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A B S T R A C T

In the Paris Agreement under the United Nations Framework Convention on Climate Change (UNFCCC), for the
first time, non-state actors were addressed in the international negotiations and were explicitly invited to act on
climate change. Indeed, there are many transnational emission reduction initiatives (TERIs) outside the
UNFCCC, driven by non-state actors or national governments, which aim at reducing greenhouse gas (GHG)
emissions. Using an Integrated Assessment Model (IAM), this study assessed the potential impact of a selection of
large TERIs that existed before the Paris Agreement on global greenhouse gas emissions. TERIs could lead to
significant emission reductions: the eleven selected initiatives included in the analysis here could – if fully
implemented – deliver annual GHG emission reductions of 2.5 GtCO2eq by 2020 and of 5.0 GtCO2eq by 2030
from a no-policy-baseline emission level of 53.7 GtCO2 and 61.1 GtCO2eq, respectively. Although these re-
ductions are of similar magnitude as those pledged by countries under the umbrella of the UNFCCC, these
reductions may significantly overlap with those of pledges and Nationally Determined Contributions. The
maximum estimate of overlap is around 70% by 2020 and 80% by 2030. This means that the combined impact
on global GHG emissions of TERIs and NDCs, assuming a maximum overlap, would lead to emission levels
between 53 and 55 GtCO2eq by 2030, compared to a level of 54 to 56 GtCO2eq resulting from NDCs alone.

1. Introduction

International climate policy within the United Nations Framework
Convention on Climate Change (UNFCCC) so-far has focused mostly on
commitments from national governments. In the Paris Agreement
(UNFCCC, 2015b), countries world-wide agreed to keeping ‘the in-
crease in global average temperature to well below 2 °C above pre-in-
dustrial levels and pursuing efforts to limit temperature increase to
1.5 °C. As a first step towards this goal, countries have submitted In-
tended Nationally Determined Contributions (INDCs) in the run-up to
the COP21 meeting in Paris, which after ratifying the Paris Agreement
become NDCs. It has been shown that together, the NDCs are not ex-
pected to reduce greenhouse gas (GHG) emissions sufficiently towards a
2 °C emission pathway: the median emissions gap between GHG emis-
sion levels resulting from NDCs and the 2 °C limit by 2030 is estimated
to be between 11 and 14 GtCO2eq (Rogelj et al., 2016).

The change towards more bottom-up action within the UNFCCC also
included the acknowledgement of non-Party stakeholders as important
parties in taking climate action (UNFCCC, 2015a). Non-Party stake-
holders can be defined as any group participating in global (climate)

governance that is not a sovereign state (Chan et al., 2016; Nasiritousi
et al., 2016). They include non-state actors such as civil society, the
private sector, financial institutions, cities and other subnational au-
thorities. Note that the definition of non-state actors is often not made
explicit in literature. Here, the categorisation of the NAZCA portal is
used: “NAZCA brings together the commitments to action by compa-
nies, cities, subnational regions, investors and civil society” (UNFCCC,
2015a, 2015b), and thus include sub-national actors. Many take actions
as a member of International Cooperative Initiatives (ICIs), that share a
common goal and are mostly driven by likeminded countries
(Widerberg and Pattberg, 2015). In addition, coalitions of the willing,
which are groups of national governments, are also taking action on
climate change outside the UNFCCC, often under the umbrella of other
UN organisations. All these initiatives widen the scope of international
climate policy by including new actors beside national governments
(Hajer et al., 2015), and new coalitions outside the UNFCCC.

To clearly demarcate these new initiatives, we use Slingerland et al.
(2011) that identified the above occurrences as “alternative routes that
offer specific advantages in terms of increasing societal support for
greenhouse gas (GHG) reductions”. In this paper, we focus specifically
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on transnational emission reduction initiatives (TERIs), which can be
defined as international activities outside the UNFCCC driven by non-state
actors or coalitions of national governments that have committed to reduce
greenhouse gas emissions. TERIs often operate in specific sectors and/or
together with specific actors. It was decided to focus on international
activities in this paper (in contrast to national-scale initiatives) as these
can be expected to lead to most reductions (UBA, 2016), thus com-
plying to a pragmatic reason to restrain the analysis to a clearly defined
list of measures and avoid too much overlap between them.

Clearly, it is important to assess the potential reduction potential of
TERIs and their contribution beyond current NDCs. Previous studies
have shown that the potential impact of TERIs can be large, but as-
sessments also differ substantially. The differences are caused by se-
lecting different climate initiatives or including different overlap as-
sumptions or baseline assumptions. A first group of studies have
addressed the mitigation potential of initiatives beyond national gov-
ernments. According to Blok et al. (2012), 21 coherent major in-
itiatives, already existing or proposed, together are estimated to reduce
GHG emissions by 10 GtCO2eq by 2020 relative to a 56 GtCO2eq
business-as-usual level, assuming that a significant upscaling of existing
initiatives is possible and that proposed initiatives will organise them-
selves. The New Climate Economy (2015) estimates that state- and non-
state actors would together achieve emission reductions of 16 to 26
GtCO2eq by 2030 relative to the business-as-usual level of 69 GtCO2eq,
if they cooperate, scale up ambition and remove barriers. A second
group of studies focused on existing commitments of initiatives only,
based on current participation levels. Hsu et al. (2015) analysed 29
existing action statements with quantifiable targets, announced at the
New York Climate Summit, and projected a total reduction of 2.5
GtCO2eq by 2020, relative to the business-as-usual level of 59 GtCO2eq.
UNEP (2015a) estimated that a wide selection of non-state climate in-
itiatives with concrete mitigation actions and/or quantified mitigation
targets would reduce emissions by 2.9 GtCO2eq, with a range of 2.5–3.3
GtCO2eq by 2020 relative to the Current Policy Scenario of the World
Energy Outlook 2014. UBA (2016) estimates that 19 initiatives, based
on their quantifiable goal, are estimated to reduce between 5–11
GtCO2eq annual reductions by 2030 compared to an NDC emission
level of 53–56 GtCO2e.

This study uses the Integrated Assessment Model (IAM) IMAGE
(Stehfest et al., 2014) to get an order estimate of the emission level after
implementation of TERIs that existed at the time of COP21 in Paris, and
the potential overlap with existing pledges and NDCs made by national
governments in the context of the UNFCCC. We focus on a list of TERIs
available just before the Paris Agreement, as more information is
available on these measures allowing quantitative assessment. To our
knowledge, this is the first study on the effectiveness of TERIs that uses
an IAM framework. The advantage of doing so is that the analysis is
based on a consistent emission scenario, including both energy-related
and agriculture, forestry and land-use (AFOLU) emissions, which en-
ables not only an estimate of the global impact of TERIs in terms of total
reductions, but also the total emission level after implementation of
TERIs. The IMAGE model represents a useful tool for analysis given the
relatively detailed sectoral representation of this IAM compared to
others. This study goes beyond existing studies on TERIs by assessing
the impact of a selected set of large TERIs in a more consistent way, but
also by paying more attention to the overlap with pledges/NDCs by
discussing our results in the context of different existing methods. In
order to assess the effectiveness of TERIs it is crucial to know how the
TERIs overlap with government policies. So-far, this question has only
been partly addressed by Hsu et al. (2015), UNEP (2015a) and UBA
(2016). We use information on the TERIs to assess the maximum po-
tential overlap, which should be regarded as a conservative approach.

It should be noted that TERIs often have other objective than direct
emission reductions, such as networking and knowledge sharing (Chan
et al., 2016; Michaelowa and Michaelowa, 2016), which were not in-
cluded in our assessment. However, it is important to note that these

are considered relevant for successful implementation (Widerberg and
Pattberg, 2015) (see Section 5).

In addition, it should also be noted that analysing the reductions
resulting from TERIs involves some important challenges. First, there is
no GHG accounting framework in place yet for non-state action, and no
global model exists that can assess climate policy of non-state actors.
Second, individual actor emission estimates, targets and trends are not
publicly or readily available. Third, no existing consistent framework is
available yet that could assess TERI commitments. Given these limita-
tions, our assessment should be regarded as a first attempt to quantify
the effect of TERIs by connecting business-as-usual projections devel-
oped in the IMAGE model to aggregated actors and sectors. This paper
can be seen as starting point for further analysis of new or expanded
emission reduction initiatives.

2. Methodology and data

2.1. Selection of TERIs

The TERIs assessed in this study have been selected from the
Climate Initiatives Platform (UNEP and Ecofys, 2015) and supple-
mented with potentially high-impact initiatives found in UN (2015),
UNFCCC (2013, 2014), Wouters (2013). The aim was to select the
largest initiatives that cover most economic sectors. Overlap between
initiatives was kept small by selecting the largest initiative per sector.
This selection should enable making a first-order estimate of the impact
on GHG emissions that can be expected from climate action outside the
UNFCCC.

Only those TERIs were selected i) that include multiple parties and
act in multiple countries/regions (i.e. no bilateral initiatives were in-
cluded), ii) that have a large expected global impact (roughly 0.1
GtCO2eq or more), iii) that have clear commitments with quantified
mitigation targets or concrete measures, or estimates are available
based on GHG emissions from publications or literature iv) for which it
is specified how the overall target (if any) is applied to individual ac-
tors, v) that only include direct GHG emission target or specific mea-
sures, e.g. no finance, subsidies and carbon taxes. The Supplementary
material includes the full list of TERIs including our assessment on the
above criteria. This material also includes a description of TERIs that
were not selected, but have potential future impact if scaled up. The
cut-off date for selection was 1 May 2015 (meaning that sufficient
material was available to make an assessment of the impact). Clearly, in
the future the list of TERIs included can be further expanded, but given
the fact that this paper for the first time presents an assessment of TERIs
in an IAM the focus here is mostly on presenting a first order estimate
and showing how such analysis can be done.

2.2. Implementation of TERIs in IMAGE

While analysis of climate policies in models has often been done by
implementing a generic carbon price to induce cost-effective policies in
all sectors, here instead we try to implement reduction targets or
measures as specifically formulated by the TERIs, in a similar manner as
been done to asses country pledges and domestic climate policies by
Roelfsema et al. (2014) and deep reduction measures by (Deetman
et al., 2014). The first step was to identify the possible impact of TERIs
on GHG emissions, based on the assumption that TERIs deliver on their
commitments.

Ideally, the model would include sufficient detail to represent the
commitments made by TERIs. At the same time, however, global IAM
models often operate at a more aggregated scale in order to ensure
transparency (see Section 5.1 for more discussion on this topic). This
proves a challenge in representing the TERIs.

The IMAGE 3.0 model is a dynamic integrated assessment frame-
work to analyse global change (Stehfest et al., 2014), and has the ad-
vantage that among the IAM models it is relatively detailed, making it
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suitable as a starting point for our work. The model consists of 26 world
regions and the economic sectors energy supply, industry, transport,
buildings, agriculture and land use. The model output comprises
AFOLU GHG emissions from the IMAGE land-use model and energy-
related emissions from the energy-model TIMER. The main drivers of
the baseline scenario are population and GDP, the projections of which
are taken from the SSP2 scenario (SSP2 database, 2015).

The assessment consisted of four steps for each TERI, after which the
total impact on the global level was determined

1. Determine aggregated 2010 GHG emissions, based on publications
by the initiatives;

2. Determine TIMER/IMAGE baseline projections for emission growth,
selecting specific sectors and accounting for overlap between actors;

3. Determine GHG emission reductions, and make simple assumptions
for overlap between actors based on literature estimates and ap-
plying the overlap factors after construction of baselines;

4. Determine overlap with pledges/NDCS. The assumption is that there
is full overlap if TERIs and pledges/NDCs apply to the same country
and same actor.

Non-state actors are not modelled explicitly in the IMAGE model,
and therefore, this assessment relies on literature estimates to derive
globally aggregated targets or reduction estimates. Details on assump-
tions per TERI are found in the Supplementary material. As national
policies are expected to be implemented to achieve NDCs, and to avoid
complexity of overlap between national policies and non-state policies,
we did not include national climate policies in the baseline (see Section
5).

The baseline emission projections for sector and actor initiatives
were derived in two steps. This was done at an aggregated global level
for actor initiatives (cities and companies) and on IMAGE region level
for sector initiatives. First, a sector baseline trend was derived for the
sectors in which TERIs have targeted emission reductions. For in-
itiatives that act in multiple sectors, an emission baseline trend was
constructed using the weighted average of the IMAGE sectoral trends,
the weighting being based on the emission shares of the relevant sec-
tors. A global companies baseline trend was constructed based on the
global baseline emissions from the industry and service sectors (The
Greenhouse Gas Protocol, 2012a); for the global cities baseline trend it
was assumed that they act in the following sectors: urban buildings,
passenger transport (excluding aviation), and small industry sectors
(excluding cement and steel sector), including electricity supply for
these sectors (The Greenhouse Gas Protocol, 2012b). Although CH4

emissions from waste are an important source, they were excluded
because the aggregated emissions and targets as published by the

initiatives were CO2 only. Second, a baseline for individual TERIs was
constructed based on information about current emission levels as
published by the TERIs and the emission trend as derived in step 1. If no
information regarding current emission levels was available, the base-
line was constructed by downscaling the IMAGE baseline based on the
percentage of emissions in 2010 represented by participants (which was
available). Overlap between individual cities was based on literature
(see Section 3.1), and overlap between cities and companies was based
on assuming full overlap of indirect (electricity) emissions (that re-
present 50% of total 2010 global city emissions) and assuming 50% of
overlap in location (i.e. for those companies that are located in cities
and both have reduction targets). The latter was assumed as no litera-
ture estimates were found. These overlaps were applied after the con-
struction of the actor baselines.

Emission reduction targets for actor initiatives are mostly set on
individual basis for cities and companies. We have aggregated these to
global targets, based on literature or TERI publications, and applied
them to the global IMAGE business-as-usual projection. In general,
emission reduction targets from sector initiatives were applied to each
IMAGE region and aggregated to the global level. For TERIs with targets
before 2030, targets were extrapolated to 2030 on the assumption that
an equivalent effort will be made, i.e. the same relative emission re-
duction compared to baseline until 2030 was assumed. Targets after
2030 were linearly interpolated (see Table 1 for actual target years).
TERIs were assumed to overlap each other if they act in the same
country and sector. As no individual non-state actor data was available,
the level of overlap was calculated based on the fraction of total
emissions from the overlapping sectors and regions in 2010 and applied
to 2020 and 2030 reductions. More specifically for cities and compa-
nies, assumptions on overlap in reductions were the same as those as-
sumed for the baseline development. Overlap between initiatives was
calculated after global emission reduction for individual initiatives
were calculated. The latter was done in a specific order (see Section 3)
and was an arbitrary choice, but does not affect the total overlap be-
tween TERIs. Where possible and relevant, the calculation of the level
of overlap was done at a regional level.

2.3. Overlap with NDCs

In addition to overlap between different TERIs, emission reductions
from TERIs may overlap with reductions put forward by countries in the
context of the UNFCCC. To show the additionality of the TERIs to pre-
2020 pledges and post-2020 NDCs, we have included a pledge/NDC
scenario, based on the emission ranges from the UNEP (2014, 2015b)
reports. To estimate the maximum potential overlap between TERIs and
pledged reductions, it was assumed that TERIs do not lead to additional

Table 1
Global baseline emissions and emission reductions for individual international initiatives.

Target year Baseline (GtCO2eq) Reduction (GtCO2eq) Overlap with above initiatives

2010 2020 2030 2020 2030

Actor
Carbon Disclosure Project 2020 3.2 3.8 4.2 0.7 0,8
C40 Cities and Covenant of Mayors 2020–2050 3.5 4.6 5.3 0.6 0.7 25%

Sector
Cement Sustainability Initiative 2050 0.5 0.6 0.7 0.1 0.1 10%
Global Fuel Economy Initiative 2020/2050 0.5 0.8 1.0 0.2 0.5 4%
Kigali Amendment 2043 0.5 1.0 1.3 0.0 0.7 0%
Global Methane Initiative 2022 4.1 5.1 5.9 0.5 1.2 0%
New York Declaration of forests 2020/2030 1.0 0.5 0.4 0.3 0.7 0%
International Maritime Organization 2020/2050 0.6 0.6 0.7 0.1 0.2 0%
International Civil Aviation Organization 2020/2050 0.5 0.6 0.9 0.1 0.3 0%
Zero Routine Flaring by 2030 2030 0.1 0.1 0.1 0.0 0.1 70%
Overlap 0.2 0.3
Total 2.5 5.0
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reductions in countries that submitted pledges or NDCs, provided that
these occur in sectors that are included in the pledges and cover the
same greenhouse gases. It is assumed that TERI targets that are more
ambitious compared to pledges/NDCs will be compensated with less or
downscaled ambition by other actors (see Section 5).

3. Selected climate initiatives

The long list of TERIs consisted of 184 climate initiatives from the
Climate Initiatives Platform, and 13 were added from Wouters (2013),
7 from UNFCCC (2013), 5 from UNFCCC (2014) and 3 UN lead in-
itiatives from UN (2015). From this long list, eleven were selected:
seven international cooperative initiatives, three UN lead initiatives,
and one private governance network (see Supplementary material).

3.1. Description of individual international initiatives

This section briefly describes the individual TERIs. In the long list of
climate initiatives were no large international cooperative initiatives of
companies that are expected to result in significant emission reductions
(see Supplementary material for criteria). However, outside these in-
itiatives many have committed themselves to GHG reduction targets, as
reported by the Carbon Disclosure Project (CDP). The CDP is a
transnational private governance network that engages in climate ac-
tion in the business sector (Bulkeley and Newell, 2015). CDP en-
courages companies to set GHG emission reduction targets (CDP, 2014)
and collects and captures data company commitments and emissions
(which is not publicly available). The aggregated emission level of 70 of
the world’s largest publicly listed companies in 2014 was 3.4 GtCO2eq,
65% of which have set emission reduction targets (CDP, 2015a, 2015b).
The latter group can be divided into 35% that have set targets in line
with staying on track by 2030 to meet the global 2 °C goal, 15% that
have set less ambitious targets, and 15% that have set targets which are
not expected to lead to GHG emission reductions. The annual emission
reduction rate for companies consistent with achieving the 2 °C goal is
estimated at about 1.4% (CDP, 2012; Moorhead and Nixon, 2014). As
no information exists on the expected emission reduction for companies
with less ambitious targets, we have simply assumed half of the annual
emission reduction, so 0.7%. These reduction rates were applied until
2030. The future baseline trend was based on the global IMAGE base-
line trend for all business sectors, excluding China, as almost no com-
panies in this country are participating in the CDP programme.

Two city initiatives were included in this analysis: 1) The C40
Cities initiative and 2) the Covenant of Mayors. The cities included in
these initiatives are, based on our IMAGE baseline, responsible for
approximately 25% of GHG emissions from all the world’s cities in
2010. The C40 Cities is a network of 75 megacities representing 5% of
global GHG emissions (C40 Cities, 2014). The analysis of the C40 in-
itiative is based on the C40 publication (2013), in which it is estimated
that the 59 cities that were taking part at the time could achieve 11%
reduction by 2020 relative to the baseline. These emissions were scaled
to the population of the additional 16 cities that have joined since 2013
(C40 Cities, 2015). The Covenant of Mayors currently has more than
5700 signatories (Covenant of Mayors, 2015), representing 186 million
people. The participating cities are expected to commit to meet and
exceed the EU 20% reduction target for 2020. Of all signatories, 3400
have composed Sustainable Energy Action Plans which have been
analysed and accepted by the Covenant of Mayors. It constitutes a 28%
overall GHG reduction target for 2020 relative to the base year, which
is 1990 for 26% of the cities, 2000 for 12% and 2005–2008 for 62%
(Kona et al., 2015). The baseline trajectory was calculated by applying
IMAGE baseline emission growth rates for GHG emissions to the 1990
and 2005–2008 emission levels and scaling the results to the population
of the participating cities for which action plans have not yet been
analysed and accepted. The overlap between the two city initiatives is
assumed to be 25%, based on Wouters (2013), and is applied both to

baseline projections and emission reductions. The latter are equal to 0.1
GtCO2eq.

The Cement Sustainability Initiative (CSI) has set company tar-
gets to reduce CO2 intensity in line with the Cement Technology
Roadmap from IEA and WBCSD (2009). This initiative represents 24
companies accounting for 30% of global cement emissions (WBCSD,
2012). It aims at reducing CO2 emissions through four key technology
options (IEA and WBCSD, 2009): 1) thermal and electric efficiency
improvement, 2) alternative fuels in the cement kiln heating process, 3)
producing cement with a lower clinker content, and 4) carbon capture
and storage (CCS). The CSI technology roadmap includes global targets
for 2050 and estimates for CO2 emission intensity reductions, defined as
tonnes CO2 emissions per ton cement, resulting from these technologies
up to 2050 (IEA and WBCSD, 2009). Until 2030, mainly the first three
technology options are relevant and are estimated to reduce CO2

emission intensity by 25% relative to 2012 levels (IEA and WBCSD,
2009). This reduction is in line with the overall 2050 target of a 45%
decrease in CO2 intensity relative to 2012 (IEA and WBCSD, 2009).

The Global Fuel Economy Initiative (GFEI) aims to reduce fuel
consumption of new cars by 50% in 2030 compared to average 2005
levels and works together with government and partners to achieve this
goal. This overall target is applied to all participating countries in the
initiative. It also states a long-term goal for 2050, which consists of an
average 50% increase in fuel efficiency for all cars compared to 2005.
At the end of 2013, 20 countries participated in the GFEI, of which
countries in Asia, Central and Eastern Europe, Latin America and Africa
(GFEI, 2014). The emission reductions were projected by implementing
the increased efficiency in the IMAGE transport model (Girod et al.,
2012) for the model regions that include the 20 countries that are
participating in the GFEI.

The Kigali Amendment to the Montreal Protocol, aims for a
phase-down of HFC emissions with a delayed phase-down for devel-
oping countries (UNEP, 2016). Although mitigation of HFC emissions is
dealt with in the UNFCCC negotiations, this has not led to substantial
reductions up to now. With no impending global controls on HFCs,
inclusion of HFCs under the Montreal Protocol would likely stimulate
more stringent emission reductions (Velders et al., 2012). All countries
participate in the Montreal Protocol, therefore to assess the impact of
this protocol on GHG emissions relative to the business-as-usual
pathway, all countries are expected to act according to the Amendment
targets. The analysis of the impact of the HFC proposal on emissions
accounts for the substitution of hydrochlorofluorocarbons (HCFCs) by
HFCs, as was prescribed in the Amendment. The historic HCFCs emis-
sion levels are based on EPA (2013).

The objective of the Global Methane Initiative (GMI) is to mitigate
climate change by advancing cost-effective near-term methane recovery
from fossil-fuel production, transport, agriculture, agricultural waste,
landfills, and wastewater. Currently 42 countries are member of the
initiative, including large such as Brazil, China, European Union, India,
and the United States. Although the GMI does not specify a final year, it
published a fact sheet which included cost-effective reductions until
2020 (GMI, 2011). In our assessment, we made use of US-EPA cost
curves (EPA, 2013) to identify cost-effective reductions per emission
source for 2030. It was assumed that cost-effective reductions take
place at US$15/tCO2e, since this is considered a realistic cost level for
all sources (GMI, 2011). The Climate and Clean Air Coalition (CCAC)
also aims at reducing CH4 emissions. As the CCAC only specifies a re-
duction potential and has large overlap with GMI, this was not included
in our analysis.

The New York Declaration of Forests (NYDF) aims at reducing
emissions from deforestation and forest degradation (REDD) and has set
quantified reduction targets. With the declaration, 26 national gov-
ernments, 23 large multinationals and more than 50 civil society and
indigenous organisations endorse a global timeline to halve natural
forest loss by 2020, and strive to end it by 2030 (New York Declaration
of Forests, 2014). In addition, the declaration calls for restoring 150
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million hectares of forests and croplands by 2020 and an additional 200
million hectares by 2030 (New York Declaration of Forests, 2014). The
participants in the NYDF represented 20% of global CO2 deforestation
emissions in 2010. It was assumed that ending forest loss implies zero
emissions from biomass burning. The impact of reforestation and re-
storation was assessed on the basis of IMAGE regrowth dynamics,
which determine the carbon uptake until 2020 and 2030, given the
staged restoration of 350 million hectares of land in the initiative.

The International Maritime Organization (IMO) adopted man-
datory measures to improve energy efficiency and to reduce GHG
emissions from international shipping. These measures have entered
into force on 1 January 2013 and address the largest and most energy-
intensive ship types responsible for about 70% of GHG emissions from
international shipping (IMO, 2011). As almost all countries in the world
are participating in the IMO, it was assumed they all implement the
mandatory measures. The projected reductions were derived by ap-
plying the reduction percentages from the IMO study to the IMAGE
baseline. The range depends on the degree of implementation of cost-
effective activities and baseline fleet growth assumptions as described
in IMO (2011).

In 2010, the International Civil Aviation Organization (ICAO)
adopted a resolution in which reference was made to commitments
announced by the International Air Transport Association (IATA) and
other sectoral organisations on behalf of the international air transport
industry. These commitments are to improve CO2 efficiency by an
average of 1.5% per year from 2009 until 2020 and a long-term goal of
reducing carbon emissions by 50% by 2050 compared to 2005 levels
(ICAO, 2010). The latter was translated into a global fuel efficiency
improvement rate of 2% per year from 2021 to 2050, based on the basis
of volume of fuel used per revenue kilometre performed (IATA, 2009b).
Emission reductions for international aviation have been excluded from
the commitments made within the UNFCCC as it appeared difficult to
allocate emissions to specific countries. The participants in the ICAO
that are expected to take measures, represent 50% of global interna-
tional aviation emissions. IATA estimates a reduction of 21% in CO2

emissions from international aviation due to the expected fleet renewal
compared to a scenario without fleet renewal with 2020 emissions of
about 0.9 GtCO2eq (IATA, 2009a, 2009b).

The Zero Routine Flaring by 2030 initiative was introduced by the
Word Bank and brings together oil companies, national governments
and development institutions to agree on eliminating CO2 emissions
from gas flaring by 2030 (World Bank, 2015). Currently 10 govern-
ments endorsed the principle of the initiative.

4. Results of TERI assessment on global GHG emissions

4.1. Impacts of the TERIs

The selected initiatives cover almost all energy and AFOLU sectors,
except for the freight transport and rural residential sector (see
Supplementary material). Table 1 shows the estimated emission re-
ductions of the various TERIs. The largest absolute reductions are ex-
pected from company, city, the NYDF, the Kigali Amendment, and the
Global Methane Initiative (see Table 1). Except for the HFC proposal,
these TERIs represent a large part of global emissions in 2010. To-
gether, these initiatives with the largest impact are projected to de-
crease emissions by 4.1 GtCO2eq by 2030. The initiatives with the
largest relative reductions include NYDF, the Kigali Amendment, and
the Global Fuel Initiative – all of which are expected to have reductions
of 50% or more by 2030 relative to baseline.

The CDP companies are projected to reduce 0.7 GtCO2eq GHG
emissions from a baseline level of 3.8 GtCO2eq by 2020, which is ex-
trapolated to 0.8 GtCO2eq reductions relative to a baseline level of 4.2
GtCO2eq for 2030. The city initiatives cover the C40 Cities initiative
and the Covenant of Mayors initiative. The reductions for the C40 in-
itiative are projected at respectively 0.4 GtCO2eq emissions from a
baseline level of 3.5 GtCO2eq by 2020 and 0.5 GtCO2eq emissions from
a level of 4.1 GtCO2eq by 2030. For the Covenant of Mayors, the pro-
jected reductions are 0.3 MtCO2eq by 2020 from a baseline level of 1.4
GtCO2eq and 0.3 GtCO2eq by 2030 from a level of 1.7 GtCO2eq. The
overlap between the two TERIs is projected to be approximately 0.2
GtCO2eq by 2020 and 2030. All countries participating in the Kigali
Amendment are projected to reduce GHG emissions by 0.7 GtCO2eq
from a baseline level of 1.3 GtCO2eq, and even more reductions are
expected after 2030, as the proposal runs until 2043.The baseline
emissions for the New York Declaration of Forests from deforestation
are already projected to decrease from 1.0 GtCO2eq in 2010 to 0.4
GtCO2eq in 2030 for the countries that participate in this initiative. On
top of that, the emission reduction from the NYDF is estimated at 0.7
GtCO2 in 2030, of which 0.5 GtCO2 is the result of ending natural forest
loss, and 0.2 GtCO2 is the result of reforestation and restoration. The
Global Methane Initiative largely overlaps with the Climate and Clean
Air coalition, and the latter is therefore not analysed, but could also
reduce emissions from the non-Kyoto gases black carbon and organic
carbon. See Table 1 for all results.

In the IMAGE implementation, the total projected reductions of all
TERIs add up to 2.5 GtCO2eq by 2020 and 5.0 GtCO2eq by 2030,
leading to projected emission levels of 51.2 GtCO2eq by 2020 and 56.1
GtCO2eq by 2030 (see Fig. 1). It is assumed that all selected TERI tar-
gets are fully achieved. This number includes an assessment of the
overlap between TERIs, as some TERIs act in the same countries and
sectors. The overlap between TERIs, however, is expected to be

Fig. 1. GHG emission levels after implementation of transnational
emission reduction initiatives; The red dot represents reductions not
considering overlap with pledges/NDCs, and the red arrow represents
additional reductions to pledges/NDCs when overlap is taken into
account. These emission levels are compared with the pledge/NDC
scenario and median estimate consistent with 2 °C pathway, based on
the UNEP Gap reports from 2014 (pre-2020 pledges) and 2015 (post-
2020 NDCs). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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relatively small; approximately 0.2 GtCO2eq by 2020 and 0.3 GtCO2eq
by 2030 (see Table 1), not including the overlap between the two city
initiatives. Note that overlap for cities was calculated at two stages: 1)
overlap between city initiatives and 2) overlap between cities and
companies, both at the global level using the fraction of emissions that
are emitted in the same region (excluding China for companies) and
sector.

4.2. Comparison of the TERIs and the impact of the pledges and NDCs

Earlier assessments have shown that the 2020 pledges of national
governments are projected to lead to (median) global emission levels
between 52 GtCO2eq and 54 GtCO2eq by 2020 (UNEP, 2014) and 2030
NDCs to a (median) level between 54 GtCO2eq and 56 GtCO2eq by 2030
(UNEP, 2015b). The global reductions of the selected TERIs, if they are
fully achieved, could be of a similar order of magnitude as the global
reductions as pledged by the Parties under the umbrella of the UNFCCC
(Fig. 1). But, this estimate does not consider possible overlap between
TERIs and pledges/NDCs. Overlap was calculated by making the con-
servative assumption, that full overlap exists between TERIs and the
pledges/NDCs, if they target the same Kyoto gases in the same countries
and sectors (see Section 5). The part that does not overlap, can be
considered as additional GHG reduction to pledges/NDCs.

Obviously, the TERIs targeting the international shipping and
aviation sectors are additional to pledges/NDCs (see Fig. 2). The Global
Methane Initiative and the HFC amendment to the Montreal protocol

also have relatively low overlap as these TERIs partly act in countries
without pledges or in sectors that are not included in pledges made by
specific countries (i.e. non-CO2 gases for China and India). Overall, the
overlap could amount to 70%–80%, equal to 1.8 GtCO2eq by 2020 and
3.9 GtCO2eq by 2030 (see Fig. 2). Therefore, a conservative projection
is that the additional reductions relative to the pledge/NDC scenario is
0.7 GtCO2eq by 2020 and 1.2 GtCO2eq by 2030 (see Fig. 1). Note that
overlap between TERIs, representing overlap in membership or in
sector (see Table 1), was applied before calculating overlap between
pledges/NDCs and TERIs.

Assuming a maximum overlap, the combined effect of pledges/
NDCs and TERIs leads to a projected emission level of 51–53 GtCO2eq
by 2020 and to 53‐55 GtCO2eq by 2030 (see Fig. 1). The median
emission level in 2030 to stay on track to meet the 2 °C goal, based on
cost-effective implementation of climate policy from 2020 onwards, is
42 GtCO2eq (UNEP, 2015b). Due to the large potential overlap, the
combined effect is only slightly larger than the effect of pledges/NDCs
alone, and therefore TERIs contribute only slightly to reducing the gap
with emission levels necessary to stay on track to meet the 2 °C goal (see
Fig. 1).

A comparison of our study with those of (UNEP, 2015a) and (Hsu
et al., 2015) shows that the studies included different TERIs in their
analysis, but that many of the TERIs aim to reduce emissions in the
same sectors. For instance, the Global Methane Initiative included in
our study aims at reducing methane emissions from, among others,
agriculture and oil & gas systems, which are treated as separate

Fig. 2. Additional emission reductions in 2020 and 2030 from international cooperative initiatives to pledge/NDC scenario from UNEP Gap reports from 2014 and 2015.
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initiatives in the UNEP (2015a) study. The comparison also shows that
the definition of TERIs differs between the studies. This study includes
international climate action outside the UNFCCC, while UNEP considers
initiatives initiated by non-state actors only. Hsu et al. (2015) only
takes into account initiatives that submitted action plans to the New
York Climate Summit that was held in 2014. Despite these differences,
it can be concluded that the different studies arrive at total reductions
by 2020 which are in the same order of magnitude. UBA (2016) esti-
mates much larger additional reductions to NDCs by 2030, which is,
among others, caused by different assumptions on overlap with pledges
and NDCs, as will be discussed in Section 5.1.

4.3. Assumptions on overlap between TERIs and pledges/NDCs

Our assessment showed that the potential for overlap with pledges
and INCDs is large, as TERIs often target the same countries and sectors
that are covered by pledges/NDCs. (UNEP, 2015a) concluded that the
overlap is much lower (about a third) than the 70%–80% of potential
overlap we have found. The most significant difference in estimating
the potential overlap between our methodology and the method of
UNEP is that the latter included domestic policies that could result in
achieving pledge/NDC targets, and assumed no overlap between TERIs
and reductions achieved from domestic climate policies already in
place. In other words, UNEP assumed that all TERIs lead to reductions
additional to existing domestic policies. The question is, whether this is
really the case. It would not be difficult to think of a domestic climate
policy which leads to achievement of the same goals set in an TERI.
Therefore, these reductions will also help to achieve the targets set by
the two city initiatives included in our assessment. In addition, the UBA
(2016) study assesses the impact of non-state actors compared to NDCs,
assuming both non-state targets and NDC targets are reached. It is not
fully clear how they assess overlap, especially whether reductions in
one specific sector or for one specific greenhouse gas are compared to
NDC reductions that apply economy-wide. It is also relevant whether
additional reductions are determined in absolute or relative terms
compared to NDC targets. If the latter is assumed, this implicitly as-
sumes that all non-state actors without GHG emission reduction com-
mitments will reduce emissions in line with NDCs, which may not be
the case. Moreover, not having a reduction commitment could indicate
that these non-state actors have no climate policy in place and therefore
might be more inclined to follow a business-as-usual pathway. Our
study implicitly assumes that non-state actors without climate policy at
least will not offset the commitments made by other non-state actors.
But it does make the conservative estimate, that only additional re-
ductions occur in those sectors and countries that are not covered by
NDCs.

More in-depth assessments of overlaps on country level are neces-
sary to determine if non-state action will be additional to NDCs. This
should include explicit assumptions on climate policy by non-state ac-
tors without commitments. In addition, including domestic climate
policies would enable assessment beyond NDC reduction commitments
and therefore could provide better insight into the interaction and
projected overlap between national governments and non-state actors
(at sector level), which is important for further research.

5. Discussion and conclusion

One of the expectations of TERIs is that they can realise additional
emission reductions beyond those proposed by national governments
under the UNFCCC (Blok et al., 2012), but Widerberg and Pattberg
(2015) raise the question whether this is really the case. In order to
assess this, we have selected those TERIs that have set quantified
emission- or energy reduction targets. However, the purpose of TERIs in
climate policy implementation is broader then bringing mere additional
reduction to pledges and NDCs. For example, Michaelowa and
Michaelowa (2017) assess four criteria necessary, but not sufficient, for

effective mitigation. They show that about half of the initiatives do not
meet any of the criteria, giving rise to the conclusion that other ob-
jectives play a role. This is confirmed by Chan et al. (2016), showing
that most quantitative targets did not relate directly to GHG emission
reductions by initiatives launched at the UN Climate Summit in 2014.
But, these initiatives are shown to link organisations (domestic and
international) beyond those that participate in TERIs, thereby pre-
senting the possibility of diffusion of policy and learning (Cao and
Ward, 2017). In addition, national policies and transnational govern-
ance could mutually reinforce each other (Roger et al., 2017), in-
creasing effectiveness, certainty of implementation and accelerating
implementation. Thus, many initiatives that were not included in our
assessment, seem less focused on a singular outcome, resulting in more
experimental forms of climate governance, but could create important
opportunities and have the ability to effectively respond to climate
change (Hoffmann, 2011). Moreover, as many of the initiatives are still
small at this moment, they could have significant potential to scale up.
Some TERIs with potential to scale up are listed in the Supplementary
material.

Assessing the impact and effectiveness of TERIs and measuring
progress in terms of absolute emission reductions is a challenge, among
others caused by the lack of common baselines and multiple measures
to record emission reductions (Bulkeley and Newell, 2015). This also
holds for potential future impact. Therefore, the analysis of this paper
should be regarded as a first attempt to assess the impact of climate
action outside the UNFCCC, using an integrated assessment model. No
global models are available (yet) that account for non-state actor cli-
mate policy, and data on individual non-state actors is not publicly and
readily available. Together with the calculation of overlap, these are
important challenges for the research community.

5.1. Limitations of integrated assessment models

Although IAMs are very suitable to assess the impact of TERIs on a
global level and for large emitting countries, they have limitations with
regard to modelling all details of non-state actions. Most IAMs only
represent large countries and aggregate others to regions. Therefore,
reduction commitments of smaller countries need to be aggregated. The
IMAGE model has the advantage that approximately 65% of global
GHG emissions by 2010 represent individual large countries.

Policy instruments, such as feed-in-tariffs, are in general not well
represented in IAMs, making it difficult to explicitly model interactions
between national governments and none-state actors. Actor-based
models would be better able to translate the mental models of policy-
makers with respect to the assumed behavior of important economic
actors into quantitative numerical simulation models including the re-
sponse of actors to the proposed policies (Hasselman et al., 2015), but
most of these models focus on relatively small regions or only cover
parts of the energy system (De Cian et al., 2017).

In addition, actors are not explicitly modelled in IAMs. However,
GHG commitments from different actors can be aggregated at country
level (outside the model), if national GHG inventories and those of non-
state actors can be linked on sector level. This is under the condition
that commitments, especially for companies, can be broken down to
country and sector level. If Monitoring, Reporting, Verification (MRV)
of non-state action is improved, more information will be available,
which could improve the representation of TERIs in the IMAGE model.

5.2. Sensitivity analysis

For the largest individual TERI calculations we have conducted a
sensitivity analysis on the most important assumptions. For the CDP
initiative, we have analysed the effect of 20% lower/higher annual
reductions, which would change total GHG emissions by 2030 by±35
MtCO2eq. For the C40 initiative we have scaled baseline emissions on
the basis of population to include the newly joined 16 cities. This could

M. Roelfsema et al. Global Environmental Change 48 (2018) 67–75

73



be improved by using other drivers, such as population density or
heating degree days of urban areas (Singh and Kennedy, 2015). If we
assume that the scaling factor is± 10% lower or higher, the emission
level after implementation of city targets would be approximately 0.35
GtCO2eq lower or higher. For the Global Methane Initiative, we have
assessed the sensitivity of the carbon price ($10 or $30 instead of $15),
and found that the reduction relative to baseline changes by±100
MtCO2eq by 2030. For the NY Declaration of forests calculations, sen-
sitivity was not assessed, because only the assumption on scaling to
GHG emissions was a possible candidate, but no applicable FAOSTAT
(2017) data was available.

5.3. Uncertainty of selection and progress made by TERIs

One of the main assumptions for selecting the TERIs was that they
cover the most important sectors. After the Paris Agreement, especially
many international cooperative initiatives seem to have emerged or
progressed. If they include more individual actors or pledge higher
ambitions, our estimate of impact on GHG emissions could change.
Therefore, our estimate is a first step, taking into account some of the
largest initiatives, but the analysis could be extended and improved.

It is difficult to assess whether TERIs will deliver what they have
promised, as the commitments that are put forward are voluntary and
often aspirational. MRV is a possible instrument to enforce account-
ability and compliance, but now this is mostly lacking for TERIs (IVM,
2015). Data gaps especially exist around emerging and developing
economies in many northern-led initiatives. To some degree this is also
true for national policies, although MRV is already much more ad-
vanced here. Currently some TERIs have started publishing databases
with information on progress of cities and companies, such as the CDP
Open Data Portal (CDP, 2015a) and the Carbon Climate Registry (ICLEI,
2015). For example, the Carbon Action Initiative, a CDP initiative,
found that 80% of the companies correctly reported all details neces-
sary to accurately assess the achievability and ambition of reduction
targets. For other initiatives, we have not found any such databases.
The NAZCA UNFCCC database could fill this gap in the future.

Climate action by TERIs could increase fragmented action and this
assessment did not account for positive and negative spillover (leakage)
effects. The impact of carbon leakage on frontrunner countries in the
energy sector is estimated to be below 16% of additional emission re-
ductions to the currently implemented national policies and does not
provide a strong counter-argument against adoption of more stringent
mitigation action by pioneering regions (Arroyo-Currás et al., 2015),
and therefore possibly also not to pioneering TERIs. This estimate is
within the range of most ex ante modelling studies that conclude to
leakage rates in the range of 5–20% (Branger and Quirion, 2013).

Despite these uncertainties, our analysis gives a valid (first attempt)
order of magnitude estimate of committed TERI impact on global GHG
reductions, based on a consistent set of sectoral baseline emission
projections.

5.4. Conclusion

TERIs can be an important to international climate policy as they
could ensure and accelerate implementation of mitigation measures,
but also add additional reductions to international pledges/NDCs made
by national governments. These TERIs have formulated a wide set of
measures that could reduce emissions. In some cases, these measures
are additional to those formulated by governments in the UNFCCC
framework, but often there is an overlap.

The selected set of large TERIs are projected to deliver annual
emission reductions of 2.5 GtCO2eq by 2020 from a no-policy baseline
emission level of 53.7 GtCO2eq and 5.0 GtCO2eq by 2030 from a no-
policy baseline emission level of 61.1 GtCO2eq, provided that they are
fully achieved. The largest reductions are expected from company, city,
NYDF, and the Kigali amendment to the Montreal Protocol and the

Global Methane Initiative. Together, these largest TERIs are projected
to decrease emissions by 3.9 GtCO2eq by 2030. Overlap between all
selected TERIs is estimated to be small. At a global level, the projected
emission levels achieved by implementation of measures put forward
by TERIs are roughly similar to what may be expected based on pledges
and NDCs for 2020 and 2030.

Our conservative assessment is that the potential overlap in reduc-
tions between the TERIs assessed and pledges/NDCs is large and could
amount to 70% by 2020 and 80% by 2030. This is a maximum estimate,
based on the assumption that emission reductions from TERIs will not
lead to additional reductions where these occur in those countries that
made pledges and NDCs, provided that they occur in sectors included in
such pledges/NDCs. In order to exactly determine the degree of overlap
an exact and detailed analysis of all measures taken needs to be made.
Given that is not possible at the moment, transparent assumptions are
needed.

The combined effect of TERIs and pledges/NDCs, assuming the
maximum overlap of 70–80%, would lead to emission levels of between
53 and 55 GtCO2eq by 2030, compared to an emission range based on
the impact of NDCs alone of 54 to 56 GtCO2eq (UNEP, 2015b). Al-
though insufficient to close the emission gap between pledges/NDCs
and the emission level necessary to remain on track to stay below the
2 °C limit, it could bring us closer to meeting this goal.

Setting up and improving Monitoring, Reporting and Verification is
an important pre-condition for showing TERI progress and assess ef-
fectiveness of implementation. This would also be an important pre-
condition to improve integration and assessment of TERIs into
Integrated Assessment Models such as the IMAGE model.

This research resulted in important lessons learned for future impact
assessments. Aggregation of non-state actors emissions and targets is
necessary for Integrated Assessment Models, and for this they need to
be more publicly and readily available. In addition, overlap between
emissions and targets of non-state actors and national governments
then needs to be accounted for, but policy interaction at more instru-
mental level would be difficult.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.gloenvcha.2017.11.001.
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