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! We summarize the history of China's climate policy and milestones in China's ETS development.
! We provide a comprehensive overview of the current status of China's seven ETS pilots.
! We discuss some key issues and challenges related to the implementation of the ETS pilots.
! We identify next steps to support development of a national ETS in China.
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a b s t r a c t

To control rising energy use and CO2 emissions, China's leadership has enacted energy and CO2 intensity
targets as part of the Twelfth Five-Year Plan (the Twelfth FYP, 2011–2015). Both to support achievement
of these targets and to lay the foundation for a future national market-based climate policy, at the end of
2011, China's government selected seven areas to establish pilot emissions trading systems (ETS). In this
paper, we provide a comprehensive overview of current status of China's seven ETS pilots. Pilots differ in
the extent of sectoral coverage, the size threshold for qualifying installations, and other design features
that reflect diverse settings and priorities. By comparing the development of the ETS pilots, we identify
issues that have emerged in the design process, and outline important next steps for the development of
a national ETS.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

With the highest energy use and greenhouse gas emissions of
any nation (International Energy Agency, 2012), China has begun
to adopt comprehensive approaches to control its CO2 emissions.
At the end of 2011, policymakers announced plans to develop a
domestic emissions trading system as a more cost-effective,
market-based and internationally compatible mechanism for
emissions reduction. As a step in this direction, the body respon-
sible for climate change policy under China's State Council, the
National Development and Reform Commission (NDRC), selected
seven provinces and cities—Beijing, Tianjin, Shanghai, Chongqing,
Hubei, Guangdong and Shenzhen—to establish pilot emissions
trading systems (ETS) during the Twelfth Five-Year Plan (FYP)
(National Development and Reform Commission, 2011).1 The
seven ETS pilots are required to launch before the end of 2013

and fully initiate trading by the end of 2015 (National
Development and Reform Commission, 2011).

The NDRC has moved relatively quickly to establish the ETS
pilots. The preparation and launch of the seven ETS pilots was set
to take place in under three years (2011–2013). This is a short time
frame considering that the EU-ETS was fully operational after
more than seven years of preparation.2 As China's ETS pilots begin
to launch, there is great interest in understanding how each will
develop and will compare to existing systems abroad.

This paper is organized as follows. In Section 2, we summarize
the history of China's climate policy and milestones in China's ETS
development. In Section 3, we provide a comprehensive overview
of the current status and design of the seven ETS pilots, relying on
news announcements, recent literature, and our own interviews.
In Section 4, we discuss some key issues and challenges facing the
implementation of an ETS in China. Section 5 offers conclusions
and recommendations.
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1 Beijing, Tianjin, Shanghai and Chongqing are municipal cities with the same

status as provinces, and Hubei and Guangdong are provinces. Shenzhen is a city of
Guangdong, but is also classified as a special economic zone.

2 Measured from the time of publication of the report “Towards an EU Post-
Kyoto Strategy” by European Commission in 1998 (European Commission, 1998) to
the passage of legislation in 2003 (European Commission, 2003) and to the launch
of EU-ETS Phase I Test Period in 2005, the EU took seven years to launch the
EU-ETS.
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2. Background

Climate policy in China has the support of the country's top
leadership. Premier Wen Jiabao's commitment to reduce national
CO2 emissions intensity by 40–45% by 2020 compared to 2005,
announced at the 2009 Copenhagen climate talks (Xinhuanet,
2009), signaled a milestone in China's climate policy and prompted
domestic efforts to design appropriate policies. China's recent steps to
develop pilot emissions trading systems en route to a national system
build on many years of experience with policies targeted at fossil
energy use, including energy efficiency and conservation measures
under previous Five-Year Plans and active participation in the Clean
Development Mechanism under the Kyoto Protocol.

China has a long history of national policies targeting energy
use. Historically, the country's Five-Year Plans have included
national energy intensity targets. More recently, after decades of
declining energy intensity, signs of reversal in this trend led the
government to set binding targets for energy intensity reduction
for the first time during the Eleventh Five-Year Plan (the Eleventh
FYP, 2006–2010) (State Council, 2006). The target was disaggre-
gated to different levels of government as well as to state-owned
enterprises (SOEs), and target achievement was newly adopted as
a component of performance evaluations for government officials
and leaders of SOEs. These measures increased emphasis on
improving systems for monitoring, reporting and verifying energy
use. Under these policy initiatives, significant investment from the
government promoted the diffusion of energy-saving technology
and the growth of the energy performance contracting industry.
During this period, the government relied heavily on command-
and-control measures. To achieve compliance, over short
periods a number of provinces forced large segments of industrial
capacity to shut down as part of eleventh-hour efforts to meet the
energy intensity targets (Lo and Wang, 2013). Observing the high
and concentrated costs of such measures, policy makers have since
increasingly focused on market-based measures such as an
ETS to minimize the cost of achieving the Twelfth Five-Year Plan
targets for reducing energy intensity and, for the first time, carbon
intensity, in line with China's long term climate change
policy goals.

China's experience with carbon markets dates to the introduc-
tion of the Clean Development Mechanism (CDM). In 2005, a
regulation authorizing CDM participation originated with the
support of the NDRC, Ministry of Science and Technology (MOST),
Ministry of Foreign Affairs (MFA) and Ministry of Finance (MOF)
(National Development and Reform Commission, 2005). By April
2012, China had become a dominant player in the CDM market
with 51% of all registered CDM projects (Maraseni, 2013). By
encouraging enterprises to document GHG savings and covert
them to Certified Emission Reductions (CERs) for sale on interna-
tional emissions exchanges, the CDM increased the familiarity of
Chinese government officials, enterprises, and third-party verifiers
with market-based mechanisms. In recent years, persistently low
prices in the EU-ETS have made participation in the CDM far less
attractive for project developers. However, the CDM has simulta-
neously established several key elements of a domestic carbon
market. Fig. 1 provides an overview of developments in China's
carbon policy, with emphasis on those paving the way for an ETS.

In terms of basic features, China's seven ETS pilots overlap and
diverge in important ways. All are located in relatively developed
regions with low emissions intensity compared to the national
average. Most of them were previously selected as low-carbon
development pilot areas (National Development and Reform
Commission, 2010). At the same time, they represent a relatively
large geographic distribution (as shown in Fig. 2), and differ in
terms of economic scale, GDP per capita, and emissions per capita.
To illustrate this diversity, we list some key indices in 2010 for the

ETS pilots in Table 1. Table 1 also presents the aggregate targets for
China and the EU-ETS as a point of comparison.

Based on the comparison in Table 1, we can see that most of the
seven ETS pilots cover relatively affluent regions in China, and have
higher per-capita GDP than the national average (Chongqing and
Hubei are slightly below the national average). At the same time, most
of their carbon intensities are lower than the national average,
although there is still a more than twofold difference between the
lowest (Shenzhen with 0.6 tCO2/k$) and the highest (Hubei with
1.4 tCO2/k$). CO2 emissions per capita in each pilot also vary widely.
However, emissions per capita in Hubei, Guangdong, and Chongqing
are still relatively low. China has set national carbon intensity targets
for 2015 and 2020 whereas Europe sets absolute targets (20%
reduction in GHG emissions in 2020 compared to 2005). The share
of coal consumption in China is high relative to the EU, contributing to
the challenge of meeting the China's 2020 target.

3. Overview of China's ETS pilots

China's ETS pilots are in an early stage of development. While
the NDRC has suggested that an absolute cap on national CO2

emissions with trading across provinces is a long-term goal, the
pilots are intended to build experience and identify challenges that
should be resolved before moving to a national system. Pilot

Dec. 2009

Aug. 2010

Oct. 2010

Nov. 2010

Nov. 2011

Dec. 2011

Jun. 2012

2012 – 2013

2013 –

Commitment to reduce national emission intensity
by 40–45% in 2020 compared to 2005 level made at
COP15 by Premier Wen Jiabao (Xinhuanet, 2009).

NDRC designates low-carbon development zones in five
provinces and eight cities and carbon trading is encour-
aged as part of the overall development strategy (Na-
tional Development and Reform Commission, 2010).

State Council mentions plans to establish an
ETS for the first time (State Council, 2010a).

China’s Twelfth FYP is announced and lists
an ETS as a central part of the country’s en-

ergy and climate policy (State Council, 2010b).

NDRC officially approves carbon trading pilots in seven provinces
and cities (National Development and Reform Commission, 2011).

The State Council further clarifies steps to establish
an ETS during the Twelfth FYP (State Council, 2011).

NDRC sets interim measures to support voluntary greenhouse
gas emission reductions and indicates that Chinese Certified

Emissions Reductions (CCERs) can be used as offsets in the ETS
pilots (National Development and Reform Commission, 2012).

Design Phase for ETS pilots, which includes NDRC review
and approval of emission limits and allocation methods as well
as formulation of detailed implementation plans for each pilot.

Operational Phase for ETS pilots begins, with on-
going efforts to establish a national ETS after 2016.

Fig. 1. Developments in China's ETS design in the context of national carbon policy
(Xinhuanet, 2009; State Council, 2010a, 2010b, 2011; National Development and
Reform Commission, 2011, 2012; State Council, 2011).
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trading systems are also intended to support the attainment of CO2

intensity reduction goals under China's Twelfth FYP. These goals
are assigned at the provincial level but are implemented through
largely inflexible sector- and firm-level targets. By allowing trading
between high and low marginal cost emitters, ETS pilots could
lower the cost of meeting provincial targets.

Pilots ETS designs vary widely, reflecting diverse circumstances
and priorities in the localities where they are implemented. In the
rest of this section, we compare the design of China's ETS pilots
and explore the rationale for these choices. Emissions coverage of
the ETS pilots is summarized in Table 2.3

3.1. Size of the cap

Consistent with China's domestic climate policy approach,
China's ETS pilots focus on CO2, the major energy-related green-
house gas.4 The effective stringency of the caps on total CO2

emissions varies across pilots. Pilots also differ in terms of the
sectors included and emissions threshold used to determine
whether an installation is covered or not. As shown in Table 2,
ETS coverage ranges from 33% of emissions in Hubei to 60% in
Tianjin. Covered emissions under all pilots amount to 7% of China's
total emissions. Progress is likely to be assessed in relation to
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Eastern

Hubei

Guangdong

Chongqing

Beijing
Tianjin

Shanghai

Northeast

Tibet

Xinjiang

Neimenggu
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Sichuan
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Yunnan

Heilongjiang

Hunan

Shaanxi

Guangxi

Henan
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Jiangxi

Guizhou Fujian

Liaoning

Hebei

Anhui

Shandong

Jiangsu
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Ningxia

Taiwan

Hainan

Fig. 2. Location of the seven ETS pilots (shaded area with red boundaries) in China. (For interpretation of the references to color in this figure caption, the reader is referred
to the online version of this paper.)

Table 1
Key indices in 2010 and policy targets for 2015 and 2020 with a comparison to the EU-27.

Region Population
(million)

GDP
(Billion $)a

Total CO2

emissions
(Mton)

Per-capita
GDP
(1000$)

Per-capita
CO2 (t)

CO2

intensity
(t/1000$)

CO2 intensity target
for 2015 compared
to 2010

CO2 intensity target
for 2020 compared
to 2005

China 1337 5931 8900 4.4 6.7 1.5 "17.0% "40% to "45%
Beijing 19.6 208 157 10.6 8.0 0.8 "18.0% –

Tianjin 13.0 136 133 10.5 10.3 1.0 "19.0% –

Shanghai 23.0 254 219 11.0 9.5 0.9 "19.0% –

Chongqing 28.9 117 168 4.1 5.8 1.4 "17.0% –

Hubei 57.2 236 250 4.1 4.4 1.1 "17.0% –

Guangdong 104.3 680 522 5.0 5.3 0.8 "19.5% –

Shenzhen 10.4 140 84 13.5 8.1 0.6 "21.0% –

EU-27 502 16,176.2 3910 32.2 7.8 0.2 – "20%b

Source: Xinhuanet (2009), National Statistics Bureau (2011a), National Statistics Bureau (2011b), Guangdong Statistics Bureau (2011), State Council (2012), People's
Government of Guangdong Province (2012), Li (2013), Ge (2013), European Commission (2003, 2012), Agency PBL Netherlands Environmental Assessment (2012), The World
Bank (2013), and UNFCCC (2013).

a Exchange rate in 2010: 1 US $¼6.77 yuan¼0.75€.
b This is an absolute target that is equivalent to an intensity target if and only if GDP remains constant over the period 2005–2020.

3 An important caveat here for this table and the rest part of the paper is that
there are still many ongoing changes though we have made a concerted effort to
collect up-to-date empirical information about the seven pilots.

4 Emissions reductions under the EU-ETS and the CDM of the Kyoto Protocol
target reductions in all greenhouse gases, with reductions measured in CO2

equivalents converted at global warming potentials established by the IPCC.
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existing regional CO2 intensity targets. Absolute emissions reduc-
tion targets for each pilot area and for the nation as a whole have
not yet been announced. Policy makers have indicated that an
absolute cap may be announced in future years, perhaps as part of
efforts to establish a national ETS.

3.2. Coverage of direct and indirect emissions

All seven ETS pilots cover both indirect and direct emissions
(Shenzhen Development and Reform Commission, 2013; People's
Government of Shanghai Municipal City, 2013; Beijing Development
and Reform Commission, 2013; Zhang, 2013b). Direct emissions refer
to emissions generated by activities located within the covered area/
sector, while indirect emissions are external but linked to the use of
goods in the covered area/sector. For instance, emissions linked to
electricity used in the production of goods imported into the covered
area would be considered as indirect. In some provinces, indirect
emissions can account for a large share of total emissions, up to 80% in
some cases (Feng et al., 2013). Therefore, all of the seven ETS pilots
cover the indirect emissions from electricity (both generated within
the pilot region and imported from other regions) as electricity is the
major source of emissions associated with goods traded across
provinces and measuring the quantity of electricity flows is relatively
straightforward.

Another important consideration for including indirect emis-
sions is that China's electricity price is regulated. Currently the
price signal cannot be passed to electricity users. Therefore,
indirect emissions accounting helps us to ensure that industrial
users will have the incentive to reduce electricity use because the
price they pay for electricity will include the cost of purchasing
emissions permits associated with the electricity they use.

3.3. Coverage thresholds and number of covered entities

The total number of covered installations varies in each of the
pilots from 107 in Hubei to 830 in Guangdong. This variation is due
to the emissions threshold used to determine coverage, local
composition of industry, and size of the covered area.5 In parti-
cular, Hubei has a much higher threshold for inclusion (installa-
tions emitting more than 120,000 ton CO2/year), while Shenzhen
has the lowest (above 5000 ton CO2/year) (Qi, 2013; Shenzhen
Development and Reform Commission, 2013). A lower threshold in
Shenzhen is more tolerable because the number of candidate
entities is also lower, while in Hubei this number is much higher.

All of the pilots include entities in a common subset of sectors:
heat and electricity production, iron and steel, nonferrous metals,
petrochemicals and chemicals, pulp and paper, and glass and
cement. However, there are also some striking differences across
pilots in terms of the sectors included. For example, Shenzhen
covers road transportation, while Shanghai has announced that it
will include aviation and has already identified six airlines as
covered by its pilot scheme (4C Note, 2013). In Tianjin, the oil and
gas exploration sector is included to account for emissions
associated with the offshore Bohai Bay oil and gas development
(Climate Connect, 2010). By requiring institutions to surrender
permits based on building energy use, some pilots account for
indirect emissions from building electricity and heating demand in
the commercial sector (International Carbon Action Partnership
(ICAP), 2013). Beijing will cover a total of over 40 different sectors
(Zhang, 2013a). Table 3 shows the detailed sectoral coverage of
each pilot.

Decisions of sectoral coverage and threshold selection are
based on a balance of keeping a large share of emissions covered
while maintaining a relatively manageable number of entities
during the pilot phase of emissions trading. As described in Jotzo
(2013), the broader the coverage of emission sources, the stronger
the incentive to reduce overall emissions, but increasing coverage
will also increase the administrative effort for government and the
aggregate compliance costs to industry. Moreover, differences of
threshold and number of covered entities between the pilots will
also complicate efforts to establish a uniform national ETS in the
future.

3.4. Initial allocation of emissions permits

The initial allocation of emissions permits affects how costs of
meeting the reduction target are distributed, making it a sensitive
area of discussion in each of the ETS pilots. Except for a small
number of allowances auctioned in Guangdong (Xinhuanet, 2013)
and potentially in Shenzhen (Shenzhen Development and Reform
Commission, 2013), so far in the pilots virtually all permits are
freely allocated based on historical emissions. One rationale given
is that free allocation reduces the burden to the enterprises and
thus has more limited impact on economic development, which is
still a priority for local governments.6 Historical emissions are
based on only a few years of reporting due to limited available data

Table 2
A comparison of emissions coverage under the ETS pilots (all values shown are for 2010).

Region GHGs Covered CO2

emissions (Mton)
Share of total
emissions

Direct or indirect
emissions

Number of covered
entities

Emissions threshold for coverage
(tons CO2/year)

Historical
emissions period

Beijing CO2 58 50% Direct and indirect approx. 490 410;000 (average (stationary
emissions))

2009–2012

Tianjin CO2 112 45% Direct and indirect 197 420;000 for industry; 410;000 for
other sectors

2010–2011

Shanghai CO2 90 60% Direct and indirect 191 420;000 2009–2012
Chongqing CO2 No data Not yet available Direct and indirect No data 420;000 (or 10,000 tce) 2008–2010
Hubei CO2 117 33% Direct and indirect 107 4Approx:120;000 (or 60,000 tce) 2010–2011
Guangdong CO2 209 42% Direct and indirect 830 420;000 (or 10,000 tce) 2010–2012
Shenzhen CO2 32 40% Direct and indirect 635 45000 2009–2011
All ETS pilots CO2 4620 7% of China's

total
Direct and indirect 42535

EU-ETS
(Phase I)

CO2 2014 47% Direct 11,500 410;000 1996–2004

Source: Duan (2013), International Carbon Action Partnership (ICAP) (2013), European Commission (2013), Qiu (2013), and Xu (2013).

5 Chongqing is omitted from this discussion as the data are not available.

6 Benchmarking is used in Beijing, Shanghai and Shenzhen to inform alloca-
tions for some sectors. For more details on benchmarking in the Shenzhen ETS, see
Jiang (2013).
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on historical emissions and difficulties in corroborating reported
emissions with energy use information. The allocation is estab-
lished annually in the case of Beijing, Tianjin, Hubei, and Guang-
dong, while Shanghai and Shenzhen plan to issue allowances once
at the beginning of the compliance period for 2013 to 2015 (Li,
2013).

Setting the allowance reserve for new entrants is an important
consideration in the design of China's ETS pilots. The speed of
economic growth, especially for less developed regions, e.g. Hubei
and Chongqing, is still high, therefore, policymakers have set
emissions targets that reflect expected increases in the level of
economic activity. In some pilots, such as Hubei, new entrants will
be covered under the ETS with allowance allocations based on
emissions data from the first year of operation (Qi, 2013), while
other pilots such as Shenzhen and Beijing will grant new entrants
allowances based on benchmarking similar to current practices in
the EU-ETS (Shenzhen Development and Reform Commission,
2013; Beijing Development and Reform Commission, 2013).
In addition to maintaining a reserve for new entrants, the
government will retain some allowances that can be bought and
sold to ease short-term price pressure (Shenzhen Development
and Reform Commission, 2013; People's Government of Shanghai
Municipal City, 2013; Beijing Development and Reform
Commission, 2013). The details of allowance reserve, e.g. size of
reserve and triggering conditions had not yet been disclosed at the
time this article was written.

3.5. Offsets

To encourage cost-effective measures in sectors and regions not
directly covered by the ETS pilots, all pilots will accept offsets
generated by Certified Emission Reduction projects in China.
Chinese Certified Emissions Reductions (CCERs) are administered
on a national basis. The first CCER deal was initiated by Beijing
Exchange Beijing Environmental Exchange on November 28, 2013,
with the volume of 10,000 ton CO2 and price of 16 yuan/ton
(People's Daily Online, 2013). The use of these offset credits will
likely be restricted a limit of 10% of the total targeted reductions
(Carbon Market Watch, 2013). In documents recently published by
the Shenzhen, Shanghai and Beijing ETS pilots, the shares of offsets
are 10%, 5% and 5% respectively (Shenzhen Development and
Reform Commission, 2013; People's Government of Shanghai
Municipal City, 2013; Beijing Development and Reform
Commission, 2013). In addition to helping to reduce the cost of
emissions reductions in pilot regions, CCERs are also expected to

support the development of capacity to set up an ETS in non-
covered provinces in the future.

3.6. Monitoring, reporting and verification (MRV)

The effectiveness of an emissions trading system hinges on
sound procedures for monitoring, reporting, and verification
(MRV). Design of MRV requirements and procedures is still in
the early stages, with an electronic reporting and verification
system currently under development. During the trial period, the
design of procedures used by the pilots has relied on a range of
sources and international experience (Li, 2013). In some cases,
these efforts have culminated in the publication of provisional
guidelines for monitoring and reporting of CO2 emissions, which
have been issued in both Shanghai (Wu, 2013) and Shenzhen (Ge,
2013). In an effort to strengthen reporting capabilities across both
covered and non-covered sectors, uncovered enterprises with
emissions that exceed thresholds for coverage in some pilots, e.g.
Beijing, Shanghai, Guangdong and Shenzhen, are also required to
report their emissions in each year (International Carbon Action
Partnership (ICAP), 2013).

3.7. Emissions trading registries and market development

In order to track allowance holding, transfers, and cancella-
tions, each pilot will have its own electronic registry. In many
cases pilots have partnered with existing registries to develop the
necessary systems. For example, the Tianjin Climate Exchange was
established in 2008 by a partnership including PetroChina, the
Chicago Climate Exchange, and the Tianjin Property Rights
Exchange (Sun, 2013). These systems are being developed with
an eye to the potential for scaling up to handle volumes that may
result from a national trading system in the future. Only spot
market transactions will be permitted under the ETS pilots, as
financial institutions are currently not permitted to take part in
the emissions trading market. All of the pilots permit banking of
emissions permits but prohibit borrowing from future allocations
(Li, 2013). By contrast, unlimited banking and borrowing was
permitted under the first phase of the EU-ETS (International
Energy Agency (IEA), 2010).

Launched pilots have already registered some carbon credit
transactions. In June 2013, Shenzhen's carbon price ranged
between RMB 28 and 30 ($4.60 to $4.90) per ton where 21 kton
of emissions permits have been traded in the spot market at the
China Shenzhen Emissions Exchange (Climate Bridge, 2013).

Table 3
Sectoral coverage of the ETS pilots. N.A. - Not available.

Manufacturing sectors
covered

Other sectors covered Covered in all systems

Beijing 17 Manufacturing
industries

Commercial buildings, financial, hotel, restaurants,
post, education, medical, retail, public utilities, etc.

Heat and electricity production, iron and steel,
nonferrous metal, petrochemicals and chemical, pulp and paper, glass
and cementTianjin Oil and gas exploration Buildings

Shanghai Textiles and building
materials

Commercial buildings, financial, hotel, airlines,
harbors,
airports, railway, etc.

Chongqing N.A. N.A.
Hubei Automobile N.A.
Guangdong Textiles Commercial buildings, transportation and

construction
(some of them may be included from 2015 onwards)

Shenzhen 26 Manufacturing
industries

Commercial buildings and transportation (under
consideration)

Source: Li (2013), Zhang (2013a), Sun (2013), Wu (2013), Qi (2013), Wang (2013).
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A survey of the carbon price of the Chinese pilots conducted after
the launch of Shenzhen ETS (Jotzo et al., this issue) generated
estimates of expected carbon price around RMB 30 (US $4.90) for
the pilots, which is very close to Shanghai's carbon price in
November 2013 (around RMB 27 (US $4.50)), while the carbon
prices in Beijing (around RMB 50 (US $8.20)) and Shenzhen
(around RMB 80 (US $13.10)) in November 2013 have already
exceeded this forecast by a large margin (Xu, 2013; National
Business Daily, 2013). We show the carbon prices and traded
volumes of the Shenzhen ETS in Fig. 3. However, the prices are still
below levels that researchers expect to be needed to achieve
meaningful reductions consistent with the country's CO2 intensity
target (Zhang et al., 2013; Tang and Wu, 2013; Gu et al., 2013).
Mechanisms such as a price floor and safety valve have been
suggested by some ETS pilots (Shenzhen Development and Reform
Commission, 2013; Qi and Wang, 2013), but none of the pilots has
yet announced specific measures.

3.8. Enforcing compliance

Each year, covered enterprises will be required to surrender
allowances for emissions at the beginning of the following year.
Compliance requires that surrendered emissions allowances equal the
verified level of emissions for each enterprise. For public utilities and
SOEs, target achievement is now included as a measure of the
performance of government officials and leaders of SOEs. However,
the financial penalties for non-compliance are relatively low, espe-
cially from the perspective of covered entities under current rules, and
these rules cannot be altered without changing China's existing laws.
As a result, some pilots are trying to create other incentives for
compliance. Tianjin will prevent non-compliant enterprises from
enjoying the benefits of preferential policies such as low-interest
loans (Sun, 2013). Shenzhen has announced detailed penalty rules, for
instance, the shortfall of allowances in one year will be deducted
from the allowance allocation in the next year, and the penalty will be
equivalent to the shortfall multiplied times triple the average
allowance price in last six months. A penalty of less than 100,000
yuan per unit can further be levied for other illegal actions taken in
the course of ETS participation. In addition, bonuses will be provided
to enterprises that undertake additional emissions reductions and
surrender permits in excess of their allocated emissions. (Shenzhen
Development and Reform Commission, 2013).

Beijing has also recently announced several measures to sup-
port compliance (Beijing Development and Reform Commission,
2013; Zhang, 2013a). Non-compliant enterprises will be required
to pay the equivalent value of three to five times their emissions
shortfall at the prevailing carbon price. The shortfall will also be
added to the emissions reduction target for the following year.

Several additional measures further discourage non-compliance.
First, non-compliant enterprises lose access to government energy
conservation funds. Second, non-compliant entities are not be
eligible to apply for energy efficiency subsidies from the Beijing
government, while the review of applications for new investments
that do not pass an energy efficiency assessment will be delayed.
Third, non-compliance will result in a downgrading of the entity's
credit rating, affecting access to credit. Taken together, this
combination of economic and regulatory penalties is intended to
strongly discourage non-compliance.

4. Challenges for future national ETS design and
implementation

Most of China's ETS pilots are still in the design phase. Even after
trading in the pilots formally begins, ETS designs are likely to require
adjustment as unforeseen challenges are identified and addressed.
Looking to the future, the pilots are a first step towards a national ETS.
Before a national ETS can be established, however, policymakers must
first face several important challenges.

4.1. Legal and regulatory barriers

First of all, there is so far no clear legal mandate for establishing an
ETS at the national level. A national law is important because without
it, provinces do not have legal grounds to initiate the local legislation
needed to establish an emissions trading system. Moreover, a national
mandate would provide uniform guidance across provinces, ensuring
system-wide compatibility. National law in China supersedes local
law. In the absence of national law, provinces will have little incentive
to coordinate their activities. By providing a legal framework, a
national mandate, such as a national law on climate change, would
allow provinces to move more quickly to develop ETS institutions
compatible with a national trading system.

Second, at present certain types of financial exchanges, includ-
ing those that would be needed to efficiently handle a national
permit trading system, are prohibited by the existing Regulation
on Financial Derivatives Exchange. Currently carbon permit trad-
ing can only occur between one buyer and one seller or one buyer
and multiple sellers, rather than through continuous trades among
multiple buyers and multiple sellers (i.e. through a centralized
exchange). To remedy this challenge, the government would need
to grant explicit permission for trading carbon emissions rights in
exchanges.

Third, mechanisms for enforcing compliance with an ETS are still
weak in China. The current allowable fine of up to 100,000 yuan per
enterprise does not provide a strong deterrent against non-com-
pliance. Under recently amended law, offenders can be punished
severely for environmental pollution. For instance, fines may be
much higher, or offending entities can be forced to close down. An
important challenge is to extend a similar treatment to carbon,
providing a more powerful incentive for covered entities to comply
under a national ETS.

4.2. Interactions with existing energy and climate policy

At present multiple ministries and agencies are involved in
setting regulations to manage energy use, especially as it relates to
energy security, climate change, and air quality outcomes. These
regulations include detailed targets set at the national and
provincial levels. They also impose specific requirements on local
governments and firms. The large number of regulations originat-
ing from different parts of the government increases the chances
of inconsistency and overlap, potentially causing confusion and
reducing effectiveness. Currently there are a wide range of sectoral
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measures to promote low carbon technologies and energy effi-
ciency, as well as other national policies to manage coal and
petroleum consumption, and these will interact with a national
ETS. For example, existing renewable energy policies will deliver
some of the reductions required by an ETS, and so the carbon price
needed to incentivize the remaining reductions to meet the ETS
cap will be lower. Therefore, it will be important to develop
mechanisms for coordinating policy across multiple agencies—for
example, by minimizing overlap between sectors covered by the
ETS and those subject to direct regulation.

Similarly, there is also a need to decide on the primary target of
regulations. Energy has been tracked and subject to intensity
targets for decades, while intensity targets for carbon are relatively
recent, starting with the beginning of the Twelfth Five-Year Plan in
2011. Whether energy or carbon will be the basis of a new
comprehensive regulation on climate change remains an open
question, given that both a cap on coal and an ETS for carbon have
been proposed.

4.3. Equity considerations under a national ETS

The development of a national ETS will also require steps to
facilitate trade in carbon permits and to address associated equity
considerations. First, national ETS will require consensus on the
number, location, and function of carbon exchanges that facilitate
trades across provinces. It has not yet been decided whether
exchanges will be set up and managed in each province or located
in one or a few major financial centers. How this authority is
distributed is an important concern of government officials
involved in the design of China's trading system. Watchdog
institutions will also be needed to monitor trading once the
exchanges have been established.

A second essential consideration still under discussion is the
criteria that will be used to allocate emissions rights (permits)
among provinces (and/or industries). Currently China's carbon
intensity targets are assigned at the level of both provinces and
industries, although these two sets of targets are only loosely
coordinated. Under an ETS, the initial allocation of permits across
the economy will determine how the costs are distributed.
Virtually any criteria could be used to allocate permits but each
will produce a unique outcome, each of which favors different
interests—for example, allocation approaches could favor pro-
vinces with low total emissions, low emissions per capita, low
emissions intensity per unit of GDP, a high population, and so on.
China's central and western provinces are generally less developed
than the more urbanized and populous east. The center and west
are also resource rich, relative to other parts of the country.
Allocating permits disproportionately to the center and west,
which also offer many of the low-cost abatement opportunities,
would facilitate a transfer of wealth westward and offset the costs
of significant, cost-effective abatement. Resolving the question of
which metric or metrics will be used to allocate emissions rights
will be an important step toward mobilizing provincial and
industry support for a national ETS. A possible step towards
building a national emissions market may involve linking together
the ETS pilots, with the eventual extension to an ever greater
number of provinces. Clearly signaling that linkages are a step
towards a full national system will be important, and accelerating
the linking process will reduce the risk of leakage. Building a
national ETS in China is very important, given that production and
consumption activities span provincial borders. Measures to con-
trol carbon at the borders of trading areas are likely to be blunt
and imperfect, while a much more cost-effective solution involves
broadening ETS coverage. However, as academic studies and
experience increase confidence in the likely consequences of
future ETS expansion, pilots may begin to experiment with

domestic linkages (Liu et al., 2013). Over the long term successfully
establishing a robust trading system in China will make it an
obvious candidate for inclusion in an expanded international
trading system.

4.4. Monitoring, reporting, and verification under a national ETS

A final important step towards a national ETS will involve the
continued development and coordination of energy use and
emissions inventories, as well as the ongoing monitoring of firm
compliance. Many entities have not yet established emissions
inventories, and the pace of developing these inventories varies
across industries and provinces. Harmonized national guidelines
for inventory preparation will need to be established. Independent
verification of annual emissions reporting will also need to be
established in order to raise the credibility of the new system and
support linkages with other ETS initiatives around the world.

5. Conclusion

China is still in the early phases of ETS development. Current
efforts are building on a history of participation in the Clean
Development Mechanism, decades of energy intensity manage-
ment, and a strong commitment at the national level to addressing
global climate change. The ETS pilots are an important part of this
broader commitment. While by themselves the pilots are not
anticipated to significantly impact the country's energy use and
emissions, they form an important experiment and learning
opportunity that will shape a potential future national ETS.
Setting up ETS pilots also reflects the spirit of shidian (pilot
projects/policies that are implemented in part of the country
before a national law is drafted), which is a well-recognized
concept applied in the policy making process in China. By choosing
regions with different features for policy experiments, pilot
programs can help policy makers to avoid risks associated with
direct implementation of a one-size-fits-all policy and assist the
government in tailoring an eventual national program to reflect
the diversity of China's regional circumstances. We conclude this
article by emphasizing near-term policy steps that will be critical
for the long-term development of a national ETS.

First, national legislation authorizing market-based approaches
to mitigate climate change should be developed as rapidly as
possible. This legislation will need to authorize sufficient penalties
for shirking limits on CO2 emissions and perhaps eventually all
greenhouse gases. This would amount to an expansion of the
current list of pollutants subject to severe penalties. Without
stronger penalties, neither local nor national ETS designs are likely
to induce changes in firm behavior. To facilitate efficient operation
of a national ETS, legislation also needs to be changed to authorize
the operation of carbon exchanges and the large-scale trading of
emissions rights.

Second, transparent and independent reporting of carbon
emissions is crucial. Yet developing such a system takes time
and training of agencies to conduct monitoring, reporting, and
verification. The pilot ETS experiences are already generating
insights into the gaps and needs of this nationwide data manage-
ment process. Strengthening this capacity in support of a national
ETS will likely take several more years, even with immediate and
concerted effort.

Third, and finally, coordination of the many policies—energy,
climate, and broader economic (pricing) and fiscal measures that
bear on the energy system—will be essential. Creation of an expert
assessment team appointed by multiple agencies could help policy
makers to identify interactions between an ETS and existing
policies, and recommend ways to avoid redundancy. China has
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an opportunity to learn from experiences in Australia, California
(United States), Canada, Europe, and other parts of the world
experimenting with emissions pricing, and relate diversity in
policy design across geographies to underlying political, economic,
security, and environmental imperatives. Yet when it comes to
laying the groundwork for an ETS in China, there is no substitute
for continued experimentation and institution building. Given that
an ETS broadly supports China's goals of reducing its environ-
mental footprint, upgrading its production structure, and reducing
dependence on trade-exposed, energy-intensive industries, a sus-
tained effort to develop an ETS in China is likely to deliver great
benefits—nationally and globally—over the long term.

Acknowledgments

The authors are grateful for comments provided by Prof. Frank
Jotzo, Prof. Qi Shaozhou, Prof. Wu Libo and three anonymous
referees. This work was supported by Eni S.p.A., ICF International,
Shell International Limited, and the French Development Agency
(AFD), founding sponsors of the MIT-Tsinghua China Energy and
Climate Project. We also gratefully acknowledge the support of
National Social Science Foundation, China (Grant No. 09&ZD029),
the National Science Foundation of China (Grant Nos. 71250110547
and 71350110537) and Rio Tinto China. We are further thankful for
support provided by the MIT Joint Program on the Science and
Policy of Global Change through a consortium of industrial
sponsors and U.S. federal grants.

References

4C Note, 2013. Shanghai to Cover Aviation in ETS. Available at: 〈http://www.
stopwarming.eu/?news&id=790〉.

Agency PBL Netherlands Environmental Assessment, 2012. Trends in Global CO2

Emissions 2012.
Beijing Development and Reform Commission, 2013. Inform on Developing Pilot

Carbon Emissions Trading scheme in Beijing.
Carbon Market Watch, 2013. China's Pilot Emissions Trading Systems (Newsletter

#3). Available at: 〈http://carbonmarketwatch.org/chinas-pilot-emissions-tra
ding-systems/〉.

Climate Bridge, 2013. Shenzhen Launches China's First Carbon Trading Scheme:
First 8 Transactions Completed. Available at: 〈http://climatebridge.com/2013/
06/〉.

Climate Connect, 2010. Climate Connect—China: Tianjin Municipality. Available at:
〈http://www.climate-connect.co.uk/Home/sites/default/files/TianjinOverview
ClimateConnect.pdf〉.

Duan, M., 2013. Development of ETS in China. Presentation at ETS Conference:
Towards a Global Carbon Market: Prospects for Emissions Trading.

European Commission, 1998. Climate Change—Towards an EU Post-Kyoto Strategy.
European Commission, 2003. Directive 2003/87/EC of the European Parliament and

of the Council of 13 October 2003 Establishing a Scheme for Greenhouse Gas
Emission Allowance.

European Commission, 2012. EU Energy in Figures. Available at: 〈http://ec.europa.
eu/energy/observatory/statistics/statistics_en.htm〉.

European Commission, 2013. European Union Transaction Log. Available at: 〈http://
ec.europa.eu/environment/ets/〉.

Feng, K., Davis, S., Sun, L.. Lie, X., Guan, D., Liu, W., Liu, Z., Hubacek, K., 2013.
Outsourcing CO2 within China. Proc. Natl. Acad. Sci. 110, 11654–11659, http://dx.
doi.org/10.1073/pnas.1219918110.

Ge, X.A., 2013. Development of Shenzhen pilot ETS. Presentation at the Workshop
on Assessment of the Impacts of ETS in China.

Gu, A., Cai, S., Zhang, Y., Li, J., Lv, Z., 2013. The influence of carbon pricing
mechanism on Beijing's economic and social development: based on the
analysis of CGE model. In: 16th Annual Conference on Global Economic
Analysis.

Guangdong Statistics Bureau, 2011. 2011 Guangdong Statistical Yearbook.
International Carbon Action Partnership (ICAP), 2013. Interactive Emissions Trading

Scheme (ETS). Available at: 〈http://www.icapcarbonaction.com〉.
International Energy Agency, 2012. World Energy Outlook 2012.
International Energy Agency (IEA), 2010. Reviewing Existing and Proposed Emis-

sion Trading Systems.
Jiang, J., 2013. On carbon quota distribution on a limited rationality repeat game.

China Open. J. 168, 18–35, http://dx.doi.org/10.3969/j.issn.1004-6623.2013.03.
003 (in Chinese).

Jotzo, F., 2013. Emissions Trading in China: Principles, Design Options and Lessons
from International Practice. CCEP Working Paper 1303. Crawford School of
Public Policy, Australian National University.

Jotzo, F., de Boer, D., Kater, H. China Carbon Pricing Survey 2013. Energy Policy, this
issue.

Li, J., 2013. China Regional Emission Trading Pilot: Opportunity and Challenge.
Speech at Australia China Climate Change Forum at the University of New
South Wales (UNSW).

Liu, Y., Cai, S., Zhang, Y., 2013. The economic impact of linking the pilot carbon
markets of Guangdong and Hubei Provinces: a bottom-up CGE analysis. In: 16th
Annual Conference on Global Economic Analysis.

Lo, K., Wang, M.Y., 2013. Energy conservation in China's Twelfth Five-Year Plan
period: continuation or paradigm shift?. Renew. Sustain. Energy Rev. 18,
499–507.

Maraseni, Tek Narayan, 2013. Selecting a CDM investor in China: a critical analysis.
Energy Pol. 53, 484–489.

National Business Daily, 2013. 8.23 Million Yuan Traded in Shenzhen Carbon
Market in Last Five Months. Available at: 〈http://www.nbd.com.cn/articles/
2013-11-15/787788.html〉.

National Development and Reform Commission, 2005. Measures for Administration
of Clean Development Mechanism Projects in China.

National Development and Reform Commission, 2010. Notice on Launching Pilots
for Low-carbon Provinces and Cities.

National Development and Reform Commission, 2011. Notice on Launching Pilots
for Emissions Trading System.

National Development and Reform Commission, 2012. Notice on Issuing the
Interim Measures for the Administration of Voluntary Greenhouse Gas Emis-
sion Reduction Transactions.

National Statistics Bureau, 2011a. 2011 China Energy Statistical Yearbook.
National Statistics Bureau, 2011b. 2011 China Statistical Yearbook.
People's Daily Online, 2013. First CCER Deal in China Succeeds. Available at: 〈http://

energy.people.com.cn/n/2013/1203/c71661-23730791.html〉.
People's Government of Guangdong Province, 2012. Inform on Issuing the Scheme

of Greenhouse Gas Emission Control for Guangdong Province during the 12th
Five-Year Plan.

People's Government of Shanghai Municipal City, 2013. Interim Measures for the
Management of Carbon Emissions in Shanghai.

Qi, S., 2013. Development of Hubei pilot ETS. Presentation at the Second Annual
Stakeholds Meeting of Tsinghua-MIT China Energy and Climate Project.

Qi, S., Wang, B., 2013. Fundamental issues and solutions in the design of China's ETS
pilots: allowance allocation, price mechanism and state-owned key enterprises.
Appl. Energy 11, 26–32.

Qiu, J., 2013. China gets tough on carbon. Nature News. Available at: 〈http://www.
nature.com/news/china-gets-tough-on-carbon-1.13175〉.

Shenzhen Development and Reform Commission, 2013. Interim Measures for the
Management of Carbon Emissions Trading in Shenzhen (draft).

State Council, 2006. Outline of the 11th Five-Year Plan for National Economic and
Social Development.

State Council, 2010a. Decision for Enhancing the Cultivation and Development of
Novel Strategic Industries.

State Council, 2010b. Outline of the 12th Five-Year Plan for National Economic and
Social Development.

State Council, 2011. Workplan for Controlling Greenhouse Gas Emission during the
12th FYP.

State Council, 2012. Inform on Issuing the Scheme of Greenhouse Gas Emission
Control during the 12th Five-Year Plan.

Sun, Z., 2013. Development of Tianjin pilot ETS. Presentation at the Second Annual
Stakeholds Meeting of Tsinghua-MIT China Energy and Climate Project.

Tang, W., Wu, L., 2013. Efficiency or equity? Simulating the carbon emission permits
trading schemes in China based on an inter-regional CGE model. In: 16th
Annual Conference on Global Economic Analysis.

The World Bank, 2013. Data by Country: GDP (current US dollar). Available at:
〈http://data.worldbank.org/indicator/NY.GDP.MKTP.CD〉.

UNFCCC, 2013. Greenhouse Gas Inventory Data—Detailed Data by Party. Available
at: 〈http://unfccc.int/di/DetailedByParty.do〉.

Wang, W., 2013. Development of Guangdong pilot ETS. Presentation at the Second
Annual Stakeholds Meeting of Tsinghua-MIT China Energy and Climate Project.

Wu, L., 2013. Development of Shanghai pilot ETS. Presentation at the Second
Annual Stakeholds Meeting of Tsinghua-MIT China Energy and Climate Project.

Xinhuanet, 2009. Speech on Copenhagen COP15 by Premier Wen Jiabao. Available
at: 〈http://news.xinhuanet.com/world/2009-12/19/content%512668033.htm〉.

Xinhuanet, 2013. First Carbon Allowances Auctioning in Guangdong. Available at:
〈http://www.gd.xinhuanet.com/newscenter/2013-12/19/c_118631004.htm〉.

Xu, H., 2013. Progress of China's low-carbon pilot development. Presentation at
Sino-French High-Level Workshop on Climate Change in Beijing.

Zhang, D., Rausch, S., Karplus, V., Zhang, X., 2013. Quantifying regional economic
impacts of CO2 intensity targets in China. Energy Econ. 40, 687–701.

Zhang, X., 2013a. Development of Beijing pilot ETS. Presentation at the Second
Annual Stakeholds Meeting of Tsinghua-MIT China Energy and Climate Project.

Zhang, X., 2013b. Progress in China's ETS pilot, energy policies, environment and
climate policies. Presentation at Assessment of the impacts of ETS in China—
Technical workshop.

D. Zhang et al. / Energy Policy 75 (2014) 9–1616



MIT Joint Program on the Science and Policy of Global Change - REPRINT SERIES
FOR THE COMPLETE LIST OF REPRINT TITLES: http://globalchange.mit.edu/research/publications/reprints

For limited quantities, Joint Program Reprints are available free of charge. Contact the Joint Program Office to order. 

2013-39 Fiscal consolidation and climate policy: An 
overlapping generations perspective, Rausch, S., Energy 
Economics, 40(Supplement 1): S134–S148 (2013)

2014-1 Estimating a global black carbon emissions using 
a top-down Kalman Filter approach, Cohen, J.B. and C. Wang, 
Journal of Geophysical Research—Atmospheres, 119: 1–17,  
doi: 10.1002/2013JD019912 (2014)

2014-2 Air quality resolution for health impact 
assessment: influence of regional characteristics, Thompson, 
T.M., R.K. Saari and N.E. Selin, Atmospheric Chemistry and Physics, 
14: 969–978, doi: 10.5194/acp-14-969-2014 (2014)

2014-3 Climate change impacts on extreme events in the 
United States: an uncertainty analysis, Monier, E. and X. Gao, 
Climatic Change, doi: 10.1007/s10584-013-1048-1 (2014)

2014-4 Will economic restructuring in China reduce trade-
embodied CO2 emissions? Qi, T., N. Winchester, V.J. Karplus,  
X. Zhang, Energy Economics, 42(March): 204–212 (2014)

2014-5 Assessing the Influence of Secondary Organic 
versus Primary Carbonaceous Aerosols on Long-Range 
Atmospheric Polycyclic Aromatic Hydrocarbon Transport, 
Friedman, C.L., J.R. Pierce and N.E. Selin, Environmental Science 
and Technology, 48(6): 3293–3302 (2014)

2014-6 Development of a Spectroscopic Technique for 
Continuous Online Monitoring of Oxygen and Site-Specific 
Nitrogen Isotopic Composition of Atmospheric Nitrous 
Oxide, Harris, E., D.D. Nelson, W. Olszewski, M. Zahniser,  
K.E. Potter, B.J. McManus, A. Whitehill, R.G. Prinn and S. Ono, 
Analytical Chemistry, 86(3): 1726–1734 (2014)

2014-7 Potential Influence of Climate-Induced Vegetation 
Shifts on Future Land Use and Associated Land Carbon Fluxes 
in Northern Eurasia, Kicklighter, D.W., Y. Cai, Q. Zhuang, E.I. Parfenova,  
S. Paltsev, A.P. Sokolov, J.M. Melillo, J.M. Reilly, N.M. Tchebakova 
and X. Lu, Environmental Research Letters, 9(3): 035004 (2014)

2014-8 Implications of high renewable electricity 
penetration in the U.S. for water use, greenhouse gas 
emissions, land-use, and materials supply, Arent, D., J. Pless,  
T. Mai, R. Wiser, M. Hand, S. Baldwin, G. Heath, J. Macknick,  
M. Bazilian, A. Schlosser and P. Denholm, Applied Energy, 
123(June): 368–377 (2014)

2014-9 The energy and CO2 emissions impact of renewable 
energy development in China, Qi, T., X. Zhang and V.J. Karplus, 
Energy Policy, 68(May): 60–69 (2014)

2014-10 A framework for modeling uncertainty in regional 
climate change, Monier, E., X. Gao, J.R. Scott, A.P. Sokolov and 
C.A. Schlosser, Climatic Change, online first (2014)

2014-11 Markets versus Regulation:  The Efficiency and 
Distributional Impacts of U.S. Climate Policy Proposals, 
Rausch, S. and V.J. Karplus, Energy Journal, 35(SI1): 199–227 (2014)

2014-12 How important is diversity for capturing 
environmental-change responses in ecosystem models? 
Prowe, A. E. F., M. Pahlow, S. Dutkiewicz and A. Oschlies, 
Biogeosciences, 11: 3397–3407 (2014)

2014-13 Water Consumption Footprint and Land 
Requirements of Large-Scale Alternative Diesel and Jet Fuel 
Production, Staples, M.D., H. Olcay, R. Malina, P. Trivedi,  
M.N. Pearlson, K. Strzepek, S.V. Paltsev, C. Wollersheim and  
S.R.H. Barrett, Environmental Science & Technology, 47: 
12557−12565 (2013)

2014-14 The Potential Wind Power Resource in Australia:  
A New Perspective, Hallgren, W., U.B. Gunturu and A. Schlosser, 
PLoS ONE, 9(7): e99608, doi: 10.1371/journal.pone.0099608 (2014)

2014-15 Trend analysis from 1970 to 2008 and model 
evaluation of EDGARv4 global gridded anthropogenic 
mercury emissions, Muntean, M., G. Janssens-Maenhout, 
S. Song, N.E. Selin, J.G.J. Olivier, D. Guizzardi, R. Maas and 
F. Dentener, Science of the Total Environment, 494-495(2014):  
337-350 (2014)

2014-16 The future of global water stress: An integrated 
assessment, Schlosser, C.A., K. Strzepek, X. Gao, C. Fant, É. Blanc, 
S. Paltsev, H. Jacoby, J. Reilly and A. Gueneau, Earth’s Future, 2, 
online first (doi: 10.1002/2014EF000238) (2014)

2014-17 Modeling U.S. water resources under climate 
change, Blanc, É., K. Strzepek, A. Schlosser, H. Jacoby,  
A. Gueneau, C. Fant, S. Rausch and J. Reilly, Earth’s Future, 2(4): 
197–244 (doi: 10.1002/2013EF000214) (2014)

2014-18 Compact organizational space and technological 
catch-up: Comparison of China’s three leading automotive 
groups, Nam, K.-M., Research Policy, online first  
(doi: 10.1002/2013EF000214) (2014)

2014-19 Synergy between pollution and carbon emissions 
control: Comparing China and the United States, Nam, K.-M., 
C.J. Waugh, S. Paltsev, J.M. Reilly and V.J. Karplus, Energy 
Economics, 46(November): 186–201 (2014)

2014-20 The ocean’s role in the transient response of climate 
to abrupt greenhouse gas forcing, Marshall, J., J.R. Scott, 
K.C. Armour, J.-M. Campin, M. Kelley and A. Romanou, Climate 
Dynamics, online first (doi: 10.1007/s00382-014-2308-0) (2014)

2014-21 The ocean’s role in polar climate change: 
asymmetric Arctic and Antarctic responses to greenhouse 
gas and ozone forcing, Marshall, J., K.C. Armour, J.R. Scott, 
Y. Kostov, U. Hausmann, D. Ferreira, T.G. Shepherd and C.M. Bitz, 
Philosophical Transactions of the Royal Society A, 372: 20130040 
(2014).

2014-22 Emissions trading in China: Progress and 
prospects, Zhang, D., V.J. Karplus, C. Cassisa and X. Zhang, 
Energy Policy, 75(December): 9–16 (2014)




