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Abstract

With the development of ecological paradigm coupled with the relentless implementation of

myriad environmental policies in China, the rapid development of carbon emission trading

and carbon trading market has had a vital impact on the financial performance of enterprises

at the microlevel. This study has sampled the A-share listed companies in China, from 2009

to 2018, and adopted the difference-in-difference (DID) method to investigate the effect of

the carbon emission trading on corporate financial performance from the microlevel. Evi-

dence showed that the implementation of carbon emission trading effectively improved the

total asset-liability ratio of enterprises, though it reduced the value of the current capital mar-

ket. Moreover, in the regions under strict legal environment, the enhancement effect of the

total asset-liability ratio was more obvious, whereas in the regions under loose legal environ-

ment, the reduction effect of the value of the capital market was more obvious. Further anal-

ysis showed that the implementation of carbon emission trading could not promote Chinese

enterprises to increase R&D investment. Hence the implementation of carbon emission

trading has improved the level of non-business income of enterprises incorporated into the

trading system, but its impact on the investment income of enterprises was not significant.

1. Introduction

The control of greenhouse gas emission is an important issue figuring out in the current devel-

opment of all countries across the globe. At the Paris Climate Summit in December 2015, the

major countries in the world joined the Paris Agreement to formulate “Actions against Climate

Change after 2020”. Drawing on the experience of the carbon emission trading markets of the

European Union, United States and other countries [1], China began to pilot a carbon emis-

sion trading project. The construction of unified carbon emission trading market system in

China had been officially launched in 2018. With the rapid development of this pilot market
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(see Fig 1. Transaction volume and transaction amounts in China’s pilot carbon emission trad-

ing market from 2013–2018), the volume and intensity of carbon dioxide emission in the pilot

regions have come under control [2–4], and the practice of carbon emission trading has also

had a significant impact on the production and operation decisions of enterprises [5,6]. How-

ever, the post-policy effects are yet to be fully tested, for example, the impact, owing to the

practice of carbon emission trading, on the financial performance of an enterprise, the confir-

mation of the Porter Hypothesis [7], and the outcome of the “win-win effect” in terms of envi-

ronmental regulations and the enterprise economy [8].

The government drives the enterprises to internalize the environmental costs through vari-

ous environmental regulations and policies [9], among which the carbon emission trading

mechanism based on Coase’s Property Rights Theory [10] is one of the important measure.

However, owing to the difficulty in obtaining data (Countries usually do not require enter-

prises to disclose or report the detailed information on their carbon emission trading), the cur-

rent literature does not include the abundant research on the economic outcomes of micro-

subjects succeeding the implementation of carbon emission trading. Certain scholars believe

that such a practice will increase the total, production, and inventory costs of enterprises [11],

increase the R&D expenditures of enterprises owing to the necessity of technological updating

Fig 1. Transaction volume and transaction amount in China’s pilot carbon emission trading market from 2013–2018.

https://doi.org/10.1371/journal.pone.0253460.g001
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[12], or cause depreciation in the corporate value [13,14]. Other scholars have found that the

implementation of Clean Development Mechanism (CDM) projects will increase the stock

return rate of the company [15], and carbon emission trading can result in the improvement

of industrial output value [16,17], corporate value [18], or financial performance [16, 19].

After the launch of the pilot carbon emission trading market by China in 2013, certain Chinese

scholars have adopted the DID method to study the relationship between carbon emission

reduction and macro-economy [20–22] and proposed that the carbon emission trading can

increase the short-term rather than the long-term value of an enterprise. It can be seen that the

existing literature has not yet reached an ultimate conclusion on the micro-effects of carbon

emission trading on enterprises, and most of the existing studies have used the EU carbon

market transaction data or the CDM projects data of China in the past. The economic out-

comes of carbon emission trading need further examination over the data from listed Chinese

companies.

Based on the above considerations, this study selected 2009–2018 A-share listed Chinese

companies as the samples, analyzed the impact of the practice of carbon emission trading on

corporate value with the DID method, and further verified the impact of carbon emission trad-

ing on the corporate financial performance and R&D investment in the Porter Hypothesis sce-

nario. Evidence showed that the practice of carbon emission trading can effectively increase

the total asset-liability ratio of a company, while concomitantly reducing its value in the capital

market. In regions with strict legal environments, the effect of increasing the total asset-liability

ratio was more obvious whereas in regions with loose legal control, the value reduction in the

capital market was more obvious. Further research showed that, whereas the practice of carbon

emission trading had not yet promoted the investment of Chinese companies in R&D, it

increased the non-operating income of the companies, which have been included in the trad-

ing system. However, its impact over corporate return on investment (ROI) was not significant

enough.

The main contributions of this work are as listed in the following. First, it makes an empiri-

cal analysis on the impact of the carbon emission trading on corporate financial performance,

and enriches the research on the economic outcomes of carbon emission trading. Its conclu-

sions provide a theoretical basis for the enterprises to enhance their own value by participating

in carbon trading, which demonstrates that the listed companies can improve their corporate

environmental management and corporate financial performance by actively participating in

the environmental rights trading businesses such as quota trading, Chinese Certified Emission

Reduction (CCER) trading, and carbon finance. Second, it has enriched the literature about

testing the Porter Hypothesis in the Chinese context. By analyzing the application of the Porter

Hypothesis to the carbon emission trading system in China, it proved that the R&D conditions

required for the application of the Porter Hypothesis were not yet valid, despite the participa-

tion of the Chinese companies in carbon emission trading. Henceforth, it is inevitable for the

government and carbon trading institutions to further improve the prevalent market

mechanism.

2. Theoretical analysis and research hypothesis

2.1 The impact of carbon emission trading on the return on corporate

assets

Research on the impact of the environmental regulations on corporate value has a long history.

Currently, there are mainly three views, as the Traditional, the Porter, and the Uncertainty

Hypotheses. Among them, the Traditional Hypothesis holds that the assumption of the enter-

prise of the environmental responsibility will inevitably lead to the loss of their economic
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benefits, which weakens their competitiveness to a certain extent, thus inhibiting the improve-

ment of corporate performance. However, an alternate view is that appropriate environmental

policies can improve the return on innovation and production efficiency, make up for the

costs of the environmental protection of the enterprise and even generate profits [8]. These

researchers believe that the environmental regulation can provide a company with innovative

and first-mover advantages, and further improve the overall corporate performance [23]. This

view has been later developed into the famous Porter Hypothesis and verified by several schol-

ars in the field of economics [24–26]. Furthermore, the Uncertainty Hypothesis argues that

there are numerous uncertainties among the environmental regulation and corporate

performance.

Based on Property Rights Theory of Coase, Dales [9] proposed an Emission-Trading Pro-

gram in the field of pollution control. Emission rights refer to the limited rights to use environ-

mental resources. Through government-guided rules, quotas of the pollutant emission rights

have been allocated to micro-level emission entities (i.e., enterprises) [27]. Through emission

rights transactions between these entities, additional economic output has been created and

their total emissions are reduced [28,29]. Accordingly, the market mechanism can play a posi-

tive role in the allocation of environmental resources. Furthermore, the environmental sub-

jects are encouraged to make behavioral decisions based on market signals [17,30], so that the

marginal costs of pollution reduction will be equal among the emitters, and the total amount

of pollutant emissions will be controlled at the lowest overall cost, ultimately achieving Pareto

Optimality and sustainable development [4,31].

The practice of carbon emission trading can reduce the emission reduction costs of enter-

prises [32]. Zubi et al. [33] have proposed that the interregional carbon trading market can

produce cost-saving effects, and the cost savings are enhanced if more enterprises are involved

in the transactions. Furthermore, carbon emission trading encourages enterprises to make

profits by reducing the emissions through market transactions. When the carbon price in the

trading market is high, enterprises can have surplus emission quotas through the carbon emis-

sion reduction and then sell these extra quotas in the carbon trading market to obtain excess

returns. This mechanism is more effective than the controlling-by-commanding tools. There-

fore, for the emission entities at the micro level, after practicing the pilot carbon emission trad-

ing, additional economic benefits can be obtained through investment activities such as the

reduction of costs and generation of trading incomes, thus improving the corporate financial

performance.

Based on these studies, the study proposes the following hypothesis:

Hypothesis 1 (H1a). Carbon emission trading can improve a company’s return on assets
(ROA).

Hypothesis 2 (H1b). Carbon emission trading can reduce a company’s return on assets (ROA).

2.2 The impact of carbon emission trading on the market value of

corporate

Previous studies have drawn diametrically opposite conclusions from the impact of the carbon

emission trading on the enhancement of the capital market value of a participant [34]. since

quotas of carbon emissions are freely allocated, the selling of the remaining quotas would

increase the corporate value [35], thus imposing comparatively loose environmental con-

straints on enterprises. Because the majority of companies involved in carbon emission trading

have been engaged in the energy industry, they can shift the carbon price onto their product

prices, bringing them significantly positive yet plenteous returns on their stock prices [36].
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From the perspective of the stock value of a company, when the price of the carbon quota

increased, the stock price of the company would also increase significantly. Another group of

scholars who disagreed with the above views, and argued that carbon emission trading

restricted the carbon emission of a company as well as increased the costs of emission reduc-

tion, compliance, and technology updates. Furthermore, corresponding incomprehensive dis-

closure has reduced the market value of the corporate capital [37,38]. Brouwers et al. [39]

found that following the EU’s carbon verification, the capital market made a significantly nega-

tive response to the companies whose carbon emissions exceeded their quotas.

Currently, the overall transaction amount and volume in the Chinese carbon market have

been steadily increasing, and the building of a unified national carbon trading market is in its pre-

liminary stage. Therefore, the allocation of carbon quotas in each pilot market will become

increasingly strict. Companies are under the administrative pressure of energy conservation and

emission reduction regulations, and have the incentive to purchase the emission reduction equip-

ment and improve the process flow. All this cost information will be exposed to the capital market

via corporate financial reports and is likely to reduce the corporate values. Based on the Porter

Hypothesis, the current listed Chinese companies disclose little information about their carbon

trading. A more detailed disclosure will immediately attract the attention of investors. Energy-sav-

ing and emission-reducing companies can gain a “first mover” advantage in the capital market,

transmit favorable signals, and have a positive impact on the market value of corporate.

Therefore, this study proposes the following hypothesis:

Hypothesis 2 (H2a). Carbon emission trading can enhance the market value of corporate in the
capital market.

Hypothesis 2 (H2b). Carbon emission trading will reduce the market value of corporate in the
capital market.

2.3 The regulatory effect of the legal environment

The legal environment and other institutional factors are important external governance

mechanisms for the companies [40,41]. The companies will not take the initiative to reduce

emissions for the sake of economy, particularly in terms of the carbon emission reduction

[42]. The government must formulate corresponding laws on the regulation and supervision

to enable the carbon emission trading. Owing to the imbalance in the economic development

among different regions of China, the level of the legal development and the law enforcement

environment vastly vary among regions. Henceforth an imbalanced pattern in which the east-

ern region is better off than the middle region and likewise, the middle region faring better

than the western region, has gradually come into existence.

The differences in the legal environment ensure direct benefits that the companies can

obtain from participating in the carbon emission trading. In regions where the laws are more

complete with a better implementation, companies, whose purchasing and selling of carbon

quotas are well protected by the system, can acquire high ROAs. Alternatively, the law as a

“visible hand” has a check-and-balance relationship with the capital market. Henceforth, in

areas where government regulation is weak, the capital market can play a stronger role instead.

Therefore, this study proposes Hypothesis 3:

Hypothesis 3 (H3a). In regions with a strict legal environment, the impact of carbon emission
trading on corporate ROAs is more significant.

Hypothesis 3 (H3b). In regions where the legal control is relatively loose, carbon emission trad-
ing has a more significant impact on corporate values in the capital market.
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3. Data and method

3.1 Data resources

This study has selected certain Chinese A-share listed companies from 2009 to 2018 as data

samples for comparing the impact of enterprise value on the emission control between the reg-

ulated and nonregulated enterprises, participating in the carbon trading, before and after the

implementation of carbon emission trading. Owing to the different establishment times of car-

bon emission trading markets in various provinces and cities, the annual selection of samples

is different. Therefore, the opening time of pilot markets in each province and city, where the

listed companies are located, is selected as the measurement standard. The specific list of enter-

prises was obtained from the Carbon Emission Trading Enterprises List published by the

National Development and Reform Commission of each region, from 2013 to 2018. The paired

samples have been selected from enterprises in non-pilot provinces and cities according to the

above said variables. Thereafter, the following screening method has been applied: the exclu-

sion of (a) the financial sector, (b) companies that went public after 2010, (c) delisted, ST and
�ST companies, and (d) companies with missing data. The data employed in this study have

been obtained from Wind database, CCER database, National Bureau of Statistics of China,

and China Statistical Yearbook.

3.2 Variable definition and research design

(a) Explained variable: Corporate financial performance, including return on total assets

and corporate market value. This study adopts the relative index generally used in acade-

mia to measure the corporate value, i.e., ROA. The method of calculation was the ratio of

the current net profit to the average total assets. Further, this study adopted the relative

index generally used in academic circles to measure enterprise value, i.e., tobinsQ, and the

method of calculation was the ratio of market value to total assets.

(b) Explanatory variable: Implementation of the carbon emission trading policy. Accord-

ing to the standardized DID regression method, there were three explanatory variables in

this study: the time of implementation of carbon emission trading, and the status of an

enterprise with respect to tread and its time treatment. The implementation time and inclu-

sion of carbon emission trading were dummy variables.

(c) Moderating variables. According to the relevant literature, the legal environment data

have been obtained from the market intermediary organization development and the rule

of law environment index in the China Province Market Index Report. According to the

annual median, areas with higher than median have been classified having better legal envi-

ronment, whereas those with lower than median were classified having worse legal

environment.

(d) Control variables. The influence of the carbon emission trading on the enterprise value

has also been affected by other factors. The control variables that are frequently used in the

previous literature have been added to the model. According to the studies of Luo and Tang

[38,43], six control variables have been selected to control the influence of other factors on

the enterprise value. The control variables were current liquidity ratio, firm size, debt ratio,

total asset turnover, equity concentration, and investor sentiment. The definitions of the

main variables involved in the empirical test are listed in Table 1 below.
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3.3 Model construction

Based on the studies [44–49], the models (1)–(2) have been constructed and the OLS method

has been employed for the regression analysis. The specific model is given as follows.

roai;t ¼ a0 þ a1timeþ a2treated þ a3time� treated þ gxi;t þ εi;t ð1Þ

tobinsQi;t ¼ a0 þ a1timeþ a2treated þ a3time� treatedþ gxi;t þ εi;t ð2Þ

The roai,t represents the financial performance of the enterprise, which is measured by the

return on total assets. The term tobinsQi,t represents the current enterprise value, which is

measured by Tobin’s Q value. The term a0 is the intercept and ai is the coefficient. The variable

treated indicates whether the company has been treated in a carbon trading system, and time�-

treated is the cross-product of time and treated. The Xi,t represents the control variables,

which includes current ratio (current), firm size, debt ratio (lev), total asset turnover (turn-

over), equity concentration (Shrhfd), and investor sentiment (Investor). Furthermore, εi rep-

resents the residuals.

4. Results and analysis

4.1 Descriptive statistics

Table 2 lists the descriptive statistics of the main variables (absolute value data adopts Winsor,

standardized processing). The value of Chinese companies (tobinsQ) ranged from 0.151 to

12.99, reflecting the significant differences over the value among companies. Financial perfor-

mance (Roa) also reflected the profitability gap among different companies. Both the explana-

tory variables, whether the carbon emission trading is implemented (time) and whether

companies are included in carbon emission trading (treated), were dummy variables, with the

mean values of 0.524 and 0.0434, respectively. The implementation scope mainly targeted the

enterprises which were heavy polluters.

4.2 Main regression results

Table 3 shows the regression relationships between the carbon emission trading and corporate

value, and the financial performance and R&D investment. Result (1) was employed to test

Hypothesis 1, result (2) to test Hypothesis 2, and results (3)–(6) to show the regressions, in the

case of grouping by law, to verify Hypothesis 3. The explained variables in each model were

Table 1. Descriptions of variables.

Variables Notation Definition

Return on assets Roa(roa) Net profit/net assets

Firm market value TobinsQ (tobinsQ) Market value/ total assets

Time of implementation Time (time) The time of carbon emissions trading implementation

Scope of implementation Treated (treated) Enterprises are included in carbon emission trading. “Yes” or “No”

Legal environment Law (law) The legal environment, strict regulation is 1, loose regulation is 0

Current ratio Current (current) Current liquidity ratio

Firm size Size (size) The natural logarithm of total assets of a company at the end of a year

Debt ratio Leverage (lev) Total debt/Total assets

Total asset turnover Turnover(turnover) Current turnover of total assets

Equity concentration Shrhfd The Herfindahl index of top five shareholders

Investor sentiment Investor (investor) Mean of the investor sentiment index

https://doi.org/10.1371/journal.pone.0253460.t001
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Roa and tobinsQ, with current ratio, enterprise size, asset-liability ratio, turnover capacity,

equity concentration, and investor sentiment as control variables.

It can be seen from Table 3 that models (1) and (2) tested the fundamental hypothesis of

this paper, besides the impact of the implementation of the carbon emission trading scheme

on the total ROA of the enterprise and its corporate value in the capital market. The regression

results showed that with the adoption of the DID method, the variable time�treated in result

(1) had a significantly positive correlation with the Roa of the company at the 10% level. This

indicated that, subsequent to the implementation of the carbon emission trading scheme, the

financial performance of the involved enterprises was significantly improved, and H1 was veri-

fied. The time�treated in Result (2) had a significantly negative correlation with the corporate

value in the capital market at the 1% level, indicating that, subsequent to the implementation

of the carbon emission trading scheme, the values of enterprises that were included in carbon

emission trading, compared with those not included, were significantly reduced, and H2b was

verified.

In results 4.3 and 4.4, time�treated in the strict legal environment group had a significantly

positive correlation with Roa at the 5% level, whereas the correlation was not significant in the

loose legal environment group. This proved that in the regions with more complete laws,

enterprises participating in carbon emission trading had achieved high ROAs. Therefore, H3a

has been verified. In results (5) and (6), time�treated had a significantly negative correlation

with tobinsQ at the 5% level in the loose legal environment group, despite the correlation

being not significant in the strict legal environment group. This proved that in the regions

where the government supervision was weak, the capital market played a stronger role, and

H3b was verified. Among the control variables, the leverage ratio had a significantly negative

correlation with Roa and tobinsQ at the level of 1%.

4.3 Relieving the endogenous

Because the carbon emission trading is still in the pilot stage in China, its trading volume is

smaller than the overall trading volume of the capital market, and hence only a few listed com-

panies are included (78 enterprises in 2014, and the number has been increasing in the follow-

ing years, reaching 137 in 2018). There may be deviations in the regression analysis with the

full sample, hence, the estimation result heavily depends on the selection of the control group.

For the sake of rigid measurement, this paper adopted the test method of propensity score

Table 2. Descriptive statistics.

Variables Sample size Mean Median Std. Dev. Min Max

tobinsQ 21592 2.401 1.752 2.231 0.151 12.99

Roa 21592 0.0396 0.0334 0.0441 -0.0504 0.133

time 21592 0.524 1 0.499 0 1

treated 21592 0.0434 0 0.204 0 1

time�treated 21592 0.0218 0 0.146 0 1

current 21592 3.505 1.609 84.35 -5.132 12223

size 21592 0.000839 -0.0739 1.020 0.0783 37.49

lev 21592 0.444 0.421 0.557 0.195 63.97

turnover 21581 0.619 0.508 0.534 0.000434 11.42

Shrhfd 21592 0.148 0.110 0.124 0.0000008 0.810

Investor 21592 54.82 55.02 4.661 28.17 73.59

Law 12782 0.4683 0 0.499 0 1

https://doi.org/10.1371/journal.pone.0253460.t002
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matching and difference in differences (PSM-DID) to alleviate the endogenous effects. The

treatment group referred to enterprises which had implemented the carbon emission, and the

propensity score matching method was used to further match the control group in companies,

which did not implement the carbon emission.

Specifically, the binary probity model was employed to estimate the probability that the

sample was a company that implemented carbon emission control. Existing research shows

factors that affect the carbon emission trading of an enterprise that includes the region, indus-

try, scale, and profitability. Therefore, this work selected the size of an enterprise (size), the

industry it was engaged in, the lev ratio (lev), the total operating income (income), the total

operating cost (cost), and the area it was located in (area), as the matching variables in the pre-

diction model. According to the propensity score, the group that was closest to the probability

value of the treatment group was selected as the control group.

To ensure the accuracy of the results obtained with the PSM method, this study conducted

a balance test, and the results are presented in Table 4. According to the table, the deviations of

all variables after the matching were significantly reduced, all within 10%. Furthermore, all the

post-matching p values of the t-test were greater than 10%, indicating the absence of significant

Table 3. The regression results.

Variables (1) (2) (3)High law (4)Low law (5)High law (6)Low law

Roa tobinsQ Roa Roa tobinsQ tobinsQ

time -0.005��� -0.397��� -0.009��� 0.003 0.609��� 1.263���

(-3.86) (-5.92) (-3.53) (1.22) (5.52) (11.01)

treated -0.006��� -0.211�� -0.009 -0.002 -0.171 0.051

(-2.77) (-2.25) (-1.52) (-0.88) (-0.69) (0.41)

time�treated 0.005� -0.380��� 0.022�� -0.002 -0.157 -0.396��

(1.77) (-2.93) (2.50) (-0.50) (-0.41) (-2.36)

current 0.000 0.000 -0.000 0.000��� -0.000 0.019���

(0.16) (0.34) (-1.53) (2.95) (-0.51) (6.99)

size -0.001��� -0.008 0.046�� -0.014��� -9.604��� -1.176���

(-3.39) (-0.46) (2.45) (-3.93) (-11.62) (-7.44)

lev -0.010��� -0.106��� -0.083��� -0.020��� -2.875��� -0.460���

(-19.81) (-4.32) (-32.04) (-13.65) (-25.30) (-6.86)

Turnover 0.007��� -0.011 0.013��� 0.007��� -0.046 -0.050

(12.13) (-0.38) (10.28) (7.57) (-0.84) (-1.13)

Shrhfd 0.020��� -0.346��� 0.023��� 0.021��� 0.088 -0.237

(8.16) (-3.03) (5.32) (4.91) (0.46) (-1.23)

Investor 0.002��� -0.056��� 0.002��� 0.002��� -0.039��� -0.017���

(30.75) (-18.74) (13.81) (13.21) (-7.16) (-3.17)

Constant -0.076��� 5.903��� -0.031��� -0.066��� 5.339��� 2.965���

(-17.98) (23.79) (-3.58) (-5.47) (14.18) (5.51)

Year control Yes Yes Yes Yes Yes Yes

Industry control Yes Yes Yes Yes Yes Yes

Observations 21592 21592 5,596 6,396 5,596 6,396

R-squared 0.104 0.245 0.252 0.112 0.302 0.267

Adj_R2 0.102 0.241 0.247 0.108 0.298 0.263

F 73.27 71 60.32 24.39 77.75 70.08

The t-statistics in parentheses (���p<0.01, ��p<0.05, �p<0.1).

https://doi.org/10.1371/journal.pone.0253460.t003
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differences in the post-matching between all variables of the treatment group and those of the

control group. The descriptive statistics after PSM processing (omitted due to limited space,

but available upon request) revealed that, in terms of the explained variables, the value of the

Chinese companies varied from the minimum 0.0454 to the maximum 121.5 (non-standard-

ized original value), showing that the differences between the enterprise values were obviously

reduced, and the same was true for financial performance (Roa). In terms of the explanatory

variables, the mean value of the implementation time of the carbon emission trading remained

stable, and the mean value of the treated variables of companies included in the carbon emis-

sion trading increased to 0.342, indicating that the results met the processing requirements of

PMS.

After the PSM processing, this paper has re-examined the above model, and the results are

presented in Table 5 below. The results showed that the regression results of time�treated on

tobinsQ were basically consistent with the above one, and the significance of time�treated on

Roa that improved and in a loose legal environment showed a negative correlation at the 10%

level, further verifying that H3a was on another dimension. The above results proved that the

conclusion of this paper was relatively stable with no significant endogenous problem.

4.4 Further analysis

4.4.1 Impact of the implementation of carbon emission rights on enterprises’ R&D

investment. According to the Porter Hypothesis, besides their impact on financial perfor-

mance of the enterprises, various types of environmental regulations have more important

impact on their R&D investment. It holds that technology is the key to protecting the environ-

ment and promoting economic growth. Recently, there are a significant amount of literature

on numerous theoretical and practical research on the interaction between the environmental

regulation and technology, which mostly revolves around the relationship between environ-

mental regulation and technological, patent output, and R&D input. Schelling [50] and Lan-

jouw et al. [51] verified the relationship between the invention and diffusion of environmental

technology and pollution control expenditures. Furthermore, they proposed that with the

increase in pollution control expenditures, the number of environmental patents increased

accordingly, i.e., strengthening environmental regulation could promote the technological

innovation of the enterprises. Jaffe [52] found that the environmental regulation promoted

Table 4. PSM balance test results.

Variables Mean value Deviation reduction ratio(%) t-test

Sample matched Treatment group The control group Deviation rate(%) t-value p>|t|

Size No 1.1312 -0.02866 29.4 97.4 14.99 0.000

Yes 0.14206 0.11146 0.8 0.30 0.761

Ind No 4.0927 4.9601 -28.2 83.8 -3.72 0.000

Yes 3.8958 3.7556 4.6 0.72 0.474

Lev No 0.48907 0.4159 32.8 86.4 5.23 0.000

Yes 0.47462 0.46468 4.5 0.49 0.625

Income No 0.38151 -0.037 34.3 73.6 11.61 0.000

Yes 0.16554 .05516 9.0 1.30 0.195

Cost No 0.33301 -0.013 27.9 61.7 5.34 0.000

Yes 0.18967 .05728 10.7 1.41 0.158

Area No 144.49 251.1 -70.7 97.7 -10.19 0.000

Yes 148.47 146.04 1.6 0.20 0.845

https://doi.org/10.1371/journal.pone.0253460.t004
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technological investments of US manufacturing companies. For every 0.15% increase in pollu-

tion control expenditures, there was a 1% increase in green R&D investment. Recent studies

by D’Agostino [41] and Goodchild et al. [22] have also supported the view above. However, as

the carbon emission trading market of China is still in the pilot and developmental stage, sev-

eral scholars have not yet reached a consensus on the role of carbon emission trading in pro-

moting R&D investment.

Based on the above research, the impact of the carbon emission trading system on corporate

innovation behavior needs to be analyzed by taking into account the situation of an enterprise

before and after the implementation of this policy. It cannot be asserted that, subsequent to the

implementation of carbon emission trading, Chinese enterprises have increased their invest-

ment in R&D activities. Enterprises may have improved their production processes through

R&D investment, which can save quotas for financing or selling, and can obtain greater

expected returns. On the contrary, owing to the loose restrictions the current carbon trading

market in China, enterprises may be inclined more to carry out emission reduction activities

Table 5. The regression results after the PSM balance test.

Variables (1) (2) (3)High law (4)Low law (5)High law (6)Low law

Roa tobinsQ Roa Roa tobinsQ tobinsQ

Time -0.013��� -0.597��� -0.004 0.013�� -0.444 1.198���

(-3.50) (-3.51) (-0.37) (1.98) (-1.01) (4.25)

treated -0.010��� -0.360��� -0.008 0.002 -0.359 -0.022

(-4.17) (-3.22) (-1.14) (0.47) (-1.37) (-0.14)

time�treated 0.010��� -0.312�� 0.019� -0.009� -0.045 -0.482��

(3.03) (-2.08) (1.88) (-1.94) (-0.11) (-2.33)

current -0.000 0.008�� -0.001�� -0.000 -0.022 -0.006

(-0.94) (2.05) (-2.09) (-0.48) (-0.91) (-0.89)

size -0.000 -0.179�� -0.134 0.007 -15.102��� -0.879�

(-0.12) (-2.29) (-1.49) (0.62) (-4.50) (-1.81)

lev -0.016��� -0.415��� -0.093��� -0.077��� -2.269��� -3.615���

(-7.17) (-3.99) (-7.90) (-10.46) (-5.14) (-11.48)

Turnover 0.015��� 0.302��� -0.004 0.014��� -0.015 0.207�

(7.77) (3.47) (-0.56) (4.96) (-0.06) (1.69)

Shrhfd 0.033��� -0.392 0.037� 0.012 0.004 -0.523

(5.10) (-1.31) (1.76) (1.21) (0.00) (-1.22)

Investor 0.002��� -0.038��� 0.001� 0.002��� 0.006 -0.037���

(9.05) (-4.37) (1.73) (5.72) (0.27) (-2.74)

Constant -0.068��� 4.457��� 0.014� -0.051� 2.105� 5.520���

(-4.93) (7.12) (1.37) (-1.94) (1.50) (4.94)

Year control Yes Yes Yes Yes Yes Yes

Industry control Yes Yes Yes Yes Yes Yes

Observations 2,666 2,666 1290 1,120 1290 1,120

R-squared 0.214 0.305 0.337 0.189 0.351 0.346

Adj_R2 0.189 0.283 0.272 0.169 0.286 0.329

F 8.481 13.68 5.149 9.422 5.462 21.36

The t-statistics in parentheses.

���p<0.01,

��p<0.05,

�p<0.1.

https://doi.org/10.1371/journal.pone.0253460.t005
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by purchasing clean energy or environmental protection equipment. Therefore, this work fur-

ther set the R&D intensity of an enterprise as the explanatory variable. Likewise, to alleviate

endogenous effects, a sample after the propensity matching score was used for testing. The set-

tings of other variables remain unchanged. For specific indicators, see the variable definition

table above. The test results are listed in Table 6.

4.4.2. The impact of the implementation of carbon emission rights on an enterprise’s

non-operating income and investment income. Certain scholars have proposed that the

enterprises can obtain energy-saving funds, trading income, and extra profits through cleaner

production projects. From the perspective of the accounting treatment of actual carbon emis-

sion trading of enterprises, the current carbon emission trading market in China is still in the

pilot stage, and the project surveys have found that most of the enterprises conduct accounting

confirmation in a simplified manner. Currently, enterprises mainly use accounting measure-

ment when the quota purchase or sale, and include all the economic items in the non-

Table 6. Further studies examining the regression results.

Variables a. b. c.

R&D Non-operating investment

Time 0.956��� 0.289��� 0.245���

(4.57) (8.75) (7.97)

Treated 0.311 0.329��� 0.040

(1.28) (7.16) (0.93)

time�treated -0.043 0.091� 0.076

(-0.14) (1.71) (1.26)

Current 0.067��� -0.000 -0.000

(11.70) (-0.45) (-0.35)

size -1.034��� 0.127��� 0.040���

(-2.93) (17.54) (5.93)

lev -3.417��� 0.167��� 0.093���

(-19.97) (13.89) (8.26)

Turnover -2.078��� 0.063��� -0.001

(-28.21) (4.64) (-0.07)

Shrhfd -2.352��� 0.581��� 0.662���

(-8.77) (10.53) (12.75)

Investor 0.059��� 0.020��� 0.026���

(7.89) (13.87) (19.13)

Constant 0.492 -1.461��� -1.957���

(0.90) (-14.52) (-20.70)

Year control Yes Yes Yes

Industry control Yes Yes Yes

Observations 13,554 21,504 21,351

R-squared 0.333 0.101 0.211

Adj_R2 0.331 0.0997 0.210

F 198.2 71.04 167.5

The t-statistics in parentheses.

���p<0.01,

�� p<0.05,

� p<0.1.

https://doi.org/10.1371/journal.pone.0253460.t006
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operating income or cost by using the historical cost method (mainly in high-emission

manufacturing industries such as steel, cement, and metal). On the contrary, enterprises domi-

nated by the power industry and carbon asset management and investment institutions usually

adopt the measurement attributes of fair value, and the income from carbon emission trading

and changes in fair value have been included in the investment income. Therefore, the most

direct impact of carbon emission trading on the financial performance of current Chinese

enterprises is reflected in their non-operating income, besides their investment income. Thus,

we believe that the implementation of carbon emission trading can enhance the nonoperating

income and investment income of an enterprise.

Based on the above analysis, this work further sets the current non-operating income and

investment of an enterprise as explanatory variables, and also uses the sample before the test-

ing of the propensity matching score. The settings of other variables remain unchanged. For

specific indicators, see the variable definition in the table above. The test results are presented

in Table 6.

The test results showed that the variable time�treated in Result a. was not positive, yet insig-

nificantly correlated with the R&D input of an enterprise. Therefore, it cannot be concluded

that subsequent to the implementation of the carbon emission trading mechanism, enterprises

incorporated in the carbon emission trading will strengthen the intensity of their R&D invest-

ment. The explanatory variable time�treated in result b was significantly and positively corre-

lated with the nonoperating income at the 10% level, proving that the implementation of

carbon emission trading has indeed increased the level of nonoperating income of companies

included in the trading system. However, the correlation between the explanatory variable and

the ROI in Result c. was not significant, which could not prove that the implementation of the

carbon emission trading improved ROIs of enterprises. This may owe to the fact that most of

the enterprises currently record only transaction quotas, instead of making accounting recog-

nition for free quotas, resulting in a small overall amount and hence an insufficient impact on

their ROIs. The tests of Results b. and c. also verified the current accounting treatment of

enterprises and provided data support for the Interim Provisions on Accounting Treatment for
Carbon Emission Trading issued by the Ministry of Finance of China, which included enter-

prises with non-free transaction of carbon emission quotas in their non-operating income and

non-operating cost.

4.4.3. The impact of the State-owned enterprise on main regression results. Consider-

ing that China has a large number of state-owned enterprises, the nature of this property right

may affect the relationship between carbon trading and corporate financial performance.

Therefore, we further tested the results under different property rights. The results show that

in the group of soe = 1 (The sample is state-owned enterprise), the results of time�treated to

Roa and tobinsQ are not significant. In the group of soe = 0 (The sample is not state-owned

enterprise), the results of time�treated to Roa and tobinsQ are significant. This proves that

China’s state-owned enterprises participate in carbon emissions trading did not have a signifi-

cant impact on financial performance and corporate value, but non-state-owned enterprises

can improve their financial performance through carbon emissions trading and reduce corpo-

rate value. The test results are presented in Table 7.

4.5 Robustness test. To enhance the reliability of the empirical conclusions, this section

conducts a robustness test.

(a) We have made adjustments owing to the hysteresis of the explanatory variables. To pre-

vent the “lag effect” of the carbon emission trading on the financial performance and mar-

ket value of an enterprise, a re-examination has been conducted by adopting the Roa and
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TobinsQ lag data. The samples processed by PSM have been selected and regression tests

were conducted on models (1) and (2) respectively (the results are shown in Table 8 below).

(b) Adjustments have been made for the explanatory variables in basic regression analysis.

ROA has been replaced with return on equity (ROE), and the R&D intensity has been

replaced with the total amount of R&D investment. Further, the impact of the carbon emis-

sion trading on the financial performance and R&D investment of an enterprise has been

re-examined. Two samples before and after PSM processing have been selected, and the

regression tests have been conducted on models (1) and (2), respectively (the results are

presented in Table 7).

The empirical results showed that the implementation of the carbon emission trading can

still have a significant positive impact on the ROE of an enterprise, but it did not have a

Table 7. Further studies result.

Variables a. b. c. d.

Roa Soe = 1 Roa Soe = 0 tobinsQ Soe = 1 tobinsQ Soe = 0

Time -0.015��� 0.002 0.095 -0.390���

(-8.54) (1.17) (1.33) (-3.70)

Treated -0.004 -0.005� -0.195� 0.064

(-1.62) (-1.91) (-1.94) (0.43)

time�treated 0.004 0.006� -0.089 -0.608���

(1.21) (1.87) (-0.60) (-3.09)

Current 0.000 -0.000 0.002 0.000

(0.04) (-0.11) (1.32) (0.80)

size -0.000 -0.001��� -0.022 -0.030

(-0.64) (-3.13) (-1.24) (-1.40)

lev -0.050��� -0.005��� -1.167��� 0.002

(-31.21) (-9.30) (-17.99) (0.07)

Turnover 0.009��� 0.009��� 0.010 -0.039

(10.47) (11.35) (0.30) (-1.00)

Shrhfd 0.015��� 0.034��� -0.949��� 0.411��

(4.76) (10.16) (-7.17) (2.43)

Investor 0.002��� 0.002��� -0.040��� -0.053���

(18.24) (24.85) (-10.32) (-12.74)

Constant -0.051��� -0.086��� 5.311��� 5.664���

(-8.41) (-14.62) (21.39) (19.17)

Year control Yes Yes Yes Yes

Industry control Yes Yes Yes Yes

Observations 8,332 13,249 8,332 13,249

R-squared 0.208 0.106 0.175 0.210

Adj_R2 0.205 0.103 0.172 0.208

F 66.05 45.84 53.27 103.6

The t-statistics in parentheses.

���p<0.01,

�� p<0.05,

� p<0.1.

https://doi.org/10.1371/journal.pone.0253460.t007
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significant impact on the sum of the R&D investment of the enterprise. The test results have

not changed substantially, indicating that the conclusion of this study is relatively robust.

5. Conclusions and further development suggestions

5.1 Discussion and conclusions

With the development of the carbon emission pilot trading market in China, the implementa-

tion of carbon emission trading has a key impact on the production and operation decisions of

Chinese enterprises. We have selected Chinese A-share listed companies from 2009 to 2018 as

samples, and analyzed the impact of carbon emission trading on corporate financial perfor-

mance by employing the DID method. Evidence shows that the implementation of carbon

emission trading could effectively improve the total asset-liability ratio of enterprises. How-

ever, it will reduce the value of the current capital market. Moreover, in the regions with strict

legal environment, the increasing effect of the total asset-liability ratio was more obvious,

whereas in the regions with loose legal environment, the reduction effect of the value of the

capital market was more obvious. Further analysis showed that the implementation of the car-

bon emission trading could not promote the Chinese enterprises to increase R&D investment.

The implementation of carbon emission trading has improved the level of non-business

Table 8. Robustness test results.

VARIABLES (1)after PSM (2)after PSM (3)before PSM (4)before PSM (5)after PSM (6)after PSM

Roa.l Tobinsq.l roe R&DSum roe R&DSum

time -0.002 0.875��� -0.015��� 0.141��� -0.018�� 0.244

(-0.45) (4.63) (-6.41) (2.82) (-2.51) (0.67)

treated -0.007��� -0.287�� -0.006 0.488��� -0.013��� 0.449��

(-2.77) (-2.46) (-1.58) (7.86) (-2.81) (2.33)

time�treated 0.008�� -0.350�� 0.007� -0.208 0.008� -0.217

(2.24) (-2.23) (1.41) (-0.66) (1.29) (-0.91)

current -0.000 0.007� 0.000 0.001 -0.000 0.010

(-1.00) (1.92) (0.04) (1.27) (-0.78) (1.15)

size -0.000 -0.203�� 0.003��� 3.423��� 0.000 2.834���

(-0.17) (-2.48) (4.75) (43.51) (0.01) (10.29)

lev -0.022��� -0.815��� -0.000 0.398��� -0.003 1.498���

(-9.00) (-7.66) (-0.04) (9.52) (-0.54) (4.94)

Turnover 0.011��� 0.231�� 0.019��� 0.051��� 0.030��� 0.081

(5.39) (2.54) (17.91) (2.83) (8.58) (0.56)

Shrhfd 0.019��� -0.378 0.045��� 0.296��� 0.047��� 0.521

(2.73) (-1.20) (10.19) (4.23) (4.01) (1.12)

Investor 0.002��� -0.056��� 0.004��� 0.016��� 0.004��� 0.035��

(7.13) (-6.03) (31.07) (8.08) (10.10) (2.50)

Constant -0.057��� 4.494��� -0.153��� -1.123��� -0.141��� -3.055���

(-3.68) (6.54) (-19.84) (-8.12) (-5.90) (-2.97)

Year control Yes Yes Yes Yes Yes Yes

Industry control Yes Yes Yes Yes Yes Yes

Observations 2,420 2,420 21,581 13,951 2,665 1,804

R-squared 0.198 0.323 0.100 0.170 0.136 0.100

Adj_R2 0.170 0.299 0.0986 0.168 0.126 0.0857

F 7.035 13.58 70.39 83.85 13.81 6.826

https://doi.org/10.1371/journal.pone.0253460.t008
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income of enterprises incorporated into the trading system. However, its impact on the invest-

ment income of enterprises was not significant.

The results European Union and China has been compared with similar studies in the

United States. The conclusions that we have obtained in a bias towards the “uncertainty

hypothesis”. Currently, carbon emission trading in China has a certain financial promotion

effect on enterprises, but it has not reached the ideal state of the Porter hypothesis. How-

ever, we believe that with the further development of carbon market in China, enterprises

will be able to obtain corresponding benefits through the carbon emission control in the

future.

5.2 Further development suggestions

Primarily, it needs to effectively design accounting standards for the carbon emission rights

and promote the enterprises to actively participate in the carbon emission trading. The carbon

emission trading also has the policy significance of environmental protection on the basis of

trading, which is different from general economic matters. Therefore, the accounting stan-

dards for this economic concern need to ensure the reliability and feasibility of accounting,

besides meeting the requirements of government regulations. During the establishment of car-

bon accounting standards, the trading products such as quota, CCER, and financial products

should be classified, and the different asset accounts and accounting treatment methods

should be established to avoid the simplification of the current trading income.

Second, it needs to distinguish the enterprise carbon information users, and enhance the

role of carbon information to enhance the enterprise value. We suggest that the corporate car-

bon information users should be distinguished, such as the capital market and investors. The

capital market and investors should pay increased attention to the economic effect of the car-

bon trading, and the trading information such as the emission reduction cost and gain of trad-

ing enterprises should be included in the disclosure. For the purpose of economic supervision,

Chinese Securities Regulatory Commission requires enterprises to disclose the compliance

information such as the accounting treatment methods and performance completion time.

The NDRC and environmental protection authorities need to require the enterprises to dis-

close the environmental information such as the energy consumption, carbon emission, and

emission reduction. Based on the basic information, the corresponding economic, compliance,

and environmental information should be disclosed to enhance the role of carbon information

in improving the enterprise value.

Third, the unified trading market in China, under construction, should conduct the carbon

financial trading based on technology research and development to enhance the role of the

carbon emission trading technology. The study showed that the current carbon emission trad-

ing is still in the stage of enterprise trading income and has no significant impact on the enter-

prise R&D and innovation. Therefore, we suggest that the unified trading market should be in

the future design of carbon financial products for the research and development of energy sav-

ing, emission reduction, and environmental protection technologies. This is to promote the

enterprises to strengthen the research and development innovation and enhance the role of

carbon trading technology.
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