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ARTICLE INFO ABSTRACT

JEL classification: The continuous introduction of environmental governance policies aims to control the deterio-
€33 rating ecological environment, which has been highly concerned by scholars. To re-assess the
J24 regulation-haze nexus for the case of China, by incorporating the effect of human capital, this
I?lsg study first analyzes the channels through which environmental regulation (ER) influences haze
Keywords: emissions and then conducts a series of empirical checks on the regulation-haze nexus by using

the provincial data covering 2003-2017. The empirical findings show that: (i) strengthened ER is
Haze emissions not a valid strategy to alleviate haze pollution; (ii) the integration of enhancing environmental
Human capital supervision and actively introducing talents can drastically mitigate haze emissions; and (iii)
Moderating effect human capital has been established as the conduction path of ER affecting haze pollution;
Mediation effect although ER can accelerate human capital accumulation, it cannot effectively solve haze emis-
sions at present. Therefore, several targeted policy implications, such as combining multiple ER
tools and gradually cultivating talents, are highlighted.

Environmental regulation

1. Introduction

China’s economic aggregate, growing continuously and rapidly during the past few decades, has achieved remarkable and
unparalleled achievements (Dong et al., 2022a; Li & Wei, 2021). Against this background, the use of primary energy surges (Ren et al.,
2022a, 2022b). As the statistical data of former British Petroleum (BP, 2021) suggest, the total energy use grew from 1.36 billion
tonnes oil equivalent (Btoe) in 2003 to 3.14 Btoe in 2017. Given the substantial increase of energy consumption dominated by
traditional fossil energy and low allocation of resource utilization efficiency, China’s environmental pollution issues have garnered
widespread attention, particularly haze pollution (Hao et al., 2021). Notably, fine particulate matter with a diameter less than or equal
to 2.5 um (PMy 5) is the primary component of haze pollution. Moreover, the analysis of rolling average PM3 5 from 2010 to 2012 in
Columbia University’s Socioeconomic Data and Applications Center (SEDAC) emphasizes the seriousness of haze pollution in China
(Zhou et al., 2019b). Since the winter of 2012, haze pollution has spread to the whole country, which profoundly damages the health of
citizens and the fast development of society (Dong et al., 2021). The spacial pattern of haze emission across different areas in China is
posted in Fig. 1. Obviously, haze pollution in a region or province is directly correlated with the economic situation of the region or
province. Given the great damage caused by haze pollution to residents’ health and daily life, it is imperative to explore preventive
methods for haze governance (Khan et al., 2021).

With the increasing intensification of PMy 5 pollution, a series of strategies have been constructed by local governments to
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strengthen environmental regulation (ER), promote ecological civilization, and benefit the harmonious development of humans and
nature (Pan et al., 2021; Shen et al., 2022). Given the typical public product attributes of haze pollution, it will be difficult to achieve
the goal of haze control only through market supervision; therefore, the role of government is particularly crucial. To solve the haze
pollution, the regional governments must introduce many local air pollution prevention regulations, demonstrating the determination
and confidence to control and mitigate haze emissions (Zhao et al., 2020). The statistics of China Statistical Yearbook (CSY) in 2018
indicate that the investment in environmental pollution treatment was 953.9 billion RMB, which accounts for 1.16% of gross domestic
product (GDP) (CSY, 2018).

Additionally, human capital has been introduced for efficient policy in recent years, which is regarded as a valid means to address
haze pollution (Bano et al., 2018). Some scholars believe that human behavior and activities are the decisive factors affecting regional
pollutant emissions (Salim et al., 2017). Specifically, the increased provincial human capital level can provide effective guarantee for
green technology innovation and improving energy efficiency, thus decreasing dependence on fossil fuels and mitigating pollution
emissions. Thus, some issues deserve our consideration: (i) In what ways does ER influence PM; 5 emissions; by implication, what is the
transmission mechanism in China’s regulation-haze nexus? (ii) Can human capital effectively adjust the specific relationship between
these two variables? (iii) Can human capital be an effective mediating factor of ER affecting PM; 5 emissions? In this respect, this paper
proceeds to creatively analyze the causal regulation-PM; 5 nexus by incorporating the impact of human capital to answer the above
three doubts. In addition, how talent capital adjusts the regulation-haze nexus and whether it is a transmission route through ER affects
haze emissions are also explored by adopting the provincial data. We find that although ER can enhance the gradual accumulation of
talents, it is not a favorable strategy to alleviate haze emissions. However, the synergy of official policy supervision and talent
gathering is the best way to solve the haze issue.

The primary innovations and contributions of our paper are threefold, which not only helps to supplement existing literature
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Fig. 1. The spatial pattern of haze emissions in 2003, 2008, 2013, and 2017, respectively.
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research deficiencies, but also provides support for the accuracy and scientificity of governmental ER policy implementation.

First, although various methods are adopted to check the role of ecological governance in solving the haze problem, the potential
effect of human capital has been ignored; thus, the underlying influence of ER on haze is creatively examined in our study from the
perspective of human capital, which can offer a major breakthrough in the field of haze governance.

Second, the interaction of environmental supervision and actively introducing talents, that is, the moderating effect, has been
deeply explored. This examines the effectiveness of coordination between ER and talent introduction in addressing the haze problem
from a completely new perspective.

Third, whether human capital is the impact pathway through which ecological governance influences haze emissions has been
profoundly verified. This can provide new insights and ideas for local governments to solve PM; 5 emission problems by incorporating
the roles of human capital accumulation and talent introduction.

We organize the structure of our paper as follows. Section 2 reviews the current literatures and analyzes the transmission channel,
followed by the methodology posted in Section 3. Section 4 reports the regression results. Section 5 further explores whether accu-
mulated human capital can affect the linkage between the core variables. Section 6 summarizes the whole paper.

2. Literature review and influence mechanism

During the past years, the effectiveness of ecological governance policies has been the focus of many scholars. For example, Wang
et al. (2019) indicated that ER aims to regulate economic activities, control negative externalities of pollutants, and achieve
socio-economic harmonious evolution. As some scholars devoted to the research of environmental governance have implied that ER
aims to restrain the pollutant discharge behavior of economic subjects for protecting and improving ecological environment, and the
most commonly classifications for ER are formal and informal (Li & Wu, 2017). Among them, formal regulation mainly reflects the
initiative of the government and the market to address pollutant discharge, which refers to the government using its power to initiate
environmental policies or set standards to mitigate pollutants (Ouyang et al., 2019). While the informal ER first advanced by Hettige
et al. (1996) mainly lays stress on the consciousness of the public and residents to protect the ecological environment (Cole et al.,
2005). Notably, although the subjects and means of formal and informal ER are significantly different, they have the same goals.
Accordingly, this study tends to review the related literature from two dimensions (i.e., direct and indirect impacts) to summarize the
underlying influence mechanism.

2.1. Direct effect analysis

As an essential component of social regulation, ER denotes the governance of enterprises’ and households’ activities through the
formulation of measures and systems, thus realizing the goal of optimizing the ecological environment. The analysis of the formal and
informal ER suggests that the ER tools mainly compose of three aspects: official command, market control, and public agreement.
Among them, the first type of regulation corresponds to economic incentives and indicates the application of emission standards or
some regulations to meet environmental objectives. Regulatory strategies mainly include shutting down highly polluting enterprises,
limiting the private cars with odd and even numbers, and restricting the heating of high-polluting fuels. This mandatory requirement
can drastically address the issues of haze emissions (Li et al., 2019). Market control ER can incorporate externalities into enterprises
and reduce pollution control costs by effectively distributing pollution emission reduction among polluters; furthermore, this control
greatly increases the operating costs of enterprises, which can further encourage and motivate enterprises to actively engage in
technical innovation activities, improve the utilization rate of equipment for production factors, and reduce the level of haze emissions.
The main means of this regulation include emission trade system, emission charge system, and subsidy and deposit return system (Ren
etal., 2018; Saltari & Travaglini, 2011). In addition, with the gradual evolution of urbanization, educational resources are increasingly
concentrated, the public has more opportunities to receive education, and the level of citizens’ education is widely permeated, which
has gradually increased the demand for excellent living environment. The public will consciously establish a mechanism for moni-
toring pollution emissions or sign environmental agreements with surrounding pollution enterprises to reduce haze pollution (Li & Wu,
2017).

2.2. Indirect effect analysis

Except for the direct effect mentioned above, numerous scholars have discussed the indirect transmission pathways of ER on PMj 5
emissions by affecting technological innovation (Hussain et al., 2022), energy use structure (Zhang et al., 2019), industrial transition
(Zhou et al., 2017, 2013, 2019b), and foreign direct investment (FDI) (Zhang et al., 2019; Zhou et al., 2019a). Notably, very few
researches concerned about the intermediary influence of human capital yet. In recent years, many studies have shown that talent
capital, as a crucial invested parameter in the productive and business process, can be used to reduce the consumption of
high-pollution fossil fuels (Fang & Chang, 2016). This is because human capital associated with higher education level usually
maintains a relative high pursuit of superior residential environment and quite strong consciousness of protecting ecological envi-
ronment and has the ability to improve energy efficiency and conduct research and development (R&D) of pollution mitigation skills,
which is conducive to haze reduction (Salim et al., 2017). This implies that accumulated human capital is of great importance for
improving environmental conditions. Importantly, knowledge based on human capital is the core of the concept of economizing energy
and alleviating pollutants, and the technology mastered by talents is the key content of haze emission reduction (Ma et al., 2022).
Currently, the improvement of human capital quality provides the necessary cultural flow, talent flow, and technology flow for the
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construction of low-pollution economy, which can effectively break the bottleneck of natural resource scarcity (Zhang et al., 2022). In
this regard, the specific transmission channels between ER and haze pollution is presented in Fig. 2, and the hypothesis is shown as
follows:

Hypothesis 1. Human capital as the transmission path of environmental regulation influencing haze pollution is established; put
differently, environmental regulation can indirectly alleviate PMjy 5 emissions by accelerating human capital accumulation while
mitigate it directly.

3. Model and data
3.1. Model

To accurately test the underlying influence of ER in impacting PMs 5 pollution in China, human capital, foreign investment,
economic growth, and technical innovation are introduced in the model, and the quadratic item of economic growth is added to detect
the environmental Kuznets curve (EKC) hypothesis. The regression frame for PM; 5 concentrations is constructed as follows:

PM;, = f(ER;, Humay, Pgdp;,, Pgdp},, Open;, Tecy,) 1)

where i and t are the cross-section unit and time unit, respectively. PM denotes the PM 5 concentrations for 31 Chinese provinces, ER is
environmental regulation. Huma, Open, Pgdp, and Tec refer to human capital, foreign investment, economic growth, and technical
innovation, respectively.

In addition, all variables in Eq. (1) are processed by natural logarithm to effectively eliminate the potential effects of hetero-
scedasticity and data fluctuation; thus, Eq. (1) can be re-written in the following equation:

6
In PM;; = ap+a; In ER;; + Z a;In Ctrly +v; +1n,+ €& 2)

i=2

where o, v;, 17, and &; represents the intercept item, the province effect, the time effect, and the error item. In is the logarithmic form of
all variables. Ctrl is a vector that contains Huma, Pgdp, Pgdp?, Open, and Tec. a;(1 < i < 6) refer to the estimated coefficients. According
to the impact mechanism, we anticipate the empirical parameters of ER, Huma, Open, and Tec to be negative, while the estimated
parameters of Pgdp and Pgdp? are anticipated to be positive and negative, respectively.

3.2. Data

A panel dataset for Chinese 31 provinces covering 2003-2017 is applied in this study to empirically explore the regulation-haze
nexus. Other provinces are excluded due to the statistics unavailability. The relevant measures are as follows:

(1) Haze pollution (PM). This indicator is mainly composed of PM;o and PM; s; based on previous studies, this article selects PMj 5
pollution as the main research goal (Li et al., 2019). However, the statistics of the density of PMj 5 in China have only been collected
since 2013 (Xie et al., 2019). Considering the time span of the research, the data on PM; 5 in China are insufficient (Dong et al., 2019;
Du et al., 2018). Accordingly, the statistics of PMy 5 used in this study come from the Socio-Economic Data and Application Center of
Columbia University and are following the results of aerosol optical depth (AOD) measurement of satellite-borne equipment and
converted into global haze concentration monitoring data in the form of raster data (Van et al., 2014).

(2) Environmental regulation (ER). This study aims to reflect the government’s strength and determination in controlling pollutants
in terms of formal ER. Following the works of Wang and Tan (2017) and Zhou et al. (2019b), three indicators — sulfur dioxide (SO2)
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Fig. 2. The influence mechanism of the regulation-haze nexus.
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emission, wastewater discharge, and waste and solid emission of industry — are utilized to gauge ER comprehensive index based on
the entropy technique, which assigns weights to different pollutants. According to Zhao et al. (2020)’s measure of ER, the share of the
investment in solving industrial pollutant required to produce a unit of GDP (input side) to pollution composite index (output side) is
employed to assess ER. Notably, the statistics of three pollutant indicators originate from China Environment Statistical Yearbook
(CESY, 2018), while CSY (2018) offers the statistics of pollution control investment and output value.

(3) Human capital (Huma). Many scholars have discussed the influence of gradual accumulation of human capital on various types
of pollutants, and confirmed its active role in mitigating ecological pollution (Azam, 2019; Li & Ouyang, 2019). Therefore, this study
uses the share of employed people with a college degree or above to all employed people to assess human capital (Chi, 2008); the data
are from China City Statistics Yearbook (CCSY, 2018).

(4) Economic growth (Pgdp). Rapid economic evolution produces serious ecological pollution initially and then alleviates pol-
lutants after reaching the highest value (Ouyang et al., 2019; Shen & Balezentis, 2023; Wang & Xu, 2015). To this end, we introduce
the degree of economic growth gauged by per capita GDP and its square term as control variables.

(5) Foreign investment level (Open). Numerous studies have concerned about the FDI-haze nexus, mainly including the direct
(Cheng et al., 2020) and mediation effect (Li et al., 2019; Zhang et al., 2019). This indicator can be gauged by the share of total invested
amount by foreign companies in domestic companies to GDP.

(6) Technical innovation (Tec). The active effects of technical innovation on various pollutants are proved by numerous studies (Yi
et al., 2020); thus, this indicator evaluated by the amount of domestic patent application authorization is added into the model. The
statistical descriptions of the variables are highlighted in Table 1.

4. Empirical findings and discussions
4.1. Preliminary checks

Before performing baseline regression, this study first empirically checks the correlation between selected variables. The conse-
quential outcomes are posted in Table 2. Clearly, both ER and PM; 5 show substantial active linkage, while provincial human capital
accumulation is also positively associated with haze pollution; these findings go against our expectations. Thus, it is imperative for us
to select more reliable and complicated econometric models for accurate estimate.

Table 2 also posts the outcomes of multicollinearity. This is a vital prerequisite to avoid false regression (Feng & Yuan, 2022; Song
et al., 2019). The test statistics of the variance inflation factor (VIF) for all variates, including the mean VIF, are smaller than 10. This
insists that no multicollinearity is found between the independent variables we choose during the regression process.

4.2. Baseline estimate

To more scientifically assess the concrete impacts of strengthened environmental governance and gradual introduction of talents on
PM, 5 emissions, this study selects three classical estimated methods — ordinary least square (OLS), fixed effect (FE), and two-step
system generalized method of moments (Sys-GMM) approaches, and lists the outcomes with or without control variables simulta-
neously in Table 3. In this regard, which method can be applied to assess the actual effect of ER and Huma on PMj 5 pollution becomes
a crucial issue. To this end, in accordance with the research of Ullah et al. (2018), we check the applicability of these three methods in
the following three steps: (1) performing the empirical analysis by using the OLS method and checking whether endogeneity exists
within the model; (2) conducting the FE regression; and (3) solving the issue of endogeneity by using the rigorous two-step Sys-GMM
technique.

4.2.1. OLS regression

Owing to the wide use of OLS strategy in previous studies, we first check the effect of ER and Huma on haze emissions based on the
OLS method. Notably, some explanatory variables may be omitted from the model and are significantly correlated with the core
variable, which means that this variable will automatically be included in the disturbance term, that is, the core research variable may
be correlated with the disturbance term, leading to serious endogeneity problems. To this end, to test whether the empirical model
constructed has the endogeneity issue, the endogeneity within the sample data is examined by applying the share of added value in the
secondary industry as instrumental variable. In the bottom of this table, we can find that the test values of K-P rk LM and Durbin-WU-

Table 1
Statistical descriptions of the variables.
Variables  Definitions Mean Std. Dev. Min. Max. Data source
InPM Haze pollution 3.563234  0.5160755 1.866951 4.436747  Socio-Economic Data and Application Center of Columbia
University
InER Environmental -2.717181 0.1365305 -3.15738 -2.424676 CESY (2018),CSY (2018)
regulation
InHuma Human capital 2.333463 0.7059321 -1.371181 4.023028 CCSY (2018)
InPgdp Economic growth 10.21691 0.72133189 8.216358 11.76752 CSY (2018)
InOpen Foreign investment 1.311155 0.8530772 -0.4423974 4.317905 CSY (2018)
InTec Technical innovation 8.849137  1.802074 2.772589 12.71485 CSY (2018)
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Table 2
Test outcomes of the multicollinearity and correlation checks.
Variable VIF InPM InER InHuma InPgdp InOpen InTec
InPM 1.0000
InER 1.25 0.2884* 1.0000
InHuma 2.70 0.3656* -0.0826* 1.0000
InPgdp 4.09 0.2260* -0.3367* 0.7689* 1.0000
InOpen 1.23 0.0823* -0.1746* 0.3497* 0.3974* 1.0000
InTec 2.01 0.4118* -0.1859* 0.5383* 0.6991* 0.3738* 1.0000
Mean VIF 2.26

Notes: * indicates p < 0.1.

Table 3
Estimated findings of the baseline regression.
Variable OLS estimate FE estimate Sys-GMM estimate
No Yes No Yes No Yes
L.InPM 0.641%** 0.633***
(45.26) (43.30)
InER 0.191%** 0.189%** 0.014 0.025** 0.048%** 0.063***
(8.04) (7.48) (1.35) (2.33) (14.22) (9.84)
InHuma 0.287%** 0.240%** 0.011 -0.040** 0.046%** -0.024*
(10.78) (5.74) (0.89) (-2.17) (10.33) (-1.75)
InPgdp -0.647 0.205 -0.642%*
(—0.97) (0.92) (—2.45)
InPgdp? 0.024 -0.002 0.030%*
(0.72) (-0.20) (2.20)
InOpen -0.044* 0.0004 0.067***
(—1.82) (0.02) (5.21)
InTec 0.136%** -0.057*** 0.066***
(8.15) (-2.70) (5.29)
_Cons 3.668*** 6.709** 3.593*** 2.420%* 1.375%** 4.358%***
(32.27) (2.01) (86.46) (2.17) (24.60) (3.32)
K-P rk LM 75.487 [0.0000]
K-Prk Wald F 88.760{16.38}
DWH test 28.774 [0.0000]
AR (1) 0.0012 0.0016
AR (2) 0.9485 0.8159
Sargan 0.9776 0.9988
Obs. 465 465 465 465 434 434

Note: *** ** and * are p < 0.01, 0.05, and 0.1; t- or z-statistics in parentheses.

Hausman (DWH) are both substantial, while the statistic of K-P rk Wald F is evidently larger than 16.38; these test results suggest that
there is significant endogeneity within the econometric model. Thus, it is inappropriate to use OLS as the baseline estimation technique
to analyze the impacts of ER and Huma on PMj 5 emissions.

4.2.2. FE regression

Except for the OLS regressor, this study further employs the FE method to explore the nexus between variables due to the inap-
plicability of the OLS estimate. Notably, FE regression can effectively eliminate the time effect between variables (Hamilton &
Nickerson, 2003; Yan et al., 2022); however, the successively introduction of formal ER policies and the gradual recruitment of talents
have conspicuous time-lag influences on haze mitigation. Due to the existence of endogeneity and hysteresis between the variables, the
use of pooled OLS and FE techniques is not appropriate.

4.2.3. Two-step Sys-GMM regression

After checking the irrationality of OLS and FE methods, the two-step Sys-GMM technique is applied in this section to deal with the
endogenous issue (Zhao et al., 2021). The test values of the Arellano-Bond (A-B) test (i.e., AR (1) and AR (2)) and the Sargan test
obviously confirm the scientificity of applying this approach.

The outcomes of Table 3 denote that the estimated parameters of InER and InHuma are 0.063 and — 0.024, respectively. These
findings suggest that strengthened regulation of environment is not an effective strategy to mitigate haze emissions, while accumulated
human capital and talent introduction in a region can be conducive to reducing haze pollution. To be specific, strengthened ER forces
regional governments to implement some measures (e.g., closing high-polluting enterprises, levying taxes and fees on pollution
emissions, or subsidizing the emission reduction technologies) to control haze emissions, thus meeting the national advocacy and
demand for saving energy and alleviating pollutants (Zhou et al., 2021). Notably, these mandatory measures, while temporarily and
substantially curbing haze emissions, will also decrease enterprises’ enthusiasm for production and constrain regional economic
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growth (Zhong et al., 2022). This will not only damage the residents’ quality of life, but also inhibit social harmony and stability
(Zhang et al., 2020). Meanwhile, under the premise of GDP as the main assessment mechanism in the past, government officials tend to
lower regulation standards impacted by promotion incentives and fiscal income incentives. In addition, to complete the performance
review order issued by the central government, local authorities and stakeholders are easy to ignore the emission behavior of polluting
firms in the production process, resulting in the conclusion that government-mandated ER policy is not a powerful means to promote
haze emission reduction. In the long run, these measures are not effective strategies for maintaining harmonious and sustainable urban
development. Thus, local authorities should consider regional development when laying down ER strategies, effectively grasp the
intensity of regulation, and support the green transition of enterprises.

Regarding the negative human capital-haze nexus, human capital with higher education not only has a strong self-awareness of
protecting the ecological environment, but also has the ability to innovate technology, which can help alleviate pollutant emissions
(Lan et al., 2012). Furthermore, the estimated parameters of InPgdp and InPgdp? are — 0.642 and 0.030, which imply that both Pgdp
and PM appear a typical U-shaped nexus. In addition, foreign investment and technical innovation influence haze emissions positively.
Foreign investment aims to maximize profits, and the introduction of a large amount of capital can effectively improve enterprises’
production and transaction activities, thus consuming massive fossil energy and exacerbating haze emissions. This positive foreign
investment-haze link is also proved by Tang et al. (2016) and Wang et al. (2022a, 2022b). However, the viewpoint that strengthening
the capital flows from foreign firms can efficiently alleviate PM 5 in our nation due to its advanced management experience and
technical innovation capabilities is supported by Guan et al. (2022). Moreover, the statistics from China’s National Bureau of Statistics
show that China’s technical innovation to speed up production and operation has outperformed those to reduce pollutant emissions;
therefore, it is imperative to prompt firms to reinforce the R&D of clean and low-emission technologies (Wen et al., 2023).

4.3. Sensitivity checks

4.3.1. Adopting the proxy variable of environmental regulation

Notably, the positive regulation-haze nexus does not meet our expectations. Thus, to check whether the estimated outcomes are
robust and reliable, the investment in solving industrial pollutant required to produce a unit of GDP (expressed as ER_I) is chosen to
gauge China’s environmental regulation to further perform the empirical analysis (see Table 4). It is evident that the symbols and
meanings of InER and InHuma stay the same with those in Table 3; this substantially proves the robustness of the benchmark findings.

4.3.2. Excluding the impact of 2008 financial crisis

To further examine the reliability of regression findings, we remove the statistics of 2008 and 2009 in the full sample to exclude the
potential impact of financial crisis. The outcomes are posted in Table 5. Clearly, the parameters of InER and InHuma are substantially
positive and negative, respectively, with all control variables in the model. These findings verify the scientificity of the impacts.

4.3.3. Removing the influence of four municipalities

Following the regional pattern of haze emissions in Fig. 1, prominent regional heterogeneity exists in haze emissions. In particular,
the role of economically developed and representative urban environmental governance on haze emissions may affect the overall
assessment. To this end, the statistical data of four municipalities in China (i.e., Beijing, Tianjin, Shanghai, and Chongqing) are

Table 4
Robust findings of applying the proxy variable.
Variable OLS estimate FE estimate Sys-GMM estimate
No Yes No Yes No Yes
L.InPM 0.642%** 0.634***
(45.85) (48.90)
InER I 0.191%** 0.185%*** 0.026** 0.032%** 0.044%%* 0.063***
(7.88) (7.19) (2.47) (2.94) (12.22) (9.79)
InHuma 0.271%** 0.240%** 0.012 -0.042%* 0.039%** -0.025*
(10.21) (5.56) (1.02) (-2.31) (9.78) (-1.90)
InPgdp -0.888 0.154 -0.725%**
(-1.31) (0.69) (—2.56)
InPgdp? 0.035 -0.0001 0.034%*
(1.01) (-0.01) (2.27)
InOpen -0.035 0.004 0.073***
(-1.42) 0.17) (5.42)
InTec 0.137%*** -0.054%* 0.069%**
(8.06) (—2.55) (5.94)
_Cons 4.224%** 8.533** 3.708*** 2.783** 1.497%** 4.978%**
(23.98) (2.48) (53.70) (2.48) (24.71) (3.53)
AR (1) 0.0012 0.0016
AR (2) 0.9129 0.7864
Sargan 0.9769 0.9988
Obs. 465 465 465 465 434 434

Note: *** ** and * are p < 0.01, 0.05, and 0.1; t- or z-statistics in parentheses.
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Variables The 2008 financial crisis The special value of municipalities
@ 2) 3) “@
L.InPM 0.468%** 0.413%*%* 0.692%** 0.650%**
(34.93) (27.33) (87.26) (40.83)
InER 0.026%** 0.035%** 0.041%** 0.066%**
(10.18) (5.53) (15.52) (7.93)
InHuma 0.102%** -0.148%** 0.041%** -0.043%**
(15.47) (—11.84) (10.19) (-2.74)
Control variables No Yes No Yes
_Cons 1.760%** 2.169 1.159%** 5.899%%*
(29.22) (1.22) (31.74) (3.79)
AR (1) 0.0021 0.0023 0.0052 0.0069
AR (2) 0.8893 0.9192 0.5575 0.4540
Sargan 0.3740 0.3910 0.9942 0.9940
Obs. 341 341 378 378

Note: *** p < 0.01; z-statistics in parentheses; the control variables are the same with Table 3.

removed from the full panel and re-estimation is performed to exclude the interference of specific values (see the last two columns of
Table 5 for specific results). Obviously, the active and negative influences of ER and Huma on PMj 5 emissions are confirmed.

4.4. How human capita moderates the regulation-haze nexus?

In this section, we further check whether human capital can effectively adjust the regulation-haze nexus. On the basis of Eq. (2), the
interaction of ER and Huma is added into the estimation model; notably, while adding the interaction term, we remove human capital
from the model to avoid multicollinearity. The test equation is built as follows:

6
In PM;, = fy+ b, In ER; + B, In ER;  In Humai, + Y B, In Zig +vi +1, + £ 3)

i=3

where f, represents the interaction term, and f;(i > 1) refer to parameters that need to be assessed. Among them, j, indicates the

coefficient of the interactive item. Z is a vector that contains Pgdp, Pgdp?, Open, and Tec.
By applying the FE and two-step Sys-GMM technique simultaneously, we show the empirical outcomes in Table 6. Also choosing
Sys-GMM technique, this study finds that the regression parameter of InER is active, while that of the interactive item is substantially

Table 6

Regression outcomes of the moderating role of human capital.

Variable ER measured by the composite index ER gauged by pollution investment
FE estimate Sys-GMM estimate FE estimate Sys-GMM estimate
L.InPM 0.634***
(48.36)
InER 0.065%** 0.086%**
(2.96) (6.39)
InER*InHuma -0.040%** -0.023*
(-2.17) (-1.75)
InER I 0.091*** 0.082%**
(4.13) (7.53)
InER I*InHuma -0.060%** -0.022%*
(—3.20) (—2.33)
InPgdp 0.205 -0.644** 0.050 -0.787**
(0.92) (-2.44) (0.22) (—2.43)
InPgdp? -0.002 0.030%* 0.005 0.036**
(-0.20) (2.18) (0.42) (2.18)
InOpen 0.0004 0.067*** 0.009 0.074%**
(0.02) (5.25) (0.44) (6.12)
InTec -0.057*** 0.067*** -0.050%* 0.068***
(—2.70) (5.81) (—2.40) (5.72)
_Cons 2.420%* 4.364%** 3.486** 5.363***
(2.17) (3.30) (—2.40) (3.40)
AR (1) 0.0015 0.0017
AR (2) 0.8167 0.7702
Sargan 0.9988 0.9987
Obs. 434 465 434

Note: *** ** and * are p < 0.01, 0.05, and 0.1; t- or z-statistics in parentheses.
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negative. Furthermore, the estimation outcomes of ER gauged by EP.I in the last two columns verify the validity of the empirical
conclusions.

Due to the positive coefficient of ER, we can conclude that, under the background of the local government’s active introduction of
environmental supervision policies, accelerating human capital accumulation and the introduction of talents, and actively cultivating
capable and intelligent talents are the key content and effective means to solve the haze pollution problem. In the context and premise
that the government vigorously advocates environmental protection and emission reduction, improved human capital can greatly
contribute to the national R&D of clean and green technologies (Hu, 2021). In other words, the combination of policies and talents can
lay a solid foundation for accelerating haze emission reduction.

5. Further discussion
5.1. Model specification

As the influence mechanism insists that, gradual talents introduction may be the underlying transmission path of ER on PMy s.
Accordingly, the mediating effect model is used to conduct the relevant empirical analysis (Dong et al., 2022b; Zhao et al., 2022a,
2022b). This model has the following two test procedures:

(i) The first procedure is to calculate the total impact between the primary variables; the concrete equation is posted as follows:

6
In PM;, = yy +7, In ER;, + Zy,- InZy +vi+n,+ ¢ 4

i=2
where y,stand for intercept term. Notably, the estimated coefficient (i.e., y;) reflects the total effect between variables.

(ii) Another procedure lays stress on testing the direct and intermediary impacts; the models are built in the following equations:

6
In Huma;, = n, +n, In ER;, + Z nInZy + v+, + € %)

i=2
7
In PM;, = ¢y + ¢, In ER;, + ¢, In Huma,, + Z o;InZ,+vi+n+e; 6)
i=3

where 5, and ¢, are intercept terms. 1;(i = 1,2,.,7) and ¢;(i = 1, 2, ., 7) are the parameters that require to be evaluated. The parameter
of ER in Eq. (6) (i.e., ¢;) denotes the direct impact, while the indirect impact of ER on PM exists if n; and ¢, are significant

Table 7
Regression outcomes of the mediation effects.

Variables ER measured by the composite index ER gauged by pollution investment
(€8] ) 3) m (2) 3)
InER 0.230%** 0.170%** 0.189%**
(9.36) (7.13) (7.50)
InER I 0.227%** 0.177""" 0.185"""
(9.18) (7.42) (7.25)
InHuma 0.240%%* 0.240™"
(5.15) (5.09)
InPgdp -1.365%* -2.987%** -0.647 -1.659%* -3.221"" -0.888
(~1.98) (—4.45) (—0.94) (—2.39) (—4.81) (~1.28)
InPgdp? 0.069** 0.189%** 0.024 0.082%* 0.199"" 0.035
(2.03) (5.68) (0.70) (2.40) (6.00) (1.00)
InOpen -0.039 0.020 -0.044* -0.028 0.030 -0.035
(~1.47) 0.79) (~1.70) (~1.04) (1.15) (~1.34)
InTec 0.132%** -0.016 0.136%** 0.133%%* -0.016 0.137""
(8.43) (~1.06) (8.90) (8.42) (~1.08) (8.89)
_Cons 10.041 %% 13.855%** 6.709* 12.279%%* 15.638"" 8.533""
(2.88) (4.09) (1.94) (3.50) (4.62) (2.44)
Sobel test 0.041%** (4.174) 0.042%** (4.195)

Total effect

Direct effect

Indirect effect

Proportion of indirect effect
Bootstrap test

_bs 1

bs 2

0.230*** (9.361)
0.189*** (7.499)
0.041*** (4.174)
17.8%

0.041*** (2.97)
[0.012 0.067]
0.189*** (7.29)
[0.138 0.240]

0.227*** (9.185)
0.185%** (7.247)
0.042*** (4.195)
18.67%

0.042*%** (2.98)
[0.016 0.070]
0.185*** (6.99)
[0.132 0.233]

Notes: ***, ** and * are p < 0.01, 0.05, and 0.1; t statistics in parentheses.
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simultaneously; more specifically, #; az highlights the indirect impact (i.e., mediation effect) between the variables.
5.2. Regression findings

Table 7 posts the regression outcomes of the direct and intermediary influences of ER on PM by using human capital as transmission
channel. In this table, (1)-(3) denote the estimated results corresponding to Eqs. (4)-(6). The coefficient of InER in (1) of Table 7 is
0.230, which suggests that the total effect between the primary variables is 0.230. In the estimation process, the statistic of the Sobel
test (i.e., 0.041) is substantial; put differently, human capital has been proved as a valid and vital transmission pathway for envi-
ronmental governance to influence PM; 5 emissions. In addition, we find that the regression parameters of direct and intermediary
impacts are 0.189 and 0.041, and the intermediary impact accounts for 17.8% of the total effect. That is, human capital contributes
17.8% to the influence of ER policies on haze emissions. In respect to the bootstrap sampling test, 0 is not included in the confidence
intervals of _bs_1 and _bs 2. This result highlights the validity of the intermediary impact of human capital.

Notably, in these three equations, the parameters of InER are all substantially positive, while that of human capital in Eq. (3) is also
positive. This insists that although strengthened regulation of environment can facilitate human capital accumulation (Ma et al.,
2019), talent introduction and improved human capital are not valid strategies to solve haze pollution. The positive ER-Huma nexus is
also proved by Wen and Dai (2020). They believe that the demand for senior talent and high-quality human capital improves rapidly
when researching and developing reduction technologies; furthermore, highly educated human capital and elites usually have a high
pursuit of quality life and a strong sense of environmental protection awareness.

As Bano et al. (2018) and Fang and Chang (2016) emphasize, introducing talents with the features of innovation and creativity can
rationally allocate limited resource endowments and make suggestions for green evolution of enterprises, thus facilitating PMj 5
emission reduction; however, in the estimated results, the positive nexus between Huma and PM is contrary to their conclusions. The
reason may be that, despite the tremendous improvement in the education level of residents and employees, enterprises face high
technical barriers in the R&D of clean and green technologies, and it is difficult for domestic human capital to overcome these
technologies in a short time. It is proved that the role of talent introduction in haze emission reduction will be highlighted in the near
future.

6. Conclusions and policy recommendations

To systematically discuss the potential influence of ER is solving China’s PMy 5 problem, this study creatively analyzes the
transmission channel and impact mechanism of regulation on PMj 5 by incorporating the underlying role of human capital. Moreover,
the moderating and mediation impacts between variables are also explored. This study presents the primary conclusions in the
following points:

(1) The outcomes of the baseline regression prove that continuous implementation of environmental governance policies is
positively correlated with haze emissions, while human capital affects haze emissions negatively. Put differently, ER is not a valid
means to promote haze reduction, and accumulated human capital can effectively accelerate haze reduction.

(2) The active combination of the execution of ER policies and the continuous recruitment of talents has played a prominent role in
haze control. By implication, when local governments actively introduce environmental control policies, increasing education in-
vestment, vigorously cultivating talents, and establishing and improving talent introduction mechanism are effective ways to solve the
local haze dilemma.

(3) The intermediary effect of human capital in influencing regulation-haze link is established; specifically, although ER can
effectively boost human capital accumulation, human capital, however, cannot exerts its underlying role in alleviating haze dilemma
in the current context.

Following the empirical findings of the above discussions, two policy suggestions are proposed as follows. First, the empirical
results underline the ineffective role of current environmental governance policies in solving haze emissions, which is contrary to our
positive expectation of environmental regulation. In other words, the current ER policies that are continuously advancing may have
certain drawbacks in the implementation stage. To exert the strength of policy control, the local governments should not create shelter
for the preservation of pillar industries; instead, they should actively provide technical and capital support for the development and
transition of local industries. In addition, considering the coordinated and optimal combination of multiple ER tools to solve the haze
problem is crucial. Specifically, in the regions with relatively severe haze pollution, official command ER policies can effectively
contribute to haze reduction; in highly market-oriented regions, the transition from official command to market-control supervision
should be gradually achieved, and the government should try to avoid excessive administrative intervention in the activities of
economic entities. Therefore, local governments should realize the target of reducing pollutant emissions through the optimized
combination of various ER strategies.

Second, the empirical results on the further discussion imply that strengthened ER intensity is a powerful accelerator to facilitate
human capital accumulation, which is also verified by the moderating effect analysis of human capital. Consequently, further
strengthening environmental supervision and subsidizing and supporting companies that value innovative technologies can effectively
promote the accumulation of talents. Thus, clean technological innovation, vigorously introducing technological talents, and pro-
moting the accumulation of talent dividends should be highly concerned by local authorities; more specifically, it is indispensable to
focus on the cultivation and education of talents and actively promote reform of the education system. Furthermore, local authorities
should pay close attention to its leading role in environmental protection technologies, and provide capital subsidies, reasonable tax
reductions & exemptions, as well as technical guidance to enterprises committed to the R&D of clean technologies when formulating
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relevant policies to create an environment for firms, thus ensuring the enthusiasm and confidence of enterprises’ R&D from the
perspective of policy and capital.

The current discussion on the regulation-human capital-haze nexus only checks their underlying effects and impact channel in
China; however, existing research still has some shortcomings. One is substantially related to the empirical approach. At present, this
study only detects the regulation-haze nexus by using the GMM technique. In the future studies, we tend to investigate the spatial effect
in the relationship. Another is associated with sample data. It is imperative for us to apply the municipal data to specifically and deeply
discuss the causal regulation-haze nexus.
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