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a b s t r a c t
This paper provides a model assessment of the role of developing Asia in the context of climate change
policies. We diagnose the potential response of Asian economies to the imposition of various climate policies,
showing that if we were to equally price carbon across the world roughly half of the abatement would occur
in developing Asia. We show that such autarkic measures would be consistent with the policy targets put
forward by the Major Economies Forum but would not necessarily be equitable. We thus propose a fragmented
cap-and-trade scheme with a speciﬁc regional market for developing Asia, the Asian Emission Trading Scheme
(Asia ETS). We assess the role of the Asia ETS on the macro-economy and international transfers vis-à- vis the
standard case of global trading. Our results indicate that creating two large trading markets would result in
small global efﬁciency losses, while at the same time generating more reasonable regional incentives and
transfers.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
It is now an established fact that the role of developing Asia will be
crucial in the context of climate change control. The rapid economic
expansion of many Asian economies has been accompanied by a
similar, and in some cases even higher, growth of energy consumption,
leading to a signiﬁcant increase of carbon intensive capital and of
greenhouse gas emissions in recent years. The most notable case is of
course China, which a few years ago became the world top emitting
country, and whose emissions in 2008 are already 25% above the
second largest emitter, the United States. It is not only China, though.
The whole region is expected to see its share of global emissions
increasing.
The stage of economic development of the region, which on
average is approaching but still below the 5000 USD/capita threshold,
believed to mark the real take-off of energy consumption, also
suggests that important carbon abatement opportunities can be
implemented before a too large fraction of carbon intensive
investments are undertaken, locking in the medium term possibilities
to shift away from a carbon intensive energy system. The region also
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hosts considerable potential for deployment of low carbon options
such as renewables, avoided deforestation, energy efﬁciency, and so
forth. Indeed, modelling results have highlighted the importance of
involving developing countries, and foremost Asia, in the task of
mitigation. For example, the EMF22 comparison exercise (Clarke
et al., 2009) has shown that the feasibility and costs of climate stabilization would become prohibitive without an effective and prompt
collaboration between developed and developing countries.
Motivated by the increasingly alarming output of the climate
science research, policy and modelling of climate change has in recent
years increasingly focused on the assessment of stringent climate
stabilization targets, such as those consistent with the objective
of limiting temperature increase to 2 degree Celsius (2 °C) with
adequate probability. From a modelling viewpoint, the role of
technologies that allow to comply with a low future carbon budget
has received particular attention. For example, the role of negative
emissions via biomass burning and Carbon Capture and Storage
(CCS) has been shown to be very important for this class of scenarios
(see for example Azar et al., 2010), with signiﬁcant repercussions on
the economic estimates of climate policies (Tavoni and Tol, 2010).
However, translating global climate goals into regional commitments
becomes progressively more problematic with an increasing stringency
of the climate target, since a smaller carbon budget is left to be shared.
For example, in order to achieve 2 °C policies an indicative target of
−50% in 2050 (with respect to 2005 levels) has been identiﬁed. In
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2009 the G8 combined this level of ambition with a target for developed
countries (−80 to −95%), thus effectively determining the obligations
of the developing world as well. Similarly, the OECD International
Energy Agency (IEA) recently stated that China's emissions need to
peak by 2020 if the world is to meet the above mentioned 2050 target.1
Not surprisingly, the reaction from developing countries has not been
favourable, as such obligations are feared to come at a cost in terms of
economic growth.
Thus, from a research standpoint, there is a need to discuss under
what conditions stringent climate targets and a reasonably just
allocation of effort can be jointly met (Tavoni et al., 2011). Asia is
the key on both fronts, since it is a fast growing and emitting region,
which also hosts a large share of the global population, including
many people still in poverty. On the front of mitigation, it is imperative
to understand the drivers of emissions in a baseline case, and to compare
this counterfactual to the abatement opportunities that the region offers.
As for the repartition of the global climate mitigation effort, it is
important to evaluate acceptable levels of regional commitments and
to design policy instruments that facilitate this process.
This paper aims at contributing to both issues. Within the context of
the Asia Modeling Exercise (AME) we run a set of coordinated
scenarios that include a baseline and a series of domestic climate
policies. We complement this analysis with the issue of burden
sharing, focusing on the role of international carbon quota policies. Speciﬁcally, we confront the standard, idealized case of a global carbon
market with one in which this coexists with a speciﬁc carbon market
for developing Asia, the Asia Emission Trading Scheme (Asia ETS).
A series of research questions are at the core of this analysis. What
is the role of developing Asia in shaping global emissions and what
are their abatement opportunities? How far is the baseline scenario
from the 2050 targets discussed in policy, and what is the regional
effort required to achieve them? How can we combine efﬁciency
and equity, while maximizing political acceptability?
Unsurprisingly, the paper falls short of providing deﬁnitive
answers to all of these important questions. Nonetheless, it strives
to provide an assessment of the role of Asia in the context of climate
stabilization that considers both the technological, economic and
equity aspects at the same time.
The paper is structured into ﬁve sections. In the next one, we quickly
describe the methodology and the set-up of the experiment. Then, we
provide a diagnosis of Asia emissions under a Business-as-Usual as
well as under domestic climate policies. In Sections 4 and 5, we present
and discuss the role of an the Asia ETS. Conclusions are summarized in
Section 6.

2. Model and scenario set-up
The analysis throughout the paper is carried out with the WITCH
integrated assessment model (Bosetti et al., 2006 and www.
witchmodel.org). WITCH is an inter-temporal, optimal growth
model, with a game-theoretical set-up that allows to model multiple
externalities. In particular, it features the climate as well as the
technology externalities, the latter via international spillovers of
knowledge and experience. For the sake of this paper, the climate
policy scenarios in WITCH are run in two fashions. The cases of carbon
taxation are implemented by imposing a pre-determined carbon tax
whose revenues are fully recycled back into the economy. The cases
of emission quotas, allocated to the model 13 regions, are implemented
through a carbon trading market modelled in an iterative fashion,
through a tâtonnement process in which demand and supply are
matched by adjusting the carbon prices till the market clears. The
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Table 1
The scenarios.
Scenario
acronym

Scenario name

Scenario description

1a
2a

Business-as-usual (BaU)
Low carbon tax (starting at 7$/tCO2 in 2013)

3a

Reference
CO2 price $10
(5% p.a.)
CO2 price $30
(5% p.a.)
CO2 price $50
(5% p.a.)
3.7 W/m2NTE

3b

2.6 W/m2OS

2b
2c

4a
4b

Medium carbon tax (starting at 21$/tCO2 in 2013)
High carbon tax (starting at 36$/tCO2 in 2013)
Stabilization at 3.7 W/m2 implemented as a carbon
tax
Stabilization at 2.6 W/m2 implemented as a carbon
tax
Stabilization at 2.6 W/m2 implemented as a quota
system with one global carbon market
Stabilization at 2.6 W/m2 implemented as a quota
system with two carbon markets (ATS and Rest of
the World ETS)

model generates ﬁnancial ﬂows in or out of the regions depending on
their carbon trading position and the price of CO2. Obviously, both
systems are efﬁcient because they equalize the regional marginal
abatement cost to the carbon tax in the ﬁrst case and the price of permits
in the second (which for the same target are identical). However, they
differ in that the quota system allows for compensation of the costs of
abatement by allowing ﬁnancial transfers, in proportion to the allocation
of permits.
Eight scenarios are envisaged in this analysis, as described in
Table 1. The ﬁrst ﬁve scenarios are in adherence to the ones common
to the AME exercise (Calvin et al., 2012-this issue): a Business-asUsual, followed by 3 carbon tax cases, with values growing at the
same interest rate but starting from different values in the ﬁrst implementation period; and two stabilization scenarios, at 3.7 and
2.6 W/m 2, also implemented as a domestic carbon tax equal for all
regions. In addition, we present two scenarios, focusing only on
the most ambitious climate stabilization objective (the only one
compatible with a 2 °C policy), both of which implemented through
an international quota system with trading of permits. The ﬁrst
scenario features a single global carbon market. In the second, we
consider two carbon markets, one that operates only for the
developing Asia regions 2 and another for the rest of the world.
With this scenario set-up we can explore the questions raised in
the introduction, by comparing policies with different levels of
ambition (2a, 2b, 2c, 3a and 3b, 4a, 4b), or different implementation
designs (3b, 4a, 4b). All cases but the last are idealised ones because
they guarantee an efﬁcient distribution of the abatement effort
(though the only climate externality is taken care of, and thus even
these scenarios are not necessarily Pareto optimal).
In order to run the 2.6 W/m 2 (450 ppm-eq) scenario, the WITCH
model had to be amended to include options that allow CO2 to be
absorbed from the atmosphere. Technically, this was done by including
the technology of biomass burning and storage of CO2 in the ground
(BECCS). Among the various carbon dioxide removal technologies,
BECCS is considered to be a promising one, though only provided
sufﬁcient land is available to avoid clashed with other, arguably more
fundamental, competing claims on land. Negative emissions technologies
are key to achieving low carbon stabilization scenarios (Clarke et al.,

2
In the model these are: China, India, South East Asia (EASIA) and South Asia
(SASIA). South East Asia largely corresponds to the East Asia & Paciﬁc region of the
World Bank. We exclude China; we include New Caledonia, Brunei, French Polynesia,
Guam, Northern Mariana Islands, Singapore, all in the World Bank non-OECD high income region. South Asia includes: Afghanistan, Bangladesh, Bhutan, Maldives, Nepal,
Pakistan and Sri Lanka.

