,c(-2,-3,-5)]

T labels <- t(T_labels )

# FD labels

FD labels <- read.delim ("labels FD.txt" , header =FALSE)
sum(is.na (FD_labels [, 5])

FD_labels <- FD_labels [,c(-2,-3,-5)]

FD labels <- t(FD_labels )
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# Combine T labels and FD labels
TandFD_labels <- chind (T_labels, FD_labels )
rownames ( TandFD_labels ) <- NULL

# IPCC categories

IPCC _desc <- read.csv ("PRIMAP_ categories.csv" , header =TRUB
# Country codes and countries

Country_codes  <- read.csv ("Country codes.csv" , header =TRUB

years <- sort (c("2015" , "2014" , "2013" , "2012" , "2011" , "2010" ,
"2009" , "2008" , "2007" , "2006" , "2005" , "2004" , "2003" , "2002" ,
"2001" , "2000" , "1999" , "1998" , "1997" , "1996" , "1995" , "1994" ,
"1993" , "1992" , "1991" , "1990" ))

list_of files <- list.files (path = "C:/Users/.../Eora Files for R" :
pattern = NULL, all.files = FALSE
full.Lnames = FALSE, recursive = FALSE
ignore.case = FALSE, include.dirs =
FALSE, no.. = FALSE)

# ldentify files with Q matrix
find_Q_files <- str_detect (list_of files, "bp_Q.txt" )
Q files <- sort (list_of files [ which (find_Q_files == TRUB))

# Identify files with a T matrix

find_T_files <- str_detect (list_of files, "bp_T.txt" )
T_files <- sort (list_of_files [ which (find_T_files == TRUB))

# ldentify files with a FD matrix
find_FD_files <- str_detect (list_of files, "bp_FD.txt" )
FD_files  <- sort (list_of_files [ which (find_FD_files == TRUB))

#i = 23 #This is for the year 2012

for (i in 1:26) {
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# Getting Q matrix

# Q matrix

Q_matrix <- read.table (Q_files [i],header =FALSE sep ="\1")
# Checking for NA values

which (is.na (Q_matrix ))

# Taking relevant rows of Q_labels matrix and using this to index
and take the

# relevant rows of the Q matrix

Q_labels_sub  <- Q_labels [grepl (pattern ="PRIMAPHIST",
Q_labels [, 1] , 1

Q _labels sub [,2] <- gsub("[[]" ,™ ,Q_labels_ sub [, 2]

# Now just have 54 rows (there are 18 rows for each of the three
main GHGS)

Q_labels_sub2 <- Q_labels_sub [grepl (pattern = "MAPCO2|CH4|N20O",
Q_labels_sub [, 2]) , 1]

# Now just taking the total values for each of the GHGs

Q_labels_subset <- Q_labels_sub2 [grepl (pattern =
"TOTALexcludingLULUCF" , Q_labels_sub2 [,2D) ., 1]

Q _subset rows <- row.names (Q_labels subset )

# Getting total values for each of the GHGs for the entire Q

matrix
Q_matrix_subset = Q_matrix [ Q_subset rows, ]
Q_labels_factor <- Q_labels_subset [, 2]

Q_labels_factor

Q_labels_factor <- t(data.frame (lapply (Q_labels_ factor,
type.convert ), stringsAsFactors =FALSE))

Q_labels_factor

rownames ( Q_labels_factor ) <- NULL
# Adding in initial column which specifies which greenhouse gases
are being used
Q_matrix_subset_final = chind ( Q_labels_factor, Q_matrix_subset )

# Getting T matrix
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T _matrix <- read.table (T_files [i],header =FALSE)

# Checking for NA values

which (is.na (T_matrix ))
# Getting FD matrix
FD _files [ 2]

FD_matrix <- read.table (FD_files [i], header =FALSE

# Checking for NA values
which (is.na (FD_matrix ))

# Calculating total output vector, y_out

T matrix_ y out <-rowSums(T_matrix )

# Calculating output vector from Final Demand, y_out FD
FD_matrix_y_out <- rowSums( FD_matrix )

y_out_vector <- T_matrix_y_out + FD_matrix_y_out

y_out_vector
y_out_vect_modified <- y out_vector
# Modifying the y_output vector by replacing zero entries with

ones
y_out_vect_modified [ which (y_out_vect_modified ==0)] <- 0.01

B R A A R AR R
HHIHHHFA

# Step 3: Calculate direct intensity vector, f

e e R e e e e e R R e e e e
S
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# We are going to keep the CH4, CO2 and N20 values separate

f CH4 <- Q_matrix_subset final [1,-1] / y_out vect _modified
f CH4 vec <- as.vector (f_CH4, mode='numeric’ )

f CO2 <- Q_matrix_subset final [2,-1] / y_out vect modified

f CO2 vec <- as.vector (f CO2, mode=numeric’ )

f N20 <- t (Q_matrix_subset_final [3,-1] / y_out vect modified )

f N20_vec <- as.vector (f_N20, mode='numeric’ )

HHAHR R AR AR AR AR AR AR AR AR A AR AR A AR AR AR AR
HHBHHHR

# Step 4: Create technical coefficient matrix, A

e R R S e S R e e e e e e

SRR

a _matrix <- sweep(T_matrix [,-4916], 2,y out vect modified, FUN =

T

# ldentify rows of y_out vector that have zeros and remove the
relevant columns

# from the a_matrix

indices  <- which (y_out_vector ==0)

a_matrix_without_zeros <- a_matrix [-indices, -indices ]
cols <- colnames (.a_matrix_without_zeros )

rows <- rownames (a_matrix_without_zeros )

e R R e R R R R R s e e e
S

# Step 5: Calculate total intensity vector, F

304

n



Calculating countries’™ fai~+NIseB@hess)s for addressin

B R R A R T R R R R R A R
BRI AT

| <- diag (dim(a_matrix_without_zeros )N 1D
a <- a_matrix_without_zeros

A<- 1| - a

Leontief_inv <- solve (A

cols <- colnames (Leontief_inv )

rows <- rownames ( Leontief inv )

row.names (Leontief inv ) <- cols

colnames (Leontief inv ) <- rows

#Now add columns which had been removed back in

a_columns_to_insert_later <- a_matrix [ ,indices ]

a_rows_to_insert_later <- a_matrix [indices, ]

A new <- as.data.frame (matrix (0, nrow = dim(a _matrix )[ 1], ncol =
dim(a_matrix )[ 2]) , row.names =NULL col.names =NULL

A_new[ indices, ] <- a_rows_to_insert_later

A_new[ ,indices ] <- a_columns_to_insert_later

A_new| cols,rows ] <- Leontief inv

A _new_matrix <- as.matrix (A_new)
F CH4 <- f CH4 vec %*%¥A_new_matrix
F CO2 <- f CO2_vec %*¥A_new_matrix

F N20 <- f N20_vec %*%A_new_matrix

e e R e e e e e R R e e e e
S

# Step 6: Calculate total upstream emissions, E (E = F * FD)

305



Calculating countries’ fai+NIseB@hess)s for addr essi

B R R A R R R R R R R R
HHAHHHR

FD_matrix_new <- t(as.matrix (FD_matrix y out ))
E_CH4 <- (F_CH4 FD_matrix_new ) #*25

E_CO2 <- F_CO2Z FD_matrix_new

E_N20 <- (F_N20O*FD_matrix_new ) #*298

# Now make a matrix with the FD labels:

final_df <- rbind (T_labels [1,],T labels [2,],E CH4,E CO2, E N20 )

row.names (final_df ) <- c("Country" ,"Industry" ,"CH4 ki" , "CO2 ki" ,
"N20_kt" )

final_df_transposed <- t(final_df )

row.names ( final_df transposed ) <- NULL

colnames ( final_df transposed ) <- c("Country" ,"Industry" ,"CH4 kt" ,

"CO2_kt" , "N20O_kt" )

final_df transposed <- data.frame (final_df transposed )
New_df <- chind (final_df transposed [1:2],

stack (final_df_transposed [ 3:5])
colnames (New_df) <- c("Country" ,"Industry" ,"Value" ,"Gas")

df <- New_df %>%separate (Gas, c('Gas' , 'Metric’ ))

Year <- data.frame (rep (years [i],dim(df)[ 1]))

colnames (Year) <- c('Year )

fin_ df <- cbind (df, K Year )

write.table (fin_df, "fin_df.csv" ,sep = "" ,row.names = FALSE

col.names = ! file.exists ("fin_df.csv" ), append = T)
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print (i)
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