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This paper aims to explore the effectiveness of carbon emissions trading system by

usingmixedmethod research. In the past 5 years, the development level of carbon

finance in Hubei Province is in the first tier. Hubei carbon emission trading center

was established in September 2012, and now ranks top in the trading volume and

total transaction amount of China’s seven pilot exchanges. Therefore, choosing

Hubei Province as a sample to study the carbon emissions trading systemhas good

externalities, that is, the research conclusions are highly representative. In order to

make an in-depth analysis of the system construction and operation effect of the

environmental equity trading market of carbon emission rights, this paper uses the

closure ofHubei Province as an instrumental variable to alleviate the endogeneity in

previous studies, and makes an empirical study on the effectiveness of the carbon

emission trading system. The study finds that: after alleviating endogeneity, the

current carbon emissions trading has reduced air quality. At the same time, this

paper theoretically and statistically verifies the correlation and exogenous of the

instrumental variable of city closure to ensure the credibility of the results. This

paper further analyzes and finds that the lower the degree of industrialization and

the worse the air quality, the higher the degree of air quality reduction. In addition,

this paper conducted a series of robustness tests, such as adding new traffic related

control variable, replacing variable indicators of air quality, conducting placebo test,

and conducting lag regression,which verifies that thebenchmark regression results

are still valid. In the mechanism part, this paper uses the methods of interview and

case analysis to analyze the causal mechanism of this phenomenon from the

perspective of the system itself and the challenges in the implementation process.

As far as the system itself is concerned, this paper believes that the current carbon

emissions trading systemdoes not cover a comprehensive range, there are defects

in the way of carbon quota allocation, and the accuracy of the current verification

method needs to be tested; In the process of implementation, there are “local

protectionism” and information asymmetry.
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1 Introduction

Existing research demonstrates that the negative impact of

air pollution is multi-faceted, mainly from economic

development and social life. At the economic level, when air

pollution levels increase, the “pessimistic expectations” of

managers of polluting firms and their investors about future

environmental policies lead to a decrease in government

spending, which in turn leads to a decline in corporate

investment activity and financing capacity (Cheng et al., 2022;

Feng et al., 2022). Further, when urban air quality deteriorates,

the number of tourists and tourism revenue decrease accordingly

(Ma et al., 2021). At a societal level, air pollution can greatly harm

public health. Research has found that people’s memory declines

in areas with higher levels of NO2 and PM10 (Powdthavee and

Oswald, 2020). Besides, the prevalence of asthma among children

was higher in major air pollution areas with higher PM10

(Norbäck et al., 2019). With the deepening of research on the

hazards related to air pollution, the public has a deeper

understanding of the hazards of air pollution; and has begun

to realize the importance of air quality (Li X. et al., 2022). The

advancement of industrialization has vigorously promoted social

and economic development (Sikder et al., 2022). Nonetheless, the

resulting high-emission manufacturing industry has led to the

deterioration of the urban environment (Fang et al., 2022).

Societies cannot hinder economic development from

improving ambient air quality. Hence, how to contribute to

sustainable economic and social development has become one

of the hot topics in recent years, and the carbon emission trading

market has emerged as the times require. Figure 1 shows the

development history and prospect of China”s carbon emissions

trading market.

The carbon financial market mainly consists of carbon

trading, investment and financing, and carbon intermediation

(Jijian et al., 2021), among which the most important one is

carbon emissions trading. The American economist Dales first

proposed the concept of “carbon credits” in 1968. Its prototype

originated from the Pigou tax theory, which refers to solving the

problem of environmental pollution by taxing enterprises with

large pollution emissions, internalizing negative externalities,

thus reducing environmental pollution to the Pareto optimal

level (Kouznetsov et al., 2019). This proposition offers an

excellent solution to the “free-rider” behavior of high carbon

emission enterprises brought by the non-exclusive and

competitive nature of carbon emission reduction. Since then,

the Pyrrhic tax has shown a market trend (Liu et al., 2021). The

government or the state artificially sets a total amount of

pollutant emissions and endows this emission rights with

scarcity characteristics so that it can be traded as an

intangible commodity, and finally use the market price

adjustment mechanism and other means to achieve the

purpose of controlling enterprise pollution emissions (Du and

Li, 2021; Wang and Zhang, 2022), which is also the current rules

of the carbon emission trading market. Figure 2 shows 2020

national carbon emission rights registration, trading and

settlement management mechanism.

As a result, it can be found that the premise of carbon trading

is that the revenue brought by the increase in the production of

products with pollutant emissions is greater than the increase in

the cost brought by the internalization of carbon emission costs;

and the difference between the revenue and the cost is what leads

firms to purchase allowances in the carbon emission market

(Peng et al., 2021a; Peng et al., 2022; Zou and Zhong, 2022).

Compared with the relevant environmental departments’ leading

role in formulating clear carbon emission reduction tasks or

implementing mandatory pollutant emission taxation, the

implementation of carbon emissions trading can store

enterprises’ voluntary emission reduction behavior (Li et al.,

2021; Peng et al., 2021b), which enables market players to

make behavioral decisions after weighing profit and loss

through market signals, and uses market regulation to allow

enterprises to pursue private benefits while objectively achieving

environmental policy goals. The market regulation allows firms

to achieve optimal resource allocation flexibly and efficiently.

Compared with developed countries in Europe and the

United States, China’s carbon emission market started

relatively late (Yu et al., 2021). It was not until 2013-2014 that

China began to pilot carbon emissions trading. As a

supplementary mechanism for the carbon trading market,

carbon allowances can be used for trading and greenhouse gas

emission credits for emission control enterprises and other

products such as voluntary emission reductions CCER1, have

strongly promoted the development of the domestic carbon

emission market (Gu et al., 2022). This study uses empirical

evidence to explore the effectiveness of the carbon emissions

trading system (Wang et al., 2022). Among the first seven pilot

transactions established in China, this study selects Hubei

Province as the research object. Hubei is located in the central

south of China and the middle reaches of Yangtze River. Its

economic development ranks among the top in the country, and

its urban greening construction and industrial development are

representative. Figure 3 demonstrates the carbon emissions

trading in pilot markets nationwide as of August 2020.

Moreover, in the “Thirteenth Five-Year Plan,” Hubei’s

representative proposes that “We should deeply promote

carbon emission trading and improve the carbon emission

trading system. Vigorously promote the construction of Hubei

Carbon Emission Rights Trading Center and strengthen the

connection with the national carbon market.” Additionally, in

1 Voluntary emission reductions (CCER) from emission reduction
projects such as new energy can be used to offset up to 5% of their
verified emissions (1 unit of CCER can offset 1 ton of CO2-equivalent
emissions) or sold for additional revenue.
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the past 5 years, the development level of carbon finance in Hubei

has been in the first echelon (Cao et al., 2021); Hubei Carbon

Emission Rights Trading Center was established earlier, in

September 2012, and currently ranks the top of the seven

pilot exchanges in China in terms of volume and total

transaction amount. Thus, as a sample to study the carbon

emission trading system, Hubei exhibits a good externality,

which can improve the representativeness and validity of this

study.

This study has three main contributions. First, the existing

literature on carbon emissions is limited, and there are certain

theoretical gaps in this field, and the research of this study

FIGURE 1
Development history and prospect of China’s carbon emissions tradingmarket. Source: Handmade according to the national development and
reform commission, the general office of ecology and environment and other relevant departments.

FIGURE 2
2020 National carbon emission rights registration, trading and settlement management mechanism. Source: Compiled and produced
according to the 2021 measures for the administration of carbon emission trading issued by the general office of ecology and environment (trial
implementation) and other relevant materials.
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enriches the theory of carbon emission system research. Second,

in terms of research methods, this study creatively uses the

exogenous impact of city closure as an instrumental variable

to alleviate the endogeneity of two-way causality, which has

certain empirical innovation. This study uses both the

interview and case methods to explore the mechanism and

the mixed research method science. Third, China’s carbon

emissions trading system will be gradually improved, and it is

expected to achieve “peak carbon” by 2030 and “carbon neutral”

by 2060. This study empirically studies the effectiveness of the

current system and explores the mechanism, providing certain

experience for the next development and adjustment, which has

strong practical significance.

The study is organized as follows: Part II is the literature

review and research hypothesis; Part III is the research design;

Part IV is the empirical results and analysis; Part V is further

analysis; and Part VI is the conclusion.

2 Literature review and research
hypothesis

Regarding the factors affecting air quality, in terms of

economics, the Environmental Kuznets Curve (EKC) points

out that air quality (environmental pollution) and economic

growth have an “inverted U” shaped relationship (Chen and

Taylor, 2020; Xu et al., 2020; Zhang et al., 2021). Moreover,

economic growth and factors such as urbanization rate and

industrial structure impact air quality with reference to the

extended environmental Kuznets curve (Xu et al., 2019; Wu

et al., 2022). The air quality has a positive relationship between

urban population size and urban environmental pollution level.

Economic development can increase the degree of

environmental pollution to a certain extent (Sun et al., 2021).

Hence, “green development” is an important way to deal with the

relationship between the environment and the economy by

integrating “green development” into the overall economic

development strategy (Tang P. et al., 2021). Green

development has become the main theme of the development

of the new era of socialism with Chinese characteristics and is

bound to become the code of conduct guiding China’s future

economic and social development (Vickers, 2009; Gunnarsdottir

et al., 2021). China’s economy has shifted from a stage of high-

speed growth to a stage of high-quality development, which

needs to rely on green finance and other financial assistance to

promote a new economic growth mode.

As for the operational utility of carbon finance, there are

various existing evaluation systems (Polzin and Sanders, 2020;

Chen et al., 2021; Nechifor et al., 2022). One is economic

indicators, such as testing whether the pilot mechanism of

carbon emission trading rights can improve the total factor

productivity of industry in the pilot region (Li C. et al., 2022;

Wu and Wang, 2022). The second is market indicators, such as

using the rescaled gradient analysis proposed by Hurst to test the

fluctuation of the daily carbon price consisting of the carbon

price time series (Li J. et al., 2022). The third is environmental

indicators, which can be used to examine the total emissions of

three industrial pollutants such as carbon dioxide, industrial

wastewater, industrial sulfur dioxide, and industrial solid

waste (McGrath et al., 2022; Sahin and Esen, 2022). To deeply

analyze the institutional construction and operational effects of

carbon emission rights, and environmental equity trading

market, this study focuses on the emission reduction effects of

carbon emission trading policies from the original purpose of

FIGURE 3
Carbon emissions trading in pilot markets nationwide as of August 2020. Source: Carbon emission volume data comes from the wind database.
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carbon market establishment. Environmental indicators are

adopted to study the utility of the carbon market. The

operation of carbon markets that can significantly reduce

carbon emissions has constructed theoretical logic from the

perspectives of corporate costs, technological innovation, and

consumer preferences (Peng et al., 2022; Sovacool et al., 2021).

Carbon price as the production cost of enterprises, and argue that

enterprises improve production technology and promote

emission reduction to reduce this cost, which in turn reduces

social costs (Shi et al., 2021; Zhang and Wang, 2021; Wang and

Zhang, 2022). The party selling carbon emission rights, carbon

emission trading policy promotes the realization of carbon

emission through market revenue inducement, technological

innovation incentive effect, and government support effect

reduction (Wang et al., 2018; Yao et al., 2020; Tang W. et al.,

2021). While for the party who buys carbon emission rights,

carbon emission trading achieves carbon emission reduction

through the effects of enterprise cost pressure effect, process

innovation motivation effect, and market guidance effect, thus

improving air quality (Li G. et al., 2022). Besides, from the

perspective of consumers, carbon emission trading can

motivate consumers to choose low-carbon products, thus

reducing carbon emissions. Hence, we assume that:

Hypothesis 1: Carbon emissions trading decreases air pollution

and improve air quality.

In contrast, there are negative attitudes toward the emission

reduction effect of carbon markets, and they mostly argue their

views from the perspective of imperfect institutional mechanism of

carbon market (Cong and Lo, 2017; Song et al., 2018; García and

Torvanger, 2019). China’s carbon finance suffers from low

participation of citizens, an inadequate legal system, and an

imperfect pricing mechanism, leading to its inability to achieve

its original operational goals (Carrai, 2021; Zhang et al., 2020).

Specifically, enterprises pursuing economic benefits and responding

to the pressure of assessment may lack the concept of long-term

sustainable development to cope with the needs of assessment (Tu

and Wu, 2021; Appolloni et al., 2022; Bai and Satir, 2022). Coupled

with the fact that the content of China’s system is mostly expressed

as comprehensive and principled, and there is room for operation in

the actual implementation, and itmay have negative utility. Thus, we

posit:

Hypothesis 2: Carbon emissions trading increases air pollution

and worsens air quality.

3 Study design

3.1 Sample selection

In order to take advantage of the exogenous shock of epidemic

city closure as an instrumental variable for carbon emissions trading

and eliminate the impact of different months and seasons on air

quality; based on the fact that most cities have lifted the city closure in

mid-March, this study selected Hubei’s city-day data from 1 January

to 31 March 2020, and the same period last year, 1 January to

31 March 2019, as samples for research. Among them, the daily air

quality data of each city were obtained fromChinaAir Quality Online

Monitoring andAnalysis Platformusing python crawler; the epidemic

closure period of each city in Hubei in 2020 was manually collected

from the portal of each city’s government; the daily data of

weather conditions such as temperature, humidity, air

pressure, sunshine hours, and average wind speed were

obtained from China Meteorological Science Data Center;

the data of fixed asset on the completion of investment in

each province were collected from the provincial statistical

bureaus; the data on the proportion of secondary production

to GDP in each province were collected manually from the

National Bureau of Statistics; the daily data on the daily

turnover of carbon emission rights were collected from the

Wind database; the total number of emission control

enterprises in each city were collected manually from the

official website of the Development and Reform

Commission of Hubei Province. After completing data

collection, we matched the air quality data, meteorological

data, economic data, and instrumental variables and excluded

the samples from non-carbon trading days. Finally, we

obtained 546 city-day observations for eight cities, namely

Enshi, Jingzhou, Shiyan, Suizhou, Wuhan, Xiangyang,

Xiaogan, and Yichang.

3.2 Variables and model settings

(1) Air quality: Domestic scholars mostly use air quality-related

indicators to measure the effectiveness of carbon emissions

trading. For example, Li et al. (2020) uses the indicators of

carbon dioxide, industrial wastewater, industrial sulfur

dioxide, and industrial solid waste emissions to assess the

effect of carbon emissions trading policies on regional

pollution emissions. The Air Quality Index (AQI)

describes the degree of clean or polluted air, and the

pollutants involved in this evaluation index are sulfur

dioxide (SO2), nitrogen dioxide (NO2), respirable

particulate matter (PM10), ozone (O3), carbon monoxide

(CO), and fine particulate matter (PM2.5). This indicator can

reflect the air quality more comprehensively and has been

used as the main indicator of urban air quality in the

literature, which is also chosen as the dependent variable.

In particular, a larger AQI indicates poorer air quality.

Specifically, AQI between 0 and 50 indicates excellent air

quality, between 51 and 100 indicates good air quality,

between 101 and 150 indicates light pollution, between

151 and 200 indicates moderate pollution, between 201 and
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300 indicates heavy pollution, and above 300 indicates severe

pollution. This study used the variable lnAQI as the dependent

variable after taking logarithms to eliminate heteroskedasticity.

(2) Carbon Emissions Trading: The research on carbon

emissions trading in China is still developing, while more

scholars focused on normative research; fewer scholars

conducted relevant empirical research, while fewer

scholars constructed the measurement indexes for carbon

emissions trading. This study collected the daily carbon

emission trading volume of each city but considering the

large differences in the number of emission control

enterprises in different cities, it was easy to ignore the

influence of the original volume of emission enterprises in

each city by simply using the trading volume. Accordingly,

this study drawed on the latest study by Chen et al. (2020),

which uses the evaluation index system of carbon finance

development level constructed to measure the degree of local

carbon emissions trading using the market depth evaluation

factor targeting carbon emissions trading (CT). Further,

considering the distribution characteristics and size of the

total number of emission control enterprises, we used the

logarithm of the total number of emission control enterprises

and the daily volume of carbon emission allowances traded

in each city in Hubei to generate a market depth variable. We

divided each city’s daily carbon emission quota trading

volume by the number of emission control enterprises in

each city disclosed on the official website of Hubei Provincial

Development and Reform Commission, took the logarithm,

and generate lncet to measure the degree of carbon emission

trading.

(3) Control variables: Drawing on previous related literature,

there are three general categories of control variables related

to air quality, the first being temporal trend fluctuations.

Previous research has mostly explored air quality changes

over longer time scales, setting seasonal dummy variables to

control fixed temporal effects. In this study, we selected daily

data to explore while controlling daily temporal fixed effects.

The second category is meteorological level variables closely

related to air quality. In this study, urban average temperature,

relative humidity, average air pressure, sunshine hours, and

average wind speed were selected as meteorological class

control variables, all of which were daily data.

The third category is the control variables of social and

economic categories. Based on the availability of data and the

rationality of data structure, we selected the share of

secondary industry in GDP and fixed asset investment in

secondary industry as the control variables of social and

economic categories. Among them, the share of secondary

industry in GDP is quarterly data, and the investment in

secondary industry fixed assets was monthly data.

(4) This study manually collected the city closure and

unclosure dates for each city in Hubei during the

epidemic and set the closure dummy variable

lockdown, where the lockdown value is 1 if a city was

under closure and 0 if the city was not under closure or has

been unsealed.

The specific variable settings and data sources for each

variable are shown in Tables 1, 2.

3.2.1 Model settings
Based on the above variable design, the study constructed a

panel two-way fixed effects model as follows.

lnAQIit � β0 + β1lncetit−1 + β2Xit + μi + δt + εit (1)

Where i represents the city and t represents the date, lnAQIit is the

core dependent variable. Because considering the lagged effect of

carbon emissions trading on air quality, the carbon emissions

trading on the same day is unlikely to impact the air quality on

the same day. This study took lncetit-1 with a one-period lag as the

core independent variable; Xit represents all the control variables

mentioned above, μi represents the city fixed effect, δt represents the
time fixed effects, and εit is the random error term.

TABLE 1 Closing and unclosing time of each city.

City Level City closure time
(as published)

Unblock time (by
release time)

Number of days
of city closure
(unit: days)

Wuhan Prefecture-level city 23rd January, 10:00 8th April, 0:00 76

Enshi Autonomous prefecture 24th January, 0:00 15th March 51

Xiaogan Prefecture-level city 25th January, 0:00 11th March 46

Suizhou Prefecture-level city 25th January, 00:00 15th March 50

Xiangyang Prefecture-level city 28th January, 0:00 12th March 44

Yichang Prefecture-level city 25th January, 6:00 13th March, 12:00 48

Jingzhou Prefecture-level city 24th January, 12:00 16th March 52

Shiyan Prefecture-level city 24th January, 22:00 13th March 49
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Additionally, previous studies have shown that air quality can also

impact carbon emissions trading. For example, carbon emissions

trading ismore frequent in areas with better air quality itself; therefore,

there is a two-way causal relationship between environmental factors

and carbon finance development (Ruan, 2020). Therefore, in terms of

endogeneity, this study used the “city closure” policy as an

instrumental variable to study the impact of the operation of

carbon markets on air quality. The COVID-19 in 2020 led to

the closure of several high-risk areas in Hubei. The government

hopes to control the spread of novel coronavirus by restricting

the flow of people between cities, supplemented by traffic

control (Zhang et al., 2020). The closure of cities caused the

shutdown of enterprises and hindered normal economic

development, thus reducing the activity of allowance trading

in the carbon emission market and affecting the development of

carbon finance. While the direction of capital allocation and

investment decisions in the financial sector impact the changes

in the ecological environment, impact, affects air quality.

However, the city closure as a good exogenous shock is not

directly related to air quality (the city closure only controls the

flow of people as well as traffic in and out of the city, and does

not form a physical barrier to inhibit the flow of polluting gases

outside the region) The empirical results show that there is a

significant change in the daily degree of carbon emission

trading in the carbon emission trading market in Hubei

before and after the city closure. Thus, the instrumental

variable of city closure can better alleviate the two-way

causality problem in previous literature, studying the effect

of carbon markets on air quality and identifying the effect of

carbon emissions trading on air quality.

Therefore, this study used lockdown as an instrumental

variable and constructs a two-stage regression model to

alleviate the potential endogeneity problem.

ln̂cetit−1 � α0 + α1lockdownit−1 + α2Xit + μi + δt + uit (2)
lnAQIit � r0 + r1ln̂cetit−1 + r2Xit + μi + δt + θit (3)

The model represents that the first stage regression regresses

the endogenous variable lncetit-1 on the instrumental variable

lockdownit-1 (to satisfy the correlation, the closure of the city is

only related to the carbon emissions trading on that day) to

generate the predicted values of the endogenous variable.

Afterward, the second stage regression regresses lnAQIit on

the predicted values of the endogenous variables. According to

the two-stage instrumental variables regression, the regression

coefficients at this point are consistent estimates that better

mitigate the endogeneity results.

4 Empirical results and analysis

4.1 Descriptive statistics

Table 3 reports the results of the descriptive statistics. The

mean value of InAQI is 4.281 with a standard deviation of 0.43,

indicating that the observations have a better overall air quality

(AQI is 50–100) with less variation. The mean value of lncet is

3.51 with a standard deviation of 2.63, indicating that the

observations have more variation in carbon emissions trading.

This variation, which may come from different cities, may also

come from different days. The carbon emissions trading market

shows a more unstable and uneven characteristic. The mean

value of lockdown is 0.22, indicating that 22% of the total sample

is in the closed city-state; namely, the number of closed days

accounts for 22% of the total number of days in the sample. For

the control variables, each variable’s data are consistent with

existing studies.

TABLE 2 Setting of each variable and data source.

Variable name Meaning Unit Data source

Dependent
variables

lnAQI Logarithmic values of the air quality index China air quality online monitoring and analysis platform

Independent
variables

lncet The degree of daily carbon emissions trading by cities Wind database; Hubei provincial development and reform
commission official website

Instrumental
Variable

Lockdown indicates that the city is closed at that time Portal of each city people’s government

Control variables Indus Share of secondary industry in GDP National bureau of statistics

fix_inv Cumulative growth rate of fixed asset investment in
secondary industry

Hubei bureau of statistics

Tem Daily average temperature °C China meteorological science data center

Pressure Daily average air pressure hPa China meteorological science data center

Humidity Daily average relative humidity % China meteorological science data center

Sunshine Daily sunshine hours h China meteorological science data center

Wind_speed Daily average wind speed m/s China meteorological science data center
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4.2 Baseline regression

Table 4 reports the results of the baseline regressions. To

mitigate possible autocorrelation or heteroskedasticity problems,

the regressions in this study are all adjusted for clustering at the

city level and control the city and date fixed effects. Column (1) is

the regression of model (1) without lagging carbon emissions

trading and control variables, and the result is negatively

insignificant. Column (2) shows the regression results of

model (1) without control variables, where the relationship is

negatively significant. In Column (3), the regression of model (1)

without lagged carbon trading but with control variables is

negatively significant but less significant than the lagged

regression. Column (4) shows the regression results of model

(1), which shows that carbon emissions trading reduces AQI

values, (i.e., improving air quality). All four results columns

verify Hypothesis 1 and justify the regression on the lag of

carbon emissions trading well by comparison.

Column (5) presents the result of the first stage regression of

the instrumental variables in the model (2). The result shows that

the city closure significantly reduces carbon emissions trading, a

finding that we can easily explain after the city closure, the

production in the cities stagnates, which makes the firms that

originally exceeded the carbon emissions limit no longer need to

buy allowances from the firms with low carbon emissions. The

lack of market demand leads to a decrease in carbon emissions

trading. In summary, we demonstrate that the instrumental

variable of sealing city has a good correlation from both

theoretical and empirical aspects. Column (6) shows the result

of the second stage regression of the instrumental variable, which

is the regression of model (3). In this regression, according to the

instrumental variable, we better mitigate the endogeneity

problem mainly due to the two-way causality. We found that

carbon emissions significantly increase the AQI values, namely,

decreasing air quality, verifying Hypothesis 2.

For this result, this study suggests the following possible

explanations: political tournament. Since China’s incentives stem

from a combination of economic decentralization and a vertical

political governance system, local governments are more

committed to developing the local economy for political

progress. Therefore, by lowering environmental regulatory

standards or using local governments’ autonomy in

environmental regulation, it may benefit foreign capital or

other firms to attract more foreign capital and other liquidity

elements (Zhu et al., 2011). Which lead to an incomplete

implementation of the carbon market mechanism and

TABLE 3 Descriptive statistics.

Variable Mean sd Min p50 Max

lnAQI 4.290 0.440 3 4.280 5.920

lncet 3.540 2.610 −4.200 3.550 10.59

Lockdown 0.250 0.430 0 0 1

Indus 0.380 0.0400 0.340 0.410 0.430

Fix inv −34.37 44.57 −82.80 −74 11.60

Tem 11.44 6.960 −0.800 10.10 33.40

Pressure 49,082 49,555 954.5 1,032 1,00,000

Humidity 65.69 20.75 6 70 99

Sunshine 2.220 3.690 0 0 12

Wind speed 2.760 1.590 0.100 2.500 10.40

TABLE 4 Baseline regression results.

(1) (2) (3) (4) (5) First
stage

(6) Second
stage

lnAQI lnAQI lnAQI lnAQI L.lncet lnAQI

lncet −0.0158 −0.0262**

(0.0174) (0.0115)

L.lncet −0.0565*** −0.0648*** 0.0847*

(0.0159) (0.0113) (0.0446)

L.lockdown −2.110**

(0.972)

Controls Y Y Y Y Y Y

City FE Y Y Y Y Y Y

Day FE Y Y Y Y Y Y

_cons 4.728*** 5.099*** 25.04*** 24.54*** 41.19*** 3.660***

(0.1497) (0.1026) (3.7136) (2.6256) (9.028) (0.272)

N 546 537 546 537 537 537

adj. R2 0.5398 0.5359 0.5860 0.6049 0.240 0.229

Note: Robust standard errors for city clustering are in parentheses, *, **, and *** represent p < 0.10, p < 0.05, and p < 0.01, respectively.
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ultimately make the carbon market ineffective in achieving its

initial purpose. Specifically, local governments tend to use their

autonomy to grant carbon emission quotas to enterprises with

high production value and high pollution in the region to get

promoted in the circuit of tournaments, thus developing the

economy and reducing the air quality.

The benchmark results in this study demonstrate two

opposing conclusion. First, based on the consideration of

endogeneity issues, this study prefers to believe the results

of the second-stage regression of instrumental variables. A

possible explanation for this result is that there is a serious

two-way causality problem between carbon emissions trading

and air quality, namely, regions with originally poor air

quality are likely to be the result of excessive pollutant

emissions from industrial enterprises due to excessive

economic development. Therefore, these regions also have a

greater need to establish a sound carbon emissions trading

system and a greater demand for the market. The instrumental

variables regression in this study, on the other hand, uses the

policy of city closure, an exogenous shock, which can mitigate

endogeneity and obtain more reliable and consistent

estimates. In summary, the baseline regressions in this

study support Hypothesis 2, that carbon emissions trading

reduces air quality.

4.3 Instrumental variables exogeneity
discussion

An ideal instrumental variable needs to satisfy both the

conditions of correlation and exogeneity. Correlation refers to

the fact that the instrumental variable needs to be correlated

with the endogenous variable, and exogeneity refers to the fact

that the instrumental variable is independent of the nuisance

term. For the discussion of correlation, theoretical and

empirical tests have been given in this study in the section

on analyzing the first-stage regression results of the

benchmark regression instrumental variables. Therefore, the

following discussion addresses exogeneity.

Regarding the exogeneity of instrumental variables,

scholars tend to focus on theoretical analysis because direct

statistical tests can only be conducted when over-

identification (the number of instrumental variables is

greater than the number of endogenous explanatory

variables). Nevertheless, selecting instrumental variables

require inspiration, and it is more difficult to come up with

multiple instrumental variables for endogenous variables

simultaneously. In this study, we test the instrumental

variables theoretically and empirically.

Generally speaking, the instrumental variables can be divided

into aggregated data, “physiological phenomena” such as weather

patterns, birth, age, sickness, and death, variables from “social

space” such as distance and price, and experimental variables

from natural and virtual experiments (Chen, 2012). In this study,

we consider the epidemic in Hubei. The policy of city closure in

Hubei due to the epidemic is considered an exogenous shock,

providing a quasi-natural experiment for our study and creating

experimental conditions. In terms of policy motivation, the

purpose of city closures is to control people’s travel and block

the spread of the epidemic, there is no directly relevant impact on

air quality, which is why city closures are considered a good

exogenous shock experiment in our study. Therefore, we argue

that the city closure policy satisfies the exogeneity requirement of

the instrumental variable from the theoretical analysis.

To more rigorously demonstrate the exogeneity of the city

closure policy, this study draws on Chen and Taylor (2020)

and introduces another instrumental variable related to

carbon emissions trading but not air quality to achieve an

over-identification test. In previous studies, He and Wu

(2015) measured the degree of marketization of a region

using the share of private sector employment in the

region’s total employment. In general, the more developed

a region is in marketization, the lower its transaction costs

(Chu and Liu, 2014), thus suppressing to a certain extent the

excessive price of allowances (Liu, 2020) and making carbon

emissions trading more active. It is also evident that the share

of regional private employment in the total population does

not affect air quality. Therefore, this study argues that the level

of regional marketization measured by the private

employment/total population construct variable satisfies the

instrumental variable.

Additionally, we obtained the number of private and self-

employed persons in each city from the China Urban

Statistical Yearbook and the population data of each city in

Hubei from the Hubei Statistical Yearbook. We then divide

the two to get the marketability variable Proportion_pe, which

is used as another instrumental variable for the two-stage

regression results of the instrumental variable, as shown in

Table 5.

As shown in Table 5, the second-stage regression results

remain robust after adding a new instrumental variable,

supporting Hypothesis 2. Meanwhile, the F-test value of the

first-stage regression is 15.1197, which is greater than 10, and

there is no weak instrumental variable problem. Most

importantly, the p-value corresponding to the chi-square

value in the over-identification test is 0.1094, which is

higher than 0.1, so we can assume that the instrumental

variable selected in this study satisfies exogeneity.

4.4 Heterogeneity analysis

4.4.1 Path dependency: Industrialization and
carbon emissions trading

Gao et al. (2019) found that carbon emissions trading

policies ultimately have a suppressive effect on the carbon
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emissions intensity of construction land through a relative

decrease in energy intensity by examining panel data of

30 provincial units in China from 2007 to 2016. In contrast,

Li (2015) argues that industrialization is essentially a process of

continuous optimization and upgrading of advanced industrial

structures; he verifies the conjecture that the increase

in industrialization level can effectively improve energy

intensity based on the data of 30 Chinese provinces from

2005 to 2013. On the other hand, carbon emission trading

systems originate from solving the carbon emission problem

caused by enterprise production. Therefore, this study argues

that different levels of regional industrialization can cause

differences in the effectiveness of carbon emission trading

systems.

To investigate the differences in the impact of carbon

emissions trading on air quality among regions with different

degrees of industrialization, this study follows the control

variable indus used above. First, it generates a dummy

variable indus0 for the full sample according to whether it is

higher than the mean value of indus, which is recorded as 1 if it is

higher than the mean value of indus and 0 otherwise. After that,

the interaction term lncet with indus0 has generated lncet_indus.

lncet_indus is added to the instrumental variable regression

model with indus0 in this study, and the same lagged period

is regressed.

Columns (1) and (2) of Table 6 show the results of the second-

stage regression of instrumental variables without and with the

inclusion of control variables, respectively. The lagged term of

lncet_indus is significantly negative after including control

variables, indicating that the degree of regional industrialization

negatively moderates the effect of carbon emissions on air quality.

The higher the degree of industrialization, the weaker the effect of

carbon emission trading activities on air quality reduction. Themore

experienced and efficient an industrialized region is with regard to

energy use, themore efficiently its energy use is integrated. However,

high industrialization increases energy intensity, reducing the

magnitude of the reduction in local energy intensity that carbon

emissions trading has, affecting the effectiveness of carbon emissions

trading in improving air quality.

4.4.2 The heavy lift: Air quality and carbon
emissions trading

Li et al. (2014) point out that there is a phenomenon that

environmental regulation variables and regional eco-efficiency

variables determine each other simultaneously; in other words,

the eco-efficiency of a region before the introduction of an

environmental regulation affects the effect of the

implementation of that environmental regulation. Therefore,

when exploring the effect of carbon emissions trading, the

previous environmental level of each region cannot be

TABLE 5 Regression of additional instrumental variables.

(1) (2)

First stage Second stage

L.lncet lnAQI

L.lncet 0.0597**

(0.0287)

L.lockdown −1.987**

(0.951)

L.Proportion_pe 0.441***

(0.0876)

Constant 40.32*** 3.762***

(8.829) (0.228)

Controls Y Y

City FE Y Y

Day FE Y Y

Wald F 15.1197

Overidentify 2.5629 (p = 0.1094)

N 537 537

r2 0.275 0.0329

r2_a 0.263 0.0183

Robust standard errors for city clustering are in parentheses, *, **, and *** represent p < 0.10, p < 0.05, and p < 0.01, respectively.
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ignored. Is this effect related to the original air quality level of

each city? To further investigate this issue, the eight cities are

grouped according to whether the average AQI value exceeds

80 during the sample period. This grouping has two bases: 1. the

average AQI value of the whole sample is 81, which is close to 80.

2. The AQI value of 80 is used as the boundary to divide the

sample, which gives exactly four cities in each of the two groups.

The difference in the number of samples between groups is small,

making the comparison more convincing. Among them, the

cities with the AQI mean value of less than 80 are Enshi,

Shiyan, Wuhan, and Xiaogan, and there are 304 samples in

this group; the cities with the AQI mean value greater than 80 are

Jingzhou, Suizhou, Xiangyang, and Yichang, and there are

233 samples in this group.

Table 7 reports the results of the second-stage regression of

the grouped instrumental variables, and we can see that they are

insignificant when no control variables are included. The

inclusion of control variables shows that the cities with lower

original air quality are more negatively affected. This shows that

society should pay enough attention to the deterioration of air

quality; otherwise the “green mountain and clear water” will be

gone forever.

4.5 Robustness test

To ensure the empirical results’ robustness, this study has

done the following robustness tests.

1. Although this study mitigated the endogeneity of two-way

causality by using city closure as an instrumental variable,

there was a problem of omitted variables. We attempted to

collect relevant city-level variables when selecting control

variables. However, based on the “city-day” data structure

of this study and the requirements of the 2019-2020 data

interval; data unavailability is high thus there were fewer

control variables. On the other hand, considering the

serious traffic of the epidemic and the close correlation

between traffic data and air quality, we attempted to use

the available data to construct the transportation variable

transport for each city to join the instrumental variables in the

second stage regression to alleviate the endogeneity problem

of omitted variables, which was constructed as follows.

We obtained the data of “regional road passenger and

freight transport volume and turnover” from CSMAR

database, the population data of each city in Hubei from

Hubei Statistical Yearbook, and the epidemic-related data

of each city in Hubei from CEIC economic database and

constructed the transportation variable transport = the

resident population of each city/the province’s resident

population * the province’s transportation from January to

March 2019. Transportation variable transport = resident

population of each city/resident population of the province

* passenger transport volume of the province. At the same

time, considering the impact of the epidemic on

transportation in 2020, this study constructed the

transportation variable transport = resident population of

each city/resident population of the province * (1 −

cumulative confirmed new crown cases in each city/resident

population of each city) * province for January-March

2020 passenger traffic to incorporate the impact of the

epidemic on transportation.

2. We considered changing the variable indicator of the dependent

variable air quality by replacing lnAQI with PM2.5 and PM10 for

regression, respectively. Second, in terms of independent

variables, this study used each city’s daily carbon emission

TABLE 7 Air quality and carbon emissions trading.

AQI less than 80 AQI greater than 80

(1) (2) (3) (4)

lnAQI lnAQI lnAQI lnAQI

L.lncet 0.576 0.0782* −0.396 0.128**

(0.589) (0.0432) (1.452) (0.0588)

Controls N Y N Y

City FE Y Y Y Y

Day FE Y Y Y Y

Constant 2.301 3.679*** 5.950 3.866***

(2.044) (0.311) (5.177) (0.405)

N 304 304 233 233

Robust standard errors for city clustering are in parentheses, *, **, and *** represent p <
0.10, p < 0.05, and p < 0.01, respectively.

TABLE 6 Industrialization level and carbon emissions.

(1) (2)

lnAQI lnAQI

L.lncet_indus 0.216*** 0.102**

(0.0666) (0.0397)

L.lncet −0.238*** −0.127***

(0.0673) (0.0402)

Controls N Y

City FE Y Y

Day FE Y Y

Constant 3.168*** 4.206***

(0.3554) (0.1456)

N 537 537

Robust standard errors for city clustering are in parentheses, *, **, and *** represent p <
0.10, p < 0.05, and p < 0.01, respectively.
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trading volume for measurement without considering the

influence of the number of emission control enterprises.

3. The sample interval was widened by complementing and using

the daily data of each city in April 2020 and 2019 for the placebo

test. Because the cities were unsealed in April 2020, the validity of

city closure as an instrumental variable would gradually

disappear. If the instrumental variables in this study were

valid, the second-stage regression of the instrumental variables

in this period would not be significant.

4. We previously generated lncet variables based on data

characteristics, and now regressions are performed without

taking logarithms using cet as the independent variable.

5. In this study, considering that there is a time lag in the impact

of carbon emissions trading on air quality, the lncet is lagged

one period as the independent variable and is now regressed

two and three periods, respectively.

Table 8 reports the results of the robustness tests of this

study, and all robustness tests of this study report the results of

the second-stage regression of the instrumental variables.

Among them, column (1) reports robustness test 1, column

(2), (3), (4) reports robustness test 2, column (5) reports

robustness test 3, column (6) reports robustness test 4, and

column (7), (8) report robustness test 5. From the regression

results of the robustness tests, all of them support

Hypothesis 2.

5 Mechanism analysis

Since qualitative research is more powerful than quantitative

research in explaining the mechanism, this paper chooses

qualitative research methods to explore the causal mechanism

of benchmark regression results. Based on the conclusion that

“carbon emissions trading will aggravate air pollution,” this study

further suggests the possible reasons and transmission paths

behind it, including the system’s current problems, the challenges

encountered in the implementation process, and the impact on

the overall macro environment. The analysis is shown as

Figure 4.

5.1 Inadequacy of the system itself

To begin with, in terms of the design of the carbon emission

trading system, China’s system is roughly as follows, this study

believes that there are many problems.

The coverage is not comprehensive. The carbon emission

system was established to mitigate global warming and help

green development, so controlling greenhouse gas emissions is

the most important part of its work. Human activities or

naturally occurring greenhouse gases are mainly composed

of six gases, including carbon dioxide, methane, nitrous

oxide, hydrofluorocarbons, perfluorocarbons, and sulfur

TABLE 8 Robustness tests.

(1) (2) (3) (4) (5) (6) (7) (8)

lnAQI lnPM25 lnPM10 lnAQI lnAQI lnAQI lnAQI lnAQI

L.lncet 0.177* 0.129** 0.162*** −0.0520

(0.0905) (0.0611) (0.0573) (0.0366)

L2.lncet 0.102**

(0.0502)

L3.lncet 0.0949*

(0.0504)

Transport 9.70e−08

(0.0000)

L.quantity 0.0000582***

(0.0000)

L.cet 0.000426***

(0.0001)

Controls Y Y Y Y Y Y Y Y

City FE Y Y Y Y Y Y Y Y

Day FE Y Y Y Y Y Y Y Y

_cons 3.240*** 2.434*** 3.096*** 5.577*** 3.175*** 4.342*** 3.285*** 3.389***

(0.3656) (0.3723) (0.3491) (0.2768) (0.2940) (0.2454) (0.2960) (0.2909)

N 132 537 537 340 132 740 536 530

adj. R2 — — — — 0.2403 — — 0.0262

Robust standard errors for city clustering are in parentheses, *, **, and *** represent p < 0.10, p < 0.05, and p < 0.01, respectively.
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hexafluoride. However, according to the data released by the

research team of Huabao Securities in May 2021 on Carbon

Emissions Trading Online, all pilot regions in China, except

Chongqing, use carbon dioxide emissions as the only measure

of carbon emissions. Besides, the proportion of greenhouse

gases covered in Hubei is only 42%, far below the national

average for the pilot regions, limiting the role that carbon

emissions control can play.

The carbon allowance allocation method is flawed. In

formulating carbon quotas for enterprises, the government

uses the benchmarking method, historical intensity method,

and historical method to allocate quotas according to the

quality of different industries’ respective carbon emission data.

Although these three methods are distinguished in specific

arithmetic, their final numerical indicators are determined

from historical data. For the benchmarking method, the

development of technology and changes in the

macroeconomic situation is likely to make the benchmark

value lack the necessary binding effect, resulting in a tendency

for the carbon trading market to be inherently quota lose. The

historical method is riskier in causing discriminatory allocation

among trading subjects. In the specific distribution method,

China is currently dominated by the government’s free

allocation, which is difficult to reflect the value of carbon

emission rights as a scarce resource and is not conducive to

forming a normal market price mechanism. It is worth noting

that China has not adopted the internationally practiced capping

policy on total emissions. Instead, it adopts the method of the

first allocation and then adjustment, first allocating part of the

allowances to enterprises and finally adjusting them according to

the actual emissions. Although this form gives more flexibility to

the policy, it also gives more room for enterprises to manipulate.

This ultimately leads to an excessive and unfair issuance of

allowances and makes it difficult for carbon emissions trading

to be carried out effectively. And in communication with a staff

member in charge of carbon emission affairs within Huadian

Group, he also talked about it as follows.

Now the government issued at the beginning of the issuance

of quotas is still relatively generous, so we actually do not need to

purchase from other enterprises this carbon emission rights In

particular, large enterprises with relatively standardized

management have made a lot of technological transformation

in all aspects of energy conservation and carbon reduction in the

early stage, so on the whole, they are basically in a surplus state.

However, private enterprises such as paper mills and chemical

plants with their own power plants are also high energy

consumption and high emissions, and their quotas are

relatively small according to the calculation method in the

accounting guide (Interview No. 20211012A).

The accuracy of the current verification method is yet to be

tested. China’s carbon emission control regions, including

Hubei, have adopted the emission factor method

recommended by the United Nations Intergovernmental

(IPCC) as the mainstream measurement method. However,

since developed countries (e.g., the United States and the

United Kingdom) started carbon emission control earlier,

they have a full international voice in constructing carbon

emission accounting method systems and databases.

Therefore, the IPCC default values established on this basis

have deviations from China’s national conditions, and it is

difficult to estimate the real carbon emissions situation

accurately. However, China has not yet established a

unified set of carbon emission factor calculation standards,

and the national and provincial energy consumption statistics

differ greatly, creating obstacles for the carbon emission

accounting work in China. In addition, the emission factor

method is essentially a theoretical calculation method.

Considering the variability and complexity of the actual

operation, it is still debatable whether the theoretical values

obtained can truly reflect the actual emission situation.

FIGURE 4
Mechanism analysis framework.
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5.2 Challenges of the concrete
implementation process

In the process of implementing this system, there are also

various challenges.

First, there is a tendency of “local protectionism” in many

places. That local government can use their autonomy to relax

the total quota or give more quotas to enterprises with high GDP

contributions to protecting local industries. The government

may also directly prohibit local enterprises from granting

emission targets to other regions, thus creating segregation of

carbon markets in different regions and making it difficult to

establish a national carbon emissions tradingmarket. In addition,

when it comes to compliance, local governments may not impose

severe penalties on enterprises that fail to meet the carbon

emission standards; or the penalties may be single and

insufficient to serve as a warning to enterprises. The reasons

for this phenomenon are, on the one hand, governments’

protection of local enterprises with a high output value. On

the other hand, enterprises have to bargain or lobby with local

governments in the face of high violation penalties, forcing

governments to make certain compromises. Consequently, the

lack of strict compliance leads to the carbon emissions trading

system being a formality and unable to play a real binding role on

enterprises.

Second, there is information asymmetry between enterprises

and the government and between the central and local

governments regarding carbon market policies, carbon

emission data, emission boundaries, and production

technology and output. On the one hand, the historical

emission data of enterprises are not open to the public and

society, and each pilot can only rely on the emission reports

provided by enterprises on their initiative to determine the

quotas. And although enterprises have the complete advantage

of their information, most do not provide the complete and true

data to the government and third-party institutions when they

report for profit. At the same time, due to the lack of

understanding of the internal production process and product

structure of enterprises, it is difficult for outsiders to fully grasp

the real emission situation of enterprises, thus resulting in

unequal information between the two sides. This not only

brings obstacles to the government in allocating carbon

emission quotas but also risks to banks and other financial

institutions in the market, reducing their enthusiasm for

promoting green credit and financial services. It can be said

that the accuracy of data is undoubtedly the basis for the

carbon trading market to function. If a large amount of data is

unreliable, emission reduction leads to a loss in its basic

guarantee. On the other hand, the carbon emissions trading

market currently suffers from inadequate information

disclosure. The disclosure of emission control enterprises’

quota allocation, carbon asset trading, and total carbon

emissions is neither standardized nor sufficient, the public

data on the official website is very limited, and many specifics

are unverifiable. The lack of market information further

hinders investors’ decision-making, making it difficult for

the carbon emissions trading system to produce practical

effects.

At present, the price of carbon per ton is not very expensive.

It is only about 30 or 40 yuan. At present, the volume of state-

owned enterprises is relatively large, so some costs incurred in

such transactions actually have no impact. But in the future, the

impact may be greater because of the national goals of “carbon

peak” in 2030 and “carbon neutralization” in 2060 (Interview No.

20211012A).

6 Conclusion

In this study, we use exogenous shocks provided by epidemic

closure as a quasi-natural experiment for instrumental variables

regression to explore the pros and cons of carbon emissions trading

systemswith a sample of eight cities inHubei.We empirically obtain

the conclusion that carbon emissions trading reduces air quality. In

this study, we believe that there are the following reasons: first,

China’s carbon financial market has just emerged, the trading

system is still not mature enough and needs to be improved, and

themarket has factors such as unequal distribution of carbon quotas

and uncertainty of trading, which lead to its failure to achieve the

expected effect; several enterprises are worried about the risk;

second, it is also possible that the volume of carbon emission

rights trading and air quality shows a U-shaped relationship, and

in the early stage of its development, the number of exchanges was

small, and the trading volume was small, and the trading of carbon

emission rightsmade enterprises that could not emit originally could

buy more emission rights, and the limit of carbon emission was set

high, which led to the price adjustment mechanism could not

function well, and finally led to the further aggravation of

environmental pollution.

This study has two major contributions. First, in terms of urban

governance, we provide a new perspective for urban air pollution

management, reflecting on the possible drawbacks of using market-

basedmeans for environmental governance. Then, in the green finance

aspect, this study fills in the research on green finance represented by

carbon finance in China and offers relevant experience for the perfect

development of greenfinance. AlthoughChina is now in the process of

improving the development of carbon finance systems, it is only

restricted by the InterimMeasures of Carbon Emission Trading

Management to each pilot carbon emission trading market, but

the formal supporting laws are not perfect, which leads to the

low efficiency of the market in China. Our research provides

recommendations and directions for the development of the

future financial system.

This study has a few main limitations. First, in the empirical

analysis, due to the high requirement of data availability at the city-

degree level, this study selects several representative available data
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when choosing control variables by referring to existing literature,

but there are still more omissions. At the same time, due to the data

structure limitation, this study cannot make a rigorous mechanism

investigation at present. Further, the main empirical innovation of

this study lies in selecting instrumental variables, but a statistical test

for the exogeneity of the instrumental variables in the aptly identified

cases has not yet emerged. Although there are still many deficiencies,

this study refers to the existing literature, attempts to add another

instrumental variable, and conducts empirical tests, contributing to

the carbon literature.
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