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This study provides a conceptual framework for exploring the bargaining space within international

climate negotiations based on important economic, political and environmental considerations. Based

on it, we analyse combinations of the proposed emission reduction ranges for Annex I countries as a

group (25–40% below 1990 levels) and non-Annex I as a group (15–30% below baseline) by 2020 to

limit global warming to 2 1C. We use results of the FAIR model with costs estimates based on two

energy system models. We conclude that the range of targets that comply with a set of criteria for

economic, political and environmental considerations is smaller than that by environmental considera-

tions alone. More specifically, we find that according to our criteria, a 30% Annex I reduction target

below 1990 levels, combined with a 20% non-Annex I reduction target below baseline emission levels

(i.e. 20 to 30% above 2005 levels), is the only combination of targets fulfilling all our criteria for both

energy system models. Otherwise, reaching the 2 1C target becomes less likely, technically infeasible, or

non-Annex I abatement costs are likely to exceed those of Annex I, a result, which we consider less

plausible from a political viewpoint in our conceptual framework.

& 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The ultimate goal of the United Nations Framework Conven-
tion on Climate Change (UNFCCC, 2011) is to stabilise atmo-
spheric concentrations of greenhouse gases (GHG) at a level that
prevents dangerous human interference with the climate system
(UNFCCC, 1992). Late 2010, 140 countries have associated them-
selves with the Copenhagen Accord, which outlined the 2 1C
target as an acceptable increase of global temperature:
‘‘We agree that deep cuts in global emissions are required

according to science, and as documented by the Intergovernmen-

tal Panel for Climate Change (IPCC) Fourth Assessment Report

with a view to reduce global emissions so as to hold the increase

in global temperature below 2 degrees Celsiusy’’. More recently
a similar formulation was included in the Cancun Agreements
(2010).1
ll rights reserved.

: þ31 30 2744479.

A. Mendoza Beltran).

ork of the Ad Hoc Working

e Convention. Available at:

1.pdf#page=2.
The relationship between temperature and GHG concentra-
tions critically depends on climate system uncertainties. Achiev-
ing a 2 1C target with a probability above 50% would require
stabilising GHG concentrations below approximately 450 parts
per million (ppm) CO2eq (Meinshausen et al., 2006). Scenarios
leading to 450 ppm CO2eq typically have a peak in global
emissions in the coming two decades and show a reduction of
emissions of 40–80% compared to the 2000 level by the middle of
this century (see among others van Vuuren and Riahi, 2011, Metz
et al., 2007; van Vuuren et al., 2007; Clarke et al., 2009; Edenhofer
et al., 2010). The recent UNEP emissions gap report (UNEP, 2010)
showed that scenarios with a likely chance (higher than 66%) to
meet a 2 1C target show a reduction of global emissions around
50–60% compared to 1990 levels by the middle of this century.

Earlier, the IPCC Fourth Assessment Report (AR4) suggested
that a 2 1C target would require Annex I (developed) countries as
a group to reduce their emissions from 25% to 40% below 1990
levels by 2020 (Gupta et al., 2007). The Parties to the Ad Hoc
Working Group on Further Commitments for Annex I Parties
under the Kyoto Protocol (AWG-KP) agreed, in 2007, that this
range would provide a practical basis for further consideration.
den Elzen and Höhne (2008) elaborated further on the issue of
required emission reductions by analysing a number of earlier
studies about the emission reductions attributed to developed

www.elsevier.com/locate/enpol
www.elsevier.com/locate/enpol
dx.doi.org/10.1016/j.enpol.2011.08.065
mailto:angelica.mendozabeltran@pbl.nl
http://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf#page=2
dx.doi.org/10.1016/j.enpol.2011.08.065


A. Mendoza Beltran et al. / Energy Policy 39 (2011) 7361–73717362
and developing countries for meeting long-term greenhouse gas
concentration targets. They confirmed that a 25% to 40% reduction
target in 2020 for Annex I countries as a whole would be
consistent with a 450 ppm CO2eq target. Furthermore, an emis-
sion reduction target for non-Annex I countries of 15–30%
compared to baseline emission levels2 would be additionally
required.

The analysis by den Elzen and Höhne (2008) is based on the
assumption that there is a trade-off between emission reductions
of Annex I and non-Annex I countries to reach a global target.
Such a trade-off indeed exists from an environmental viewpoint,
but economic and political considerations also need to be
accounted for in international negotiations. Several studies have
looked into economic and political considerations of allocating
emissions, assuming that allocations that are perceived to be ‘fair’
have a higher feasibility (e.g., Metz et al., 2002). These studies
looked at the expected costs or welfare effects of different
emission allocation schemes (e.g., Knopf et al., 2010), or use more
ad-hoc rules on emission allocation such as the EMF-22 study (see
Clarke et al., 2009).

As part of the Copenhagen Accord, almost all Annex I countries
have pledged quantified economy-wide emission targets for 2020
and about 45 non-Annex I countries have pledged mitigation
actions.3 Research has shown that the current pledges are not
likely to be sufficient to reach the 2 1C target (e.g., UNEP, 2010;
den Elzen et al., 2011a,b; Peterson et al., 2011). There will be an
emissions gap between what is needed for meeting the 2 1C target
and what is expected as a result of the pledges. According to UNEP
(2010) this gap is about 5 GtCO2eq for the most optimistic
interpretation of the pledges.4 This gap could be closed if
countries were to adopt more ambitious actions or pledges, as
we will explore in this study based on an integrated model
calculations with ambitious Annex I and non-Annex I reduction
cases.

In the current climate negotiations towards the 17th Confer-
ence of Parties (COP17) to be held at Durban, South Africa, the
possibility of more ambitious pledges and actions are still being
discussed in both Ad-hoc working groups AWG-KP (Kyoto Proto-
col) and AWG-LCA (Long Term Cooperative Action under the
UNFCCC) (see further discussion in Section 6).

The aim of this paper is to explore the space within interna-
tional climate negotiations in terms of Annex I and non-Annex I
reduction targets. We focus hereby on the above-mentioned
ranges of 25–40% for Annex I and 15%–30% for non-Annex I in
2020. In order to explore the space, we develop a conceptual
framework that takes into account important environmental,
economic and political considerations. Such a framework may
provide insight in some of the environmental, economic and
political trade-offs, all of which are considered to be relevant for
a successful outcome of the negotiations.

The paper is structured as follows. Section 2 describes the
conceptual framework to explore the bargaining space. Section 3
presents the modelling framework, the baseline emission sce-
nario, the mitigation cases and the main modelling assumptions.
Section 4 presents the results and relates these to the conceptual
framework. Section 5 describes the uncertainty introduced by the
2 Baseline emission levels mean emission levels without specific climate

policies, but including autonomous improvements in the energy efficiency and

carbon intensity.
3 See: http://unfccc.int/home/items/5264.php (Annex I countries) and http://

unfccc.int/home/items/5265.php (non-Annex I countries).
4 The most optimistic interpretation of the pledges implies that countries

implement their high ambitious, conditional pledges, subject to strict accounting

of land use, land-use change and forestry activities and the use of surplus emission

units.
level of emissions trading and finally, Section 6 discusses the
results in terms of the current international climate negotiations
developments and Section 7 concludes.
2. Conceptual framework

The bargaining space for setting 2020 emission targets in
international negotiations on climate policy depends on several
factors. Here, we explore this space by taking into account a set of
criteria that includes environmental, economic and political
considerations. We do so for two aggregate regions: Annex I
(excluding Turkey and Kazakhstan) and non-Annex I.

From the environmental perspective, the most often used
criterion is that global mean temperature increase needs to be
limited to a maximum of 2 1C. For this paper, we assume that the
global emission level should remain below a threshold value in
2020 in order to stay on an emission pathway that could lead to a
2 1C target with a probability of more than 66%.

The economic criterion we use is that global abatement costs5

should be as low as possible. This criterion has been important in
international negotiations: it is the main reason why flexibilities
such as emissions trading and the possibility of substitution
across different gases are included in climate policy. As global
costs are a major determinant for the regional costs, it is in the
interest of all parties together to keep global costs to a minimum.

As for political considerations, we focus on two distributional
criteria. The first is that non-Annex I abatement costs as share of
GDP cannot be higher than those of Annex I (as a group). It is
important to note here that we exclude possible side-payments
for financing of mitigation actions in developing countries. The
second criterion is that both Annex I and non-Annex I abatements
costs as a group cannot be negative. The reason behind these
distributional criteria relates to Article 3.1 of the UNFCCC (1992),
which mentions that parties have ‘‘common but differentiated
responsibilities and respective capabilities’’. It further specifically
mentions ‘‘the developed country Parties should take the lead in
combating climate change and the adverse effects thereof’’. Here,
we interpret this as the widely accepted condition that Annex I
costs as percentage of their income should not be smaller than
non-Annex I costs, given both the capability of reducing emissions
and the historical responsibility. For the second criterion, we
assume that reduction targets that lead to negative costs for
either Annex I or non-Annex I as a whole also has little political
acceptance. Negative non-Annex I costs seems to be inconsistent
with the notion of common responsibilities, not to mention
negative Annex I costs. While in the past some scientific scholars
have indicated that negative costs for non-Annex I parties might
be an attractive way to combine climate policy and development
assistance, in reality, there seems to be very little support for this
in the negotiations. Moreover, direct financing of mitigation and
adaptation actions in developing countries is an alternative or
complementary instrument to emission reduction targets being
explored under the current climate negotiations.

Fig. 1 shows the negotiation space based on these environ-
mental, economic and political criteria in a schematic way. It
relates Annex I and non-Annex I abatement costs based on
different reduction targets for these regions. In this figure the
upper right corner assumes stringent targets in both Annex I and
non-Annex I regions, and thus a likely chance of meeting a 2 1C
target—and correspondingly higher abatement costs (green area
in Fig. 1). The bottom-left part of the figure represents very little
5 Costs of emission reductions of all Kyoto greenhouse gases from all sources,

except from deforestation and bunkers, see Section 3.4 for further explanation.
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* In this point Annex I and non-Annex I have no abatement costs.  

Fig. 1. Conceptual framework for the analysis. (For interpretation of the references to colour in this figure, the reader is referred to the web version of this article.)
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reductions with low abatement costs and a small chance of
meeting a 2 1C target. Somewhere between these two areas the
probability of achieving a 2 1C target crosses the likely–unlikely
threshold of 66% (dependent on the climate sensitivity and the
shape of emission pathways). This is represented in Fig. 1 with a
green dashed line. The area where the 2 1C target is unlikely is
indicated in red.

The first political criterion of higher or equal costs for Annex I
than for non-Annex I is indicated by the diagonal line. All costs
combinations below this line imply higher non-Annex I than
Annex I abatement costs (the yellow area). The vertical line
represents the second political criterion; the grey area represents
non-negative abatement costs for non-Annex I as a group.
Combinations of reduction targets that end up in the green area
fulfil all our criteria and combinations with lower global costs in
this area are to be preferred according to our economic criterion.
The conceptual framework as depicted in Fig. 1 can be used to
address some important environmental, economic and political
trade-offs of different combinations of Annex I and non-Annex I
reduction targets for 2020 as we will show further in the analysis.
3. Methodology and assumptions

3.1. Modelling framework

The quantitative analysis of abatement costs in this paper is
based on the integrated modelling framework FAIR6 (den Elzen
et al., 2011a). FAIR integrates baseline emissions and information
on marginal abatement costs by sectors (MAC curves). Based on
6 The model names in this section are acronyms. FAIR¼Framework to Assess

International Regimes for the differentiation of commitments; IMAGE¼ Integrated

Model to Assess the Global Environment and TIMER¼The IMage Energy Regional

model.
this, it calculates regional and global abatement costs given
regional GHG emission targets. FAIR uses a cost-optimal imple-
mentation of these targets among regions, gases and sources
through global trading of carbon credits. This means that the
lowest cost mitigation options and technologies are used first.

The IMAGE land use model (Bouwman et al., 2006) provides
the land use related baseline of GHG emissions used in FAIR. The
TIMER energy model (van Vuuren et al., 2004, 2007) provides
energy and industry related baseline emissions, as well as CO2

MAC curves. Section 3.2 presents the GHG emissions baseline
scenario used for the calculations. The MAC curves of the energy
and industry-related CO2 emissions are calculated in TIMER by
imposing a carbon tax and recording the induced reduction of CO2

emissions. The MAC curves of the non-CO2 GHG emissions are
exogenous to FAIR and based on Lucas et al. (2007). Using demand
and supply curves, FAIR determines the carbon price in the
international trading market, its buyers and sellers, and the
resulting domestic and external abatement levels for each region.

Abatement costs (in 2005 USD) consist of domestic abatement
costs, costs or revenues due to International Emission Trading
(IET) and the use of offsets (Clean Development Mechanisms
(CDM) or Joint implementation) at the level of 26 regions, shown
in Table 1. The abatement costs represent the direct additional
costs due to climate policy. These present a first-order estimate of
climate costs, but do not capture indirect macroeconomic impli-
cations. There are several reasons why macroeconomic costs may
differ from abatement costs. Mitigation policies could, for
instance, induce a reduced demand for fossil fuels, which could
lead to additional income losses via fuel trade for fossil fuel
exporters (OPEC countries, but also Russia and Canada; e.g.,
Dellink et al., 2010). Another example is that international trade
in emission carbon credits will affect terms of trade (by changes
in exchange rates). This will negatively affect carbon credit sellers
(again, Russia is among them). Costs are also dependent on
contextual factors such as energy prices and taxes (Klepper and



Table 1
FAIR regional description.

GROUP REGIONS FAIR REGION CONFIGURATION

Annex I Canada, USA, EU (Central and Western Europe), Russian Federation, Japan, Oceania (Australia and New Zealand) and Ukraine region

(Ukraine and Belarus):

Non-Annex I
Advanced developing

countries

Mexico, rest of Central America, Brazil, rest of South America, South Africa, Kazakhstan region, Turkey, Middle East, Korea region and

China

Other developing countries Northern Africa region, India, rest of Southern Asia, Indonesia region, rest of South-East Asia

Least developed countries Western Africa, Eastern Africa and rest of South-Africa region

Table 2
IMAGE/TIMER baseline for population, GDP per capita and anthropogenic Kyoto

GHG emissions for the world and Annex I and non-Annex I regions over time.

IMAGE/TIMER
baseline

Population (in
million
inhabitants)

GDPa (USD 1000
per capita)

GHG emissions,
excl. LULUCF and
bunkers
(GtCO2eq)

1990 2005 2020 1990 2005 2020 1990 2005 2020

Annex I 1167 1224 1254 17.4 22.4 28.2 18.9 18.3 18.7

Non-Annex I 4135 5287 6356 2.5 4.1 6.4 13.3 21.1 32.0

World 5302 6512 7611 5.6 6.8 8.8 32.2 39.4 50.6

a Annex I and non-Annex I GDP levels using Purchasing Power Parity (PPP)

rates. World’s GDP levels using Market Exchange Rates (MER).
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Peterson, 2006). It should be noted, however, that macroeconomic
impacts are more uncertain. A comparison of costs estimates
based on abatement costs and macroeconomic calculations
showed nevertheless a high degree of correlation, so that abate-
ment costs can be seen as a good proxy, in particular at the level
of aggregated regions, as we present here (see van Vuuren et al.,
2009). Furthermore, the MAC curves used here have been derived
from energy models that account for dynamic effects (such as
changing energy prices).

To explore the consequences of the uncertainty in cost esti-
mates, we do not only use the TIMER based MAC curves and
baseline emission information, but also the same information
from the POLES model7 (Criqui et al., 1999; Russ and Criqui, 2007;
Russ and Van Ierland, 2009). The POLES version of Enerdata
(2010) is used. We only focus on the impact of using the
energy-related CO2 MAC curves. Both sets of MAC curves (TIMER
and POLES) are used in combination with their associated base-
line scenario (see Section 3.2). POLES was selected to supplement
the TIMER abatement costs since: (i) both models include a
baseline accounting for the impact of the recent economic crisis;
(ii) both models have information at the level of multiple sectors
and world regions (both Annex I and non-Annex I), so it can be
incorporated in our integrated model; (iii) both models show a
wide range of outcomes across various models for Annex I as a
group (e.g., Fig. 3.1 in Amann et al., 2009). Further information about
both the TIMER and POLES model is provided in Appendix A.
3.2. Baseline emission scenario

The baseline emission scenario used as input for the FAIR
model (i.e. in the absence of climate policy) was calculated using
the IMAGE and TIMER models for the land use and energy-
industry related emissions, respectively. These models are part
of the Integrated Assessment Framework IMAGE 2.4. The scenario
used here is based on an implementation of the IPCC SRES
medium growth B2 scenario consistent with the IEA World
Energy Outlook (IEA, 2007), and updated to take account for the
economic crisis of 2008/2009 on the basis of IMF (2009) economic
data. The main features (i.e. population, GDP per capita and
emissions) of the baseline are presented in Table 2. From now
on we refer this scenario as the IMAGE/TIMER scenario.

The scenario shows that energy demand continues growing
mostly in developing countries, driven by high income growth
while in developed countries it stabilizes. Also the scenario shows
an increase in the production of agricultural products mostly
driven by an increase in global population, a small increase in per
capita consumption levels and a shift towards more meat inten-
sive diets (van Vuuren et al., in press).
7 The POLES model is a world simulation model for the energy sector. It works

in a year-by-year recursive simulation and partial equilibrium framework, with

endogenous international energy prices and lagged adjustments of supply and

demand by world region.
The alternative dataset for POLES is based on the POLES
reference scenario (i.e. in the absence of climate policy). The
POLES baseline is broadly similar to the reference scenario of the
IEA World Energy Outlook (IEA, 2009), and has been corrected for
the economic crisis in a similar way as the IMAGE/TIMER
scenario.

For the CO2 baseline emissions from land use, land use changes
and forestry (i.e. deforestation) the scenario design for the OSIRIS
project (Busch et al., 2009), using the Global Forestry Model from
IIASA (Kindermann et al., 2008) is used. The global deforestation
baseline emissions are around 4.3 GtCO2 in 2020 according to the
scenario used here.

Finally, the emissions resulting from international shipping
transport (bunkers) amount to around 0.5 GtCO2eq in the IMAGE/
TIMER baseline. International aviation is part of the transport
sector and added to the total regional GHG emissions and there-
fore not reported separately or as part of the bunkers category.
The emissions resulting from international aviation and shipping
transport (bunkers) amount to 1 GtCO2eq in the POLES baseline.
3.3. Overview of analysed cases

We analyse nine cases, each with a different combination of an
Annex I and a non-Annex I reduction target. The cases have an
Annex I reduction target between 25% and 40% below 1990 levels
and a non-Annex I target between 15% and 30% below baseline
levels.8 These ranges are in line with the reduction targets
reported in IPCC AR4 Report (Annex I) and in den Elzen and
Höhne (2008). Many countries have accepted these numbers as
input for the climate negotiations during the Copenhagen and
Cancun meetings (see, for example, European Council, 2011).
Fig. 2 shows the reduction targets for the nine cases. The default
calculations based on the IMAGE/TIMER baseline and abatement
8 The reduction target range for non-Annex I below baseline levels (from 15 to

30%) corresponds to an increase of emissions compared to 2005 levels between 5%

and 30% for the TIMER cases and 15% and 40% for the POLES cases.
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costs have been named cases 1–9. These are referred to as the
TIMER cases or TIMER MAC curves cases, as TIMER provides the
energy-industry MAC curves. The corresponding cases based on
the energy-related CO2 MAC curves and baseline of POLES, are
labelled 1p–9p and are referred to as the POLES or POLES MAC
curves cases.

For the regional allocation of the emission reductions within
Annex I and non-Annex I, it is assumed that emissions are
reduced by the same percentage below baseline emissions in
every region. This allocation leads to the aggregate group targets
presented in Fig. 2 below baseline for non-Annex I and below
1990 levels for Annex I. This type of allocation of emission targets
is somewhat arbitrary, but as we focus on the results for the
aggregated Annex I and non-Annex I regions here this assumption
is sufficient. It should be noted that the results are not very
sensitive to the allocation of emission reductions, since emissions
trading is assumed (although not to their full potential in non-
Annex I regions, as will be explained in Section 3.4).
3.4. Further modelling assumptions

To assess the impact of Annex I and non-Annex I emission
reduction targets on global emission reductions and abatement
costs, the following general assumptions are made:
(i)
9 T
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The abatement costs calculations presented in this study
include the costs of emission reductions of all Kyoto green-
house gases from all sources, except from deforestation and
bunkers, for which other assumptions on mitigation
are made;
(ii)
 Global deforestation emissions in 2020 are assumed to be
reduced by 30% below baseline based on a conservative
estimate of the submitted mitigation actions from Brazil
and Indonesia, as part of the Copenhagen Accord (den Elzen
et al., 2011a). These leads to deforestation emissions of
about 3 GtCO2 in 2020;
(iii)
 For the emission reductions from Deforestation and Forest
Degradation (REDD) we assume that CDM is not expanded
with the REDD sector by 2020,9 so REDD is not included in
the carbon market and hence has no effect on the total
abatement costs and global carbon price;
(iv)
 It is unclear, who will bear the costs from REDD.
A possibility is that finance will come from independent
bodies/funds (e.g., Amazon fund, Global Carbon Forestry
he inclusion of the complex and controversial REDD sector in the carbon

via CDM is discussed in the literature (e.g., Eliasch, 2008; Karousakis and

-Morlot, 2007). Given the uncertainties around REDD regarding monitoring,

ng and verifying performance, we have assumed that REDD is not included

h a market-based mechanism. For analyses on REDD as a potential carbon

option see e.g., Fankhauser and Martin, 2010, Anger and Sathaye, 2008 and

et al., 2011. Moreover, the phased approach to implement REDD agreed in

, suggests that market-based finance will only be achieved in the long

und based finance is the alternative for the short term.
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Partnership, UN-REDD programme, among others). This
means it is very uncertain how the regional distribution of
REDD costs will be. Therefore, we do not take them into
account in the abatement costs projections of Annex I and
non-Annex I. Since the costs of REDD are assumed not to
depend on the global mitigation target, they have the same
absolute effect on all our cases. The costs of REDD will
therefore not change the relative ranking of the cases and
we can thus exclude them from the global costs projections.
(v)
 International bunker emissions are assumed to follow their
baseline developments, so no mitigation is assumed for this
sector and therefore there are no mitigation costs. The
reason for this assumption is that it is still unclear where
negotiations on these emissions are leading and it is
difficult to assign these emissions to specific regions;
(vi)
 Because we assume reduction targets below baseline for all
countries, no banking of surplus ‘assigned amount units’
from the first commitment period is allowed10;
(vii)
 Transaction costs associated with the use of the Kyoto
mechanisms are assumed to consist of a constant USD
0.5 per tonne CO2eq emissions plus 2% of the total costs
(Michaelowa and Jotzo, 2005);
(viii)
 Credits resulting from land use and forestry rules in Annex I
regions would result in additional emission allowances.
Following den Elzen et al. (2011a) we have assumed that
these additional allowances are about 2.5% of 1990 Annex I
emissions (about 460 MtCO2). This is based on the net-net
accounting methodology, using the work of the Joint
Research Centre (JRC);
(ix)
 In the calculations, non-Annex I countries finance their own
reduction commitments, so we assume no international
finance of mitigation actions (other than emission trading
and CDM).
For the Kyoto period, it is assumed that all Annex I regions achieve
the minimum of the Kyoto target or the baseline emissions in 2010,
except for Canada and the United States of America (USA). For Canada
it is already clear that the Kyoto target will not be reached and the
USA did not ratify the Kyoto Protocol. Therefore, we assume baseline
emission levels for these countries by 2010. For Russia and Ukraine,
this implies that baseline emissions are used for 2010, because these
are lower than their Kyoto target.

Regarding emissions trading between Annex I and non-Annex
I, it is assumed that all Annex I regions fully participate in
emissions trading by 2020. In the non-Annex I countries, CDM
is possible, but not with their full potential for GHG mitigation
given a certain carbon price due to the project basis of the CDM
and implementation barriers such as properly functioning
institutions and project size. Consistent with earlier studies
In the first commitment period allowing banking and the use of the Kyoto

ses implies that the assumed reduction targets for the Annex I countries in

lculations would need to be increased, to compensate these additional

ons.
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(Criqui, 2002; Jotzo and Michaelowa, 2002), this so-called CDM
accessibility was set at 10% for least developed countries, 30% for
other developing countries and 45% for advanced developing
countries (see Table 1). This means that only between 10% and
45% of the total supply of carbon credits by non-Annex I regions
for each carbon price, is available for offsetting reductions not
achieved in Annex I countries.

We also analysed a more restricted CDM case to gain insight in
the sensitivity of emissions trading on the results. In this case, the
CDM accessibility is half of that used in the default scenarios as
(see Section 5).

Finally, given the large differences in income between the
regions, the regional costs (or gains) are presented as percentages
of regional GDP levels using Purchasing Power Parity (PPP) rates.
These are considered a better indicator of costs differences across
regions than GDP values using Market Exchange Rates (MER),
which are used for global costs.
4. Environmental, political and economic criteria analysis

4.1. Environmental effectiveness: likelihood of meeting 2 1C

In order to assess the impact of the different cases on the
likelihood of achieving a 2 1C target, the global emission level in
2020 resulting from the nine different cases are compared with
the emission level required to reach a 450 ppm CO2eq target.
UNEP (2010) compiled the results of a number of studies to
identify an emission level in 2020 consistent with the ambition to
remain below the 2 1C target. This study concluded that emission
pathways consistent with a probability higher than 66% of reach-
ing the 2 1C target have an emission level in 2020 of 39 to 44
GtCO2eq,11 with a median estimate of 44 GtCO2eq (also referred
to as UNEP ‘‘likely chance’’ range for 2 1C target). The UNEP (2010)
also mentions a range of 2020 emission levels consistent with a
50–66% probability to achieve a 2 1C target of 42 to 46 GtCO2eq,12

with a median of 45 GtCO2eq (also referred to as UNEP ‘‘medium
chance’’ range for 2 1C target).

It should be noted, however, that the UNEP numbers are based
on model simulations that looked into optimal pathways towards
2 1C. It is possible that an emission level above 46 GtCO2eq could
also still limit temperature change to 2 1C if followed by more
rapid reductions later in the century (e.g., O’Neill et al., 2009).

Fig. 3 shows global projected emissions resulting from the
Annex I and non-Annex I emissions targets for the different cases
in 2020. It shows that most cases result in a 2020 emission level
below 44 GtCO2eq. The only cases that result in an emission level
above 44 GtCO2eq are cases 1 and 4 as well as 1p and 4p, which
correspond to a 15% reduction below baseline levels for
non-Annex I and a 25% and 30% reduction for Annex I, respec-
tively. Global emissions in case 2p are also above 44 GtCO2

eq, meaning that for the POLES dataset non-Annex I reduction of
20% compared to baseline and Annex I reductions of 25% compared
to 1990 levels are not sufficient to achieve a 2 1C target with a likely
chance. All cases are still below 46 GtCO2eq, the level that would be
consistent with a medium chance of reaching the 2 1C target.

As expected, global abatement costs in Fig. 3 increase with
more stringent global targets. For the least stringent target, global
11 Range in UNEP (2010) refers to 20th and 80th percentile values of the total

range. Both the range and the median numbers presented here are rounded to the

nearest decimal, giving 44 GtCO2eq. However, the upper end of the range is

slightly above 44 GtCO2eq and the median slightly below. This is an indication

that most of the estimates used in UNEP (2010) are close to 44 GtCO2eq.
12 Range in UNEP (2010) refers to 20th and 80th percentile values of the total

range.
costs are projected to be 0.22–0.35% of GDP, while global costs are
1.7% of GDP for the most stringent target (i.e. case 9p). It should
be noted that these costs exclude the costs of REDD. Taking the
projections of Kindermann et al. (2008) for the costs of REDD, an
ambitious reduction of deforestation emissions would lead to
global costs between 17.2 and 28 USD billion/yr for the period
2005–2030. The higher end of this range would imply an increase
in abatement costs of 2–20%, depending on the case.

For the most stringent global target (cases 9 and 9p of Fig. 2),
the case based on the TIMER MAC curves, (case 9) is infeasible,
given the lack of mitigation potential below the maximum carbon
price of 1000 US$/tC. The model uses all the mitigation potential
available according to the MAC curves and if more reductions are
required in order to achieve the target it assumes that the
additional reductions take place at the maximum price. We still
present the results for case 9 in Fig. 3, but it should be noted that
due to the above costs are somewhat underestimated for
this case.

Fig. 3 also shows that for all mitigation cases, the calculations
based on POLES data lead to somewhat higher global emissions
and higher abatement costs. The higher emissions result from a
higher non-Annex I emission baseline according to POLES. This
explains why global emissions are above 44 GtCO2eq in case 2p,
but below this level in case 2, as previously mentioned. The
higher cost estimates are a result of technology description. In
general, the TIMER MAC curves lead to lower abatement costs, in
particular in Annex I countries: in TIMER there is more conver-
gence in MAC curves across regions. A comparison of MAC curves
of TIMER and POLES (and other models) for the Annex I regions is
provided by Amann et al. (2009).

4.2. Distribution of Annex I and non-Annex I costs

Fig. 4 shows the trade-offs between Annex I and non-Annex I
abatement costs for the different cases, based on the conceptual
framework of Fig. 1.

Fig. 4 shows that abatement costs for Annex I are higher for
the POLES than for the TIMER MAC curves, whereas the opposite
is true for non-Annex I. This also has an effect on the use of CDM,
which is much higher for the POLES MAC curves than for TIMER.
This is a result of the more pronounced differences in the
marginal abatement costs between the Annex I and non-Annex I
countries according to POLES MAC curves, together with a higher
POLES baseline for non-Annex I countries. Increasing the non-
Annex I reduction target leads to less CDM (as more needs to be
used domestically to meet the target), and also increases Annex I
abatement costs (as a lower share of the Annex I target can be met
via CDM). In most of the cases, the Annex I countries as a group
are net buyers in the market and non-Annex I are net sellers.
However, for the most stringent target for non-Annex I in
combination with less ambitious Annex I targets (cases 3, 6 and
3p) the situation is the opposite: Annex I becomes a seller of
carbon credits.

Annex I costs range from 0.2% to 2.3% of GDP in 2020 for all
TIMER and POLES MAC curves cases. Non-Annex I costs range
from �0.4% to 1.2% of GDP (the gains result from the financial
revenues from emission trading and CDM). According to the
criteria of Section 2, non-Annex I costs should be lower than
Annex I costs to be politically acceptable. The cases 2, 3, 6 and 3p
and 6p do not meet this condition. Cases 7 and 4p, 7p and 8p do
not meet the condition of positive non-Annex I costs.

4.3. Environmental, political and economic considerations combined

All cases with a green square in Fig. 4 have likely chance
(probability above 66%) to achieve a 2 1C target as discussed in
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Section 4.1. Fig. 4 superposes the environmental and political
criteria. Cases 5, 8, 5p and 9p are the only cases fulfilling both the
environmental and political criteria as proposed in the conceptual
framework. They correspond to the cases from the medium to the
high end of the 2020 reduction ranges for Annex I and non-Annex
I. Those cases in the low end of the reduction ranges for Annex I
and non-Annex I (e.g., 1, 4, 1p, 4p and 2p) fulfil a less strict
environmental criterion (i.e. a medium chance for meeting 2 1C).

From the four remaining cases (i.e. 5, 5p, 8 and 9) only the
combination with a 30% Annex I reduction below 1990 levels and
20% non-Annex I reduction below baseline levels fulfil all criteria
for both TIMER and POLES datasets (i.e. 5 and 5p). Cases 8 and 9p
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are only possible for one model dataset. More precisely, case
8 fulfils all criteria for TIMER MAC curves only and results in gains
for non-Annex I for POLES MAC curves, while case 9 is not
achievable when using TIMER MAC curves. The reductions of case
8 are 15% higher than those of case 5 and global abatement costs
are also higher. Case 9p is the most ambitious case that fulfils the
criteria, although just for one model dataset, leading to a global
emission level of 38 GtCO2eq and with abatement costs 3.6 times
of those in case 5.
5. Sensitivity of results to emissions trading level

Up to now, we assumed the same emissions trading conditions
for all cases, i.e. full emissions trading within the Annex I region
and the use of CDM with different accessibility estimates for non-
Annex I (see Table 1). In this section we analyse the impact of
these assumptions on the results. For this, we show the implica-
tion of both (1) more restricted trade assumptions and (2) full
emissions trading (thus less restricted) for both the TIMER and
POLES MAC curves. For TIMER, we focus on case 8 (40% Annex I
reduction and 20% non-Annex I reduction) and for POLES on case
5p (30% Annex I reduction and 20% non-Annex I reduction). The
availability of CDM in the more restricted emissions trading
case is, for each group of regions, half of that in the default cases
as described in Section 3.4. For the full emissions trading case
(no trade restriction) the CDM availability is 100% for all regions.

Fig. 5 shows the abatement costs for Annex I relative to those
of non-Annex I as share of GDP for the default cases 8 and 5p, for
the more restricted emissions trade and the full emissions trade
versions of these cases.

As expected, in the more restricted trading cases global costs
become higher, mainly due to higher costs of Annex I. This is
especially the case for the TIMER MAC curves. Global abatement
costs increase from 0.8% of global GDP in the default case to 0.9%
in the restricted emissions trading for case 8. For case 5p the
increase is from 0.65% to 0.7%. These results are caused by the
increase in domestic action of Annex I regions (with high
marginal costs) when trading is restricted. The domestic action
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of Annex I as a group increases from 80% to 90% of the total
reduction target for both cases 8 and 5p (the remainder being
achieved by CDM). The non-Annex I domestic action reduces
proportionally from around 120% to 110% of the total reduction
target—CDM again explaining why domestic emission reductions
are higher than the target.

The full emissions trading cases lead to opposite results. More
emissions trading between the regions decreases global abate-
ment costs, since reductions are taken wherever it is cheapest to
do so. For the POLES MAC curves case, about 50% more carbon
credits are traded and in the TIMER MAC curves case, the increase
is around 60%, both compared to the default cases.

In other words, the sensitivity of the trade assumptions on
regional abatement costs is considerable: it changes the global
costs and also the level of emission trading by CDM. Interestingly
enough, in both cases the different trade assumptions did not
move cases 8 and 5p out of the ‘green area’ of the conceptual
framework in Fig. 1. In other words, Annex I costs remained above
those of non-Annex I and the global reductions remained suffi-
cient for meeting the 2 1C target in both cases. For the full
emissions trading cases, the non-Annex I costs increase and the
Annex I costs decrease, diminishing the difference between Annex
I and non-Annex I abatement costs. The increase in non-Annex I
costs can be explained by the higher supply of carbon credits,
which leads to a lower global carbon price and hence smaller
benefits from selling emission credits. For the restricted emissions
trading cases, both Annex I and non-Annex I abatement costs
increase compared to the default cases.
6. Analysis of results in the current policy context

The recent submissions of country pledges and action plans to
the UNFCCC as part of the Copenhagen Accord are likely to fall
short in achieving stabilising atmospheric concentrations of GHG
at 450 ppm CO2eq in the long term. Even in the most optimistic
scenario – in which the high ambitious, conditional pledges and
mitigation actions of all countries are implemented and strict
accounting rules for land use and the use of emission surpluses
Annex I as % of GDP
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tions on Annex I and non-Annex I abatement costs.
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are assumed – the emission reductions in 2020 are not consistent
with most scenarios in the literature that lead to 450 ppm CO2-eq
(e.g., den Elzen et al., 2011b; Rogelj et al., 2010; UNEP, 2010).

This can also be shown in reference to the framework and
calculations introduced in this paper. When comparing the global
emission levels of the most optimistic interpretation of the
pledges and actions from UNEP (2010) with those of the case
with reductions of 30% below 1990 levels for Annex I and 20%
below baseline levels for non-Annex I (cases 5 and 5p that
meet all criteria for both model costs estimates, i.e. TIMER and
POLES MAC curves), an additional effort of about 6 to 7 GtCO2eq
would be required to meet the global emission levels of cases
5 and 5p, which are around 42–43 GtCO2eq, including bunkers
and land use emissions, respectively. Focusing on the less opti-
mistic interpretation of the Copenhagen accord pledges would
show an even greater difference, 10–11 GtCO2eq.

den Elzen et al. (2011b) indicate that Annex I pledges lead to a
reduction below 1990 levels between 12% and 18% depending
mainly on the conditionality of the pledges. For non-Annex I a
reduction between 8% and 10% below baseline levels is indicated
as the resulting reduction from the submissions to the Copenha-
gen accord. Cases 5 and 5p (that fulfil the environmental, political
and economic criteria of our framework) assume reductions of
30% below 1990 levels for Annex I and 20% below baseline levels
for non-Annex I.

In international negotiations for the agreement of emission
reduction targets for different regions and countries, a large set of
issues has to be dealt with simultaneously. In this paper, we have
derived a negotiation space based on a set of criteria that can be
directly derived from the ongoing negotiations. Clearly, the
Copenhagen Accord pledges do not fall within the space drawn
up by the criteria.

One of the caveats is that to some degree we have made some
interpretations in setting up our criteria (e.g., a lower probability
of achieving the 2 1C target may be chosen, or a deliberate
‘‘delayed-response’’ pathway in terms of emissions). Still, an
important message is that negotiations should focus on raising
the ambition of the current pledges towards a point within the
space drawn up in this paper. A similar point was drawn by
Peterson et al. (2011), where calculations with a Computable
General Equilibrium (CGE) model showed that the announced
Copenhagen pledges are not ambitious in terms of CO2 emission
reductions.
7. Conclusion

In this paper we describe the bargaining space for the inter-
national climate negotiations as a multi-criteria field that involves
considerations in the economic, political and environmental
areas. In the paper, we considered a set of possible criteria that
would define this space. We assume that from an environmental
viewpoint, global emissions by 2020 should reach a level
consistent with a likely chance to meet a 2 1C climate target.
Secondly, we assume that parties would try to minimise global
abatement costs (as this could in principle also ensure low
regional costs). Third, we assume that parties would accept the
concept of ‘‘common but differentiated responsibilities and
respective capabilities’’ (UNFCCC, 1992). In that context, we
introduced the notion that the costs of non-Annex I should not
be higher than those of Annex I regions, as a share of GDP. At the
same time, we also assumed that it would not be acceptable if
non-Annex I, as a group, would have negative abatement costs.

Obviously, these criteria are to some degree subjective, but
each of them has quite some support within the current negotia-
tions. Our aim is not to propose these criteria themselves but
indicate how acceptance of these criteria (or similar ones) would
impact the bargaining space for the international negotiations. It
should also be noted that translating these criteria into quantified
numbers depends on the model used: for that reason we have in
fact used two independent models datasets: IMAGE/TIMER and
POLES. In the calculations, we have specifically looked at the
outcomes of relevant combinations for the reduction targets in
Annex I and non-Annex I countries in 2020 versus the criteria. The
ranges explored for these country groups are those described in
the IPCC AR4 for Annex I (i.e. 25–40% below 1990 levels) and by
den Elzen and Höhne (2008) for non-Annex I (i.e. 15–30% below
baseline levels).

Broadening the discussion from mainly environmental ratio-
nales of setting targets to economic and political rationales
substantially reduces the likely reduction ranges for Annex I
and non-Annex I. In fact, only one case satisfies our environ-
mental, economic and political criterion for both energy models.
This is the case with a 30% reduction target for Annex I compared
to 1990 levels combined with a 20% reduction target for non-
Annex I compared to baseline levels (i.e. around 20–30% above
2005 levels according IMAGE/TIMER and POLES baselines, respec-
tively). The abatement costs for these cases ranges between 0.45%
and 0.65% of GDP for the world, between 0.53% and 0.95% of GDP
for Annex I and between 0.22% and 0.30% of GDP for non-Annex I
in 2020. For Annex I the range in terms of emission levels goes
from 12 to 13 GtCO2eq, for non-Annex I from 26 to 27 GtCO2eq
and for the world around 39 GtCO2eq, excluding bunkers and land
use emissions.

Several trade-offs arise from broadening the perspective for
achieving a successful negotiations outcome. For instance not all
cases acceptable under the environmental criterion did meet the
other criteria. This shows the importance of assessing reduction
targets according to different viewpoints as part of a broader
framework. Realizing the existence of the space could facilitate
the decision-making process by narrowing the options to those
with an acceptable outcome. Above all, the framework is useful as
a conceptual framework to look at the negotiations, instead of
earlier frameworks that seem to formulate these targets as a
much simpler trade-off between Annex I and non-Annex I
emissions.

Obviously, there are still many other factors influencing the
climate policy debate as well as it is important to interpret the
results taking into account the caveats used in the analysis. For
instance, the allocation of reductions among individual countries
in order to achieve the aggregate Annex I and non-Annex I targets
may play a crucial role, as well as the distribution of costs for
REDD. This could especially be important if the level of emissions
trading is restricted, as our sensitivity analysis shows. Finally, it
should be stated that lower reduction targets of Annex I could
also be politically feasible according to our criterion, under the
condition that Annex I countries (partly) finance abatement costs
of non-Annex I countries—next to using CDM and emissions
trading.
Appendix A. Description of the energy models TIMER and
POLES

TIMER—The global energy model of IMAGE (TIMER) looks into
long-term trends in the energy system (van Vuuren et al., 2004,
2007). The model describes the demand and supply of 9 final
energy carriers and 10 primary energy carriers for 26 world
regions. The model focuses on several dynamic relationships
within the energy system, such as inertia, learning-by-doing,
depletion and trade among the different regions. The demand
sub-model of TIMER determines demand for fuels and electricity
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in five sectors (industry, transport, residential, services and other)
based on structural change, autonomous and price-induced
change in energy intensity (‘energy conservation’) and price-
based fuel substitution. The demand for electricity is fulfilled by
fossil-fuel or bio-energy based thermal power, hydropower,
nuclear power and solar or wind. All technologies are chosen on
the basis of relative costs (using multinomial logit equations). The
exploration and exploitation of fossil fuels (either for electricity or
direct fuel use) is described in terms of depletion and technolo-
gical development. Bio-energy can be used in place of fossil fuels.
Emissions are calculated by multiplying the data on energy
consumption and production with fuel- and region specific emis-
sion factors that are derived from the EDGAR database. For most
gases, the emission factors are assumed to decline over time as a
result of technology development and as to reflect the notion of
increasing environmental awareness with rising income levels.
For CO2, emission factors stay constant over time—unless the
model explicitly selects technology with carbon-capture-and-
storage (on the basis of costs).

POLES—POLES is a global simulation model of the energy
system (Criqui et al., 1999; Russ and Criqui, 2007; Russ and Van
Ierland, 2009). The dynamics of the model is based on a recursive
simulation process of energy demand and supply with lagged
adjustments to prices and a feedback loop through the interna-
tional energy price. The model is developed in the framework of a
hierarchical structure of interconnected modules at the interna-
tional, regional, and national levels. It contains technologically-
detailed modules for energy-intensive sectors, including power
generation, iron and steel, the chemical sector, aluminium
production, cement making, non-ferrous minerals and modal
transport sectors (including aviation and maritime transport).
All energy prices are determined endogenously. Oil prices in the
long-term depend primarily on the relative scarcity of oil
reserves. The world is broken down into 47 regions, for which
the model delivers detailed energy balances. The model is con-
tinuously being enhanced in both detail and in the degree of
regional disaggregation.
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