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Environmental regulation, human capital, and pollutant emissions: 

The case of SO2 emissions for China 

Abstract: To investigate whether the impact of environmental regulation on pollution 

emissions varies across China’s regions under different human capital levels, this study 

empirically examines the environmental regulation-human capital-pollution nexus by 

using a provincial sample dataset from 2004 to 2017. We also explore whether 

environmental regulation will affect sulfur emissions through human capital. The 

empirical results conclude that: (1) increased environmental protection investment 

cannot effectively contribute to sulfur emission reduction for the full sample; (2) 

increased environmental regulation can aggravate pollution emissions when human 

capital is low, while in regions with a high-level of human capital, enhanced 

environmental regulation intensity is negatively associated with pollution emissions; 

and (3) environmental regulation can help strengthen sulfur reduction through human 

capital accumulation; however, the reduction of sulfur emissions by human capital 

cannot offset the direct positive effect of environmental regulation on sulfur emissions. 

Keywords: Environmental Regulation; Human capital; Pollution emissions; Mediation 

effect; China 
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1. Introduction 

China has experienced rapid economic development since the reform and opening-

up policy in 1978 (Chen et al., 2021; Dong et al., 2018; Dong, Dong, and Ren, 2020; 

Duan et al., 2021; Ren et al., 2022; Zhao et al., 2021). However, along with the 

continuous advancement of urbanization and industrialization, the environmental 

pollution issue, an inevitable product of industrial progress, has attracted widespread 

attention (Cai, Sam, and Chang, 2018; Dou et al., 2021; Pan et al., 2017; Xie, Yuan, and 

Huang, 2017). Specifically, according to the statistics of former British Petroleum (BP, 

2019), in 2017, the total energy consumption in China was 3.27 billion tons of oil 

equivalent, accounting for 23.6% of total global energy consumption. To solve pollution 

emissions effectively, the Chinese government has implemented numerous policies to 

strengthen environmental regulation (Li and Lin, 2016; Xie, Xu, and Liu, 2019; Zhao 

et al., 2020a). For instance, local governments have successively issued relevant 

policies to close high-polluting enterprises, levy pollution taxes, or increase 

environmental investment (Chen et al., 2020a). In particular, the input of environmental 

protection funds, as a typical environmental governance measure, has become an 

effective choice for local governments to deal with environmental degradation. As the 

China Statistical Yearbook (CSY, 2018) shows, the total amount invested to improve 

the living environment and prevent further environmental degradation in 2017 has 

reached 953.9 billion yuan, accounting for 1.2% of annual gross domestic product 

(GDP). 

In addition, since Lucas (1988) highlighted the role of human capital accumulation 
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in facilitating the rapid development of the economy, human capital has become 

increasingly prominent (Chi, 2008). Based on this, numerous scholars have gradually 

begun to pay attention to the potential role of human capital in environmental pollutant 

emissions. In this regard, some scholars reach a favorable conclusion: the gradual 

accumulation of human capital is a valid measure for reducing environmental pollution 

emissions (Azam, 2019; Lu, Yang, and Shao, 2014). Furthermore, Salim, Yao, and Chen 

(2017) and Yang, Wang, and Shi (2017) confirm the active role of human capital in 

inhibiting the continuous deterioration of the ecological environment in the long run. 

However, Lan, Kakinaka, and Huang’s (2012) research triggers our thinking on the 

differentiated role of human capital across various areas. They underscore that the effect 

of foreign investment on pollution emissions is greatly influenced by the difference of 

regional human capital. Thus, we are interested in establishing whether there is any 

heterogeneity in the impact of environmental regulation on pollutant emissions when 

human capital is different. In addition, how environmental regulation affects pollution 

emissions, that is, the specific impact mechanism, is also an issue worthy of attention. 

At present, although a growing body of literature has checked the impact of 

environmental regulation or human capital on pollution emissions (see Sections 2.1 and 

2.2), very few studies have checked the regional heterogeneity of environmental 

regulation on pollution emissions when a difference in human capital exists. Also, 

previous studies have consistently ignored the influencing mechanism between 

environmental regulation and pollution emissions by affecting human capital 

accumulation. Under these circumstances, by employing a balanced panel dataset 
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comprising 30 Chinese provinces between 2004 and 2017, this study examines the 

impact of environmental regulation on pollution emissions in China’s regions under 

different human capital levels. We also conduct an analysis of whether increased 

environmental regulation will have an impact on pollutant emissions through 

continuous human capital accumulation in China. 

Notably, this study makes a contribution to the existing environmental regulation-

human capital-pollution nexus from the following two aspects. First, this study 

theoretically and empirically investigates the impact of environmental regulation on 

pollutant emissions when a difference exists in human capital levels. This approach is 

particularly useful for formulating targeted environmental regulation policies in 

different regions. Second, we conduct the mediation effect of environmental regulation 

on pollution emissions through human capital accumulation, which not only helps 

provide a reference for setting reasonable environmental regulation policies, but is also 

of great value in drawing government attention to education and the introduction of 

talent. 

The rest of this study is presented in the following framework. Relevant literature 

regarding environmental regulation, human capital, and pollutant emissions is reviewed 

in Section 2, followed by the theoretical framework analyzed in Section 3. In Section 

4, we present the model and data, while in Section 5, the estimated steps and empirical 

results are provided. Section 6 further conducts a mediation analysis on the regulation-

pollutant nexus. The last section summarizes the entire study. 
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2. Literature review 

2.1. Studies on the environmental regulation-pollution nexus 

As a typical form of environmental regulation, the pollution control effect of local 

governments’ investment in environmental governance has not received much attention. 

Several scholars have investigated the effectiveness of environmental regulation 

policies in the emission reduction of different types of pollutants by using 

comprehensive indices or methods for classifying environmental regulation types. To 

date, the most striking contradictory views related to the regulation-pollution nexus 

include two main categories. Specifically, the green paradox effect proposed by Sinn 

(2008) stresses that gradually strengthening environmental governance can exacerbate 

environmental pollution emissions. For instance, Edenhofer and Kalkuhl (2011) 

propose that levying carbon taxes on enterprises is not conducive to alleviating 

increasing global warming. The reason may be that enterprises are worried about 

increased taxation in the future and choose to intensify resource extraction at the current 

stage, which will promote carbon dioxide (CO2) emissions. Furthermore, Smulders, 

Tsur, and Zemel (2012) suggest that an early announcement of carbon tax would cause 

increased resource exploitation in the interim period (i.e., from announcement to actual 

implementation), thereby increasing CO2 emissions. This green paradox effect is also 

supported by Ritter and Schopf (2014). 

On the contrary, the reverse emission-reduction effect verifies the effectiveness of 

environmental regulation policies. To be specific, by applying data of 248 cities in 

China from 2003 to 2016, Wang, Peng, and Wu (2021) systematically analyze the 



7 

regulation-pollution nexus, and conclude that both direct government regulation and 

market manipulation can accelerate the achievement of carbon neutrality goals at the 

municipal level. Also using city-level data, Song et al. (2020) empirically examine the 

underlying effect of environmental regulation on pollutant emissions based on the two-

stage least squares (2SLS) method, verifying the significant effectiveness of regulation 

policies in solving pollutant emissions. Zhang et al. (2019) obtain the same conclusion 

by using haze pollution as their main research variable. The negative regulation-

pollution nexus is also confirmed by Cairns (2014), Guo and Wang (2018), Hashmi and 

Alam (2019), Pei et al. (2019), Wang and Liu (2019), Zhang, Sun, and Wang (2020), 

and Zhao et al. (2020a). 

Regarding nonlinear characteristics, using sample data of China’s 277 cities 

between 2002 and 2010, Zhou et al. (2019) creatively employ spatial econometric 

models, and find an inverted U-shaped relationship between environmental regulation 

and haze pollution. This finding is also consistently supported by Wang, Hu, and Lin 

(2021), who consider the mediating effect of the skill premium. To sum up, given the 

differences in research subjects and sample periods, no consensus has been reached in 

the regulation-pollution nexus, and few scholars have assessed the potential pollutant 

emission-reduction effect of environmental regulation from the perspective of 

government investment; put differently, considering the validity of local government 

investment in environmental protection is imperative. 
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2.2. Studies on the human capital-pollution nexus 

The second strand of this study attempts to summarize current relevant studies on 

the human capital-pollution emissions nexus. In recent years, many scholars have 

investigated whether human capital accumulation can help alleviate environmental 

degradation. To be more specific, Lan, Kakinaka, and Huang (2012) discuss the 

potential effect of accumulated human capital on pollutants from a provincial 

perspective. They find that the regional human capital level will significantly influence 

the pollutant emission-reduction effect of foreign direct investment (FDI); in other 

words, the FDI-pollutant nexus relies highly on human capital. Only in areas with lower 

human capital levels can foreign investment facilitate pollutant emissions. Sapkota and 

Bastola (2017) make the same conclusion. Furthermore, Lu et al. (2014) apply the 

quantile regression technique to check the human capital-pollutant nexus at the city 

level. They suggest that strengthening the cultivation and introduction of human capital 

is a powerful weapon to prevent environmental degradation, which is consistent with 

the viewpoints of Azam (2019), Bano et al. (2018), and Mahmood, Wang, and Hassan 

(2019). Additionally, by using a panel dataset for the period 1978-2015, Li and Ouyang 

(2019) conclude that both human capital and CO2 emissions exhibit an inverted N-

shaped relationship. 

Some scholars also have investigated the role of air pollution on human capital 

accumulation. For instance, utilizing a sample dataset of 35 developed cities in China 

between 2006 and 2016, Liu et al. (2021) show that cities with severe air pollution can 

restrict the accumulation of human capital. Furthermore, under a unified framework of 
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China’s 31 provinces, Zhao et al. (2020b) suggest that severe environmental pollution 

emissions can cause a huge loss of human capital. 

2.3. Studies on the other determinants of environmental pollution 

To achieve the sustainable development of the economy, the environmental 

Kuznets curve (EKC) hypothesis developed by Grossman and Krueger (1991) 

emphasizes an inverted U-shaped linkage between economic growth and pollution; put 

differently, economic growth facilitates pollutant emissions in the initial stage, and then 

reduces environmental pollution after crossing the inflection point. For instance, by 

using data spanning 1971 to 2013, Sarkodie and Ozturk (2020) verify the inverted U-

shaped curve between economic growth and pollution in Kenya. Churchill et al. (2018), 

Dogan and Inglesi-Lotz (2020), Sinha and Shahbaz (2018), and Suki et al. (2020) also 

reach the same conclusion on the EKC. Other scholars also emphasize that no evidence 

of the EKC hypothesis is found by using different data and econometric approaches 

(Aung, Saboori, and Rasoulinezhad, 2017; Du et al., 2018; Özokcu and Özdemir, 2017; 

Pal and Mitra, 2017). To sum up, the impact of economic growth on pollution cannot 

be ignored. 

With the publicity and advocacy of the new economic normal, industrial transition 

and upgrading have been gradually launched, and many scholars have explored their 

effect on inhibiting pollutant emissions. For instance, Zhang, Sun, and Wang (2020) 

examine the role of industrial transition in haze control from two aspects — 

rationalization and optimization; they find that the role of industrial optimization in 
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slowing down haze pollution has emerged, while the effect of industrial rationalization 

is insignificant. Tertiary industry will produce less pollutant emissions then secondary 

industry because the latter has more environmental pollution emissions (Li et al., 2018; 

Mi et al., 2015; Zhou, Zhang, and Li, 2013). Similarly, the gradual deepening of 

international or regional trade stimulates the production and business activities of most 

enterprises, and thus plays an increasingly prominent role in pollutant emissions, 

mainly including the pollution haven hypothesis (PHH) (Omri, Nguyen, and Rault, 

2014; Pao and Tsai, 2011) and the pollution halo hypothesis (Hao and Liu, 2015; Zhang 

and Zhou, 2016). 

2.4. Literature gaps 

Although a large number of scholars engaged in environmental research have 

explored the effect of environmental regulation and accumulated human capital on 

pollutant emissions, respectively (see Section 2.1 and 2.2), few scholars have integrated 

environmental regulation, human capital, and pollutant emissions into a research 

framework for systematic analysis, or considered whether human capital will influence 

the effect of environmental regulation on pollutant reduction, an aspect that lacks 

systematic theoretical analysis. In addition, the specific impact channel between 

environmental regulation and pollution emissions from the perspective of human 

capital has not been explored. 

3. Theoretical framework 

To the best of our knowledge, the aim of local governments to strengthen 
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environmental regulation is to prevent the continuous deterioration of the ecological 

environment. Since Lucas (1988) emphasized the role of human capital and Lan, 

Kakinaka, and Huang (2012) explored the potential moderating effect of human capital 

in affecting the foreign regulation-pollution nexus, it is necessary to test whether the 

effect of environmental regulation on pollutant emissions will be different due to 

regional differences in human capital. Accordingly, based on the analysis framework of 

Copeland and Taylor (2003), we construct a theoretical model to analyze the 

moderating role of human capital. 

To simplify the theoretical model, we first propose some assumptions, as follows: 

(1) In some Chinese provinces with relatively backward economic development, 

residents usually focus on commodity production and consumption and ignore 

problems related to the deterioration of the ecological environment. 

(2) Two types of commodities, i.e., X and Y, exist in these backward provinces. 

They represent polluting and cleaning products, respectively; that is, producing X emits 

pollutants, while producing Y emits none. This is in line with reality. 

(3) The production of these two commodities (i.e., X and Y) does not require the 

support of physical capital, but requires the input of simple labor1 and human capital2. 

Notably, we assume that the human capital density of commodity Y is higher than that 

of commodity X. 

Following these three assumptions, residents’ utility function can be presented in 

 
1 Simple labor refers to workers who do not have training qualifications; in other words, unskilled labor; the specific 
definition can refer to: https://encyclopedia2.thefreedictionary.com/Simple+Labor; 
2  Human capital indicates a labor force with work experience, skills, and economic value that has undergone 
education and skills training. The specific definition can refer to: 
https://www.investopedia.com/terms/h/humancapital.asp. 
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the following equation: 

1U X Yα α−=                            (1) 

where U represents the utility value of residents. α  is the share of utility generated by 

residents’ use of polluting products in the total utility. 

Furthermore, the production functions of commodities X and Y as well as the 

pollution emission function are illustrated as follows: 

( , )X F H S=                              (2) 

( , )Y G H S=                              (3) 

( )Z Z X=                               (4) 

where H and S indicate human capital and simple labor, respectively. Z represents 

environmental pollution emissions, which show a positive correlation with the output 

of X. Notably, the production functions (i.e., Eqs. (2) and (3)) satisfy the property of 

first-order homogeneity. 

The equilibrium condition of consumer utility maximization states that the ratio of 

marginal substitution rate of commodities X and Y is equal to the ratio of the prices of 

the two commodities, which can be presented in the following equation: 

/
/

xX

Y Y

PMU U X
MU U Y P

∂ ∂
= =
∂ ∂

                        (5) 

where XMU   and YMU   indicate the marginal utility of commodities X and Y, 

respectively. XP  and YP  represent the prices of commodities X and Y, respectively. 

Following Eq. (1) (i.e., utility function) and Eq. (5), we can obtain: 

(1 )
X

Y

PY
X P

α
α

=
−

                           (6) 
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The transformation form of Eq. (6) can be obtained as follows: 

1
1 1

Y

X

PX
Y P P

α α
α α

= =
− −

                      (7) 

where P represents the relative price of commodity X to commodity Y, i.e., /X YP P P= . 

Moreover, the DD curve in Figure 1(a) represents the curve of relative demand. 

Additionally, to clearly analyze the supply-demand relationship of commodities, 

this study also draws the curve of relative supply of X and Y, which is listed in Figure 

1(a) (i.e., the SS curve). To the best of our knowledge, the relative supply of 

commodities X and Y is determined by relative prices and production functions: 

( , , ) ( , / )
( , , ) ( , / )

X X P H S x P H S
Y Y P H S y P H S

= =                     (8) 

where relative supply and relative price (i.e., P) are positively correlated. 

Moreover, according to the theory of supply and demand, it is obvious that the 

relative prices of commodities X and Y are jointly determined by the curves of relative 

supply (i.e., the SS curve) and relative demand (i.e., the DD curve), which are 

represented by *P   in Figure 1. Correspondingly, the relative price (i.e., *P  ) 

determines the output of commodities X and Y in the production possibility curve in 

Figure 1(b), denoted by X* and Y*. Furthermore, following Eq. (4), the amount of 

pollution emissions (i.e., Z*) is determined by the output of commodity X. 

Along with the gradual implementation of environmental regulation policies, the 

government has begun to focus on the improvement and accumulation of human capital 

(Mahmood, Wang, and Hassan, 2019; Zhao et al., 2020b). Specifically, if H H
L L

∗

∗> , 

the regions will have a comparative advantage in commodity Y, the human capital 

density of which is higher than that of commodity X. Therefore, the relative supply can 
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be determined by the relative supply curve (i.e., S1S1) at the bottom right, and the 

relative equilibrium price will be decreased to P1. From the production possibility curve 

in Figure 1(b), the output of commodities Y and X increases to Y1 and decreases to X1, 

respectively; accordingly, pollution emissions can be reduced. 

Similarly, if the human capital level of a certain region is lower than the national 

human capital level, then H H
L L

∗

∗< . According to the above analysis, it is obvious the 

relative supply curve (i.e., S2S2) determines the amount of relative supply, and the 

relative equilibrium price will be increased to P2. For the production possibility curve 

in Figure 1(b), the output of commodities Y and X decreases to Y2 and increases to X2, 

respectively; therefore, pollution emissions can be exacerbated. Based on this, our study 

proposes the following hypothesis: 

Hypothesis 1: If a region has a high human capital level, the implementation of 

environmental regulation policies can reduce regional pollution emissions; however, 

when the human capital level in a region is low, environmental regulation cannot help 

facilitate pollutant emissions. 

Insert Figure 1 

4. Model and data 

4.1. Model setting 

On the premise of constructing the theoretical framework, we try to empirically 

discuss the pollutant-reduction effect of environmental regulation from the perspective 

of environmental investment in the following sections. To this end, building an accurate 
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and reasonable regression model is the premise for evaluating the environmental 

regulation-pollution emissions nexus (Chen et al., 2020b). In this model, sulfur dioxide 

(SO2), as a typical environmental pollutant, is used as the main dependent variable, and 

environmental regulation is the core independent variable. Following previous studies 

related to pollution emissions, we introduce human capital, economic growth, industrial 

structure upgrading, and trade structure as control variables. Regarding the dynamic 

effect of pollution emissions, we choose the dynamic panel model for estimation 

regression by introducing the lagged term of pollution emissions, which denotes the 

impact of the previous period’s pollution emissions on the current period. Accordingly, 

the specific multivariate model is highlighted as follows: 

2 2 , 1( , , , , , )it i t it it it it itSO f SO EI Huma Pgdp Ind Tra−=               (9) 

where i represents 30 Chinese provinces within the sample data, and t denotes the period 

2004-2017. SO2 indicates SO2 emissions across various provinces, EI represents 

environmental regulation, Huma refers to human capital, Ind means industrial structure 

upgrading, Pgdp denotes economic growth, and Tra refers to trade structure. 

To eliminate the influence of variable dimension and the effect of data fluctuation 

in the estimated model as much as possible, all variables employed in Eq. (9) are treated 

with a natural logarithm, as follows: 

2 0 1 2 , 1 2 3 4

5 6           
it i t it it it

it it it

lnSO lnSO lnEI lnHuma lnPgdp
lnInd lnTra

α α α α α

α α ε
−= + + + +

+ + +
      (10) 

where 0α  refers to the constant term, and itε  is the error term. (1 6)i iα ≤ ≤  are the 

coefficients of the variables that need to be evaluated. We expect the coefficients of the 

independent variables and control variables to be negative. 
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As mentioned in the theoretical analysis in Section 3, the level of national/regional 

human capital can significantly affect the regulation-SO2 nexus. To address this issue, 

we introduce an interactive item of environmental regulation and human capital into 

the econometric model for empirical analysis. Therefore, Eq. (10) can be presented in 

the following equation: 

6

2 0 1 2 , 1 2 3
4

*it i t it it it k it it
k

lnSO lnSO lnEI lnHuma lnEI lnZβ β β β β ε−
=

= + + + + +∑   (11) 

where 0β  is the constant term, and 1 6β β−  are the parameters to be estimated. In Eq. 

(11), to avoid multicollinearity, we remove human capital while introducing the 

interaction term. Z concludes lnPgdp, lnInd, and lnTra. 

4.2. Data 

Since the National Bureau of Statistics of China only released relevant data on the 

environment before 2017, we therefore apply the sample data of China’s 30 provinces 

from 2004 to 2017 to conduct an empirical analysis. Other autonomous regions and 

special administrative regions are excluded due to missing data. 

Furthermore, the specific measures and data sources are presented in Table 1, and 

the descriptive statistics are listed in Table 2. The relevant data were collected mainly 

from CSY (2018), the China City Statistical Yearbook (CCSY, 2018), and the Chinese 

Environment Statistical Yearbook (CESY, 2018). 

Insert Table 1 

Insert Table 2 
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5. Estimation steps and estimated findings 

The estimated steps are: (1) the multicollinearity and correlation between variables 

are checked (step 1; see Section 5.1); (2) the baseline regression on the environmental 

regulation-SO2 emissions nexus is conducted (step 2; see Section 5.2); (3) two robust 

tests are applied to check the reliability of the baseline findings (step 3; see Section 5.3); 

and (4) we perform the regional heterogeneous analysis by dividing the full sample into 

two regions (step 4; see Section 5.4). 

5.1. Multicollinearity and correlation tests 

After selecting appropriate estimated variables, the next step aims to check the 

potential multicollinearity within the explanatory variables. Ignoring this may result in 

a false regression of the baseline estimate. In this regard, we check the multicollinearity 

by observing the values of variance inflation factor (VIF) in the test results (see the first 

column of Table 3). Obviously, both the VIF value of each explanatory variable and the 

average VIF value are less than 10, which greatly satisfies the multicollinearity test rule. 

This suggests that no multicollinearity exists between the explanatory variables used in 

the estimation model. 

In addition, we conduct a preliminary examination of the correlation between these 

variables used in our study (i.e., lnSO2, lnEI, lnHuma, lnPgdp, lnInd, and lnTra), and 

present their scatter plots in Figure 2. Obviously, with the exception of environmental 

regulation, all other variables contribute to curbing SO2 emissions. However, due to the 

low degree of fit of these preliminary estimates, selecting a more complex estimated 
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model with more control variables and utilizing appropriate regression methods to test 

the environmental regulation-SO2 emissions nexus are imperative. 

Insert Table 3 

Insert Figure 2 

5.2. Baseline regression 

As Table 4 shows, the corresponding empirical results of estimating Eqs. (10) and 

(11) are reported based on the differential generalized method of moments (Diff-GMM), 

and system GMM (Sys-GMM) techniques simultaneously. Notably, the results without 

the interaction term are listed in (1) and (2) of Table 4, while (2) and (4) in Table 4 

present the estimated results with the interaction terms of environmental regulation and 

human capital. Which method to choose as the benchmark regression is the key to 

accurately estimating the moderating role of human capital in the relationship between 

environmental regulation and SO2 emissions. The commonly used techniques for 

estimating the dynamic model are the Diff-GMM developed by Arellano and Bond 

(1991) and the Sys-GMM proposed by Arellano and Bover (1995) and Blundell and 

Bond (1998), which mainly use the lagged terms of the explained variable and 

explanatory variable as instrumental variables to solve potential endogeneity problems 

in the regression model (Dong and Hao, 2018). Since the Sys-GMM is more efficient 

in estimation than the Diff-GMM, and the unit of cross-section in the panel data is 

significantly larger than that of time (Dong and Hao, 2018; Huang, 2010; Zhao, 



19 

Shahbaz, and Dong, 2022), we take the estimated findings of Sys-GMM as the baseline 

regression findings. 

The test values of the Arellano-Bond (A-B) and Sargan tests emphasize the 

rationality and reliability of the GMM approach (Roodman, 2009; Zhao et al., 2020a). 

The (3) in Table 4 suggests that an increase of environmental regulation by 1% 

promotes sulfur pollution by 0.033%. This indicates the ineffectiveness of the pollutant 

emission-reduction effect of increased environmental investment. According to the 

statistics from CSY (2018), the amount of investment is increasing every year; however, 

there are still many problems in controlling environmental pollution in China, such as 

insufficient investment and unreasonable allocation of investment capital. The 

historical experience of pollution control in developed countries shows that only 1.5 

percent of GDP can be spent on environmental protection to effectively control 

pollutant emissions. Thus, how to allocate existing environmental protection 

investment effectively and reasonably has become a key issue local governments need 

to consider urgently. The reason for the positive environmental regulation-SO2 nexus 

may be that the reduction effect of environmental regulation on pollution cannot 

effectively offset the continuous increase of pollutant emissions caused by the large 

amount of energy consumption. 

In addition, human capital and SO2 emissions show a significant positive linkage, 

which implies that an improvement of human capital is not conducive to environmental 

pollution control. As Lan, Kakinaka, and Huang (2012) and Li and Ouyang (2019) 

noted, accumulated human capital provides technological support for reducing 
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pollution emissions and low-sulfur production, which is conducive to optimizing the 

low-sulfur allocation structure of resources and accelerating the research and 

development (R&D) of sulfur emission-reduction technologies. This measure can help 

improve energy utilization efficiency and reduce SO2 emissions. Also, highly educated 

human capital usually has strong environmental awareness, which can promote 

consensus for the formation of a green society. Accordingly, the positive effect of 

human capital on SO2 emissions may be due to the time lag effect of human capital’s 

R&D of low-sulfur technologies. The negative sulfur emission effect of human capital 

is significantly less than the positive effect of economic growth on SO2 emissions. Thus, 

continuing to strengthen the accumulation of human capital is an important measure for 

promoting sulfur reduction. 

Another major finding worth exploring is the sulfur emission-reduction effect of 

the interaction term between environmental regulation and human capital in the last 

column of Table 4. Specifically, environmental regulation is positively associated with 

SO2 emissions, while the coefficient of the interaction term between environmental 

regulation and human capital is significantly negative. This suggests that when the 

human capital level is low, increased environmental regulation will promote SO2 

emissions, while in regions with high human capital environmental regulation can help 

reduce SO2 emissions. Such a finding emphasizes the regional heterogeneity of 

environmental regulation on SO2 emissions in various regions with different human 

capital levels. The reason may be that regions with high human capital generally possess 

a higher awareness of environmental protection; when environmental regulation 
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policies are implemented, regions with high human capital can also creatively conduct 

innovation and the development of low-sulfur technology to accelerate the pace of 

sulfur reduction. In contrast, regions with low human capital are not sensitive enough 

to environmental protection policies, and have no ability and motivation to carry out 

progressive innovation. 

Regarding the other variables, improved economic growth and industrial transition 

show a negative correlation with SO2 emissions. Rapid economic development in China 

has gathered a huge economic aggregate, which has provided sufficient environmental 

protection funds for pollutant emission reduction (Dong, Ren, and Zhao, 2021; Sinha 

and Bhattacharya, 2017; Ren et al., 2021; Wang, Han, and Kubota, 2016). Furthermore, 

tertiary industries with high value-added and low pollution features usually have an 

advantage in sulfur emission reduction over secondary industries, which need to be 

driven by large amounts of energy consumption (Jiang et al., 2020). On the contrary, 

foreign investment level and SO2 emissions show a significant positive relationship (He, 

2006). This confirms the PHH: increased foreign investment can promote sulfur 

emission reduction. 

Insert Table 4 

5.3. Robustness tests 

5.3.1 Alternative dependent variable 

To empirically check the reliability of the baseline regression, we first re-estimate 

Eqs. (10) and (11) by applying per capita sulfur emissions (denoted as PSO2) and carbon 
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emissions (denoted as CO2) to replace total amount of SO2 emissions based on the Diff-

GMM and Sys-GMM techniques; the estimated results are reported in Table 5. We can 

find that the growth of environmental regulation positively affects per capita SO2 

emissions and CO2 emissions. Thus, the empirical findings of our study are reliable and 

robust. 

Insert Table 5 

5.3.2 Alterative estimated methods 

In addition to applying the alternative dependent variable, this study also estimates 

the two equations by alternative estimated methods — pooled ordinary least squares 

(OLS), panel fixed effect (FE), and panel random effect (RE); the corresponding results 

are listed in Table 6. In this regard, Aisen and Veiga (2013) and Dong et al. (2021) have 

stressed the inaccuracy and ineffectiveness of using pooled OLS to estimate a dynamic 

econometric model. Furthermore, applying the FE and RE methods cannot solve the 

underlying endogeneity problems within the econometric model. Thus, the results in 

Table 6 highlight the robustness of the SYS-GMM method in checking the impact of 

environmental regulation and human capital on SO2 emissions. 

Insert Table 6 

5.4. Regional heterogeneous analysis 

To further verify the theoretical expectations in Section 3, this study divides the 

30 provinces in China into two regions (i.e., high human capital region and low human 
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capital region) to explore the heterogeneous environmental regulation-SO2 emissions 

nexus in regions with different human capital levels. Notably, this study utilizes the 

average value of human capital in all provinces in 2017 (i.e., 20.12) as the boundary. 

Provinces with a human capital value higher than 20.12 are high-capital regions, while 

provinces with a human capital lower than this value are low human capital regions; 

the specific provinces of the two regions are illustrated in Table A1 in the Appendix. 

Table 7 reports the estimated results of the high human capital region and the low 

human capital region based on the Diff-GMM and Sys-GMM techniques. Similarly, to 

avoid multicollinearity, human capital is not included in the regression of sub-regions. 

From this table, in regions with high human capital, the coefficient of environmental 

regulation is significantly negative, implying that increased environmental regulation 

in regions with high human capital can effectively reduce SO2 emissions. In regions 

with low human capital levels, environmental regulation and SO2 emissions present a 

positive relationship, which indicates that environmental regulation is not conducive to 

sulfur reduction. The findings of regional heterogeneity not only verify the robustness 

of the baseline regression, but also examine the theoretical model discussed in Section 

3. 

Insert Table 7 

6. Further discussion on the mediating role of human capital 

6.1. Model Setting 

In the previous section, we empirically examined how accumulated human capital 
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influences the dynamic effect of environmental regulation on SO2 emissions. Based on 

this, we attempt to examine whether environmental regulation has an impact on SO2 

emissions by affecting human capital accumulation. In this respect, the mediation effect 

model is an effective choice to solve this problem, and the specific equations are 

constructed below: 

4

2 0 1
2

it it k it it
k

lnSO lnEI lnZα α α ε
=

= + + +∑                    (12) 
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lnHuma lnEI lnZϕ ϕ ϕ ε
=

= + + +∑                   (13) 

5
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3
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lnSO lnEI lnHuma lnZη η η η ε
=

= + + + +∑            (14) 

where 𝛼𝛼𝑘𝑘(k = 0,1, … ,4) , 𝜑𝜑𝑘𝑘(k = 0,1, … ,4) , and 𝜂𝜂𝑘𝑘(k = 0,1, … ,4)  represent the 

regression coefficients that need to be estimated. Other variables and symbols are 

consistent with the model building in Section 4.1. Notably, the coefficient of 

environmental regulation in Eq. (12) represents the total effect in the environmental 

regulation-SO2 nexus, and 𝜂𝜂1 refers to the direct effect. The product of 𝜑𝜑1 and 𝜂𝜂2 is 

the indirect effect (i.e., mediation effect). 

Currently, there are two methods to estimate the mediation effect model: (1) the 

causal stepwise regression technique proposed by Baron and Kenny (1986). In this 

method, stepwise regression is performed on the test equations to check the significance 

of the regression coefficients separately. Although this commonly used technique is 

simple and easy to understand, some scholars believe that the efficiency of testing this 

method is low; and (2) product coefficient technique. The principle of this method is to 

test the significance of the product of the coefficients 𝜑𝜑1 and 𝜂𝜂2. It includes mainly 
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the Sobel test with normal sampling distribution and a bootstrap sampling method with 

non-normal sampling distribution. In recent years, numerous scholars have come to 

favor this method. Accordingly, the Sobel test and bootstrap sampling are used to 

investigate the mediating role of human capital in affecting the relationship between 

environmental regulation and SO2 emissions. 

6.2. Results and discussion 

Table 8 clearly shows the estimated results of the Sobel test and bootstrap sampling. 

As this table shows, the value of the Sobel test is -0.041, which is significant as the 1% 

level. This emphasizes that the mediating role of human capital between environmental 

regulation and SO2 emissions is established. More importantly, the total effect, direct 

effect, and indirect effect are 0.157, 0.199, and -0.041, respectively. Furthermore, the 

proportion of total effect that is mediated is 26.37%, i.e., (𝜑𝜑1 ∗ 𝜂𝜂2)/𝛼𝛼1 = 26.37% , 

which suggests that the contribution of human capital accumulation in influencing the 

environmental regulation-SO2 emissions nexus is 26.37%. In addition, in the bootstrap 

test, _bs_1 and _bs_2 represent the indirect and direct effects, respectively, and the 

confidence intervals of the two effect tests do not contain 0. This finding further 

confirms the robustness of the mediating effect of human capital on the impact of 

environmental regulation on SO2 emissions. 

Specifically, Models (1)-(3) in this stable report the regression results of estimating 

Eqs. (12)-(14), respectively. In Model (1), the coefficient of environmental regulation 

is 0.157, which is the total effect. The coefficient of environmental regulation in Model 
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(3) is 0.199, which is the direct effect; this implies that gradually increasing investment 

in environmental governance by local governments is not conducive to accelerating 

sulfur reduction. In addition, the coefficients of environmental regulation in Model (2) 

and human capital in Model (3) are 0.068 and -0.608, respectively, which underscores 

that increased environmental investment can help mitigate SO2 emissions by facilitating 

the accumulation of human capital. Continued growth of green investment can provide 

an economic foundation for enterprises to strengthen innovation activities, stimulate 

clean technology research and development, and accelerate human capital recruitment. 

As Sun, Li, and Ghosal (2020) stress, human capital is the guarantee of technological 

innovation. 

In summary, we can conclude that an increase in environmental regulation can 

directly facilitate SO2 emissions, and reduce SO2 emissions by strengthening the 

accumulation of human capital. Notably, the promotion effect of environmental 

regulation on sulfur emission reduction through human capital cannot effectively offset 

the direct positive effect of environmental regulation on SO2 emissions. Accordingly, 

to achieve the win-win situation of rapid economic growth and improved environmental 

quality, it is necessary to strengthen environmental protection investment, reasonably 

allocate environmental governance funds, and increase the proportion of environmental 

investment in pollution reduction technologies, thus promoting the significant reduction 

of SO2 emissions. To clearly identify the influence mechanism between environmental 

regulation and SO2 emissions, we also draw the chart in the investment-SO2 nexus (see 

Figure 3). 
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Insert Table 8 

Insert Figure 3 

7. Conclusions and policy implications 

To explore whether environmental regulation affects pollution emissions under 

different levels of human capital, we investigate the environmental regulation-human 

capital-pollution nexus by applying the Sys-GMM technique based on balanced panel 

data for 30 provinces in China from 2004 to 2017. Moreover, we analyze the mediation 

effect of human capital on the environmental regulation-SO2 emissions nexus. The main 

findings of this study are as follows: 

(1) The primary finding of the benchmark regression emphasizes that increased 

environmental regulation is positively associated with SO2 emissions in China; in other 

words, the strengthening of environmental regulation cannot effectively contribute to 

the reduction of sulfur emissions. 

(2) The coefficient of the interaction term between environmental regulation and 

human capital is significantly negative, suggesting that when a region has low human 

capital, improved environmental regulation will increase SO2 emissions; conversely, in 

regions with high human capital levels, environmental regulation can promote sulfur 

emission reduction. This is supported by the results of regional heterogeneous analysis. 

(3) The empirical results of the mediation effect insist that environmental 

regulation can help facilitate sulfur reduction by strengthening human capital 

accumulation; however, the sulfur emission-reduction effect of environmental 
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regulation by affecting human capital cannot effectively offset the direct effect of 

environmental regulation on SO2 emissions. 

Following the above conclusions, we propose several policy implications in the 

following three aspects. First, the main conclusion of the benchmark regression of our 

study emphasizes the ineffectiveness of environmental regulation in controlling SO2 

emissions. In addition, the specific impact mechanism also highlights the unreasonable 

allocation of environmental investment. Thus, effective means to promote sulfur 

emission reduction are to continuously strengthen investment in environmental control 

and reasonably allocate existing environmental protection funds while increasing the 

R&D capital of low-polluting technologies. In addition, improving the regulations and 

audit systems of enterprises, particularly high-polluting industrial enterprises, is very 

important for the effective use of environmental protection funds. 

Second, the impact of increased environmental regulation on SO2 emissions in 

China depends on the levels of human capital. In particular, when a region has low 

human capital, an increase in environmental regulation can increase SO2 emissions, 

while in regions with high human capital levels environmental regulation can improve 

environmental quality. Therefore, the government should comprehensively consider the 

importance of human capital when formulating environmental regulation policies. 

Specifically, in regions with high human capital, loose regulation policies should be 

implemented, focusing on the conscious awareness of high human capital and the R&D 

of pollution-control technologies. On the contrary, regions with low human capital 

should implement strict environmental regulation strategies, and investment in 
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environmental governance should be increased gradually. 

Third, the interaction term of environmental regulation and human capital in SO2 

emissions is significantly negative, indicating the promotion impact of the coordination 

effect of increased environmental regulation and human capital accumulation on sulfur 

emission reduction. Therefore, to achieve a win-win situation for sustainable economic 

growth and environmental protection, the government should strive to increase 

environmental investment and accumulate human capital by increasing investment in 

education, particularly in regions with low human capital, which will help avoid the 

further deterioration of the environment in regions with low human capital.
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Appendix A 

Table A1. The specific provinces of the two sub-regions. 

Classification Province 

High human capital 

region 

Beijing, Tianjin, Shanxi, Inner Mongolia, Liaoning, Shanghai, Jiangsu, 

Zhejiang, Shaanxi, Ningxia, Xinjiang  

Low human capital 

region 

Hebei, Jilin, Heilongjiang, Anhui, Jiangxi, Shandong, Henan, Hubei, 

Hunan, Guangxi, Hainan, Sichuan, Guizhou, Yunnan, Gansu, Qinghai, 

Fujian, Guangdong, Chongqing 
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Table A2. Abbreviation list. 

Abbreviations 

A-B Arellano-Bond  GDP Gross domestic product 

BP formal British Petroleum  OLS Ordinary least square 

CCSY China City Statistical 

Yearbook 

 PHH Pollution haven hypothesis 

CESY China Environment Statistical 

Yearbook 

 R&D Research and development 

CO2 Carbon dioxide  RE Random effect 

CSY China Statistical Yearbook  SO2 Sulfur dioxide 

Diff-GMM Differential generalized 

method of moments 

 Sys-GMM System generalized method of 

moments 

EKC Environment Kuznets curve  2SLS Two-stage least square 

FDI Foreign direct investment  VIF Variance inflation factor 

FE Fixed effect    
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Table 1. Description of the variables. 

Variable Definition Specific measures Data sources 

SO2 Sulfur dioxide (SO2) 

emissions 

Industrial SO2 emissions CESY (2018) 

EI Environmental 

regulation 

The proportion of industrial pollution 

control investment to regional GDP 

CESY (2018); 

CSY (2018) 

Huma Human capital The proportion of employees with a 

college degree or above to the total 

employment  

CCSY (2018) 

Pgdp Economic growth Per capita GDP CSY (2018) 

Ind Industrial structure 

upgrading 

The ratio of the added value of the tertiary 

industry to the secondary industry 

CSY (2018) 

Tra Trade structure The proportion of total import and export 

trade to GDP 

CSY (2018) 
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Table 2. Descriptive statistics of the variables. 

Variable Mean Std. Dev. Minimum Maximum 
National sample 
SO2 684926.7 439532.6 14271.49 2002000 
EI 0.0016344 0.0013893 0.000674 0.0099185 
Huma 13.40417 9.160513 3 55.9 
Pgdp 36974.72 24196.75 4317 128994 
Ind 0.9992974 0.5352551 0.4970531 4.236677 
Tra 5.703602 7.060924 0.6554735 75.0313 
High human capital region 
SO2 680643.6 435889.7 18502.23 1557000 
EI 0.002068 0.0018568 0.0000674 0.0099185 
Huma 19.53071 11.68763 5.81 55.9 
Pgdp 50580.91 29184.69 8587 128994 
Ind 1.14069 0.7632416 0.5969427 4.236677 
Tra 7.784789 6.327498 0.6554735 26.32095 
Low human capital region 
SO2 687406.3 442427.7 14271.49 20020000 
EI 0.0013834 0.0009427 0.0002094 0.0059924 
Huma 9.857218 4.4014 3 19.5 
Pgdp 29097.45 16250.94 4317 82677 
Ind 0.9174384 0.3135506 0.4970531 2.512521 
Tra 4.498704 7.193036 0.8978392 75.0313 

Notes: Std. Dev. represents standard deviation.
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Table 3. Results of multicollinearity and correlation tests. 

Variable VIF lnSO2 lnEI lnHuma lnPgdp lnInd lnTra 
lnSO2  1.0000      

lnEI 1.33 0.3611* 

(0.0000) 

1.0000     

lnHuma 4.92 -0.4248* 

(0.0000) 

-0.3131* 

(0.0000) 

1.0000    

lnPgdp 4.62 -0.2677* 

(0.0000) 

-0.3921* 

(0.0000) 

0.8484* 

(0.0000) 

1.0000   

lnInd 1.78 -0.6284* 

(0.0000) 

-0.3536* 

(0.0000) 

0.5206* 

(0.0000) 

0.3338* 

(0.0000) 

1.0000  

Lntra 1.39 -0.4182* 

(0.0000) 

-0.3324* 

(0.0000) 

0.3459* 

(0.0000) 

0.4176* 

(0.0000) 

0.3912* 

(0.0000) 

1.0000 

Mean VIF 2.81       

Notes: * indicates statistical significance at 1% level.
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Table 4. Estimated results of baseline regression. 

Dependent variable: lnSO2 

Variable Diff-GMM estimation  Sys-GMM estimation 

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

lnSO2i,t-1 0.803*** 
(39.58) 

0.805*** 
(42.67) 

 0.933*** 
(62.84) 

0.914*** 
(54.71) 

lnEI 0.029*** 
(4.32) 

0.109*** 
(10.53) 

 0.033*** 
(4.79) 

0.110*** 
(18.96) 

lnHuma 0.236*** 
(15.90) 

  0.156*** 
(12.01) 

 

lnEI*lnHuma  -0.032*** 
(-11.90) 

  -0.026*** 
(-17.13) 

lnPgdp -0.306*** 
(-25.03) 

-0.282*** 
(-20.63) 

 -0.175*** 
(-16.19) 

-0.175*** 
(-16.93) 

lnInd -0.745*** 
(-16.79) 

-0.750*** 
(-18.42) 

 -0.720*** 
(-15.92) 

-0.788*** 
(-14.26) 

lnTra -0.102*** 
(-6.68) 

-0.101*** 
(-6.55) 

 0.057*** 
(2.83) 

0.080*** 
(3.41) 

_Cons 5.391*** 
(15.65) 

5.695*** 
(16.83) 

 2.326*** 
(9.60) 

3.021*** 
(13.54) 

AR(1) 0.0001 0.0001  0.0001 0.0001 
AR(2) 0.2080 0.3006  0.4599 0.5068 
Sargan test 0.1233 0.1227  0.9998 0.6689 

Notes: *** indicates statistical significance at the 1% level; the values in parentheses 

indicate z-statistics.
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Table 5. Robust results of the alternative dependent variable. 

Variable Per capita SO2 emissions  CO2 emissions 

(1) (2) (3) (4) 
lnPSO2i,t-1 0.869*** 

(37.05) 
0.867*** 
(39.35) 

   

lnCO2i,t-1    0.711*** 
(57.49) 

0.713*** 
(60.97) 

lnEI 0.050*** 
(7.16) 

0.128*** 
(15.86) 

 0.021*** 
(3.73) 

0.026*** 
(3.40) 

lnHuma 0.219*** 
(23.74) 

  0.029** 
(2.49) 

 

lnEI*lnHuma  -0.032*** 
(-14.37) 

  -0.003* 
(-1.81) 

lnPgdp -0.228*** 
(-17.74) 

-0.220*** 
(-19.76) 

 0.111*** 
(6.69) 

0.120*** 
(6.94) 

lnInd -0.811*** 
(-11.88) 

-0.823*** 
(-12.42) 

 -0.302*** 
(-15.10) 

-0.318*** 
(-13.33) 

lnTra 0.087*** 
(2.68) 

0.082*** 
(2.65)  -0.044*** 

(-3.13) 
-0.026* 
(-1.79) 

_Cons 2.561*** 
(9.94) 

3.020*** 
(13.43)  0.561*** 

(5.72) 
0.488*** 
(4.53) 

AR(1) 0.0001 0.0001  0.0211 0.0212 

AR(2) 0.3504 0.4825  0.7327 0.7532 

Sargan test 0.9587 0.9566  0.9999 0.9999 

Notes: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, 

respectively; the values in parentheses indicate z-statistics.
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Table 6. Robust results of the alternative estimated methods. 

Dependent variable: lnSO2 

Variable Pooled OLS  Panel FE  Panel RE 

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

lnSO2i,t-1 0.779*** 
(3.99) 

0.738*** 
(3.70) 

 0.981*** 
(27.98) 

0.984*** 
(28.03) 

 0.984*** 
(73.90) 

0.983*** 
(75.47) 

lnEI 0.188*** 
(3.72) 

-0.054 
(-0.82) 

 -0.016 
(-1.25) 

0.015 
(0.70) 

 -0.002 
(-0.16) 

0.041** 
(2.45) 

lnHuma -0.829*** 
(-6.11) 

  0.070* 
(1.66) 

  0.110*** 
(3.00) 

 

lnEI*lnHuma  0.091*** 
(4.56) 

  -0.012* 
(-1.89) 

  -0.017*** 
(-3.31) 

Control 
variables 

Yes Yes  Yes Yes  Yes Yes 

_Cons 8.409*** 
(8.36) 

8.169*** 
(6.52) 

 -1.280 
(-1.61) 

-1.223 
(-1.53) 

 2.015*** 
(7.56) 

2.328*** 
(7.37) 

R-squared 0.5008 0.4804  0.9589 0.9549  0.9664 0.9666 

Notes: ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, 

respectively; the values in parentheses indicate t-statistics.
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Table 7. Estimated results of the regional heterogeneous analysis. 

Dependent variable: lnSO2 

Variable High human capital region  Low human capital region 

Diff-GMM Sys-GMM Diff-GMM Sys-GMM 
lnSO2i,t-1 0.976*** 

(12.34) 
1.100*** 
(13.48) 

 0.694*** 
(18.77) 

0.841*** 
(25.81) 

lnEI -0.047*** 
(-3.21) 

-0.091*** 
(-2.75) 

 0.037*** 
(3.71) 

0.061*** 
(5.78) 

lnPgdp -0.134*** 
(-3.10) 

-0.046 
(-0.82) 

 -0.163*** 
(-8.71) 

-0.100*** 
(-5.79) 

lnInd -0.552*** 
(-3.97) 

-0.664*** 
(-3.15) 

 -0.550*** 
(-10.00) 

-0.537*** 
(-8.32) 

lnTra -0.168*** 
(-2.60) 

0.128 
(1.19) 

 -0.165*** 
(-5.06) 

-0.119*** 
(-2.75) 

_Cons 1.653 
(1.22) 

-1.707 
(-1.30) 

 5.998*** 
(10.86) 

3.532*** 
(7.55) 

AR(1) 0.0046 0.0050  0.0010 0.0009 

AR(2) 0.7823 0.8115  0.1507 0.1216 

Sargan test 0.9999 0.9999  0.9792 0.9887 

Notes: *** indicates statistical significance at the 1% level; the values in parentheses 

indicate z-statistics.
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Table 8. Results of the mediation effect. 

Variable Model (1) Model (2) Model (3) 

lnEI 0.157*** 
(3.08) 

0.068*** 
(3.51) 

0.199*** 
(3.94) 

lnHuma   -0.608*** 
(-4.84) 

lnPgdp 0.048 
(0.81) 

0.713*** 
(31.66) 

0.481*** 
(4.52) 

lnInd -1.345*** 
(-12.54) 

0.511*** 
(12.51) 

-1.035*** 
(-8.44) 

lnTra -0.206*** 
(-4.36) 

-0.061*** 
(-3.42) 

-0.243*** 
(-5.22) 

_Cons 13.857*** 
(23.04) 

-4.351*** 
(-19.00) 

11.212*** 
(14.00) 

Adj_R2 0.4373 0.7949 0.4662 

Sobel test -0.041*** (-2.84) 

 Total effect 0.157*** (3.08) 

 Direct effect 0.199*** (3.94) 

 Indirect effect -0.041*** (-2.84) 

 Proportion of total effect that is mediated 26.37% 

Bootstrap test    

 _bs_1 -0.041 [-0.070  -0.015] 

 _bs_2 0.199 [0.091  0.310] 

Notes: *** indicates statistical significance at the 1% level; the values in parentheses 

indicate z-statistics.
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Figures 

Figure 1. The curves of relative demand and supply (a) and production possibility curve 

(b). 

Figure 2. Correlation chart between environmental regulation, human capital, and SO2 

emissions. 

Figure 3. The mediation effect diagram of environmental regulation on SO2 emissions. 
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Figure 1. The curves of relative demand and supply (a) and production possibility curve 
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Figure 2. Correlation chart between environmental regulation, human capital, and SO2 

emissions.
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Figure 3. The mediation effect diagram of environmental regulation on SO2 emissions. 
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