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Greenhouse gas Reduction Pathways: Executive summary

Chapter 1: Targets and reduction pathways

(Note: this text is based on the executive summary of the Greenhouse gas Reduction Pathways Policymakers Summary)

The long-term objective of the European Union climate policy is to prevent global mean
temperature rising by more than 2°C over pre-industrial levels. Without policy induced
constraints this target will be missed by a substantial margin. According to model-based
estimates and projections, if no further action to control emissions is taken concentrations of
greenhouse gas in the atmosphere may increase from 425 parts per million volume (ppmv)
COz-equivalent today to 935 ppmv COs-equivalent in 2100. This could cause global
temperature to rise by more than 3°C by 2100.

To explore the implications of the EU climate target, two constrained global emission profiles
have been developed. They correspond to stabilising the total greenhouse gas concentration
at levels of 550 and 650 ppmv in CO, equivalent, for the set of six greenhouse gases
covered by the Kyoto Protocol. These profiles are hereafter referred to as S550e and S650e.

The range of the temperature rise associated with these two emission profiles depends on
the uncertainty about the ‘climate sensitivity’ parameter, which is defined as the global
average temperature rise resulting from doubling CO, concentrations. The Intergovernmental
Panel on Climate Change (IPCC) estimates the range of the climate sensitivity to be from 1.5
to 4.5°C, with a median value of 2.5°C.

Using this uncertainty range, the S550e profile will result in a global mean temperature rise of
less than 2°C for a low to median value of the climate sensitivity. The S650e profile only
stays below this value if the climate sensitivity is at the low end of the range. This means that
this profile is less likely to meet the EU target. If the climate sensitivity is high, the EU target
will not be met in either profile.

The profiles clearly differ in the timing and level of the emission reductions needed. Global
emissions must peak as soon as 2015-2020 under the S550e profile, and around 2030 in the
S650e profile. Delaying emission reductions would imply very steep global reductions later or
overshooting the targeted concentration levels, leading to a bigger rise in temperature.

The abatement effort required in the constrained profiles may be measured by the
percentage change in anthropogenic greenhouse gas emissions from their 1990 level, and
from the baseline projection (that is, the levels they would have reached without specific
abatement actions). For greenhouse gas emissions from energy use and industrial
processes this implies:

- In 2025 global emission levels can still rise about 20% above 1990 levels in the
S550e profile, but this already implies reducing emissions by one third compared to
the baseline projection. In the S650e profile, the reduction compared to the baseline
is smaller, but still significant, at around 15%.

- In 2050 emissions have to be reduced strongly in the S550e profile, not only
compared to the baseline level (65%), but also compared to 1990 levels (15%). In
contrast, in S650e, greenhouse gas emissions can still be 50% above their 1990
level by 2050. However, compared to the baseline, global emissions need to be
reduced by about 35%.

Chapter 2 : Architectures for the international climate regime

The greenhouse gas emission reductions required are thus substantial. In this perspective,
the Kyoto Protocol is only a very first step in climate policies. At the same time, approaches
based on binding quantified emission targets combined with mechanisms for a flexible



implementation, such as the ‘Kyoto Mechanisms’ provide an efficient incentive structure for
implementing the required reductions. Proposals for other types of regimes have been made
as well, such as technology standards or voluntary efficiency targets, but these probably
provide a less comprehensive system of incentives and less certainty for meeting the
required level of reductions.

After 2012, a deepening and broadening of the climate change commitments under the
UNFCCC is required. This raises the question of how to do this in a fair and acceptable way,
particularly given the need for economic development in many parts of the world. Very
different responses to this question can be identified. They differ for instance with respect to
the very definition of the problem, the equity principles upon which they are based, the way
targets are set, and the timing for participation of the different Parties.

As far as equity principles are concerned, they usually refer to more general notions or
concepts of distributive justice or fairness. Among the key principles explored or invoked in
the international climate negotiation up to now, one can identify:

- Egalitarian, i.e. each human being has an equal right to use the atmosphere.

- Sovereignty and acquired rights, all countries have a right to use the atmosphere
and current emissions constitute a ‘status quo right’.

- Responsibility / polluter pays, the greater the contribution to the problem, the greater
the share in the mitigation / economic burden.

- Capability, the greater the capacity to act or ability to pay and the greater the share
in the mitigation / economic burden.

Another key aspect in the characterisation of the climate policy architectures is in the
question of whether all Parties participate immediately on the basis of simultaneously defined
endowments in a global emission profile, or if the number of Parties as well as the stringency
of their commitments is gradually increased. The development of the international architecture
may take two different paths:

- The institution of a structural regime with the adoption of a set of rules or targets that
define the evolution of emission quotas for all Parties over a long time period. This
type of regime may be called a full participation’ regime.

- An incremental approach to the extension of the climate regime, with a gradual
expansion of the Annex | group of countries adopting binding quantified emission
limitation or reduction objectives, absolute or dynamic. This type of solution may be
called an ‘increasing participation’ regime and, when different categories of countries
and targets are considered, a ‘multi-stage’ regime.

The study of the international commitment schemes included an exploratory phase and a
phase with more in-depth analyses of a limited number of solutions. In the first phase, three
‘full participation’ regimes — described as Per Capita Convergence, Soft Landing and Global
Preference Score — and three ‘increasing participation’ regimes — described as Brazilian
proposal, Ability To Pay, and Multi-Stage — have been examined. This preliminary exercise
allowed to identify the main features of the various approaches and to select the approaches
for the in-depth analysis.

Chapter 3 : Regional long-term endowments in selected approaches

Two schemes proved to be sufficiently generic and have been selected for more in-depth
analysis: the Per Capita Convergence as representing a ‘full participation’ option, and the
Multi-Stage as representing an ‘increasing participation’ option. For each scheme, different
variants were evaluated under the two global emissions profiles derived above (S550e and
S650e).



For the Per Capita Convergence scheme, two time-horizons have been considered for the
final convergence (2050 and 2100), in order to describe two cases that impose different
constraints on Annex | countries in the short to medium term: the Per Capita Convergence-
2050 and Per Capita Convergence-2100 cases.

As far as the ‘Multi-Stage’ approach is concerned, three alternative cases have been
developed. All of them are based on the same definition of the consecutive stages for the
commitments of non-Annex | countries, i.e.: Stage 1 with no commitment, Stage 2 with
carbon intensity (or dynamic) targets and Stage 3. with absolute emission targets.

The threshold used for the transition from Stage 1 to Stage 2 is also common and is based
on a ‘Capacity-Responsibility index’, defined as the sum of per capita GDP and per capita
emissions in each region. The three cases — Multi-Stage 1, Multi-Stage 2 and Multi-Stage 3 —
differ however in the way the transition from Stage 2 to Stage 3 is made: in Multi-Stage 1, the
second threshold is based on world average per capita emissions; in Multi-Stage 2 this
threshold is again based on a CR index, while in Multi-Stage 3 the transition is based on a
differentiated transition period for the stabilisation of emissions.

A first general conclusion from the analysis is that the Annex | countries’ endowments are
largely comparable in the different Multi-Stage variants and the Per Capita Convergence-
2050 case. The endowments by 2025 for all Annex | regions are in the order of 40-60%
below the baseline for the S550e profile and 15-40% for the S650e profile. In 2050,
reductions are in the order of 80% (S550e) to 50% (S650e). By contrast, the Per Capita
Convergence-2100 case results in substantially larger endowments for the Annex | countries
than all other cases.

Regarding the endowments of non-Annex | regions, the results of the various Multi-Stage
and Per Capita Convergence cases are quite sensitive to particular assumptions, such as the
participation thresholds and the global emission profile. No general conclusion for this group
as a whole can be drawn. For the S550e profile, the Multi-Stage 3 variant tends to result in
larger endowments for the more developed non-Annex | regions, while for the least
developed regions, it is the case in Multi-Stage 2. For the S650e profile, in the short-term
(2025) the results of the different variants are quite similar due to the late participation of
most non-Annex | regions.

Chapter 4: Economic assessment of the emission profiles and
endowment schemes

The assessment of the economic implications of the different schemes has been performed
on the basis of partial equilibrium as well as full general equilibrium analyses. In the first
approach, the costs of domestic abatement and of emission trading resulting from the
regional allocation of emissions are analysed at the level of emitting sectors. In the second
approach, the macro-economic costs implied by the necessary adjustments in the technical
and economic systems are also considered. This approach thus also takes into account the
changes in sector activity levels and international trade that are due to emission constraints.

In all cost calculations a least-cost implementation is assumed, based on the assumption of
international emission trading. This implies that the implementation of reduction options and
the global costs are largely independent from the emission endowment schemes. However,
as far as the costs for the different regions are concerned, they of course crucially depend on
the endowments to each Party.

Meeting the S550e or the S650e profiles will require major changes in world consumption of
energy and other greenhouse gas emitting activities. It will also induce new dynamics in the
use and the diffusion in new technologies, not only in the energy sector, but also in industry
and agriculture. These changes contribute to the costs of mitigation action.



The global mitigation costs for meeting the S550e profile are much higher than for S650e.
For the S550e profile global effort rate (i.e. the mitigation costs as a percentage of GDP)
increases fast after 2020 towards the middle of the century to a maximum level of
approximately 1.2% of the world GDP, after which this effort rate gradually decreases to
0,6% by 2100. For the S650e profile, the global effort rate increases more gradually to 0.2%
by 2050 and stabilises in the last quarter of the century at a level of approximately 0.3%.
These costs mostly reflect the degree of stringency of the emission reduction targets.

As a general rule, regions with high per capita emissions and a high income (the OECD
regions, as of 1990) are confronted with average effort rates. Regions with medium to high
per capita emissions, but a medium to low income (the Community of Independent States,
Latin America and the Middle East, but also China) are confronted with high effort rates.
Regions with low per capita emissions and a low income (in Africa and Asia) are confronted
with the lowest effort rates and can even gain from emissions trading.

With respect to the magnitude of macro-economic costs, in general a correlation between the
results of emission trading and welfare changes is found.

The region that benefits most in terms of welfare is South Asia (mainly India and Pakistan).
Because of relatively abundant endowments, it is a net exporter of quotas in all cases. High
positive welfare impacts are also present in the other Asian regions, while the outcomes for
Africa are to some extent negatively influenced by the existence within the region of large oil
producers and exporters.

The key conclusions emerging from the general equilibrium analysis of the different
endowment schemes are as follows:

- The introduction of flexibility mechanisms, such as international emission trading,
allows to limit the costs of abatement policies and makes the total global costs in
principle independent of the endowment schemes.

- Regional abatement costs and macro-economic impacts show large differences
among regions. Particularly, the Middle East and the Community of Independent
States regions experience substantially larger costs than the other regions.

- The Multi-Stage schemes provide in both profiles better welfare prospects for the
developing regions, as they imply high income transfers in 2025.

Chapter 5 : Co-benefits of climate policies, the case of air pollution

The potential co-benefits of the mitigation scenarios are considerable. Indeed the significant
changes in energy consumption and in the energy system that would result from greenhouse
gas abatement actions may have significant side effects, in particular as far as the emissions
of regional air pollutants are concerned.

Currently, both climate change policies and air quality control are still relatively marginal
issues in most low-income countries, particularly when compared to issues such as poverty
eradication, or as food, water and energy supply. In order to curb the risks of fast growing
emissions of both air pollutants and greenhouse gases in these countries, use could be
made of the synergies between sustainable development targets and climate change.

The preliminary assessment of the potential co-benefits of the greenhouse gas reduction
pathways defined in this study has been performed while adopting two different approaches:

- The first one focuses on the atmospheric emissions of SO, and NO,, in a modelling
framework that is based on the linking of the TIMER and of the RAINS models;
changes in emissions are described in physical units, but the use of proxy indicators
for air pollution effects allows to better characterize the positive consequences of
greenhouse gas reduction policies; this approach is particularly relevant for those



world regions that combine a rapid growth in their economic and energy systems and
an already high vulnerability to air pollution problems, as is the case for Asia.

- The second approach is developed in a general equilibrium framework and uses the
‘state of the environment’ module of the GEM-E3 model; the transferability of data
gathered in Europe or in the US to other world regions still raises important problems
and the results should thus be considered as preliminary; however, this exercise
allows to produce a first assessment of environmental co-benefits assessed in terms
of welfare, which can be usefully compared with the costs of greenhouse gas
abatement policies.

Changes from the baseline in global sulphur and nitrogen oxides emissions in the
constrained emission profiles are significant, as emissions from these gases would be
significantly reduced as a side effect of climate policies. The S650e profile leads to world-
wide reductions of sulphur and nitrogen oxide emissions of 50% and 35% from baseline,
respectively. The S550e profile leads to even stronger reductions, i.e. 70% and 50%.

These results can also be analysed on a regional basis. This shows that co-benefits will
occur in all regions. However, as emissions of both sulphur and nitrogen oxides are
comparatively larger in the low-income regions, due to currently less strict air pollution control
policies, the co-benefits are more important in these regions. Particularly, in the Asian
regions with high baseline emissions climate policies would thus incur significant reductions.

All studies undertaken so far show the importance of the links between climate and air quality
policies. They seem to be significant in terms of direct impact, but also highly relevant in
terms of policy design. The economic studies of the co-benefits of GHG mitigation suggest
that the avoided damages may compensate for a significant part of the costs of GHG
emission reductions.

Conclusions

Meeting the EU objective of limiting global average temperature increase to 2 degrees
Celsius above pre-industrial levels requires a peak in global greenhouse gas emissions
within the next two decades. This means that early participation of developing countries in
global emission control is needed, even under a significant strengthening of the
commitments of Annex | countries under the Kyoto Protocol.

The study has shown that it is possible to design a set of consistent rules for the attribution of
the long-term emission endowments of the different world regions. Because the Multi-Stage
schemes include the possibility of commitments of a different nature for regions with different
levels of wealth and emissions intensity, they may seem good candidates for defining a long-
term international climate architecture with an acceptable distribution of endowments and
costs.

The gains from participating in global emission trading and from reduced air pollution
damage and/or abatement costs does substantially enhance, from a developing country
perspective, the attractiveness of an early participation in a regime based on greenhouse gas
reduction pathways, provided that the level and the form of their commitment is well
designed so as to minimise economic risks.

This perspective may help to fully design the extended Kyoto architectures that would
provide the right combination of information, incentive and constraint that is required to
stimulate the development of new low-emission technologies and consumption patterns.
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Introduction

This report describes the analyses that have been performed in the ‘Greenhouse gas
Reduction Pathways in the UNFCCC process’ study and it provides the background
materials to the corresponding Policymakers Summary. The Greenhouse gas Reduction
Pathways study has aimed in particular at identifying the set of options to be explored and
discussed in the Post-Kyoto international negotiation process. For that purpose, five key
issues have been considered and fully analysed in the following sequence:

Chapter 1 identifies the emission pathways that should be followed in order to respect
the EU’s climate targets, while considering the state of the art in the scientific knowledge
on the relations between greenhouse emissions and concentrations, concentrations and
temperature change.

Chapter 2 provides a synthetic review of the main types of architectures that have been
up-to-now proposed either in the scientific literature or in the negotiation process, in
order to design international quantitative emission targets systems.

Chapter 3 starts from the selection of two generic and representative architectures and
then describes their consequences in terms of emission endowments, for the different
regions of the world.

Chapter 4 provides an in-depth assessment of the economic consequences of these
endowment schemes, while using three different economic models: the IMAGE-TIMER
and POLES model for partial equilibrium analyses — respectively in the very long-term
(2050-2100) and in the medium term (2025) — and the GEM-E3 model for the general
equilibrium analysis in the medium term.

Finally, Chapter 5 describes the co-benefits to be expected from greenhouse gas
emission reduction policies, as analysed in terms of positive environmental impacts on a
local or regional scale for the different regions of the world, but particularly for the less
developed ones.






1. Global emission constraints and baseline emission
scenario assumptions

In 1996 the EU Council adopted as its long-term climate policy objective the fact of
preventing global mean temperature to increase beyond 2°C over its pre-industrial level.
RIVM has used this long-term climate target to develop alternative greenhouse gas emission
profiles that could be consistent with this 2°C target, taking into account the uncertainty
regarding the sensitivity of the climate system (Eickhout et al., 2003). The emission profiles
constructed result in a stabilisation of the concentration of greenhouse gas at a level of 550
and 650 ppmv carbon dioxide equivalents, respectively (see Text box 2.1). This chapter
provides a concise description of the main assumptions used for constructing these
greenhouse gas stabilisation profiles and the baseline used in this study. It also evaluates
the emission reduction burden resulting from the baseline and the emission profiles. A more
detailed description of the baseline emissions scenario, the CO,e stabilisation profiles and
their climate impacts can be found in (Eickhout et al., 2003).

1.1. Baseline scenario for the 1995 - 2100 period

A new baseline, called the Common POLES-IMAGE (CPIl) baseline has thus been
developed by RIVM and IEPE, in order to explore the implications of different options for the
differentiation of future commitments, using both models. This baseline describes the
development in the main driving forces (population and economic growth) and environmental
pressures (energy, industrial and land-use emissions) for the 1995-2100 period. It is
primarily based on the existing POLES reference scenario up to 2030 (see Criqui and
Kouvaritakis, 2000) and extended to 2100 by using the IMAGE 2.2 model (IMAGE-team,
2001).

The baseline scenario describes a world in which globalisation and technology development
continue to be an important factor behind economic growth, although not as strongly as for
instance assumed in the IPCC A1b scenario (IMAGE-team, 2001; Nakicenovic et al., 2000).
Economic growth is therefore assumed to reach a moderate level in almost all regions. As
growth is in general faster in low income regions than in the high-income ones, the relative
gap between regions decreases. However, for economic growth to occur, regions will need
to have a sufficient level of institutional development and stability. In the CPI scenario it is
assumed that in the next two decades, these conditions are not met in Sub-Saharan Africa —
as a result of which this region clearly stays behind. However barriers to economic
development in that region are supposed to be progressively removed and from 2025/2035
onwards it ‘takes off’, similarly to what happened to Asian countries in the last two decades.

The dynamics in the most important driving forces are indicated in Table 1'. The UN long-
term medium population projection have been used for the POLES model up to 2030 and for
the IMAGE-TIMER up to 2100 — as implemented for the IMAGE B2 scenario (IMAGE-team,
2001). In this population scenario, the global population stabilises at a level of 9.5 billion by
2100.

1 For comparability of the modelling results, all results are presented for an aggregate of 10 world regions. The composition of these regions is

given in Appendix I.



Table 1: Main driving forces by region of the CPI baseline

Population Per Capita Income (in |[Per Capita
(in mln) PPP 1995%/year) Income
(growth rates
1995 2025 2050{1995 2025 2050 [1995- 2025-
2025 2050
Canada & USA  [296 362 391 (25604 42520 55757 |1.7% 1.1%
Enlarged EU 505 499 450 [17128 34534 50107 |2.4% 1.5%
FSU 293 298 273 |1747 5323 14750 [3.8% 4.2%
Oceania 28 40 46 |15469 30054 43397 (2.2% 1.5%
Japan 125 121 111 [41052 65270 90424 |1.6% 1.3%
Latin America 476 690 800 (3591 6779 12144 2.1% 2.4%
Africa 719 1346 1831|613 873 1761 (1.2% 2.8%
ME & Turkey 219 378 483 (3282 6371 12577 |22% 2.8%
South Asia 1245 1865 2160|356 1560 4060 |(5.0% 3.9%
SE & E Asia 1798 2293 2439|1392 7404 16930 (5.7% 3.4%
World 5706 7891 8984(4931 9052 14413 |2.0% 1.9%

Source: IMAGE 2.2

The CPI baseline reflects historic developments in greenhouse gas emissions and the recent
slowdown in the emission growth rate at the end of the last century, due to in particular the
strong reductions in emissions in the Former Soviet Union and Eastern Europe following
their economic downfall, as well as the reductions of the CO, emissions in China in the
second half of the nineties. With the projected increase in population and income, primary
energy use will continue to grow in almost all regions. Worldwide, primary energy use is
expected to increases by about 75% in the 1995-2025 period and by another 40% in the
2025-2050 period and almost all of this growth occurs in non-Annex | regions. Oil continues
to be the most important energy carrier until 2040. After 2040 both natural gas and coal take
over this position.

As a result, energy-related carbon dioxide emissions increase strongly from 21.6 GtCO, in
1995 to 39.5 GtCO, in 2025 and 54.7 GtCO2 in 2050 (see Table 1 and Figure 1) and
continue to be the major source of greenhouse gas emissions. After 2050, a stabilising
population levels slows down the further growth in carbon dioxide emissions. The share of
non-Annex | in energy-related carbon dioxide emissions increases from 37% in 1995 to 45%
in 2025 and 66% in 2050.

Using the land-use projections of IMAGE 2.2 (IMAGE-team, 2001), total greenhouse gas
emissions are also be assessed — including land-use related emissions and non-CO,
greenhouse gas emissions. In general, population growth and shifts to higher grade diets
lead to an additional need for agricultural land in the first half of the century, despite
improvements in agricultural production. Later, further productivity gains result in a surplus of
agricultural land in high-income regions and it can be converted into forest land. As a result,
carbon dioxide emissions from land-use increase slightly between 1995 and 2040 — but
decrease afterwards. Most of the land-use related emissions origin from developing regions,
in particular due to population growth and the share of non-Annex | in total anthropogenic
greenhouse gas emissions is larger than that of energy-related CO, emissions, increasing
from 48% in 1995 to 65% in 2025 and 71% in 2050. Methane and nitrous oxide emissions
increase until 2060 after which they remain almost constant. Finally, industrial emissions,
including in particular the high-GWP gas and process-related carbon dioxide emissions from
cement production and feedstocks increase slowly over the whole century — but remain
relatively small compared to other sources.



Table 2: Main outcomes of the CPI baseline

Primary energy use CO; emissions GHG emissions
(in PJ/year) (in GtCOy/year) (in GtCO,-eq/year) *
1995 2025  2050| 1995 2025 2050| 1995 2025 2050
Canada & USA 91848 121405 128373 6.10 8.09 8.40| 7.55 9.50 9.58
Enlarged EU 66070 83380 86702 436 5.10 532| 538 6.00 6.05
FSU 37276 51960 57174 232 324 359 320 4.50 471
Oceania 4754 7955 9675 033 0.54 0.64| 053 0.79 0.87
Japan 18866 22851 22480 1.26 148 141 1.37 1.58 1.51
Latin America 21763 49891 88932 1.18 2.89 5.11 2.33 4.54 7.00
Africa 19940 43168 79215 0.79 2.32 452 1.60 4.17 7.32
ME & Turkey 15065 41306 67132 1.06 2.85 436 135 3.69 5.73
South Asia 25175 62628 116495 097 3.79 7.46| 2.11 554 9.44
SE & E Asia 71984 168736 251999| 4.62 11.36 16.03| 6.64 14.42 19.28
World 372742 653278 908176 22.99 41.65 56.83| 32.06 54.74 71.48

* The greenhouse gas included are the 6 Kyoto gas: CO2, CH4 20, SF6, PFCs; HFCs. However, the F-gas are excluded from
the regional figures as only global estimates are made. Thus the regional subtotals do not add up to the world total.

Source: IMAGE 2.2

The baseline scenario assumptions affect the emission profiles and burden sharing results in
a number of ways. First of all, the baseline assumptions determine future land-use, which in
turn affects the carbon cycle, notably the uptake of carbon from the atmosphere by the
biosphere (terrestrial carbon uptake) as well as non-CO, greenhouse gas emissions (e.g.
methane from animals and rice paddies; N,O from fertiliser use in agriculture). Second, in
the analysis of the emission endowment schemes, baseline assumptions about future
regional population levels and per capita income and emission levels are important as they
are used in the calculation of regional emission endowments (e.g. as participation and/or
burden sharing criteria) under the future commitments schemes. Finally, the baseline
assumptions determine the global and regional emission reduction burden, i.e. the difference
between global and regional emission endowment and baseline greenhouse gas emission
levels.

Figure 1: Greenhouse gas emission in carbon-equivalents by gas (top) and sector
(bottom)
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1.2. Emission profiles for the stabilisation of greenhouse gas
concentration at 550 and 650 ppmv

The IMAGE 2.2 model has been used to develop emission profiles up to 2100 for stabilising
greenhouse gas concentrations at 550 and 650 ppmv in 2100 and 2150 respectively (see
Figure 2). For this analysis the concept of CO.e concentrations was used as it allows for
expressing the contribution of all GHGs in CO.e terms, in parallel with the Global Warming
Potential concept (GWP) for emissions. Both concepts are explained in more detail in Text-
box 1. The years for stabilisation of greenhouse gas concentrations were adopted from IPCC
for CO; in order to allow for comparison between the stabilisation profiles for CO,-only and
for all GHGs?.

For the construction of the profiles, an initial estimation of the contribution of non-CO, GHGs
to the CO,e concentration level had to be made®. Hence, the 550 and 650 ppmv COe
profiles, hereafter referred to as S550e and S650e respectively, were considered consistent
with a stabilisation of the CO, concentrations at 450 and 550 ppmv CO,, respectively. These
CO, concentration profiles were used in the first phase of the project. In the second phase,
the global CO,e profiles have been used for a cost-optimal multi-greenhouse gas abatement
analysis.

Figure 2: Global CO.e concentration stabilisation profiles for $550e and S650e versus
the CPI baseline scenario
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Source: IMAGE 2.2

The profiles up to 2010 take account of the Annex | Kyoto Protocol targets and, as far as the
USA are concerned, of the greenhouse gas intensity target proposed by the US
administration (-18% between 2002-2012) (de Moor et al., 2002; White-House, 2002a;
White-House, 2002b). In the profiles, it is also assumed that about 80% of the excess

2Note that a stabilisation of GHG concentrations at 650ppmv in 2100 would result into an emission profile with higher emission levels in the first
decades of this century, followed after by steeper reductions. This would imply smaller abatement efforts in the short term (2025) and larger
abatement efforts in the long term (2050). However, as atmospheric GHG concentration levels would be somewhat above those of the S650e

profile that stabilises in 2150 only, the temperature increase by 2100 would also be somewhat higher.

3 In the first phase of the study, this estimate was based on an assessment of the technical abatement potential for non-CO2 GHG emissions. In

the second phase, this contribution has been re-assessed on the basis of a cost-optimal multi-gas abatement strategy.
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emission endowments (also referred to as ‘hot air’) of the Former Soviet Union and Eastern
Europe are banked on the basis of revenue optimisation. Non-Annex | countries are
assumed to follow their baseline emissions during this period. In the S550e and S650e
profiles, CO, emissions continue to rise in the first decades of the simulation.

It has been assumed that for stabilising the concentration at 550 ppmv CO.e, the growth of
CO; emissions shifts from an annual 1.95% increase in 2010 to a 2% decrease in 2020. The
CO, emissions after 2020 are determined by an inverse calculation with the IMAGE 2.2
model, determining the allowable emission levels resulting from a pre-described CO,
concentration profile (i.e. 450 ppmv), while the mitigation of non-CO, greenhouse gas is
supposed to result in a concentration of 100 ppmv COye.

For stabilisation in the S650e profile, the CO, concentration is assumed to stabilise at 550
ppmv. Since the greenhouse gas emissions need to decrease to a lesser extent, the CO,,
emissions shift from an annual increase of 1.95% in 2010 to a 1.5% decrease not until in
2040. Again, the non-CO, GHGs account for 100 ppmv CO.e, assuming the same mitigation
options as in S550e. Because of higher temperatures in S650e than in S550e, the natural
N,O emissions are higher (IMAGE team, 2001). To compensate for these higher non-CO,
emissions in S650e, higher emission reductions for the HFCs, PFCs and SFg.have been
assumed. Table 3 summarises the main characteristics of the S550e and S650e profiles.

Table 3: Main characteristics of the two constructed emission profiles

Characteristic S550e S650e
COz emissions in 2010 (GtCOz per year) 37.58 37.58
Annual increase in 2010(in %) 1.95 1.95
Target year of pre-described annual decrease 2020 2040
Level of annual CO2 decrease in that target year (in %) 2.0 1.5

Year of stabilisation 2100 2150
Level of CO2 concentration 450 ppmv 550 ppmv

Assumed levels of CH4 reductions (compared to

)

e Energy: 50%

e  Energy: 50%

baseline) ¢ Industry: 50% e Industry: 50%
e Landfills: 100% e Landfills: 100%
e Sewage: 50% e Sewage: 50%

Assumed1 I)evels of N2O reductions (compared to e Energy: 50% e  Energy: 50%

baseline) e Industry: 50% e Industry: 50%
e Sewage: 100% e Sewage: 100%
e Fertiliser: 20% o Fertiliser: 20%

Level of reduction for HFCs and PFCs in 2100 50% 100%”

(reduction  percentage  compared to

Sulphur emission levels Constant CO/SOzratio  Constant CO/SOzratio

" Reached in 2025 for Annex | and 2040 for non-Annex |.
2 Reductions in F-gas are higher in S650e to compensate for higher natural N,O emissions resulting from a larger temperature
increase.

Source: IMAGE 2.2

Text-box 1: CO,-equivalent emissions and concentrations

CO2-equivalent (CO,e) emissions and concentrations are two ways to account for the impact
of the different Kyoto greenhouse gases on the climate system. For CO,e emissions of the
Global Warming Potential (GWP) of each Kyoto gas have been used. The GWP is a
measure of the relative radiative effect of a given substance compared to CO, integrated
over a chosen time horizon (IPCC, 2001). Consequently, the GWP of CO, is by definition
1.0. The GWPs with a time horizon of 100 years from the Third Assessment Report (IPCC,
2001) are used here.

After its introduction, the GWP concept has been subject of continuous scientific debate on
its adequateness to measure and combine the different effects on the climate system of the
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different greenhouse gases and other radiative active substances, such as aerosols. The
concept of GWPs is indeed very sensitive to the time horizon selected. The common 100
year time horizon tends to result in an overestimation of the contribution of short-lived
greenhouse gases such as methane, and in an underestimation of long-lived gases like
some HFCs and SFs. However, at the same time the GWP concept is very convenient for
adding up the contribution of different greenhouse gases in terms of CO,e emissions, and no
real alternative indicator has yet been established.

In this report, we also use the concept of CO.e concentrations. This is a measure of the
contribution of the various greenhouse gas to the radiative forcing in any given year. This
measure is easy to interpret as well, but shows difficulties that are similar to those the GWP
approach. However, one major advantage of CO.e concentrations is the fact that this
measure takes into account the different rates of removal from the atmosphere of various
greenhouse gases. Eickhout et al. (2003) analysed — using the IMAGE 2.2 model — whether
different contributions of the Kyoto gases to similar CO.e emission profiles lead to different
CO.e concentrations and, hence, different climate impacts,. It was concluded that the
uncertainty in the contribution of the different Kyoto gases to the CO.e concentration levels
indeed does have an impact on the eventual warming, but that this impact is relatively small,
particularly when compared to the uncertainties stemming from the climate sensitivity.

The CPI baseline and the two emission profiles are plotted in Figure 3, which shows that
stabilising CO,e concentrations at 550 ppmv requires substantially larger and earlier global
emission reductions than stabilising CO,e concentrations at 650 ppmv.

Figure 3: Global emission profiles for stabilising greenhouse gas concentrations at
550 ppmv (s550e) and 650 ppmv (s650e) versus baseline emissions
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Source: IMAGE 2.2

For stabilising CO,e concentration at 550 ppmv global greenhouse gas emissions would
have to peak around 2015, while for the S650e profile this would be 2030. For S550e a
further postponement of emission reductions is difficult if very steep global emission
reductions (>2%l/year) or an overshooting of the targeted concentration stabilisation levels
are to be avoided. On the contrary for S650e there are many alternative pathways possible,
including ones with global emissions peaking later (up to 2050) (Eickhout et al., 2003).




When the S550e and S650e profiles are compared with the WRE450 and WRES50 profiles
(Wigley et al., 1996) for a stabilisation of the CO, only (as used in the IPCC Third
Assessment Report, see Table 4), it is clear that, due to the incorporation of the climate
policies up to 2010 (including the Kyoto Protocol and the Bush Plan (White-House, 2002a;
White-House, 2002b)), the profiles used here are in timing comparable to the “delayed
response scenarios” of the WRE profiles, i.e. with the peak in emissions ocurring in the latest

part of the identified time-range.

Table 4: Conditions for stabilising CO2 concentrations according to the WRE profiles

WRE CO2 |Accumulated CO2] Year in which Year in which
Stabilisation | emissions 2001 to| global emissions | global emissions
profiles 2100 (GtC) peak fall below 1990
level
450 365 - 735 2005 - 2015 <2000 - 2040
550 590 - 1135 2020 - 2030 2030 - 2100
650 735 - 1370 2030 - 2045 2055 - 2145
750 820 - 1500 2040 - 2060 2080 - 2180
1000 905 - 1620 2065 - 2090 2135 - 2270

Source: IPCC —TAR (2001)

1.3.

The IMAGE 2.2 model was used to calculate the greenhouse gas emission concentrations
and resulting global averaged surface temperature increase in 2100 that result from both the
CPI baseline and the two alternative stabilisation profiles. Under the baseline scenario,
greenhouse gas concentrations are projected to increase to about 930 ppmv CO.e by the
end of the century, resulting into a temperature increase of already over 3°C. This value
results from the assumption of a medium climate sensitivity, which is defined as the
equilibrium global-mean surface temperature increase resulting from a doubling of CO.e
concentrations.

Impacts on temperature

The IPCC estimates the range of the climate sensitivity between 1.5 and 4.5°C, with a
medium value of 2.5°C (IPCC, 2001). The uncertainty in the climate sensitivity is important in
evaluating the compatibility of the stabilisation profiles with the EU 2°C target. Another
uncertainty in projecting the temperature change resulting from the stabilisation profiles is
the emission of sulphur emissions, which have a cooling impact. Here the assumption was
made of a fixed ‘carbon to sulphur’ ratio, which results in SO, emission following the trend in
the CO, profile.

Figure 4 depicts the range of the global-mean temperature increase up to 2100 resulting
from the S550e and S650e profiles, while taking into account the uncertainty in the climate
sensitivity. The difference in temperature increase between the two profiles only becomes
apparent in the second half of the century. The reasons are delays within the climate
system, and the fact that in the short-term CO, reductions also cause a reduction of the
cooling effect of SO,. Both in the case of the S550e and S650e profiles no equilibrium has
yet been reached by 2100 and thus further warming is expected to take place afterwards.



Figure 4: Global-mean temperature increase since pre-industrial levels resulting from
the S550e (left panel) and S650e (right panel) profiles for different climate sensitivity
assumptions (1.5, 2.5 and 4.5).
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sensitivity = 2.5 and the bottom lines climate sensitivity =1.5; the (flat) dotted line is the EU 2°C target.

Source: IMAGE 2.2

From the above analyses, it can be concluded that in principle the S550e profile can meet
(or at least stay near) the maximum global temperature increase of the EU target for a
median to low climate sensitivity. The S650e profile only does so in case the climate
sensitivity is low. However, this profile is likely to overshoot the target by a considerable
margin. In the case of a high climate sensitivity, the EU target will not be met in both profiles.

1.4. Implications for emission reductions

For both stabilisation at 550 ppmv and 650 ppmv CO2e concentrations, substantial emission
reductions from the baseline will be needed, particularly in the long-term.

e For the S550e profile, global energy- and industry related greenhouse gas emission
levels in 2025 can still increase to about 20% above 1990 levels but this implies
already a substantial emission reduction of 30% compared to baseline levels. For
S650e the reduction compared to the baseline is smaller, but still significant at around
15%.

e In 2050 for S550e emissions have to be reduced strongly, not only compared to
baseline level (ca. 65%), but also compared to 1990 levels: about 15%. In contrast, for
S650e, the greenhouse gas emissions levels can still be 50% above 1990 levels by
2050. Compared to the baseline, they need however to be reduced by about 35%.

e By the end of the century, both stabilisation profiles for S550e and S650e imply global
emissions to be substantially reduced compared to the baseline, by about 70% and
55% respectively. However, if compared to 1990, this implies a reduction of 30% for
S550e, and stabilisation at 1990 levels for S650e.

Figure 5 presents the percentage change in energy- and industry related greenhouse gas
emission levels required under the S550e and S650e profiles compared to both the CPI
baseline and the 1990 level for the years 2025, 2050 and 2100. These emissions are used
below in the analysis of the different climate regimes. It has to be noted that these levels are
different from the reductions indicated in Figure 3, because of the exclusion of land-use
change related emissions. In fact, the reduction in emissions from land-use change in the
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baseline allows for relatively smaller future reductions in energy- and industry related
greenhouse gases.

Figure 5: Global Energy- and Industry related greenhouse gas emissions reduction
efforts for stabilisation at 550 ppmv (left panel) and 650 ppmv (right panel) CO2e
levels.
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1.5. Conclusions

The continuation of non-constrained greenhouse gas baseline emissions leads to a
global temperature increase of over 3°C over pre-industrial levels by 2100, which is well
beyond the EU temperature target of 2°C.

This EU climate policy objective might be met under both a profile for stabilising CO.e
emissions at 550 and 650 ppmv. However, for the S550¢ this will be the case for a low to
medium estimate for the climate sensitivity. The S650e profile will meet the 2°C objective
only if the climate sensitivity is at the low end of the uncertainty range. A medium value
for the climate sensitivity would result into an increase of already 2.3°C by 2100, with
further temperature increase thereafter. Therefore, this profile is likely to overshoot the
EU target.

Stabilising CO,e concentrations at 550 ppmv requires substantially larger and earlier
global emission reductions than stabilising at 650 ppmv. The emissions profiles
corresponding to S550e and S650e peak by 2015 and 2030 respectively. For S650e
different pathways allowing emission to peak later are possible; for S550e a further delay
would results into very steep reductions after 2025 and/or a temporary overshooting of
the 550 ppmv level.
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2. A review and selection of the approaches to
international commitment schemes

The abundant literature on greenhouse gas emission reduction targets and international
equity shows that it is possible to identify many different approaches to international
commitments. These approaches can be characterised according to various dimensions of
international climate regimes (see Berk et al., 2002, Blanchard and al. 2000). One of the goals
of the first phase of the ‘Greenhouse gas Reduction Pathways’ study has been to identify the
key approaches to be considered and then to perform a preliminary economic assessment.

2.1. The dimensions of international commitment schemes

When dealing with the design of an international architecture for climate policies, a series of
questions must be considered. They successively concern the proper definition of the
problem, the principles to be invoked, the way targets are set, the timing for participation of
the different Parties etc.

e Problem definition (burden sharing or resource sharing): The climate change problem can
be defined as a pollution problem or as a resource sharing problem. These different
approaches have implications for the design of climate regimes. In the first approach, the
burden sharing will focus on defining who should reduce or limit his pollution and how much; in
the latter, the focus is on who has what user rights and the reduction of emissions will be in
line with the user rights.

o Emission limit: Emission endowments can either be defined top-down, by first identifying
globally allowed emissions and then applying rules for allocating the overall reduction effort
needed, or instead in a bottom-up way by allocate emission endowments among Parties,
without a predefined overall emission profile. In the top-down approach the question of
adequacy of commitments is separated from the issue of burden differentiation. In the bottom-
up approach, the two are dealt with at the same time.

o Equity principles: Equity principles refer to more general concepts of distributive justice
or fairness (see e.g. Rose (1998); Banuri et al. (1996)). In the literature, many different
categorisations of equity principles can be found (see Banuri et al., (1996); Rose(1998);
Ringius et al. (1998)). Important equity principles for the purpose of characterising the
approaches explored are (e.g., den Elzen et al. (2003a):

- egalitarian: each human being has an equal right to use the atmosphere

- sovereignty / acquired rights: all countries have an equal right to use the atmosphere;
current emissions constitute a status quo right

- responsibility / polluter pays: the greater the contribution to the problem, the greater
the share in the mitigation / economic burden

- capability: the greater the capacity to act or ability to pay, the greater the share in the
mitigation / economic burden

The latter principle can be considered to also embrace the basic needs principle, when it is
assumed that the capability principle allows for exempting countries from burden sharing to
allow for fulfilling their basic development needs.

These general equity principles need to be distinguished from specific rules or formulas for
burden sharing or emission quotas endowment, and from equity criteria or indicators
(Ringius et al., 1998; Ringius et al., 2002; Rose, 1992). Rules for burden sharing or emission
quotas endowments specify how the equity principle can be interpreted and applied in the
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context of greenhouse gas emission control. Equity criteria or indicators further specify the
way rules for burden sharing are to be operationalised.

o Participation (thresholds / timing): Another dimension is that of the degree of participation:
who should participate in sharing the burden and when? This issue concerns discussions on
both the type of thresholds for participation and on the threshold level or timing. It is thus
assumed that there is no need for all Parties to participate in the same way.

o Type of commitment: The approaches for the differentiation of commitments can either
pre-define the endowment of emissions over time or make the endowment dependent on
actual developments in the level of economic activity, population or emissions. In ex-ante
analysis this results in baseline dependent endowment schemes. The level of dependency on
actual developments can be limited, as in the case of the per capita convergence approach
(dependent on population only), or important, as in the case of the multi-stage approach
(dependent on population, income and emissions only).

o Form of commitment: The form of the commitment of each Party can be identical for all, as
in the binding emission targets of the Kyoto Protocol, but also be defined in differentiated ways
(see e.g. Baumert et al. (1999); Claussen et al., 1998; Philibert and Pershing (2001)). In place
of absolute targets, commitments may also be defined as relative or dynamic targets, such as
a reductions in energy or carbon intensity levels, or in terms of policies and measures. There is
also the option of non-binding commitments.

A way of structuring the analysis of these different approaches is looking at the way the
broadening of the participation to developing countries could take place. Berk and den Elzen
(2001) have indicated that the development of the international climate regime could take
two different directions:

- incremental regime evolution, i.e. a gradual expansion of the Annex | group of
countries adopting binding quantified emission limitation or reduction objectives
under the UNFCCC;

- or structural regime change, i.e. the adoption of a regime defining the evolution of
emission endowments for all Parties over an extended time period.

The first approach would mean a gradual extension of the present Kyoto Protocol to
differentiate the obligations of various Parties under the Convention. It could be based on
ad-hoc criteria, or on pre-defined rules for both participation and differentiation of
commitments. This type of regime we call ‘Increasing participation’. In an increasing
participation regime, the number of Parties involved and their level of commitment gradually
increase according to pre-defined rules for participation, like per capita income or per capita
emissions. This kind of regime can be based on either one threshold for participation, or
developed into a so-called Multi-Stage Approach by extending the number of stages or
levels of participation for groups of countries.

The second approach would be a shift away from the present approach towards a regime
that — in absolute or relative terms — pre-defines the endowments for all Parties and their
evolution over a long-term period. This type of regime we call full participation’.

When this dichotomy is combined with the form (same or different) and nature of the
commitments (pre-defined or fixed versus path (baseline) dependent or dynamic) it is
possible to describe the different approaches selected in the Greenhouse gas Reduction
Pathways study and described in the following section as presented in Figure 6.
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Figure 6: Categorisation of emission endowment schemes explored in the
Greenhouse gas Reduction Pathways study
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2.2. The selected endowment rules for the first phase of the
Greenhouse gas Reduction Pathways study

For the first phase of the Greenhouse gas Reduction Pathways study, it was decided to
select a limited number of international commitment systems, in order to provide preliminary
assessments and to prepare for the final selection of the schemes to be fully tested by the
different models. The proposals for differentiation have been identified according to different
criteria, which combine the political relevance and the technical or economical feasibility.
The six selected schemes are the following:

1. Brazilian proposal (BP)
2. Per Capita Convergence (PCC)
3. Multi-Stage approach (MS)
4.  Soft-Landing approach (SL)
5.  Global Preference Score approach (GPS)
6.  Ability To Pay or Jacoby Rule (ATP)

1. Historical contribution to Climate Change (the Brazilian proposal)

During the negotiations on the Kyoto Protocol, Brazil made a proposal to link the relative
contribution of industrialised parties to their relative contribution to the global mean
temperature increase (UNFCCC, 1997). Since the adoption of the Protocol the proposal is
under consideration of the Subsidiary Body for Scientific an Technological Advice of the
UNFCCC for evaluation of its methodological aspects.
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2. Per Capita Convergence

This approach, has been initially developed and promoted by the Global Commons Institute
under the term Contraction and Convergence (Meyer, 2000). It defines emission quotas on
the basis of a convergence in per capita emissions, under a contracting global greenhouse
gas emission profile. In such a convergence regime, all countries participate with emission
endowments converging to equal per capita levels over time.

3. Multi-Stage approach

The Multi-Stage Approach consists of a system to divide countries into groups with different
levels of responsibility or types of commitments. The approach results in a gradual increase
over time of the number of countries involved and their level of commitment according to
participation and differentiation rules. These are based on criteria such as per capita income
or per capita emissions. The approach was first developed by Gupta ((Gupta, 1998); Gupta
et al, 2001) and later elaborated into a quantitative scheme by M. den Elzen et al (den Elzen,
2002; den Elzen et al., 1999) and Berk and den Elzen (2001).

4. Soft Landing approach

This method has been first proposed by P. Criqui and N. Kouvaritakis (respectively IEPE and
IPTS) and a complete scenario has been described in Blanchard et al. (2001)). It proposes a
scheme for a progressive stabilisation of emissions in non-Annex | countries, with a timing
and level of commitment that is differentiated on the basis of per capita emissions and per
capita income levels, as well as on their population growth. Annex | countries keep reducing
their emissions according to a Kyoto-type trend.

5. Global Preference Score approach

This rule has been elaborated by U. Bartsch and B. Muller (2000). It combines a grand-
fathering entitlement method and a per capita approach. A 'Preference Score Share' to be
reached by each country is calculated by adding the relative emissions shares of each
method weighted by the share of world population that is assumed to prefer the first or the
second approach (basically Annex | countries versus non-Annex | countries).

6. Ability To Pay or Jacoby rule

This rule has been elaborated at the MIT Joint Programme on the Science and Policy of
Global Change by H. Jacoby et al. (Jacoby H.D., Schmalensee R., Wing S.L., 1999), and is
also known as the “Jacoby rule”. It consists of a set of rules for progressively integrating non-
Annex | countries into a system of global emissions reduction and defining subsequent
levels of reduction commitments for meeting long-term climate targets basically depending
on countries’ GDP per capita levels.

2.3. Characterisation of the six selected approaches

The dimensions explored above in 2.1 can be used in order to identify the main
characteristics of the six approaches selected for the first phase of the study and listed
above in 2.2. This provides the following observations, also summarised in Table 5:

e The Brazilian proposal is clearly based on the responsibility principle, but could also
include the capability principle by including a income threshold for participation.

e The Ability To Pay and Soft landing approaches are based on the capability principle,
although the Soff Landing approach also incorporates some elements of responsibility.

o The Per Capita Convergence and Global Preference Score approaches both combine
the egalitarian and acquired rights approaches, leaving aside the responsibility and
capability principles.
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The Multi-Stage approach is mainly based on a combination of the responsibility and
capability principles, but can also include elements related to the egalitarian principle,
e.g. by using per capita emissions levels as burden sharing key.

The Per Capita Convergence and Global Preference Score approaches are the only
ones that are based on the global commons paradigm and resource sharing concept; the
other approaches are based on the pollution problem paradigm and burden sharing
concept.

The Per Capita Convergence, Global Preference Score and Multi-Stage approaches are
based on a top-down approach to defining emission endowments. The other approaches
are more bottom-up in character, but can be adjusted to a top-down approach.

The Per Capita Convergence, Global Preference Score and Soft landing approaches
pre-define the endowment of emissions largely irrespective of future developments. In
ex-ante analyses, emission endowments in the Multi-stage and the Jacoby rule
approaches are most strongly influenced by baseline assumptions.

The Multi-Stage approach is the only approach that implies a progressive involvement of
different country categories, with different forms of commitments and in a dynamic
framework based on participation thresholds.

Table 5: A comparison of differences approaches to international burden
differentiation

. . . Soft Per Cap Global Pref. Brazilian Ability to

Dimensions Multi-Stage .
Landing Conv. Score proposal Pay

Equity principles
. Responsibility X X
. Capability X X (X) X
. Egalitarian (X) X X
. Acquired rights X X
Problem definition
. Pollution problem X X X X
. Global commons issue X X
Emissions limit
. top down X (X) X X (X) (X)
. bottom up X X X
Participation
. Partial X (X) X
. All (X) X X X X
Nature of Commitments
. Pre-defined X X X
. Path dependent X X X
Form of Commitment
. Equal X X X X
. Differentiated X X

X= applicable; (X) = partly applicable

Source: (Berk et al., 2002; den Elzen et al., 2001)

2.4. Outcomes of the different approaches assessed in the first

phase of the study

In the first phase of the ‘Greenhouse gas Reduction Pathways’ study, the impact
assessment of the different approaches has been performed in a CO,-only framework and
for two concentration stabilisation scenarios: 450 and 550 ppmv CO,, respectively
corresponding to S550e and S650e in a multi-gas approach. Although preliminary, this
assessment has allowed to thoroughly describe the dynamics in emission endowments for
the different world regions and thus to prepare the selection and in-depth analysis of a more
limited number of approaches.
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2.4.1. The commitment schemes and resulting endowments

The in-deph examination of the different international commitment schemes has allowed to
identify the key parameters that had be defined in order to attain a practical implementation
of each approach. Sensitivity studies then allowed to develop a reference value for these
parameters and the resulting international endowments have finally been compared for
different time horizons and emission profiles. Table 5 provides an example of the results for
five approaches, in the 450 ppmv COs-only case and for the year 2050. For a detailed
description of the analysis we refer to den Elzen et al. (2003a). In this table, values higher
than 100 % correspond to negative emission endowments and indicate extreme — and
probably unrealistic — cases, where a region, due to its large historical contribution to
temperature change, would necessarily have to buy quotas, even if its emissions were
brought down to zero.

Table 6: 2050 regional endowments for different approaches, in the 450 ppmv CO,-
only profile (corresponding to S550e)

PCC BP MS GPS ATP
2050 Edowment compared to | Edowment compared to | Edowment compared to | Edowment compared to | Edowment compared to

Regions Reference 1990 |Reference 1990 |Reference 1990 |[Reference 1990 | Reference 1990

North America -92% -89%] -8%% -86% 91% -88% -84% -80%] -80% -76%
Enlarged Europe -84% -85%] -110% -110% -82% -83% -73% -74% -71% -80%
CIS + Cth. Eur. -89% -88% -98% -98% -88% -87% -80% -80% -81% -80%
Oceania -90% -78% -110% -121% -90% -78% -87% -73% -89%% -76%
Japan -86% -86% -84% -83% -84% -84% -75% -74% -80% -80%
Latin America -75% 16% -100% -100% -81% -12% 7% 6% -8%% 47%
Africa -20% 277% -16% 296% 21% 273% -51% 132%, -22% 267%
Md. East & Turkey -83% -19% -13% 30% -85% -29% -85% -29% -85% -27%
South Asia -63% 312% -3%% 576% 47% 484% -69% 241% -58% 360%
South East & East Asia -75% 5% -72% 18% -78% -6% -73% 14% -82% -24%

Source : FAIR model

The generic features of the different endowment schemes can be synthesized as follows:

e Per capita Convergence:

Per Capita Convergence not only implies emission reduction efforts from Annex | regions,
but also from many non-Annex | regions before 2025. Conversely, some regions may
experience hot air (mostly Africa and South Asia). The occurrence and level of hot air is of
course dependent on the stringency of the climate target and convergence year. These
factors have the greatest impact on the distribution of emission endowments, while the
impact of the population cut-off year is limited.

e Brazilian Proposal:

Burden sharing rules based on the regions’ contribution in realised global temperature
increase result in much lower per capita fossil CO, emission endowments for Annex |
regions than for non-Annex | regions due to their larger contribution in realised global
temperature increase than per capita fossil CO, emissions. However, results are dependent
on the historical time-horizon. If only contributions after 1950 or 1990 were accounted for,
then the results would change significantly.

In the case of a stringent climate target the Brazilian Proposal approach combined with an
income threshold leads to negative emissions endowments for the Annex | regions and Latin
America (due to high land-use emissions). The Brazilian Proposal approach is therefore
generally particularly unattractive for the Annex | regions and for Latin America.
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e Multi-stage (MS):

In a Multi-Stage regime, using per capita contribution to fossil CO, emissions as burden
sharing key tends to result in a convergence of per capita fossil CO, emissions amongst
Annex | and non-Annex | regions in the long-term (by 2050).

If instead of a per capita income threshold, world average per capita fossil CO, emissions
were used as an additional threshold for participation, low income non-Annex | regions
(notably East Asia, South Asia and Africa) would need to participate earlier. This would be to
the advantage of both Annex | regions and Latin America and Middle East/Turkey.

e Global Preference Score:

The Global Preference Score approach generally provides larger endowments to Annex |
regions than is Per Capita Convergence as it is a compromise between a flat rate reduction
(grandfathering) and Per Capita Convergence. In contrast to Per Capita Convergence, it
does not lead to a full convergence of per capita emissions over time. The GPS outcomes
are less sensitive to a change in parameter settings than Per Capita Convergence.

e Ability To Pay / Jacoby Rule:

The regional emissions endowments under the Jacoby rule approach highly depend on the
assumptions adopted for the per capita welfare trigger. In general, a low welfare trigger is
less attractive for all non-Annex | regions, and evidently, more attractive for the Annex |
regions.

2.4.2. Key conclusions

The key conclusions of the first phase of the Greenhouse gas Reduction Pathways study
thus stand as follows:

¢ In the long-term (2050) and under a low emission profile for stabilising CO2-only
concentrations at 450 ppmyv, in most approaches emission endowments of Annex |
regions should be reduced by more than 40% compared to their 1990 emission
levels This represents reductions from baseline of more than 70%.

e Under the Baseline, the emission profile for stabilising CO,-only at 450 ppmv does
not allow for using an income threshold level of more than 50% of 1990 average
Annex | per capita income (expressed in Purchasing Power Parity dollars); a
higher income threshold results in an overtaking of the global CO, emission
profile.

e In order to meet the emission profile for stabilising CO,-only at 450 ppmv, major
non-Annex | regions (East Asia and South Asia) need to start participating in
global emission reduction before the middle of this century, irrespective of the
emission endowment approach and type of threshold chosen.

e Non-Annex | regions thus will have to start participating in global emission
reduction at significant lower per capita income and emission levels than Annex |
under the Kyoto Protocol.

e In the short-term (2025), the income threshold level for participation used implies
that the burden-sharing key used mainly affects the distribution of the burden
among the Annex | regions.

e Results found are very sensitive to the assumptions, in particular: the burden-
sharing key, participation threshold and convergence year. Therefore, it is hard to
draw general statements on the regional impacts of each approach. However,
regions that rank much higher than average on one burden-sharing indicators like
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per capita emissions, emissions intensity or per capita income are particularly
affected when this indicator is chosen.

e The attractiveness of a regime also depends on the time-horizon chosen. For
example, the Multi-Stage reference case is relatively attractive for the Middle-East,
but in the long-term becomes the least attractive approach for that region.

e For Annex | regions, regimes without thresholds for participation generallyprovide
larger endowments, but the burden sharing keys or emission quotas endowment
rules can have significantly different implications for them.

e There are clear divergences amongst high and low-income non-Annex | regions.
High-income non-Annex | regions have a clear interest in an early participation of
the low-income non-Annex | regions, although the burden sharing key still plays a
significant role.

e In the short-term, for the least developed non-Annex |, non-participation is more
attractive than participation unless their allowable emission levels are larger than
their baseline emissions (hot air), like for the Per Capita Convergence and Global
Preference Score. In the long-term, however, the Brazilian Proposal and Multi-
Stage approaches become more attractive compared to Per Capita Convergence
and Global Preference Score.

e In the case of a high threshold for participation, non-Annex- | regions experience a
strong shift from their baseline immediately after entering the burden sharing
regime. This is problematic as it may result in difficulties in rapidly meeting full
compliance.

e All cases result in a convergence in the per capita emissions for Annex | and non-
Annex |. However, in the Brazilian Proposal case Annex | per capita emissions
endowments decrease below non-Annex | per capita emissions endowments,
whereas for Global Preference Score, no full convergence is reached.

The low emission profile (450 ppmv CO,-only or 550 ppmv CO,e) appears to be a strongly
constraining case, in particular when it is tested for CO, emissions only. In particular the Soft
Landing case which has been initially designed to provide a progressive and relatively soft
constraint for all regions turns into a very hard constraint for Annex | countries under the 450
ppmv CO,-only case. The difficulty in developing a balanced case along the soft Landing
lines may to some extent be considered as an indication of the stringency of the constraint.

It has also to be underlined that under such a stringent case, all cases with a threshold for
participation, should incorporate a relatively low level threshold (less than 50 % of Annex |
1990 per capita GDP level) as the early participation of all developing countries turns to be
unavoidable.

The 2025 horizon, which is relatively near to the 2010 starting point for the analysis of the
commitment schemes is in many cases a too short time-horizon to clearly differentiate the
impacts of the selected schemes. In many cases commitment profiles show strong
decreases shortly after this date: in many cases the 2030 horizon already takes into account
a large part of the adjustment to be realised in 2050.

When the 2050 time horizon is considered, most schemes show quite comparable profiles in
most regions. Only the Brazilian Proposal does result in significantly different profiles, in
particular with negative endowments for Europe, Oceania and Latin America.

-20 -



3. The long-term endowment schemes: design, key
parameters and resulting endowments

The first phase of the ‘Greenhouse gas Reduction Pathways’ study allowed in particular to
identify the ‘Full Participation’ and the ‘Increasing Participation’ or ‘Multi-Stage’ approaches
to international commitment schemes as representing key alternatives for the design of
climate regimes. This chapter describes and analyses the implications of a set of five
detailed schemes: two are based on the Per Capita Convergence in emissions scheme
already explored in Chapter 2 above and represent the ‘Full Participation’ framework; the
three other are newly developed schemes belonging to the branch of the ‘Multi-Stage’
approaches; based on earlier work by RIVM and in one case incorporating elements of the
IEPE - ICCS ‘Soft-Landing’ approach, they represent simpler solutions than the original ones
(Berk and den Elzen, 2001).

3.1. Key assumptions for the Per Capita Convergence and
Multi-Stage cases

3.1.1. Two Per Capita Convergence cases: convergence in 2050 and in 2100

The assumptions for the two Per Capita Convergence cases are indicated in Table 7. In the
original Contraction and Convergence approach of the GCI, which is based on a non-linear
convergence formula, the actual degree of convergence in per capita depends on the rate of
convergence selected. This rate of convergence determines whether most of the per capita
convergence takes place at the beginning or at the end of the convergence period.

In the Per Capita Convergence regime explored here, a linear convergence has been
assumed. Another important parameter in the approach is connected to the issue of
population growth. GCI has indicated that the approach may be combined with the option of
applying a cut-off year after which population growth is no longer accounted for. In our
definition, the approach is applied without any cut-off year, and is thus based on population
projections from the CPI baseline scenario.

Table 7: Two alternative cases of per capita convergence (PCC) approach for the
S$550e profile. Note: these assumptions are the same for the S650e cases

Key parameters PCC2050 PCC2100
Year of 2050 2100
convergence
Rate of . .
Linear Linear
Convergence
Cap population Not applied Not applied

3.1.2. Three simplified Multi-Stage schemes to emission commitments

The section below provides a synthetic description of the three Multi-Stage schemes defined
in the ‘Greenhouse gas Reduction Pathways study’: MS1, MS2 and MS3. All of these
endowment schemes are in particular characterised by three consecutive stages for the
commitments of non-Annex | countries:
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e Stage 1. no commitment,
e Stage 2. carbon intensity targets,
e Stage 3. participation to burden sharing.

Also common to the three Multi-Stage approaches is the indicator of Capacity-Responsibility
that triggers the entry into Stage 2 as well as the entry into Stage 3 in MS2. It is a mixed
indicator drawing from Article 3.1. of the UNFCCC mention of the “common but differentiated
responsibilities and respective capabilities” that should be taken into account in defining the
appropriate action of the different Parties.

As shown in Table 8, the Capacity-Responsibility index is in practical terms defined as the
sum of the per capita income (expressed in k99€/cap), which relates to the capacity to act,
and of the per capita CO2e emissions (expressed in tCO,/cap), which reflects the
responsibility in climate change. Because it combines variables of a different nature, this
composite index should in principle be normalised or weighted. It happens, however, that in
this particular case a one-to-one weight produces fairly satisfactory results. At any date, the
Capacity-Responsibility indicator index can thus be simply computed for each country or
region as the sum of its GDP and total greenhouse gas emissions, divided by its population.

Table 8: The Capacity-Responsibility index, regions ranked by decreasing number in
2000

2000 Baseline - 2025
Per Capita + Per Capita Per Capita + Per Capita
GDP Emissions = CR Index* GDP Emissions = CR Index
(1000 €, PPP) (tCO2e) (1000 €, PPP) (tCO2e)
USA 32 26 58 46 27 73
Canada 26 21 47 38 21 59
Oceania 19 17 35 31 17 48
Japan 25 10 35 38 12 50
Enlarged EU 19 10 29 33 12 45
CIS + Other Europe 5 10 16 12 16 28
Middle East 5 6 12 10 8 18
Latin America 7 5 11 11 6 17
South East Asia 4 3 8 10 6 16
China 4 4 8 11 7 18
Africa 2 2 4 3 3 5
India 2 2 3 6 4 10
Rest South Asia 2 1 3 3 2 5

* Index may differ from the sum due to independent rounding

Source: POLES model

While resulting from a pragmatic approach, this indicator shows good ‘screening’ properties,
in the sense that it allows to identify in a satisfactory way the existing Annex |, as well as
relevant country groupings for non-Annex | regions. The ranking of regions as it comes out
from the 2000 index is modified in 2025 only for a limited number of cases. These
exceptions are meaningful however as they reveal in particular the buoyant trends that are
expected in China and in India. Figure 7 provides a picture of the trajectory of each POLES
model region in a Capacity-Responsibility diagram, between 1990 and 2030. In this diagram,
the diagonal lines indicate constant levels of the Capacity-Responsibility index.
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Figure 7: The Capacity-Responsibility diagram and index, POLES regions 1990-2030
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3.1.3. Hypotheses for the Multi-Stage cases in the S550e constraint

Table 9 provides an overview of the assumptions made in implementing the various Multi-
Stage variants under the S550e profile. The background information for these assumptions,
as well as a detailed sensitivity analysis for these parameters is described in detail in den
Elzen et al. (2003).

Table 9: Assumptions for the Multi-Stage cases for the S550e constraint

Key parameters Multi-Stage 1 Multi-Stage 2 Multi-Stage 3
Stage 1 No quantitative commitments
Stage 2 Emission limitation targets:
adoption of intensity targets CR=5 Same as MS1 Same as MS1
Participation threshold
De-carbonisation rate / Income-dependent Same as MS1 prescribed
Stabilisation intensity targets (*) stabilisation path
Stage 3 Emission Reduction targets: 100% of world average CR=12 Stabilisation
Participation threshold per capita emissions period (TC=70)
Burden-sharing key per capita emissions Same as MS1 Same as MS1

(*) The Capacity-Responsibility index is defined as the sum of per capita income (expressed in PPP$/cap.) and per capita COe
emissions (tCOy/cap.yr).

(**)The de-carbonisation rate (in percentages), is a linear function of per capita income (PPP$/cap): a * PPP/cap, a = 0.33, and
using a maximum de-carbonisation rate of 3%

For all three Multi-Stage cases under the S550e profile the same first Capacity-
Responsibility threshold of 5 is chosen: as a result all middle- and high-income non-Annex |
regions — i.e. all non-Annex | regions except for South Asia and West- and East-Africa —
participate in the emission limitation stage after 2012.

For the second participation threshold (emission reduction stage), the MS1 case assumes
100% of world average per capita emissions. This results into a gradual convergence of per
capita emissions between Annex | and non-Annex | overtime. East Asia (China) plays a key
role in the outcomes, as when it enters the emission reduction regime, its emissions
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endowments are decreased considerably, relaxing the emissions reductions for the other
participating regions. Therefore, East Asia’s entry strongly determines the reduction efforts
of the Annex | countries.

The assumptions for the MS2 case are the same as for MS1, except for the second
threshold, which is now based on a second Capacity-Responsibility index set on CR = 12.
Higher Capacity-Responsibility values mainly delay the participation of the East Asia region,
and thereby increases the Annex | emissions reduction efforts. Lower Capacity-
Responsibility values would imply the immediate participation of the middle- and high-
income non-Annex | regions, especially Central America and East Asia, in the emission
reduction regime after Kyoto.

The MS3 case differs from the previous MS1 and MS2 case with respect to the targets
during the transition period. The de-carbonisation targets are there replaced by a prescribed
slow-down in the emission growth, unto a final stabilisation. The length of the transition
period is predetermined by a Transition Constant: the length of the transition is calculated by
dividing the Transition Constant value by per capita emissions (in tCO,/cap.yr) in the
reference period. Here, a value of 70 was chosen for the constant as this results into a
convergence in Annex | and non-Annex | per capita emissions by 2040 under the S550e
profile: for instance, if the per capita emissions indicator amounts to 10, the transition period
will be 7 years.

3.1.4. Assumptions for the Multi-Stage cases under the S650e constraint

Table 10 provides an overview of the assumptions made in implementing the various Multi-
Stage variants under the S650e profile. All Multi-Stage cases again make the same
assumptions for the following policy variables: i/ first participation threshold, ii/ linear de-
carbonisation rate, and iii/ burden-sharing key. The values of the settings are different from
those of the S550e profile. The first Capacity-Responsibility threshold level has been relaxed
and set to 12, while the maximum de-carbonisation rate has been reduced to 2.5%/year,
since early participation of non-Annex | regions and stringent greenhouse gas intensity
improvements are not necessary anymore. This results in a sufficiently early participation of
middle- and high-income non-Annex | regions in the emission limitation stage, while still
leaving them some time in the emission limitation stage.

Table 10: Assumptions for the Multi-Stage cases for the S650e constraint

Key parameters MS1 MS2 MS3
Stage 1 No quantitative
commitments
Stage 2 adoption of intensity targets
Participation threshold CR=12 Same as MS1 Same as MS1
De-carbonisation rate / Income-dependent Same as MS1 prescribed
Stabilisation intensity targets (*) stabilisation path
Stage 3 Emission reduction regime | 120% of world CR=20 Stabilisation period
Participation threshold average pc emissions (TC=100)
Burden-sharing key per capita CO, Same as MS1 Same as MS1
emissions

(*) The CR index is defined as the sum of per capita income (expressed in PPP$/cap.) and per capita CO,e emissions
(tCO/cap.yr).

(**)The de-carbonisation rate (in percentages), is a linear function of per capita income (PPP$/cap): a * PPP/cap, a = 0.33, and
using a maximum de-carbonisation rate of 3%

For participation in the emission reduction regime, the MS1 case assumes a threshold of
120% of world average per capita (CO;) emissions. This results into a convergence of
Annex | and non-Annex | per capita emissions over time under the per capita emission
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burden-sharing key. Under a higher level, non-Annex | regions per capita emissions would
exceed the Annex | per capita emissions.

In MS2, the assumptions made are the same as for MS1, except for the participation
threshold for the emission reduction stage, which is now based on a threshold of CR = 20.
Lowering the Capacity-Responsibility threshold reduces the Annex | emissions reduction
efforts, but results into a shorter emission limitation stage for non-Annex | regions. Higher
Capacity-Responsibility values delays the participation of the middle-income non-Annex |
regions, and lead to high Annex | emissions reduction efforts.

For the MS3 case under the S650e profile, we use a Transition Constant value of 100
(instead of 70 for the S550e profile) in order to extend the stabilisation period for the non-
Annex | regions, and thereby reduce their reductions efforts under this profile. Example: If
the per capita emissions indicator amounts to 10, the transition period would be 10 years. As
the sensitivity analysis (next section) shows, the influence of different TC values is rather
limited.

3.2. Regional endowments under the S550e constraint

3.2.1. S550e, reductions from Reference case to 2025 and 2050

Table 11 provides a synthetic view of the participation of the non-Annex | regions in the de-
carbonisation and burden-sharing stage. Figure 8 shows the percentage change in the
emission endowments relative to the 1990 emission level in the target-years 2025 and 2050
for the three Multi-Stage cases and the two Per Capita Convergence cases.

Table 11: S550e, participation of non-Annex | regions in the de-carbonisation and
burden-sharing stage for the Multi-Stage cases.

Regions Central South  North  West  East South  Middle South  East  South-East
America America Africa Africa Africa  Africa  East Asia Asia  Asia

Entry to Stage 2 2012 -——- 2012 2055 2065 2012 - 2015 2012 2010

Entry to Stage 3

Multi-Stage 1 2035 2012 2040 2060 2075 2030 2012 2045 2020 G035

Multi-Stage 2 2015 2012 2050 2100 2100 2060 2012 2050, 2015 2030

Multi-Stage 3 2025 2025 2030 2085 2095 2030 2020 2045/ 2025 2030

Note 1: for each region, white-boxes indicate the earliest entry case, dark-grey the latest, and light-grey in between
Note 2: South America and Middle-East directly enter in Stage 3
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Figure 8: Change in the CO.,e emission endowments relative to 1990 for the Multi-
Stage and Per Capita Convergence cases in 2025 and 2050, S550e
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Source: FAIR 2.0 model (den Elzen, 2002; den Elzen and Lucas, 2003)

The key findings of this analysis of endowments in the S550e case can be summarised as
follows:

Multi-Stage scenarios:

Emission limitation and Emission reduction stage

e For the emission limitation stage all Multi-Stage cases show an early participation of the
non-Annex | regions, except for West- and East Africa (after 2050).

o For the middle- and high-income non-Annex | regions, MS2 leads to the earliest entry
(immediately after 2012), whereas the MS3 case shows the latest entry. For the low-
income non-Annex | regions, all three Multi-Stage cases show a late entry, especially for
MS2 and MS3.
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Emission endowments, short-term:

For the Annex | regions, the MS2 case results into the largest endowments, whereas the
MS3 case results in the smallest ones. This is a result of the earlier entry of middle- and
high-income non-Annex | regions for MS2.

The middle- and high-income non-Annex | region show an opposite pattern, while the
endowments of low-income non-Annex | regions are close to the baseline emissions.

Emission endowments, long-term:

The differences for the Annex | regions are small, as all Multi-Stage cases lead to small
endowments. Also the middle- and high-income non-Annex | regions are submitted to
limited endowments.

For the low-income non-Annex | regions, the MS3 case results in the smallest
endowments, due to the relatively low stabilisation path in the transition stage (stage 2).

Per Capita Convergence scenarios:

The PCC2100 case results into substantially larger endowments for the Annex | regions
than all other cases. The results of PCC2050 case are more comparable to the Multi-
Stage cases.

In the short-term, the PCC2050 case results in larger endowments for North America
than the Multi-Stage cases, while for the other Annex | regions the differences are
relatively small. The MS3 case results in the smallest endowments for the Annex |
regions, while in the long-term the PCC2050 case results in lower endowments than the
Multi-Stage cases.

For the more developed non-Annex | regions (Latin America, Middle East & Turkey) the
MS3 approach involves the least reductions.

For the least developed non-Annex | regions (South Asia, Africa) the differences in
results of the Per Capita Convergence and Multi-Stage cases are relatively large. The
PCC2050 case generally does not result into larger emission endowments for the least
developed regions. In particular the MS2 case in general results in more endowments.

The Per Capita Convergence approach can result into excess emission endowments.
However, under the S550e profile and the CPI baseline, these excess emissions are not
significant.

3.2.2. Robustness of results for the $550e profile

Figure 9 illustrates the robustness of the results for varying the key parameters in the
endowment schemes, i.e. the participation thresholds for the emission reduction stage in
MS1 and MS2, and the Transition Constant in MS3. More specifically, for MS1: the threshold
varies between 80 and 120 % of world average per capita emissions; for MS2 the Capacity-
Responsibility threshold varies between 10 and 15 and for MS3, the Transition Constant is
between 50 and 100.
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Figure 9: Robustness of results for the Multi-Stage cases under the S550e profile
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Source: FAIR 2.0 model (den Elzen, 2002; den Elzen and Lucas, 2003)

¢ For the middle- and high-income non-Annex | regions, the changes in the parameters
do affect the outcomes, but MS3 still provides the largest endowments, while the MS1
and MS2 generally impose the lowest ones.

e For the low-income non-Annex | regions, changes of parameters for the MS1 and MS2
cases do not affect the outcomes in the short-term, as they do not yet participate in the
emission reduction stage. For MS3, the effect of changing the transition constant is
also small.

e For the Annex | regions, MS3 imposes the lowest endowments in the short-term, and
the PCC2100 the largest ones. The PCC2050 case may no longer result into the larger
endowments than the Multi-Stage cases, depending on the parameter settings of the
Multi-Stage cases. In general, the differences between the outcomes of MS1 and MS2
are not significant.

o For the middle-income and high-come non-Annex | regions, different thresholds for the
entry into stage 2 can have a significant influence on the endowments under the MS1
regime, since their per capita emissions are close to the world average (especially for
the Middle East). Changing the Capacity-Responsibility threshold (MS2) seems to
have a smaller impact on the outcomes.
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e For the low-income non-Annex | regions, the relative endowments do not change
significantly and MS2 still results in the largest endowments in the long-term.

3.3. Regional endowments under the S650e constraint

3.3.1. S650e, reductions from Reference case to 2025 and 2050

Table 12 provides a synthesic view at the dates at which non-Annex | regions start to
participate in the de-carbonisation and burden-sharing stages.

Table 12: S650e, participation of non-Annex | regions in the de-carbonisation and
burden-sharing stage for the Multi-Stage cases.

Regions Central South  North  West  East South  Middle South  East  South-East
America America Africa Africa Africa Africa East Asia Asia  Asia

Entry to Stage 2 2015 2012 2040 -—-- -—-- 2040 2012 2050 2015 2025

Entry to Stage 3

Multi-Stage 1 - -—-- 2090 - - 2045 2012 -—-- 2045 -—--

Multi-Stage 2 2055 2045 2075 - - - 2045 2080 2040 2050

Multi-Stage 3 2035 2030 2065 -—-- — 2060 2025 2075 2035 2050

Note: for each region, white-boxes indicate the earliest entry case, dark-grey the latest, and light-grey in between

Figure 10: Change in the CO,e emission endowments relative to 1990 for the Multi-
Stage and Per Capita Convergence cases in 2025 and 2050, S650e
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The key findings of the analysis of endowments for the S650e case can be summarised as
follows:

Multi-Stage scenarios:

For the emission limitation stage in all Multi-Stage cases all non-Annex | regions,
except West- and East Africa, participate before 2050. However, compared to the
S550e profile many regions participate much later.

Compared to MS2, the MS3 case results into an earlier participation in the emission
reduction stage of non-Annex | regions with relatively high per capita emissions (such
as East Asia, or South- and Central America).

For the Annex | regions, the MS1 case results in the largest endowments in both the
short and long-term, due to the earlier participation in the burden sharing of some non-
Annex | regions, as compared to the MS2 and MS3 cases.

For some middle-income non-Annex | regions like South- and Central America, Middle
East & Turkey, MS1 imposes the smallest endowments because these regions almost
directly enter the emission reduction stage. Conversely, MS3 allows these regions to
benefit of a longer transition period.

Under the S650e profile, there is no need for the low-income non-Annex | regions to
participate before 2050.

Per Capita Convergence scenarios

Like under the S550e profile, the PCC2100 case results into much larger endowments
for the Annex | regions than the Multi-Stage and PCC2050 cases. The PCC2100 case
under the 650e profile results in the largest endowments for the Annex | regions and to
the smallest ones for most non-Annex | regions (except Middle East & Turkey).

The PCC2050 case results into smaller endowments for Annex | regions than the
Multi-Stage cases, except for the Enlarged EU.

For the more developed non-Annex | regions, MS3 no longer results into the largest
endowments. PCC2050 now imposes the smallest endowments to the South-East &
East Asia region. MS1 does so for the Middle-East & Turkey as the region reaches the
world average threshold much earlier than the second Capacity-Responsibility
threshold in MS2 and as, conversely to MS3, no gradual stabilisation is allowed.

For the least developed non-Annex | regions (South Asia and Africa) the PCC2050
results by far in the largest endowments of emissions, including large amounts of
excess emissions. At the same time there are no or hardly any differences in the
outcomes for the Multi-Stage cases since these regions do not yet participate before
2050.

3.3.2. Robustness of results for the S650e profile

In general, the results are rather robust, since changing the participation thresholds or
transition constant has only a small impact on the endowments of the high-income
non-Annex | regions (Middle East & Turkey, Latin America) and Annex | regions. In
general, the pattern of relative efforts resulting from the cases remains unaffected.

For the Annex | regions, the PCC2050 remains the approach that provides the
smallest endowments, and the PCC2100 the largest ones. The Multi-Stage cases
have an intermediate position. Among them, MS1 is no longer the one presenting
systematically the largest endowments.
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¢ For the middle-and high-income non-Annex | regions, there are less clear differences

between the cases.

e In general, the emissions endowments under S550e profile are more sensitive to
changes in the participation thresholds in the short-term than in the long-term. An
opposite pattern is found for the S650e profile, due to the delayed entry-dates of the
non-Annex | regions in the emission reduction stage.

Figure 11: Robustness of results for the Multi-Stage cases under the S650e profile
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Source: FAIR 2.0 model (den Elzen, 2002; den Elzen and Lucas, 2003)

3.4. Conclusions

The comparative outcomes of the different commitment schemes are presented in Figure 12
for the S550e profile. The approach resulting into the largest emissions endowments are
indicated in grey. The approaches resulting into the smallest emissions endowments are

indicated in black. White indicates an intermediate position.
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Figure 12: Regional relative scores for the Multi-Stage and Per Capita Convergence
reference cases by 2025 (left-side boxes) and 2050 (right-side boxes),S550e
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Source: FAIR 2.0 model (den Elzen, 2002; den Elzen and Lucas, 2003)

Results of the Multi-Stage cases under the S550e profile

For the middle- and high-income non-Annex | regions, the transition period under the
MS1 and MS2 cases is generally shorter than under MS3. This results into larger
endowments under the MS3 case than under MS1 and MS2.

For the Annex | regions, the MS2 case results in the largest endowments in the short-
term, whereas the MS3 case requires the smallest. This is the result of the earlier entry
of middle- and high-income non-Annex | regions in MS2. In the long-term, all Multi-
Stage cases lead to high emissions reductions.

For the low-income non-Annex | regions, the MS3 case results into the smallest
endowments due to the relatively low path in the transition stage, as compared to the
MS1 and MS2 cases. Generally, the low-income regions are more sensitive to the
choice of the Multi-Stage option.

Multi-Stage cases compared to Per Capita Convergence cases in the S550e profile

For the Annex | regions the PCC2100 case results into very large endowments. In the
short-term, the MS3 case results into the smallest endowments, while in the long-term
this is the case for PCC2050. However, the differences between the Multi-Stage cases
and PCC2050 are small.

For the middle- and high-income non-Annex | regions (Latin America, Middle East &
Turkey) the MS3 and PCC2050 cases results into the largest endowments; the MS1,
MS2 and also the PCC2100 cases impose smaller ones.

For the low-income non-Annex | regions (South Asia, Africa) the PCC2050 case
generally provides larger endowments than the Multi-Stage cases, except in the very
short-term (2010-2020) due to some excess of emissions endowments. The MS2 case
produces large endowments for these regions because of the late entry in the
emission reduction stage. On the contrary, the PCC2100 case results in the smallest
endowments.
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Results of the Multi-Stage cases under the S650e profile

e In general, the emissions reductions in the Multi-Stage cases in the short-term are
limited to the Annex | regions and high-income non-Annex | regions (Central- and
South America and Middle East & Turkey). However, these non-Annex | regions then
enter only lately in the emission reduction stage (stage 3), particularly in MS1.

e For the Annex |, the MS1 case results in the largest endowments in both the short and
long-term, due to the earlier participation of some non-Annex | regions in stage 2, but
the differences between the Multi-Stage cases are relatively small.

e For some middle-income non-Annex | regions, the MS3 case results into relatively
large endowments in the short-term, because it allows for quite a long transition
period.

e For the low-income non-Annex | region there are no or only very small differences in
the outcomes for the Multi-Stage cases, since these regions do not yet participate
before 2050

Multi-Stage cases compared to Per Capita Convergence cases in the $550e profile

e For the Annex | regions under the S550e profile, the PCC2100 case results in
substantially larger endowments than all other cases.

e For the same regions, the PCC2050 case results into smaller endowments than the
Multi-Stage cases in the long-term, but not in the short-term, when MS3 provides the
smallest endowments (see Figure 12).

e For the middle- and high-income non-Annex | regions the MS3 approach no longer
results in the largest endowments. The differences between the Multi-Stage cases are
small. The Per Capita Convergence cases still impose small endowments to the South
East & East Asia region. For the Middle-East & Turkey this the case in the MS1
approach, as the world average threshold is met much earlier than the second
Capacity-Responsibility threshold in MS2 and no stabilisation period is allowed, as in
the case of MS3.

e For the low-income non-Annex | regions (South Asia, Africa) the PCC2050 case by far
results in the largest emission endowments due to significant amounts of excess
emissions over the period 2000-2050, and conversely the PCC2100 in the smallest
endowments.

The S550e versus the S650e profile

Figure 13 compares the outcomes of the different schemes in 2025 under the S550e profile
with those under the S650¢e profile.
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Figure 13: Regional relative scores for the Multi-Stage and Per Capita Convergence
reference cases by 2025 for the S550e profile (left-side boxes) and S650e profile
(right-side boxes)
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Source: FAIR 2.0 model (den Elzen, 2002; den Elzen and Lucas, 2003)

e Changing from the S550e to the S650e profile significantly influences the relative
endowments of individual world regions under the Multi-Stage and the PCC2050
cases. Only the endowments under the PCC2100 case for both the Annex | regions
and non-Annex | regions remain unaffected in relative terms.

e For the low-income non-Annex | countries, the change from the S550e to the S650e
profile has the largest influence on the relative endowments. Under the S650e profile
the large amount of excess emissions (even in the long-term) results into the largest
endowments for the PCC2050 case. The higher participation thresholds imply no
differences as these regions still follow their baseline emission levels.

Robustness of the results

In general, the emissions reductions under S550e profile are more sensitive to changes in
the participation thresholds for the emission reduction stage (stage 3) in the short-term and
in the long-term. An opposite pattern is found for the S650e profile, due to the delayed entry-
dates of the non-Annex | regions in the emission reduction stage.
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4. Abatement costs and impacts on the energy systems
and on the economies

Sectoral models of the energy sector and of other greenhouse gas emitting activities allow
assessing the cost of adjusting the consumption profiles and technology-mix to a situation of
constrained emissions. When emission trading is considered, as is the case in this study, the
total cost for a given region combines the cost of domestic reductions with the purchase or
sale of emission quotas. The ratio of this total cost to the GDP of each region provides a
good indicator of the effort that is directly imposed by the endowment scheme. This ‘effort
rate’ however does not account for the full adjustment of the many components of the
economy, which can only be described in a general equilibrium perspective.

The first section of this chapter describes the economic impacts of the emission reduction
pathways and endowment schemes, for the 2025 time-horizon and with a particular focus on
the energy sector. It is based on the results of the POLES model. Section 2 provides a
general equilibrium analysis of the overall economic impacts, from the use of the GEM-E3
model. Finally, the IMAGE-TIMER modelling system allows to put the medium-term analyses
in a longer term perspective, while providing an image of the sectoral impacts of emission
reduction pathways to 2050 and 2100.

4.1. Impacts on the energy sector from the POLES model

4.1.1. World carbon price

The POLES model allows computing, through a year-by-year iterative process, the carbon
value that allows for compliance to the quantitative emissions targets of any set of
participating countries or regions, under the hypothesis of emission trading. For the 2002-
2010 period, the ‘bubble’ that is subject to the emission constraints is limited to the
participating Annex | parties. The Kyoto targets are supposed to be met in 2010. Although
they comply with their national intensity target, the USA is assumed not to participate in the
emission trading regime.

Beyond the Kyoto Protocol horizon, the bubble encompasses all world regions. It is
considered that the non-Annex | countries participate fully to the trading system, through
‘full-access CDM’ for those that are not subject to any constraint. Table 13 below displays
the evolution of the carbon value for the two profiles considered: S550e and S650e. For a
given constraint and given the fact that the bubble of participating countries remains the
same in all scenarios, only one endogenous carbon value is produced for each profile.

e The Kyoto Protocol horizon

Up to 2010, both profiles are identical. The carbon value reaches 9 €/tCO2e in 2010, date at
which the Kyoto Protocol is assumed to be fully implemented by the Annex | Parties (except
the US). The Kyoto Protocol is assumed to be reached without the use of CDM credits. The
Former Soviet Union is assumed to bank 60% of its available emissions surplus, while the
Eastern and Central Europe countries do not use any of their surplus.
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Table 13: The international Carbon Value in 2010, 2015, 2020 and 2025 for both
profiles S550e and S650e, POLES model.

(€/tCO2e) 2010 2015 2020 2025
S550e 9.3 214 50.1 142.9
S650e 9.3 9.9 17.7 32.5

Source: POLES model

e Beyond the Kyoto Protocol

The carbon value obtained beyond the Kyoto Protocol reflects the degree of constraint
imposed on the emitting activities. In both cases, the value falls immediately after Kyoto with
the introduction of the non-Annex | countries in the bubble because of the less severe
burden imposed on the global bubble and of the significant enlargement of the scope of the
abatement options. However, the carbon value then increases rapidly: in 2015 it reaches
21.4 €1tCO.e for the S550e and remains around 10 €tCO.e for the S650e. In the longer
term, the increase is sharp in the S550e, to 50 €tCO.e and 143 €/tCO.e, respectively in
2020 and 2025. The less constraining S650e profile results in more moderate values: 18
€/1CO.eand 32.5 €/tCO.e, respectively in 2020 and 2025.

4.1.2. The S550e profile

The following analysis for the thirteen regions allows drawing some conclusions about the
different scenarios. In the case of the S550e profile, all regions have positive costs in most of
the scenarios considered. Only South Asia and Africa show benefits in most scenarios.

The PCC2100 scenario displays striking results: it is by far the least constraining scenario for
Annex | countries, and it entails relatively heavy sectoral costs for non-Annex | regions, up to
almost 1% of GDP for Middle-East & Turkey over the 2011-2025 period. Even India and
Africa bear positive costs in this scenario. Over the same period, the USA are in a position to
export quotas in this scenario, although the domestic cost exceeds the gains from trading.
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Figure 14. Cumulative reductions and discounted costs over 2011-2025 for large
regions and key parties (S550e profile)
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When the PCC2100 scenario is excluded, all the other scenarios show similar trends: Annex
| regions, Latin America and Middle East & Turkey import quotas, while the exporting regions
are South Asia, for the largest part, and Africa.

Figure 15 illustrates the effort rate, i.e. the ratio of total discounted cost (or net revenue) to
the discounted GDP of each region. It shows in particular that the PCC2050 scenario entails
homogenous effort rates among Annex | parties (about 0.50 %) over the full period, except
for CIS and Canada, which in all cases have to face heavy costs. It has also to be noted that
China has a positive effort rate over the period in the two Per Capita Convergence
scenarios, while its quota exports will compensate for the cost of domestic reductions in the
Multi-Stage scenarios, and even exceed this cost in the MS3 case.
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Figure 15. Discounted effort rate (2011-2025) for large regions and key parties (S550e
profile)
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The volumes of endowments traded are more important in the three Multi-Stage scenarios
than in the Per Capita Convergence scenarios in 2015: 1.80 GtCO.e for both MS1 and MS2,
2.0 for MS3 vs. 1.45 and 1.3 GtCO,e only for PCC2050 and PCC2100. In 2025 the
differences are more pronounced: 4.3, 3.9 and 5.7 GtCO,e for MS1, MS2 and MS3
respectively vs. 3.1 and 2.6 GtCO.e for PCC2050 and PCC2100.

Figure 16. Volume of traded credits in 2015 and 2025 (S550e profile)
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4.1.3. The S650e profile

The results show the same type of profiles as in S550e, although the orders of magnitude in
terms of reductions, costs and purchases of quotas are smaller. The cumulated discounted
effort rates also show the same trends.

However some differences are worth noticing. First, the net costs that Africa and India had to
bear in the PCC2100-S550e scenario are now changed into a net gain as exports more than
compensate for the domestic costs. Secondly, South East & East Asia now supplies credits
in the MS3 scenario, instead of purchasing, as in the S550e profile. South East & East Asia
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bears roughly no effort rates in the three Multi-Stage scenarios (domestic costs are
compensated by sales).

Apart from this, the main conclusions drawn previously are roughly the same, especially with
regards to the peculiarity of the PCC2100 scenario, which remains the least demanding for
Annex | parties and consequently the least advantageous for non-Annex | parties.

Except in China and South East & East Asia, the PCC2050 leads to the greater benefits for
non-Annex | regions than the three Multi-Stage scenarios. On the opposite, China and South
East & East Asia bear nil or even negative effort rates in the Multi-Stage scenarios.

Figure 17. Cumulative reductions and discounted costs over 2011-2025 for large
regions and key parties (S650e profile)
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Figure 18. Discounted effort rate (2011-2025) for large regions and key parties (S650e
profile)
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The volume of credits traded in 2015 is roughly the same in PCC2050 and the three Multi-
Stage: 1.3, 1.4, 1.5 and 1.5 GtCO,e respectively, vs. 1 GtCO.e in the PCC2100. It is still true
in 2025: the exchanges of credits amount to 3.1, 2.9, 2.9 and 3.1 GtCO,e in respectively
PCC2050, MS1, MS2 and MS3, vs. 1.6 GtCO.e only in PCC2100.

Figure 19. Volume of traded credits in 2015 and 2025 (S650e profile)
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4.1.4. The pattern of international emission trading

Whereas, in a system with flexible mechanisms, the impacts on the world energy system are
driven by the stringency of the global target (see section 4.1.6), the pattern of international
emission trading and the associated financial flows crucially depends on the regional
endowment scheme.

In all cases, most industrialised regions — Europe, Japan, Canada and Oceania - are net
importers of emission quotas, as illustrated in Figure 20 and Figure 21. The USA, however,
turn into a major quota exporting region in the Per Capita Convergence-2100 case, both for
the S550e and S650e profiles. Africa, India and, to a lesser extent, the Rest of South Asia
are in all cases major emission quotas exporting regions, except in Per Capita Convergence-
2100, where their role as exporters is almost negligible.
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This confirms the peculiarity of the Per Capita Convergence-2100 case, while more
similarities are to be found in Per Capita Convergence-2050 and the three Multi-Stage
cases. To some extent, China is an exception to this general statement as its role as a
potential exporter ranges from a very limited one in both Per Capita Convergence-2050 and
Per Capita Convergence-2100 for S650e, to a large one in Multi-Stage 3 and S550e.

Figure 20: Trading structure for emission quotas and associated financial flows,
S550e
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Figure 21: Trading structure for emission quotas and associated financial flows,
S650e
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Table 14 provides details on the volume of financial flows associated with the trading of
emission quotas and shows that these flows are four to eight times higher in S550e than in
S650e. It also indicates that the Per Capita Convergence-2100 scheme — because it is the
least stringent for industrialised countries — is the one that involves the least financial flows in

both emission profiles, while Multi-Stage 3 involves the most.
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Table 14: Direction of net trade in emission quotas and associated financial flows,

S550e and S650e

Financial Flows

(2025) S550e S650e

billion € PCC2050|PCC2100|MS1 MS2 MS3 PCC2050|PCC2100|MS1 MS2 MS3
Enlarged EU* 159 105 181 162 231 25 7 27 30 33
USA 5 -162 160 116 275 22 -23 16 25 35
Canada 20 12 26 23 33 6 4 6 7 7
CIS + Other Europe 33 -30 43 25 90 10 -8 6 6 6
Oceania 6 -1 10 8 17 3 1 3 4 4
Japan 42 27 48 43 64 8 4 9 9 10
Latin America 64 75 84 92 18 4 7 12 12 1
Africa -123 1 -132 -132 -124 -39 -5 -15 -15 -15
ME & Turkey 47 45 48 60 41 11 10 15 2 8
India -111 -8 -198 -198 -123 -30 -1 -28 -28 -27
Rest South Asia -95 -35 -36 -36 -35 -28 -1 -4 -4 -4
China -100 -107 -216 -140 -518 -3 -4 -38 -38 -49
Rest SE & E Asia 53 78 -19 -22 29 11 19 -9 -8 -10
Total financial flow 429 343 600 529 800 100 52 94 94 105

Source: POLES model

4.1.5. Synthesis on effort rates in S550e and S650e for 13 regions

Table 15 and Table 16 provide a synthesis of the results on the 13 regions effort rates for the
2025 horizon. As underlined above, effort rates in 2025 are obviously much lower in the
S650e case than in S550e. As an illustration, the 2025 effort rates range between -1.56%
(Rest South Asia, PCC2050) and +0.62% (Canada, MS3) in S650e, against -4.68% (Rest
South Asia, PCC2050) and + 4.69% (CIS + other Europe, MS3) in S550e.

Table 15. Effort rate in 2025 (S550e profile)

2025 effort rates PCC2050 PCC2100 MS1 MS2 MS3

Enlarged EU* 1,28% 0,89% 1,44% 1,30% 1,81%
USA 1,22% 0,18% 2,28% 1,99% 3,04%
Canada 2,47% 1,88% 2,82% 2,63% 3,35%
CIS + Other Europe 3,12% 1,41% 3,40% 2,90% 4,69%
Oceania 1,72% 1,10% 2,07% 1,86% 2,65%
Japan 1,31% 0,99% 1,43% 1,31% 1,78%
Latin America 1,37% 1,54% 1,60% 1,73% 0,72%
Africa -2,00% 1,58% -2,31% -2,31% -2,12%
ME & Turkey 2,61% 2,58% 2,60% 2,99% 2,38%
India -0,31% 0,89% -1,34% -1,34% -0,49%
Rest South Asia -4,68% -1,23% -1,36% -1,36% -1,36%
China 0,83% 0,80% 0,11% 0,57% -1,79%
Rest SE & E Asia 1,61% 1,99% 0,66% 0,61% 1,27%

Source: POLES model
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Table 16. Effort rate in 2025 (S650e profile)

2025 effort rates PCC2050 PCC2100 MS1 MS2 MS3

Enlarged EU* 0,22% 0,11% 0,23% 0,25% 0,27%
USA 0,30% 0,00% 0,26% 0,32% 0,38%
Canada 0,58% 0,41% 0,56% 0,59% 0,62%
CIS + Other Europe 0,56% 0,07% 0,45% 0,44% 0,57%
Oceania 0,41% 0,23% 0,40% 0,43% 0,46%
Japan 0,21% 0,11% 0,22% 0,23% 0,25%
Latin America 0,09% 0,14% 0,20% 0,20% 0,06%
Africa -1,01% 0,02% -0,30% -0,30% -0,30%
ME & Turkey 0,46% 0,45% 0,58% 0,21% 0,38%
India -0,25% 0,10% -0,22% -0,22% -0,22%
Rest South Asia -1,56% -0,57% -0,16% -0,16% -0,16%
China 0,17% 0,16% -0,05% -0,05% -0,13%
Rest SE & E Asia 0,25% 0,36% 0,00% 0,00% -0,02%

Source: POLES model

The general results are that Annex | countries have positive effort rates, while the results
concerning non-Annex | countries are more heterogeneous. Latin America and Middle East
& Turkey have global positive costs in 2025, Africa and South Asia (especially Rest South
Asia) generally gain from the setting of a general constraint on emissions and the use of
trading for meeting objectives. Finally China and Rest South East and East Asia display a
clear preference for MS-type schemes rather than the Per Capita Convergence-type in
which it bears positive costs. In the S550e, all scenarios entail positive costs for the South
East Asia regions, except MS3 for China.

As for the S550e profile, the 2100 Per Capita Convergence scenario presents particularly
marked features, while the four others (2050 Per Capita Convergence, MS1, 2 and 3)
appear more homogenous in terms of regional cumulative reductions, costs and effort rates,
with nevertheless some regional differences.

The PCC2100 case is by far the least constraining scenario for Annex | parties and the most
demanding for Non-Annex | parties. In this scenario, apart from Rest South Asia in both
profiles, all non-Annex B regions bear positive costs, which can be much higher than those
of Annex | regions. The case of Africa incurring a heavy effort rate in the S550e profile is
particularly revealing of the likely difficult acceptability of such a scheme for developing
countries. Middle East & Turkey and Rest South East and East Asia also have to bear large
costs (these two regions show the highest effort rates in the S550e profile and have among
the highest in the S650e profile).

The PCC2050 and the three Multi-Stage scenarios are all advantageous for low income
regions such as Africa, India and Rest South Asia. The South East and East Asia bears
positive costs for Per Capita Convergence scenarios and gains the most from endowments
selling in the MS3 scenario. It must be noted that in the S550e case, South East & East Asia
makes benefits from trading only in the MS3 scenario.

In the S650e case, PCC2050, MS1, MS2 and MS3 display very homogenous results for
Annex | parties. The Multi-Stage scenarios appear generally more constraining for these
parties than the Per Capita Convergence scenarios in the S550e case.

4.1.6. Impacts on the World Energy Balances

The Table 17 below provides a synthetic description of the POLES energy projection of the
Common POLES-IMAGE reference case.
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Table 17. CPI Reference — World Energy Balance

POLES - REFERENCE y.a.g.r
WORLD 2000 2010 2020 2030 2000-2030
Population (M) 6102 6855 7558 8164 1.0%
Per capita GDP (95%/cap) 6786 8513 10506 12590 21%
GDP (G$95PPP) 41407 58350 79400 102788 3.1%
Energy Intensity of GDP (toe/M$95) 239 207 184 167 -1.2%
Primary energy (Mtoe) 9902 12088 14619 17204 1.9%
Carb intensity of energy (tCO2/toe) 2.38 243 2.53 2.60 0.3%
CO2 emissions (MtCO2) 23574 29407 36983 44799 2.2%
All GHGs emissions (MtCO2e) 32771 40132 49758 59349 1.9%
Primary Energy Supply (Mtoe)
Solids 2348 2922 3743 4788 2.4%
Qil 3517 4224 5086 5862 1.7%
Gas 2148 2935 3794 4450 2.5%
Others 1889 2007 1997 2103 0.4%
of which
Nuclear 660 804 789 870 0.9%
Large Hydro + Geoth 236 287 338 389 1.7%
New Renewables 171 235 301 367 2.5%
World Qil Price ($95/bl) 26.5 23.7 28.7 34.9 0.9%

Source: POLES model

The S550e profile and the corresponding carbon value impose major changes in the world
energy balance to the 2020-2030 horizon. The rate of overall energy efficiency improvement
is strongly stimulated in the S550e case, as it more than doubles as compared with the
Reference, rising from 1.2%/yr to 2.5%/yr. Through both demand limitations and inter-fuel
substitutions, the consumption of solid fossil fuels is dramatically reduced: -80% compared
to the Reference in 2030. The gas and oil consumption is also significantly affected (more
than -30% in 2030). The decline in fossil-fuel use of course benefits other fuels: nuclear
increases by 160% compared to the baseline, the new renewable by 130% and the large
hydro by 8% in 2030. These increases correspond to average growth rates for the nuclear
and the new renewable of 4.1% and 5.5% respectively. The decline in oil consumption
brings about a significant decrease in the world oil price to 24.5%/bl in 2030 and S550e
compared to 34.9%/bl in the baseline. It has to be noted here that the carbon capture and
sequestration options are not considered in this medium term analysis.
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Table 18. The S550e profile — World Energy Balance

POLES - 550ppmv profile y.a.g.r
WORLD 2000 2010 2020 2030 2000-2030
Population (M) 6102 6855 7558 8164 1.0%
Per capita GDP (95%/cap) 6786 8513 10506 12590 21%
GDP (G$95PPP) 41407 58350 79400 102788 3.1%
Energy Intensity of GDP (toe/M$95) 239 206 160 113 -2.5%
Primary energy (Mtoe) 9902 11996 12730 11621 0.5%
Carb intensity of energy (tCO2/toe) 2.38 2.42 2.27 1.78 -1.0%
CO2 emissions (MtCO2) 23574 29064 28934 20669 -0.5%
Other GHGs emissions (MtCO2e) 9197 9302 10320 11195 0.7%
Primary Energy Supply (Mtoe)
Solids 2348 2835 2175 867 -3.3%
Oil 3517 4248 4545 3907 0.4%
Gas 2148 2889 3555 2856 1.0%
Others 1889 2024 2456 3992 2.5%
of which
Nuclear 660 800 1036 2249 4.2%
Large Hydro + Geoth 236 291 353 421 1.9%
New Renewables 171 252 498 845 5.5%
World Oil Price ($95/bl) 26.5 23.7 25.5 24.5 -0.3%
Source: POLES model
Table 19. The S550e profile compared to the Reference
550ppmv profile / Reference
2000 2010 2020 2030
Energy Intensity of GDP (toe/M$95) 0% -0.8% -12.9% -32.4%
Primary energy (Mtoe) 0% -0.8% -12.9% -32.4%
Carb intensity of energy (tCO2/toe) 0% -0.4% -10.2% -31.7%
CO2 emissions (MtCO2) 0% -1.2% -21.8% -53.9%
Other GHGs emissions (MtCO2e) 0% -13.3% -19.2% -23.1%
Primary Energy Supply (Mtoe)
Solids 0% -3.0% -41.9% -81.9%
Qil 0% 0.6% -10.6% -33.4%
Gas 0% -1.5% -6.3% -35.8%
Others 0% 0.8% 23.0% 89.8%
of which
Nuclear 0% -0.6% 31.3% 158.4%
Large Hydro + Geoth 0% 1.3% 4.3% 8.2%
New Renewables 0% 7.3% 65.7% 130.0%
World Qil Price ($95/bl) 0% -0.1% -11.2% -29.9%

Source: POLES model

In the S650€ profile, which is less demanding than the S550e, the increase in overall energy
efficiency improvement is less pronounced than in S550e: it is of slightly less than 50%, with
efficiency improvement rising from 1.2%l/yr in the Reference to 1.7%/yr. But the solid fuels
are still heavily affected. Their use is almost halved in 2030 compared to the Reference (-
46%). The oil consumption decreases by 11% while the impact on natural gas remains
limited (-7% in 2030). The use of nuclear energy and of New Renewables increase by
respectively 59% and 78%. The oil price reaches 31.8%/bl in 2030 (-9% compared to the

Reference).
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Table 20. The S650e profile — World Energy Balance

POLES - 650ppmv profile y.a.g.r
WORLD 2000 2010 2020 2030 2000-2030
Population (M) 6102 6855 7558 8164 1.0%
Per capita GDP (95%/cap) 6786 8513 10506 12590 2.1%
GDP (G$95PPP) 41407 58350 79400 102788 3.1%
Energy Intensity of GDP (toe/M$95) 239 206 172 145 -1.7%
Primary energy (Mtoe) 9902 11996 13648 14869 1.4%
Carb intensity of energy (tCO2/toe) 2.38 2.42 2.42 2.27 -0.2%
CO2 emissions (MtCO2) 23574 29064 33003 33806 1.2%
Other GHGs emissions (MtCO2e) 9197 9302 10694 11765 0.8%
Primary Energy Supply (Mtoe)
Solids 2348 2835 2926 2582 0.3%
Oil 3517 4248 4866 5241 1.3%
Gas 2148 2889 3683 4128 2.2%
Others 1889 2024 2172 2919 1.5%
of which
Nuclear 660 800 850 1383 2.5%
Large Hydro + Geoth 236 291 347 406 1.8%
New Renewables 171 252 407 654 4.6%
World Qil Price ($95/bl) 26.5 23.7 27.5 31.8 0.6%
Source: POLES model
Table 21. The S650e profile compared to the Reference
650ppmv profile / Reference
2000 2010 2020 2030
Energy Intensity of GDP (toe/M$95) 0% -0.8% -6.6% -13.6%
Primary energy (Mtoe) 0% -0.8% -6.6% -13.6%
Carb intensity of energy (tCO2/toe) 0% -0.4% -4.4% -12.7%
CO2 emissions (MtCO2) 0% -1.2% -10.8% -24.5%
Other GHGs emissions (MtCO2e) 0% -13.3% -16.3% -19.1%
Primary Energy Supply (Mtoe)
Solids 0% -3.0% -21.8% -46.1%
Oil 0% 0.6% -4.3% -10.6%
Gas 0% -1.5% -2.9% -7.2%
Others 0% 0.8% 8.8% 38.8%
of which
Nuclear 0% -0.6% 7.8% 58.9%
Large Hydro + Geoth 0% 1.3% 2.5% 4.2%
New Renewables 0% 7.3% 35.2% 78.1%
World Oil Price ($95/bl) 0% -0.1% -4.3% -8.9%

Source: POLES model

4.2. Economic assessment of endowment schemes with the

GEM-E3 model

4.2.1. Introduction.

Previous chapters have dealt with the equity principles on which the scenarios were built and
their implications for the environment and the world energy system. This chapter focuses on
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the broader economic implications that the different generic architectures entail for each
participating country and presents a model based quotas endowment scheme arising from
restrictions on welfare impacts. The analysis draws from the results of the computable
general equilibrium model GEM-E3-World and emphasis is given on issues of activity and
welfare.

The emission quotas endowment scenarios, as defined in previous sections, were simulated
through the introduction of an emission quotas market in conjunction with the environmental
module of the model (where the price and the amount of quotas sold is determined
endogenously). In modelling terms, an emission reduction constraint (relating to all
greenhouse gas) was imposed for each climate change policy scenario, letting the model
itself suggest how the agents internalize such a constraint into their choices.

4.2.2. Methodology and design of model applications.

Since deviations from the reference case are the key for policy evaluation in general
equilibrium models, the study started with a refinement of the Reference scenario already
developed within the GECS project. Specific attention was paid to ensuring that at least in
terms of GDP and greenhouse gas emissions, the reference is consistent with the Common
POLES-IMAGE scenario.

In the present study it is assumed that, within a region, the rights are distributed according to
a grandfathering principle, corresponding to the level the agents were emitting in the base
year. As regards to the revenues/losses realized through the sales/purchases of pollution
quotas these are recycled in the economy by distributing them to the capital income for firms
and to disposable income for households through direct transfers.

It is further assumed that a perfect (i.e. with no transaction costs) market for emission quotas
is established for energy and non energy-related emissions. Moreover full trade of emission
quotas is assumed among participating countries and sectors in order to obtain the least
possible compliance costs leading to equal marginal abatement costs across all trading
partners.

In order to avoid cases where countries with external balance problems are induced by the
policy scenario to further deteriorate their current accounts it was assumed that the current
account of the less developed countries would be fixed to the same level as in the reference
case. As regards to capital mobility, capital was assumed to be fully mobile across sectors
but not between countries. At a national level, this resulted in a uniform rate of return on
capital for the whole economy.

In order to assess the economic costs or benefits of a particular quotas endowment scenario
for a particular country/region a measure of economic welfare is a much more suitable
indicator than GDP which essentially measures activity in the economy. The welfare index
used in GEM-E3 is linked to the utility function of the representative household. It
incorporates household consumption, leisure and the value of savings in terms of future
discounted consumption. This function is assumed to be maximized by households in the
face of an income constraint given the relative prices of goods and services.

4.2.3. Results.

e The Carbon Value in the 5650ppmv and 650ppmv profiles

The emission reduction constraint generates a shadow value (carbon value), which
increases the costs of greenhouse gas emitting activities. Then the internalization of this
additional cost in the cost structures and choices of the economic agents is governed by
their “optimizing behavior” (i.e. firms maximize profit, households maximize utility etc.). The
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resulting equilibrium prices and quantities, incorporating both the primary and secondary
effects of the policy intervention, leads to an endogenous least cost allocation of the
abatement effort.

All 650-ppmv-profile scenarios have generated a broadly similar evolution of the carbon
value. In 2025 carbon values reach their peak and are substantially the same in all
endowment schemes (11 €99 t/CO, eq). This is not the case for the 550-ppmv-profiles where
in 2025 carbon values are considerably different, ranging from 50.7 €99 t/CO2e (PCC2100
scenario) to 59.7 €99 t/CO2e (MS3 scenario). The explanation of this outcome is not
straightforward, given that all scenarios produced identical emission reduction profiles (by
assumption). Text-box 2 provides a description of the key underlying mechanisms.

Text-box 2: International endowments, redistributive effects, welfare changes and
carbon value

The different carbon values imply in fact different adjustment costs, reflecting ultimately the
repercussions of different initial quotas endowments to overall activity levels. Thus the
question is how the different endowment schemes can induce different abatement costs at a
given level of emission reduction. In a computable general equilibrium model with
endogenous bilateral trade of goods and services the different endowments of quotas entails
eventually different levels of overall activity, since the utilization of the proceeds of the quota
sales differs among regions. This induces variations in the marginal abatement cost curve.
In fact quotas endowments such as those implied by the Multi-Stage scenarios would
produce the equivalent of a leftward shift of the implicit marginal abatement cost curve
(MAC1 in Figure 22).

Figure 22: Implicit Marginal abatement costs
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