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ARTICLE INFO ABSTRACT

Handling Editor: Mark Howells Various measures have been proposed to reduce energy consumption (and ultimately emission) among which

emission trading scheme (ETS) has been on top of the agenda. However, the majority of the existing literature

Jel code: focuses on the general impact of ETS while ignoring its potential heterogeneous effects. This paper investigates
Qo1 the influence of ETS on energy consumption with respect to different groups of stakeholders in China’s Hubei
822 province. To overcome the shortcomings of traditional econometric methods, the distribution dynamics method
Q50 (which can capture transition probabilities and future evolutions) is employed. Empirical results confirm the
058 significant and inhibiting impact of ETS on energy consumption in Hubei province, China. The superior role of
Keywords: benchmark and historical allocation methods in mitigating energy consumption is also confirmed. As the ETS can

Emission trading scheme lower energy consumption in different areas (urban and rural), different types of firms (State-owned and private)
Hubei and different industries (high- and low-polluting ones), Hubei provincial leaders are recommended to utilize this
kind of scheme to decouple economic growth and energy consumption, thus protecting the environment in this
area. Furthermore, other provinces in China may take the Hubei ETS as a shining example and implement
appropriate steps similar to those of the Hubei ETS to yield similar benefits.

Energy consumption
Allocation methods

Abbreviations 1. Introduction

COVID-19 Coronavirus disease

The world’s spotlight over the past few years has shone on the

GHG Greenhouse gas emission COVID-19 pandemic and the ongoing Russia-Ukraine conflict, thus
ETS Emission trading scheme ) diverting attention from other critical issues. The dissipation of these
ICT Information and Communication Technologies ts h d oth . . ¢ hich
OMCDMP Operation and Management of Clean Development Mechanism Projects ev:en § have caused o .er pressing 1ssue 0 re-emerge among w. I'C
CWPECER  Comprehensive Work Plan for Energy Conservation and Emission climate change and environmental degradation constitute most crucial
Reduction problems. These phenomenon, if left uncontrolled, may lead to far-
GDP Gross Domestic Product reaching, catastrophic consequences on various aspects of the econ-
COy Carbon emissions . . . .. . .
NDRC National Development and Reform Commission omy and human life (including but n.ot limited to: 11.1creasmg sea levels,
MPP Mobility Probability Plot more frequently occurred natural disasters, ever-higher temperatures)
RTEC relative total energy consumption [1,2]. Among the established causes of climate change and environ-
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mental degradation, greenhouse gas (GHG) emissions is usually regar-
ded as the leading cause to environmental degradation and climate
change (which in turn, is attributed to energy consumption).
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Aware of the devastating effects of climate change and environ-
mental degradation, researchers have taken efforts to figure out causes
and potential solutions to these problems. Numerous solutions/mea-
sures have been put forward to tackle one of the most critical, lingering
issues in the 21st century, ranging from the adoption of information and
communication technologies-ICT [1], production and consumption of
renewable energy [3,4], the use of green finance [2], the reduction of
energy consumption [5], the integration of different measures or even
the implementation of emissions trading schemes (ETS).

Among these proposals, ETS come to prominance as these schemes
may bring about substantial benefits for the economy and society as a
whole such as lower emissions, lower total energy consumption [6],
greater clean/renewable energy consumption [7], higher green/clean
innovation [8]; higher firms’ total factor productivity. Better still, ETS
are often cost-effective, making it attractive for developing countries as
they may not need to invest initial huge investments into other solutions
(such as information and communciation technologies-ICT adoption,
renewable energy production or green finance). As the emitter of 27 %
of global carbon emissions and more than 33 % of global GHG," ETS has
been top of the agenda in China’s measures to contain climate change,
accelerate its energy transition and achieve zero-carbon in 2050.

Commonly considered the world’s second largest economy and
biggest emitter, China’s economic growth and prosperity have been
confronted with serious challenges posed by climate change. In response
to these threats, China has adopted various measures to contain its en-
ergy consumption and ultimately GHG emissions, ranging from the ac-
celeration of renewable energy production and consumption,
improvement in energy efficiency, ICT adoption and especially its large-
scale ETS. China’s nation-wide ETS comes into full-scale operation since
July 16th’ 2021, becoming the world’s largest ETS. However, as Liu et al.
[9] posit, China’s national ETS remains under-developed, immature,
leaving room for further improvements. However, before the official
launch of the national ETS, China has adopted seven regional ETS in
different areas across the country.

While there have been quite a few studies examining the effects of
these ETS on various aspects of the Chinese economy, ranging from
emission reduction, productivity or energy consumption, most of these
studies employ a total/aggregate approach, implying that the existing
literature appeared to overlook the specific effects of ETS on different
stakeholders. Specifically, current studies only pay attention to ETS at
different provinces or industries while failing to take into account its
impact on companies’ behaviors. As Chinese firms account for more
than 18 % of national greenhouse gas emissions — making them a major
stakeholder in China’s fight against climate change [10], ignoring the
role of ETS in altering firms’ activites would lead to misleading con-
clusions, inferences and ill-informed policy design and implementation.
Furthermore, the behavior of a firms may also vary, depending on its
ownership structure (whether it is State-owned or private) and its
location. Therefore, it is of critical importance to examine the influence
exerted by ETS on firms’ energy consumption activities, thus providing
important insights into companies’ behaviors in response to the intro-
duction of ETS. This study is aimed at filling this void in the literature
and therefore, making several significant contributions to the literature.

First, it evalutes the effectiveness of one of China’s largest pilot ETS —
the Hubei ETS (which is believed to bear strong resemblance to China’s
overall economic conditions) — on total energy consumption using a
novel approach. Rather than just examining total energy consumption of
the Chinese economy, the current manuscript aims to investigate the
ETS-consumption of energy nexus from a novel approach using different
points of view: State-owned and private firms; urban v. s rural areas;

! World Bank (2022): https://www.worldbank.org/en/news/press-release
/2022/10/12/china-s-transition-to-a-low-carbon-economy-and-climate-resilie
nce-needs-shifts-in-resources-and-technologies#:~:text=China% 20emits%
2027 % 20percent% 200f,0f% 20the% 20world’s% 20greenhouse% 20gases.
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high-emission and low-emission industries; over-capacity and other in-
dustries as well as allocation methods. Results from this study may carry
important implications for relevant stakeholders at the national level
(governments, policymakers), industry levels (different industries) and
firm-level (State-owned and private firms).

Second, rather than making use of traditional econometric methods —
which fail to account for multimodal distribution or changes in shapes of
the distribution, this paper utilizes distribution dynamic techniques
which take into account the shape and temporal development of the
distribution. Third, it significantly adds to the literature on ETS in China
in particular and in developing/emerging nations in general (together,
these economies constitute biggest emitters). As Hu et al. [11] posit, the
majority of studies on ETS are conducted using data from developed
economies with advanced institutional and legal environments. Mean-
while, developing economies (such as China) are usually riddled with
weak institutions and prevalent corruption, posing major hurdles to the
smooth adoption and implementation of market-based environmental
instruments and policies [11,12]. Findings from this study indicate that
even under a corrupt environment and weak legal and institutional
environments, market-based instruments and policies aimed at pro-
tecting the environment may still prove useful, thus offering important
implications and lessons for other developing nations to design and
implement their ETS.

In order to achieve these goals, this study seek answers to the
following research questions.

(1) Does the implementation of the ETS in Hubei province lead to
lower firms’ total energy consumption?

(2) Are the effects of the Hubei ETS varied according to firms’
ownership structure (State-owned and private), their location
(urban and rural areas) and industries (high-polluting and low-
polluting).

Empirical results from dynamic distribution methods confirm the
benefits of ETS on reduction of firms’ energy consumption, regardless of
their ownership structures, location or industries.

The remainder of the paper proceeds as follows: Section 2 provides a
review of the literature; Section 3 describes distribution dynamic tech-
niques and data used in the model. Section discusses the results while
Section 5 concludes the paper.

2. Literature review
2.1. Overview of China’s emission, its efforts and ETS plan

Being the world’s most populus nation, the largest emitter, the sec-
ond largest economy (and largest developing one), over the past several
decades, China has enjoyed high economic growth which in turn, made
it confronted with a spate of serious problems such as depleted natural
resources, climate change, environmental degradation. Deeply aware of
the consequences caused by these phenomena, China has spared no
efforst to implement different measures to cure the root causes of these
problems including measures to lower energy consumption, reduce
emissions, enhance energy efficiency and saving. In the early 2000s,
China adopted its Operation and Management of Clean Development
Mechanism Projects (OMCDMP) and its Comprehensive Work Plan for
Energy Conservation and Emission Reduction (CWPECER). Since then,
China has become clearer, more ambitious and determined in setting
specific, quantified targets for emission reduction. For example, China
formally declared in 2009 that its CO, emission per each unit of GDP
would be reduced by 40-45 % compared with that of 2005. However,
these measures were administrative in nature, mainly consisting of
command and control directions or interventions [11,13,14].

Conscious of the fact that costs incurred by these command and
control measures and interventions may outweigh the benefits provided
by them (explicitily acknowledged in their 11th Five Year Plan), China
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has tried to adopt other market-based initiatives among which the ETS
stand out as the most promising one [15]. In 2011, China’s National
Development and Reform Commission (NDRC) officially approved the
launch of seven pilot ETS projects in Beijing, Hubei, Shanghai,
Chongging, Shenzhen and Guangdong.” These pilot ETS came into being
in 2013, marking the first milestone in China’s emission trading mar-
kets. Then in 2021, China decided to launch its national-scale ETS.

Among these seven pilot ETS, the Hubei ETS captures special
attention owing to several reasons. First, Hubei region bears strong
resemblance to mainland China in terms of certain characteristics. China
and Hubei’s levels of development are close to each other with industrial
sector playing a major role in discharging emissions and accelerating
growth/development [15]. On top of that, Hubei also possesses its own
unique features as its industrialization process remains ongoing.
Furthermore, among the seven regions with the ETS, Hubei is the only
region characterized by a heavy industrial structure. Finally, the ETS in
Hubei has been well-known for its smooth, effective operations and
continuous innovation [15]. Therefore, evaluation of the Hubei ETS may
carry important implications for China’s remaining regional ETS and
even its recently launched national ETS.

In terms of the Hubei pilot ETS itself, there have been several studies
assessing the effects of this pilot ETS. However, these studies focus only
on the Hubei region only [15,16] while ignoring other aspects such as
the possible differences between State-owned firms and private firms,
between urban and rural areas or between different industries. The
current study is aimed at filling this void in the literature.

2.2. Literature review of ETS

While being recognized as one of the most crucial inputs for eco-
nomic growth, energy is also confirmed to release adverse impacts on
the society such as climate change, global warming, severe weather
events — which are usually labeled as the negative externalities of energy
[9]. To minimize these negative effects, it would be helpful to either
adopt measures to reduce emissions or improve enery efficiency.
Numerous measures and proposals have been put forward to reduce
energy consumption (and ultimately lower emissions and climate
change). These measures, to name but a few, include the adoption of ICT
([2], 2024 [1]), the use of green finance [5] and digital finance (Bakry
et al., 2024), the utilization of the financial sector [3] or even forestation
activities (Kocoglu et al., 2024). In addition to these measures, Kartal
[17] affirms the beneficial effects of renewable energy as well as the
detrimental effects of fossil fuel on emissions.

As Kartal argues, to realize net-zero target and achieve environ-
mental sustainability, several actions need to be taken simultaneously.
Therefore, in addition to the above-mentioned measures (that are rela-
tively voluntary), another effective approach is to find ways to inter-
nalize these negative externalities. In other words, policymakers can put
in place mechanisms to encourage and/or force firms to reduce their
energy consumption, mitigate emissions and boost energy efficiency.
One of the most frequently adopted measures is the imposition of
environmental tax. Usually touted as an essential and effective tool to
enhance environmental quality by facilitating preventative actions and
mitigating environmental pollution [18-21]. Consequently, the signifi-
cant role of environmental taxes in mitigating energy consumption
(emission) and improving environmental quality has been studied
extensively in the literature. Kartal [20,21] confirm the dampening ef-
fect of environmental taxes in several developed nations. Similarly, Yin
et al. [22] record a long-run beneficial impact of environmental tax on
renewable energy usage. Aziz et al. [23] confirm the benefits offered by

2 The main aspects of these seven ETS include: (1) Coverage; (2) Cap setting;
(3) Permit allocation; (4) Allowance trading; (5) Monitoring, reporting and
verification (MRV); and (6) Compliance. For a detailed review of these aspects,
see Hu et al. [11].
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environmental taxation in several Asian economies. However, in a
recent study, Ahmad et al. [24] posit that countries may need to put in
place stronger mechanisms to better utilize environmental taxes. This is
in line with Yasmeen et al. [25] who opine that to make environmental
taxes effective, a country must improve its governance quality.

As mentioned above, the use of mitigation strategies should not be
used separately. Rather, countries are advised to implement several
plans at the same time. Another tool, usually regarded as a market-
oritented environmental instrument to lower emission and energy con-
sumption is ETS. This special trading schemehas become all the more
popular due to the severity of the effects of climate change and is usually
regarded as the most effective political strategy [26]. However, it should
be noted that the idea of ETS has been inception more than 60 years ago
by Dales [11,27]. According to Dales [27], to internalize the pollution
caused by firms, it would be helpful to put in place so-called emission
trading scheme. In this scheme, firms are given a total maximum amount
of emissions that they can discharge together. Each firm will also be
allocated a certain amount of emissions that they are allowed to emit. If
one firm is able to lower their emissions at a cheaper and more effective
manner than others do, the firm may want to sell its remaining “quota”
on the market at the available price [11,28]. Liu et al. [15] posit that ETS
may meet the need for greater flexibility in GHG emission reduction.
Furthermore, ETS can also offer extra incentives for firms to improve
their GHG reduction. These advantages are expected to faciliate emis-
sion trading between high-polluting and low-polluting firms, thus
enabling people to minimize the costs incurred during the process of
carbon emission mitigation. Therefore, ETS is usually regarded as a
cost-effective market instrument in mitigating energy consumption,
emission and climate change [29].

The inhibitory effects of ETS on energy consumption and emissions
can be attributed to and achieved through several mechanisms. First, as
ETS imposes caps and higher costs for carbon emissions, firms may be
prompted to take actions by either reducing energy consumption [30,
31] or improving energy efficiency (through the introduction of green
technologies) [32,33]. Furthermore, ETS can lead to structural changes
in different industries, optimize factor allocation as well as encourage
low-carbon energy consumption [11,34-38]. These improvements, in
turn, are expected to result in lower emissions [39]. The second channel
through which ETS can lower emissions is through fundamental alter-
ations in the energy mix. It is widely believed that ETS is capable of
causing a shift from the production and consumption of high-carbon
energy to low-carbon energy as ETS might increase the costs of using
coal, thus forcing firms to scale back their use of coal and switch to other
kinds of low-carbon energy (including renewable energy). As a result,
total emissions will be reduced [40-47].

As ETS is able to lower energy consumption, mitigate emissions and
facilitate energy transition, this market-based environmental protection
tool is also expected to decouple economic growth from fossil fuel
consumption and lead to low-carbon development. In other words, ETS
will have a crucial role to play in boosting economic growth without
increasing emissions [29]. In addition to the reduction in energy con-
sumption and emissions, ETS may bring about other positive external-
ities. For example, Hu et al. (2020) argue that the introduction of ETS
may lead to the realization of so-called Porter hypothesis [48] which
states that under pressures of the ETS, firms can initiate technological
progress.

ETS is also able to bring about other benefits to economic growth.
Zhang et al. [49] confirm that the implementation of ETS may help
minimize GDP losses associated with emission reduction in the US,
Japan and South Korea. Meanwhile, Liu et al. [15] find that the inte-
gration of ETS can limit the losses in GDP associated with carbon
emissions in Hubei region. Dong et al. [50] even confirm the validity of
the Porter hypothesis and therefore, positive impact of ETS on economic
growth in China. Zhang et al. (2020) record the increasing impact of ETS
on industrial output in China. ETS is also found to exert beneficial effects
of ETS on employment (job creation effect) as well as poverty reduction
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[51,52]. On top of these positive impacts, ETS is also found to be ad-
vantageous in different areas as it is capable of: improving air quality
[53]; lessening (income) inequality [10]; spurring firms’ productivity
[54,55] and innovation [56]; enhancing firms’ investment efficiency
[57,58]; boosting high-quality manufacturing development [59], export
performance [60] and financial performance [61].

From discussions above, it can be concluded that ETS may have
wide-ranging, substantial benefits to offer. However, most studies either
focus on developed nations. Studies on developing economies mainly
focus on China with few articles investigating the Hubei ETS pilot
project. Moreover, these papers focus on total energy consumption while
ignoring the difference between energy consumption of different sub-
jects (State-owned v. s private firms; rural v. s urban areas etc.). This gap
may make it difficult for policymakers in drawing useful implications
and crafting and implementing policies (even can lead to misleading,
biased policy decisions). This manuscript is aimed at filling this void in
the literature.

3. Methods and data
3.1. Methods

Although they may provide succinct statistical summaries, conven-
tional econometric methods ignore important information about
multimodal distributions. Consequently, using these techniques might
result in biased/misleading conclusions and inferences [62]. Conven-
tional methodologies also fall short of providing a thorough perspective
of the whole pattern of distributions and dynamic evolution [63].
Furthermore, one limit of the econometric models in forecasting is that
they can only give the forecast of the dependent variable but cannot
predict the change in the shape of a distribution. The distribution dy-
namics technique, on the other hand, focuses on the examination of the
shape and temporal development of the distribution.

Another advantage of the distribution dynamics technique over
standard econometric analysis is the robustness to outliers. This benefit
results from the fact that distribution dynamics analysis focuses pri-
marily on the likelihood (probability) that entities will change their
states. This likelihood/probability, meanwhile, mainly depends on the
ocurrences of these entities and less on calculated values of them. The
derivation of the slope parameter, which is dependent on the existence
of outliers, makes traditional econometric analysis susceptible to their
effect.

There are two primary types of Quah’s distribution dynamics tech-
nique: the conventional Markov transition matrix analysis and the sto-
chastic kernel approach. Due to the arbitrary demarcation used in the
classic Markov transition matrix analysis, determining the grid values is
difficult. However, compared to the conventional Markov transition
matrix technique, the stochastic kernel approach permits an objective
demarcation and thus it was employed in this research.

The bivariate kernel estimator is shown below:

= 1 - x—Xir Y — Xien
Fy) = p ZK( Ty X )

i=1

(€Y

where n is number of observations, x (y) is relative standard coal used by
a company in t (t+1) periods. X;; (Xj.+1) denotes observed/realized
value of relative standard coal used by that company in t (t+1) periods.
Moreover, the h; and hy terms denote bandwidths calculated by Sil-
verman’s (1986) technique, while K denotes (normal) density function.
This paper employs Silverman (1986) flexible bandwidth-based adap-
tive kernel approach to deal with the problem of data sparseness. The
procedure consists of two phases. The first step is the computing of a
pilot estimate followed by an adjustment of the bandwidth by a factor
that is based on kernel density. Assuming that distribution in (t +7)
period hinges only on t, the ensuing process will become first-order and
will not alter over different time periods, distributions in period (t) and
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period (t +z) will follow the process:
fur®) = [ (el @

In this equation, g, (z|x) represents transition kernel plotting distribution
tperiod to (t +7) period, while f;(x) denotes function of kernel density of
distribution of variable at period t, while f;..(z) denotes 7-period-ahead
function of density of z (conditional on x). As a larger sample size would
boost the reliability of the findings, annual transitions are employed in
the study. The ergodic density function (if it exists) can be derived from
equation (3).

folz) = / " g (20)fu (x)dx ®

where f,, (z) represents the ergodic density function given infinite z. The
ergodic distribution is the steady-state distribution in the long run.

Mobility Probability Plot (MPP) [63] is used to present the findings
on the transition of entities in the distribution. The MPP can be derived
using calculation of p(x) (which denotes the probability of net upward
mobility probability):

p0= [ gz - / " g, (@) dz @

The probability of net upward mobility is represented by the MPP, a
value range from —100 to 100. According to [64], a positive (negative)
value indicates the possibility of the entity experiencing an upward/-
downward change in the variable’s distributions. MPP is believed to
possess certain advantages over conventional techniques like contour
maps or three-dimensional charts that are often employed in distribu-
tion dynamics research. First, it provides deep insights into dynamics of
the transition process of a variable including the cases when probability
mass of the distribution could be strongly concentrated. Additionally,
several MPPs may be superimposed on a single figure, allowing for an
effective comparison of the transitional dynamics across groups.

3.2. Data collection and preliminary analysis

We compiled a balanced panel dataset of 113 enterprises covered by
the Hubei ETS pilot from 2009 to 2019, with detailed descriptive sta-
tistics presented in Table 1. Energy consumption is calculated in tons of
standard coal, while the remaining variables are dummy variables. For
the ownership heterogeneity variable, state-owned enterprises are
coded as 1, and other enterprises as 0. For the regional heterogeneity
variable: enterprises in the Wuhan Metropolitan Circle (the “1 + 8’
cities, including Wuhan, Huangshi, Ezhou, Huanggang, Xiaogan, Xian-
ning, Xiantao, Tianmen, and Qianjiang) are coded as 1, and other en-
terprises as 0. For the industry heterogeneity variable, enterprises in
high-emission industries such as electricity, steel, cement, and chem-
icals are coded as 1, and other enterprises as 0. For the overcapacity
heterogeneity variable, enterprises in overcapacity industries such as
steel, cement, glass, and non-ferrous metals are coded as 1, and other
enterprises as 0. For the allocation method heterogeneity variable, en-
terprises adopting the benchmarking method are coded as 1, and other
enterprises as 0.

4. Results and discussions

The efficiency of the ETS pilot will be the subject of Section 4.1.
Comparing the energy usage of government and private enterprises in
Section 4.2 will help researchers understand ownership heterogeneity.
By comparing the energy consumption of enterprises in urban and rural
areas, Section 4.3 will then look at the regional consumption hetero-
geneity. Next, Section 4.4 will assess emission-scale heterogeneity by
comparing energy consumption in high- and low-emitting industries.
Section 4.5 will explore production capacity heterogeneity by
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Table 1

Summary statistics.
Variable Obs Mean Std. Dev. Min Max
Energy consumption (tce) 1188 355,133 655,662 2113 4,530,633
State-owned enterprises 1110 0.3901 0.4880 0.0000 1.0000
Enterprises in the Wuhan Metropolitan Circle 1110 0.4595 0.4986 0.0000 1.0000
High-emission enterprises 1110 0.7027 0.4573 0.0000 1.0000
Overcapacity enterprises 1110 0.4685 0.4992 0.0000 1.0000
Benchmarking 1100 0.4091 0.4920 0.0000 1.0000

This table provides descriptive statistics of the variables involved in the study. Source: Authors’ calculations

contrasting the energy consumption patterns of overcapacity industries
with those of other industries. The consumption heterogeneity bought
by the quota allocation technique will be examined in Section 4.6.

4.1. The effectiveness of the ETS pilot
The energy consumption patterns pre- and post-pilot are examined.

First, it examines the historical transition dynamics before and after the
Hubei ETS pilot using changes in all firms’ relative total energy

consumption (RTEC). The section then uses each previously estimated
historical transition dynamic to determine the firm’s historical mobility,
as illustrated by the MPP. Finally, depending on the fundamental his-
torical transition dynamics movement pre-pilot and post-pilot, this part
presents and displays the steady-state perspective of ergodic distribu-
tions for all firms before and after the pilot.

Panel A: 3D plot

Panel B: Contour map

a b oo o

Relative Frequency
v oo ow
Zlnes

- @

(i) Pre-pilot

(fiku

Relative Frequancy

(ii) Post-pilot

Fig. 1. 3D and contour plots of transition probability kernels of RTEC pre- and post-pilot. This figure displays the 3D plots and contour plots of total energy
consumption on the left hand side and right hand side of the figure, respectively. The upper half of the figure shows the 3D and contour before while the lower half of
the figure shows the 3D and contour after the implementation of the ETS in Hubei.

Source: Author’s calculations.
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4.2. Historical transition dynamics before and after the pilot

Fig. 1, Panel A, indicates the three dimensions (3D) relative total
consumption (RTEC) plots for all firms pre- and post-pilot using kernel-
based transition probability. The relative frequency displayed at the firm
level in Fig. 1 Panel A indicates the likelihood of moving from a specific
value of RTEC in the tth year to a different value of RTEC in the (t+1)th
year. As RTEC is determined as a ratio to the firm-level average, the
RTEC average equals to one (1). If smaller than one, an RTEC is below
average, while if it is greater than one, it implies above average value of
RTEC. Remarkably, several RTEC companies have values higher than 3.
However, since there is no likelihood due to the observation of mass
concentration, such contour lines are not presented.

The transition probability has two distinct probability mass con-
centrations before the ETS pilot [see Fig. 1 Panel A (i)]. In the three-
dimensional graphic, a probability mass concentration is used to
represent the concentration of firms close to a certain point. Each 3D
display contains a contour map of the firm units (see Fig. 1 Panel B), as it
is difficult to discern a point’s RTEC values from a 3D plot. From the
contour map in Fig. 1 Panel B (i), it is simpler to determine the values of
the peaks. The primary peak was observed at around the value of (0.24,
0.24), while secondary peak occurs around (0.62, 0.62). The concen-
tration pattern reveals one thing: majority of businesses have below-
average RTECs, while another set of firms has consumption levels that
are marginally higher but still below the RTEC average of one.

The only probability mass concentration that can be seen after the
pilot is shown in Fig. 1 Panel A (ii). The first peak, (0.23, 0.23), is visible
around the RTEC value on the associated contour maps in Fig. 1 Panel B
(ii). The primary peak from before the programme is slightly higher in
value than after the programme’s peak. Furthermore, after the pro-
gramme is implemented, the secondary peak from before the pro-
gramme disappears. It demonstrates that the initiative is successful in
reducing energy use.

It is challenging to determine an enterprise’s mobility from the cu-
mulative probability distribution in the 3D plots or even with the help of
the contour maps. It would be more effective to look at the MPP analysis
to review the pilot program’s effectiveness.

4.2.1. Historical MPPs before and after the pilot

The MPP can show the upward or downward mobility of firms. With
a range of —100 to 100, the MPP shows the historically predicted net
upward mobility value (percentage of RTEC) (see Fig. 2). If it is positive,
it indicates a firm with positive historical value of net upward mobility
at a particular consumption level represented by the RTEC value. When
it shifts from areas above to below horizontal axis (lower), MPP will
cross it. It’s important to understand that the firms on left-hand side of
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Fig. 2. MPP of RTEC pre- and post-ETS pilot. This figure displays the likelihood
that a firm will increase or decrease its energy consumption, corresponding to
the positive or negative value of the MPP. Note: Net upward mobility (%)
represented by vertical axis while RTEC value represented by horizontal axis.
Source: Author’s calculations.
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crossing point are assumed to have positive while those on right-hand
side have a negative value. As a result, several firms will assemble the
around the intersections.

Fig. 2 shows that the MPP for all firms overlaps the horizontal axis
before the programme at the RTEC levels of 0.27, 0.65, 3.34, 6.13, and
10.16. Because of this, businesses gathered around these intersections,
as seen in Fig. 1 Panel A. (i). While almost all of these businesses had
historically low consumption levels (between 0.27 and 0.65), a few have
consumption levels that are noticeably higher than the national average
for firms, sometimes by a factor of 10.16. As a result, the MPP’s multiple
intersection points show a distinct split in historical energy use among
firms prior to the programme. The stratification of energy usage per-
sisted after the pilot programme. The horizontal axis of the MPP of
companies is intersected at several RTEC values, including 0.22, 0.24,
3.11, 4.12,5.97, and 7.68. However, each of these values is lower than it
was prior to the pilot programme. The MPP comparison demonstrates
that this trading scheme programme launched in Hubei was influential
on reduction of energy consumption.

4.2.2. Future ergodic distributions in pre-pilot and post-pilot periods

The RTEC distribution at firm level will reach its steady state even-
tually from the historical dynamics underpinning the MPPs while
maintaining the transition dynamics. The dynamic transition model will
predict the RTEC distribution given the current consumption patterns.
The term “ergodic distribution” will subsequently be used to refer to the
projected long-run and steady-state distribution.

Fig. 3a indicates the ergodic distribution that existed before the
programme, while Fig. 3b indicates the distribution that existed
following the program. Five peaks at various RTEC levels can be seen in
the before-the-program ergodic distribution. At RTEC values of 0.27 and
0.65, the tallest peak and the secondary peak, respectively, are visible in
Fig. 3a. If the consumption habits from before the programme are
maintained, the majority of the enterprises will have below consumption
levels (i.e., 0.27 and 0.65). Simultaneously, several small groups of firms
will depart from the low-consumption practice and will cluster at con-
sumption levels of 3.34, 6.13, and 10.16, indicating that they will have
consumption levels that are 3.34, 6.13, or even 10.16 times higher than
the average firm if the pre-program consumption practices are left in
place.

Multiple convergence clubs are hardly noticeable after the pro-
gramme. The most prominent peaks can be seen at roughly RTEC level
0.16, while the other peaks can be seen at roughly RTEC values 2.71,
4.12, and 8.21 if one looks at the tail behavior, as shown in (Fig. 3b).
According to this, the vast majority of businesses will eventually reach a
consumption level of 0.16 if consumption patterns can be kept up after
the programme. It means that businesses will cut back on their con-
sumption levels.

4.2.3. Effectiveness of the Hubei ETS pilot

The historical transition dynamic, historical MPPs, and future
ergodic distribution comparisons between the pilot program’s before
and after periods imply the same conclusion: most enterprises emit less
after the pilot. Thus, it can be said that the programme successfully cuts
down on energy use.

4.3. Impact of Hubei ETS from an ownership viewpoint: state-owned vs
private enterprises

This section looks at how different state-owned and private busi-
nesses use energy. Only the ergodic distributions and the MPPs that
underlie them will be provided and discussed to analyse the ownership
nature heterogeneity. As explained in the methodology section, the MPP
can explain the transition dynamics that underlie the RTEC. The pro-
jected ergodic distributions for state-owned and private businesses are
shown in Fig. 4a and c (before the program) and Fig. 4b and d (after the
program), respectively. Fig. 5 indicates the MPPs for those businesses.



W.Y. Shum et al.

Energy Strategy Reviews 62 (2025) 101935

a. Before the ETS pilot

b. After the ETS pilot
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Fig. 3. Ergodic distributions of RTEC pre- and post-pilot program in Hubei. This figure displays the projected long-run, steady-state distribution of relative total
energy consumption of firm, based on its current consumption level. Probability density is represented by vertical axis while RTEC values by horizontal axis and peak

values in parentheses.
Source: Authors’ own estimation.
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Fig. 4. Ergodic distributions for state-owned and private enterprises’ relative total energy consumption (RTEC) before and after the Hubei ETS pilot. This figure
displays the projected long-run, steady-state distribution of relative total energy consumption of firm, based on its current consumption level. Unlike Fig. 3, this Fig. 4
differentiates between State-owned and private firms in order to see the differences between these two types of ownership before and after the introduction of the
ETS. Probability density is represented by vertical axis while RTEC values by horizontal axis and peak values in parentheses.

Source: Authors’ calculation.

4.3.1. State-owned enterprises’ consumption before and after the Hubei
ETS pilot

On the one hand, the first two peaks before the programme are
located at below-average RTEC values of 0.35 and 0.69, respectively, as
shown from the ergodic distribution (Fig. 4a). It indicates that most
state-owned firms consume less than the firm-level average. On the
other hand, the two peaks with RTEC values of 2.19 and 3.30 show that

some firms consume more than the firm-level average. This suggests that
if the pre-program dynamic stays constant, state-owned firms will have
radically different consumption habits.

After the program, just one obvious peak can be seen at the RTEC
value of 0.25 (Fig. 4b). Additionally, the ergodic distribution is less
distributed, leading to the conclusion that most enterprises will spend
less after the programme, assuming the post-program practices can be
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Fig. 5. Mobility probability plot for rural and urban enterprises’ RTEC pre- and post-pilot periods. This figure displays the likelihood that a firm will increase or
decrease its energy consumption, corresponding to the positive or negative value of the MPP. RTEC values are shown on the horizontal axis, and the vertical axis

displays net upward mobility (per cent).
Source: Authors’ estimation.

maintained.

The MPPs shown in Fig. 5a indicate the same conclusion. The junc-
tion points of the MPPs line up with the convergence clubs seen in the
ergodic distributions. Be aware that the before-the-program MPP with
RTEC values from 2.00 to 8.00 does not cross the horizontal axis at any
point. This suggests that since there is a very small chance that busi-
nesses will cluster around the range, there shouldn’t be any peaks within
the RTEC values of 2.00-8.00. Therefore, the peaks appearing around
the RTEC values of 2.19 and 3.30, as seen in Fig. 4a, are not supposed to
be observable. One explanation is that the average expected value is

distorted by a few companies with extremely high consumption levels.
Since these peaks (i.e. 2.19 and 3.30) disappeared after the program, it
can imply that a few high-energy businesses were forbidden under the
scheme. One can infer from the ergodic and MPPs analysis that the
initiative was successful in lowering state-owned firms’ total consump-
tion. Additionally, it ceases businesses from engaging in extremely high
consumption practices.

4.3.2. Private enterprises’ emissions pre- and post-pilot periods
Ergodic distribution of energy use for private businesses before and
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Fig. 6. Ergodic distributions for rural and urban enterprises’ RTEC in pre- and post-pilot periods. This figure displays the projected long-run, steady-state distribution
of relative total energy consumption of firm, based on its current consumption level. Unlike Fig. 3, this Fig. 6 differentiates between firms located in urban and rural
areas in order to see the impact of location. The RTEC values are indicated on the horizontal axis while the vertical axis shows net upward mobility (per cent).

Source: Authors’ estimation.
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after the programme is shown in Fig. 4c and d. When the value of RTEC
fluctuates around 0.21, pre-pilot prominent peak appeared. Following
Hubei ETS programme, the primary peak was divided into two separate
peaks, one with an RTEC value of 0.13 and the other with a value of
0.21. They are either below or the same as the value of the primary peak
before the program. This implies that the programme successfully low-
ered private firms’ energy consumption levels. As shown in Fig. 5b, the
MPPs support the same conclusion. To the left of the RTEC value of 1.50,
MPP moves to the left-hand side in the post-pilot period. This explains
why the ergodic distribution’s convergence clubs moved to the left
within the RTEC values of 0.00 and 1.50. Additionally, no intersection
points can be seen after the program’s RTEC value of 7.00, indicating the
likelihood of excessive consumption is lower than previously.

4.4. Impact of Hubei ETS from a regional viewpoint: rural vs urban
enterprises

In order to analyse the differences in energy consumption patterns
between the two regions and investigate regional energy consumption
heterogeneity, the original data set was separated into urban and rural
businesses. Before and after the programme, Fig. 6 indicates the pro-
jected ergodic distributions for rural and urban areas, and Fig. 7 in-
dicates corresponding MPPs.

4.4.1. Rural enterprises’ emissions pre- and post-pilot periods

Three major peaks of RTEC values of 0.26, 0.70, and 3.50 can be seen
in the ergodic distribution of rural companies prior to the programme
(Fig. 6a). If the emission practices from before the programme do not
change, rural enterprises will cluster around the RTEC values of 0.26,
0.70, as well as 3.50, respectively. These values suggest that almost all
businesses would exhibit consumption levels much smaller than the
average. However, few of them will consume, on average, 3.50 times
more than the firm average as a whole. The various peaks in the ergodic
distribution support the historical MPP analysis, as shown in Fig. 7a.

After the program, only one distinct peak can be seen at the RTEC
value of 0.15, as shown in (Fig. 6b), which depicts the program’s ergodic
distribution. Furthermore, the ergodic distribution is less distributed,
leading to the conclusion that most rural enterprises will spend less in
the future provided the program’s policies can be maintained.

The MPPs shown in (Fig. 7b) align with the ergodic distribution
analysis. Firstly, the intersection points of the MPPs line up with the
convergence clubs seen in the ergodic distributions. Moreover, after the
programme, the MPP moved to the left for firms with RTEC values less
than 1, implying that following the programme, rural companies with
below-average RTEC will reduce their energy consumption. In addition,
no positive net upward mobility can be seen with RTEC values greater
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than 8 after the programme, in contrast to the MPP before the pro-
gramme, which has positive net upward mobility with values greater
than 8. This implies that the programme forbids rural businesses from
engaging in extremely high consumption practices.

4.4.2. Urban enterprises’ emissions before and after the Hubei ETS pilot

Fig. 6¢ and d compare the urban firms’ ergodic distributions before
and after the programme. One can see that the before-the-program
ergodic distribution’s tallest peak (i.e. 0.26) is higher than the after
the program’s peak (i.e. 0.15). Moreover, no obvious peaks with an
RTEC value larger than 0.15 can be observed after the program. It im-
plies that following the program, the congregation of firms around the
RTEC values of 0.70 and 3.60 before the program disappeared. Thus, the
programme can be said to be quite effective at lowering urban busi-
nesses’ energy use.

Fig. 7b’s depiction of the MPPs before and after the programme
validated what can be inferred from transition dynamics, as shown in
Fig. 6¢ and d. Following the programme, the first intersection relocated
to the left. Additionally, following the program, no intersection points
with RTEC values greater than 8.00 could be found. As a result, it can be
inferred that the programme both decreased general energy consump-
tion among urban firms and simultaneously ceased exceptionally high
consumption.

4.5. Impact of Hubei ETS from an emissions scale viewpoint: high-
emission vs low-emission industries

To further understand the consumption heterogeneity associated
with the emission scale, the database was separated into high-emission
and low-emission firms and examined the differences in energy con-
sumption behaviours between the two groups of firms. Next, this section
will compare the expected emission levels of the two industries using the
ergodic distribution. Their MPPs will shed light on the underlying his-
torical firm mobility that caused the variations in projected consump-
tion levels between the two types of sectors. Fig. 8 indicates the RTEC
ergodic distributions for high- and low-emission industries prior to and
during the programme, respectively, whereas Fig. 9 indicates the cor-
responding MPPs.

4.5.1. Emission from high-emission industries’ pre- and post-pilot periods
Fig. 8a and b shows the high-emission industries’ long-term (steady-
state) ergodic distributions pre- and post-pilot periods. Pre-pilot ergodic
distribution shows two clear peaks at RTEC values of 0.28 and 0.69.
After the programme, the entire ergodic distribution has a single
prominent peak which appears around the RTEC value of 0.16. It
demonstrates if the post-programme dynamics persist, it is evident that
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(a) Rural enterprises
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Fig. 7. Mobility probability plot for rural and urban enterprises’ RTEC pre- and post-pilot periods. This figure displays the likelihood that a firm will increase or
decrease its energy consumption, corresponding to the positive or negative value of the MPP. The RTEC values are shown on the horizontal axis and net upward

mobility (per cent) on vertical axis.
Source: Authors’ calculation.
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Fig. 8. Ergodic distributions for high and low-emission enterprises’ RTEC pre- and post-pilot periods. This figure displays the projected long-run, steady-state
distribution of relative total energy consumption of firm, based on its current consumption level. Unlike Fig. 3, this Fig. 8 differentiates between firms classified as
high-polluting and low-polluting ones. Probability density is displayed on vertical axis while RTEC values on horizontal axis and peak values in parentheses.

Source: Authors’ calculation.
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Fig. 9. Mobility probability plot for high- and low-emission enterprises’ relative total energy consumption (RTEC) before and after the Hubei ETS pilot. Source:
Authors’ calculation. This figure displays the likelihood that a firm will increase or decrease its energy consumption, corresponding to the positive or negative value
of the MPP. The vertical axis indicates net upward mobility (%), and the horizontal axis indicates the RTEC values.

Source: Authors’ calculations

the majority of enterprises in high-emission industries will eventually
converge to RTEC values that are lower than those from before the
programme.

The MPPs before and after the pilot (Fig. 9a) support what can be
inferred from the transition dynamics (Fig. 8a and b). The programme
causes the first intersection to shift to the left. Additionally, no inter-
section points are visible after the programme when the RTEC value is
greater than 8. This demonstrates how the pilot lowers businesses’ total
energy usage while averting exceptionally high consumption in the

10

high-emission industries.

4.5.2. Emissions from low-emission industries’ before and after the Hubei
ETS pilot

The highest peak and secondary peak of the after-the-program
ergodic distribution, relative to the before-the-program ergodic distri-
bution, dropped from the RTEC of 0.27 to 0.12 and from 0.69 to 0.20,
correspondingly (Fig. 8c and d). Moreover, before the program, a small
peak close to the RTEC value of 3 can also be observed; this peak
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vanishes after the programme. In addition, the entire MPP shifted to the
left after the program (Fig. 9b). Thus, all evidence points to the pro-
gramme’s significant impact on reducing energy use.

4.6. Impact of Hubei ETS from a production capacity viewpoint:
comparing overcapacity industries with other industries

This section evaluates energy consumption between two groups;
overcapacity industries are represented by the first group, whereas the
second group represents other remaining industries. Comparing the
ergodic distributions and MPPs before and after the ETS pilot allows one
to gauge how well the programme has affected the two distinct groups.
Fig. 10 indicates RTEC for overcapacity and other remaining industries
before and after the programme, and Fig. 11 indicates the corresponding
MPPs.

4.6.1. Overcapacity industries’ emissions pre- and post-pilot periods of
Hubei ETS

Three convergence clubs showing RTEC values of 0.28, 0.61, and
3.39 are visible before the programme (Fig. 10a). After the programme,
there is one peak with an RTEC value of 0.26. (Fig. 10b). The peak is less
than the value of the primary peak from before the programme. There
aren’t any other peaks that have higher values, either. The intersection
points of the MPPs, which occur at approximately the same values as the
peaks in the ergodic distribution, provide support for the data found
through the ergodic distribution analysis (Fig. 11a). As a result, the data
support an effective programme to scale back energy use.
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4.6.2. The other industries’ emissions pre- and post-pilot periods of Hubei
ETS

Before- and after-pilot ergodic distributions exhibit their initial most
evident peaks at about the same RTE value of 0.20, as seen in Fig. 10c
and d. The peak prior to the actual programme is more pronounced,
though the dispersion is less concentrated after the treatment. Because
of this, more businesses cluster around the RTEC value of 0.20 after the
programme, even if the first most evident peak emerges at nearly the
same RTEC value before and after. Furthermore, after the programme,
no other greater value peaks can be seen. The MPP for the other in-
dustries (Fig. 11b) supports the implications of the ergodic distribution;
following the programme, the entire MPP migrated to the left. The ev-
idence points to successful growth for firms consuming less energy after
the pilot.

4.7. Impact of Hubei ETS from a quota allocation policy viewpoint:
benchmarking vs historical allocation methods

This section investigates the effects of the pilot program’s quota
allocation procedures on the company’s energy consumption. The
database was divided into two parts. Companies in one group—the
benchmarking group—use benchmarking allocation techniques. In
contrast, companies in the other group, the historical and alternative
methods group, use historical and alternative techniques (i.e., the his-
torical group). Fig. 13 indicates the MPPs for these groups, respectively,
whereas Fig. 12 indicates the future ergodic distributions for the
benchmarking and historical groups before and after the programme.
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Fig. 10. Ergodic distributions for overcapacity industries and the other industries” RTEC in pre- and post-pilot periods. This figure displays the projected long-run,
steady-state distribution of relative total energy consumption of firm, based on its current consumption level. Unlike Fig. 3, this Fig. 10 differentiates between firms
operating in over-capacity industries and those operating in the remaining industries. Probability density is represented in vertical axis while RTEC values by

horizontal axis and peak values in parentheses.
Source: Authors’ calculation.
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Fig. 11. Mobility probability plot for high- and low-emission enterprises’ RTEC in pre- and post-pilot periods. This figure displays the likelihood that a firm will
increase or decrease its energy consumption, corresponding to the positive or negative value of the MPP. Net upward mobility (%) is represented by vertical axis

while RTEC values by horizontal axis.
Source: Authors’ calculation.
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Fig. 12. Ergodic distributions for benchmarking and historical groups’ relative total energy consumption (RTEC) before and after the Hubei ETS pilot. This figure
displays the projected long-run, steady-state distribution of relative total energy consumption of firm, based on its current consumption level. Unlike Fig. 3, this
Fig. 12 differentiates between firms subject to benchmarking allocation gropu and those involving in the historical, alternation allocation methods. Probability
density is represented by vertical axis while RTEC values by horizontal axis and peak values in parentheses.

Source: Authors’ calculation.

4.7.1. Benchmarking allocation method

The benchmarking groups’ before- and after-pilot ergodic distribu-
tions exhibit their initial most evident peaks at approximately the RTE
values of 0.68 and 0.39, respectively, as shown in Fig. 12a and b. As a
result, more businesses after the program cluster around a lower RTEC
value. Also, note that peaks with high RTEC values can be seen in both
the ergodic distributions before and after the programme; these peaks’
values are lower following the programme. It implies that the program

12

successfully rescued the overall level of energy consumption. The MPP
for the benchmarking group validates ergodic distribution implications
(Fig. 13a); MPP shifted to the left following the program. Thus, the
benchmarking method effectively allocates the quotas to lower energy
consumption.

4.7.2. Historical allocation method
Before and after the programme, the ergodic distributions of the
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Fig. 13. Mobility probability plot for benchmarking and historical groups’ RTEC in pre- and post-pilot periods. This figure displays the likelihood that a firm will
increase or decrease its energy consumption, corresponding to the positive or negative value of the MPP. Net upward mobility (%) is represented by vertical axis

while RTEC values by horizontal axis.
Source: Author’s calculations.

historical group are very different (Fig. 12c and d). The convergence
clubs were incredibly dispersed prior to the programme. Multiple con-
vergences at various RTEC values can also be observed. Some of the
values are little, while others are big. This demonstrates that companies
adopting historical allocation techniques had more diverse emission
practices prior to the pilot. Following the programme, one clear peak
was visible at about the RTEC value of 0.07, indicating that most firms
would converge at an RTEC value much below the firm average,
demonstrating the effectiveness of the historical allocation approach for
assigning quotas. Note that the after-the-program MPP has intersection
points which, however, translate into unobvious peaks in the ergodic
distribution that can be disregarded (Fig. 13b).

5. Conclusion, policy implications/recommendations,
limitations and future reserch directions

5.1. Summary of results and policy implications

As debates on the effectiveness and efficiency of ETS programs
remain intense [16,65,66], recent -challenges caused by the
Russian-Ukraine conflict, the Israel-Hamas war and especially potential
tariffs imposed by the US strengthen the need to reduce energy con-
sumption, improve energy efficiency. Therefore, it is of critical impor-
tance to evaluate the ultimate impact of ETS from new perspectives. The
current study employs the distritution dynamics approach to investigate
the impact of Hubei ETS on energy consumption in the Hubei region.
Empirical findings from a comparison of historical transition dynamics,
historical MPP, and future ergodic distributions before and after the
pilot for all firms allow us to conclude that after the ETS pilot, most
companies reduced their emissions. To ensure robustness of results, this
paper also divided data into different groupings and discovered that the
pilot program effectively lower energy consumption for most firms and
simultaneously prevents extremely high energy consumption practices.
Specifically, with respect to types of ownership, the initiative success-
fully lowered state-owned firms’ overall energy consumption levels as
well as limiting the likelihood of excessive energy consumption. Under
the ETS pilot, state-owned firms are constrained from engaging in
extremely high energy consumption practices. Better still, the pro-
gramme successfully lowered private firms’ energy consumption levels.
From a regional perspective, the programme lower rural firms’ overall
consumption level and forbids rural businesses from engaging in
extremely high consumption practices. The same conclusion also holds
true for urban firms as the programme decreased general energy con-
sumption among urban firms and simultaneously ceased exceptionally
high consumption. In terms of pollution, the ETS pilot programme
lowers high-emission businesses’ total energy usage while averting

13

exceptionally high consumption. The same applies to low emission
firms: all convergence clubs shifted to the left, and the convergence club
with high RTEC value disappeared after the program.

The above-mentioned discussions and summary of results validate
the benefits provided by the Hubei ETS which in turn, give rise to several
policy implications and recommendations. First, as the ETS in Hubei
region makes significant contributions to reducing energy consumption
in both State-owned and private firms, in rural and urban areas, in high-
and low-polluting industries as well as in total energy consumption,
there is potential to obtain the decoupling of economic growth and en-
ergy consumption in Hubei in ETS-adopting regions. Therefore, leaders
of other Chinese provinces may want to consider implementing ETS in
their regions to reap the benefits of ETS, facilitate the enery transition
and mitigate the consequences of climate change, thus contributing to
realizing the net-zero target by 2050.

Furthermore, the application of ETS does not necessarily be limited
to Chinese provinces only. Rather, developing countries and even
developed nations may draw useful experiences from the Hubei ETS to
craft and implement their own schemes. As the benchmarking and his-
torical methods prove useful in allocating quotas with a view to reducing
energy consumption, this finding implies that other countries or region
may wish to adopt this approach when designing and implementing
their ETSs.

5.2. Limitations and future research directions

While the authors tried their best to conduct a thorough study, this
paper is still inherited with certain drawbacks. A limitation of this
research lies in the fact that it solely focuses on the Hubei ETS while
ignoring the other regions or the recently launched China’s national
ETS. Therefore, in future research, scholars may want to examine the
impact of other regional ETS or the national ETS or employ different
approaches that take into account relevant factors. Furthermore, this
manuscript focuses exclusively on the impact of ETS on energy con-
sumption while ignoring other sustainable development goals (SDGs)
such as decent and sustainable economic growth (SDG8), inequality
(SDGS5, SDG10) or sustainable cities and communities (SDG11). There-
fore, scholars are strongly recommended to investigate the effects of ETS
on other SDGs in their future research.
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