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Identifying Strategic Traders in China’s Pilot Carbon Emissions 
Trading Scheme
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abstract

This paper uses a sample of 1,867 firms that participate in the “Top-10,000 En-
ergy-Consuming Enterprises Program” in China and aims to identify strategic 
traders in its pilot emissions trading scheme. Firms included in the ETS can exert 
their market power and manipulate allowance prices to achieve low compliance 
costs, which will consequently influence the effectiveness of this platform. This is 
of great importance to regulators or designers of this system in identifying these 
strategic traders and understanding their impact. We follow the basic principle 
proposed by Godal (2005) and develop a simple and implementable empirical 
procedure to study firm-level data from seven pilot programs in China. The results 
show that strategic traders exist with clear regional and sectoral differences. As a 
consequence of strategic trading by these firms, the overall volume of trading falls 
remarkably, with a clear increase in total compliance costs.
Keywords: Emissions trading scheme, Full market model, Marginal abatement 
costs, Strategic traders 
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1. INTRODUCTION

In order to cope with global warming and achieve its greenhouse gas (GHG) emissions 
target, China has established seven pilot emissions trading schemes (ETS)1. A nationwide ETS was 
also launched in late 2017, but only covers power generation sector in its first stage of operation. 
China’s ETS platform, to a large extent, follows the European Union emissions trading system 
(EU ETS) to create a market for emissions rights or permits (Goulder et al., 2017). The seven pilot 
ETS programs involve 3,051 firms, and at the end of 2018, the total trading volume reached 105.1 
million tons. Significant variations are found in allowance prices; for example, the Beijing ETS has 
the highest average price, at around RMB 50 per ton (approximately 7.5 US dollars), whereas lower 
prices of around RMB 20 per ton can be found in the Hubei, Tianjin, and Chongqing ETSs.

The theoretical foundation of ETS is firstly given by Coase (1960), who suggests that the 
market equilibrium price should be independent of the initial allocation of allowances in the ETS in 
competitive market, and trading in a well-conceived market can reduce emissions to a target level 
cost effectively. Montgomery (1972) also shows that, in theory, such a system can effectively lower 

1.  Seven pilot ETS in China includes Beijing, Tianjin, Shanghai, Chongqing, Guangdong, Hubei and Shenzhen. The 
eighth pilot program was established in Fujian, but only recently in the late 2016, and thus it is not included in our study.  

a	 School of Management, China University of Mining and Technology, China.
b	 School of Economics and Management, Beihang University, China
c	 Corresponding author. Research Institute of Economics and Management, Southwestern University of Finance and 

Economics, 555 Liutai Avenue, Chengdu, China, 611130. E-mail: dzhang@swufe.edu.cn.
 
The Energy Journal, Vol. 41, No. 2. Copyright © 2020 by the IAEE. All rights reserved.

mailto:dzhang@swufe.edu.cn


124 / The Energy Journal

All rights reserved. Copyright © 2020 by the IAEE.

emissions, and an optimal equilibrium price can be achieved through a market competition mecha-
nism. The effectiveness of ETS has also been proved in a series of relevant studies (e.g., Muller and 
Mestelman, 1994; Linn, 2008; Frey 2013; Holland et al., 2015). However, in practice, firms with 
market power can trade strategically and manipulate permit prices (Montero, 2009) to their own 
benefit, which potentially compromises the effectiveness of this platform, and, as a consequence, the 
optimal solution cannot be reached. 

As most firms that actively participate in emissions trading are from monopolistic indus-
tries (e.g., electricity suppliers), they can easily gain market power. For example, Montero (2009) 
points out that, between 1995 and 1999, 43% of the permits were allocated to the four largest firms 
in the US sulfur market. Ellerman et al. (2010) report that one-third of the cap was assigned to only 
10 firms in the EU ETS. The capacity of these large players to trade and influence permit prices gains 
them market power (Burniaux, 1999). When these firms exert their market power in the permit trad-
ing market, manipulation is possible, which consequently affects the system. Goulder et al. (2017) 
suggest that firms with government ownership tend to gain market power naturally, moreover, local 
government has the incentive to protect local competitive power. Regulation and legislation support 
to avoid such issues are therefore important (Zhang et al., 2017; Karplus and Zhang, 2017) to ensure 
healthy development of the ETS. Zhang et al. (2015) suggest that the firms’ decision in the ETS is 
affected by the rules of permit allocation, which gives stronger roles to the regulators. In general, it 
is therefore important for the designers of an ETS or regulators to pay attention to the decisions and 
strategic trading behaviors of firms in the ETS.

The first and probably the most important issue here is identifying strategic traders in the 
market and then understanding how these traders act individually or collectively to move prices and 
affect the system. Hahn (1984) designs a model to study the role of market power in the permit trad-
ing market, which is then followed by extensive studies. The existing literature, mainly theoretical, 
provides a good description of how strategic traders may behave in the permit market. However, it 
offers no explicit guidance on how to identify strategic traders empirically (Godal, 2011).

Theoretically, we follow the principle developed by Flåm and Jourani (2003), Flåm and 
Godal (2004) and Godal (2005) to establish the basic analytical framework. The paper is then set up 
an empirical strategy to identify strategic traders in the permit market with application to the pilot 
programs in China. China’s plan to establish its own nationwide trading scheme seems too ambi-
tious. Many questions arise in such a vast market with many political implications. Strategic trading 
is more likely, and it can have a significant impact on the effectiveness of China’s ETS. Therefore, it 
is important for Chinese policy makers and market designers to understand the system better.

Another reason for conducting an empirical investigation of the pilot programs in China is 
the availability of data. In 2011, the National Development and Reform Commission (NDRC) set 
up an interesting program to achieve the strategic goals in energy savings and emissions reduction 
outlined in the twelfth five-year plan. The NDRC proposed the “Top-10,000 Energy-Consuming 
Enterprises Program” which requires all those responsible for the largest carbon emissions to partic-
ipate. A total of 1,867 firms in the program are from the pilot regions, and rich information on these 
firms is available for our empirical study (also used in Wang et al., 2018).

The remainder of this paper is organized as follows: section 2 reviews the theoretical back-
ground and relevant studies. Section 3 explains our analytical framework and elaborates our em-
pirical approach. Section 4 describes the data and presents some preliminary analysis of the sample 
firms. Section 5 discusses our empirical results, and then the last section concludes.
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2. RELEVANT LITERATURE

Market imperfection in the tradable pollution permit market is introduced formally by Hahn 
(1984). In a static framework, he builds a model around a large dominant firm and its competitors. 
These firms are assumed to be price takers in the market, and permits are allocated freely. The model 
shows that initial distribution of permits can lead to market inefficiencies. Restricting all trades with 
a single price is the main difference from Coase (1960), who shows that initial allocation does not 
matter. Hahn and Stavins (2011) further prove the importance of initial distribution of permits. The 
dominant firm can obtain direct benefits through minimizing abatement costs (Bueb and Schwartz, 
2011); and it can also gain indirectly in the product market through “exclusionary manipulation” 
(Misiolek and Elder, 1989). Malueg and Yates (2009) and Westskog (1996) extend the Hahn (1984) 
model to allow for two or more strategic actors. Montero (2009) also considers more than one large 
firm, and these firms may interact in the market. One special characteristic of the permit market is 
that firms can retain the current permit for future use, therefore a dynamic framework is needed. Ha-
gem and Westskog (1998) first introduce dynamics via a two-period framework to the Hahn (1984) 
model. Liski and Montero (2010) and Montero (2009) extend this to a multiperiod permit market. 
The general idea is that an emissions trading market is developing, and it is expected that emissions 
limits will be tightened in the future.

Another strand of the literature investigates the role of strategic trading at the country/re-
gional level (e.g., Bohringer and Loschel, 2003; Bohringer et al., 2007; Carlen, 2003; Helm, 2002; 
Sartzetakis, 1997). Bohringer and Rosendahl (2009), for example, show potential efficiency losses 
due to strategic allowance allocation in the EU ETS. Most of these studies focus on theoretical 
investigation or draw conclusions based on numerical simulation in the computable general equilib-
rium (CGE) model. Price has important signaling effects, though distortions can exist. For example, 
under the assumption of incomplete information, Sengupta (2012) considers how firms’ investment 
in cleaner technology is affected by the stringency of regulation, price can signal the market when 
regulation is weak. Zhang et al. (2015) find that emissions reduction efforts can be affected by price, 
awareness and government subsidies. Electricity market is perhaps the most relevant sector when 
considering market power in emission trading. Amundsen and Bergman (2012) show that the Nor-
dic electricity companies can manipulate electricity market using market power in green certificate 
market. Others such as Pahle et al. (2013) and Limpaitoon et al. (2014) discuss strategic trading in 
electricity market and its impact on emission trading schemes. 

In general, an extensive number of studies show that, in theory, manipulation or strategic 
trading can take place in the permit trading market, and the impacts are well established. The empir-
ical literature on how strategic trading affects an ETS, however, is relatively limited. One significant 
gap is the estimation and calibration of firm-level MAC curves. Following a bottom-up approach, an 
enormous survey has to be conducted to collect sufficient information on energy savings, emissions 
abatement costs, and the adoption of abatement technology at each firm, and it is difficult to do this 
if the firm sample is large (Hyman et al., 2003). Betz et al. (2010) has estimated four representative 
installations’ bottom-up MAC functions to present their empirical study on the coverage of EU-ETS 
among installations with a trading fee, in which all the firms were assumed to face perfect competi-
tion. Ma and Hailu (2016) use a non-parametric approach to estimate MAC of emissions in China. 

The classical Hahn-Westskog type models assume a large dominant strategic trader (or a 
group of large dominant traders) in advance, whereas other firms are assumed to be price takers. The 
price-taker fringe must be numerous enough for the model to work well (Montero, 2009); otherwise, 
no effective market-clearing device exists. But this strand of models provides no clear guidance on 
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how to identify these strategic actors. Intuitively, it might be simple for a firm with small trading 
volumes to be considered a price taker, and its behavior has a negligible impact. In light of Flåm 
and Jourani (2003) and Flåm and Godal (2004), Godal (2005) explores whether the equilibrium of 
the Hahn-Westskog type models is sensitive to the classification/misclassification of players. And 
he suggests that the impact on equilibrium, if one exists, can be substantial when one player, even if 
a small one, decides to change their positions (e.g. from strategic trader to price taker). His simula-
tion results using a multi-country example show that when more countries are considered strategic 
players, trading volumes and total costs will be significantly affected.

To address the classification issue, Godal (2005) proposes an alternative approach that 
assumes that all agents can be considered to be strategic in the first stage of a two-stage game. With 
others set up the same as the Hahn-Westskog model, Godal (2005) describes the characteristics of 
both price takers and strategic traders in his Proposition 1. The identity of strategic traders can only 
be observed in the second stage. For example, a strategic seller (buyer) has a final MAC that is lower 
(higher) than the equilibrium permit price, whereas the final MAC for all price takers equals the 
permit price. Moreover, strategic traders bring less/more than their endowment to the second stage. 
Apart from solving the stability issue, this approach has another notable value, which is to provide 
an efficient way to identify strategic traders in an ETS. 

A number of recent studies have also been relevant and helpful in the setting up our em-
pirical frameworks (e.g., Flåm, 2016; Flåm, Gramstad, 2017; Wang et al., 2018). It is also worth to 
note that collusion is possible, in other words, sellers can form a cartel (Godal and Meland, 2010) in 
response to strategic traders. Some earlier studies (e.g., Springer, 2003; Klepper and Peterson, 2005) 
discuss this issue in the national level, though Bohringer et al. (2007) suggest that the cartel solution 
is not stable and there are always incentives to deviate and lead to market equilibrium. 

3. ANALYTICAL FRAMEWORK

3.1. The Theoretical Model

The theoretical foundation of our empirical analysis is mainly the model proposed in a 
series of works by Flåm and Godal (2004), Godal (2005), and Godal and Klaassen (2006). Among 
them, Godal’s (2005) working paper has a detailed description relevant to our study here. The key 
modelling framework can also be seen in Flåm and Gramstad (2017), Wang et al. (2018), and Wang 
et al. (2019). 

First, we assume that an economy has n firms, and these firms are included in an ETS with 
a target level of emissions. Each firm is endowed with an initial allowance (permit) ei, for i I∈ , then 
the cap is given by 

1=
= ∑

n

i
i

e e . A firm makes a decision to emit the amount xi, which then incurs the 

emissions cost ci(xi). The cost function is continuous and twice differentiable and decreasing at an 
increasing rate or, in mathematical form: 0′ <ic  and 0′′>ic .

Firms in the set I are part of either a non-empty subset of competitive fringe (F) or a pos-
sibly empty set of strategic traders (S). The first subset of firms is also called price takers. In a two-
stage game, firms choose the amount of emissions xi in the first stage, and then price is determined 
with a market-clearing condition in the second stage.

The original Hahn-Westskog model assumes that the market-clearing price ( p ) depends 
on the choices of strategic traders, and thus equals to the MAC of fringe firms in equilibrium, such 
as: 

( )  for i F′− = ∈i ic x p  (1)
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and the MAC for strategic traders is

( ) ( ) for i S′− ′= + − ∈i i i ic x p p x e  (2)

where 

( )

1
1

∈

∂
= =
∂

′

′′∑
p

i
i F

i i

p
x

c x

, given that 0′′ >ic , ′p  is also positive. 

Godal (2005) proposes an alternative approach to the Hahn-Westskog model. His approach 
keeps the two-stage structure as the original Hahn-Westskog model, but allows all agents to par-
ticipate in both stage, thus he calls it a full market model. Specifically, in the first stage, all firms 
(including those in the competitive fringe) decide the amount of iz  to be carried to the second stage. 
Buyers can choose to bring more permit (i.e. >i iz e ) to the market to push the price down, whereas 
sellers can choose to bring less (i.e. <i iz e ) to the market to drive the price up. The choice is made in 
a non-cooperative fashion but the total permits cannot exceed the cap (

1
e

=

≤∑
n

i i
i

z ).

In the second stage, all firms (including strategic traders) join a coalition to clear the mar-
ket. Defining iy  as the amount of permits each firm gets in the second stage, they minimize their 
final costs by solving:

1

min (e ) ( )

. .

ρ

=

− + + ⋅ −

=∑
i

i i i i i iz

n

i
i

c z y y z

s t z e
                 (3)

where ρ is a Lagrange multiplier or the shadow price. With the assumption that price takers treat 
the shadow price and iy  independent of iz , and also =i ie z , the equilibrium condition for price takers 
can be solved as: 

( ) ( )   for  i F′ ′− − + = − = ρ ∈i i i i i ic e z y c y     (4)

and for the strategic traders, ρ is a function of iz , or ( )′ρ = − i ic z . 

( )( ) ( ) ( )1 1  for  i S′ ′ ′ ′− − + − ρ = ρ − ρ −ρ′ ′ − ∈i i i i i i i ic e z y y y y z   (5)

where 
( )
1′ = −
′′i
i i

y
c y

 and 

( )

1
1

′ρ = −
∑

′′i ic y

.

The new equilibrium conditions in Godal (2005) are reflected in his Proposition 1, which 
is essentially the key to our procedure to distinguish strategic traders from price takers. It clearly 
indicates the characteristics of price takers and strategic traders. For price takers, the results are es-
sentially the same as the original Hahn-Westskog model, in that the equilibrium permit price equals 
their final MAC. The characteristics of the strategic traders, however, depend on whether the firm 
is a net seller or buyer. A net strategic seller brings less than his endowments (zi < ei) to the second 
stage and has a lower MAC than the equilibrium permit price. In other words, strategic sellers can 
use their market power to increase the equilibrium allowance price whereas strategic buyers aim to 
reduce the equilibrium price.

3.2 Estimating Firm-specific MAC Curves

According to the equilibrium conditions described above, the key to identifying strategic 
traders in a market is estimating MAC for each firm. However, as mentioned above, estimating the 
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firm-specific MAC requires detailed information that is not available in our sample. As an alterna-
tive, we extend the method used in Fan and Wang (2014), adopting an aggregated approach based 
on the CGE model to estimate MAC for each sample firm. It consists of three steps. 

The first step is estimating sectoral MAC curves at the national level. The discrete infor-
mation on MAC and its associated emissions reduction for each industrial sector in China can be 
acquired through a simulation in the energy environmental version of the Global Trade Analysis 
Project (GTAP)2. A semi-logarithmic form (Nordhaus, 1991) to describe the MAC curve in sector j 
can be written as

( )ln 1β= −j j jMAC R   (6)

where MAC is marginal abatement costs, j is a particular industrial sector, R is the percentage of 
emissions reduction, and β is a constant, which can be estimated using the least squares method.

The second step is to find regional MAC for each sector. We define E as the total carbon 

emissions level and Y as output, and = j
j

j

E
e

Y
 represents the carbon intensity of sector j, which mea-

sures the level of emissions.  = ij
ij

ij

E
e

Y
represents carbon intensity of sector j in region i, in other 

words je  can be treated as the weighted average of regional carbon intensities ije . 
Let ijr  represent the relative position of region i’s carbon intensity to that of the sectoral 

average, in which , ,1= −i j i j jr e e  if , <i j je e , or , , 1= −i j j i jr e e  if , >i j je e . The MAC curve for regions 
with low carbon intensity (i.e., eij < ej) is steeper along the national MAC curve. Regions with high 
carbon intensity are associated with flatter MAC curves (negative value of rij). Figure 1 plots re-
gional MAC curves following the arguments above along with a national MAC curve. 

Denote ijR  as the ratio of carbon reduction in region i and sector j, then the MAC curve for 
region i and sector j can be calculated as:

( ) ( )( ) ln 1
1

β
 

= + − = −  − 

ij
ij ij j ij ij j ij j

ij

R
MAC R MAC R r MAC r

r
 

 (7)

As the sectoral MACs in different regions are all derived from the national curves, an ad-
justment to β is needed to ensure that the total abatement costs at the national level are consistent 
when the reduction target is set. In other words, the total abatement costs calculated by sectoral 
MACs or by within-region sectoral MACs should be the same after aggregating them to the national 
level. Therefore, a region-specific factor βij should be constructed to satisfy:

0 0

=∑∫ ∫
j ijR R

j ij
i

MAC MAC   (8)

The third step is following a similar logic to estimate firm-level MAC curves. For firm 

k at region i in industry j, carbon intensity can be written as = ijk
ijk

ijk

E
e

Y
 and , , , , ,1= −i j k i j k i jr e e  if 

2.  The latest reference year of GTAP model is 2011, which raises the question to our estimation as the economic structure 
in China has changed substantially since. The specification of certain parameters can have some impacts to the results, it 
should not change the main results for a couple of reasons. First, the emission reduction target is set in the 12th five-year plan 
according to emission level in 2010, which sets up the foundation of these pilot programs (Fan and Wang, 2014). Second, 
these pilot programs mainly located in those well-developed regions in China. Although industrial structure in China may 
experience substantial change, the development in these regions should be reasonably stable. We sincerely appreciate an 
anonymous referee for his insightful comments and do acknowledge the needs to take this into consideration when possible. 
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, , ,<i j k i je e , or , , , , , 1= −i j k i j i j kr e e  if , , ,>i j k i je e . The firm-specific MAC function for firm k is therefore:

( ) ln 1
1

β
 

= −  − 

ijk
ijk ijk ij

ijk

R
MAC R

r
   (8)

The sectoral MAC curves in our study are estimated via a CGE model (for more details, 
see Cui et al., 2014; Fan and Wang, 2014). This aggregated approach is not a perfect estimation of 
firm-specific MAC. Nonetheless, it provides a feasible alternative when data issues have generally 
existed in similar studies (see Wang et al., 2018 for a more detailed description of the estimation 
algorithm). 

3.3. Identifying Procedures

One of the major objectives of this paper is establishing an implementable empirical pro-
cedure to realize the Godal (2005) model and identify strategic traders in an ETS. In light of the 
analytical framework discussed above, we propose the following four-step procedure.

Step 1. Estimating firm-level MACs. The key to identifying strategic firms is estimating 
their MACs. The top-down approach explained in the previous subsection is adopted to find out the 
MAC for each sample firm.

Step 2. Sorting firms according to their market power. Several indicators have been used 
in the existing literature to measure firms’ potential market power. For example, Hahn (1984) uses 
each firm’s share of total emissions; Godal (2005) suggests using the market share of each firm to 
serve as a benchmark; Bohringer et al. (2014), by contrast, suggest that the ability to shift the MAC 
from the allowance price could reflect market power in the international ETS. In this paper, we use 
price impacts to measure market power. The idea is to set each individual firm as the sole strategic 
trader (as in the full market model, and all other firms are price takers) and simulate its price impact 
(relative to the allowance in a scenario of perfect competition). The benefit of using this new mea-
surement is that it is not predetermined and it is consistent with the underlying model.

Figure 1: Regional MAC curves
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Step 3. Finding out equilibrium allowance prices. After ranking all firms according to their 
simulated market power, we can then add them successively to the strategic set S described in the 
full market model, which results in a series of equilibrium market prices.

Step 4. Identifying strategic traders. The simulated price change sequence is then com-
pared with a predefined convergence criterion (threshold value). Firms causing price changes above 
the criteria are classified as strategic traders, firms with increasing market equilibrium prices are 
considered strategic sellers, and those with decreasing equilibrium market prices are strategic buy-
ers. After the absolute price change is lower than the value, we can then conclude that the remaining 
firms are price takers.

4. DATA DESCRIPTION

4.1. Data for Estimating Firm-specific MACs

The data used to estimate firm-specific MACs are collected from various sources, which 
are listed in Table 1.

Table 1: Data Sources 
Data Source

Regional and sectoral gross domestic product China Statistical Yearbook 2011 and regional statistical yearbooks
Regional and sectoral energy consumption China Energy Statistical Yearbook 2011 and regional statistical yearbooks
Emissions factor of each fuel type Intergovernmental Panel on Climate Change (IPCC, 2006)
Sample firms’ information Top-10,000 Energy-Consuming Enterprises Program 
Value added in sample firms Chinese industrial enterprises database (2011)

The base year is 2010. We use the energy consumption–based accounting approach to 
calculate sectoral carbon dioxide (CO2) emissions. Firms are sorted into sectors based on four-digit 
standard industrial classification (SIC) codes. The distribution of our sample firms in regions/sec-
tors is listed in Table 2. It is clear that the firms are unevenly distributed across regions and sectors. 
Hubei and Guangdong, at the provincial level, have more firms in the chemical products sector and 
nonmetallic products sector included in their pilot programs than others.

Table 2: Sample firms’ distribution across regions and industrial sectors

Sectors Beijing Tianjin Shanghai Chongqing Hubei Guangdong Shenzhen
Total 

(sector)

Coal 1 0 0 7 0 0 0 8
Petroleum and natural gas 2 3 1 1 1 1 2 11
Processing of fuels 6 6 7 4 6 13 0 42
Mining 2 2 0 2 6 5 1 18
Foods and tobacco 14 11 13 7 72 55 2 174
Textile 1 4 7 5 52 68 0 137
Wood 1 0 0 0 9 6 1 17
Paper and printing 2 2 3 4 26 60 0 97
Chemical products 10 32 39 36 128 63 1 309
Nonmetallic mineral products 26 9 24 48 90 227 5 429
Metals 1 35 11 27 42 60 2 178
Metal products 2 6 3 0 2 1 0 14
Transport machinery 7 5 17 10 41 11 1 92
Other machinery 8 11 33 3 29 53 23 160
Electricity supply 20 23 23 16 25 50 11 168
Water 3 1 3 1 1 3 1 13

Total (region) 106 150 184 171 530 676 50 1,867
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Given the fact that no detailed emissions information is available on the sample firms, they 
are approximated using total sectoral emissions in each region. Firms participating in the “Top-
10,000 Energy-Consuming Enterprises Program” account for more than 60% of China’s total energy 
use, where industrial sectors account for about 70% of total national emissions during the twelfth 
FYP (2011–2015) period. In this program, participating enterprises first report their energy-saving 
potentials to local governments based on the past consumption level, and then the local govern-
ments submit a proposed target to central government. After a review and renegotiation process, a 
final target is determined, which also lead to each firm’s energy saving target. Given that emission 
and energy consumption are directly linked, we can effectively assume a firm’s share in the energy 
saving targets is a reflection of its share of emissions of the total sectoral emissions in its location. 
Following this assumption, each firm’s emission can be calculated based on its share and the local 
sectoral total emissions (available from regional statistical yearbooks). The regional emissions re-
duction targets during the twelfth FYP period are used as the cap for each pilot program.

4.2. Market Structure in Seven Pilot Regions

Prior to the empirical tests, Table 3 reports some basic information on the market struc-
ture in each pilot program. Three commonly used measures are included, namely, the Herfind-
ahl-Hirschman Index (HHI), the CR4 index, and the CR8 index. CR4 and CR8 are alternative mea-
sures of concentration, which shows the accumulated share of the top four and top eight firms in 
one region. The higher these indices are, the higher the level of market concentration or the less 
competitive the market is. If we denote si is the share of firm i in one pilot region with a total of n 
firms, the HHI can be calculated as 

2

1

 
=

=∑
n

i
i

H s .  (8)

Normally, when the concentration ratio is less than 40%, the market is considered com-
petitive; and when the ratio is over 40%, it is considered monopolistic. Clearly, the Shanghai pilot 
region has the highest level of market concentration, whereas Guangdong has the most competitive 
market in all the regions.

Table 3: Sample firms’ distributions in seven pilot regions
Regions No. of firms HHI CR4 CR8

Beijing 106 8.06% 52.95% 70.23%
Tianjin 150 8.73% 50.36% 63.78%
Shanghai 184 31.87% 78.30% 86.34%
Chongqing 171 6.56% 45.91% 60.16%
Hubei 530 3.49% 30.89% 46.61%
Guangdong 676 0.96% 15.07% 20.62%
Shenzhen 50 4.48% 34.21% 48.67%

Figure 2 plots the accumulated distribution of emissions for firms in seven pilot regions. 
Again, Shanghai has the most unevenly distributed pattern and more than 80% of the emission is 
due to less than 5% share of firms.

The shares of carbon emissions in each industry and for all pilot regions are reported in Ta-
ble 4. Clearly, the distribution of emissions shares is different from the distribution of sample firms 
and shows significant regional/sectoral differences. For example, the coal sector alone in Chongqing 
(which consists of only seven firms) are responsible for around one-quarter of emissions in this 
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region. The metal sector accounts for 38.93% and 33.15% of total carbon emissions in Tianjin and 
Shanghai, respectively. In general, the metal sector and electricity supply sector are responsible for 
the most among all sectors in all seven pilot regions.

Figure 2: Distribution of emissions for firms in seven pilot regions (2010)

Table 4: Shares of carbon emissions in each industry and for all pilot regions

Sectors Beijing Tianjin Shanghai Chongqing Hubei Guangdong Shenzhen
Total 

(sector)

Coal 0.03% 0.00% 0.00% 25.72% 0.00% 0.00% 0.00% 3.69%
Petroleum and natural gas 0.20% 2.28% 1.04% 0.06% 0.00% 0.21% 1.63% 0.90%
Processing of fuels 2.26% 1.08% 13.26% 0.73% 0.09% 6.55% 0.00% 6.81%
Mining 11.30% 0.08% 0.00% 0.52% 0.28% 0.49% 0.40% 1.80%
Foods and tobacco 1.31% 1.12% 0.12% 0.57% 2.05% 2.92% 0.70% 2.60%
Textile 0.18% 0.35% 0.16% 0.38% 0.52% 6.89% 0.00% 3.44%
Wood 0.02% 0.00% 0.00% 0.00% 0.08% 0.57% 0.33% 0.31%
Paper and printing 0.37% 0.20% 0.08% 1.41% 0.93% 4.36% 0.00% 2.60%
Chemical products 2.32% 13.39% 2.18% 6.70% 12.12% 9.23% 0.26% 12.88%
Nonmetallic mineral 

products
3.37% 2.32% 0.30% 7.63% 7.62% 13.89% 2.45% 11.28%

Metals 0.22% 38.93% 33.15% 5.53% 5.93% 7.97% 4.28% 21.90%
Metal products 0.22% 1.04% 0.05% 0.00% 0.23% 3.19% 0.00% 1.73%
Transport machinery 0.88% 0.89% 0.11% 0.80% 1.32% 1.10% 0.51% 1.44%
Other machinery 0.23% 1.71% 0.31% 0.28% 0.75% 8.16% 27.47% 6.45%
Electricity supply 19.36% 0.55% 8.89% 18.33% 28.92% 6.73% 5.96% 21.86%
Water 0.04% 0.01% 0.00% 0.00% 0.01% 0.48% 0.94% 0.30%

Total (region) 42.31% 63.95% 59.65% 68.66% 60.85% 72.74% 44.93% 100.00%
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5. EMPIRICAL RESULTS

5.1. Sorting Firms according to their Market Power

The first step in our empirical analysis is to estimate firms’ MAC and then simulate firms’ 
market power by assuming that each firm is the sole strategic trader in one market and compare 
its price impact to that of the perfect competition case. Taking Beijing as an example, the carbon 
price in the perfect competition case is RMB 6.7139 per ton. Figure 3 plots firms’ ranking in the 
Beijing pilot program.3 It indicates that most of the 106 firms have no price impact. The firms with 
the highest market power (if it is considered the sole strategic trader in the full market model) can 
cause prices to increase by 11.47%; effectively, only nine firms can cause price impacts of more 
than 0.01%. 

5.2. Calculating Equilibrium Allowance Prices

After the rankings of firms become available, they can be added successively to the strate-
gic set S to calculate the sequence of equilibrium market prices. The results are reported in Figure 4 
for seven pilot markets and a hypothetical case of linking seven markets together (Figure 4h). The 
majority of the firms are expected to be price takers in the market, which causes almost zero price 
changes at the market equilibrium. The most powerful firms’ (ranked higher) trading can change 
prices, but when more firms are added, prices reach an equilibrium level, whereas any additional 
firms (price takers) do not have any price impact. Another observation is that the market equilibrium 
price can vary significantly across markets. It goes as high as more than RMB 70.70 per ton for 
Shanghai to as low as RMB 5.16 per ton in Hubei. Note that the equilibrium price in our model is 
calculated via MAC, Shanghai is quite a special case in terms of its industrial structure. Being the 
most advanced city in China (Wu et al., 2014), Shanghai has the highest carbon emission efficiency 
(Du et al., 2016) or the least reduction potential. In other words, marginal costs of emission reduc-
tion in Shanghai are higher. 

3.  Ranking information for other firms is also available from the author on request.

Figure 3: Firm rankings using market power: Beijing
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Figure 4: Simulated equilibrium allowance price sequence (Horizontal axis: number of firms)

Referring to the analytical model, the perfect competition price equals the MAC, as pre-
dicted by the Hahn-Westskog model. Strategic sellers increase equilibrium prices, whereas strategic 
buyers reduce equilibrium prices. Figure 4 shows two markets, namely Tianjin and Chongqing, 
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that behave differently from other markets. The firm with the highest market power in both markets 
are strategic buyers; their trading behaviors drive down equilibrium prices (relative to the MAC). 
For all other markets, firms with the highest market power are strategic sellers, which drives prices 
higher than perfect competition value. Furthermore, the price sequences in these markets are not 
monotonic, indicating the existence of both strategic buyers and sellers in each market. In the case 
of a hypothetical linkage over 7 markets (Figure 4h), we can draw some implications to the unified 
national program. Carbon prices are substantially lower in the linked market than those in 4 out of 
the seven pilots, which raises question about how to resolve regional imbalances in development. 
Strategic traders with smaller numbers relative to the aggregation of individual markets can drive 
market price up significantly relative to the price with perfect competition. 

5.3. Identify Strategic Traders

After estimating the sequence of market equilibrium prices, we can then use the sequential 
relative price changes to identify strategic traders. A firm is classified as a strategic trader if its in-
clusion in the S set change previous equilibrium prices by a level that is higher than the convergence 
criteria. Whenever adding an additional firm does not change the equilibrium price, the remaining 
firms including this additional firm are price takers. In the absence of clear instructions on how to set 
the convergence criteria, as a rule of thumb, we choose 0.01% as the cutoff point.4

Across all markets, there are a total of 102 identified strategic traders, of which 70 are stra-
tegic sellers and 32 firms are strategic buyers. The number of strategic traders and their distribution 
vary significantly across markets and are unevenly across sectors (see Table 5). In general, strategic 
sellers dominate, which is consistent with the observation from Figure 4. The situation is more un-
balanced in Guangdong with 7 strategic sellers against 1 strategic buyer and Chongqing (14 against 
2), whereas Shanghai (4 against 3) and Beijing (6 against 4) are more balanced. The results may also 
reflect differences in the regional economic structure and sectoral distribution of industries.

It is also interesting to look at the sectoral distribution across these pilot systems. The re-
sults show clear sectoral concentrations of both strategic sellers and buyers. The electricity supply 
sector has 12 strategic buyers, and the metals sector has 10 strategic buyers, which together account 
for around two-thirds of the strategic buyers. Although every sector has strategic sellers, the top 
three sectors (other machinery, transport machinery, and nonmetallic products sector) together ac-
count for over 60% of the strategic sellers.

For Beijing, strategic traders are mainly from electricity sector, which has stronger govern-
ment presence and normally with large size. It is also found that Beijing ETS has insufficient market 
liquidity (Hu et al., 2017) and much lower cap (Fan and Todorova, 2017). Together these can induce 
larger price distortions, which explain the high price difference for Beijing. 

5.4. Estimating the Impacts of Strategic Trading

Given the confirmation that strategic traders are present in China’s seven pilot ETSs, it is 
natural to ask how much they affect each ETS. To address this question, we further simulate three 
potential impacts of strategic trading (relative to the perfect competition case): total compliance 
costs, allowance prices, and total volume of trading in the ETS. The results are reported in Table 6. 

4.  A higher value can be set, such as 0.001, to relax the restrictions a bit, but firms with high market power will remain. 
The results are available from the authors upon request.
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The impacts on allowance prices are somehow more obvious than what is illustrated in the previous 
subsection. Negative price impacts apply only to Shanghai and Tianjin, as the firms with the highest 
market power are strategic buyers in these two markets. Strategic trading can push prices up quite 
significantly, for example, by 29.82% over the benchmark price (Guangdong). Total compliance 
costs are generally higher; trading volumes are lower in all markets. With a price impact in Shanghai 
of only –1.46%, the trading volume can fall up to –18.84%, which is significant and should not be 
ignored by policy makers. Of course, we have to acknowledge that the impacts on certain markets 
(e.g., Tianjin, Hubei, and Shenzhen) are relatively small. And the impacts on total compliance costs 
are generally small as well. It is notable that the current ETS is still in its trial stage, in which both 
the number of firms and trading volume are limited and clearly vary across markets. 

Table 6: The impacts of strategic trading across markets
Beijing Tianjin Shanghai Chongqing Hubei Guangdong Shenzhen

Impacts on allowance price 15.91% –0.33% –1.46% 7.38% 4.81% 29.82% 4.36%
Impacts on total compliance costs 1.89% 0.16% 2.37% 0.88% 0.49% 4.36% 0.20%
Impacts on volume of trading –5.18% –4.65% –18.84% –4.47% –2.44% –4.87% –1.78%

To further illustrate the scenario in which more firms are added to each ETS, we plot the 
cost impacts and trading volume in Figure 5,5 with Shanghai (negative price impact) and Shenzhen 
(positive price impact) as examples. The results show the trend in impacts when more firms are 
included. It is obvious that the first strategic firm (the one with the highest market power) has the 
highest impact. The results here also confirm that changing the rule of thumb of using 0.01% as a 
criterion for identifying strategic firms will not have a significant impact on the results in this paper. 
Relaxing the criterion will not affect the findings of major strategic traders and therefore the impacts 
should be robust.

5.  The price impact is shown in the previous subsection.

Table 5: The number of strategic traders and their distribution across markets & sectors

Sectors Beijing Tianjin Shanghai Chongqing Hubei Guangdong Shenzhen
Total 

(sectors)

Coal (4/2) (4/2)
Petroleum and natural gas (1/0) (0/1) (1/1)
Processing of fuels (1/2) (1/2)
Mining (2/0) (2/0)
Foods and tobacco (1/0) (2/0) (1/0) (1/0) (1/0) (6/0)
Textile (1/0) (1/0) (2/0) (4/0)
Wood (1/0) (1/0)
Paper and printing (1/0) (1/0) (2/0)
Chemical products (3/2) (1/0) (2/0) (6/2)
Nonmetallic mineral 

products
(1/0) (5/0) (1/0) (2/0) (2/0) (11/0)

Metals (1/4) (0/1) (0/1) (0/1) (0/1) (0/2) (1/10)
Metal products (1/0) (1/0)
Transport machinery (1/0) (8/0) (1/0) (1/0) (11/0)
Other machinery (2/0) (2/0) (8/3) (12/3)
Electricity supply (2/4) (2/0) (1/1) (1/6) (0/1) (6/12)
Water (1/0) (1/0)

Total (regions) (6/4) (11/6) (4/3) (14/4) (14/7) (7/1) (14/7) (70/32)

Notes: Numbers in parentheses are (No. of strategic sellers/No. of strategic buyers)
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Figure 5: �Impacts of strategic trading on volume and costs: Shanghai and Shenzhen 
(Horizontal axis: number of firms)

5.5. Differences between the Hahn-Westskog and the Full Market Models

The full market model has a clear advantage in theory, but it is also interesting to see how 
the alternative model (Hahn-Westskog) performs using real data. Again, we use Shanghai and Shen-
zhen as two special cases to show how much the Godal (2005) full market approach differs from the 
Hahn-Westskog model. The price impacts, volume impacts, and impacts on total compliance costs 
are plotted in Figure 6 for these two markets. 

The differences across these two models are significant. Whereas the full market approach 
converges for all three factors, a monotonic increasing/decreasing pattern is found for all cases us-
ing the Hahn-Westskog model. It is clearly unrealistic to find that smaller firms (in terms of market 
power) can have such a significant impact, thus, the results further reinforce our results using the 
full market approach.

5.6. Further Discussion on Carbon Prices

Although the model in this paper is not designed to directly comment on price levels in 
actual carbon markets, it nonetheless enables us to make a direct comparison to actual trading prices 
in the market. Table 7 shows the price comparison of the predicted equilibrium prices and the actual 
trading prices in the seven pilot programs. Apart from Chongqing and Shenzhen, differences are 
clearly noticeable across most of the markets. The differences may be due to market factors, such as 
government intervention. The model used in this paper covers only industrial participants; commer-
cial facilities, universities, and other non-industrial institutions with large energy consumption in 
the pilot programs are not considered here, which could also contribute to the price gaps. Moreover, 



138 / The Energy Journal

All rights reserved. Copyright © 2020 by the IAEE.

according to Hu et al (2017), Fan and Todorova (2017) and others, the development of China’s pilot 
ETS has lots of problems that lead to large variation of prices and/or price distortions. For example, 
firms have less incentive to participate. Market turnover rate are generally low (Deng and Zhang, 
2019), which associates with high liquidity risk. Policy uncertainties may also be a problem that 
lead to price uncertainties. 

Table 7: Price comparisons with actual trading prices (in RMB/ton)
Beijing Tianjin Shanghai Chongqing Hubei Guangdong Shenzhen

Perfect competition price 6.71 35.31 71.75 18.94 4.92 4.72 39.10 
Full market model equilibrium price 7.78 35.20 70.70 20.33 5.16 6.13 40.81 
End of 2016 spot price 53.30 15.05 26.55 9.96 18.17 13.34 32.82 
Historical average price 50.65 25.66 25.45 17.35 21.98 25.27 50.00 

Note: End of 2016 spot price is taken from the last available trading day in 2016. 

Figure 6: �Cross-model comparison: Shanghai and Shenzhen (Horizontal axis: number of 
firms)
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Although the actual trading carbon prices for Beijing, Hubei, and Guangdong are clearly 
higher than predicted by our model, the prices for Shanghai and Tianjin are significantly lower than 
predicted by theory. These two markets are the only ones in which strategic traders can put down-
ward pressure on equilibrium prices. The direction of price differences, in this respect, is consistent 
with the prediction of our full market approach and provides evidence that strategic traders can 
manipulate market prices and cause large market distortions.

6. CONCLUSIONS

This paper aims to empirically identify the strategic traders included in the pilot ETS in 
China. The analytical framework is based on the full market approach, and we introduce a simple 
and implementable four-step approach to identify firms that trade strategically in the ETS. Using 
1,867 industrial firms participating the “Top-10,000 Energy-Consuming Enterprises Program” in 
China and included in the pilot ETS, we illustrate the feasibility of this empirical method. A direct 
comparison shows that the full market model has more stable behavior than the traditional Hahn-
Westskog approach with actual data. 

There is clear evidence of strategic traders (buyers/sellers) in the pilot programs. How-
ever, the distribution of these traders differs significantly in each pilot ETS market. This shows 
that the most powerful strategic traders in Shanghai and Tianjin market are strategic buyers, which 
will reduce equilibrium allowance prices, whereas other markets have the opposite findings with 
higher equilibrium prices relative to the perfect competition case. Strategic traders are mainly in 
highly energy-intensive sectors. Strategic buyers are concentrated mainly in the metal and elec-
tricity power supply sectors, whereas sellers are mainly in nonmetallic mineral products and the 
machinery (transport and others) manufacturing sectors. 

In general, our simulation results show that the impact of strategic trading not only can af-
fect market prices but also tends to increase total compliance costs and reduce trading volumes in the 
market. These results are important for policy makers in China, as a unified national ETS system has 
implemented. Forming proper policy so as to avoid the negative impact of strategic trading is crucial 
for the success of its national ETS. It is also very important to realize that the regional imbalances 
across China can impose great challenges to the unified program. Strategic traders can execute their 
market power and achieve substantial gains from the national program, which causes more trouble 
to the whole system. 

A number of shortcomings of this paper and implications for future research works are 
worth to mention here6. First, the empirical analysis is based on simulation rather than statistical 
analysis, thus unable to provide statistical inference. Second, there are other issues/market factors 
that can affect carbon prices. It is worth to statistically investigate how much different factors con-
tribute to price distortions in the ETS, for example, turnover rates, energy prices, and policy uncer-
tainties. Third, firm level characteristics such as government ownership can affect their behaviors 
and cause different responses to policies. With more data available, this is another major issue to be 
addressed. 
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