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more studies to address the issue.

After a decade of planning and trials, China officially launched a national carbon trading in July 2021. Using a standard
economic model, this study shows that an unconstrained carbon trading market would face a dilemma between
minimizing pollution control costs and maximizing social benefits. We further show that this would be a significant
challenge in China. Our results show that areas with higher population densities also would have higher costs for
carbon reduction, and hence the polluters in those areas would be net buyers in the national market. Moreover,

our analysis indicates a significantly high correlation between carbon dioxide emissions and other local pollutants.
Therefore, cross-regional transactions may result in more emission of other pollutants in areas with higher population
density under the unconstrained national cap-and-trade system and cause larger losses in social benefits. We call for
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1 Introduction

On July 16, 2021, China kicked off the long-awaited
national carbon trading market in its power industry, a
precursor for a more comprehensive carbon market that
will cover eight carbon-intensive industries soon. Efforts
to establish a carbon cap-and-trade market started in
2011 in China. In 2013, seven provinces and cities—
including Shenzhen, Shanghai, Beijing, Tianjin, Chong-
qing, Hubei, and Guangdong— started pilot programs for
carbon trading. The plan that President Xi Jinping com-
mitted to at the Paris Conference 2015 is to establish a
comprehensive carbon market that will span the entire
nation and cover all carbon-intensive sectors. This mar-
ket would serve as the key policy powertrain for China to
meet its climate pledge: achieving peak emissions in 2030
and carbon neutrality in 2060.
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In this march toward a national market, few appear
to be concerned about possible welfare loss due to the
cross-regional carbon transaction. The carbon cap-and-
trade system aims to reduce total carbon abatement costs
under the constraint of achieving the targeted total car-
bon abatement. However, these two goals are not neces-
sarily aligned with each other. Therefore, the questions
that need to be addressed are: Would China’s nationwide
unified market lead to socially optimal outcomes while
reducing pollution control costs? And: What could poli-
cymakers do if the answer were NO?

Our paper is a modest step toward answering these
questions. We began with a stylized model to illustrate
the dilemma between minimizing pollution control costs
and maximizing social benefits. Provided that flows of
carbon permits would be determined by the relative cost
of carbon abatement across different areas, we empiri-
cally analyze the correlation of carbon dioxide (CO,)
abatement costs and population intensity. We find areas
with higher population density also have higher costs for
carbon reduction, and hence might be net buyers in the

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0003-0084-568X
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s43979-022-00023-7&domain=pdf

Hu et al. Carbon Neutrality (2022) 1:22

national market if no trading constraints were imposed.
This may be problematic from the perspective of maxi-
mizing social benefits from pollution reduction. We dis-
cuss policy implications based on our results.

This research adds to the literature on evaluating the
effect of the nationwide cap-and-trade system. Previous
studies have considered topics such as market design [1-
4], effects on pollution reduction [5-7], green technology
innovation [8-10] and regional economic development
[5]. However, the possible conflict between the goal of
maximizing social benefit and the cap-and-trade system
has not been sufficiently discussed. More specifically, the
possibility of resulting in a higher level of air pollution
in more populated areas under an unrestricted permit
trading system has been relatively unexplored. Our study
highlights the importance for policymakers to take this
into consideration in future improvement of the cap-and-
trade system.

The remainder of this paper is organized as follows. We
briefly review the existing literature on carbon markets.
Section 3 outlines the theoretical model of the emissions
permit market. The empirical analysis is presented in
Sect. 4. We provide a discussion of policy implications in
Sect. 5, and Sect. 6 concludes this article.

2 Literature review

Based on the Coase Theorem, Hass and Dales [11] first
proposed emissions trading as a policy instrument to
drive pollution abatement. This market-based approach
has become prevalent in recent years. Examples include
sulfur dioxide (SO,) cap-and-trade in the United States
(US), the Carbon Emission Trading System in Europe,
as well as carbon cap-and-trade systems in developing
countries such as China and Korea [12]. Research on
carbon and cap system has focused on two separate yet
related questions.

First, is a market-based trade system an effective pol-
icy instrument for pollution reduction? For instance,
Fowlie et al. [13] investigated pollution reduction in
the context of Southern California’s Regional Clean Air
Incentives Market (RECLAIM) program by matching
RECLAIM facilities with similar California facilities in
non-RECLAIM areas. Their empirical results indicated
that average emissions fell 20 percent at RECLAIM facili-
ties. Analyzing the Ozone Transport Commission (OTC)
nitrogen oxides (NOx) Budget Program, Swift [14]
proved emission reductions in most states were about 11
percent, on average. Burtraw et al. [15] suggested that, by
2003, the emissions cap would represent a reduction of
approximately 70 percent from the five-month summer
emissions of 490,000 tons in 1990 from affected sources
under the US SO, trading program.
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In recent years, more studies began to pay close atten-
tion to China’s carbon market. In spite of the previous
frustration with the SO, emission trading [16—18], schol-
ars have found that the carbon emission trading system
works well and documented the positive effect of the
trading system on carbon reduction. For instance, Based
on a data envelopment analysis (DEA), Zhang et al. [6]
found that the carbon trading system could reduce the
carbon emissions (24.2%) of the pilot provinces. Cao
et al. [8] provide retrospective firm-level evidence on
the effectiveness of the cap-and-trade system in reduc-
ing emissions in China’s electricity sector. Zhou et al.
[19] and Wang et al. [20, 21] found a similar effect on car-
bon reduction. In a more recent paper, Wang et al. [22]
showed that carbon trading policy has a significant and
sustainable effect on carbon neutrality.

The second question is whether cap-and-trade sys-
tems can help achieve cost savings, which is the goal of
efficiency. Consistent with the theoretical prediction,
most empirical work has found a positive cost-saving
effect. Burtraw et al. [15] proved that SO, and NO, cap-
and-trade programs have generated sizable cost savings
over command-and-control (CAC) approaches and there
is evidence that they have also induced technological
improvements. Keohane [23] used an econometric model
of the decision whether to install a scrubber under differ-
ent policy regimes in the context of Title IV of the 1990
Clean Air Act. She showed that the use of the market-
based instrument resulted in cost savings of between 16
and 25 percent. Popp [24] found that a cap-and-trade
system could lead to dynamic efficiency,that is, compa-
nies tend to install scrubbers with higher sulfate removal
efficiencies under a trading system. Carlson et al. [25]
demonstrated that using low-sulfur coal and technical
changes decreased marginal abatement cost curves by
over 50 percent since 1985 within the SO, trading sys-
tem in the US. In the long run, allowance trading would
achieve cost savings of 700—800 million dollars per year
compared to CAC regulation.

Studies on the China’s carbon trading system have
found mixed effects. Based on provincial panel data and
industrial enterprise panel data in China, Zhang et al.
[9] show that the carbon emission trading scheme sig-
nificantly improves green development efficiency and
regional carbon equality. Zhu et al. [10] showed that
the carbon trading system has a positive effect on green
development efficiency. However, according to Cao et al.
[8], the carbon emission trading system has no effect on
changing the coal efficiency of regulated coal-fired power
plants. The reduction in carbon emissions was achieved
by reducing electricity production.

Apparently, cap-and-trade systems are not free from
criticism. A primary concern is that permits would flood
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into areas with high pollution abatement costs but poor
economic conditions, causing hotspots of local pol-
lutants and concerns about environmental justice [13,
26-29]. The empirical evidence is mixed. Fowlie et al.
[13] found that the impact of RECLAIM on facility-level
emissions does not vary systematically with neighbor-
hood demographic characteristics, and therefore may not
cause environmental injustice. However, Lejano & Hirose
[26] identified that NO, did concentrate in the Wilm-
ington area of greater Los Angeles due to RECLAIM. A
study from the US General Accounting Office [27] also
provides a critical view, projecting that although total
emissions of NOy and SO, will decrease by about 100
thousand tons and two million tons, respectively, by
2020, while in some parts of the US there could be an
increase due to emission trading. Shadbegian et al. [28]
compared the market-based system to a CAC alternative
and found that low-income populations received slightly
lower benefits on average from Title IV. Therefore, they
concluded that any environmental justice concerns are
small, and concentrated on the poor, rather than on the
black or Hispanic communities. A similar conclusion has
been reported by a recent paper by Shapiro and Reed
[29].

In spite of this mixed evidence, we note that the flow of
emission permits, and therefore pollutant discharge, does
not matter as long as the health or economic damages
from pollution do not vary geographically. One could
argue that this may be the case for carbon emissions
since climate change would be global in nature. How-
ever, carbon emissions often share the same source as
other pollutants (e.g., particulate matter, NO,, and SO,)
that affect local atmospheric conditions significantly. The
social damages from these local pollutants would vary
significantly across regions depending upon population
density, precipitation, and many other factors. Aggregate
social welfare would be endangered if these local pollut-
ants flowed from areas with low marginal social damages
to areas with higher marginal damages.

The purpose of this paper is to investigate the potential
impact of the national carbon trading system in China at
the level of aggregate social welfare. The next section pre-
sents a stylized model to elaborate on the nature of the
conflict between minimizing pollution abatement costs
and maximizing social benefits within a cap-and-trade
system. A discussion on whether these two goals could
be simultaneously served in China’s national carbon cap-
and-trade system will follow.

3 Theoretical model

The purpose of this section is to theoretically illustrate
the conflict between maximizing social benefits and min-
imizing pollution control costs.
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3.1 Net social benefits maximization
Without the loss of generalizability, we start with a highly
universal prototype planning problem. We assume that
a certain pollutant could be reduced in K location, with
cost C(g,) and potential benefits B(g,), in which g; is the
quantity of carbon abatement of facility i. Following
the existing literature [3, 4], we assume that C(g,) is an
increasing and convex function, while B(g,) is increasing
and concave.

The problem of social benefit maximization is to find
the value of g} of g; to maximize

max S (B(g) — Ca) 1)

which means the solution of g* must satisfy

dB(q) _9C(g)
g lg=q+ = Toq lg=q+ (2)
namely, for any location i, the marginal benefit of car-
bon abatement MB;(g;) must be equal to the marginal
cost MCi(q;).
when the marginal benefit exceeds the marginal cost,
the location would continue to increase CO, abate-
ment until the net benefits are optimized. On the other
hand, CO, abatement will decrease if the marginal ben-
efit is smaller than the marginal cost. In order to obtain
the greatest aggregate social benefit, the above solution
implies that the optimal level of pollution abatement at
various locations could be very different, provided that
the benefit and cost function are geographically specific.

3.2 Carbon abatement cost minimization

Assume that a central planner with authority over K
locations aims to minimize the total social cost under
the constraint of achieving a certain amount (Q) of CO,
abatement. The planning problem is to find the q; of g;
that minimizes the total costs, so that

K
ming, > C(q:)
i=1

S't'Zfilqi =Q

The first-order conditions for the above cost minimiza-
tion problem are:

(3)

MCy(q)) = MCs(,) =+ =MCk(@) @)

This realization occurs when the marginal abatement
costs across all facilities are equal to each other.

Figure 1 illustrates the equilibrium condition using
two locations, A and B, as an example. Suppose the
marginal abatement cost of location B is higher than



Hu et al. Carbon Neutrality (2022) 1:22

Page 4 of 9

[Ton Abatement

__—c,

/

_—

Abatement

Fig. 1 The marginal cost curve for two locations

As A*/2

A,  Total Abatement A*

the marginal abatement cost of location A. There exists
some price that location B would be willing to pay loca-
tion A to increase its abatement so that location B can
lower its abatement while keeping total abatement con-
stant. Location B is better off because the price it pays is
less than the cost of abatement. Location A is also better
off because the cost of the additional abatement is lower
than the trading price.

In the presence of a trading system, this cooperation
can be easily achieved by trading emission permits. To
reduce abatement costs, facilities can buy or sell emis-
sion allowances. This incentive to trade allowances exists
between the two locations and would continue until their
marginal abatement costs are equal.

As discussed earlier, net social benefits maximiza-
tion means MB;(q}) = MC;(g}), and carbon abatement
cost minimization indicates an equivalent abatement
cost of carbon across all regions. The only situation in
which these two goals—minimizing total carbon abate-
ment costs and maximizing net social benefits—could be
simultaneously achieved is when marginal benefits from
carbon abatement are the same across all regions.

For most pollutants, this condition is hard to achieve
since regions differ in their population densities and
geographic features. One may argue that this condition
might hold for carbon emission. But when we realize that
carbon emission often shares the same source with other
local pollutants (e.g., particulate matter, NO,, and SO,)
that affect local atmospheric conditions significantly, it
immediately follows those marginal benefits from carbon
abatement at different regions could be very dissimilar.

3.2.1 This raises a dilemma
To what extent should China allow carbon permits to
flow across regions? The goal of minimizing pollution

abatement costs cannot be fully achieved if cross-region
trading is restricted; while the goal of maximizing net
social benefits could be endangered if the flow of car-
bon permits is completely free. If trading constraints are
desired, what kind of constraints should be imposed? The
answers to these questions require a close look into the
marginal benefits and costs of carbon abatement across
different regions in China.

4 The benefits and costs of carbon abatement

in China
The cost of CO, abatement in China at the province level
has been studied in recent years [30—34]. The results of
these studies vary due to the different time periods exam-
ined and the different estimation methods used. Wang et
al. [33] only reported the average provincial marginal
abatement cost in 2007, which was about 475.3 yuan/ton
(68.9 USD/ton). Choi et al. [30] utilized the Slacks-Based
DEA to estimate the shadow price of CO, in 30 prov-
inces between 2001 and 2010. They reported the aver-
age marginal abatement cost of CO, emissions was about
7.2 USD per ton. Wei et al. [34] also used an extended
Slacks-Based Measure model and estimated marginal
abatement costs for 29 provinces over the earlier period
of 1995-2007. The estimated abatement cost ranged from
the lowest of 17.6 yuan/ton (2.6 USD/ton)! in Guizhou
from 2002 to 2007, to the highest of 275.2 yuan/ton (39.9
USD/ton) in Beijing during the same period.

However, these models are built upon the assumption
that all provinces have the same production functions.
The estimation can be biased when this assumption is
violated. To address this issue, Wang et al. [32] combined

! We use the average exchange rate (1 USD =6.894 Yuan) in 2020.
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Fig. 2 Regional Shadow Price of CO, Emissions (USD/ton). Source: Wang et al. [32]

Panel B: Regional Shadow Price in 2020
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directional distance function and linear programming
to calculate the shadow price in 30 provinces over the
period 2011-2020, to account for the large differences in
both technology efficiency and industry structure across
China. This parametric approach is believed to provide
more accurate estimates because of its advantageous
accounting for provincial heterogeneity.

Therefore, in this study, we used the estimated shadow
price of CO, by Wang et al. [32] in our analysis. Their
result shows that the overall abatement cost of the coun-
try from 2015 to 2020 is increasing [32]. Meanwhile, the
abatement costs show a clear spatial pattern in these
years. Panels A and B of Fig. 2 summarize the results and
illustrate the geographic distribution of shadow prices for
carbon reduction in 2011 and 2020, respectively. It shows
that eastern and southern coastal provinces have signifi-
cantly higher abatement costs than middle and western
ones.

The empirical results are driven by the fact that east-
ern and southern provinces are more economically
developed than those in the middle and western parts of
China and reducing carbon emissions requires sacrific-
ing more domestic priorities. Furthermore, eastern and
southern provinces already have been targeted by envi-
ronmental enforcement, and therefore abatement does
not look that easy to implement anymore. As Wang et al.
[35] demonstrated, energy efficiency is already very high
in East China, while it remains at a low level in compari-
son with the west. Yao et al. [36] provided detailed infor-
mation showing significant heterogeneity across regions
in China in terms of energy efficiency and carbon emis-
sions performance. This indicates that significant carbon
emissions reductions can be made by helping regions

with low energy efficiencies and carbon emissions per-
formances improve. The abatement costs will be low in
these regions.

Cost differences across provinces would determine the
flow of carbon permits when the nationwide and unified
carbon market is functioning. Specifically, carbon per-
mits would travel from the provinces with lower costs to
those with higher costs. This predicts that co-pollution
would flow from the west to the east. Now the question
concerns the implications of this carbon emission flow
on the goal of maximizing social benefits, which requires
an investigation into the extent to which the marginal
benefit of carbon reduction from the west and the east
are comparable to each other.

In answering this question, we note two facts. First, it
could be argued that CO, emissions are a global issue,
and the marginal benefit of carbon abatement should not
be geographically dependent. However, CO, does not
enter the air in isolation from other pollutants [37]. The
combustion process that generates CO, also produces a
range of harmful co-pollutants including criteria pollut-
ants such as particulates, SO,, NOXx, ozone precursors,

Table 1 The Correlation of CO,, SO,, Soot and Dust in 2016

Correlation co, SO, NO, Soot and Dust
Coefficient

co, 1.0000 - - -

SO, 0.8028***  1.0000 - -

NO, 0.8839*** 0.8595*** 1.0000 -

Soot and Dust 0.8025*** 0.8898***  0.9034*** 1.0000

Source: Wang et al. [21] and National Statistics Bureau 2016. *** p <0.01, **
p<0.05,*p<0.1
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and carbon monoxide (CO); as well as a wide range of
toxic pollutants including many volatile organic com-
pounds (VOCs), benzene, and other toxins. As Table 1
shows, the emissions of CO,, SO,, NOx, and soot and
dust are highly correlated (correlation coefficients are
larger than 0.80), suggesting they tend to stay together.
All the correlation coefficients are positive at the 1% sig-
nificant level.

The positive correlation demonstrates that excessive
emissions of CO, will also contribute to the concentra-
tion of other toxic pollutants. The impact of these co-pol-
lutants can be local or regional. It is a legitimate concern
that these co-pollutants may also travel to regions with
higher marginal costs of carbon abatement, along with
carbon permits. Research on the trading system of NOx
in the US found evidence that the trading system gen-
erated new externalities, such as the possibility that
other air pollutants (e.g., volatile organics) are essen-
tially traded along with it [26]. Therefore, when facilities
take advantage of carbon trading systems to initiate or

increase production, the emissions of co-pollutants are
likely to increase in regions where the net buyers of car-
bon permits are located. This suggests the need to con-
sider the local impacts of carbon emissions.

Second, because of the local health and economic
impacts of the co-pollutants that are generated along
with carbon emission, we need to determine whether
the marginal damages of these co-pollutants are varied
across regions in a significant manner. A full-fledged
analysis of regional vulnerability to co-pollutant emis-
sions is beyond the scope of this paper. However, a glance
at the decisive factors for marginal benefits offers insight-
ful information. Population density is of interest because
one unit of pollution would arguably lead to a higher ben-
efit loss if it occurs in a more populated area compared
to a less populated one. Figure 3 graphs the correlation
between the shadow price of CO, and population inten-
sity from 2011 to 2020. We further calculated the correla-
tion between the shadow price of CO, abatement in 2020
and population intensity at the province level, and found
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Table 2 The Correlation Coefficient between Shadow Price and
Population Intensity in 2020

Correlation Coefficient Shadow Price Population
Intensity

Shadow Price (USD/ton) 1.0000 -

Population Intensity (Person/Km?) 0.8082*** 1.0000

Source: Wang et al. [32] and National Statistics Bureau 2021. *** p<0.01, **
p<0.05,*p<0.1

a significant positive correlation (0.8082) between them
(see Table 2). This demonstrates that more populated
areas in China also tend to have higher marginal costs
of pollution abatement. Hence, we predict that with the
national trade system, carbon emission permits will flow
into eastern and southern coastal provinces with denser
population intensity from middle or western provinces
with lower population density. It is reasonable to argue
that the marginal social loss from one unit of increas-
ing co-pollutants in more populated areas is larger than
the marginal social benefit from one unit of decreasing
the same pollutants in less populated areas. As such, the
nationwide and unified carbon cap-and-trade system
may risk endangering aggregate social welfare in the pur-
suit of minimizing pollution abatement costs.

Apart from human health, the cross-region transaction
of carbon permit could lead to other changes that have
an important implication on social welfare. For instance,
the heterogeneous industrial structure across regions,
when coupled with cap-and-trade systems, can bring a
technique effect on the inland regions [38]. Over the past
decade, the western regions undertook pollution-inten-
sive factories which were transferred from the eastern
coastal areas to seek economic development. According
to a report from Moody’s analytics,” large investments
in manufacturing, infrastructure and resource extrac-
tion helped narrow inland provinces’ overall gap with
the coastal provinces. However, with the increase of the
awareness of environmental protection, the urge for a
healthy environment calls for a transformation towards
a cleaner environment in these inland regions. The
nationwide carbon trading system provides these regions
additional financial incentives to reform their economic
structure, encouraging low-carbon technology innova-
tion. Therefore, we would observe the faster dynamic
technology diffusion and industrial transfer in the west
and north regions with lower shadow prices for carbon.

In addition, another focus of the market-based carbon
control policy is to achieve optimal allocation through

% https://www.moodysanalytics.com/-/media/article/2019/China-Provincial-
Economies.pdf
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free competition and the free exchange of resources in
the trading market. This could have important implica-
tions on the flow of labor and capital. On the one hand,
labor, and capital experience gradual flows from low effi-
ciency to high efficiency in pursuit of profit maximiza-
tion. On the other hand, the carbon trading market also
helps to correctly price the energy. The prices of energy
have been relatively underestimated for a long time,
resulting in excessive use of energy [39]. Through market-
based adjustment, the trading market helps to internalize
the social cost of carbon emission, balance the demand
and supply of energy, and therefore bring more benefits
to the economic development [40].

5 Discussion

We find that China’s nationwide cap-and-trade sys-
tem could endanger the goal of maximizing social ben-
efits if the flow of carbon permits is not restricted. This
echoes earlier studies on cap-and-trade systems. Shad-
begian et al. [28] found that many facilities where emis-
sion reductions produced larger net benefits had bought
allowances, thus, they emitted more than their initial
allocation. The trading system led to sizable savings
(16.8%) in abatement costs, but permit buyers tended
to have higher-impact emissions than sellers, offsetting
the cost savings. Solomon and Lee [41] argue that unfet-
tered trading in a single national market is a mistake
because it fails to adequately protect sensitive areas in
the Northeast, particularly in New York State. Antweiler
[42] pointed out that conventional emission permit mar-
kets are inefficient for non-uniformly mixed pollutants
that create geographic “hot spots” of different ambient
emission concentrations and environmental damage.
This flow may also lead to concerns about social justice
because the areas that buy permits are populated with
disadvantaged people. According to Kaswan [43], there is
a potential shift of the spatial distribution of dirty indus-
tries toward communities with less economic and politi-
cal resources to resist the increase of net social welfare
under cap-and-trade systems.

The question remains: How should China reconcile the
potential conflict between minimizing carbon control
costs and maximizing net social benefits? An immedi-
ate conclusion is that we need a careful assessment of the
marginal benefits of carbon control in different regions.
The assessment should recognize co-pollutants from car-
bon emissions and consider restricted trading between
regions with substantial difference in marginal benefits.
For some highly environmentally sensitive areas, restric-
tions should be enacted to limit their procurement of
permits from other regions. Liu et al. [44] compared
scenarios depicting separated provincial markets and
a linked inter-provincial market. They showed that the
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combined system distributes welfare more unevenly and
thus increases social inequity.

Another solution is to consider additional instruments
to cope with carbon’s co-pollutants. It seems to be a
promising way to decrease the negative effect of carbon
emission flows. However, in that case, we immediately
encounter another challenging issue: the instruments
controlling these co-pollutants will lead to a reduction of
carbon, no matter how carbon control costs appear rela-
tive to other regions or market prices. This will lead to
an excessive supply of carbon permits and a potential col-
lapse of the carbon market. A similar policy coordination
issue has been blamed for the failure of the SO, cap-and-
trade system in China [45]. Wang et al. [45] argued that
large companies are ordered to reduce SO, emissions
through various types of CAC regulations, even when a
sulfate trading market exists. Efforts to comply with these
CAC regulations result in excess permits from large com-
panies even when their pollution abatement costs are
higher than the market price. Therefore, we also need to
be very careful to carry out any additional policies to reg-
ulate the emission of co-pollutants.

Besides, we should not ignore the benefits of the car-
bon trading market on dynamic technology diffusion,
industrial transformation, and allocation of resources, as
discussed above. Health and economic impacts caused by
the cross-regional carbon transaction are both important
for the sustainable development of society. Taking these
into account in future design for cap-and-trade markets
would help to reconcile the conflict between minimizing
carbon control costs and maximizing net social benefits.

6 Conclusion

China is determined to play a more significant role in
combating global warming, and it is now clear that the
government will rely on a cap-and-trade system as its pri-
mary policy instrument to achieve “carbon neutrality” by
2060. This paper calls for concern over the flow of carbon
emission permits, and therefore, co-pollutants that are
often tied to carbon. This would potentially lead to local
health risks from co-pollutants and a decrease in aggre-
gate social welfare. This concern has received relatively
less attention from the policymakers in China who have
focused on carbon abatement and cost control.

We found that with a nationwide cap-and-trade sys-
tem, emission allowances likely would flow from the
western provinces with sparse populations to the east-
ern and southern ones with dense populations. Although
the environmental impact of carbon does not depend on
where CO, is emitted, some poisonous gases that accom-
pany carbon (such as SO,, soot, dust, etc.) could have
larger local health and environmental impacts and cause
a deterioration of net social benefits. To alleviate this
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concern, some restrictions on cross-region carbon trad-
ing should be imposed, for instance, carbon permits that
travel from the west to the east should be imposed a sur-
charge on the top of the market price.

This paper is by no means conclusive. It is written more
in the spirit of raising questions. We call for additional
studies on how to mitigate multiple pollutants from the
same sources, how to coordinate diverse policy goals, and
how to coordinate policies that target different pollut-
ants that share common origins. These issues have been
somewhat neglected in the existing literature [46].

Abbreviations

CO,: Carbon dioxide; SO,: Sulfur dioxide; US: United States; RECLAIM: Regional
Clean Air Incentives Market; OTC: Ozone Transport Commission; NOx: Nitrogen
oxides; CAC: Command-and-control; CO: Carbon monoxide; VOCs: Volatile
organic compounds; DEA: Data envelopment analysis.

Acknowledgements
Not applicable.

Authors’ contributions

YH, HY and FW conceived of the study; YH collected, processed, and analyzed
the data; YH and HY interpreted the results; all authors drafted and edited the
article. The author(s) read and approved the final manuscript.

Funding

Financial supports from the National Natural Science Foundation of China
(N0.71974124; 72192833) and the Institute of Eco-Chongming are greatly
appreciated.

Availability of data and material
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Haitao Yin is an editorial board member for Carbon Neutrality and was not
involved in the editorial review, or the decision to publish this article. All
authors declare that there are no competing interests.

Author details

! Antai College of Economics and Management, Shanghai Jiao Tong University,
Shanghai, China. 2School of Public Economics and Administration, Shanghai
University of Finance and Economics, Shanghai, China.

Received: 28 December 2021 Accepted: 13 May 2022
Published online: 10 June 2022

References

1. Lin B, Jia Z (2019) What are the main factors affecting carbon price
in Emission Trading Scheme? A case study in China. Sci Total Environ
654:525-534

2. Pizer WA, Zhang X (2018) China’s New National Carbon Market. AEA
Papers and Proceedings 108:463-467



Hu et al. Carbon Neutrality

20.

21.

22.

23.

24.

25.

26.

27.

(2022) 1:22

Zhang B, Chen X, Guo H (2018) Does central supervision enhance local
environmental enforcement? Quasi-experimental evidence from China. J
Public Econ 164:70-90

Zhang L, LiY, Jia Z (2018) Impact of carbon allowance allocation on
power industry in China’s carbon trading market: Computable general
equilibrium based analysis. Appl Energy 229:814-827

FanY,Wu J, Xia Y, Liu JY (2016) How will a nationwide carbon market
affect regional economies and efficiency of CO, emission reduction in
China? China Econ Rev 38:151-166

Zhang W, Li J, Li G, Guo S (2020) Emission reduction effect and carbon
market efficiency of carbon emissions trading policy in China. Energy
196:117117

Zhang YJ, Liang T, Jin YL, Shen B (2020) The impact of carbon trading on
economic output and carbon emissions reduction in China's industrial
sectors. Appl Energy 260:114290

Cao J, Ho MS, Ma R, Teng F (2021) When carbon emission trading meets a
regulated industry: Evidence from the electricity sector of China. J Public
Econ 200:104470

Zhang S, Wang Y, Hao Y, Liu Z (2021) Shooting two hawks with one arrow:
could China’s emission trading scheme promote green development
efficiency and regional carbon equality? Energy Economics 101:105412
Zhu B, Zhang M, Huang L, Wang P, Su B, Wei YM (2020) Exploring the
effect of carbon trading mechanism on China’s green development
efficiency: A novel integrated approach. Energy Economics 85:104601

. Hass JE, Dales JH (1968) Pollution, property & prices. University of Toronto

P

World Bank Group (2016) State and Trends of Carbon Pricing. Report,
October, 2016; Washington D.C.

Fowlie M, Holland SP, Mansur ET (2012) What Do Emissions Markets
Deliver and to Whom? Evidence from Southern California’s NOx Trading
Program. Am Econ Rev 102(2):965-993

Swift B (2004) Emissions trading and hot spots: A review of the major
programs. Environmental Reporter 35(19):1-16

Burtraw D, Evans DA, Krupnick A, Palmer K, Toth R (2005) Economics of
pollution trading for SO, and NO,. Annu Rev Environ Resour 30:253-289
Chen J,Huang S, Shen Z, Song M, Zhu Z (2022) Impact of sulfur dioxide
emissions trading pilot scheme on pollution emissions intensity: A study
based on the synthetic control method. Energy Policy 161:112730

Tao J, Mah DNY (2009) Between market and state: dilemmas of environ-
mental governance in China’s sulfur dioxide emission trading system.
Eviron Plann C Gov Policy 27(1):175-188

Wang J, Yang J, Ge C, Cao D, Schreifels J (2004) Controlling Sulfur dioxide
in China: will emission trading work? Environment: Sci Policy Sustainable
Dev 46(5):28-39

Zhou C, Zhang H, Song, & Qunwei, et al (2019) How does emission trad-
ing reduce china’s carbon intensity? an exploration using a decomposi-
tion and difference-in-differences approach. The Science of the total
environment 676:514-523

Wang H, Chen Z, Wu X, Niea X (2019) Can a carbon trading system pro-
mote the transformation of a low-carbon economy under the framework
of the porter hypothesis? —empirical analysis based on the psm-did
method. Energy Policy 129(6):930-938

Wang S, Wang H, Zhang L, Dang J (2019) Provincial Carbon Emissions
Efficiency and Its Influencing Factors in China. Sustainability 11:2355
Wang X, Huang J, Liu H (2022) Can China'’s carbon trading policy help
achieve Carbon Neutrality?—A study of policy effects from the Five-
sphere Integrated Plan perspective. J Environ Manage 305:114357
Keohane NO (2003) What Did the Market Buy? Cost Savings Under the
U.S. Tradeable Permits Program for Sulfur Dioxide. Yale School of Manage-
ment Working Papers

Popp D (2003) Pollution control innovations and the Clean Air Act of
1990. J Policy Anal Manage 22(4):641-660

Carlson C, Burtraw D, Cropper M, Palmer KL (2000) Sulfur Dioxide
Control by Electric Utilities: What Are the Gains from Trade? J Polit Econ
108(6):1292-1326

Lejano RP, Hirose R (2005) Testing the assumptions behind emissions
trading in non-market goods: the RECLAIM program in Southern Califor-
nia. Environ Sci Policy 8(4):367-377

U.S. Government Accountability Office (2002) Air Pollution: Meeting
Future Electricity Demand Will Increase Emission of Some Harmful Sub-
stances. Report, October 30, 2002; Washington D.C.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 9 of 9

Shadbegian RJ, Gray W, Morgan C (2004) The 1990 Clean Air Act Amend-
ments: Who Got Cleaner Air - and Who Paid for It? Working Papers.
Shapiro JS, Walker R (2021) Where is Pollution Moving? Environmen-

tal Markets and Environmental Justice. AEA Papers and Proceedings
111:410-414

ChoiY, Zhang N, Zhou P (2012) Efficiency and abatement costs of energy-
related CO, emissions in China: A slacks-based efficiency measure. Appl
Energy 98(5):198-208

Du L, Hanley A, Wei C (2015) Estimating the Marginal Abatement Cost
Curve of CO 2 Emissions in China: Provincial Panel Data Analysis. Energy
Econ 48:2217-229

Wang Z, Chen H, Huo R, Wang B, Zhang B (2020) Marginal abatement
cost under the constraint of carbon emission reduction targets: An
empirical analysis for different regions in China. J Clean Prod 249:119362
Wang Q, Cui Q Zhou D, Wang S (2011) Marginal abatement costs of
carbon dioxide in China: A nonparametric analysis. Energy Procedia
5(5):2316-2320

Wei C, Ni J, Du L (2012) Regional allocation of carbon dioxide abatement
in China. China Econ Rev 23(3):552-565

Wang Q, Zhao Z, Zhou P, Zhou D (2013) Energy efficiency and production
technology heterogeneity in China: A meta-frontier DEA approach. Econ
Model 35(5):283-289

Yao X, Zhou H, Zhang A, Li A (2015) Regional energy efficiency, carbon
emission performance and technology gaps in China: a meta-frontier
non-radial directional distance function analysis. Energy Policy
84:142-154

Drury RT, Belliveau ME, Kuhn JS, Bansal S (1999) Pollution Trading and
Environmental Injustice: Los Angeles' Failed Experiment in Air Quality
Policy. Duke Environ Law Policy Forum 9(2):231-290

Chen S, Shi A, Wang X (2020) Carbon emission curbing effects and influ-
encing mechanisms of China's Emission Trading Scheme: The mediating
roles of technique effect, composition effect and allocation effect. J Clean
Prod 264:121700

Sun G, Lin B (2013) Reforming residential electricity tariff in China: Block
tariffs pricing approach. Energy Policy 60:741-752

Alberola E, Chevallier J, Chéze B (2008) Price drivers and structural breaks
in European carbon prices 2005-2007. Energy Policy 36(2):787-797
Solomon B, Lee R (2000) Emissions trading systems and environmental
justice. Environ Sci Policy Sustain Dev 42(8):32-45

Antweiler W (2015) Emission trading for air pollution hot spots: getting
the permit market right. Environ Econ Policy Stud 19(1):1-24

Kaswan A (2008) Environmental Justice and Domestic Climate Change
Policy. Environ Law Rep 5:10287-10315

LiuY, Feng S, Cai S, Zhang Y, Zhou X et al (2013) Carbon emission trading
system of china: a linked market vs. separated markets. Front Earth Sci
7(4):465-479

Wang J, Dong Z,Yang J, Li Y, Yan G (2008) The Latest Practice and Prospect
of Sewage Disposal System. Environ Econ 2008(10):31-45 (Chinese)
United Nations Development Programme (2017). China carbon market
research report 2017. Report, February 17,2017; Beijing



	The dilemma for China’s national carbon trading market: minimizing carbon abatement costs or maximizing net social benefits?
	Abstract 
	1 Introduction
	2 Literature review
	3 Theoretical model
	3.1 Net social benefits maximization
	3.2 Carbon abatement cost minimization
	3.2.1 This raises a dilemma


	4 The benefits and costs of carbon abatement in China
	5 Discussion
	6 Conclusion
	Acknowledgements
	References


