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Abstract
Reaching the goal of the Paris Agreement requires substantial investment. The developed country
parties have agreed to provideUSD$100 billion in climatefinance annually from2020 to 2025.
Ongoing negotiations on post-2025 commitments are likely to exceed that sum and include a broader
scope of parties. However, there is no guidance regarding the allocation of contributions. Here, we
develop a dynamicmechanismbased on two conventional pillars of a burden sharingmechanism:
emission responsibility and ability to pay. Themechanism adds dynamic components that reflect the
Paris principle to ‘ratchet-up’ ambition; it rewards countries with ambitiousmitigation targets and
relieves countries with a high degree of climate vulnerability. Including developed country parties
only, we find that ten countries should bear 85%of climatefinance contributions (65% if all parties to
the Paris Agreement are included). In both scopes, increasing climate ambition is rewarded. If the EU
increased its emission reduction target from40% to 55%by 2030,member states could reduce their
climatefinance contributions by up to 3.3%. The proposedmechanism allows for an inclusion of
sub-, supra- or non-state actors. For example, wefind a contribution ofUSD$3.3 billion annually for
conventionally excluded emissions from international aviation and shipping.

1. Introduction

In contrast to its predecessor, the Kyoto Protocol, the
Paris Agreement requires all parties (i.e. countries) to
submit nationally determined contributions (NDCs)
outlining what each country considers its fair share of
emission reduction and adaptation targets [1]. Achiev-
ing the NDCs requires substantial climate finance
efforts. The associated problem is threefold: first, the
contributing parties have no guidance to determine
their fair share; thus the civil society has no tools to
evaluate contributions. Moreover, current climate
finance pledges may be insufficient to reach the target.
Public climate finance is projected to reach USD$67
billion in 2020, with mobilised private climate finance
possibly filling the gap [2]. Second, the 2018 United
Nations Climate Change Conference (COP24) in
Katowice introduced biennial ex-ante communica-
tions of climate finance contributions from 2020

onwards [3], reinforcing the need for guidance. Third,
the COP24 opened deliberations on a new climate
finance target (likely post-2025) [4], reflecting the fact
that the USD$100 billion p.a. are most likely insuffi-
cient to reach the goal of the Paris Agreement [5]
let alone sustainable development goals [6]. Although
a higher target seems possible, it may be conditional
on a broader scope of contributing parties (see Art. 9,
Paris Agreement).

Various researchers have calculated optimal miti-
gation contributions based on equity principles [7–9]
and argue that transparent and equity-based alloca-
tion of mitigation responsibilities may increase ambi-
tion [10]. However, there is little research offering
guidance on how to allocate climate finance responsi-
bility. Current approaches either cover a small set of
countries [11] or are based on existing international
donor schemes unspecific to climate change, such as
the United Nations (UN) [12]. Here, we propose a
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novel climate finance allocation mechanism, which
provides a benchmarking tool for national delibera-
tions on climate finance contributions. The mech-
anism embodies the key principles of the Paris
Agreement. First, it reflects the principle of common
but differentiated responsibilities in providing flex-
ibility regarding the scope of contributors and in
accounting for expected future climate damages. Sec-
ond, it introduces a dynamic forward-looking comp-
onent that rewards increasing ambition over time
(ratcheting-up), similar to policy sequencing to
increase stringency over time [13]. Thus, if a country
exceeds the average level of ambition, it can thereby
reduce its climate finance contribution.

2.Mechanism

We define a baseline specification, which is calculated
from historical data on emission responsibility (ER)
and ability to pay (ATP) [14]. We use cumulative
greenhouse gas (GHG) emissions from1990 to 2014 to
operationalise ER and the gross domestic product
(GDP) in 2017 for ATP. We weigh both indicators
equally and define a country’s share of the total climate
finance contribution as the average between the
country’s share of global cumulative GHG emissions
and its share of global GDP (see figure 1 andMethods).

We further define a dynamic specification, where
we introduce forward-looking elements for ER and
ATP, as illustrated in figure 1. On the left-hand side,
ER is extended to cover future emissions up to 2030.
Unconditional emission reduction targets submitted
in the first NDC of each country are subtracted from
ER to calculate the dynamic ER (see Methods). For
countries without an unconditional NDC, the
dynamic ER is a business as usual (BAU) projection of
2030 emissions. On the right-hand side, we include
future climate damages to calculate a climate-adjusted

ability to pay in 2030 [15, 16]. We operationalise
future climate damages using country-level social
costs of carbon (CSCC) and combine these numbers
with GDP forecasts to calculate the dynamic ATP (see
Methods). The aim of the two dynamic elements is to
reward ambitious climate action and to account for
future climate change impacts as proposed by De Cian
et al [17]. Because the total sum of climate finance con-
tributions remains fixed, a more ambitious NDC for
one country directly translates into higher climate
finance responsibility for the rest (seeMethods).

The current climate finance regime (developed
countries’ pledge to contribute USD$100 billion
annually from 2020 onwards) was formalized at the
COP16 in Cancun [18]. To reflect this, we define
the Cancun scope covering 49 developed countries (see
methods and supplementary table 3 is available online
at stacks.iop.org/ERL/14/114024/mmedia). To reflect
potential future climate finance regimes, we define the
Paris scope covering all countries that have signed and/
or ratified the Paris Agreement. Finally, we exclude the
least-developed countries (LDC) with per capita emis-
sions within a carbon budget consistent with the Paris
Agreement (see Methods). The exclusion criteria apply
in the Paris scope only and exclude 34 out of 47LDCs.

3.Methods

This section describes themethodological approach to
the mechanism and the data sources. It proceeds in
four steps. First, we describe the definition of the
scope. Second, we define the baseline mechanism.
Third, we describe the dynamic elements. Fourth, we
explain the inclusion of bunker fuels.

3.1. Scope
We include all parties that either signed or ratified the
Paris Agreement in our analysis (N=196, excluding

Figure 1.Two pillar climatefinance allocationmechanism. ER andATP are calculated in the baseline specification (white stacks) and
the dynamic specification (white plus dotted stacks) separately for each country. Each country’s share of the global total is calculated
for ER andATP, and the two shares areweighted equally (50:50) to calculate the share in CF responsibility. For the dynamic ER, we
subtract unconditional emission reduction targets from expected total emissions from1990 to 2030 (change in light blue). For the
dynamic ATP,we subtract expected climate damages from expected 2030GDP (change in dark blue).
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the EuropeanUnion).We define two exclusion criteria
based on the two pillars described in figure 1. First, we
identify countries with 2014 per capita greenhouse gas
(GHG) emissions in line with a carbon budget
consistent with the Paris Agreement. Specifically, we
use the mean of a 2015–2100 carbon budget in line
with a >66% chance of limiting global warming to
below 2 °C relative to pre-industrial levels [19]. We
allocate this budget linearly over 85 years and convert
it into per capita budgets using 2014 population data
from the World Bank [20]. Second, we identify
countries classified as least-developed countries (LDC)
by the UN [21]. To classify as a LDC, a country must
meet criteria on three dimensions: poverty (Gross
National Income (GNI) per capita below USD$1025),
weak human resources (e.g. education and health) and
high economic vulnerability (e.g. instable agricultural
production or export) [22]. Countries fulfilling both
exclusion criteria are excluded from the sample. This
reduces the sample size from 196 to 164 (see supple-
mentary table 3 for a full list of countries).

Based on the sample of 164 countries, we define
two scopes, which we use for all calculations. First, the
Cancun scope, reflecting the fact that the pledge to
raise USD$100 billion annually from 2020 onwards
was formalised at the COP16 in Cancun. The Cancun
pledge was made by developed country parties only,
which limits the scope to 49 countries. Second, the
Paris scope, reflecting the fact that the 2015 Paris
Agreement abandoned the bifurcation of the interna-
tional community in developed and developing coun-
tries. Hence, the Paris scope covers all 164 countries.
Note, that the scope could also be defined differently
and include other actors. For example, emitters of
bunker fuels (i.e. the aviation and shipping industry)
are currently excluded from emission inventories, but
they represented 2.9% of global emissions in 2014 and
3.7% of global GDP in 2017. As an extension we
include those two industries as separate actors in the
scope and show the distribution of responsibility for
all countries and the two industries for the baseline
mechanism. Scope adjustments can also be used to
include sub-national actors as exemplified in the
discussion.

3.2. Baseline calculation
Emission responsibility (ER) is based on the ‘polluter
pays principle’ [23]. Countries that are responsible for
large amounts of emissions should also be accountable
for the damages they produce and thus contribute
more to climate finance. The ability to pay (ATP) or
capacity principle reflects a long tradition of tax
schemes worldwide based on the notion that actors
should pay in proportion to their capacities [14]. We
conceptualise ER as total emissions in GHG-equiva-
lent, excluding emissions from land use, land-use
change and forestry (LULUCF) from 1990 to
2014 [24]. Several scholars and nongovernmental

organisations propose dating emissions further back
to 1900 or 1850. We follow the scientific literature in
starting to assign responsibility when climate negotia-
tions started, thus 1990 [25]. Where emissions data is
unavailable, we search for online sources and comple-
ment the data manually for Monaco [26] and San
Marino [27].

To represent ATP, we use GDP data for 2017 in
constant 2010 USD from theWorld Bank [28]. Where
World Bank data is unavailable (Cook Islands, Cuba,
Djibouti, Eritrea, Liechtenstein, Monaco, Democratic
People’s Republic of Korea, Somalia, South Sudan,
Syrian Arab Republic, Venezuela and Yemen), we use
UN data from 2016 [29]. The resulting dataset con-
tains 159 countries and excludes Andorra, Niue, South
Sudan, Timor-Leste andWest Bank Gaza due to a lack
of data.

We calculate the share of climate finance responsi-
bility F for each country i according to equation (1)
and impose equal weights for the two pillars.
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For the purpose of this paper, F is multiplied with
the annual climate finance commitment from 2020 to
2025, henceUSD$100 billion.

3.3.Dynamic elements
The dynamic elements add a forward-looking comp-
onent to both pillars. Namely, we add emission
commitments for 2030 to the ER pillar and expected
climate damages in 2030 to the ATP pillar. For ER, the
first pillar, we search for publicly available uncondi-
tional NDCs—hence, emission reduction commit-
ments for 2030. In the first step, if a country has
submitted an NDC, we calculate the total emissions
from 2015 to 2030, assuming a linear annual decrease/
increase from the 2014 level of emissions (67 countries
submitted either an absolute emission target for 2030
or a target relative to historic emissions, and 25
countries submitted an emission target relative to the
BAU). If a country has not submitted an NDC, we use
a BAU scenario instead (N=68) and follow the same
procedure. By considering unconditional emission
reduction targets only, we avoid conflicting targets
that could arise from using targets conditional on
climate finance. Projected emissions by 2030 were
directly read from the NDC targets [26] and, if
necessary, calculated as shares from BAU scenarios.
BAU scenarios were taken from the NDCs if available;
otherwise they were taken from estimations by the
Climate Equity Reference Project (CERP) [27].
National targets expressed as emission intensities were
translated to total emissions based onGDPprojections
from the ETHClimate Calculator [30].

In the second step, we add future emissions to his-
toric emissions to calculate the new ER from 1990 to
2030 for each country. To do so, we calculate
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the average emissions over 16 years (2014–2030) that
map the emission path until 2030 as submitted in
the country’s NDC. Equation (2) describes the new ER
for each country i, where NDC is replaced by BAU in
case a country has not submitted an unconditional
NDC.
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+ +
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For ATP, the second pillar, we use GDP forecasts
for 2030 [30], country-specific costs of carbon [16]
and 2030 emission forecasts using the above result
according to equation (3), where again NDC is
replaced byBAU if noNDC exists.

å=
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i2030,
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We calculate the new ATP for each country i
according to equation (4) by allocating the marginal
costs of each ton of GHG emissions to countries via
the country-specific social cost of carbon (SCC) from
Ricke et al [16] and subtracting expected climate
damages from expected GDP in 2030. Note that this is
an economic conceptualisation of vulnerability.

= - ´
( )

ATP GDP GHG SCC .

4
new i i world i, 2030, 2030, 2020,

Note that due to data availability, the SCC esti-
mates are for 2020 instead of 2030. Assuming increas-
ing economic damages with increasing global
temperatures, this yields a conservative estimate of cli-
mate damages in 2030. We use a median SCC estimate
of an average scenario assuming a middle of the road
socioeconomic pathway (Shared Socio-economic
Pathway scenario 2, SSP2) and the closest corresp-
onding climate scenario (Representative Concentra-
tion Pathway 6.0, RCP6.0), a pure time preference of
2% and an elasticity of marginal utility of 1.5 [16].
Where Ricke et al [16] does not provide a country-spe-
cific SCC, we use the median value (28 countries).
Because this implies using median values for 19 of the
39 Small Island and Developing States (SIDS), we ver-
ify whether the SCC for SIDS differs from the median.
The SCC for SIDS is slightly below the median, we
hence do not penalise SIDS.

The two forward-looking elements can introduce
a trade-off: a more ambitious NDC, reducing
future global emissions, reduces future damages and
hence increases future ATP. However, applying
equations (2) and (4) to the data, it can be shown that
the effect of reduced domestic emissions through the
ER is stronger than its effect on ATP via reduced global
emission, ensuring the dynamic efficiency of the
mechanism.

3.4. Bunker fuels
To include bunker fuels, we draw on emissions data
for the international aviation and shipping industries.
Due to a lack of forward-looking data, we compute
only the baseline allocation. For aviation, we estimate
the cumulative emissions in 2014 from the IPCC 2014
report [31], assuming linear growth similar to the
growth rates from 1990 to 2012. We do not include a
radiation factor and hence provide a conservative
estimate. For shipping, we estimate cumulative emis-
sions based on the data from the International
Maritime Organization [32], with an emission growth
rate of 2.4% between 2013 and 2015 [33]. To
approximate the ATP, we estimate the aviation share
at 3.5% of global GDP 2017 [34]. For shipping, we
estimate the share of global GDP 2017 at 0.3% [35].
Although this approach ensures a more complete
accounting of global emissions, it comes with the
caveat of a small double counting on the ATP,
primarily affecting large economies. There is currently
no data available to allocate international aviation and
shipping industries to domestic GDP in a consistent
manner to alleviate this concern.

4. Results

Figures 2(a) and (b) show the top ten contributors in
the Cancun and Paris scope, respectively (see supple-
mentary tables 1 and 2 for the contributions of each
country in both scopes). In the Cancun scope, ten
countries are responsible for 84% of total climate
finance and 21 for 95%. The US covers 39%, followed
by Japan (9%) and Russia (8.5%), Germany (6.5%),
the UK (4.5%) and France (4%). The EU as one entity
would be responsible for 32%. In the Paris scope, 10
countries together contribute 65% of the climate
finance contributions and 60 countries contribute
95%, with the US and China accounting for 38%. All
G20 countries together represent 77%of the contribu-
tions, whereas African countries contribute 4.5%. The
EU as one entity would be responsible for 15%.

Figures 2(b) and (d) show the change in climate
finance contributions when including the dynamic
elements for both scopes. Countries coloured in blue
benefit from including the dynamic elements, coun-
tries in red suffer. In the Cancun scope, 28 countries
benefit and 21 suffer from the inclusion of dynamic
elements (83 and 76 in the Paris scope, respectively).
To analyse the effects more systematically, figure 3
shows the ten most affected countries for both scopes
and reveals that the choice of scope is crucial. For Rus-
sia and the US, the effect of including dynamic ele-
ments reverses depending on the scope. In the Cancun
scope, these countries would face a higher contrib-
ution in a dynamic setting; in the Paris scope, the
opposite is true. There are two reasons for this.
First, compared to the average developed country,
these countries have unambitious emission reduction

4

Environ. Res. Lett. 14 (2019) 114024



targets. However, when compared to emission-inten-
sive economies on a growth path, such as India for
example, their expected emissions are lower. Second,
the Paris scope contains emerging economies that
typically grow faster than developed economies.
Hence, the developed countries’ share of world GDP
decreases over time in the Paris scope, reducing their
future ATP (in relative terms). In addition, some
countries, such as Russia, benefit from climate change,
which increases their future ATP.

For other countries, such as the EU and Japan, the
direction of the effect does not change depending on
the scope. For the EU, the responsibility decreases by
5% and 18% for the Cancun and Paris scopes, respec-
tively. For Japan, the decrease amounts to 10% and
23% for the Cancun and Paris scopes, respectively. In
the case of the EU, this is the result of ambitious emis-
sion reduction targets and high climate vulnerability;
in the case of Japan, it is mainly due to its coastal expo-
sure and the high climate vulnerability. On the other
hand, China increases its contribution by 24% due to
its relatively lower emission reduction ambition,
higher economic growth and lower vulnerability.

The substantial changes due to dynamic ER illus-
trate the rewards for ambitious NDCs. For example,
Moldova’s contribution is reduced by 17% due to its
high-ambition NDC. On the other hand, Paraguay

contributes almost 2.5 times as much (USD$140 mil-
lion) compared to the baseline (USD$59 million) due
to the relatively high projected 2030 emissions under a
BAU scenario in their NDC. As such, one can calculate
the potential for future action: Paraguay could reduce
its climate finance contribution by 15% (USD$20mil-
lion) by increasing its emission reduction target from
10% to 30%. More generally, 21 countries in the Paris
scope only have an NDC conditional on international
support (e.g. climate finance). If all of them imple-
mented an unconditional NDC of 15% compared to
BAU 2030 (average of the rest) instead, they could
reduce their climate finance responsibility up to 7%
(e.g. Pakistan: 7%, Kenya: 4%). Similarly, if the EU
increased its emission reduction target from 40% to
55%, some of the member states’ finance responsi-
bilities would decrease by up to 3.3% (e.g. Estonia and
Bulgaria).

Finally, the proposed mechanism can be extended
to include the international aviation and shipping
industries (see Methods). We find that the climate
finance responsibilities of international aviation and
international shipping amounts to USD$2.2 billion
andUSD$1.1 billion, respectively, placing both among
the top 20 contributors (Paris scope, baseline
calculations).

Figure 2.Climate finance responsibility for Cancun and Paris scope. (a) Shares in climate finance responsibility for the top ten
contributors and the rest in the Cancun scope. (b)Change of responsibility inmillions ofUSD$ (constant 2010) frombaseline to
dynamicmechanism in the Cancun scope. (c) Shares in climatefinance responsibility for the top ten contributors and the rest in the
Paris scope. (d)Change of responsibility inmillions ofUSD$ (constant 2010) frombaseline to dynamicmechanism in the Paris scope.
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Figure 3.Changes in climate responsibility frombaseline to dynamicmechanism. (a)Changes (absolute and in percent relative to
baseline) for the tenmost affected countries and the EU in the Cancun scope. (b)Changes (absolute and in percent relative to baseline)
for the tenmost affected countries and the EU in the Paris scope. The total change is given inmillions ofUSD$ (constant 2010);
diamonds denote the corresponding percent change. Stacked bars indicate the relative contributions to the total change of ER
andATP.
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5.Discussion

Our findings reveal four insights: First, several Eur-
opean countries have pledged more than the amounts
calculated in the Cancun scope (e.g. Germany pledged
USD$10 billion instead of USD$6.4 billion, France
pledged USD$5 billion instead of USD$4.2 billion)
[36, 37]. However, for other European countries, the
pledges are insufficient in the current contribution
scheme. Namely, Switzerland would need to increase
its contribution by USD$339 million to reach USD
$789 million (+75%) [38]. Moreover, the US plans to
spend about USD$2 billion in 2019 [39], one ninth of
what is required in the Paris scope and one eighteenth
of what is required in the Cancun scope. To lay the
foundation for a post-2025 framework with a broader
scope, developed country parties may need to legit-
imate this discussion by stepping up current contribu-
tions to their fair share for the 2020–2025 period.

Second, our results for the Paris scope show that
some countries currently claiming financial support
may have to acknowledge that they will need to con-
tribute instead in a post-2025 framework due to their
ER and ATP. Pakistan, for example, claims that it
would need about USD$40 billion in assistance to
reach its conditional emission reduction target of 20%
compared to BAU 2030. However, according to our
results, Pakistan would have a climate finance respon-
sibility of around USD$830 million per year in the
Paris scope.

Third, two thirds of all countries use vulnerability
to explain their (small) mitigation and adaptation
efforts [1]. Accounting for future vulnerability may
therefore alleviate some of these concerns and make
political consensus easier. However, fewer countries
benefit from including vulnerability in themechanism
(N = 64) compared to including NDCs (N = 96).
Hence, according to the proposed mechanism, ambi-
tious NDCs help more countries lower their climate
finance responsibility than vulnerability does.

Fourth, the mechanism provides an incentive to
peer-review the implementation of NDCs, in line with
insights regarding policy surveillance [40]. Countries
that implement their NDCs and incur related costs
will want to ensure that other countries follow up on
their commitments so that they avoid overpaying
within the climate finance mechanism. In the absence
of an international body with oversight and sanction-
ing capacity, increasing incentives for peer-reviewing
NDCs will be crucial to achieve substantial emission
mitigation.

These four insights relate to a broader political sci-
ence literature. Three refer to the question of fair bur-
den sharing, while one links to effective international
governance. Mitigating climate change depicts a pub-
lic good provision dilemma. Despite altruistic motiv-
ation to contribute to the public good [41], there is an
incentive to free-ride on other countries’ efforts and
procrastinate climate action to future governments

[42]. Scholars assign the success of an agreement to
strong leadership [43] and intentionally sticky policy
design [44]. A commitment to amechanism instead of
an ad hoc climate finance contribution may be more
successful in ‘tying successors’ hands’ and therefore
lock-in the policy regime [42]. Moreover, a public
commitment to the mechanism could create leader-
ship on the issue that may lead to other countries
learning from the experience, imitating the leaders or
even responding to coercion from leaders; patterns
that have been observed in policy adoption among
cities [45]. Lastly, the mechanism provides the civil
society and countries with a tool to check the adequacy
of a governments’ climate finance contribution. Such
reviewing and subsequent naming and shaming can
also be important to ensure more effective interna-
tional collaboration [46].

The allocation mechanism builds on the most
common equity principles, namely the ability to pay
(or capacity) principle and the polluter pays principle
(including historic responsibility). These two princi-
ples are also among the most frequently used when
countries explain the fairness of the contribution in
their NDC [1]. Moreover, the mechanism relates to
other principles, which are debated in the literature,
too [14]. For example, the egalitarian principle is
applied to define one exclusion criterion (per capita
emissions in line with a 2°C carbon budget). Themerit
principle is reflected in the forward-looking element,
rewarding countries that have ambitious emission
reduction paths. The right to development principle is
also partly reflected. On the on hand, by excluding
LDCs with emissions in line with a 2°C carbon budget
from the pool of contributors and on the other hand,
by accounting for future climate vulnerability. Lastly,
the cost sharing principle demands that emissions are
reduced where abatement costs are lowest. This prin-
ciple is not reflected in the mechanism, because the
mechanism abstracts from the debate on where to
allocate the funds geographically and whether to allo-
cate them tomitigation or adaptation efforts. The pro-
posed mechanism also does not make a claim on the
type of finance that should be used [47]. Overall, the
mechanism focuses on the allocation of climate
finance responsibility based on the twomost common
equity principles.

Future research could propose additional criteria
—such as green finance or green research and devel-
opment—to be included as dynamic elements and
analyse conditions for political feasibility. Addition-
ally, future research could address the issue that some
national governments have threatened or decided to
withdraw from the Paris Agreement, but several sub-
national actors have committed to remaining in the
Agreement. For example, the United States have sub-
mitted their withdrawal to the Paris Agreement, which
will take effect in late 2020. In response, a coalition of
US States has formed theUSClimate Alliance tomain-
tain their commitment irrespective of the federal
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decision. Conditional on data availability, our mech-
anism would be flexible to including sub-national
actors, which play an increasingly important role in
pursuing ambitious climate policies [48, 49]. More-
over, future research could investigate how to deal
with domestic emission reduction targets versus inter-
national compensation schemes, how to account for
differences in consumption-based GHG accounting
compared to the commonly used production-based
approach [50] or how to better reflect the need for
short-termmitigation targets by accounting for differ-
ences inwarming potentials [51].

6. Conclusion

A common understanding of climate finance respon-
sibility will be vital to the successful mitigation of and
adaptation to climate change. In this paper, we
propose a mechanism for evaluating the adequacy of
current climate finance pledges. Furthermore, the
mechanism creates co-benefits beyond secured and
stablefinance, particularly in the formof incentives for
ambitious emission reduction targets and peer-
reviewing their implementation. The mechanism is
designed to fit the Paris architecture. First, the mech-
anism is based on established principles to allocate
responsibility, increasing the likelihood of acceptance.
Second, its design is Paris-compatible in that it uses
forward-looking elements to reflect the ‘ratcheting-
up’ of ambition over time. Third, it offers a transparent
and tractable method to calculate climate finance
contributions. Fourth, these contributions can be
calculated in regular time intervals, reflecting the five-
year stocktake envisaged in the Paris Agreement or the
planned biennial climate finance communication.
Fifth, the mechanism is open to extensions in scope,
such as bunker fuels or other sub-, supra- or non-state
actors.

To policymakers, this paper provides a tool to
commit to a rules-based climate finance contribution,
making the commitment more robust and potentially
more sustainable. In committing to the mechanism,
policymakers should be aware of the importance of
accurate and timely data. For example, emissions data
should be readily available (incl. LULUCF) and targets
(e.g. NDCs) should be comparable. More work is nee-
ded on the international level to attain these goals.
Most importantly, a consensus on the definition and
the accounting of climate finance will be required in
order to have a meaningful comparison of climate
finance contributions across countries. Lastly, this
paper stresses the importance of conventionally exclu-
ded sectors, such as international aviation and ship-
ping, which are responsible for large shares of global
emissions. It is questionable whether the current sepa-
rate negotiation track through the ICAO and the IMO
will deliver commitments that honour adequate cli-
matefinance contributions of these sectors.

Acknowledgments

The authors thank seminar participants at the Uni-
versity of Graz, participants of the envecon 2019 in
London, two anonymous reviewers in the Swiss
Federal Office for the Environment and the State
Secretariat for Economic Affairs, members of the
Chair of Economics and Resource Economics and
members of the Energy Politics Group at ETH Zurich
for helpful comments on earlier drafts of the paper.

Author contributions

Both authors contributed equally.

Data availability

The data used in this paper are available from the
authors upon reasonable request.

ORCID iDs

Florian Egli https://orcid.org/0000-0001-
8617-5175
Anna Stünzi https://orcid.org/0000-0002-
5854-3126

References

[1] WinklerH et al 2018Countries start to explain how their
climate contributions are fair:more rigour needed Int.
Environ. Agreements Polit. Law Econ. 1 99–115

[2] OECD2018Climate Finance FromDeveloped toDeveloping
Countries Public Flows in 2013–17 (Paris: OECDPublishing)

[3] UNFCCC2018Decision -/CMA.1 (Katowice, Poland)
(https://unfccc.int/sites/default/files/resource/cp24_auv_
agendaitem 4_9.5.pdf)

[4] UNFCCC2018Matters relating to the implementation of the
Paris Agreement (Katowice, Poland) (https://unfccc.int/
sites/default/files/resource/l03_3.pdf)

[5] Peake S and Ekins P 2017 Exploring thefinancial and
investment implications of the Paris AgreementClim. Policy 17
832–52

[6] McCollumDL et al 2018 Energy investment needs for fulfilling
the Paris Agreement and achieving the Sustainable
DevelopmentGoalsNat. Energy 3 589–99

[7] Bretschger L 2013Climate policy and equity principles: fair
burden sharing in a dynamicworldEnviron. Dev. Econ. 18
517–36

[8] Robiou du Pont Y, JefferyML,Gütschow J, Christoff P and
MeinshausenM2016National contributions for
decarbonizing theworld economy in linewith theG7
agreementEnviron. Res. Lett. 11 054005

[9] PetersG P, AndrewRM, Solomon S and Friedlingstein P 2015
Measuring a fair and ambitious climate agreement using
cumulative emissions Environ. Res. Lett. 10 105004

[10] Bretschger L,MeulemannMand Stünzi A 2018Climate policy
based on the Paris AgreementRef.Modul. Earth Syst. Environ.
Sci. (https://doi.org/10.1016/B978-0-12-409548-9.10866-8)

[11] Pickering J et al 2015Acting on climatefinance pledges: inter-
agency dynamics and relationships with aid in contributor
statesWorldDev. 68 149–62

[12] Cui L andHuang Y 2018 Exploring the schemes for green
climate fund financing: international lessonsWorldDev. 101
173–87

8

Environ. Res. Lett. 14 (2019) 114024

https://orcid.org/0000-0001-8617-5175
https://orcid.org/0000-0001-8617-5175
https://orcid.org/0000-0001-8617-5175
https://orcid.org/0000-0001-8617-5175
https://orcid.org/0000-0001-8617-5175
https://orcid.org/0000-0002-5854-3126
https://orcid.org/0000-0002-5854-3126
https://orcid.org/0000-0002-5854-3126
https://orcid.org/0000-0002-5854-3126
https://orcid.org/0000-0002-5854-3126
https://doi.org/10.1007/s10784-017-9381-x
https://doi.org/10.1007/s10784-017-9381-x
https://doi.org/10.1007/s10784-017-9381-x
https://unfccc.int/sites/default/files/resource/cp24_auv_agendaitem 4_9.5.pdf
https://unfccc.int/sites/default/files/resource/cp24_auv_agendaitem 4_9.5.pdf
https://unfccc.int/sites/default/files/resource/l03_3.pdf
https://unfccc.int/sites/default/files/resource/l03_3.pdf
https://doi.org/10.1080/14693062.2016.1258633
https://doi.org/10.1080/14693062.2016.1258633
https://doi.org/10.1080/14693062.2016.1258633
https://doi.org/10.1080/14693062.2016.1258633
https://doi.org/10.1038/s41560-018-0179-z
https://doi.org/10.1038/s41560-018-0179-z
https://doi.org/10.1038/s41560-018-0179-z
https://doi.org/10.1017/S1355770X13000284
https://doi.org/10.1017/S1355770X13000284
https://doi.org/10.1017/S1355770X13000284
https://doi.org/10.1017/S1355770X13000284
https://doi.org/10.1088/1748-9326/11/5/054005
https://doi.org/10.1088/1748-9326/10/10/105004
https://doi.org/10.1016/B978-0-12-409548-9.10866-8
https://doi.org/10.1016/j.worlddev.2014.10.033
https://doi.org/10.1016/j.worlddev.2014.10.033
https://doi.org/10.1016/j.worlddev.2014.10.033
https://doi.org/10.1016/j.worlddev.2017.08.009
https://doi.org/10.1016/j.worlddev.2017.08.009
https://doi.org/10.1016/j.worlddev.2017.08.009
https://doi.org/10.1016/j.worlddev.2017.08.009


[13] PahleM et al 2018 Sequencing to ratchet up climate policy
stringencyNat. Clim. Change 8 861–7

[14] MattooA and SubramanianA 2012 Equity in climate change:
an analytical reviewWorldDev. 40 1083–97

[15] BurkeM,Hsiang SMandMiguel E 2015Global non-linear
effect of temperature on economic productionNature 527
235–9

[16] RickeK,Drouet L, Caldeira K andTavoniM2018Country-
level social cost of carbonNat. Clim. Change 8 895–900

[17] DeCian E,Hof A F,Marangoni G, TavoniM and
vanVuurenDP 2016Alleviating inequality in climate policy
costs: an integrated perspective onmitigation, damage and
adaptationEnviron. Res. Lett. 11 074015

[18] UNFCCC2010Decisions adopted by theConference of the
Parties COP16Cancun, (https://unfccc.int/resource/docs/
2010/cop16/eng/07a01.pdf%0Ahttp://unfccc.int/resource/
docs/2010/cop16/eng/07a01.pdf#page=2UNFCCC)

[19] Rogelj J et al 2016Differences between carbon budget
estimates unravelledNat. Clim. Change 6 245–52

[20] World Bank 2018 Population, total,(https://data.worldbank.
org/indicator/SP.POP.TOTL)

[21] UnitedNations Statistics Devision 2018UNSD—
Methodology,(https://unstats.un.org/unsd/methodology/
m49/overview/)

[22] UnitedNations 2018Handbook on the Least DevelopedC
ountry Category: Inclusion, Graduation and Special Support
Measures (NewYork:UnitedNations Publication)

[23] PigouAC1920The Economics ofWelfare (London:Macmillan)
[24] WorldResources Institute 2018CAITClimateData Explorer

(https://cait.wri.org)
[25] Bell D 2011Global climate justice, historic emissions, and

excusable ignoranceMonist 94 391–411
[26] UNFCCC2018NDCRegistry (https://unfccc.int/sites/

ndcstaging/Pages/Home.aspx)
[27] Eco Equity and SEI StockholmEnvironment Institute 2018

Climate Equity Reference Calculator (https://calculator.
climateequityreference.org/)

[28] World Bank 2018GDP (constant 2010US$) (https://data.
worldbank.org/indicator/NY.GDP.MKTP.KD)

[29] UnitedNations 2018GDPbyType of Expenditure at constant
(2010)prices -US dollars (http://data.un.org/Data.aspx?
q=gdp+constant&d=SNAAMA&f=grID%3A102%
3BcurrID%3AUSD%3BpcFlag%3A0)

[30] ETHChair of Resource Economics 2018Climate Calculator
(http://ccalc.ethz.ch/)

[31] IPCC2014 Summary for Policymakers (Cambridge/NewYork,
NY:CambridgeUniversity Press)

[32] IMO2015Third IMOGreenhouseGas Study 2014
(London, UK)

[33] OECD/ITF 2018Reducing ShippingGreenhouseGas
Emissions: Lessons fromPort-Based Incentives (Paris, France)

[34] ATAG2016Aviation Benefits BeyondBorders (Geneva,
Switzerland)

[35] IHSGlobal Insight 2009Valuation of the Liner Shipping
Industry (MA,US)

[36] Germanclimatefinance 2018Advancing onClimate Finance at
COP24 (Berlin, Germany)

[37] UNFCCC2015 List of Recent Climate Funding
Announcements (https://unfccc.int/list-of-recent-climate-
funding-announcements)

[38] Bundesrat 2017 Internationale Klimafinanzierung (Bern,
Switzerland)

[39] Thwaites J 2019USClimate Finance Improves with 2019 Budget,
But There’s Still a LongWay toGo (WashingtonDC:World
Resources Institute)

[40] Aldy J E 2017 Policy surveillance in theG-20 fossil fuel
subsidies agreement: lessons for climate policyClim. Change
144 97–110

[41] MilinskiM, SemmannD,KrambeckH J andMarotzke J 2006
Stabilizing the Earth’s climate is not a losing game: supporting
evidence frompublic goods experiments Proc. Natl Acad. Sci.
USA 103 3994–8

[42] Bernauer T 2013Climate change politicsAnnu. Rev. Polit. Sci.
16 421–48

[43] KarlssonC, Parker C,HjerpeMand Linnér B-O 2011 Looking
for leaders: perceptions of climate change leadership among
climate change negotiation participantsGlob. Environ. Polit. 11
89–107

[44] JordanA andMatt E 2014Designing policies that intentionally
stick: policy feedback in a changing climate Policy Sci. 47
227–47

[45] ShipanCR andVoldenC 2008Themechanisms of policy
diffusionAm. J. Pol. Sci. 52 840–57

[46] Kelley J G and Simmons BA 2015 Politics by number:
indicators as social pressure in international relationsAm. J.
Pol. Sci. 59 55–70

[47] OECD2019Blended Finance in the Least Developed Countries
2019 (Paris: OECDPublishing) (https://doi.org/10.1787/
1c142aae-en)

[48] Figueres C et al 2018 Emissions are still rising: ramp up the cuts
Nature 564 27–30

[49] HsuA et al 2019A research roadmap for quantifying non-state
and subnational climatemitigation actionNat. Clim. Change 9
11–7

[50] MehlingM, vanAsselt H,DasK andDroege S 2018 Beat
protectionism and emissions at a strokeNature 559 321–4

[51] Fesenfeld L P, Schmidt T S and SchrodeA 2018Climate policy
for short- and long-lived pollutantsNat. Clim. Change 8 933–6

9

Environ. Res. Lett. 14 (2019) 114024

https://doi.org/10.1038/s41558-018-0287-6
https://doi.org/10.1038/s41558-018-0287-6
https://doi.org/10.1038/s41558-018-0287-6
https://doi.org/10.1016/j.worlddev.2011.11.007
https://doi.org/10.1016/j.worlddev.2011.11.007
https://doi.org/10.1016/j.worlddev.2011.11.007
https://doi.org/10.1038/nature15725
https://doi.org/10.1038/nature15725
https://doi.org/10.1038/nature15725
https://doi.org/10.1038/nature15725
https://doi.org/10.1038/s41558-018-0282-y
https://doi.org/10.1038/s41558-018-0282-y
https://doi.org/10.1038/s41558-018-0282-y
https://doi.org/10.1088/1748-9326/11/7/074015
https://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf%0Ahttp://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf#page=2UNFCCC
https://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf%0Ahttp://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf#page=2UNFCCC
https://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf%0Ahttp://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf#page=2UNFCCC
https://doi.org/10.1038/nclimate2868
https://doi.org/10.1038/nclimate2868
https://doi.org/10.1038/nclimate2868
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SP.POP.TOTL
https://unstats.un.org/unsd/methodology/m49/overview/
https://unstats.un.org/unsd/methodology/m49/overview/
https://www.cait.wri.org
https://doi.org/10.5840/monist201194320
https://doi.org/10.5840/monist201194320
https://doi.org/10.5840/monist201194320
https://www4.unfccc.int/sites/ndcstaging/Pages/Home.aspx
https://www4.unfccc.int/sites/ndcstaging/Pages/Home.aspx
https://calculator.climateequityreference.org/
https://calculator.climateequityreference.org/
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD
https://data.worldbank.org/indicator/NY.GDP.MKTP.KD
http://data.un.org/Data.aspx?q=gdp+constant&d=SNAAMA&f=grID%3A102%3BcurrID%3AUSD%3BpcFlag%3A0
http://data.un.org/Data.aspx?q=gdp+constant&d=SNAAMA&f=grID%3A102%3BcurrID%3AUSD%3BpcFlag%3A0
http://data.un.org/Data.aspx?q=gdp+constant&d=SNAAMA&f=grID%3A102%3BcurrID%3AUSD%3BpcFlag%3A0
http://data.un.org/Data.aspx?q=gdp+constant&d=SNAAMA&f=grID%3A102%3BcurrID%3AUSD%3BpcFlag%3A0
http://data.un.org/Data.aspx?q=gdp+constant&d=SNAAMA&f=grID%3A102%3BcurrID%3AUSD%3BpcFlag%3A0
http://www.ccalc.ethz.ch/
https://unfccc.int/list-of-recent-climate-funding-announcements
https://unfccc.int/list-of-recent-climate-funding-announcements
https://doi.org/10.1007/s10584-015-1505-0
https://doi.org/10.1007/s10584-015-1505-0
https://doi.org/10.1007/s10584-015-1505-0
https://doi.org/10.1073/pnas.0504902103
https://doi.org/10.1073/pnas.0504902103
https://doi.org/10.1073/pnas.0504902103
https://doi.org/10.1146/annurev-polisci-062011-154926
https://doi.org/10.1146/annurev-polisci-062011-154926
https://doi.org/10.1146/annurev-polisci-062011-154926
https://doi.org/10.1162/GLEP_a_00044
https://doi.org/10.1162/GLEP_a_00044
https://doi.org/10.1162/GLEP_a_00044
https://doi.org/10.1162/GLEP_a_00044
https://doi.org/10.1007/s11077-014-9201-x
https://doi.org/10.1007/s11077-014-9201-x
https://doi.org/10.1007/s11077-014-9201-x
https://doi.org/10.1007/s11077-014-9201-x
https://doi.org/10.1111/j.1540-5907.2008.00346.x
https://doi.org/10.1111/j.1540-5907.2008.00346.x
https://doi.org/10.1111/j.1540-5907.2008.00346.x
https://doi.org/10.1111/ajps.12119
https://doi.org/10.1111/ajps.12119
https://doi.org/10.1111/ajps.12119
https://doi.org/10.1787/1c142aae-en
https://doi.org/10.1787/1c142aae-en
https://doi.org/10.1038/d41586-018-07585-6
https://doi.org/10.1038/d41586-018-07585-6
https://doi.org/10.1038/d41586-018-07585-6
https://doi.org/10.1038/s41558-018-0338-z
https://doi.org/10.1038/s41558-018-0338-z
https://doi.org/10.1038/s41558-018-0338-z
https://doi.org/10.1038/s41558-018-0338-z
https://doi.org/10.1038/d41586-018-05708-7
https://doi.org/10.1038/d41586-018-05708-7
https://doi.org/10.1038/d41586-018-05708-7
https://doi.org/10.1038/s41558-018-0328-1
https://doi.org/10.1038/s41558-018-0328-1
https://doi.org/10.1038/s41558-018-0328-1

