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Abstract
This article argues that an improved legalmethodology is needed to ensure that states’ greenhouse
gas emissionsmitigation obligations are specified in linewith best available science and the equity
principle. In this vein, the article explores the extent to which the ‘meta-equity assessment’ of
states’ emissions by the Climate Action Tracker (CAT) can contribute to this aim. The article
finds that the CAT’s PRIMAP Equity tool, embedded in the Potsdam Real-time Integrated
Model for the probabilistic Assessment of emission Paths, offers the best available approach to
distributing a global carbon budget among states in line with equity criteria recognized by the
Intergovernmental Panel on Climate Change. The emissions data and global pathways used in
the PRIMAP Equity tool can be updated. The major challenge ahead lies in understanding
which of the emissions and temperature pathways can be applied in the legal context, and how.

Keywords: States’ mitigation obligations, Equity principle, Best available science, Meta-
equity assessment, Climate Action Tracker, PRIMAP Equity tool

1. 

‘Are we on track to bridging the gap? Absolutely not’.1 The United Nations Environment
Programme’s (UNEP) Emissions Gap Report of 9 December 2020 puts it unmistakably:
current policies, as well as the nationally determined contributions (NDCs) for 2030,
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1 UNEP, Emissions Gap Report 2020 (UNEP, 2020), p. xiv, available at: https://www.unep.org/emissions-
gap-report-2020.
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depart markedly from what is needed to meet the Paris Agreement’s2 temperature goal.3

There is, however, encouraging news in the form of the high number of mid-century net-
zero emissions targets put forward during 2020. According to the report, if achieved, these
net-zero targets could reduce global temperature rise by 0.5°C,4 and potentially bring the
temperature target of the Paris Agreement ‘within reach’.5 Critically, though, apart from
there being large consensus within the scientific community that even adherence to the
Paris Agreement’s temperature target would entail disastrous consequences for many vul-
nerable communities across the globe,6 NDCs for 2030, as well as current climate policy
projections, are far from aligned with the mid-century net-zero targets.7

Against this backdrop, in courtrooms around theworld the argument is being advanced
with increasing vehemence that states’ actions and omissions that contribute to climate
change can amount to a violation of states’ legal obligations.8 While different cases base
this argument on different fields of law (including human rights law, constitutional law,
and tort law), one daunting question inevitably looms over these judicial deliberations:
what exact level of greenhouse gas (GHG) emissions reduction is an individual state
required to achieve for it to satisfy its legal obligations?9 Answering this question is com-
plicated by, inter alia, the lack of an appropriate legal methodology for determining miti-
gation obligations.10

2 Paris (France), 12 Dec. 2015, in force 4 Nov. 2016, available at: https://unfccc.int/sites/default/files/eng-
lish_paris_agreement.pdf.

3 UNEP, n. 1 above, p. xvii.
4 Ibid., p. xxi.
5 Climate Action Tracker, ‘Paris Agreement Turning Point’, Dec. 2020, p. 5, available at: https://climateac-

tiontracker.org/documents/829/CAT_2020-12-01_Briefing_GlobalUpdate_Paris5Years_Dec2020.pdf.
6 See, e.g., A. Robinson, R. Calov & A. Ganopolski, ‘Multistability and Critical Thresholds of the

Greenland Ice Sheet’ (2019) 2 Nature Climate Change, pp. 429–32.
7 UNEP, n. 1 above, p. xvii.
8 See, among many, French Conseil d’État, Commune de Grande-Synthe v. French Government, Decision

of 1 July 2021, No. 427301 (Grande-Synthe); Brussels Court of First Instance, VZW Klimaatzaak
v. Kingdom of Belgium and Others, Decision of 17 June 2021, No. 2015/4585/A; Irish Supreme
Court, Friends of the Irish Environment CLG v. Government of Ireland, Judgment, 31 July 2020,
Appeal no. 205/19, [2020] IESC 49. For an overview of concluded and pending climate litigation
cases around the world, see the climate change litigation databases of the Sabin Centre for Climate
Change Law, Columbia Law School, available at: http://climatecasechart.com, and by the Grantham
Research Institute on Climate Change and the Environment, London School of Economics (LSE), avail-
able at: https://climate-laws.org/cclow. For a scholarly discussion of climate lawsuits in the human rights
context, see, e.g., A. Savaresi & J. Auz, ‘Climate Change Litigation and Human Rights: Pushing the
Boundaries’ (2019) 9(3) Climate Law, pp. 244–62; J.H. Knox, ‘Bringing Human Rights to Bear on
Climate Change’ (2019) 9(3) Climate Law, pp. 165–79; J. Peel & H.M. Osofsky, ‘A Rights Turn in
Climate Change Litigation?’ (2018) 7(1) Transnational Environmental Law, pp. 37–67;
M. Wewerinke-Singh, ‘Remedies for Human Rights Violations Caused by Climate Change’ (2019)
9(3) Climate Law, pp. 224–43.

9 See, e.g., F. Raynaud & J.S. Hoynck (Conseil d’État), ‘The Grande-Synthe Decision: Climate
Commitments, Accountability, and the Role of Courts’, 24 Feb. 2021, Yale School of the
Environment, at 00:39:10 and 01:01:00, available at: https://www.youtube.com/watch?
v=CsuDdcNq01c. For scholarly discussions see, e.g., M. Wewerinke-Singh, State Responsibility,
Climate Change and Human Rights under International Law (Hart, 2019), pp. 130–1, and
Wewerinke-Singh, n. 8 above, p. 235.

10 B. Mayer, ‘Case Note – The State of the Netherlands v. Urgenda Foundation: Ruling of the Court of
Appeal of The Hague (9 October 2018)’ (2019) 8(1) Transnational Environmental Law, pp. 167–92,
at 192; B. Mayer, ‘Interpreting States’ General Obligations on Climate Change Mitigation:
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This article explores the extent to which such a methodology could rely on what this
article calls the ‘meta-equity assessment’ of states’ GHG emissions provided by the
Climate Action Tracker (CAT or the Tracker).11 By constructing a range of options
that are considered fair by various scholars and applying these to 2 to 1.5°C benchmark
pathways, the CAT claims to offer a way in which to determine the mitigation level that
a country needs to achieve so that the temperature target of the Paris Agreement is met
without relying on other countries acting with a higher ‘relative ambition level’.12 As
claimants who seek more ambitious state climate action increasingly reference the
CAT,13 analyzing the Tracker’s assessment through a legal lens becomes imperative.

The article proceeds by way of a three-tier approach. Section 2 focuses on current
legal approaches towards interpreting states’ mitigation obligations and explores
why an improved legal methodology is urgently needed in this context. The article
then analyzes the extent to which the meta-equity assessment by the CAT could
serve as a basis for developing a legal methodology suited to the task. To this end,
Section 3 examines the methodology and data used by the Tracker from a legal perspec-
tive and compares it with other extant meta-equity methodologies. The article con-
cludes (Section 4) with a summary of the best available methodological approach
identified and offers an outlook of the challenges ahead.

2.        
 ’  

Article 2 of the Paris Agreement states that ‘[t]his Agreement … aims to strengthen the
global response to the threat of climate change … including by holding the increase in
the global average temperature to well below 2°C above pre-industrial levels and pur-
suing efforts to limit the temperature increase to 1.5°C above pre-industrial levels’.14

The Agreement stipulates that in pursuing this aim, each party’s climate action ‘will
… reflect its highest possible ambition, reflecting its common but differentiated respon-
sibilities and respective capabilities, in the light of different national circumstances’.15

The Paris Agreement further stresses the importance of acting in line with best available
science.16 Meanwhile, however, scientific analyses of state mitigation action show that
the international community is falling well short of what is required to limit global

A Methodological Review’ (2019) 28(2) Review of European, Comparative & International
Environmental Law, pp. 107–21, at 108.

11 Climate Action Tracker, available at: https://climateactiontracker.org.
12 Climate Action Tracker, ‘Methodology: Comparability of Effort’, available at: https://climateaction-

tracker.org/methodology/comparability-of-effort.
13 Portuguese Youth Case, 9 Sept. 2020, Application filed with EuropeanCourt of HumanRights (ECtHR),

para. 31, available at: https://youth4climatejustice.org/wp-content/uploads/2020/11/GLAN-ECtHR-
Application.pdf; Neubauer et al. v. Germany, 6 Feb. 2020, Constitutional Complaint filed before
German Constitutional Court, p. 19, available at: http://climatecasechart.com/climate-change-litiga-
tion/wp-content/uploads/sites/16/non-us-case-documents/2020/20200206_11817_complaint-2.pdf.

14 Paris Agreement, n. 2 above, Art. 2(1)(a).
15 Ibid., Art. 4(3).
16 Ibid., Arts 4(1) and 14(1).
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warming even to 2°C.17 Against this backdrop, climate litigation is increasingly used to
force more ambitious state action across the globe.18

The Paris Agreement does not contain specific guidelines on how the principle of
equity, which Article 4(3) refers to as ‘common but differentiated responsibilities and
respective capabilities’, is to be implemented in terms of the mitigation obligations of
individual states.19 Most courts that have upheld climate lawsuits in favour of more
ambitious state action so far have issued procedural injunctions which order govern-
ments to devise a plan to step up their efforts to tackle climate change.20 There is
only one case to date in which a national court of last resort has reinforced state miti-
gation obligations by ordering the state to achieve a particular minimum mitigation
level set by the court, and to do so within a specific time limit.21 In its landmark
Urgenda judgment, the Dutch Supreme Court ruled that the Dutch state was to reduce
its GHG emissions ‘by at least 25%’ compared with 1990 by the end of 2020.22 In set-
tling on this target, the court relied on the good-faith principle, opinio iuris, and state
practice. More specifically, the Supreme Court’s reasoning for upholding this target is
anchored, inter alia, in earlier statements by the Dutch government, which acknowl-
edged the necessity of adhering to this target,23 while the government’s reasons for sub-
sequently deviating from this target were ‘insufficiently substantiated’.24 This
argumentative structure results in formally straightforward judicial reasoning.
Indeed, lowering the ambition of a previously endorsed target on ‘insufficiently sub-
stantiated’25 grounds can be considered an uncontroversial violation of the principle
of good faith under most legal systems.26 Closer analysis, however, is warranted con-
cerning the way in which the substantive outcome of this judicial approach relates to
best available science and the equity principle. Such analysis requires distinguishing
between the following questions, which refer to fundamental steps towards specifying
states’ mitigation obligations in line with equity and best available science:

17 UNEP, n. 1 above, p. xvii.
18 Climate litigation is also targeted at private actors; see, e.g., The Hague District Court, Milieudefensie

et al. v. Royal Dutch Shell Plc, Judgment, 26 May 2021, ECLI:NL:RBDHA:2021:5339.
19 Paris Agreement, n. 2 above, Art. 4(3).
20 See, e.g., Colombian Supreme Court, Dejusticia v. Colombian Ministry of the Environment, Judgment,

5 Apr. 2018, STC4360-2018; Lahore High Court, Leghari v. Federation of Pakistan, Decision,
4 Sept. 2015, W.P. No, 25501/2015.

21 Note that in theGrande-Synthe decision of July 2021, the French Conseil d’État also ordered the state to
reduce its GHG emissions by a specific level and within a specific timeframe (40% by 2030). Other than
the Dutch Supreme Court, the Conseil d’État did not set this mitigation target itself but referred to, inter
alia, a national law specifying this target (Grande-Synthe, n. 8 above, paras 2, 6 and Art 1).

22 Supreme Court of the Netherlands, The State of the Netherlands v. Urgenda Foundation, Judgment,
20 Dec. 2019, ECLI:NL:HR:2019:2007 (Urgenda), Conclusion.

23 This includes decisions (listed at n. 29 below) adopted at meetings of the United Nations Framework
Convention on Climate Change (New York, NY (United States (US)), 9 May 1992, in force 21 Mar.
1994) (UNFCCC), available at: https://unfccc.int/resource/docs/convkp/conveng.pdf) and endorsed by
the Dutch government (Urgenda, n. 22 above, para. 7.2.3). Compare this judicial approach with an ana-
lysis of the judgment by the lower instance court: Mayer, ‘Case Note’, n. 10 above, pp. 188–9.

24 Urgenda, n. 22 above, paras 7.4.1, 7.4.2, 7.4.6 and 7.5.1.
25 Ibid., para. 7.5.1.
26 For a comparative analysis see Mayer, ‘States’ General Obligations’, n. 10 above, pp. 115–6.
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1. What global temperature pathway is to be pursued and at what likelihood level?
2. What global carbon budget/mitigation burden does this correspond to?
3. How should this carbon budget, or mitigation burden, be distributed equitably

among states?

To shed light on if and, if so, how the ‘at least 25%’ figure settled on by the Dutch court
deals with these questions, it is necessary firstly to consider the background to this fig-
ure. The ‘at least 25% by 2020’ figure is taken from a table contained in the Fourth
Assessment Report (AR4) of the Intergovernmental Panel on Climate Change (IPCC)
published in 2007.27 Several decisions adopted by Conferences of the Parties to the
United Nations Framework Convention on Climate Change (UNFCCC)28 explicitly
referred to this table29 and, in Urgenda, this table was introduced as evidence by the
claimant30 and accepted as fact by the courts of lower instance. According to the
AR4 table of 2007, in order to be on track with a 450 parts per million (ppm) carbon
dioxide equivalent (CO2e) scenario by 2100, which is generally considered to corres-
pond to a 2°C warming, developed countries were to reduce their GHG concentration
levels by between 25 and 40% by 2020.

With regard to the first question raised above concerning the global temperature
pathway and corresponding carbon budget, it is necessary to consider that the 25 to
40% range in the IPCC AR4 is a single-year target and, as such, it is highly time-
sensitive. Single-year targets do not consider cumulative emissions released up to the
target year.31 The fact that a country has achieved a single-year target does not, there-
fore, automatically mean that it has remained on the same long-term temperature path-
way with the same likelihood level as that intended at the time when the single-year
target was set. Published 12 years before the Dutch Supreme Court’s Urgenda judg-
ment, the reliability and accuracy of the emissions data underlying the ‘at least 25%’

figure at the time of the judgment are thus highly questionable.
As to the question of equitable distribution, the 25 to 40%mitigation range reflects a

summary of 16 equity studies of state climate action published between 2001 and

27 S. Gupta et al., ‘Policies, Instruments and Co-operative Arrangements’, in B. Metz et al. (eds), Climate
Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (Cambridge University Press, 2007), pp. 745–807, at
776, Box 13.7.

28 N. 23 above.
29 See, e.g., Decision 1/CP.13, Bali Action Plan, 14–15 Dec. 2007, UN Doc. FCCC/CP/2007/6/Add.1, p. 3,

available at: https://unfccc.int/resource/docs/2007/cop13/eng/06a01.pdf; Decision 1/CMP.6, Cancún
Agreements, 10–11 Dec. 2010, UN Doc. FCCC/KP/CMP/2010/12/Add.1, p. 3–4, available at:
https://unfccc.int/sites/default/files/resource/docs/2010/cmp6/eng/12a01.pdf.

30 The Urgenda Foundation asked for a ‘40% reduction level before 2020 compared to 1990 levels’, i.e., the
upper end of the 25–40% range it cited as evidence:Urgenda Foundation v.Kingdom of theNetherlands,
Summons of the Case, 25 June 2014, English translation by Urgenda, para. 201, available at:
https://www.urgenda.nl/wp-content/uploads/Translation-Summons-in-case-Urgenda-v-Dutch-State-v.
25.06.10.pdf. See also J. van Zeben, ‘Establishing a Governmental Duty of Care for Climate Change
Mitigation: Will Urgenda Turn the Tide?’ (2015) 4(2) Transnational Environmental Law, pp. 339–57.

31 Greenhouse Gas Protocol,Mitigation Goal Standard (World Resources Institute, 2014), p. 12, available
at: https://ghgprotocol.org/sites/default/files/standards/Mitigation_Goal_Standard.pdf.
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2006.32 Den Elzen and Höhne, the authors of the AR4 box,33 aggregated the results of
these 16 equity assessments into an emissions reduction range, thus producing what
this article will subsequently refer to as a ‘meta-equity assessment’. A mitigation level
of 25% is located at the least ambitious end of the range of what the authors behind
the 16 equity studies considered to be a fair contribution by industrialized countries
towards a stabilization of 450 ppm. Notably, a meta-equity assessment by the
Climate Action Tracker – which, in many respects, could be considered the AR4 box
version of September 2019, a few months prior to the Urgenda judgment – suggests
that a 25% reduction level would no longer correspond to the IPCC’s 2°C benchmark
pathway, but rather moves towards a 3°C pathway.34

Before exploring the Tracker’s methodology in depth through a legal lens, it is
opportune to consider the way in which the German Constitutional Court approached
the global pathway/carbon budget and equity questions in its climate judgment of
March 2021.35While limiting itself – at least for themoment36 – to issuing a procedural
injunction that obliges the ‘legislator’37 to specify mitigation targets post-2030, the
German Court’s decision engages with questions pertaining to Germany’s carbon bud-
get in elaborating the grounds for its order. The main point of reference that the Court
uses for its elaborations is a carbon budget calculation for Germany authored by the
German Advisory Council on the Environment.38 This calculation answers the global

32 Gupta et al., n. 27 above, p. 775.
33 Michel den Elzen profile, PBL Netherlands Environmental Assessment Agency, available at:

https://www.pbl.nl/en/about-pbl/employees/michel-den-elzen.
34 The Tracker does not rate the Netherlands individually, but for the European Union (EU) a 25% reduc-

tion in GHG emissions compared with 1990 levels translates into an emissions level of 4,245 metric tons
of carbon dioxide equivalent per annum (MtCO2e/a) (see European Environment Agency, ‘Annual
European Union Greenhouse Gas Inventory 1990–2017 and Inventory Report 2019: Submission
under the UNFCCC and the Kyoto Protocol’, EEA Report No. 6/2019, 27 May 2019, pp. i–940, at
iii, available at: https://www.eea.europa.eu/publications/european-union-greenhouse-gas-inventory-
2019). For 2020, 4,272 MtCO2e/a is the maximum emissions level for the Tracker to consider the
EU’s mitigation action in line with a 2–3°C warming, rather than a 3–4°C warming. The cut-off point
between a rating in the ‘2°C compatible’ category and the 2–3°C, or ‘insufficient’, category is 3,425
MtCO2e/a (see Figure 1 below). Based on the Tracker, this is the ‘minimal emissions reduction level’
required for the EU to be in line with the 2°C benchmark pathway. The Tracker’s calculation hence sug-
gests that, with the same relative ambition level in other states, a 25% reduction would almost correspond
to a 3°C pathway. See Climate Action Tracker, ‘EU: Comparability of Effort – Fair Share Data’, 19 Sept.
2019, available at: https://climateactiontracker.org/countries/eu and https://climateactiontracker.org/
documents/620/CAT_2019-09-19_DataEffortSharingDetail_EU.zip. This version was published in
Sept. 2019 and is thus the latest assessment available prior to the finalUrgenda judgment. Formore recent
updates see Climate Action Tracker, ‘EU: Comparability of Effort’, 22 Sept. 2020, available at:
https://climateactiontracker.org/countries/eu. For a detailed analysis of the Tracker’s methodology behind
these calculations, see Section 3.1 below.

35 German Constitutional Court, Order, 24 Mar. 2021, 1 BvR 2656/18.
36 The number of times the Court stresses that it is ‘for now’ (the German original reads: ‘derzeit’, ‘aktuell’) that ‘[i]t

cannot be ascertained that the legislator… violated its constitutional duty to protect’ is striking. See, amongmany
examples, ibid., paras 151, 162, 167–8, 172, 195–6, 208 and Headnote 2d; Bundesverfassungsgericht,
‘Constitutional Complaints Against the Federal Climate Change Act Partially Successful’, Press Release No.
31/2021, 29 Apr. 2021, available at: https://www.bundesverfassungsgericht.de/SharedDocs/Pressemitteilungen/
EN/2021/bvg21-031.html;jsessionid=8F8E24DA1372EC8360959FC515663696.1_cid386.

37 Press Release, ibid.
38 German Constitutional Court, n. 35 above, paras 36, 216, 219–22, 225 (referring to German Advisory

Council on the Environment, ‘Für eine entschlossene Umweltpolitik in Deutschland und Europa’,
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pathway question by settling on a 1.75°C temperature increase by 2100 at a 67% like-
lihood level.39

Compared with Urgenda, this calculation is based on considerably more up-to-date
emissions and pathway data – one of the key criteria mandated by the best available
science principle. As far as the equitable distribution question is concerned, the budget
calculation referred to by the Court uses emissions per capita for the present day as the
sole equity factor underlying the distribution of the global carbon budget among
states.40 Both the German Advisory Council on the Environment and the German
Constitutional Court acknowledge that other ways of operationalizing the equity prin-
ciple exist.41 Meanwhile, the draft amendment of the German Climate Change Act
drawn up in response to the order of the Constitutional Court contains mitigation tar-
gets that cumulatively exceed the carbon budget that was used as a reference point by
the Court by almost one-fourth.42 This leaves no doubt as to the urgent need for more
transparency and the necessity to closemethodological gaps for a specification of states’
individual mitigation obligations in line with equity and best available science to be
possible.

This task cannot be shouldered by the judiciary alone. In fact, many courts are lim-
ited to considering the evidence brought before them. Moreover, just like litigants,
courts may lack the resources and may even lack the authority to engage in extensive
interdisciplinary, exploratory research to compare different equity assessments of
state climate action in order to develop a legal approach to interpreting states’ mitiga-
tion obligations informed by the best available findings from various disciplines rele-
vant to tackling the climate emergency.43

To increase the transparency of states’ mitigation obligations, this article engages
with meta-equity assessments of state climate action through a legal lens. The best
established meta-equity assessment is provided by the Climate Action Tracker, a data-
base founded in 2009 by Niklas Höhne, one of the two authors of the IPCC AR4 box.
At its core, the methodology of the CAT (which is further analyzed in Section 3.1

Umweltgutachten 2020, p. 52, available at: https://www.umweltrat.de/SharedDocs/Downloads/DE/
01_Umweltgutachten/2016_2020/2020_Umweltgutachten_Entschlossene_Umweltpolitik.html.

39 Ibid.
40 German Constitutional Court, n. 35 above, para. 225.
41 Ibid.; German Advisory Council, n. 38 above, p. 51.
42 The German Court uses a carbon budget of 6.7 gigatons as a point of reference, while the sum of miti-

gation targets included in the subsequent draft amendment exceeds 8.2 gigatons; see German
Constitutional Court, n. 35 above, paras. 219, 231, 234–5; Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety, ‘Entwurf eines Ersten Gesetzes zur Änderung des
Bundes-Klimaschutzgesetzes’, Draft Amendment, 11 May 2021, Annexes 2–3, p. 7.

43 See Mayer, ‘States’ General Obligations’, n. 10 above, p. 115. At the international level, setting states’
obligations in terms of precise mitigation levels bears the risk of a trade-off between ambition and
state participation/compliance. At the national level, this tightrope walk between apology and utopia
becomesmost visible in the form of controversies over the extent towhich the judiciary has ‘constitutional
power’ to specify mitigation obligations (US Court of Appeals for the Ninth Circuit, Juliana v. United
States, Opinion of 17 Jan. 2020, No. 18-36082, pp. 11 and 25). Against this backdrop the scale of the
achievement that judgments such as Urgenda or the German ruling represent for climate justice becomes
all the more palpable.More transparency as to the best available method and data to distribute the global
carbon budget in accordance with IPCC equity criteria could contribute towards further attenuating
extant trade-offs and controversies.
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below) stays true to that which supports the AR4 table. There are, however, a few crit-
ical differences. The CAT does not base its assessment on only 16 equity studies but uses
more than twice as many.44 The Tracker’s analysis, moreover, includes significantly
more up-to-date data both in terms of global temperature pathways and countries’
emissions data. A collaboration between the NewClimate Institute, Climate
Analytics (two research institutes made up of climate scientists and policy analysts),
and the Potsdam Institute for Climate Impact Research (PIK),45 the Tracker rates gov-
ernment climate action against the 2–1.5°C Paris Agreement goal in accordance with
IPCC temperature pathways.46 In doing so, the Tracker ranks countries into six cat-
egories: (i) critically insufficient (>4°C); (ii) highly insufficient (>3°C); (iii) insufficient
(>2°C); (iv) 2°C compatible; (v) 1.5°C compatible; and (vi) role model (<1.5°C).
Each rating category is defined as reflecting the temperature increase that would
come about if all other states were to undertake risk management ‘with the same rela-
tive ambition level’.47

The remainder of this article gauges the extent towhich the Tracker’s assessment can
be applied in the legal context and can serve as ameans to specify states’mitigation obli-
gations in line with equity and best available science. To this end, the article engages
with matters of statistical methodology through a legal lens. Doing so is indispensable
for shedding light on the three questions raised above concerning the global tempera-
ture pathway, corresponding carbon budget and equitable distribution of the carbon
budget among states. This article is concerned primarily with the latter and therefore
focuses on statistical matters relevant to the carbon budget distribution. For example,
what is the underlying concept of equity that has been used for distributing the global
carbon budget/mitigation burden among states? Is there ‘congruence’ between ‘the def-
inition of the concept’ of equity and the ‘empirical measure’ used, or is a ‘measurement
error’ at work?48 Has the best available data source been used to conduct empirical
measurements?49 If the figure specifying a state’s mitigation level is an average of con-
ducted measurements, is it a mean, median or mode type of average, and does this
choice accurately represent what is ‘normal’ in the case at hand?50 Before exploring

44 Climate Action Tracker, n. 12 above.
45 The current consortium of the Climate Action Tracker is made up of the NewClimate Institute and

Climate Analytics. The PIK is a former consortium member and now collaborator, and developed part
of the methodology and tools used by the Tracker: Climate Action Tracker, ‘The Consortium’, available
at: https://climateactiontracker.org/about/the-consortium.

46 For information on how the Tracker performs these calculations, see Climate Action Tracker, ‘Global:
Temperatures’, available at: https://climateactiontracker.org/global/temperatures. See further
Section 3.1 below.

47 Climate Action Tracker, n. 12 above.
48 P.H. Pollock III, The Essentials of Political Analysis (SAGE, 2016), p. 9.
49 R. de Vries, Critical Statistics: Seeing Beyond the Headlines (Red Globe Press, 2018), p. 215.
50 Themean is the sum of all numbers ‘divide[d] by the number of numbers’. Themedian is themiddle value,

i.e., with the equal number of values above and below. The mode is ‘the most popular value’. Which of
these averages (i.e., summaries of the findings) are representative and which are misleading depends on
the context (De Vries, ibid., pp. 91 and 236). On why these distinctions are critical for the purpose of
this article, see Section 3.1 below.
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the CATmethodology in detail through these questions, Section 3 will start with a brief
overview of equity assessments in general.

3. -   ’ 

Equity assessments investigate ways of operationalizing the equity principle introduced
to the international legal regime on climate change in 1992 by Article 3(1) UNFCCC
and enshrined in the Paris Agreement. In a bid to specify the level of mitigation action
needed by each state for a certain global temperature target to be met, academic studies
have been undertaking equity assessments over the last two decades.51 Generally, such
studies start by specifying a global emissions level to be achieved in a certain year, which
corresponds to a specific temperature increase (for example, 450 ppm CO2e in 2100,
generally considered to correspond to a 2°C warming). Subsequently, they allocate
mitigation efforts to individual countries, thereby ensuring that the cumulative amount
of emissions reduction is consistent with the long-term objective defined at the outset.
In allocating mitigation efforts, most studies choose a particular interpretation of
the equity principle – namely responsibility, capability, equality, or a combination of
these.52

Seven years after publication of the AR4 table, Höhne, den Elzen and Escalante pub-
lished a seminal paper which compared the results of approximately 40 such equity
studies.53 The scholars grouped the studies into seven categories according to the equity
principle used and constructed an allowance range for each category. They then com-
pared the ranges with each other.54 In the same year, the IPCC published its Fifth
Assessment Report (AR5), which included the analysis by Höhne and co-authors
and categorization of existing equity assessments.55 The categories identified are:
‘Responsibility’; ‘Capability’; ‘Equality’; ‘Responsibility, capability, and need’;
‘Equal cumulative per capita emissions’; ‘Staged approaches’; ‘Equal Marginal
Abatement Costs (for reference)’.56 Also based onHöhne’s analysis, the AR5 visualized
the ranges of emissions allowances in 2030 (relative to 2010) across equity categories
and regions.57 As the operationalization of the selected equity principle can vary signifi-
cantly, quite a few of these allowance ranges are large. Like Höhne and co-authors, the
AR5 finds that ‘[d]espite the ranges within a category, distributional impacts differ sig-
nificantly with underlying criteria for effort sharing’.58

51 For an overview, see N. Höhne, M. den Elzen & D. Escalante, ‘Regional GHG Reduction Targets Based
on Effort Sharing: A Comparison of Studies’ (2014) 14(1) Climate Policy, pp. 122–47, at 128–32.

52 Ibid.
53 Ibid.
54 Ibid., p. 138.
55 L. Clarke et al., ‘Assessing Transformation Pathways’, in O. Edenhofer et al. (eds),Climate Change 2014:

Mitigation of Climate Change. Contribution ofWorking Group III to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (Cambridge University Press, 2014), pp. 413–510, at 456.

56 Ibid.
57 Ibid., p. 460, and ‘adapted from’ Höhne, den Elzen & Escalante, n. 51 above.
58 Clarke et al., n. 55 above, p. 459 (based on Höhne, den Elzen & Escalante, n. 51 above, p. 143).
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3.1. The Climate Action Tracker

The CAT, founded in 2009, expanded on this work. Apart from a few variations, the
equity categories the Tracker uses in its assessment reflect those included in the AR5.
Based on approximately 40 studies, as well as additional calculations performed by
the Tracker,59 the CAT constructs an allowance range for each of the following equity
approaches: responsibility; capability-need; equality; equal cumulative per capita emis-
sions; responsibility-capability-need; staged approaches (part of the assessments also
include a ‘capability-cost’ category).60 The Tracker adds a cumulative category (‘all’),
summarizing all categories. The cumulative allowance range thus reflects what the stud-
ies used by the Tracker ‘consider a “fair” contribution to greenhouse gas reductions’.61

It is for this reason that the Tracker refers to this range as the ‘fair share range’.
According to the CAT, some mitigation levels, which are considered fair in certain

studies, would not be ‘sufficient to hold warming below 2°C much less 1.5°C unless
others do substantially more’.62 Consequently, the Tracker subdivides the ‘fair share
range’ into three ranking categories: (i) 1.5°C Paris Agreement compatible; (ii) 2°C
Paris Agreement compatible; and (iii) insufficient. The ‘insufficient’ category is defined
as corresponding to a warming of 2 to 3°C. For each rating category/temperature scen-
ario, the Tracker calculates the allowance ranges under every equity approach. For each
of these equity and rating categories, the Tracker indicates the minimum, maximum,
and the median of the respective allowance range.63 In identifying the minimum and
maximum value, the Tracker chooses ‘to eliminate extreme outliers’ and thus ‘only con-
sider[s] values within the 10th to 90th percentile of all values’ in each category.64 The
Tracker further adds an emissions value that it defines as the demarcation, or limit,
between a warming of 3 to 4°C (highly insufficient category) and higher than 4°C (crit-
ically insufficient).65 As Figure 1 shows, the Tracker’s dataset contains these emissions
values for each of the years 2020, 2025, 2030 and 2050.

How exactly does the CAT calculate these values, which it claims allow conclusions
to be drawn regarding the connection between a country’s mitigation action and the
global temperature increase? In its methodology section the Tracker explains that, as
a first step, it calculates a ‘global effort sharing best case scenario’ and a ‘worst case
scenario’. The former equals the sum of all countries’ emissions values at the bottom
of their respective cumulative allowance range or fair share range. The worst-case scen-
ario equals the sum of the maximum allowance values of each country’s allowance
range or fair share range.

59 For a detailed discussion of these ‘additional calculations’, see Sections 3.2 and 3.3 below.
60 For a definition of each category according to the Tracker, see Climate Action Tracker, n. 12 above.
61 Ibid.
62 Ibid.
63 Note the difference between the ‘(mean) average’ and ‘median’. On why this is important, see Section 3.2

below.
64 Climate Action Tracker, n. 12 above.
65 Ibid.
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Figure 1 The CAT Meta-Equity Assessment for the EU
Source: Climate Action Tracker, ‘EU: Comparability of Effort September 2019’, n. 34 above. Copyright © 2019 by Climate Analytics and NewClimate
Institute. All rights reserved.
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The Tracker then ‘overlays’ this global range between best- and worst-case scenarios
with global emissions pathways that lead to a certain temperature increase by 2100.66

The Tracker specifies that the 1.5°C and 2°C pathways are based on the ‘set of mitigation
pathways’ contained in the 2018 IPCC Special Report on 1.5°C (SR1.5).67 More specif-
ically, the Tracker’s 1.5°C compatible benchmark pathway corresponds to the median of
those pathways in the SR1.5 which limit the global temperature increase to 1.5°C. The
Tracker’s 2°C compatible benchmark pathway, in turn, draws on those pathways in
the SR1.5 that limit global warming to 2°C above pre-industrial levels by 2100 with a
probability higher than 66%, excluding the 1.5°C compatible pathways.68

Having determined the ‘intersection’ between the global allowance range (Step 1)
and the benchmark pathways, the Tracker calculates what it defines as the ‘minimal
emissions reduction level’ for each country necessary to ensure that global warming
is limited to a specific temperature increase ‘without relying on other countries making
a comparably bigger effort to reduce emissions’.69 By comparing these emissions values
with each country’s current emissions levels and policy projections, the Tracker ranks
countries into six categories, ranging from critically insufficient (global warming of
more than 4°C) to role model (below 1.5°C warming).70

While the potential usefulness of the data generated by the CAT is self-evident, scep-
tics may query how exactly the Tracker arrives at what it determines to be countries’
minimal reduction levels. The relevant passage in the methodology section on the
Climate Action Tracker’s website reads:

We apply the relative level of the global ‘Fair Share’ range that corresponds to the 1.5°C
and 2°C compatible global pathways to each country’s ‘Fair Share’ range in order to deter-
mine the minimal emissions reduction level that would be required in order to make sure
that the global target is met without relying on other countries making a comparably big-
ger effort to reduce emissions.71

The Tracker does not provide further detail on how exactly the ‘relative level of the
global “Fair Share” range’ is applied to each country’s ‘Fair Share’ range, an omis-
sion which, at a first glance, might encourage doubts concerning the robustness of
its methodology. To assess the potential of the Tracker’s methodology for use in
the legal context it is critical to investigate this point further. Therefore, this article
conducts a detailed analysis of the data compiled by the CAT, which reveals that the
Tracker determines minimal reduction figures for each country by means of the
mathematical calculation in Figure 2 (subsequently referred to as the ‘minimal reduc-
tion figures (MRF) formula’). Figures 3 and 4 illustrate the variables used in this

66 Ibid.
67 V. Masson-Delmotte et al. (eds), Global Warming of 1.5°C: An IPCC Special Report on the Impacts of

Global Warming of 1.5°C above Pre-industrial Levels and Related Global Greenhouse Gas Emission
Pathways, in the Context of Strengthening the Global Response to the Threat of Climate Change,
Sustainable Development, and Efforts to Eradicate Poverty (IPCC, 2019).

68 Climate Action Tracker, n. 46 above.
69 Climate Action Tracker, n. 12 above.
70 Ibid.
71 Ibid.
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deduced formula and their relation to each other. Applying the variables illustrated
in Figures 3 and 4, theMRF formula for a maximum global warming of 2°C (x2) and
1.5°C (x1.5) respectively reads as follows:

x2 = cwc− b
a
z

[ ]
x1.5 = cwc− c

a
z

[ ]

This means that the share of the global allowance range that needs to be reduced for
compatibility with the 2°C or 1.5°C benchmark pathway is applied to individual

Figure 2 Formula that Yields the Minimal Reduction Figures that CAT Proposes (MRF Formula)

Figure 3 Visualization of the MRF Formula
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countries proportionally to the respective width of their fair share range.72 An ana-
lysis of the Tracker’s data further reveals that for 2020 the difference between a scen-
ario in which all countries choose to take mitigation action that corresponds to the
least ambitious end of their respective fair share range and a scenario that is compat-
ible with the 2°C benchmark pathway amounts to one third of the global fair share
range:

b
a
= y

z
= 1

3

The difference between the ‘global worst case scenario’ and a scenario that is com-
patiblewith the 1.5°C benchmark pathway amounts tomore than half of the global fair
share range, or 57%:

c
a
= 0.57 = 2.85

5

These equations mean that, as calculated by the Tracker, the minimum mitigation
level required of a country in 2020 for compatibility with the 2°C benchmark pathway
corresponds to the upper end of a country’s ‘fair share range’ minus one third of the
width of its ‘fair share range’. For compatibility with the 1.5°C benchmark pathway,
the amount to be subtracted from the upper end of a country’s ‘fair share range’
increases to more than half of the width of its ‘fair share range’. 2020 emissions values
that correspond to a 4°C pathway are calculated by adding one third of the width of a
country’s ‘fair share range’ to the upper end of a country’s ‘fair share range’.

In sum, this means that the extreme values at the top and bottom of a country’s ‘fair
share range’ are given considerable weight in this formula. In fact, the highest and low-
est fair share estimates are the only ones that matter when applying this formula. All
studies in which the fair share estimates lie between these two extremes are disregarded.
Figure 5 illustrates two hypothetical cases where this approach adopted by the Tracker

Figure 4 Additional Specification of Variables in the MRF Formula

72 The width of a fair share range is defined here as the difference between the maximum and minimum, or
the highest and lowest fair share estimates subtracted.
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could be problematic. In the first case (z) all equity studies settle on a similar estimate of
what a certain country’s fair mitigation contribution could be. The second case (z*) fol-
lows the same scenario, but with the addition of two studies that consider a much less
ambitious contribution to be fair.

When applying the MRF formula, those very few studies that settle on much less
ambitious action in z* lead to a considerable difference between the minimum reduc-
tion level (x) in z and z*. It is worth bearing in mind here that the more GHGs that
one country emits, the smaller the remaining global carbon budget to be distributed
among all other countries becomes. This means that the considerably less ambitious
minimum mitigation level in z*, due only to those very few studies at the upper end
of the z* range, needs to be compensated by other countries. Moreover, one needs to
be aware that the approach chosen by the CAT to calculate the minimum ambition
level will result in the same values for x*2 /x*1.5 in both hypothetical cases z* and y illu-
strated in Figure 6, which evidently differ greatly in their distribution of estimates.

Unlike z, which has a small range, z* and y are cases with ‘high dispersion’, or a wide
range. In cases of ‘high dispersion’, using thewidth of the range does not generate an accurate
measurement of variables if values are unevenly (asymmetrically) distributed along the range
(as is the case in z*).73 TheMRF formula as explained above is biased in favour of outliers.

An examination of the equity data the Tracker compiles for the assessment of the
EU’s mitigation action (Figure 1), discussed in Section 2, illustrates that the Tracker
is well aware of this bias and takes steps to address it. Figure 1 contains a considerable
outlier/extreme value that differs greatly from the rest: the maximum value of the 1.5°C

Figure 5 Two Cases in which the MRF Formula Yields Distinct Results

73 In statistics, this concept is known as ‘skewness’: Pollock, n. 48 above, pp. 39, 43.
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‘equality’ category reads 6,141 metric tons of carbon dioxide equivalent per annum
(MtCO2e/a). This figure is an extreme outlier for three reasons. Firstly, it is an extreme
outlier in its own category. Indeed, the median value in this very same category (i.e.,
1.5°C ‘equality’) amounts to 3,779 MtCO2e/a and the difference between median
and minimum value (3,671 MtCO2e/a) is only 108 MtCO2e/a. Secondly, compared
with the values of all other 1.5°C equity categories, the only value higher than the
‘equality’ median is the maximum value for ‘staged approaches’, which is 3,850
MtCO2e/a. The 6,141 MtCO2e/a figure exceeds this value by a massive 2,291
MtCO2e/a. Thirdly, and more dramatically, the figure of 6,141 MtCO2e/a is 1,805
MtCO2e/a higher even than the highest values in the entire 2°C category. It thus
becomes evident that this single study, which settled on a maximum value of 6,141
MtCO2e/a, would dominate the calculation when applying the MRF formula.

A closer look at the EU equity table, however, reveals that the CAT eliminates out-
liers in the MRF formula. In fact, in calculating the minimum reduction levels for com-
patibility with a specific temperature benchmark for the EU, the Tracker eliminated
both the 6,141 MtCO2e/a figure as the maximum in the 1.5°C category, and the min-
imum in the 1.5°C category (482 MtCO2e/a for ‘equal cumulative per capita emis-
sions’). For the latter, note that the difference between the next highest value is 1,253
MtCO2e/a while the difference between 6,141 MtCO2e/a and the next lowest figure
was almost double that amount; the third value the Tracker eliminated as an outlier
was the maximum value for the 2°C ‘capability-costs’ category (4,336 MtCO2e/a).
By eliminating these outliers, the Tracker, using the MRF formula, calculates that for
the EU the 2020 maximum emissions level to be rated compatible with the 2°C bench-
mark pathway amounts to 3,425MtCO2e/a (see Section 2 above). Had the Tracker not
eliminated any of the three outliers, that result would have been 4,254MtCO2e/a. Had it
eliminated only the 6,141 MtCO2e/a figure, the MRF formula would yield a result of
3,051 MtCO2e/a. Had it eliminated only the minimum of the 1.5°C ‘equal cumulative
per capita’ category, the result would have been as high as 4,672 MtCO2e/a.

Figure 6 Two Cases in which the MRF Formula Yields the Same Result
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While not eliminating outliers would have led to a clearly biased result in the case at
hand, this method, arguably, does not address the risk of bias in an ideal way.
Eliminating outliers does not address the core of the issue: that the width of the range
is not an accurate form of measurement in cases with an asymmetrical dispersion of
values. In such cases, in fact, also ‘using the mean’ average would ‘clearly mislead’
because ‘outliers… drag the averageway up or down’.74 The statistically sound alterna-
tive in these cases is using themedian (i.e., themiddle value). Because themedian has ‘the
equal number of values above and below it’, it cannot be biased in favour of outliers.75

Indeed, for the representation of the allowance ranges of the single equity categories, the
Tracker indicates the minimum, maximum and themedian values. However, the reason
why it cannot do so for the overall ‘fair share range’ is that there is overlap between the
different equity categories. The historical responsibility and capability categories, for
instance, clearly overlap with the responsibility-capability-need category. Using any
average value – mean, median or mode – would automatically lead to more weight
being given to some variables andwould be biased towards the equity category contain-
ing the highest number of studies.

The above analysis has brought to light another key question concerning the
Tracker’s meta-equity assessment: how can the maximum emissions level for the equal-
ity category for a 1.5°C scenario be significantly higher than the maximum of any
equity category for a 2°C scenario? The Tracker notes that ‘[i]nstead of deciding
what is fair, we construct a “Fair Share” range for each country from the range of fair-
ness estimates from the literature’.76 The Tracker certainly conforms with the gold
standard in terms of expertise and independence; most of the studies it uses for its
assessment are peer reviewed. Nevertheless, these highly dissonant mitigation values
are likely to undermine trust in at least some of these scholarly studies even beyond
issues of mere methodological robustness and data reliability. One of the CAT
Briefing Papers accompanying a data update indeed speaks of:

ambigu[ity] for the upper end of emissions allowances…, wherewe found that 1.5°C com-
patible scenarios are not always lower than 2°C compatible scenarios for every country: In
2030, the upper end of 1.5°C-compatible scenarios is lower than the 2°C compatible scen-
arios for only 18 out of 33 countries.77

In accounting for this ‘unintuitive result’, the paper states that:

[it] can be explained by the diversity of underlying studies and the fact that most studies
only assess either 2°C or 1.5°C, but not both, and therefore inconsistencies can occur
when comparing these two groups of studies. However, by 2050, the upper effort sharing
boundary for 1.5°C scenarios is lower for all countries, except Brazil and Indonesia.78

74 Ibid., p. 42; De Vries, n. 49 above, p. 95.
75 De Vries, n. 49 above, p. 100.
76 Climate Action Tracker, n. 12 above.
77 P. Parra et al., ‘Briefing Paper: Update of CAT Effort Sharing Data’, 19 Sept. 2017, p. 10, available at:

https://climateactiontracker.org/documents/56/CAT_2017-09-19_EquityUpdate_BriefingPaper.pdf.
78 Ibid., p. 11.
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This explanation reveals the crux of the issue, namely, that the single studies use differ-
ent datasets which ‘cannot be updated to reflect recent developments in country-level
data, as the authors have not published updated versions of their allowance esti-
mates’.79 This is problematic and unlikely to support a conclusion that such an assess-
ment is based on ideal scientific methods and constitutes an undisputable
operationalization of the equity principle. This begs the question whether a calculation
tool exists that allows for the identification of countries’ emissions allowance ranges
according to the IPCC equity criteria and implements the different options for oper-
ationalizing and measuring equity in a way that is apt for legal use.

3.2. The PRIMAP Equity Tool

The preceding section has shown that the Tracker’s analysis makes a valuable contribu-
tion to the determination of countries’ possible allowance ranges, but that objections
can be raised as to the extent towhich it is able to be legally operationalized. To explore
whether tools exist that effectively address these objections, it is important to consider
that the Tracker does not only use the values from the approximately 40 different equity
studies as input data for its assessments. It also ‘take[s] into account … [c]alculations
run by Climate Analytics with the PRIMAP Equity tool’ as well as ‘[c]alculations …
by NewClimate Institute with the EVOC tool’.80

Similar to the Tracker, the equity tool developed by Climate Analytics together with
the PIK, and embedded in the PotsdamReal-time IntegratedModel for the probabilistic
Assessment of emission Paths (PRIMAP), is presented as ‘offer[ing] a modality that
allows users to emulate equity regimes based on various equity criteria’.81 To date,
the CAT provides a meta-equity assessment for 33 countries and regions (including
the EU, which is classified as a single entity), which covers about 80% of worldwide
emissions. By comparison, the PRIMAP Equity tool embedded in the PRIMAP
Emissions module82 belongs to the PRIMAP database, which covers all countries
worldwide.83 The methodology description of the PRIMAP Equity tool provided by
Climate Analytics reveals that the tool further offers features that are critical in addres-
sing the objections raised in the previous section of this article. The tool itself is not pub-
licly available, which is why the following analysis is based on the latest methodology
description available in 2017.

79 Ibid., p. 12. Note that the Tracker endeavours to harmonize the data from the different studies to the same
base year by ‘scal[ing] the whole time series of each study and scenario upwards or downwards by one
factor’. In some cases this method, however, apparently leads to ‘drastic absolute differences between
the original and the harmonized value’: Climate Action Tracker, n. 12 above.

80 Climate Action Tracker, n. 12 above.
81 M. Rocha et al., ‘Climate Analytics EquityMethodology’,Climate Analytics, July 2017, p. 1, available at:

https://climateanalytics.org/publications/2017/climate-analytics-equity-methodology.
82 This module was published in a ScimagoQ1 journal: see Rocha et al., ibid., p. 1; J. Nabel et al., ‘Decision

Support for International Climate Policy: The PRIMAP EmissionModule’ (2011) 26(12) Environmental
Modelling & Software, pp. 1419–33.

83 PIK, ‘The PRIMAP-hist National Historical Emissions Time Series’, available at: https://www.pik-pots-
dam.de/paris-reality-check/primap-hist.
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Like the Tracker’s meta-methodology analyzed in the previous section, the PRIMAP
Equity tool calculates emissions allowance ranges for individual countries reflecting
IPCC equity criteria.84 However, instead of constructing five separate ranges for the dif-
ferent IPCC categories that in part overlap with each other, the PRIMAP Equity tool
uses what can be called three ‘equity pillar categories’: (i) historical responsibility;
(ii) capacity to mitigate; and (iii) potential to mitigate. Figure 7 shows the empirical
measures that are available in the tool for an operationalization of the categories
defined.

To understand how the three ‘pillar categories’ can be said to reflect the full range of
IPCC categories in a valid way, a closer look at how the emissions allowance ranges are
calculated in the PRIMAP Equity tool is required. The tool allows for:

[w]eights [to] be attributed to each one of the criteria selected. This means that allocation
regimes based on only one of the criteria, e.g. responsibility, or based on more than one
criterion, and assuming either equal or different weighting among the different criteria
can be studied. For each criterion, one or a set of empirical measures to evaluate them
can be selected, also with different weights. Such an approach allows for full flexibility
of assumptions in regard to criteria and metrics.85

More specifically, emissions allowance ranges are calculated by means of the following
three steps:

Figure 7 Empirical Measures Available in the PRIMAP Equity Tool
Source: Rocha et al., n. 81 above, pp. 1–2, 5.

84 Terminologies and, to a minor extent, classifications differ but a comparison reveals that the IPCC cat-
egories are reflected in the approaches listed in the methodology description of the PRIMAP Equity
tool: Rocha et al., n. 81 above, p. 1; Clarke, n. 55 above, p. 456.

85 Rocha et al., n. 81 above, p. 2.
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(1) random weights are attributed to each indicator and measure;
(2) resulting emissions pathways calculated; and finally
(3) calculations are repeated multiple times to define a range of possible pathways.86

This ‘tree search’ procedure is indeed a state-of-the art statistical method of robust-
ness.87 As a Climate Analytics statement explains, ‘[s]uch an approach allows capturing
the full range of emissions allowances of a country and to determine how different cri-
teria andmetrics influence its outcome’.88 In this context, it is important to note that the
possibility of allocating all possible weighting combinations within and between cat-
egories compensates for, or even dispels, concerns over the low number of equity stud-
ies used by the PRIMAP Equity tool (a total of six), and the older publication date of
some of these studies. Many of the 40 or so studies used by the Tracker or the IPCC in
fact use the same approach, except for different weighting regimes, and thus are also
reflected in PRIMAP. Notwithstanding this, it would certainly be valuable to examine
whether more recent studies use IPCC equity aspects not yet integrated into the tool.
More information is further warranted as to how the ‘final [mitigation distribution]
index… is obtained by normalising and weighting the interim index by the population
share of each country’.89

One distinct advantage of the PRIMAP methodology is that, unlike the approach
analyzed in Section 3.1, the PRIMAP Equity tool avoids uncontrolled overlap
between categories and thus allows for its values to be accurately represented using
the median value. An equally critical point in terms of methodological robustness
is that Climate Analytics notes that it has ‘consistently used the same datasets across
all scenario runs, ensuring that the differences between emissions allowances across
scenarios arise from criteria/metric [i.e., weighting] choices alone and not through
data divergences’.90 Finally, and most crucially, the datasets in the PRIMAP Equity
tool, which are used in a consistent and uniform manner across calculations, can
be updated to reflect the latest and best available emissions data and global
pathways.91

Overall, this analysis leads to the conclusion that the PRIMAP Equity tool offers a
very robust way of approaching the question regarding equitable distribution of the
total mitigation burden. Before enabling a conclusion that it is also the ‘best available’
tool, a comparison with other extant meta-equity tools is warranted.

86 Ibid.
87 J.A. Doornik, ‘Autometrics’, in J.L. Castle & N. Shepard (eds), The Methodology and Practice

Econometrics (Oxford University Press, 2009), pp. 88–121.
88 Rocha et al., n. 81 above, p. 2.
89 Ibid., p. 3.
90 Ibid.
91 Unlike the values taken from the 40 or so equity studies that the Tracker uses as part of its input data, the

emissions data in the PRIMAPEquity tool can and is being updated: Parra et al., n. 77 above, p. 12. Given
that the only subset of data that the Tracker can autonomously update stems from the PRIMAP Equity
tool and the Tracker’s country data is regularly updated every few months, it follows that the PRIMAP
Equity tool is being updated.
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3.3. Comparison with Other Meta-Equity Assessments

The other tool the CAT uses for its calculations is the Evolution of Commitments
(EVOC) tool, developed by Ecofys, an energy and climate consultancy. Like the
PRIMAP Equity tool, the EVOC tool is not publicly accessible and the latest available
methodology description dates back to 2011.92 The equity categories used are, by and
large, compatible with the IPCC equity criteria. However, in terms of methodological
transparency, no information is provided on how the algorithm used in the EVOC tool
integrates the different criteria, or the different weighting that is given to these criteria.
Critically, CAT briefings on data updates report on the PRIMAP Equity tool being
updated, but do not mention the EVOC tool.93 Furthermore, no information about
the tool published since 2014 is available, which suggests that it has not been updated
since then.

There are three further equity calculation databases with the declared objective of
providing a meta-equity assessment and about which public information is available.
To a small or larger extent, they all refer to the CAT or the PRIMAP database as a ref-
erence framework. A notification on the Climate Interactive website reads:

[With] the addition of assessments like the UNEP Emissions Gap report, expanded efforts
like the Climate Action Tracker, and many others, the need to offer another analysis of the
gap betweenwhere policies are headed andwhat is needed has felt well covered. As a result,
Climate Interactive has decided to invest our time in other endeavours. The Climate
Scoreboard analysis below is no longer being updated and does not reflect the latest pledges
countries have put forward.94

This excludes the possibility of this database offering the best available approach at the
current date.

The Climate Equity Reference Calculator, a meta-equity calculation tool created by
the founders of the Greenhouse Development Rights approach,95 uses the criteria of
responsibility and capability in its calculation. In consulting this publicly available
database, users can decide on the ratio between capability and responsibility.
Responsibility is operationalized in terms of cumulative historical emissions, and cap-
ability in terms of income.96 Consequently, the mitigation potential – namely, carbon
or emissions intensity – is not taken into account in this calculating tool, which means
that the full range of IPCC equity criteria is not reflected. A distinctive feature of the

92 S. Moltmann et al., Quantifying Emission Reduction Contributions by Emerging Economies (German
Federal Environment Agency, 2011), pp. 198–208, available at: https://www.transparency-partnership.
net/sites/default/files/uba_-_quantifiying_emission_reductions_by_d.c_0.pdf.

93 Parra et al., n. 77 above, p. 12.
94 Climate Interactive, ‘Climate Scoreboard’, available at: https://www.climateinteractive.org/ci-topics/cli-

mate-energy/scoreboard (emphasis added).
95 Climate Equity Reference Project, ‘About the Climate Equity Reference Calculator’, available at:

https://climateequityreference.org/calculator-about.
96 Climate Equity Reference Calculator, ‘Glossary’, available at: https://calculator.climateequityreference.

org/glossary.php; E. Kemp-Benedict et al., ‘Calculations for the Climate Equity Reference Calculator’,
Climate Equity Reference Project Working Paper Series, WP002, 16 Nov. 2018, pp. 1–16, at 2, available
at: https://www.sei.org/publications/calculations-for-the-climate-equity-reference-calculator-cerc.
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tool, which would make a valuable addition to the PRIMAP Equity tool (if not already
integrated), is the possibility for users to choose the option of adding a ‘development
threshold’:

The development threshold defines an income threshold below which an individual’s
income, whatever country they may reside in, is taken to be exempt from the calculation
of national fair shares. Which is to say that income below the development threshold is
not taken to contribute to national capability, nor are emissions corresponding to con-
sumption below this threshold taken to contribute to national responsibility.97

The last update notice on the Climate Equity Reference Calculator is dated 18 October
2018 and the global pathways used in the Climate Equity Reference Calculator are
taken from the Climate Action Tracker:

In mid 2015, we decided to standardize on the global mitigation pathways provided by the
Climate Action Tracker… As a result, this paper, which describes and analyses the global
emissions pathways that we had previously assembled for the use with the Climate Equity
Reference Framework is out-of-date and is currently being reworked. In the meanwhile,
you might want to check out the Climate Action Tracker’s own description of their meth-
odology and of their pathways that we use here.98

A final meta-equity assessment tool on which public information is available is the Paris
Equity Check. A meta-equity assessment created by PIK researchers, the Paris Equity
Check’s methodology section reveals that the ‘emissions allocation model used’ was
taken from the ‘emissions module’ of the PRIMAP module and thus was based on the
same study referred to in the methodology description of the PRIMAP Equity tool dis-
cussed in Section 3.2.99 The Paris Equity Check can therefore be considered a precursor
to the PRIMAP Equity tool. The last update of the Paris Equity Check website goes back
to 2015. Similar to the CAT, the equity operationalization in the Paris Equity Check
retains the structure of overlapping categories in the AR5. This is useful for assessing
the difference between equity categories but, compared with the PRIMAP Equity tool,
it is less transparent and robust when it comes to settling on one representative reduction
level figure for an individual country. Moreover, the methodology description to which
the Paris Equity Check refers does not mention the possibility of attributing different
weights to empirical measures used within one equity category.100 Furthermore, the

97 Climate Equity Reference Calculator, ‘Glossary’, ibid.
98 Climate Equity Reference Project, ‘Three Salient Global Mitigation Pathways, Assessed in Light of the

IPCC Carbon Budgets’, available at: https://climateequityreference.org/calculator-information/mitig-
path-overview (emphasis added). The last update notice that appears when opening the calculator site
is dated 18 Oct. 2018: E. Kemp-Benedict et al., ‘The Climate Equity Reference Calculator’, Climate
Equity Reference Project (EcoEquity and Stockholm Environment Institute), available at: https://calcula-
tor.climateequityreference.org.

99 Y. Robiou du Pont et al., ‘National Contributions for Decarbonizing theWorld Economy in Linewith the
G7Agreement’ (2016) 11(5)Environmental Research Letters, Supplementary Data, pp. 1–29, at 6, avail-
able at: https://iopscience.iop.org/article/10.1088/1748-9326/11/5/054005. The Paris Equity Check
methodology section refers to the article by Robiou du Pont and co-authors as its ‘[m]odelling frame-
work’ (Paris Equity Check, ‘Methodology of the Equity Map’, available at: http://paris-equity-check.
org/the-science.html).

100 Ibid.
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Paris Equity Check methodology section refers to the CAT, noting that in some cases
mitigation figures as calculated by the Tracker are used.101

Overall, this comparison supports the conclusion that the PRIMAP Equity tool
indeed offers the best available among extant meta-equity methodologies.102

4.  

This article has argued that a legal methodology to specify states’mitigation obligations
in line with the equity principle and best available science needs to distinguish between
the following interrelated questions, whichwarrant different epistemological andmeth-
odological approaches. The first two questions ask what global temperature pathway is
to be pursued and what is the total amount of global emissions to which this corre-
sponds. The third question asks how the total mitigation burden – a function of the
answer to the first two questions – can be distributed equitably among states. After
making the case that answering these questions on the basis of state practice, opinio
iuris, and the good-faith principle alone is insufficient, the remainder of the article
engaged in an in-depth exploration of the best possibleway of answering the third ques-
tion. By comparing extant approaches relevant to this quest, the article concludes that
the best available tool to calculate an equitable distribution of the global carbon budget
in accordancewith IPCC equity criteria is the PRIMAP Equity tool. In calculating coun-
tries’ allowance ranges, this tool allows for attributing all possible weighting combina-
tions among and within the IPCC equity criteria. The criteria are operationalized in a
transparent and comprehensive manner, using objectively reviewable data. The same
emissions data sources and global pathways are uniformly used for the calculation of
allowance ranges. A further critical advantage of the PRIMAP Equity tool is that it
allows for these emissions data and pathways to be updated. The major task ahead
is to engage with these pathway models and the inherent normative choices from a
legal vantage point, and search for the best possibleways of determining the global tem-
perature pathway to be pursued and the corresponding carbon budget in line with
equity and the best available science. Of paramount significance in this context are
recent studies which revised Nordhaus’s famous DICE Model according to ‘latest
data and insights from both climate science and economics’103 These studies found
that the original DICE Model’s finding that an ‘economically optimal warming out-
comewould correspond to 3.5°C’ has to be drastically corrected downwards evenwith-
out tipping points being considerd.104 Engaging with such studies, and temperature

101 Paris Equity Check, ‘The Science: About the Paris Equity Check Assessment’, available at:
http://paris-equity-check.org/the-science.html; Robiou du Pont et al., n. 99 above.

102 As to further development, a closer examination of whether other aspects relevant to an operationaliza-
tion of the equity principle could be integrated into the tool, to enhance its comprehensiveness, would be
valuable.

103 PIK, ‘An Economic Case for the UN Climate Targets: Early and Strong Climate Action Pays Off’, 13 July
2020, available at: https://www.pik-potsdam.de/en/news/latest-news/an-economic-case-for-the-un-cli-
mate-targets-early-and-strong-climate-action-pays-off.

104 M.C. Hänsel et al., ‘Climate Economics Support for the UN Climate Targets’ (2020) 10(8) Nature
Climate Change, pp. 781–9, at 786. See also M. Drupp et al., ‘Discounting Disentangled’ (2018)
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and emissions pathways generally, from a legal perspective is indispensable in the quest
for developing a legal methodology capable of specifying states’ individual mitigation
obligations in line with the equity principle and best available science. Not doing so is a
luxury the legal community does not have in the face of a climate emergency that poses
risks to present and future life on earth of an unprecedented magnitude in terms of both
severity and irreversibility.



The above article was written before September 2021. On 15 September 2021, the CAT
published a comprehensive update to its rating methodology.105 Not only does this
update provide detailed information on how the ‘fair share range’ is constructed,106

but it also includes measures to address some of the methodological issues analyzed
in the article above. Most importantly, no longer are only the extreme values, or the
minimum and maximum ‘data point[s]’ of a ‘fair share range’, used in calculating
states’ minimal reduction levels for each temperature category.107 Rather, by introdu-
cing a Cumulative Distribution Function, the Tracker now takes into account the dis-
tribution of ‘datapoint[s]’, or studies, within the range.108 This is why the Tracker
writes that ‘[t]he definition of the fair share range has changed to limit the possible
influence of a small number of extreme studies’.109 The Cumulative Distribution
Function is further calibrated in such a way as to give ‘equal weight’ to each rating cat-
egory.110 This has important implications. With this step the Tracker avoids giving
more weight to one equity category just because there are more studies in relation to
it. As such, this is a significant improvement compared with the previous methodology.
It is necessary to consider, however, that giving equal weight to all equity categories
means giving more weight to some studies, or scholarly opinions, than to others on
the sole basis of the number of other studies in the same category. Figure 8 visualizes
a hypothetical case which has been drawn up analogously to the more complex figure
the Tracker uses to demonstrate the new way of constructing the ‘fair share range’.111

As in the original figure by the Tracker, the different symbol size in Figure 8 indicates
the different weight allocated to different studies in order to give equal weight to each
equity category.112 In the hypothetical case illustrated below, one study in the

10(4)American Economic Journal: Economic Policy, pp. 109–34; P. Howard&T. Sterner, ‘FewandNot
So Far Between: A Meta-Analysis of Climate Damage Estimates’ (2017) 68(1) Environmental and
Resource Economics, pp. 197–225.

105 Climate Action Tracker, ‘CAT Rating Methodology: Detailed Description of the Climate Action Tracker
Rating Methods’, Sept. 2021, available at: https://climateactiontracker.org/documents/874/CAT_2021-
09_ RatingMethodology_FullDescriptionNewSystem.pdf.

106 Ibid., pp. 14–20.
107 Ibid., p. 16.
108 Ibid., pp. 16–7.
109 Ibid., p. 17.
110 Ibid., pp. 16–7.
111 Ibid., p. 17, Figure 6a.
112 Ibid.
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‘Capability and costs’ category is weighted considerably more than one study in the
‘Equal cumulative per capita emissions’ category.113

The disparity in weights attributed to different studies may become more pro-
nounced as a consequence of the fact that the Tracker eliminates both the highest
and lowest 5th percentile of ‘the weighted distribution’114 (marked in grey in
Figure 8). This is a step the Tracker chooses in both its new and old methodology to
limit the effect of outliers. From a legal viewpoint, however, this measure is not
ideal: for instance, when the highest 5th percentile is made up of studies that all belong
to just one category, as in the casewith the ‘Capability’ category in Figure 8. In this case,
the ‘Capability’ category will be represented by just one study which happens to be
within themiddle 90%of the distribution. In calculating a country’s minimal reduction
level in line with the September methodology update, this one study will be given equal
weight to the sum of all five studies in the ‘Staged approaches’ category. This one
‘Capability’ study, or datapoint, however, is not representative of the studies in its cat-
egory with the mean average situated at ‘x’ and the median equalling the datapoint
highlighted in Figure 9.

Furthermore, by giving equal weight to each equity category, there continues to be
overlap between categories, which may lead to uncontrolled double counting of certain
empirical measures. This is the case, for instance, for the empirical measure of ‘per
capita cumulative emissions’ from, for example, 1990 to the present day. This empirical
measure is used to operationalize the ‘Responsibility’ category and it also plays a key
role in the ‘Responsibility, capability, need’ category. Hence, even with this methodo-
logical update, certain empirical measures are weighted more than others in a way that
cannot be transparently accounted for.

Figure 8 Fair Share Range Construction According to the Tracker’s September 2021 Methodology

113 In the figure the Tracker uses, one study in the ‘Equal cumulative per capita emissions’ category is given
considerably more weight than one study in the ‘Responsibility, capability, need’ category: ibid.

114 Ibid., p. 16.
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Lastly, the Tracker emphasizes that the ‘fair share allocations’ it calculates itself,
which is to be deduced as referring mainly to the PRIMAP Equity tool,115 have been
updated to reflect more recent emissions pathways.116 The Tracker further states that
some of the studies in its dataset have been replaced with newer ones.117 While an
improvement, this does not resolve the issue concerning possible inconsistencies
between the datasets in the ‘over 40 studies’118 included in the Tracker’s assessment,
which, in some instances, previously even led to higher emission values for a 1.5°C
compatible scenario compared with a 2°C scenario.119

When drawing conclusions from the above analysis, it is important to recall that the
Climate Action Tracker constructs the ‘fair share range’ so that its assessments are not
only based on its own calculations with the PRIMAP Equity tool but also reflect 40 or
so external studies. The update introduced by the Tracker in September 2021 signifi-
cantly improved the construction of the ‘fair share range’. For legal use, however, the
PRIMAP Equity tool used by the Tracker and developed by two of its founding institu-
tions120 is still to be considered the best available method when it comes to distributing
a global carbon budget in line with equity and best available science.121

Figure 9 Averages within One Equity Category

115 See Section 3.2 above.
116 Climate Action Tracker, n. 105 above, p. 17.
117 Ibid.
118 Ibid., pp. 14, 18–20.
119 See Section 3.1 above.
120 As detailed in Section 3.2 above, the PRIMAP Equity tool was developed by Climate Analytics and the

Potsdam Institute for Climate Impact Research, both founding institutions of the CAT.
121 Note that, in focusing solely on the construction of the ‘fair share range’, this postscript is not an exhaust-

ive analysis of the methodology update published by the CAT on 15 Sept. 2021.
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