International Review of Environmental and Resource Economics, 2016, 10: 227–268

Lessons Learned in Mandatory Carbon
Market Development
Brianne Riehl1 , Guangyu Wang1∗ , Sarah Eshpeter1 , Helen Zhang1 ,
John L. Innes1 , Nuyun Li2 , Jinliang Li1,2 and John O. Niles3
1 Research

Group on Evaluating Forestry Contributions to the Carbon
Market, Faculty of Forestry, University of British Columbia, 2424
Main Mall, Vancouver, BC, Canada V6T 1Z4
2 China Green Carbon Foundation, 18 Hepingli East St, Dongcheng
District, Beijing 100714, PR China
3 The Carbon Institute, University of California, San Diego, 9500
Gilman Drive, La Jolla, CA 92093, USA

ABSTRACT
The Kyoto Protocol introduced the notion of a global emissions trading scheme (ETS) to aid in meeting global emissions
reduction targets. Since then, the share of emissions covered by carbon pricing has tripled and now encompasses
approximately 12% of global emissions. This paper discusses the challenges in design and implementation of past and
current ETSs to provide recommendations for ETS development and linkage. It summarizes seven major factors that
should be considered for successful ETS implementation:
cap setting, permit allocation, trading guidelines that avoid
carbon leakage, regulation of offsets, high compliance, transparent and continuous monitoring, and careful collaboration
between systems. Successes and failures in practical implementation of each factor are explored through various ETS
case studies. If applied carefully, these factors could ensure
high and consistent carbon prices, and coupled with strict
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regulations, could achieve an ETS that meets intended environmental benefits, while offering potential for bottom-up
international linkage.
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Introduction

Due to the global nature of climate change, international cooperation is a
requirement of any solution that will effectively limit global temperature
rise to well below 2◦ C and hopefully avoid the most severe impacts of
climate change (Kossoy et al., 2015a). Agreement over pursuing efforts
to hold the warming increase to 1.5◦ C above pre-industrial levels was a
major outcome of the Paris Agreement and will require an estimated
emissions reduction of 40–70% from 2010 levels by 2050 (IPCC, 2014;
UNEP, 2014; World Bank and Group, 2016). However, achieving this
goal will require more aggressive and large-scale action than the current
policies and Nationally Determined Contributions (NDCs) of the Paris
Agreement (Kossoy et al., 2015a; UNFCCC, 2015).
The disjunction between ambitious climate targets and inadequate
policies and practices is not uncommon, and the potential use of a
global emissions trading scheme (ETS) as a strategy to help meet
such targets was popularized by the Kyoto Protocol (KP) in 2005
(Roppongi et al., 2016; UN, 1998). Since then, the share of emissions
covered by carbon pricing has tripled and, by August 2015, 39 national
jurisdictions and 23 cities, states, and regions had implemented a price
on carbon, encompassing approximately 7 GtCO2 e (12% of global
emissions) (Kossoy et al., 2015a). The combination of all carbon pricing
mechanisms is estimated to have a value of US$50 billion globally in
2015, with 70% attributed to ETSs and 30% to carbon taxes (Kossoy
et al., 2015a). Development of an international carbon market continues
to be an important topic in climate policy discussion and has been
acknowledged in the Paris Agreement as a necessary tool for addressing
climate change (Johannsdottir and McInerney, 2016).
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An ETS is a market-based approach to controlling greenhouse gas
(GHG) emissions in which government places a cap on aggregate emissions and distributes emissions permits equal to that of the cap (Doda,
2016). Permits (or allowances) are allocated to participating entities,
allowing emissions of the equivalent tonnes of CO2e . These permits
are tradeable in the carbon market, whereby trading activity determines the price of an emissions permit (Doda, 2016). This type of
system has been used in the past for other types of pollutants, including
SO2 trading under the 1990 Clean Air Act in the United States. The
rationale behind this system is to enable emissions reductions to take
place where the cost of reduction is lowest, thereby minimizing the
overall cost of addressing climate change, while still taking positive
environmental action by encouraging participating entities to limit their
GHG emissions (DECC, 2015). For the purpose of this analysis, a
successful carbon market or ETS is synonymous with one that leads
to substantial emissions reductions. The most mainstream ETS design
is cap-and-trade, which involves an absolute cap on emissions above a
baseline level and the trading of additional emissions wherein permits
can be sold or purchased if emissions levels are less than or exceed the
cap, respectively (Kill et al., 2010; Roppongi et al., 2016).
Along with being cost-effective, carbon markets should, in principle, encourage innovation, investment in low-carbon technologies, and
efficient use of fossil fuels (Kossoy et al., 2015a). These systems are
especially important as they are the strategies that have been most
widely adopted to date in addressing climate change (Knudsen, 2015;
Kossoy et al., 2015a). The scale of emissions reductions necessary to
meet global targets is daunting, and therefore cost-effective mitigation
strategies such as carbon pricing will likely provide quicker, more substantial emissions reductions. Carbon markets present a promising
opportunity, however their potential can only be realized if the price
of carbon is sufficiently high and consistent such that intended environmental benefits are achieved (Kill et al., 2010). While a carbon
market may be perfectly functional despite a low carbon price, there is
a limited incentive for environmental effectiveness and global emissions
reductions may exceed those projected in order to comply with our
global climate change targets. The majority of 2015 emissions were
priced at less than US$10 per tCO2 e (Kossoy et al., 2015a), however it
has been estimated that a global average carbon price between US$80
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and US$120 per tCO2 e in 2030 is consistent with achieving a warming
of 2◦ C (Clarke et al., 2014; World Bank and Group, 2016).
Carbon markets have been introduced around the world at varying
levels of enforcement; examples include sub-national implementation in
Canada and Japan, regional implementation in the United States, national implementation in New Zealand and Switzerland, and supranational
implementation in Europe (Ranson and Stavins, 2016). There are currently 38 countries in the world operating 16 carbon market systems, in
addition to the international emissions trading mechanisms established
under the Kyoto Protocol, all of which exemplify varying characteristics, strategies, linking potential, and levels of success. Although the
basic principle of emissions trading is simple and appealing, complexity
occurs in the political and technical challenges of implementing these
systems in practice (Cullenward, 2014; Helm, 2003). Most commonly in
carbon market implementation, two features predominately determine
the environmental and economic viability of the system, namely; a high
emissions cap that does not produce actual emissions reductions, and a
low carbon price that fails to incentivize desired behaviors.
For the purpose of this review, seven major features have been
identified as crucial to determining the success of an ETS, including:
cap setting, allowance allocation, coverage, offsetting, commitment and
ambition, MRV (monitoring, reporting, and verification), and international linkage. If implemented poorly, the combination of these factors
can lead to an overall increase in emissions, contradictory to the initial
intent of these systems (Kill et al., 2010). This paper aims to address
each of these seven key challenges in ETS design and implementation,
demonstrating the common downfalls made in regards to each of these
factors and providing suggested improvements. It reviews the main
issues and measures taken to overcome such issues through examining
the lessons that have been learned from carbon market development to
date, with the goal of providing a framework for future development of
an environmentally and economically viable ETS and eventual linkage
of a global carbon market network.
2

Global Status and Development Trends of Carbon Markets

Eleven example ETSs are used as case studies throughout this paper
to demonstrate variations in the seven factors discussed earlier. These
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include the European Union (EU) ETS; the Western Climate Initiative
(WCI); the Regional Greenhouse Gas Initiative (RGGI); the New Zealand ETS; the Japanese ETSs; Kazakhstan ETS; the Swiss ETS; the
Chicago Climate Exchange (CCX); the South Korea ETS; the Pacific
Carbon Trust (PCT); and the Chinese Pilot ETSs.
The EU ETS is the world’s largest and longest running cap-andtrade system (Ellerman et al., 2015; European Commission (EC), 2016;
Lucia et al., 2015), including 31 participating countries (28 member
states and Norway, Iceland, and Liechtenstein) (EC, 2016; Ellerman
et al., 2015) and covering approximately 45% of the EU’s total emissions
(EC, 2013; Ellerman et al., 2015; Kopsch, 2012). The Swiss ETS
is currently under negotiations for linking to the EU ETS (Federal
Office for the Environment, 2016). In North America, the WCI is the
largest, most comprehensive GHG trading collaboration, with three
participating jurisdictions (California, Quebec, and Ontario) having
successfully implemented ETSs (Houle et al., 2015; Government of
Ontario, 2016). A smaller scale carbon market in North America
is the RGGI, a cooperative effort among nine Northeastern American
states (namely Connecticut, Delaware, Maine, Maryland, Massachusetts,
New Hampshire, New York, Rhode Island, and Vermont) to cap CO2
emissions in the power sector (Fell and Maniloff, 2015; RGGI Inc., 2016).
The PCT and CCX are two examples of past ETSs in North America
that have been dissolved, providing a learning opportunity for existing
and future schemes (Gans and Hintermann, 2013; PCT, 2016).
Cap-and-trade systems in Asia and Oceania include New Zealand,
Japan, Kazakhstan, China, and South Korea. New Zealand’s ETS is
unique in that it is run in a bottom-up design with no fixed cap and
the system officially includes the forestry sector (ICAP, 2016). Japan
has two city-sized ETSs in Tokyo and Saitama, which are nearly identical in design and, despite being small in scale, have led to significant
emissions reductions (Roppongi et al., 2016; Rudolph and Kawakatsu,
2012). Kazakhstan, on the other hand, has taken a larger-scale approach, implementing a mandatory nationwide ETS in 2013 (ICAP, 2016).
The future of this system is uncertain, however, with a new incoming
government in 2016 suspending the system for two years (until 2018) following protests from the industrial sector in the country (Climate Policy
Observer, 2016). Similarly South Korea implemented a nationwide ETS
in January 2015, which includes the use of additional allowance credits
as rewards for early reduction (Heo, 2015). In China, seven pilot systems
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were implemented in two provinces (Guangdong and Hubei) and five
cities (Beijing, Shanghai, Tianjin, Shenzhen, and Chongqing) in 2011,
encompassing a population of 199 million in 2010 (18% of the national
population) (Qi and Chen, 2015), with the goal of developing a national
ETS in 2017 (Liu et al., 2015; Wang, 2016). Although China faces
unique challenges in the development of a national ETS (such as tight
government regulation of pricing and the immense size of the system),
it holds an important responsibility in the international community to
make wise decisions regarding carbon market development and linkage.
3
3.1

Issues and Challenges in ETS Design
Cap Setting

Debatably the most crucial component of an ETS is the emissions cap
(Cullenward, 2014; Kill et al., 2010), as the cap determines the level
of ambition and allows for emissions reductions to occur. The most
common issue to occur in cap setting is an emissions cap that is too
high or not sufficiently stringent, as this can lead to a low carbon price
and limited environmental benefits. This issue is currently exemplified
in the Chinese pilot ETSs, which currently experience weak caps and a
low carbon price as a result of their cap setting methodology.
At the end of 2011, the Chinese government selected seven areas (five
cities and two provinces) to establish pilot emissions trading systems
(Zhang et al., 2014), with the goal of testing various methodologies and
identifying the most successful attributes to implement in an effective
national carbon market in 2017 (Liu et al., 2015; Swartz, 2016). The
seven pilot ETSs have many unique characteristics, including their cap
setting approach. The pilot systems generally use a two-step methodology for cap setting by first making projections of their emissions
and aggregating allowances distributed to all participants to create
the cap, then dividing overall emissions into a trading system cap
and non-trading system cap, considering issues such as sectoral growth
(Duan et al., 2014; Pang and Duan, 2015). These caps can be considered
intensity caps, as they are based on projected GDP growth, emissions
targets, and national intensity targets (Duan et al., 2014). Within
this complex system, each pilot ETS has designed its cap differently,
with Beijing, Shanghai, Tianjin, and Shenzhen maintaining a consistent
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emissions cap, while Hubei increases its cap between years to accommodate economic growth, and Chongqing reduces its cap each year, much
like a traditional cap-and-trade system (Xiong et al., 2016).
Major challenges with China’s pilot cap setting approach include
the bottom-up structure and the use of an intensity-based (as opposed
to an absolute) cap that does not decrease over time (in most pilot
regions). While intensity-based caps are not necessarily less stringent
than absolute caps, the NRDC will need to strongly enforce intensity
targets to ensure an effective ETS (Swartz, 2016). The incentive for
implementing an intensity target and a flexible cap is the ability to lower
uncertainty regarding the cost of emissions reductions (Pang and Duan,
2015); however, the combination of these factors has led to a low carbon
price of US$4–8 in 2015 (Kossoy et al., 2015b), with some arguing that
the aforementioned issues and lack of real-time carbon pricing make
China’s current carbon system dysfunctional (Liu et al., 2015). China’s
flexible cap is better accepted by enterprises and economic authorities,
however this cap setting strategy must be reexamined carefully in the
development of a national system, as it provides limited environmental
benefits and will lead to higher social abatement costs in the future
(Pang and Duan, 2015).
Proposed solutions to these issues include enforcing a strict, emissions cap that lowers each year to ensure emissions reductions, and
applying strict rules to ensure compliance of the cap. Various systems
have demonstrated that a top-down cap setting approach is generally
a more rigorous and effective strategy, albeit less flexible and more
challenging to meet. Top-down systems that exemplify this approach
include California and Quebec, and the European Union, wherein the
cap is set and gradually decreased each year to encourage emissions
reductions (ICAP, 2016). Similarly, the Tokyo and Saitama ETSs exemplify a rigorous emissions cap that has produced significant small-scale
emissions reductions through a bottom-up carbon market approach
(ICAP, 2016).
The EU ETS market operates as a traditional cap-and-trade system
in which a fixed number of emissions allowances are issued each year.
A portion of allowances are freely allocated by the government, and
companies are required to surrender allowances for every tonne of CO2e
emitted, wherein any additional emissions allowances can be purchased
or surplus allowances from the previous year may be used (DECC, 2015;

234

Riehl et al.

European Commission (EC), 2016). During its third phase (2013–2020),
the cap will gradually decrease by reducing the number of available
allowances by 1.74% of the average Phase II cap annually (DECC, 2015;
Ellerman et al., 2015). Similarly, in California, Quebec, and Ontario,
the cap reduction is approximately 3% per year (ICAP, 2016).
The Tokyo Metropolitan Government (TMG) ETS and Saitama ETS,
which are nearly identical in design and unilaterally linked together,
are unique in many aspects and demonstrate many effective approaches
that can and should be implemented elsewhere (Roppongi et al., 2016;
Rudolph and Kawakatsu, 2012). The TMG ETS was the first capand-trade program in the world to cover facilities such as commercial
buildings, including over 1,000 office buildings and 300 factories, accounting for greater than 20% of Tokyo’s annual GHG emissions (TMG,
2010). By 2014 emissions reductions had declined by 25%, a portion
of which can be attributed to energy savings measures taken after the
Fukushima nuclear disaster in 2011; however, emissions reductions measures were implemented prior to the incident, which went beyond the
required savings and continued after the energy saving requirements
(Rudolph and Morotomi, 2016). These ETSs are known for strict control
and regulation of their policies and are a particularly good example of
cap setting methodology. In the TMG ETS, for example, the cap for
participating facilities is set at 6% below baseline emissions (average of
three consecutive years between 2002 and 2007) for the first compliance
period (2010–2014) and 17% below for the second compliance period
(2015–2019), resulting in an absolute cap of 10.44 million tCO2 in 2020
(Roppongi et al., 2016; Rudolph and Kawakatsu, 2012). This system
is considered to be successful, as it has led to significant reductions in
CO2 emissions, including a 23% reduction in base-year emissions by
2013, with 90% of facilities achieving their first reduction target and
69% of them already meeting their 2019 target (Roppongi et al., 2016).
As such, this system demonstrates the effectiveness of implementing a
compulsory monitored cap that is strictly regulated (Roppongi et al.,
2016). The Saitama system has also been successful, achieving a 22%
reduction in base-year emissions by 2013 (ICAP, 2016).
3.2

Allowance Allocation

An allowance allocation methodology is another crucial aspect of an
ETS design. For the purpose of this review, an allowance allocation
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includes both the method and amount of credits allocated within a
system. In theory, allowance allocation methodology does not affect
emissions reductions, but rather affects the cost distribution within the
ETS (United Nations (UN), 2002); while the amount of allowance credits
allocated, on the other hand, can affect the price and environmental
integrity. Poorly executed allowance allocation can lead to a low carbon
price and minimal environmental benefits, either through free allocation,
over-allocation, or inaccurate allocation. Too many freely available
allowances will fail to produce the substantial incentive needed to
generate serious emissions reductions, while oversupply will lead to a
low cost of allowances and may hinder the environmental integrity. This
issue is currently exemplified by the two largest ETSs in the world —
the EU ETS and China’s pilot systems.
The EU ETS was launched in 2005 as the world’s first, largest and
longest running cap-and-trade system (EC, 2016; Ellerman et al., 2015;
Lucia et al., 2015). It is a centralized ETS with a single regulatory
body (European Commission) and a single compliance instrument (EU
allowance) that is used by all 31 participating countries (EC, 2013;
2016; Ellerman et al., 2015; Kopsch, 2012). Due to its size and status,
this system has been highly reviewed and criticized, and continues
to struggle with a few areas of concern — primarily the collapse of
allowance prices threatening the stability of the system in its entirety
(EC, 2016; Ellerman et al., 2015; Kopsch, 2012). There are multiple
complex reasons for the low allowance price in the EU ETS, but for the
purpose of this section the allocation methodology with be emphasized.
At the end of Phase I there was a market surplus of 83 million allowances
due to National Allocation Plans, however no allowances were carried
via banking into Phase II (Ellerman et al., 2015). At the end of Phase II,
there was a market surplus of 1.8 billion allowances which, according
to the design of this ETS, were available for banking in Phase III and
subsequent periods (Ellerman et al., 2015). Such a significant surplus in
allowances led to a decrease in allowance prices (from EUR30 per tonne
at their peak in 2006 to less than EUR5 per tonne at the start of Phase
III) and to criticism of the system, as a low allowance price reduces
the incentive for innovation, emission reductions, and investment in
low-carbon technologies (Ellerman et al., 2015).
The EU ETS has experienced great volatility within the system,
arguably in part due to features such as over-allocation, grandfathering,
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and banking of allowances (Kill et al., 2010). In Phase I, permits
were freely allocated to entities via grandfathering wherein companies
received more emissions allowances than required, and companies were
given an opportunity to sell permits short with the belief that they
would later be able to buy back permits at a cheaper price (Kill et al.,
2010). While the banking of allowances was not permitted until the
end of Phase II, a large surplus of credits still persisted in the market.
Factors independent of the original market design of the EU ETS also
contributed to the weak EU price signal, including the global economic
recession of 2008, overlapping climate policies, and the large influx
of Certified Emissions Reductions (CERs) and Emissions Reduction
Units (ERUs) (Koch et al., 2014). The banking of allowances, in
combination with the economic downturn in 2008, allowed the low
value of allowances to persist into phases II and III (Kill et al., 2010;
Kopsch, 2012). Additionally, overlapping policies and more notably the
renewable energy policies of member states displaced GHG emissions in
the market and therefore reduced allowance demand and price (Koch et
al., 2014). Finally, the massive influx of CERs/ERUs into the EU ETS
in Phase II also contributed to the decrease in the domestic allowance
demand and price, as it is estimated that over 60% compliance of the
2008–2020 quota had already been met by 2012 (Koch et al., 2014).
Actions are now being taken to address this instability in the market,
in part by phasing out grandfathering of emission credits completely
by 2027 (Ellerman et al., 2015). Nonetheless, the EU ETS provides a
valuable example of the interaction between external factors and market
design.
The Chinese pilot ETSs also face issues in allowance allocation,
particularly due to free allocation and ex-post adjustment of permits.
As previously mentioned, the seven pilot systems differ in design features (including allowance allocation methodology) depending on unique
characteristics and priorities (Zhang et al., 2014). Virtually all permits
are freely allocated based on a few reported years of historical emissions (reference periods varying between pilot sites), aside from a small
number auctioned in Guangdong, Shenzhen, Beijing, and Hubei (Duan
et al., 2014; Wang, 2016; Zhang et al., 2014). Although auctioning
is a more economically efficient method of allocation, the majority
of allowances are freely allocated in order to decrease the burden on
enterprises, encourage economic development, and improve political
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acceptance (Duan et al., 2014; Pang and Duan, 2015; Wang, 2016;
Zhang et al., 2014).
A unique and important aspect of the Chinese pilot schemes is the
administrator’s right to adjust permit allocations at the end of the
compliance period in order to moderate market volatility, maintain a
stable carbon price, and protect enterprises that provide an essential
public service (Pang and Duan, 2015; Wang, 2016). This feature is
called ex-post adjustment, and refers to the addition or removal of
emissions allowances after the compliance period if actual emissions
vary greatly from the prediction. It is used mainly in the electricity
and heat generation sectors to accommodate for tight market regulation
(Pang and Duan, 2015).
Depending on the sector in question, four different permit allocation
methods are employed in the Chinese system: grandfathering with or
without ex-post adjustment, and benchmarking with or without ex-post
adjustment (Duan et al., 2014). This methodology often leads to an
over-allocation of allowances, especially due to the use of historical
emission intensities in grandfathering, which in China is based on
higher GDP values than the current GDP, a phenomenon resulting
from China’s economic slowdown (Xiong et al., 2016). These features of
the Chinese ETS demonstrate prioritization of economic development
over environmental benefits (Zhang et al., 2014). Ex-post adjusted
allocations are meant to improve the flow of the market, but in reality
often lead to a lower reduction in emissions, and, along with the bottomup cap setting approach discussed earlier, lead to a flexible and weak
system cap (Pang and Duan, 2015).
An ideal solution to the problems encountered in allowance allocation
is to increase the percentage of emissions that are auctioned as opposed
to freely allocated, assuming a price floor exists at auction and allowances
are withheld when the price floor is reached. Auctioning emissions
allowances has the ability to increase price transparency and ensure
that a predictable volume of emissions allowances enter the market,
both of which additionally encourage secondary market trading — the
market among private buyers and sellers which arises to meet compliance
demand and reduce susceptibility to price changes (Center for Climate
and Energy Solutions (C2ES), 2016). A successful example of allowance
allocation is demonstrated in the Western Climate Initiative (WCI).
The WCI is the largest, most comprehensive GHG trading agreement
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in North America and includes three currently operating ETSs in
California, Quebec, and more recently Ontario (WCI, 2013). While
it may be premature to speculate on the successes of Ontario’s capand-trade system, the California and Quebec systems have maintained
high carbon prices with the use of a mixed allocation system, where
the number of freely allocated allowances decreases each year (ICAP,
2016). More than 10% of allowances are auctioned in California and no
free allowances are allocated to electricity or fuel distributors in Quebec
(ICAP, 2016). Quebec’s carbon price has remained above CAD$10 and
allowed for an 8% reduction in GHG emissions compared to 1990 levels
by 2012, along with raising money for the Green Fund (estimated $3.3
billion by 2020) to help finance a greener economy (Dahan et al., 2015).
California has also experienced success with this method, with a carbon
price of US$13 in 2015 (Kossoy et al., 2015a; Kossoy et al., 2015b).
The other North American ETS, RGGI, auctions 100% of emissions
permits (Hibbard et al., 2015; ICAP, 2016; Kopsch, 2016). Unlike
the WCI, this system only targets the power sector (fossil fuel plants
that are 25 MW or more in size) and has a centralized administrative
infrastructure system (called RGGI Inc.) to help run the program and
conduct quarterly auctions of allowances (Hibbard et al., 2015; Kopsch,
2016), in addition to the use of a common compliance instrument (Haites,
2016). Power plants can obtain emissions allowances by purchasing them
through auctions or by purchasing/transferring them in a secondary
market (Hibbard et al., 2015). The use of auction proceeds varies from
investment in energy efficiency programs, to investment in installments
of renewable or advanced power generation systems, education and
job training programs, and other GHG emissions reduction initiatives
(Hibbard et al., 2015).
As opposed to auctioning all allowances, the two Japanese ETSs
employ a unique strategy to allocate allowances, with no free allocation
of tradeable credits (Roppongi et al., 2016; Rudolph and Kawakatsu,
2012). Emissions rights are grandfathered to participating entities at
the beginning of the compliance period, however tradeable credits can
only be earned by the holder reducing emissions during the compliance
period (Roppongi et al., 2016). The TMG and Saitama ETSs have made
this allocation method more acceptable to stakeholders by operating
under longer compliance periods (five years) to allow for long-term
planning and goal setting (Roppongi et al., 2016). This ensures that
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participating entities are able to meet their reduction targets and adhere
to the strict allowance trading regulations. As previously mentioned,
while these systems have facilitated emissions reductions, their inability
to immediately trade credits by nature inhibits the ability to directly
compare and recommend solutions to other ETSs.
Additionally, price control mechanisms can play a crucial role in
allowance permit prices. While in theory allowance prices are determined by supply and demand, allowance prices can fluctuate due to
a multitude of factors in the near-term, including economic activities
and regulated entities’ marginal abatement costs (Qi and Wang, 2013).
Price control mechanisms can be implemented in an ETS in order to
help stabilize prices and reduce market uncertainty. Price floors have
been implemented in WCI member jurisdictions and RGGI, and prevent
a complete collapse of allowance prices through the auctioning of credits
and grants the ability to tighten the cap if a surplus of allowances
remains at the price floor for an extended period of time (Fell and
Maniloff, 2015; Kossoy et al., 2015b). Price floors may be particularly
valuable in the early stages of ETS implementation, as they can prevent
a collapse in price as a result of an initially loose cap and can provide
certainty to investors regarding investments in abatement technologies
(Qi and Wang, 2013). For example, WCI member jurisdictions have
implemented price floors at US$10/tonne CO2e in 2012 set to increase
at 5% annually, while the price floor in RGGI was set at approximately
US$2/tonne CO2e and is set to increase at 2.5% per annum (Wood and
Jotzo, 2011).
Price ceilings, on the other hand, set a maximum price that ensure
that allowance prices will not exceed some limit. However, if the price
remains at or near the ceiling for an extended period of time, government
intervention is required to increase the supply of allowances which
subsequently raises the cap, limiting environmental effectiveness (Qi and
Wang, 2013). Allowance price containment reserves are another form of
price control mechanism that have been currently implemented by WCI
member jurisdictions and RGGI, while the EU ETS is proposing the
addition of a market reserve beginning in 2021 (International Emissions
Trading Association (IETA), 2014). For example, the RGGI Cost
Containment Reserve is designed to contain costs and prevent prices from
exceeding the trigger allowance price, which was set at US$4/tonne CO2e
in 2014, increasing at 2.5% annually (IETA, 2014). In the California
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ETS, the Allowance Price Containment Reserve (APCR) consists of
allowances withheld from auction at 1%, 4%, and 7% of allowances
in the first, second, and third compliance periods, respectively (IETA,
2014). The APCR in the Quebec system is virtually identical in design
to that of the California ETS, and is used as a “soft ceiling price” wherein
reserve allowances are made available if allowance prices surpass some
threshold (IETA, 2014). Such price containment measures should be
taken into careful consideration in the design and implementation of an
ETS, as they aid in allowance permit price volatility and uncertainty
for participating entities.
3.3

Coverage

Coverage, in this case, refers to the amount of emissions that are
covered by an ETS, and is determined by the amount of GHGs, entities,
sectors, and locations that are included in the system. Lack of coverage
can present issues in the effectiveness of an ETS, not only because
lower coverage implies less emissions accounted for and therefore fewer
reductions, but also because of an increased potential for carbon leakage.
Carbon leakage is one of the key threats to the environmental integrity of
ETSs, as carbon pricing is not currently implemented uniformly around
the world. Leakage occurs when companies move their production or
investments to another jurisdiction or another sector where the cost of
emissions are lower (Kossoy et al., 2015a). Several examples of leakage
exist in current carbon markets around the world, mostly due to limited
geographical extent, including California, RGGI, and Japan.
Unlike the centralized structure of the EU ETS, the WCI market comprises multiple independent trading programs in its member
jurisdictions, with each state/province responsible for issuing emissions
allowances according to its own mitigation targets (WCI, 2013). WCI is
currently composed of five (British Columbia, California, Ontario, Quebec, Manitoba) participating jurisdictions (Klinsky, 2013; WCI, 2013),
only three of which (California, Quebec, and Ontario) have successfully
implemented ETSs to date (Government of Ontario, 2016a; Houle et al.,
2015). The limited geographical coverage of the WCI ETSs makes
them susceptible to carbon leakage. California, in particular, suffers
from cases of carbon leakage (Cullenward, 2014; Wara, 2014). Southern
California Edison (a major electricity supplier to Southern California),
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for example, sold its interest in a coal-fired power station located in
New Mexico to an Arizona utility provider prior to implementation of
the ETS (Cullenward, 2010), resulting in significant leakage. State law
requires that California’s ETS minimizes leakage, however regulatory
documents for the system allow resource shuffling, including 13 “safe
harbor” exemptions allowing leakage of emissions to safe harbor coal
power plants (Cullenward, 2014).
These features represent the main weakness of California’s market,
as resource shuffling and leakage produce a weak cap and minimize
environmental benefits. California’s market highlights the importance
of regulating leakage, as well as the need for a more expansive regional
or international market to initially avoid such leakage. California
cannot specifically be blamed for its instances of carbon leakage, as a
lack of a national carbon market (or more broadly, a global market)
will inherently produce resource shuffling such that entities can remain
competitive without needing to reduce emissions. Although this resource
shuffling can undermine the emissions reductions that have occurred,
the complementary environmental policies in place in California are
unaffected by a weak market cap, and positive changes are therefore
still occurring under its ETS (Cullenward, 2014).
Similarly, RGGI also struggles with instances of carbon leakage
due to the nature of regional emissions reduction policies. It has been
argued, however, that RGGI is a unique case in which unregulated
regions have lower emissions intensive production and has prompted a
shift towards cleaner production processes under regional regulation —
creating a type of beneficial leakage (Fell and Maniloff, 2015). The
Tokyo and Saitama ETSs are additional examples of small-scale ETSs
that face the risk of carbon leakage (Roppongi et al., 2016). This is
the main concern remaining to be addressed in the Japanese systems,
although the country has yet to reach a political consensus on the
future of national climate policy and their INDC makes no mention of
a national ETS to address this issue (UNFCCC, 2015).
One way to increase coverage of ETSs is through the linkage of
systems. This solution is currently being pursued by the Swiss ETS,
which, along with the potential for leakage, faces less cost-effective
reduction potential, liquidity, price stability, and flexibility in achieving
targets due to its small size (Sopher and Mansell, 2013). Discussion
and technical negotiation between the European Commission and the
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government of Switzerland has led to an agreement (waiting to be ratified
by both sides) for the Swiss ETS to link with the EU ETS (Federal
Office for the Environment, 2016). The Swiss system was restructured
in 2013 (after original implementation in 2008) to be similar in design to
the EU ETS in order to facilitate linkage through mutually recognized
emission allowances (Haites, 2016; Federal Office for the Environment,
2016). The thorough coverage of the EU ETS (including 31 participating
countries) is a strong aspect of the system and allows it to avoid severe
threats of carbon leakage (EC, 2016; Ellerman et al., 2015).
Carbon leakage may also be addressed in theory through measures
such as free allocation, border adjustments, and sectoral approaches,
which all have the potential to address the primary cause of carbon
leakage — industry competitiveness (Reinaud, 2009). Free allowance
allocation has the ability to help mitigate costs to firms by compensating
or protecting companies from the costs of carbon (Grubb and Neuhoff,
2006). Nevertheless, free allocation can still invoke costs to firms if
the system cap is sufficiently stringent. Only emissions below the cap
are in actuality freely allocated, while emissions at the margin of the
cap are similar whether allowances are allocated freely or auctioned
(Reinaud, 2008). Border adjustments could also be introduced on
imports and exports of products from sectors susceptible to leakage, as
has been suggested by the United States and European Commission to
ensure that domestic emissions-intensive manufacturers are not placed
at a disadvantage (Reinaud, 2009). Adjustments could occur in the
form of a carbon tax on imported goods, which may address industry
competitiveness for those participating in the market, and could further
encourage exporters to improve their emissions intensity through lower
border adjustments on their products (Reinaud, 2009).
A potential solution specifically designed to address sectoral leakage
is the use of a carbon tax in sectors that are challenging to regulate
through emissions trading. Fifteen countries have implemented or passed
legislation for a carbon tax (Kossoy et al., 2015b), and these taxes can
be combined with other carbon policies, such as an ETS to further
emissions reductions (Sumner et al., 2011). Since emissions trading
is more difficult to implement in sectors without point sources (e.g.
transportation), as it is difficult to measure emissions at the source-level
(Zhang and Wang, 2002), a carbon tax can be used in conjunction with
an ETS and other carbon policies to cover emissions in those sectors.
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For example, a carbon tax in France and Portugal is applicable only
to specific sectors not included in the EU ETS (Kossoy et al., 2015b;
Sumner et al., 2011). Norway’s carbon tax covers 68% of emissions,
while the EU ETS covers the remaining 35–40%, and Sweden uses
a carbon tax to address the energy and transport sectors, but relies
on other strategies such as the EU ETS to reduce emissions in other
sectors (Sumner et al., 2011). This complementary use of a carbon tax
and emissions trading is increasingly common, with a combination of
features from both instruments effectively restricting a larger portion
of GHG emissions and avoiding leakage to other sectors of the economy
(Kossoy et al., 2015b; Sumner et al., 2011).
3.4

Offsetting

Another important component of an ETS is its regulations for the
offsetting of emissions reductions using offset credits. Offsetting refers
to a unit of CO2 e that is reduced, sequestered, or avoided in one location
to compensate for emissions occurring elsewhere. Some carbon markets
allow industries to purchase offset credits from certified offset projects
(such as energy efficiency projects, fuel switching projects, renewable
energy projects, bio-sequestration through forestry and agricultural
management practices, etc.) that can be used to cancel out their own
emissions and help meet reduction targets (Carbon Offset Research &
Education (CORE), 2011; Kill et al., 2010). Theoretically, allowing
for a portion of reductions to be offset allows for flexibility in the ETS
without compromising environmental benefits, but the availability of
cheap international offset credits has been shown to threaten carbon
price stability, and poor regulation and MRV of offset projects can
undermine the environmental intentions of the system (Kollmuss et al.,
2015).
The Chicago Climate Exchange (CCX) and the New Zealand ETS
provide two examples of poor offset regulations, which ultimately led
to a low carbon price. CCX is an example of a carbon market created
predominately by private entities with participation from both large
and small companies. It was created as a formal but voluntary market
for firms to verifiably reduce their GHG emissions in preparation for
anticipated future mandatory legislation (Gans and Hintermann, 2013).
It began operating in 2003 but was discontinued at the end of 2010 due
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to a collapse in the exchange price of Carbon Financial Instruments
(CFIs) (CORE, 2011; Gans and Hintermann, 2013). The exchange
price decreased to $0.05 per CFI due to the large number of credits
available from offset projects (CORE 2011). Failure of the CCX led
to questioning of the legitimacy of the system and its reporting and
verification of offsets, emphasizing the importance of strict regulation
of offset credits.
The New Zealand ETS has also experienced issues with the use of
offset credits. The effectiveness of the system has been a topic of debate
as the New Zealand Unit (NZU) price has been low, not only due to
a liberal allocation policy, but also due to the previously unlimited
permitted use of international offset credits (Diaz-Rainey and Tulloch,
2015). Unlike other systems, the NZ ETS previously had no quantitative
restriction on the amount of CERs, or international carbon credits issued
by the Clean Development Mechanism (CDM) (Richter and Mundaca,
2013) — a market-based mechanism implemented by the KP in 2005.
This is generally thought to be the reason for the price decline in its
domestic offset units, as the oversupply in emissions credits with a lower
cost than domestic NZUs flooded the market and reduced the price of
NZUs. While New Zealand no longer allows international credits to be
traded within its ETS (as of June 2015), the government has stated
that it will reassess the use of international credits once international
market conditions are more in line with its domestic situation (Kossoy
et al., 2015a), with international market access remaining a priority in
New Zealand’s INDC (ICAP, 2016; UNFCCC, 2015).
Emissions reductions through the CDM have also been highly criticized (Gavard et al., 2013), with over-reporting and over-crediting of
CERs leading to concerns about the validity and reliability of these
credits (Rahman and Kirkman, 2015). This could be a great threat
to the environmental integrity of ETSs that allow for this offset, as
the incorporation into the EU ETS, for example, is estimated to have
undermined the EU’s reduction target by about 400 million tCO2 e
(Kollmuss et al., 2015).
One solution to these issues regarding offset credits, as more recently
implemented by New Zealand, is to allow the use of only domestic
offset credits, in which case the flexibility of offsetting remains a while
the threat of cheap international credits is avoided. This solution has
also been integrated into the Chinese pilot ETSs, where enterprises
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in the pilot systems can use Chinese Certified Emission Reductions
(CCERs) from domestic offset projects to offset up to 5–10% of their
compliance obligation (Liu et al., 2015; Wang, 2016). All Chinese pilot
systems are restricted to using domestic offset projects, with many
placing further restrictions on offsetting (Liu et al., 2015; Wang, 2016).
In Beijing, for example, 5% of annual compliance obligations can be
offset using CCERs from domestic projects, but 50% must come from
projects within Beijing (ICAP, 2016). Similarly, Hubei requires that
10% of annual compliance obligations can be met using CCERs, but
those credits must come from the province of Hubei or provinces that
have signed agreements with Hubei (ICAP, 2016).
Offset regulations can be improved by allowing but limiting the
percentage of reductions that can be offset internationally. This is
the case in many currently operating ETSs, including California and
Quebec, where emissions reductions can be offset internationally, but
only up to 8%. Another approach may be to restrict international
offsets according to quality and quantity, as the EU ETS has done in
Phase III. Qualitative restrictions on offsetting projects have been put
in place, wherein nuclear energy projects, afforestation or reforestation
activities, and projects involving the destruction of industrial gases
are no longer accepted, hydroelectric projects exceeding 20 MW are
accepted under certain conditions, and the use of new credits/CERs
are prohibited unless registered in one of the least developed countries
(EC, 2017). Further, the third phase of the EU ETS has imposed
quantitative restrictions through a specified maximum limit up to which
participating entities may use eligible international credits (EC, 2017).
4
4.1

Issues and Challenges in ETS Regulation
Monitoring, Reporting, and Verification

The design elements discussed earlier are only effective if proper MRV
allows them to be followed and complied with correctly. Effective
implementation of an ETS requires rigorous monitoring of emissions
and verification of reported reductions, which in turn requires availability
of accurate monitoring and measurement equipment (Kill et al., 2010).
Lack of transparency in MRV can lead to under-reported emissions,
over-reported offsets or creation of income for certain stakeholders,
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threatening the integrity of any ETS (Haites, 2016; Kossoy et al.,
2015a). There are many cases of poor MRV in current ETSs, one of
which led to the dissolution of the Pacific Carbon Trust (PCT), an ETS
in implementation from 2010 to 2014 in British Columbia (BC), Canada
(Pacific Carbon Trust (PCT), 2014; 2016).
The goal of the PCT was to help develop a low-carbon economy
and a carbon-neutral public sector in BC (PCT, 2014). As such, public
sector organizations were required to make offset payments through
the PCT for their emissions at a fee of $25 tCO2 e, in addition to BC’s
carbon tax (Lee, 2011). The PCT claims to have reduced BC emissions
by 3,014,666 tons between 2010 and 2013 (PCT, 2016). It was dissolved
in November 2013 (PCT, 2014; 2016) due to public concern about the
funds being taken from public services, as well as questions about the
credibility of some PCT offsets (Doyle, 2013; Harrison, 2013). Although
PCT funds were taken from the public sector, particularly affecting
education budgets, mitigation projects mainly occurred in the private
sector, disproportionately catering to the affluent (Harrison, 2013).
The other main criticism of the PCT that led to its failure was
the use of questionable offsets and insufficient reporting of purchases
(Doyle, 2013; Lesiuk et al., 2011). For example, the Nature Conservancy
of Canada received $4.5 million in offset credits for preserving trees
that were not likely to be logged, regardless of PCT funding, and
fuel-switching projects that had been approved before establishment
of PCT also received funding (Doyle, 2013). Additionally, there was
a lack of criteria for evaluating whether sufficient actions to reduce
emissions were being taken by PCT (Doyle, 2013). Collectively, the
combination of these factors caused the public to question the integrity
and effectiveness of this system, leading to its eventual dissolution.
Similarly, poor MRV is currently occurring in the seven pilot ETSs
in China, which suffer from a lenient design and poor information
transparency (Peng et al., 2015; Xiong et al., 2016). Issues faced by
these systems include inaccuracy in quota allocation due to inaccurate
or nonexistent historical records, as well as legislation that is lagging
behind in terms of emission rights, trading rules, monitoring, collection
of emissions data, and verification (Liu et al., 2015). China’s inadequate
MRV will become particularly evident when transitioning into a national
ETS in the coming years, as a unified emission management institution
will be necessary to regulate the system (Swartz, 2016).
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China’s carbon market is currently managed by the National Development and Reform Commission (NDRC), which is focused on the
country’s participation in the CDM, with little experience that would
enable it to manage a national system (Liu et al., 2015). This inexperience and the large size of the system will lead to significant challenges in national ETS development, such as ensuring compliance and
enforcement, applying uniform rules for MRV across the country, and
establishing a representative carbon price to trade in the international market (Liu et al., 2015; Swartz, 2016). National legislation that
focuses on climate change mitigation needs to be developed as soon as
possible, and transparent, independent reporting of emissions need to
be prioritized (Zhang et al., 2014).
Nonetheless, different systems have adopted various methods of
MRV, with successful examples demonstrating transparent and straightforward guidelines as well as consistent enforcement, some using carbon
taxes. Despite issues such as conflicts of interest with third party verifiers, California provides a positive example of transparent, detailed,
openly available MRV guidelines and instructions. The California ETS
is operated by the California Air Resources Board (ARB), which regulates all aspects of the system, including the distribution of allowances and
offset credits (Wang and Wu, 2013). California’s ETS currently allows
domestic offset projects (forest, urban forest, livestock, ozone depleting
substances, mine methane capture, and rice cultivation projects) to
offset up to 8% of a regulated facility’s required emissions reductions
(ICAP, 2016; Lueders et al., 2014). As of June 2016, ARB had issued
14,791,335 compliance offset credits and 8,338,280 early action project
offset credits (ARB, 2016).
In California, eligible forest carbon offset projects may include
reforestation, improved forest management and avoiding conversion
of timberland to nonforest use, but must follow ARB’s Compliance
Offset Protocol for US Forest Projects (ARB, 2015; Forest Carbon
Partners (FCP), 2016). These projects adhere to strict guidelines and
rules regarding reference levels (BAU baseline must be modeled over a
100-year period and the crediting period must be 25 years), additionality (demonstrations of additionality including regulatory surplus tests,
legal requirements tests, and performance tests), leakage (mandatory
accounting of secondary effects including activity shifting), permanence
(monitoring and verification activities maintained for at least 125 years),
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environmental requirements (projects must maintain structural elements, age class diversity, and carbon in live trees), and monitoring
and reporting (complete inventory of carbon stocks reported each year)
(ARB, 2015).
Other examples of successful MRV procedures can be found in
the European and Japanese ETSs. The EU ETS requires that each
member submit an annual emissions report that has been checked by
an authorized verifier in order to ensure compliance (EC, 2013). The
centralized regulatory body of the EU ETS ensures that the cap is
complied with and no entities are underreporting emissions or over
reporting offsets (Kill et al., 2016). Similarly, the honesty, transparency,
and consistent enforcement of effective monitoring is a fundamental
factor in the high compliance and success of the Japanese systems,
as MRV in Tokyo and Saitama follows strict and reliable procedures
that include external verification (Roppongi et al., 2016; Rudolph and
Kawakatsu, 2012).
Apart from these examples of success, it is important to note that
MRV is a very complex aspect of any ETS and can be challenging to
implement, depending on the specific characteristics of the system and
the resources available. As such, another method that has been used to
address the complexity in MRV is the use of a carbon tax on the purchase
or use of fuels for sectors that are particularly challenging to regulate
through an ETS, as a carbon tax is naturally more administratively
simple to implement and to follow (Wittneben, 2009). Examples of
this methodology, as discussed previously, include Norway, Sweden,
France, and Portugal (Kossoy et al., 2015b; Sumner et al., 2011). The
complementary use of a carbon tax and emissions trading may be a
promising means to price carbon in a way that can be controlled through
MRV (Kossoy et al., 2015b; Sumner et al., 2011).
4.2

Clear Commitment and Ambition

In order to implement and regulate any of the components of an ETS
discussed earlier, clear commitment and ambition is critical. Poor,
inconsistent commitment and ambition can lead to a weak system, as
demonstrated by attempted ETSs in Australia and Kazakhstan. In
Australia, inconsistent commitment and unclear ambition has led to
a lack of growth and development in climate policy over time (Chan,
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2015), while in Kazakhstan, new government leadership has led to
suspension of an ETS, delaying any improvements in the system and
the ecological benefits it provides (Climate Policy Observer, 2016).
Climate policy in Australia has undergone many modifications, in
part due to shifts in government power. In 2011 the national ETS
failed to pass through government (Australian Government, 2014), and
instead a carbon tax was implemented in July 2012, covering 60% of
Australia’s GHG emissions from electricity generation, industry, fuel
distributors, industrial processes, mines, and waste (Chan, 2015; Jotzo,
2012; Robson, 2014). While the Australian carbon tax was designed
and implemented to be eventually converted into an ETS (Robson,
2014), the tax was repealed by a newly elected government in June
2014, making Australia the only developed nation at the time to reverse
action on climate change (Chan, 2015). Following the election of a
new Prime Minister in 2015, an Emissions Reduction Fund (ERF) was
introduced as part of the new government’s Direct Action Plan (DAP)
(Australian Government, 2014). While the ERF is not considered an
ETS, it is similarly a market-based mechanism that prices carbon and
creates a national market for Australian Carbon Credits Units (ACCUs)
(Australian Government, 2014). The ERF is a voluntary scheme that
allows for offsetting, which works alongside existing supplementary low
carbon policies and standards (Australian Government, 2014). Australia
has had plans in the past to implement a national ETS with the hopes of
eventually linking it to the European Union: however plans to implement
a national system appear to be on hold.
Although Australia is making progress towards policies to help
meet reduction goals, changes in leadership have delayed progress and
cost the country critical time for reducing emissions and developing an
effective trading system. Poor planning and implementation, lack of
public and political support, and strong opposition from industry led
to continued political uncertainty, little credibility, and ultimately to
the repeal of the tax (Jotzo, 2012; Robson, 2014). Collectively, these
features provide a demonstration of poor commitment and ambition
starting from implementation (Taylor and Hoyle, 2014) and emphasize
the importance of facilitating sufficient public, political, and industry
support to implement a successful system.
The Kazakhstan ETS is currently facing a similar issue with inconsistencies in commitment, ambition, and leadership. This system was
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launched in January 2013 (ICAP, 2016; Swartz and Upston-Hooper,
2013), but with a new incoming government in 2016, Phase III has
been suspended for 2 years (until 2018) by Vice Energy Minister Asset
Magauov (Climate Policy Observer, 2016). Details of the suspension
are not yet public, but it is likely a response to industry protests about
the strict requirements and weak legal foundation of the system under
the current national economy (Climate Policy Observer, 2016).
Effective commitment and clear ambition require several important
characteristics, including political, public, and industry support of
decisions, strict enforcement of compliance and rules, and adaptability.
In some cases, ensuring success of an ETS requires tradeoffs, as in
South Korea, where cooperation with industry required leadership to
make compromises in the design of its ETS (Heo, 2015). South Korea’s
ETS faced extreme confrontation and criticism prior to implementation
in January 2015, with many stakeholders arguing that the system
would impose a burden on the national economy (Heo, 2015; Sopher
and Mansell, 2014). One key compromise upon launch of this ETS
was the agreement to 100% free allocation of allowances in the first
phase (Heo, 2015; Sopher and Mansell, 2014). The system is too
young to fully understand the impacts of this decision, but it is meant
to help leadership gain support for the system, which can then be
modified over time to be more conducive to environmental benefits.
The California and Quebec systems have likewise fostered support and
stakeholder involvement through the early announcement of auctions
and the organization of resources for participants, such as training
sessions and assistance centers.
A similar approach to clear commitment and ambition is taken in the
Japanese systems, which provide an ideal example of strict regulation
that demands compliance from all parties. The effectiveness of the
ETSs in Tokyo and Saitama can be largely attributed to leadership and
administrative capacity, which includes stakeholder involvement in policy
formulation and implementation, availability of data to support policy
decisions, and gradual implementation to foster support for leadership
decisions (Roppongi et al., 2016; Rudolph and Kawakatsu, 2012). The
TMG ETS, for example, was implemented gradually over three main
phases, starting in 2000, before the first compliance period in 2010, and
used a decade-long data set of industrial activities and existing reduction
plans to create a detailed policy design targeted to local conditions in
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Tokyo, which were fundamental ways to induce collective action and
gain stakeholder acceptance of the ETS (Roppongi et al., 2016).
Another indication of effective commitment and clear ambition is
the ability to identify issues and adapt over time in order to address
the concerns of participating entities. As the longest running and
oldest cap and trade system, the EU ETS is an example of strong
leadership that has learned from its mistakes and made necessary
changes over time (European Commission, 2016; EC, 2015). Over its
three phases, the EU ETS has been altered to address various concerns,
such as including aviation (Haites, 2016; Kopsch, 2012), extending the
trading period to allow for more predictability and encourage longerterm investment (Papageorgiou et al., 2015), and switching from an
inefficient and ineffective decentralized structure with multiple National
Allocation Plans to a centralized allocation system and system-wide
cap (Ellerman et al., 2015; Kill et al., 2010).
Additional actions are currently being taken to address remaining
instability in this market, such as decreasing the cap by 2.21% per year
starting in 2021 (EC, 2016), phasing out the grandfathering of emission
credits completely by 2027, adopting a Market Stability Reserve to
control allowance availability after 2020 (Ellerman et al., 2015), and
requiring that emissions reductions be achieved through domestic actions
alone starting in 2020 (Hawkins and Jegou, 2014). The ability to
make necessary changes over time demonstrates strong leadership and
regulatory control, and has played an important role in the consistent
advancement and improvement of the EU system.
5

Issues and Challenges in International Linkage

The current status of carbon markets around the world is fragmented
and inconsistent, with significantly varying prices of carbon between
jurisdictions (Kossoy et al., 2015a). This fragmentation can undermine
the positive environmental intentions of ETSs by leading to issues such
as carbon leakage, indicating a need for international cooperation (Fell
and Maniloff, 2015; Liu and Wei, 2014). There are many incentives for
the development of an international carbon market; it would allow for
increased economic efficiency of emissions reductions, more stability in
prices, consistency between emissions markets for international business
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partners, greater flexibility and liquidity in meeting reduction targets,
less market power for large participants, lower transaction costs, and
less risk of carbon leakage (Carbone et al., 2009; Haites, 2016; Hawkins
and Jegou, 2014; Johannsdottir and McInerney, 2016; Kill et al., 2010;
Kossoy et al., 2015a; Ranson and Stavins, 2016). There is also potential
for global market linkage to minimize the development gap and foster
sustainable development by encouraging low-carbon growth in poorer
countries (Kossoy et al., 2015a).
5.1

International Linkage

Although many jurisdictions with existing cap-and-trade policies have
expressed interest in international collaboration, developing an effective
global carbon market design has so far proven to be very challenging
(Ranson and Stavins, 2015), as international markets are harder to
regulate and can lead to a loss of regional control (Haites, 2016; Hawkins
and Jegou, 2014; Kill et al., 2010). Potential issues with international
linkage come in three main forms: leakage and compliance issues due to
weak regulation and MRV; loss of competitiveness of domestic carbon
units or offset projects; and finally, a decrease in carbon price due to
cheaper permits available internationally (Alexeeva and Anger, 2015;
Liu and Wei, 2014). All of these cases can lead to an increase, as
opposed to a decrease, in emissions, if not adequately addressed.
Examples of previous attempts to develop international markets
are the two market-based mechanisms implemented by the KP in 2005:
the Clean Development Mechanism (CDM) and Joint Implementation
(JI) (UNFCCC, 2014, 2016). These mechanisms are still relevant and
frequently used, particularly for countries that have entered into a
second commitment period (2013–2020) under the KP (UNFCCC, 2016).
CDM regulates offset projects in countries that do not have emissions
targets (Non-Annex I) to help Annex I countries meet their KP targets
by reducing emissions in developing countries and earning certified
emissions reduction (CER) credits (Kill et al., 2010; Rahman and
Kirkman, 2015). In the JI mechanism, offset credits are generated by
offset projects within the capped (Annex I) country (Kill et al., 2010).
Under this mechanism, ERUs can be earned from an emissions reduction
by source or emissions removal by sink project in a capped country and
can be used towards meeting KP targets (Kill et al., 2010).
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Although they provide flexibility for countries to meet their targets,
and in the case of CDM, can act to stimulate sustainable development
(Rahman and Kirkman, 2015; UNFCCC, 2016), research has shown
that these mechanisms have led to an increase in emissions above KP
targets (Kollmuss et al., 2015). This is not necessarily due to the design
of these mechanisms, but instead to poor regulation and MRV, as offsets
reported from nonadditional or over-credited projects have led to an
increase in global emissions, threatening the environmental effectiveness
of these systems (Kollmuss et al., 2015). JI, for example, is estimated
to have led to an additional 600 million tCO2 e being emitted than if
emissions targets were met domestically (Kollmuss et al., 2015) since an
estimated 75% of reported ERUs do not represent additional emissions
reductions.
Although legitimate barriers will challenge future international
linkage and the pursuit of an international carbon market, countries and
institutions have already begun to discuss potential solutions to many of
these barriers. Article 6 of the Paris Agreement, for example, addresses
two international market frameworks for international carbon trading
to replace or at least improve the current systems: a framework for
cooperative approaches to allow for linkage of current ETSs, and a new
market mechanism (NMM) framework to contribute to the mitigation of
GHG emissions and support sustainable development (UNFCCC, 2015).
Details of these frameworks have yet to be disclosed, but the NMM
is proposed as a more holistic market approach that will complement
CDM and JI (UNFCCC, 2015) and will involve non-Annex I countries
beyond their current participation in CDM (Gavard et al., 2013). These
frameworks, although currently limited in detail, imply the importance
of carbon trading in the future of international climate policy.
There are four main scenarios for constructing a global carbon
market: a top-down global trading system based on an international
treaty; formal linkage of domestic ETSs to construct an international
market from the bottom up; indirect linkage of national and regional
ETSs through common use of credits such as done in the CDM; or
a mixture between these approaches, containing elements of all three
(Flachsland et al., 2008; Rudolph and Kawakatsu, 2012). As with
CDM and JI, the NMM proposed by the Paris Agreement represents
an indirect linkage design. One potential structure for this mechanism
discussed in the literature is sectoral trading, in which one economic
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sector of an Annex I country would be coupled with that of a Non-Annex
I country (Gavard et al., 2013). Adoption of this type of mechanism
would require close regulation and careful design, including limits placed
on the number of permits that can be traded between jurisdictions to
avoid carbon leakage to the rest of the economy as a result of a reduction
in carbon prices in one sector (Gavard et al., 2013).
A more promising option for international market development is the
bottom-up linkage of smaller, established ETSs. Top-down global climate negotiations have progressed slowly and as a result, the bottom-up
mitigation efforts emerging in current climate policy, recently proposed
INDCs, and the growing network of decentralized, direct market linkages
may be a more practical way to coordinate climate action (Liu and Wei,
2014; Ranson and Stavins, 2016; Rudolph and Kawakatsu, 2012). Many
models of global carbon market development currently explored in the
literature follow this bottom-up approach, which involves development
of national or regional ETSs with their own caps, followed by market
linkage, cap coordination and eventually a global ETS where all emitters
coordinate to achieve global reductions in emissions (Heitzig, 2012).
Pre-existing linkages between ETSs are already a part of the ‘international policy structure’ for global climate change mitigation strategies
(Jaffe and Stavins, 2008) and provide hope for the potential of international market linkage. There are many successful examples of this
type of linkage, including the unilateral linkage between the Tokyo ETS
and Saitama ETS, as well as between the California ETS and Quebec
ETS (with the Ontario ETS scheduled to link in 2018) (ICAP, 2016).
The California system is much larger than Quebec’s, with a cap of
334.2 million tCO2 e in 2020 compared to 54.7 million in Quebec; nonetheless, these markets provide a successful example of a cross-border
linkage, including interchangeable emissions allowances, coordination
of regulatory provisions, offset protocols and joint auctions, and mutual
recognition of compliance instruments (Haites, 2016). RGGI also acts
as a successful example of cooperation between multiple jurisdictions within a market to lower compliance costs and generate economic
benefits (Hibbard et al., 2015). The establishment of RGGI, along
with the California and Quebec ETSs, is a meaningful step towards
carbon market development in the USA and Canada, both of which
currently lack a national pricing instrument (C2ES, 2016; Kossoy et al.,
2015a).
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Europe is another example of a successful linkage at a larger scale,
and the EU ETS provides a particularly valuable example for the development of an international trading scheme, demonstrating cooperation
between 31 countries and exhibiting the successful linkage of initially
independent ETSs. The United Kingdom Emissions Trading Group
(UK ETG), for example, began in 2002 as a separate, voluntary ETS
(Christiansen and Wettestad, 2003; Ellerman and Buchner, 2007; Smith
and Swierzbinski, 2007) before changing in 2007 (by making compliance
mandatory and adhering to the targets set by the European Union) to
accommodate entry into the second compliance period of the EU-wide
scheme (Christiansen and Wettestad, 2003; Environmental Defense
Fund (EDF), 2013). The European Commission continues to actively
pursue internationalization of its carbon market (Alexeeva and Anger,
2015), and this type of linkage may occur again, since recent discussions
and technical negotiations with the government of Switzerland have led
to an agreement (waiting to be ratified by both sides) for the Swiss ETS
to be linked to the EU ETS (Federal Office for the Environment, 2016).
In addition to the EU ETS, a Memorandum of Understanding
(MoU) was signed in 2014 between Mexico and California regarding
climate change and the environment, and more recently between Ontario
and Quebec (State of California, 2014; Government of Ontario, 2016),
establishing coordination across areas such as intellectual property and
the development of domestic markets (World Bank and Group, 2016).
Instances of bilateral assistance also exist; for example, the European
Union is providing technical assistance to China for the development of
its future national ETS (European Commissions, 2015), as well as to
the Republic of Korea (World Bank and Group, 2016).

6

Lessons Learned and Recommendations

Successful implementation of market-based climate policy instruments,
whether cap-and-trade or a carbon tax, require a high degree of commitment to the importance of climate change and confidence in the
capacity of government to participate effectively in the market (Houle
et al., 2015). Future development of national or regional systems need
to consider the experiences of previous ETSs in order to avoid repeating
structural and design flaws that could lead to failure of the system.
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The importance of politics, leadership, and regulation of these systems
should not be underestimated (Kossoy et al., 2015b).
Developing ETSs, including those of China and the Ukraine, should
consider the seven factors discussed in this paper to ensure development
of an effective system. Once an ETS is developed, international linkage
should only be pursued if confident that the domestic or regional system
has the economic and environmental integrity necessary to do so responsibly. China, as the largest currently developing market, is a particularly
important example to address, as it is expected to expand the scope of
global GHG emissions covered by similar schemes by as much as 16%,
with an expected cap size of 4 billion tonnes — twice the size of the
EU ETS and larger than all other existing carbon markets combined
(Swartz, 2016). Due to its size, the success or failure of a national market
in China could determine the fate of the international carbon trade.
Recommendations for the development of a national ETS in China
include: ensuring that the goals of the system are in line with national
climate change objectives, focusing on emissions reductions in the production sectors, taking into account unbalanced regional development,
ensuring that transparent independent reporting of emissions is used,
considering an absolute cap since it is key to the environmental integrity
of the system, covering as many sectors as possible to ensure liquidity,
establishing a strong compliance and enforcement plan, implementing
policies to address the risk of carbon leakage, avoiding overlapping
environmental policies in the country, increasing the amount of allowances that are auctioned to avoid entirely free allocation, and improving
the timeliness and transparency of information including rules and
regulations (Pang et al., 2015; Peng et al., 2015; Swartz, 2016; Xiong
et al., 2016; Zhang et al., 2014). Due to the administrative challenge of
coordinating such a large national ETS in China (Zhang et al., 2014),
a top-down, centrally controlled national market is recommended, as
opposed to an attempted linkage of the seven existing pilot systems
(Pang et al., 2015). The issues revealed during the implementation of
those seven systems should, however, be thoroughly assessed before
launching a national carbon market (Peng et al., 2015; Xiong et al.,
2016).
With regard to international market development, there is an apparent preference for linking ETSs as a climate mitigation policy, with
many of the world’s cap-and-trade systems already linked either directly
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or indirectly. This indicates market linkage is the direction large-scale
climate policy has taken and as such, may be the most politically realistic mechanism for meeting reduction targets in a cost-effective manner
(Carbone et al., 2009; Ranson and Stavins, 2016). The transition to an
international carbon market will require cooperation at all levels and
a great deal of compromise between policy makers, but could provide
benefits to all countries if executed wisely (Hawkins and Jegou, 2014;
Kossoy et al., 2015a). A successful international market will require clear
ambition of INDCs that have been converted into multi-year emissions
targets, as well as stringent and agreed upon international accounting
rules (Kollmuss et al., 2015). Whichever mechanism is implemented,
the Paris Agreement must learn from the mistakes made by the CDM
and JI and remember the following: it is essential for crediting mechanisms to adopt fully transparent procedures with publicly available
documentation, only internationally accepted methodologies should be
eligible for use, auditors should be fully accountable for their actions and
report to the authority regulating the mechanism, retroactive crediting
should not be allowed, and investors must have reasonable certainty
from the beginning that their projects will or will not be approved in
order to avoid nonadditional projects being favored (Kollmuss et al.,
2015).
Despite recent emphasis on the development of an international
climate agreement, current trends in carbon market development point
to the emergence of a decentralized, bottom-up international system as
the best solution moving forward. Bottom-up linkage is much simpler
to implement if system designs are similar (or virtually identical), such
that existing trading systems should become compatible and linkable,
with similar methodology, tools, standards, and indicators (Carbone
et al., 2009; Haites, 2016; Johannsdottir and McInerney, 2016; Kill et al.,
2010; Ranson and Stavins, 2016). There are a few major elements of
ETSs that should be coordinated to different degrees to facilitate linkage.
Elements that should be identical to one another for simple and effective
linkage include compliance mechanisms, price containment measures,
banking and borrowing rules, and offset mechanisms. Cap setting and
allowance allocation should be mutually recognizable between linked
systems, and MRV standards and technical registry standards would be
preferably identical, while coverage and scope do not necessarily require
coordination between systems (Pang et al., 2015).
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Conclusion

It is widely considered essential to limit warming to 1.5◦ C above preindustrial levels, a major outcome of the Paris Agreement, and the cost
of doing so will be reduced through global cooperation (Olsson et al.,
2016). In order for this goal to be achieved, the emissions reduction
ambitions of countries must increase substantially and the system that
enforces these reductions must be fair and forceful. Carbon markets
could be a promising way to facilitate cooperation and achieve this
goal, as long as they are regulated with transparency, integrity, and
positive environmental intentions. The most important requirement of
any successful carbon market is that the price of carbon is sufficiently
high and consistent to achieve intended environmental benefits, and
that prices are not set according to what is feasible in the market.
As such, there are seven main factors to consider for successful
implementation of an ETS: a cap that produces reasonable prices and
emissions reductions; permits that are allocated in an equitable way
with a balance between free allocation and auctioning to create support for the system; trading guidelines that allow flexibility but avoid
carbon leakage; careful regulation of international offsets that ensures
environmental integrity is not compromised; high compliance achieved
by ensuring a stable system with clear commitment and ambition, and
strong leadership that allows industry to reliably meet their reduction
goals; monitoring of emissions that is transparent and continuous; and
finally, careful collaboration that maintains the integrity of each system
being linked. While this review has analyzed an extensive literature
and widespread empirical experience to identify valuable lessons and
recommend key attributes for successful ETS implementation in the
future, the full range of complexity within ETSs should not be underestimated, and contextual differences across systems should be further
considered, as successful features in one system may not be applicable
in another. The use and design of these markets is rapidly evolving with
implementation of the Paris Agreement and with increased international
interest in cooperative climate action. Such market-based instruments
are emerging as an important component of the future climate change
strategy and can be a promising means to address the significant and
dynamic challenges of a changing global climate.
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