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Based on the data of Shanghai and Shenzhen A-share listed companies from

2015 to 2019, this paper studies the influence of air quality on the R&D

investment of listed companies from the perspectives of investor sentiment

and government concern. It is found that, on the whole, air quality has a

significant inhibitory effect on R&D investment. Air quality significantly

promotes investor sentiment, which serves as a path to further restrain the

R&D investment of listed companies. Air pollution is an effective concern for the

government and serves as a veil between air quality and R&D investment.

Furthermore, this paper analyzes the heterogeneity of enterprises from the

aspects of regional technology complexity, property right nature, whether it is a

polluting enterprise or not, and whether it is a key regulated enterprise or not,

and comes to relevant conclusions. This paper expands the research on air

quality and enterprise R&D investment decision-making, which helps to clarify

and improve the transmission mechanism and implementation effect of

environmental protection policies.
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Introduction

Research background

“China Ecological Environment Bulletin 2019″ shows that in 2019, China’s urban air

quality standards accounted for 46.6 percent of the total number of cities, an increase of

10.8% compared to 2018, and the number of city ambient air quality exceeded the

standard was 180, accounting for 53.4% of the total number of cities. A total of 452 days of

serious pollution occurred in 337 cities, 183 days less than in 2018; 1,666 days of serious
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pollution, (Figure 1). For a long time, the rapid growth of China’s

economy based on energy consumption has caused a serious

imbalance of China’s ecological environment, especially the air

quality problem. The economic high-efficiency growth pattern

with independent innovation as the core is the core path to

realizing the high-quality development of China’s economy (He

et al., 2020), and a significant leap in scientific and technological

strength is set as one of the long-term goals in the 14th Five-

Year Plan.

China’s economy has been in a period of continuous

development in recent decades, while high-frequency

economic activities have led to a continuous decline in air

conditions (Hao et al., 2020). With regard to the current

severe situation of air pollution, China has issued “the action

plan for air pollution prevention” and “control and the 3-year

action plan for winning the blue sky defense war” to make

strategic arrangements for air pollution prevention and

control. The former stipulates the task of reducing air

pollutant emissions for core industries and regions and adds it

to the government assessment, clarifying the consequences of

failing to meet the standards. In this case, in order to transform

the economy to green development, the government advocates

that all enterprises should make the green transformation,

promote technological progress and scientific and

technological progress, and it is necessary to study whether air

pollution will affect the R&D and innovation of micro-

enterprises, and what path it will take to affect the R&D and

innovation of enterprises.

Literature review

The search for the high-quality development of both air and

the economy has been the focus of many scholars’ research. The

available literature on air pollution has focused on environmental

pollution and social welfare (Wang et al., 2021), the formation of

air pollution (Vega et al., 2021), governance mechanism and

effect (Liu et al., 2021), labor supply, and resident’s happiness (Li

et al., 2020; Sanduijav et al., 2021) and impact of green

investment (Ren et al., 2021) and internet on environmental

pollution (Ren et al., 2022). However, there are a few research

studies on the impact of air pollution onmicro- enterprises’ R&D

and innovation behavior, and the impact paths are mainly

focused on the perspectives of regulatory mechanisms (Zhang

et al., 2020; Wang et al., 2021), human capital (Liu et al., 2021),

and corporate social responsibility (Wang et al., 2021) and so on.

On the basis of previous studies, this paper takes investor

sentiment and government concern as the core paths to

explore the effect of air pollution on enterprise R&D

investment. The domestic and foreign references for the two

are summarized as follows.

In the aspect of air pollution and investor sentiment, from the

point of view of environmental psychology, the negative effect of

air pollution has been concluded, and the negative effect of air

pollution is the result of the interaction of many factors.

Psychologists have long known that environmental factors

influence people’s moods, thoughts, and judgment (Hirshleifer

and Shumway 2003; Jacobsen and Marquering, 2008). The

psychological effects of air pollution were not only associated

with life satisfaction and subjective well-being (Dolan and Laffan,

2016), but also correlated with people’s mood (Lim et al., 2012).

Emotional reactions may be the most sensitive among the

possible adverse effects of air pollution (Power et al., 2015).

Weather factors can directly affect individual behavior and

psychological processes or indirectly affect individual

behavior. In addition, weather factors will directly impact

various activities within the enterprise and the enterprise

relations in the industrial chain or indirectly impact the

business behavior (Gao and Zhang, 2020). There is a negative

relation between air pollution and an enterprise’s stock return,

and the air pollution effect is particularly strong for enterprises

that are more likely to be held by local investors, such as younger

enterprises, enterprises with lower institutional ownership, and

enterprises covered by fewer analysts (Ding et al., 2021). Severe

air pollution results in low returns, turnover, volatility, and high

illiquidity. The relationship between air pollution and local

enterprise performance is insignificant, implying that the

effects of air pollution can be attributed to the emotional bias

of investors (Wu et al., 2018).

The innovation of knowledge has the characteristics of the

great demand for fund support, high risk of innovation activities,

and obvious uncertainty of benefits. Therefore, the R&D

investment of enterprises has become the leading factor in

realizing innovation activities (Song et al., 2021). In terms of

investor sentiment and enterprise R&D, pessimistic individual

investor sentiment reduces liquidity and volatility. The

mispricing caused by individual investor sentiment cannot be

eliminated using risk-factor models (Wu and Lu, 2020). Market

sentiment further affects R&D investments by influencing

manager sentiment (Dang and Xu. 2018). High or low market

FIGURE 1
Proportion of days at various levels of air quality in 337 cities in
2019.
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sentiment reflects investors’ general optimism or pessimism

about asset prices (Brown and Cliff, 2005), and this kind of

irrational sentiment will lead to mispricing of the stock and

have an important influence on the capital investment

decision of the enterprise (Baker and Wurgler. 2004; Polk

and Sapienza. 2009). Besides, high or low investor sentiment

can “shape” managers’ homogeneous sentiment and thus

influence the enterprise’s investment and other decision-

making behavior (Nofsinger, 2005). Based on the above

facts, the adverse effects of air pollution will affect both the

investment behavior of micro-individuals and the innovation

activities of enterprises. Therefore, this paper tries to analyze

how air quality affects enterprise R&D investment by taking

individual investor behavior, namely investor sentiment, as an

influence path.

In addition, as the main body of micro-development,

enterprises are the focus of the government’s attention and

also the foothold of implementing relevant environmental

regulation policies. The implementation effect of the

relevant government policies will be reflected through the

overall effect of all micro-enterprises individual innovation

behavior. China’s coal-based, energy-intensive development

path in air quality and government supervision has led to

severe air pollution problems (Du et al., 2018; Hein et al.,

2019). And air pollution is a major threat to human health and

life satisfaction (Han et al., 2017; Tang et al., 2018). Severe air

pollution associated with rapid urbanization is a pressing issue

in China. The Chinese public’s awareness of environmental

protection is awakening, which poses enormous pressure on

governments to enforce environmental regulations (Lu et al.,

2018). The Chinese government has proposed to establish an

ecological compensation (EC) mechanism for air quality to

deal with the country’s serious air pollution problem (Cui

et al., 2021). In government supervision and enterprise R&D

investment, the Chinese government R&D subsidies

significantly incentivize enterprise technology innovation

investment (Jia et al., 2021). And government public

support is an important policy tool to support enterprises

in carrying out innovation and R&D in China (Xiang et al.,

2021). But there are different conclusions. Although

government support can help alleviate financial constraints

and encourage funded enterprises to invest in innovative

activities (Buisseret et al., 1995), such support may simply

induce funded enterprises to replace their R&D investment

with scarce public funds, thereby crowding out their spending

(Zúñiga-Vicente et al., 2014).

From the above literature review of air quality and

enterprise R&D investment, it can be seen that there is

relatively little research on how air quality affects the R&D

innovation of micro-enterprises. In previous studies, we can

find the impact of air quality on investor sentiment and

government attention, and the impact of both on

Enterprise R&D investment has been studied by scholars.

But at present, there is no article trying to study the impact

of air quality on Enterprise R&D investment through investor

sentiment and government attention. Therefore, the two

research paths selected in this paper are feasible and fill the

gap in this part.

Therefore, this paper analyzes the relationship between air

governance and corporate R&D investment by using

government supervision as another influence path.

Government supervision plays an important role in

regulating the market, building investor confidence, and

relieving the financing difficulties of R&D enterprises.

Therefore, based on the reality of China’s capital market and

the reality of listed companies, the government supervision

factor is embedded into the research category of air pollution

and enterprise R&D investment, and it is necessary to further

reveal how the institutional factors affect and intervene the

process of air pollution’s effect on enterprise micro-R&D

investment. On the one hand, under the pressure of

environmental performance assessment and social and media

attention, regional air pollution will force the government to

pay more attention to, formulate and revise relevant

environmental protection policies. Various positive fiscal and

taxation policies formulated by the government can encourage

technological innovation of enterprises, regulate the market

using “visible hands”, maintain and boost investor confidence.

In addition, it enhances the capital market’s influence on

enterprise innovation and drives the innovation economy’s

transformation and adjustment. The impact mechanism of

this paper is shown in Figure 2. In a word, the enterprise

R&D level is the key field of green and low-carbon industry

transformation in China. It is the key to carrying out the

innovation-driven development strategy in the context of

high-quality economic development to probe into the path

and main obstacles of R&D from the micro-perspective of

enterprises.

As an important subject of responsibility for pollution

control, enterprises are bound to be affected by air pollution

in terms of investor sentiment and government attention during

production and operation. On the one hand, air pollution will

stimulate investors’ sentiment, affect their investment judgment

ability, and then make enterprises change their R&D investment;

On the other hand, the decline of air quality will make the

government pay more attention to the environment and

formulate and release some environmental regulation policies.

The introduction of these policies not only reduced the amount

of pollutants emitted by enterprises but also urged enterprises to

invest more money in R&D and innovation. It can be seen that

exploring the impact of air quality on the total factor productivity

of enterprises has certain practical significance and theoretical

value for improving air quality, promoting the improvement of

total factor productivity of enterprises, and further promoting the

realization of green, healthy and sustainable economic

development.
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According to the above analysis, this paper puts forward the

following three assumptions:

Hypothesis 1. air pollution has a restraining effect on the R&D

investment of enterprises.

Hypothesis 2. air quality affects investor sentiment, thus changing

enterprise R&D investment.

Hypothesis 3. air quality affects the government’s attention, thus

changing the R&D investment of enterprises.

This paper is mainly divided into the following parts:

The first part is the introduction. First of all, the current

situation of air quality and the significance of the research are

described. Secondly, the literature review is done on the impact of

air quality on investor sentiment and government attention and

the impact of investor sentiment and government attention on

Enterprise R&D. finally, the existing literature is

comprehensively reviewed; The second part is the research

design part, which mainly explains the samples and data

sources, constructs the mediation effect model, and defines

the variables used in the article; The third part is the result

analysis and conclusion, which studies the impact of air quality

on the R&D investment of enterprises under the two paths of

investor sentiment and government concern; The fourth part is

the conclusion and suggestion. This paper expounds and

summarizes the results after empirical testing, and puts

forward some suggestions on the results.

Data and methodology

Sample and data sources

This paper selected all the listed companies of Shanghai

and Shenzhen A-shares as the sample of enterprises, in which

the enterprises with missing data were excluded. Furthermore,

the daily Air Quality (AQ) of prefecture-level cities across the

country was collected from the Ministry of Ecology and

Environment of the People’s Republic of China.

Considering the significant changes in the air quality

evaluation index system in China after 2014, this paper

only selected air quality data in 2015 and later to ensure

the consistency of the calculation of air pollution degree. This

paper selected the sample of enterprises from 2015 to

2019 and processed the sample according to the following

principles: 1) Eliminating companies with incomplete data; 2)

Considering the significance of extreme weather in the study

of this paper, this paper only conducted Winsorize (1%)

treatment on the continuous variables of financial

indicators. The data in this paper are mainly from the

CSMAR database, and the data of the macro-economic

level are from the Statistical Yearbook of Chinese Cities. In

the city’s technical complexity data, the patent data comes

from the State Intellectual Property Office.

Econometric model and variable selection

In order to analyze the impact path of air pollution on the

R&D investment of enterprises, this paper sets up an

extensible benchmark measurement model 1) as follows.

This paper will take the logarithm treatment with the

explained variables:

The logarithmic transformation in this paper is a semi

logarithmic model, that is, only the logarithm of the explained

variable is taken. The reasons are as follows:

One side, for variables greater than 0, the conditional

distribution usually has heteroscedasticity and skewness,

because taking logarithm can weaken these two problems. On

the other hand, The coefficient of the log linear model measures

the elasticity of one variable (CRD) to another explanatory

FIGURE 2
The mechanism of air pollution affecting enterprise R&D investment behavior.
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variables, which is the relative change rate of the explained

variable (CRD) caused by the unit absolute change of the

explanatory variables.

lnCRDit � β0 + β1AQIijt + β2Xit +Dummy + εit (1)

Where β0 is a constant term, β1 and β- represent regression
coefficients, i represents the listed company, t represents the

year, j represents the prefecture-level city where the listed

company i is located. CRDit represents the R&D investment of

enterprise i in the t period, AQIijt represents the degree of air

pollution in period t of j where enterprise i is located. Xi

represents the control variable at the enterprise and macro

levels, Dummy represents the corresponding Virtual variable,

and εit defines the error term.

Based on the above analysis of the impact mechanism of air

quality on R&D investment of enterprises, this paper studies and

discusses the possible impact path through the intermediary

effect model. By referring to the step-by-step method of

testing the intermediate effect proposed by Baron and Kenny

(1986), the following mediating effect model for testing is

constructed (Baron and Kenny, 1986):

yit � a0 + a1xit + ajcontrolit +Dummy + εit
mit � b0 + b1xit + bjcontrolit +Dummy + εit
yit � c0 + c1xit + c2mit + cjcontrolit +Dummy + εit

(2)

Where yit is the explained variable, xit is the explanatory variable,

and mit represents the intermediate variable, including investor

sentiment (Sent) and government supervision (GS).

When the coefficient a1 is significant, if the coefficients b1 and

c2 are significant, it indicates an indirect effect. At this time, when

c1 is not significant, there is a complete intermediate effect. When

c1 is significant, if b1*c2 and c1 have the same sign, there is a

partial intermediate effect; if b1*c2 and c1 have different signs,

there is a masking effect. The related variables and their symbols

and definitions involved in this paper are shown in Table 1.

Explained variable–enterprise R&D
investment (CRD)

Referring to related research, this paper uses R&D

expenditure/main business income as a substitute variable for

innovation input (Hansen and Hill, 1991). At the same time,

R&D personnel investment is another commonly used

measurement indicator for enterprises’ investment in R&D

and innovation. Therefore, this paper adopts R&D personnel

investment as another substitute variable of enterprise R&D

investment to ensure the robustness of the empirical results.

Core explanatory variable-air quality (AQ)
This paper uses the average daily air quality of the city where

the enterprise is located to measure air pollution, namely the

average air quality (Jans et al., 2018; Du et al., 2022).

Intermediate variable-investor sentiment and
government supervision

Investor sentiment (Sent): In this paper, we consider the time

effect of the momentum effect, which is usually 3–12 months.

TABLE 1 Symbols and definitions of variables.

Variable Variable
symbol

Definition

Listed company’s R&D investment CRD Annual R&D expenditure/Main business income of listed companies

Listed companies’ R&D personnel CRP Listed companies

Air quality AQI The average daily air quality index of the city where the listed companies are located

Investor sentiment Sent The semi-annual momentum index, namely the cumulative monthly stock returns from July to December of
the previous year

Government supervision GS Total annual government subsidies for listed companies

Asset-liability ratio ALE Total liabilities at the end of period/Total assets at the end of period

Enterprise size Size Natural logarithm of total assets at the end of period

Cash stock Cash The sum of monetary funds and short-term investments at the end of period/Total assets

Free cash flow FCF Operating cash flow/Total assets at the end of period

Technical complexity TCD Screen and compare technological innovation systems in different regions to reflect regional technological
competitive advantages

City year-end population CYP Year-end population of the city where the listed company is located

GDP growth rate GDP GDP growth rate of the city where the listed company is located

Virtual variables of key pollution
control

Control Key pollution monitoring enterprises are 1 and the rest are 0

Virtual variables of state-owned
enterprise

State State-owned enterprises are 1 and the rest are 0

Virtual variables of polluting
enterprise

Pollute Polluting enterprises are 1 and the rest are 0
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However, the momentum index of China’s stock market is

significant in the half-year period, and beyond the half-year

period or longer will be reversed. Therefore, this paper uses a

half-year momentum index as the substitute variable of investor

sentiment to carry on the follow-up study. That is, the cumulative

monthly rate of return Sent which considers a cash bonus with a

6-month lag period, is used to measure investor sentiment. At the

same time, the cumulative monthly rate of return Sent0, which

does not consider a cash bonus with a 6-month lag period, is used

to test the robustness (Gao et al., 2022).

Government supervision (GS): It is common practice at

home and abroad that the government funds R&D funds, and

social forces are involved. How the government encourages and

promotes more social forces to participate in R&D investment is

an issue that needs attention in China’s current science and

technology innovation. For micro-level enterprises, this paper

uses the calculation of R&D concern of regional governments for

reference and uses the total of government subsidies to

enterprises (total of government subsidy profits, VAT returns,

subsidies, etc.) to represent the government supervision (Hein

et al., 2019).

Control variable
According to the research of related scholars, this paper

selects asset-liability ratio (ALE), enterprise size (Size), cash

stock (Cash), free cash flow (FCF), technical complexity

(TCD), city year-end population (CYP), and GDP growth

rate (GDP) as control variables. The regional technical

complexity can be divided into large technical complexity

(TCD) and small technical complexity (TCD0) according to

the types of patent classification (Song et al., 2021; Peters et al.,

2022).

Virtual variable
In this paper, the heterogeneity of the research questions is

analyzed by Virtual variables, which are based on whether the

listed enterprise is a key pollution monitoring enterprise (key

pollution monitoring enterprises are 1 and the rest are 0),

whether it is a state-owned enterprise (state-owned enterprises

are 1 and the rest are 0), whether it is a polluting enterprise

(polluting enterprises are 1 and the rest are 0), whether the

location of listed companies is a high-tech complexity area (high-

tech complexity areas are 1 and the rest are 0), etc.

Result analysis and discussion

Descriptive statistics

Table 2 shows the descriptive statistical results of the main

variables. The mean value of listed companies’ R&D investment

(CRD) is 4.111, and the standard deviation is 1.451, indicating

that there is a large gap in the R&D investment status among

different listed companies. The mean value of air quality (AQ) is

2.983, the median is 2.994, and the standard deviation is 0.708,

indicating that the air quality in cities of China has been evenly

TABLE 2 Descriptive statistical analysis of variables.

Variable N Mean value Standard deviation Minimum Median Maximum

Continuous variable

lnCRD 11787 4.1113 1.4510 −8.7221 4.0712 9.9930

AQI 11787 2.9832 0.7083 0.0033 2.9943 5.3783

Sent 11787 -0.0070 0.3421 −1.0554 −0.0441 13.1971

Sent0 11787 -0.0061 0.3460 −1.0552 −0.0444 13.1971

ALE 11787 0.3362 0.2342 0.0000 0.3101 8.0093

TCD 11787 -0.9712 2.5651 −6.6041 −0.4893 6.7924

TCD0 11787 0.4090 2.2913 −4.8071 0.6344 4.5612

CYP 11787 7.1912 4.6633 0.2963 6.4360 34.0361

GDP 11787 0.0851 0.0570 −0.3742 0.0870 0.6150

GS 11787 51.0681 246.8520 −4.7962 11.5311 11267.0000

Size 11787 9.5224 0.5084 7.7653 9.4630 12.2823

Cash 11787 0.1252 0.1133 0.0000 0.0920 0.8872

FCF 11787 0.0543 0.1081 −1.6861 0.0481 2.0051

CYP 11787 7.1850 4.6570 0.2962 6.4363 34.0360

Virtual variable 11787 — Value = 1 Value = 0

Control 11787 0.5000 Frequency = 2,625 Frequency = 9,162

State 11787 0.5000 Frequency = 542 Frequency = 11245

Pollute 11787 0.5000 Frequency = 1,685 Frequency = 10102
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distributed in recent years, and in some areas, it has been

improved. The mean value of investor sentiment is -0.007,

and the standard deviation is 0.342, the maximum stock

return is 13.197, and the minimum is -0.044, indicating that

the impact of investor sentiment on the returns of various

enterprises is very different. The mean value of government

supervision is 51.068, and the standard deviation is 246.852,

indicating that the government’s support is obvious, but there is

great heterogeneity. The statistical results of other variables are in

line with the overall situation of enterprises in China. Therefore,

it is very necessary to analyze the heterogeneity of the research in

this paper. From the statistical results, we can see that non-key

pollution monitoring companies, non-state-owned companies,

and non-pollution companies accounted for a large proportion of

the sample.

Benchmark regression analysis

Table 3 shows the benchmark regression results of Formula

1, the models 1) and 2) are the regression results of fixed effect

and random effect with the listed companies’ R&D investment as

the explained variable, and models 3) and 4) are the regression

results of fixed effect and random effect with the listed

companies’ R&D personnel as the explained variable. This

paper further found through Hausman test (the result is

rejecting the null hypothesis, which is not shown in the text)

that the fixed effect model should be used for analysis in this

paper. Therefore, the analysis in this paper is based on the results

of the fixed effect model. The random effect results are similar to

the results, which increases the robustness of the regression

results in this paper.

According to the regression results of models 1) and (3), the

estimated coefficients of AQI are all negative at the significant

level of 1%, and the economic implications are as follows: Taking

model 1) as an example, the regression coefficient of

-0.2097 indicates that an increase of 1 unit in the Air Quality

(AQ) reduces the R&D investment of listed companies by 20.97%

of the total asset investment at the beginning of the period. It

shows that the worse the air quality is, the less the R&D

investment of the listed companies is. Air pollution has led to

an increase in the company’s production and operation costs,

leading to a decrease in R&D funds. However, the increase in cost

did not force the improvement of the company’s production

process and management level in time. Thus, hypothesis 1 is

tested and confirmed.

Table 4 shows the intermediary effect benchmark regression

results of Formula 2, and the intermediary variable is investor

TABLE 3 Benchmark regression results.

Variable name lnCRD lnCRP

Fixed effect (1) Random effect (2) Fixed effect (3) Random effect (4)

AQI −0.2097*** −0.1894*** −0.0388* −0.0498***

(−6.9603) (−8.0856) (−1.6695) (−2.5913)

ALE 0.0859 0.0299 −0.0368 −0.0628

(0.9769) (0.3633) (−0.8256) (−1.4555)

CYP 0.0104 0.0165*** 0.0117 0.0114***

(0.6911) (3.2147) (1.1741) (2.7188)

GDP −0.0320 0.0703 −0.0547 −0.0008

(−0.3022) (0.6790) (−0.6736) (−0.0102)

Size 1.7822*** 1.6914*** 1.3783*** 1.3307***

(21.6285) (31.4112) (21.6825) (29.1435)

Cash −0.5255*** −0.4267*** −0.4269*** −0.3681***

(−7.0324) (−5.9688) (−5.5348) (−4.9537)

FCF 0.3788*** 0.4195*** 0.2001*** 0.2198***

(4.4937) (4.9398) (2.8784) (3.1568)

TCD −0.0085*** −0.0114*** 0.0002 −0.0011

(−3.1615) (−4.3038) (0.1531) (−0.7476)

Cons −12.2772*** −11.5754*** −7.5244*** −7.0937***

(−15.1026) (−22.6254) (−12.0061) (−16.1485)

Observ 11,782 11,782 11,782 11,782

R-squared 0.2565 0.2483

***p < 0.01, **p < 0.05, *p < 0.1.
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sentiment (Sent). In Table 4, the models (1)–3) are the regression

results of the intermediary effect with the listed companies’ R&D

investment as the explained variable, and the models (4)–6) are

the regression results of the intermediary effect with the listed

companies’ R&D personnel as the explained variable. The results

show that the explanatory variable air quality (AQ) has a

significantly positive influence coefficient b1 on the

intermediary variable investor sentiment (Sent) whether for

R&D investment or R&D personnel. It means that air pollution

can stimulate investor sentiment. At this time, the explanatory

variable air quality (AQ) and the intermediary variable investor

sentiment (Sent) in columns 3 and 6 have significant

coefficients c1 and c2 for the explained variable R&D

investment, and b1c2 and c1 have the same sign, indicating

that investor sentiment has an intermediary effect between air

quality and R&D investment. The former regression coefficient

for investor sentiment is -0.0662, and for air quality (AQ), it is

-0.2052, both of which are significant at the 1% significance

level. The latter regression coefficient for investor sentiment is

-0.0158, and for air quality, it is -0.0377, both of which are

significant at the 10% significance level. And the regression

coefficient of air quality on investor sentiment is 0.0684, which

is significant at the 1% significance level. The results of models

(1)–3) are consistent with those of models (4)–(6). In general,

air quality significantly inhibits R&D Investment, and the

inhibitory effect is slightly weakened when the intermediary

variables are added. And because air quality has a significant

effect on investor sentiment, this approach further restrains the

R&D investment of listed companies. On the whole, with the

aggravation of air pollution, the R&D investment of enterprises

will decrease under the capital crowding-out effect and human

resource loss effect. Especially, the high-tech talents with a

stronger ability to avoid pollution and better ability to bear

population flow will lead to the decline of innovation quality of

enterprises in polluted areas. Thus, hypothesis 2 is tested and

confirmed.

From a micro perspective, the higher the degree of air

pollution is, the higher the investor sentiment is. And

different from the previous research conclusion, it has an

indirect inhibitory effect on the R&D investment of listed

companies by using investor sentiment as the influence path.

And the indirect effect of this part is -0.0045. This indicates that

the upsurge of investment sentiment caused by the increase of air

pollution level has not stimulated the innovation vigor of the

TABLE 4 Benchmark regression of the intermediary effect of investor sentiment.

Variable (1) (2) (3) (4) (5) (6)

lnCRD Sent lnCRD lnCRP Sent lnCRP

Sent — — −0.0662*** — — −0.0158*

— — (−4.8844) — — (−2.5093)

AQI −0.2097*** 0.0684*** −0.2052*** −0.0388* 0.0684*** −0.0377*

(−6.9603) (4.4385) (−6.8075) (-1.6695) (4.4385) (-2.6213)

ALE 0.0859 −0.0694*** 0.0813 −0.0368 −0.0694*** −0.0379

(0.9769) (−3.1939) (0.9296) (−0.8256) (−3.1939) (−0.8509)

CYP 0.0104 0.0022 0.0106 0.0117 0.0022 0.0118

(0.6911) (0.4557) (0.7011) (1.1741) (0.4557) (1.1776)

GDP −0.0320 −0.0223 −0.0335 −0.0547 −0.0223 −0.0550

(−0.3022) (−0.3762) (−0.3167) (−0.6736) (−0.3762) (−0.6782)

Size 1.7822*** −0.3062*** 1.7619*** 1.3783*** −0.3062*** 1.3735***

(21.6285) (−7.8641) (21.2364) (21.6825) (−7.8641) (21.5553)

Cash −0.5255*** 0.4169*** −0.4979*** −0.4269*** 0.4169*** −0.4203***

(−7.0324) (7.4550) (−6.6443) (−5.5348) (7.4550) (−5.4334)

FCF 0.3788*** 0.1226*** 0.3870*** 0.2001*** 0.1226*** 0.2020***

(4.4937) (3.2590) (4.5650) (2.8784) (3.2590) (2.9016)

TCD 0.0085*** 0.0077*** 0.0080*** 0.0002 0.0077*** 0.0003

(3.1615) (4.8100) (2.9906) (0.1531) (4.8100) (0.2380)

Cons −12.2772*** 2.6592*** −12.1010*** −7.5244*** 2.6592*** −7.4824***

(−15.1026) (6.8395) (−14.8004) (−12.0061) (6.8395) (−11.9124)

Observ 11,782 11,782 11,782 11,782 11,782 11,782

R-squar 0.2565 0.0395 0.2582 0.2483 0.0395 0.2485

***p < 0.01, **p < 0.05, *p < 0.1.
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listed companies but may hinder the financing constraints of

enterprises and weaken the sensitivity of the R&D investment of

the listed companies, and at the same time, the rationality of

managers and the irrationality of investors have a reverse effect,

which does not cater to investors and indirectly restrains the

R&D Investment of listed companies.

Table 5 shows the intermediary effect benchmark regression

results of Formula 2, and the intermediary variable is government

supervision (GS). In Table 5, the models (1)–3) are the regression

results of the intermediary effect with the listed companies’ R&D

investment as the explained variable, and the models (4)–6) are

the regression results of the intermediary effect with the listed

companies’ R&D personnel as the explained variable. The results

show that the explanatory variable air quality (AQ) has a

significantly positive influence coefficient b1 on the

intermediary variable government supervision (GS), whether

for R&D investment or for R&D personnel. It means that air

pollution will be of effective concern to the government, and

measures will be taken in response. At this time, the explanatory

variable air quality (AQ) and the intermediary variable

government supervision (GS) in columns 4 and 6 have

significant coefficients c1 and c2 for the explanatory variable

R&D investment, and b1c2 and c1 have the same sign, indicating

that government supervision has a masking effect between air

quality and R&D investment. The former regression coefficient

for government supervision is 0.0001, and for air quality (AQ), it

is -0.2052, both of which are significant at the 1% significance

level. The latter regression coefficient for government supervision

is 0.0001, and for air quality, it is -0.0399, both of which are

significant at the 10% significance level. And the regression

coefficient of air quality on investor sentiment is 17.4213,

which is significant at the 1% significance level. The results of

models (1)–3) are consistent with those of models (4)–(6). Thus,

hypothesis 3 is tested and confirmed.

The aggravation of air pollution can indeed attract the

effective attention of the government and cause the

government to implement the corresponding subsidy policies.

The implementation of corresponding subsidy policies can also

indirectly increase R&D investment of listed companies. But at

the same time, it may cause enterprise managers to pay too much

attention to this kind of speculative profit-seeking and expand

the demand for their own interests. Enterprises may be less

motivated to innovate, which in turn reduces investment in

research and development. The crowding-out effect of

government supervision may offset or even outweigh its

promotional effect.

TABLE 5 Benchmark regression of the intermediary effect of government supervision.

Variable (1) (2) (3) (4) (5) (6)

lnCRD GS lnCRD lnCRP GS lnCRP

GS — — 0.0001*** — — 0.0001*

— — (3.7468) — — (1.7671)

AQI −0.2097*** 17.4213*** −0.2107*** −0.0388* 17.4213*** −0.0399*

(−6.9603) (2.8326) (−7.0893) (−1.6695) (2.8326) (−1.7204)

ALE 0.0859 0.5735 0.0858 −0.0368 0.5735 −0.0368

(0.9769) (0.0885) (0.9779) (−0.8256) (0.0885) (−0.8284)

CYP 0.0104 2.4878** 0.0103 0.0117 2.4878** 0.0116

(0.6911) (2.3313) (0.6814) (1.1741) (2.3313) (1.1576)

GDP −0.0320 −1.9886 −0.0319 −0.0547 −1.9886 −0.0546

(−0.3022) (−0.0845) (−0.3014) (-0.6736) (−0.0845) (−0.6723)

Size 1.7822*** 69.9067*** 1.7782*** 1.3783*** 69.9067*** 1.3739***

(21.6285) (4.8003) (21.7415) (21.6825) (4.8003) (21.7172)

Cash −0.5255*** −7.9296 −0.5251*** −0.4269*** −7.9296 −0.4264***

(−7.0324) (−0.5836) (−7.0309) (−5.5348) (−0.5836) (−5.5321)

FCF 0.3788*** 19.3797 0.3777*** 0.2001*** 19.3797 0.1988***

(4.4937) (1.5523) (4.4826) (2.8784) (1.5523) (2.8651)

TCD 0.0085*** 2.6200*** 0.0087*** 0.0002 2.6200*** 0.0001

(3.1615) (5.1923) (3.1998) (0.1531) (5.1923) (0.0381)

Cons −12.2772*** −683.3977*** −12.2382*** −7.5244*** −683.3977*** −7.4811***

(−15.1026) (−4.6944) (−15.1983) (−12.0061) (−4.6944) (−11.9962)

Observ 11,782 11,782 11,782 11,782 11,782 11,782

R-squar 0.2565 0.0076 0.2567 0.2483 0.0076 0.2488

***p < 0.01, **p < 0.05, *p < 0.1.
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Since the results of the explained variables in Tables 4, 5 are

consistent, the empirical results of R&D investment represented

by R&D fund investment and R&D personnel are robust, and the

results of R&D fund investment are more significant. Therefore,

the later empirical analysis of this paper only uses R&D fund

investment as the explained variable.

Heterogeneity of listed companies

Air quality, technical complexity, and R&D
investment of listed companies

Among the results in Tables 4, 5, it is noteworthy that the

urban technical complexity (TCD) is an indicator closely related

to enterprise R&D innovation. In Tables 4, 5, the regression

results of technological complexity on enterprise R&D

innovation are both significant at the 1% level. Technical

complexity represents the comparative advantage of urban

technology. At present, enterprise innovation is based on the

innovation of complex products, not the innovation of single

technology, so it needs multi-technology support. Therefore, the

technological complexity of the cities where the listed companies

are located determines the differences in the environments in

which they conduct their innovation activities. This paper

classifies the technical complexity by means of average value.

The cities above the average value are high technical complexity

areas, marked as 1, on the contrary, low technical complexity

areas marked as 0. It is a region with low technical complexity

TABLE 6 Heterogeneity analysis of technical complexity based on investor sentiment.

Variable (1) (2) (3) (4) (5) (6)

TCD = 1 TCD = 0

lnCRD Sent lnCRD lnCRD Sent lnCRD

Sent — — −0.0839*** — — −0.0331

— — (−4.2125) — — (−1.1818)

AQI −0.1883*** 0.0744*** −0.1820*** −0.2422*** 0.1137*** −0.2385***

(−4.6909) (3.9158) (−4.5532) (−4.9624) (4.4195) (−4.8363)

Control variable Yes Yes Yes Yes Yes Yes

Cons −14.7636*** 2.4895*** −14.5549*** −10.6680*** 2.9073*** −10.5717***

(−13.6394) (4.8420) (−13.3668) (−9.3950) (4.1917) (−9.3053)

Observ 7,033 7,033 7,033 4,749 4,749 4,749

R-squar 0.2688 0.0375 0.2710 0.3305 0.0520 0.3310

***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 7 Heterogeneity analysis of technical complexity based on government Concern.

Variable (1) (2) (3) (4) (5) (6)

TCD = 1 TCD = 0

lnCRD GS lnCRD lnCRD GS lnCRD

GS — — 0.0003* — — −0.0000

— — (1.7118) — — (−0.1896)

AQI −0.1883*** 1.8849*** −0.1888*** −0.2422*** 37.5347*** −0.2417***

(−4.6909) (4.3996) (−4.7330) (−4.9624) (3.5305) (−5.0878)

Control variable Yes Yes Yes Yes Yes Yes

Cons −14.7636*** −604.9122*** −14.5774*** −10.6680*** −671.2972*** −10.6777***

(−13.6394) (−3.2341) (−13.7161) (−9.3950) (−4.5849) (−9.4735)

Observ 7,033 7,033 7,033 4,749 4,749 4,749

R-squar 0.2688 0.0151 0.2706 0.3305 0.0051 0.3305

***p < 0.01, **p < 0.05, *p < 0.1.
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and is recorded as 0. The empirical results are shown in

(Tables 6, 7).

Table 6 presents the grouped regression results of high-tech

and low-tech complexity regions, with investor sentiment as the

intermediary variable, where the models (1)–3) are samples of

high-tech complexity regions and the models (4)–6) are samples

of low-tech complexity regions. In models (1)–(3), the influence

coefficient b1 of the explanatory variable air quality (AQ) on

investor sentiment (Sent) of the intermediary variable was

significantly positive. It means that air pollution can stir up

investor sentiment. At this point, the explanatory variable air

quality (AQ) and the intermediary variable investor sentiment

(Sent) in column 3 are both significant for coefficients c1, c2 for

the explained variable R&D investment, and b1c2 and c1 are the

same number, indicating that investor sentiment still has an

intermediary effect between air quality and R&D investment.

However, in the models (4)–(6), the influence coefficient b1 of the

explanatory variable air quality (AQ) on the investor sentiment

(Sent) of the intermediary variable is significantly positive, but

there is no longer an intermediary effect, indicating that investor

sentiment, as the impact path of air quality and R&D investment

of listed companies, needs the technical complexity of the region

to reach a certain degree and comparing model 1) and model (4),

air quality has stronger inhibition on R&D Investment of listed

TABLE 8 Heterogeneity analysis of enterprise based on investor sentiment.

Variable (1) (2) (3) (4) (5) (6)

State = 1 State = 0

lnCRD Sent lnCRD lnCRD Sent lnCRD

Sent — — -0.0803 — — -0.0679***

— — (-0.5662) — — (-5.0177)

AQI -0.5334** 0.0505 -0.5294** -0.2016*** 0.0798*** -0.1962***

(-2.1505) (0.9744) (-2.0988) (-6.9542) (5.1653) (-6.7861)

Control variable Yes Yes Yes Yes Yes Yes

Cons -12.0816*** 1.3064 -11.9767*** -12.3722*** 2.7287*** -12.1868***

(-3.5386) (1.1531) (-3.5818) (-14.9896) (6.8262) (-14.6594)

Observ 542 542 542 11,240 11,240 11,240

R-squar 0.1556 0.0177 0.1563 0.2685 0.0376 0.2704

***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 9 Heterogeneity analysis of enterprises based on the government concern.

Variable (1) (2) (3) (4) (5) (6)

State = 1 State = 0

lnCRD GS lnCRD lnCRD GS lnCRD

GS — — -0.0000 — — 0.0001***

— — (-0.5510) — — (4.1397)

AQI -0.5334** 22.5496 -0.5327** -0.2016*** 21.0234*** -0.2039***

(-2.1505) (0.8900) (-2.1569) (-6.9542) (3.0925) (-7.0757)

Control variable Yes Yes Yes Yes Yes Yes

Cons -12.0816*** -650.4609 -12.1015*** -12.3722*** -670.8661*** -12.2982***

(-3.5386) (-1.0173) (-3.5668) (-14.9896) (-4.5015) (-15.0412)

Observ 542 542 542 11,240 11,240 11,240

R-squar 0.1556 0.0016 0.1559 0.2685 0.0095 0.2689

***p < 0.01, **p < 0.05, *p < 0.1.
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companies in low-tech complex areas. As cities become more

technologically diverse, on the one hand, enterprises are more

likely to have access to complementary technology support,

providing a good environment and external support to

undertake complex innovation activities. On the other hand,

technological diversity can also enhance the possibility of

technology integration, which is conducive to the formation of

emerging industries, enhance the managers’ expectation of future

earnings and the competitiveness of the industry, and thus can

effectively encourage enterprises to increase R&D investment.

Table 7 shows the group regression results for high-tech and

low-tech regions with government concerns as the intermediary

variables, with the same model setting as Table 6. The

coefficients c1 and c2 of the explanatory variable air quality

(AQ) and the intermediary variable government concern (GS)

in column 3 are significant, and the b1c2 and c1 are different,

indicating that the government is concerned about the masking

effect between air quality and R&D investment. However, in the

models (4)–(6), the influence coefficient b1 of the explanatory

variable air quality (AQ) on investor sentiment (Sent) of the

intermediary variable is significantly positive, but c1 is not

significant, so in low-tech complex areas, government

concern cannot be the impact path of air pollution and R&D

investment of listed companies. Comparing model 2) and

TABLE 10 Heterogeneity analysis of polluting enterprises based on investor sentiment.

Variable (1) (2) (3) (4) (5) (6)

Pollute = 1 Pollute = 0

lnCRD Sent lnCRD lnCRD Sent lnCRD

Sent — — -0.0878** — — -0.0648***

— — (-2.4307) — — (-4.4319)

AQI -0.3266** 0.0733** -0.3202** -0.2173*** 0.0790*** -0.2122***

(-2.4675) (2.2616) (-2.3934) (-6.8103) (4.8337) (-6.6509)

Control variable Yes Yes Yes Yes Yes Yes

Cons -16.3416*** 2.9118*** -16.0860*** -11.8502*** 2.6578*** -11.6779***

(-9.6838) (3.6270) (-9.4181) (-13.5173) (6.2422) (-13.2420)

Observ 1,685 1,685 1,685 10,097 10,097 10,097

R-squar 0.2356 0.0248 0.2376 0.2639 0.0393 0.2657

***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 11 Heterogeneity analysis of polluting enterprises based on government concern.

Variable (1) (2) (3) (4) (5) (6)

Pollute = 1 Pollute = 0

lnCRD GS lnCRD lnCRD GS lnCRD

GS — — -0.0002** — — 0.0001

— — (-3.0115) — — (0.9857)

AQI -0.2266** 82.9613** -0.2061** -0.2173*** 12.2183** -0.2184***

(-2.4675) (2.1959) (-2.2836) (-6.8103) (2.4292) (-6.9294)

Control variable Yes Yes Yes Yes Yes Yes

Cons -16.3416*** -1,158.3991*** -16.6283*** -11.8502*** -608.0354*** -11.7974***

(-9.6838) (-3.4651) (-9.7179) (-13.5173) (-3.8357) (-13.6379)

Observ 1,685 1,685 1,685 10,097 10,097 10,097

R-squar 0.2356 0.0303 0.2379 0.2639 0.0045 0.2644

***p < 0.01, **p < 0.05, *p < 0.1.
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model (5), the influence coefficient of air quality on government

concern in high-tech complexity areas is 1.8849, and in low-

tech complexity areas, it is 37.5347. Both are significant at a 1%

level, but the difference is large. The coefficient in Table 5 is

17.4213, indicating that at present, the government is more

sensitive to air pollution and more urgent to promote the

improvement of regional innovation ability in the regions

with low technological complexity. In this state, the

government subsidy does not play a crowding-out role.

Air quality, property rights, and R&D investment
of listed companies

According to the nature of the actual controller, this paper

defines the property right nature of listed companies (State) as the

virtual variable. State takes 1 if it belongs to a state-owned enterprise

and 0 if it belongs to a non-state-owned enterprise. Table 8 is a

grouped regression result of the property rights nature with investor

sentiment as the intermediary variable, in which the model (1)–3) is

the sample of state-owned enterprises, and the model (4)–6) is the

sample of non-state-owned enterprises. The estimation coefficient of

AQI on investor sentiment in models 1)–3) is not significant, while

the estimated coefficient of AQI in models 4)–6) is significantly

positive at the level of 1%. The above results show that air pollution

has an intermediary effect on the R&D investment of non-state-

owned enterprises while not on the R&D investment of state-owned

enterprises.

Enterprises with different property rights are confronted with

different political environments. Non-state-owned enterprises

TABLE 12 Heterogeneity analysis of key regulatory enterprises based on investor sentiment.

Variable (1) (2) (3) (4) (5) (6)

Control = 1 Control = 0

lnCRD Sent lnCRD lnCRD Sent lnCRD

Sent — — -0.0746* — — -0.0683***

— — (-1.8050) — — (-4.5754)

AQI -0.3243*** 0.1271*** -0.3148*** -0.2010*** 0.0714*** -0.1961***

(-3.8187) (3.7589) (-3.7136) (-5.6511) (3.7004) (-5.5138)

Control variable Yes Yes Yes Yes Yes Yes

Cons -12.3399*** 0.1777 -12.3266*** -11.1909*** 3.3082*** -10.9651***

(-6.6044) (0.2459) (-6.5994) (-11.7241) (6.8788) (-11.3830)

Observ 2,624 2,624 2,624 9,158 9,158 9,158

R-squar 0.1610 0.0144 0.1625 0.2479 0.0451 0.2501

***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 13 Heterogeneity analysis of key regulatory enterprises based on government concern.

Variable (1) (2) (3) (4) (5) (6)

Control = 1 Control = 0

lnCRD GS lnCRD lnCRD GS lnCRD

GS — — 0.0001 — — -0.0001**

— — (0.9572) — — (-2.5112)

AQI -0.3243*** 15.9739 -0.3258*** -0.2010*** 27.0198** -0.1992***

(-3.8187) (0.7800) (-3.8461) (-5.6511) (2.3638) (-5.8071)

Control variable Yes Yes Yes Yes Yes Yes

Cons -12.3399*** -441.3144 -12.2989*** -11.1909*** -676.0079*** -11.2358***

(-6.6044) (-1.6432) (-6.5722) (-11.7241) (-3.9024) (-11.8263)

Observ 2,624 2,624 2,624 9,158 9,158 9,158

R-squar 0.1610 0.0071 0.1614 0.2479 0.0063 0.2482

***p < 0.01, **p < 0.05, *p < 0.1.
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face more stringent regulatory pressure than state-owned

enterprises. At the same time, non-state-owned enterprises are

likely to bear environmental responsibility from the government,

and investor sentiment in non-state-owned polluting enterprises

is notably higher when air pollution levels rise, in this case, the

investors will have a “pessimistic expectation” of the expected

return and effectiveness, leading to the reduction of their R&D

investment.

Table 9 is a grouped regression result with the property right

nature as the intermediary variables, in which the model (1)–3) is

the sample of state-owned enterprises, and the model (4)–6) is

the sample of non-state-owned enterprises. In column 3, the

coefficient c2 of the intermediary variable government concern to

the explained variable R&D investment is not significant, which

indicates that there is no intermediary effect in the sample of

state-owned enterprises, and the air quality is not significant to

the government concern. However, in the models (4)–(6), the

coefficient b1 of the impact of explanatory variable air quality on

the investor sentiment of the intermediary variable is

significantly positive, and the b1c2 and c1 are showing

opposite signs, which indicates that there is a masking effect

between the government concern on air quality and R&D

investment.

In order to improve economic performance, local

governments will intervene in the market competition by

means of administrative monopoly to protect the state-owned

holding companies. Local governments pay more attention to

protecting the interests of state-owned enterprises and give more

policy support to state-owned enterprises that are at a

disadvantage in market competition. As a result, government

concern is not on its own a path of influence for air pollution and

R&D investment by listed companies, and it is not sensitive to air

pollution for state-owned enterprises. As air pollution intensifies,

state-owned polluters are protected even as the government sets

more binding environmental policies, and their R&D investment

is not significantly affected by air pollution. For the non-state-

owned enterprises, government concern is a significant

intermediary variable, and its crowding-out effect on R&D

investment still exists.

Air quality, polluting enterprises, and R&D
investment of listed companies

The intermediary effect of “air quality-enterprise R&D

investment” may be affected by the characteristics of the

pollution degree of the enterprise itself. This article takes the

“Notice on the Implementation of Special Emission Limits for

Air Pollutants” issued by the Ministry of Environmental

Protection as the standard. If the listed company is in the six

major industries under the “Notice”, it will be defined as a heavy

pollution enterprise, and the rest will be defined as light pollution

enterprises. In this article, the pollution degree of an enterprise

(Pollute) is defined as a virtual variable. If it is a heavily polluting

enterprise, the Pollute value is 1; if it is a lightly polluting

enterprise, the Pollute value is 0.

Table 10 presents the grouped regression results of heavy and

light polluting enterprises with investor sentiment as the

intermediary variable, in which the models (1)–3) are the

samples of heavily polluting enterprises, and (4)–6) are the

samples of light polluting enterprises. Both of them have a

significant intermediary effect, and there is no significant

difference between the two groups in the regression results of the

intermediary variable of investor sentiment. However, in terms of

the overall effect, compared with light polluters, heavy polluters’

R&D investment is more restrained by air quality. The above results

show that air pollution has a more obvious impact on R&D

investment of heavily polluting enterprises. Heavy polluting

enterprises generally belong to high energy-consuming industries,

most of which are local pillar industries. They should bear more

responsibility for environmental protection, but they are prone to

the phenomenon of ‘collusion between government and enterprises,

which makes such enterprises pay less attention to environmental

protection and do not implement the principle of ‘polluter pays.

Table 11 presents the grouped regression results of heavy

and light polluting enterprises with government concern as

the intermediary variable, in which the models (1)–3) are the

samples of heavily polluting enterprises, and (4)–6) are the

samples of light polluting enterprises. There is a significant

intermediary effect in the sample of heavily polluting

enterprises, while there is no intermediary effect in the

sample of light polluting enterprises. Comparing models 2)

and (5), heavy-polluting enterprises are more sensitive to air

quality changes than light pollution enterprises. Most of the

heavily polluting enterprises, as high energy consuming

enterprises, bear more environmental protection

responsibilities and receive more attention from local

governments. Therefore, the increase in air pollution will

attract more support and attention from relevant

government departments, thus reducing the inhibitory

effect of air on Enterprise R&D investment.

TABLE 14 Regression results of the instrumental variable method.

Variable name lnCRD lnCRP

AQI -0.2137*** -0.0433*

(-7.3404) (-1.8654)

Cons -12.5545*** -6.3412***

(-16.2045) (-13.5546)

Control variable Yes Yes

Observ 11,782 11,782

Weak tool variable test Pass Pass

Exogeneity test Pass Pass

***p < 0.01, **p < 0.05, *p < 0.1.
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Air quality, key regulatory enterprises, and R&D
investment of listed companies

According to the degree of supervision of listed companies,

whether listed companies are key regulatory enterprises

(Control) is defined as a virtual variable. For key regulatory

enterprises, the Control value is 1; for non-key regulatory

enterprises, the Control value is 0. Table 12 is the grouped

regression result of supervising enterprises with investor

sentiment as the intermediary variable, where the models (1)–

3) are the samples of key regulatory enterprises and (4)–6) are the

samples of non-key regulatory enterprises. Both have a

significant intermediary effect, and the intermediary effect of

non-key regulatory enterprises is more significant than that of

key regulatory enterprises. Table 13 shows the grouped

regression results with government concern as the

intermediary variable, and the model is set the same as the

above. For key regulatory enterprises, government concern does

not have a significant intermediary effect, but for non-key

enterprises, government concern has a significant intermediary

effect, which indicates that key regulatory measures for

enterprises can offset the crowding-out effect of government

subsidies.

Robustness tests

Endogenous testing
Because there are many factors that affect enterprise R&D

Investment, this paper may have the problem of missing

variables. In addition, there may be a two-way causality

between enterprise R&D investment and air quality, and

enterprise R&D investment can improve air quality after

achieving the expected benefits. Referring to the related

research, this paper selects the two variables of rainfall and

relative humidity as the instrumental variables of air pollution

(Xie and Lin, 2020). The results of the instrumental variable

method show that the relevant conclusions of this paper are still

valid (As shown in Table 14).

Variable substitution test
In order to ensure the robustness of the results of this paper, the

explained variables are replaced in this paper, and R&D personnel

investment (CRP) is used to replace R&D capital investment (CRD).

This paper also replaces the technical complexity of the control

variable (large class) with the technical complexity of the small class

(TCD0). At the same time, the investor sentiment (Sent) is replaced

by the cumulative monthly return Sent0, which is 6 months behind

the first period and does not consider the cash dividend. As shown in

Table 15, the conclusions of this paper are still valid. Air pollution

will damage health, cause brain drain, and weaken the company’s

innovation investment. Relevant studies believe that the loss of

human resources forces the improvement of management level and

then improves the innovation level of enterprises. However, the

results of this paper believe that the improvement of management

level can not offset the weakening of the company’s innovation

ability caused by the brain drain.

Conclusions and policy
recommendations

Based on the data of Shanghai and Shenzhen A-share listed

companies from 2015 to 2019, this paper studies the impact path

of air quality on R&D investment of listed companies from the

perspectives of investor sentiment and government concern. The

findings are as follows:

① In general, air quality has a significant inhibitory effect on

R&D investment. Air quality has a significant role in promoting

investor sentiment, which further inhibits the investment in the

R&D of listed companies.

TABLE 15 Regression results of the variable substitution method.

Variable (1) (2) (3) (4) (5) (6)

lnCRP Sent0 lnCRP lnCRP GS lnCRP

Sent0 — — -0.0639*** — — —

— — (-4.7554) — — —

AQI -0.2208*** 0.0977*** -0.2052*** -0.2208*** 23.6507*** -0.2219***

(-7.2137) (6.5333) (-6.8086) (-7.2137) (3.5218) (-7.3686)

GS — — — — — 0.0001***

— — — — — (4.4442)

Constant -12.3011*** 2.9687*** -12.1011*** -12.3011*** -644.9894*** -12.2698***

(-15.1678) (7.5399) (-14.7955) (-15.1678) (-4.4346) (-15.2665)

Observ 11,782 11,782 11,782 11,782 11,782 11,782

R-squared 0.2551 0.0639 0.2581 0.2551 0.0100 0.2552

***p < 0.01, **p < 0.05, *p < 0.1.
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②Air pollution will cause effective government concern, and

there is a masking effect between air quality and R&D

investment. Furthermore, this paper draws the following

conclusions from the perspectives of regional technical

complexity, property rights, whether it is a polluting

enterprise, and whether it is a key regulatory enterprise.

③ As the impact path of air quality and R&D investment of

listed companies, investor sentiment needs the technical

complexity of the region to cross a certain threshold before it

can play a role. Moreover, air quality has a stronger inhibition on

R&D investment of listed companies in low-tech complex areas;

the government’s sensitivity to air pollution is higher in low-tech

complexity areas where government concern cannot be an

impact path for air pollution and R&D investment of listed

companies.

④ Air pollution has an intermediary effect on R&D investment

of non-state-owned enterprises but no on the R&D investment of

state-owned enterprises; in the sample of state-owned enterprises,

government concern has no intermediary effect, and air quality has

no significant effect on government concern. But in non-state-

owned enterprise samples, government concern has a masking

effect between air quality and R&D investment.

⑤ In terms of the total effect, heavy polluting enterprises have a

stronger inhibitory effect on enterprise R&D investment than light

polluting enterprises, and air pollution has a more obvious effect on

R&D investment of heavily polluting enterprises; with government

concern as an intermediary variable, the sample of heavily polluting

enterprises has a significant intermediary effect, but in the sample of

light polluting enterprises, there is no intermediary effect. Heavy

polluters are more sensitive to changes in air quality than light

polluters.

⑥ With investor sentiment as the intermediary variable,

there is a significant intermediary effect for both key and non-key

regulatory enterprises, and the intermediary effect for the non-

key regulated enterprises is more significant. For key regulatory

enterprises, government concern does not have a significant

intermediary effect, while for non-key enterprises, government

concern has a significant intermediary effect, which indicates that

key regulatory measures for enterprises can offset the crowding-

out effect caused by government subsidies.

Based on the conclusions, this paper makes the following

policy recommendations:

① The R&D investment of listed companies has a negative

response to air quality, and for the government, it is necessary to

implement different environmental protection policies for

different enterprises, strengthen the management of state-

owned enterprises and heavy polluting enterprises, and rectify

them actively. For other enterprises, the government should

stimulate the “shock potential”, so that the “polluter pays”

concept will “deep into the enterprises”. We should rapidly

improve the supply capacity of scientific and technological

innovation and attach great importance to the system capacity

and leading talents. For enterprises, it is necessary to speed up the

formation of a good environment for personnel training and use,

coordinate the internal relations of organizations, and accelerate

the innovation of a perfect management mode.

② Government concern, that is, the government’s subsidy to

enterprises, has a masking effect between air quality and R&D

investment. On the one hand, the government should strengthen

the mechanism of supervision and inspection, link the number of

subsidies received by enterprises to their performance, restrict

the use of subsidies, and enhance the innovation vitality and

enthusiasm of enterprises. On the other hand, enterprises should

seize the opportunity of the information technology revolution,

take market demand as the fundamental driving force of

scientific and technological innovation, attract global

innovation resources, and expand development space.

③ Local governments should accelerate the formation of

industrial technology and knowledge system, ensure the security

of regional industrial chains and supply chains, and optimize the

allocation of innovation factors in order to enhance the

innovation vitality and innovation ability of enterprises and

promote their convergence to enterprises.

④ We should rapidly improve the supply capacity of

scientific and technological innovation and attach great

importance to system capacity and leading talents. We should

promote the transfer and transformation of scientific and

technological achievements and stimulate the innovation and

Entrepreneurship of scientific researchers in universities. Besides,

We should focus on training and bringing up a number of

strategic scientists, science and technology leading talents, and

high-level innovation teams with strategic vision and able to

grasp the world’s science and technology development trends.
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