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Abstract: The potential effect of implementing environmental regulations on economic growth is a 1

controversial issue for a long time. As portrayed by Porter hypothesis, environmental regulations 2

may impact on economic growth by reconstructing the economic structure. A number of previous 3

literature proved the connections between the above three parties. With the intention of exploring 4

the nature of this mechanism, it is important to understand the internal inter-relation of the three 5

parties, requiring data from a large economy experiencing the transition in economic structure. By 6

constructing a panel containing data from 30 Chinese provinces over 10 years (2008-2019), this paper 7

investigate the dynamic inter-relation of the three parties by introducing PVAR model with Granger 8

Test. Results reveal that environmental regulations give a "U" shaped impact to economic growth. 9

In return, economic growth promotes the development of economy with a weakening strength. In 10

addition, results also support the hypothesis that economic structure is the intermediate of economic 11

growth and environmental regulations. There is a rooftop for the effect of economic structure to 12

environmental regulations. The rooftop may signify the best optimization of primary structure. 13

Keywords: Environmental Regulations;Economic Structure;Economic Growth;PVAR Model 14

0. Background 15

0.1. Mechanism of Environmental Regulations on Economic Growth 16

Various previous studies discussed the relation between environmental regulations 17

and economic development. Economic structure was believed as an intermediate factor, 18

forcing regional economy to react to environmental regulations. It was found that the 19

consequence of environmental regulations to economic development relies on the economic 20

structure. Positive consequence comes up with robust economic structure [1–3]. Several 21

explanations were provided to elaborate the mechanisms how environmental regulations 22

working on economic development by changing the economic structure [4,5]. The early 23

explanation considered environmental regulations as a raising cost to production, which 24

obviously limit the development of economy [6,7]. Thereafter, led by "Porter Hypothesis" 25

[8], some scholars proposed a positive mechanism by empirical studies, where environ- 26

mental regulations performed as an incentive to manufacturers in upgrading their current 27

structure [9]. Pollution intensive firms had to either upgrade their technology to reduce 28

pollution or shift to other areas with liberal regulations in accordance with pollution haven 29

hypothesis. With implementation of more technological upgradation in manufacture sector, 30

massive firms were going to turn to tech-driven business from resource-driven business, 31

which indicated an upcoming reconstruction of economic structure. During the recon- 32

struction, most resource-firms with outdated technologies were going to diminish as failed 33

to collect enough profits for upgradation or transformation after the implementation of 34
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environmental regulations [10]. This may not happen with the existence of strict environ- 35

mental regulation as only external compulsory measures could raise firms’ attentions to 36

environmental cost [11]. Reference to the past success of industrial evolution, tech-firms 37

always occupied the profitable positions in global industrial chain, bringing more income to 38

regional economy and accelerating the growth of service business. In addition, tech-firms 39

usually sustained higher environmental standards. These standards not only could satisfy 40

the requirement of environmental regulations, but also make up shadow entry barriers of 41

market for contenders outside economy. Most firms surviving the reconstruction would 42

obtain more resilience power to counter the instability and risk from fluctuations in fu- 43

ture market [12]. This phenomenon was concluded as "Innovation Compensation", a fact 44

appearing only under intensive regulation [13]. 45

After major driven force changed from manufacture to service sector, economy would 46

rise significantly on the reconstruction of economic structure [14]. However, there was a 47

disputed issue in this speculation, whether environmental regulations could stimulate the 48

change from resource-firms to tech-firms. It was argued that this transformation under 49

stimulation would occur only under certain conditions, where environmental regulations 50

was appropriate and effective for the reality of economic structure [15]. This means the 51

effects of environmental regulations would present heterogeneity for different regions with 52

various economic conditions, which was displayed by the results of Du et al 2021 [11]. 53

Others proposed the non-linear effect of economic reconstruction on the economic growth, 54

since some empirical studies found that industrial upgradation would be harmful rather 55

than beneficial to economic growth [16]. The above contradictory findings were suggested 56

as the early stage of a "U" shape relation between industrial upgradation and economic 57

growth [17,18]. The "U" shape speculation was supported by finding that economic growth 58

would only take place after passing a certain threshold [19], which was suggested as a 59

turning point of regional income per capital at 8000 USD by World Bank in 1992 [20]. 60

A number of empirical studies partially proved above speculations. After sacrificing 61

environmental quality for economic development for a long time, the emerging impairment 62

to Chinese economy was found. This finding supported the impose of sustainable envi- 63

ronmental regulations, which would provide more benefits rather than losses in economic 64

development [21]. Zhang et al.[22] illustrated the benefits of environmental regulations on 65

improvement of economic structure with time lags. Heavy manufacture industries, such as 66

steel industry, would elevate productivity with the implementation of environmental regu- 67

lations [23]. The cost of environmental regulations could be classified as one component 68

of natural capital [24], which generates inclusive growth of regional economy along with 69

other potential determinants [25,26]. 70

Most previous literature tried to approach the nature of mechanism by figuring out 71

the process how environmental regulations worked on economic structure or how environ- 72

mental regulations effected on economic growth. Few focused on building an integrated 73

mechanism by including all three parties, environmental regulation, economic structure, 74

and economic growth. 75

0.2. Environmental Regulations 76

Environmental regulations refer to laws and policies employed by government to 77

regulate the pollution from activities in society as well as measures adopted by local au- 78

thorities [27]. After the "Earth Summit" on global environment and development in 1992, 79

majority nations consider environment protection as one of the basic duties in administra- 80

tion. Environmental regulations are fundamental measures to treat pollution and other 81

hazardous behaviors [28]. Since the pollution reduction may not be spontaneously occur 82

with the growth of economy, additional measures are need to be imposed to constrain 83

the spreading pollution during the expansion of industrial sector in economic structure. 84

Environmental regulations are such policy and law measures widely designed for curbing 85

the pollutant emissions and polluting behaviors. In accordance with the Kuznets Curve 86

(EKC) proposed by Grossman and Kreuger [29], the implementation of environmental 87
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regulations could help regional economy reached the peak of Kuznets Curve earlier at a 88

relative lower pollution level. 89

Environmental regulations could be categorized into three general groups by driven 90

forces [30]. The first group are mandatory regulations published by authorities, e.g. policies 91

laws, rules, standards, and other measures listed by authorities’ mandates, which are 92

designed for controlling the pollution by imposing negative consequences and extra cost 93

to polluting sources. U.S. Clean Air Act and Chinese Environmental Protection Law are 94

typical mandatory regulations in this group. Regulations in this group are clear in targets, 95

operational procedures, evaluation standards, and punishments after violations [31]. These 96

distinct contents are straightforward for officers to execute and for society to understand. 97

The drawback of mandatory regulations is expensive cost while implementation and 98

difficult to be quantified directly. Similar to taxation, a large number of people and a big 99

investment for enforcement equipment are necessary to ensure the effect of mandatory 100

regulations [32]. Further expenditure is continuously required to sustain an expanding 101

systematic network of monitoring, reporting, and verification (MRV), since the entities in 102

economy increase with economic development. The intensity of mandatory regulation 103

may not be able to quantified by analyzing the descriptive text in the documents, but may 104

indirectly to be measured by counting the enforcement cases or the amount of violation 105

fines. 106

The second group are those market instrument with profit driven. In the opposite 107

of mandatory regulation, market instrument provides a scheme to allow entities to gain 108

extra income by cutting the potential emissions [33], a positive consequence for pollution 109

reduction. The market instruments are designed following by the theory proposed by 110

Pigou [34], in which polluters were hypothesized to prefer controlling the pollution with 111

minimum marginal cost of pollution reduction. These instruments are substantiated in 112

many forms, e.g. emission trading and subsidies for pollution reduction [35], which are 113

widely proved effective in market practice. Established in 2005, European Union Emission 114

Trading Scheme (EU ETS) is one renowned example of successful market instruments 115

efficiently reducing large quantities of greenhouse gas (GHG) emissions as well as other 116

pollutants. Associated with EU ETS, Clean Development Mechanism (CDM) under United 117

Nations Framework Convention for Climate Change (UNFCCC) promoted the largest 118

proactive GHG reduction in developing countries by providing incentive compensations 119

from carbon market. The advantage of market instruments is the low cost for society and 120

environmental administrations with high enthusiasm in reduction actions for polluters. 121

The low cost of market instruments refers only to the direct expenditures for firms and 122

government, however, the operation of such instruments always needs extra big investment 123

to sustain a network of MRV. The prominent drawback is the ambiguous reduction result 124

since the total expected reduction from market may fluctuate as individual entity’s decision 125

is random and cannot be predicted accurately. This vague target may not meet the need of 126

policy makers when a certain and explicit number of reduction is set by obligation. 127

The third group are those voluntary standards proposed by industries and their 128

associations in purpose of obtaining competitive advantages. Standards from mandatory 129

regulations are the bottom lines in environmental governance, which have to be executed 130

thoroughly by any entity in the economy. Large firms with advanced technologies reserved 131

usually benefits from these standards due to the limited cost compared to income, while 132

small firms may have to spend a large proportion of income on fulfilling the standards. 133

Firms benefiting from the standards would like to enhance their competitive advantages by 134

raising the standards higher. In this case, voluntary standards are designed by unions or 135

associations of these firms. The validation of voluntary standards in market competition is 136

under various forms, such as product label, production certification, and other propaganda 137

movements. Voluntary standards cost little but contribute little correspondingly, generating 138

limited impact on pollution reduction. 139
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1. Stats quo 140

1.1. Analysis of the current situation of environmental regulations 141

The most direct and effective way to regulate environmental issues is to combat 142

environmental pollution, which requires adequate capital investment. At the national level, 143

during the period 2008-2019, the annual average value of total investment in environmental 144

pollution control as a share of GDP in China reached 1.4, indicating the importance and 145

determination of the Chinese government to ensure capital investment to effectively curb 146

the deterioration of environmental pollution. After 2014, with the gradual improvement of 147

China’s environmental quality and the accelerated pace of economic structural upgrading, 148

the share of total investment in environmental pollution control to GDP started to decline 149

and stabilized at around 1.2 %. 150

Figure 1. Total national investment in environmental pollution control as a share of GDP.(Unit: %;data
from China Environmental Statistics Yearbook)

Looking at the regional level, during the period 2008-2019, the investment amounts in 151

industrial pollution and environmental treatment in the three major regions of China (East, 152

West, and Northeast) all basically showed a trend of first increasing and then decreasing, 153

with only four provinces in the central region (Shanxi, Anhui, Henan, and Jiangxi) showing 154

fluctuating growth in investment. In eastern coastal areas, due to the transfer of polluting 155

industries to the central region, the amount of industrial pollution control investment 156

decreased. The western and northeastern regions are mainly due to the significant in- 157

crease in government environmental regulations and environmental governance. This 158

makes industrial environmental pollution reduction difficult. The amount of investment 159

in governance has decreased. The four provinces of Shanxi, Anhui, Henan, and Jiangxi 160

in the central region have taken over the transfer of some polluting industries, as well as 161

their own industrial structures, relying excessively on heavy industries such as energy 162

extraction, resulting in the difficulty of regional industrial pollution and environmental 163

treatment, and the investment amount has shown a fluctuating increase. This shows that 164

China attaches great importance to the environmental pollution problems brought about 165

by rapid economic development, and all regions have invested a lot of money in industrial 166

pollution control, and most provinces have achieved certain results in industrial pollution 167

control. 168
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Figure 2. Environmental treatment of industrial pollution in the four major economic regions.(Unit:
dollars;Data from China Environmental Statistics Yearbook)

In terms of specific provinces, the report of the 19th National Congress of the Com- 169

munist Party of China clearly puts forward "accelerating the reform of the ecological 170

civilization system and building a beautiful China", which puts forward more stringent 171

requirements for the environmental governance performance of each province. From the 172

average value of the total investment in environmental pollution control as a percentage 173

of GDP in each province from 2008 to 2019, Xinjiang, Ningxia, and Inner Mongolia three 174

provinces have the largest share of total investment in environmental pollution control, 175

Shanxi and Beijing have the second largest share of total investment in environmental 176

pollution control, and Guangdong Province has the lowest share of total investment in 177

environmental pollution control. This may be due to the fragile ecological environment of 178

Xinjiang, Ningxia, and Inner Mongolia, the high cost of environmental pollution control, 179

and the fact that the Chinese government has placed a high priority on ecological control in 180

its western development strategy and has invested a lot of labor, material, and financial re- 181

sources in environmental pollution control and ecological environmental protection; Shanxi 182

Province originally developed a resource-based economy, and its industrial structure was 183

severely tilted, and excessive resource exploitation led to ecological damage and serious 184

environmental pollution. Shanxi Province has started to focus on ecological civilization 185

construction and significantly increase the intensity of environmental regulation in the 186

province. Beijing, due to its rapid economic development and the large proportion of high 187

energy-consuming enterprises, has led to serious air pollution, and the government pays 188

attention to ecological environment improvement and increases the management of related 189

pollution. From the above analysis, it is clear that the intensity of environmental regulations 190

in each province is highly related to the ecological and environmental conditions, economic 191

growth, and structural characteristics of the province. 192
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Figure 3. Total investment in environmental pollution control as a share of GDP by province.(Unit:
%;Data from China Environmental Statistics Yearbook)

1.2. Analysis of the current situation of economic structure reconstruction 193

With the continuous development of China’s economy, the process of economic re- 194

structuring, transformation, and upgrading is also gradually advancing. The current status 195

of China’s economic structure reconstruction can be comprehensively analyzed by using 196

three indicators: the output value of the three major industries; the ratio of output values of 197

the three major industries; and the ratio of employed persons in the three major industries. 198

According to Figure4, it can be seen that the three major industries in China developed 199

well and were in growth during 2008-2019. Among them, the tertiary industry developed 200

particularly rapidly, from an output value of 196,9.31 billion dollars in 2008 to 776,2.71 201

billion dollars in 2019, a total increase of 3.9 times, higher than the growth rate of the 202

primary and secondary industries; the secondary industry developed at the second fastest 203

rate, from a fluctuating output value of 215,8.21 billion dollars in 2008 to 551,9.61 billion 204

dollars in 2019, a total increase of 2.5 times; the primary industry output value grew 205

relatively slowly, with an increase of 2.2 times from 467.24 billion dollars in 2008 to 102,1.81 206

billion dollars in 2019. This indicates that in recent years, with the accelerated pace of 207

economic restructuring and industrial upgrading, China has shown a trend of high growth 208

in the tertiary industry and steady progress in the primary and secondary industries in 209

terms of economic structure. 210

The tendency of China’s economic structure reconstruction is more prominent in terms 211

of the share of three major industries in GDP. As can be seen from Figure 5, both the share 212

of primary and secondary industries are in a declining trend, while the share of tertiary 213

industries is on a rapid rise. Specifically, the proportion of output value of the secondary 214

industry was the highest from 2008 to 2012, followed by the tertiary industry, and the 215

primary industry accounted for a smaller proportion. From 2012 to 2019, the proportion of 216

the tertiary industry exceeded that of the secondary industry and became the industry with 217

the highest proportion. And after 2015, the proportion of the tertiary industry all exceeded 218

50%. It can be seen that China’s economic structure reconstruction has achieved remarkable 219

results and gradually shifted from the original secondary industry as the leading industry 220

to an economic structure supported by the tertiary industry. 221

From the perspective of the employment ratio of the three major industries, the 222

employment ratio of the primary industry gradually decreased from the highest of 39.6% 223

in 2008 to the lowest of 24.% in 2019, and the labor force continuously flowed out of the 224

primary industry. The employment ratio of the secondary industry showed a trend of 225

rising and then declining with the stage of industrial restructuring, remaining in the range 226
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of 25-30%, as the labor force flowed out of the primary industry and gradually shifted to 227

the secondary industry, while the proportion of employed people in the tertiary industry 228

showed rapid growth, from 33.2% in 2008 to 47.1% in 2019, gradually approaching 50%. 229

With the rapid development of the tertiary industry, the employment attractiveness of 230

the tertiary industry has also risen rapidly, and has now become the main industry of 231

employment in China. 232

Figure 4. National value added of the three major industries. (Unit: billion dollars;Data from EPS
database)

Figure 5. The proportion of GDP and the proportion of employees in the three major industries.(Unit:
%;Data from EPS database)

2. Methodology 233

2.1. Data and Variables 234

2.1.1. Environmental Regulations (ENR) 235

There are two major approaches to quantify the level of regional environmental 236

regulations: 237

Use the emission intensity of pollutants as an alternative indicator. It implies that strict 238

environmental regulations reduce the emissions intensity of pollutants. The more severe 239

regulations are, the less emissions produced. 240

Use the investment in pollution control as an alternative indicator. The investment 241

refers to the money from both public and private sectors, partially implying the local’s 242

aspiration against pollution and responding measures to local environmental regulations. 243

In this paper, investment in pollution control is selected to measure the level of local 244

environmental regulations. 245
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2.1.2. Economic Structure Reconstruction (STR) 246

The reconstruction of regional economic structure is a dynamic process of evolution, 247

difficult to be measured by any single indicator. According to Gan et al.[36], we build 248

an entropy to estimate the general level of reconstruction of economic structure under 249

following steps: 250

1. Calculate the Theil Index for yield and labor in any industry. Prior to estimating 251

the entropy of industrial reconstruction, the level of industrial development and 252

the degree of coordination of each industry must be measured. Theil index is the 253

indicator to measure the rational proportion of labor to associated yield in each 254

industry, illustrating how coordinate the current economic structure is. Theil index is 255

given by the equation (1). 256

TL =
n

∑
i=1

(
Yi
Y

)
ln

 Yi
Li
Y
L

, (1)

Where, TL is short for Theil Index, Y is the industrial yield in RMB (Chinese Currency), 257

and L stands for labor. 258

2. Calculate the reconstruction potential of regional industries. In accordance with the 259

process developed countries went through, economic grows with increased service 260

sector’s proportion and decreased manufacture sector’s proportion. The ratio of the 261

industrial yield from service sector to the yield from manufacture sector implies the 262

potential of adjustment in structure, given as below. 263

RP =
Ys

Ym
, (2)

Where, RP is reconstruction potential, Ys is yield from service sector, and Ym is yield 264

from manufacture sector. 265

3. Calculate the entropy of the reconstruction of economic structure. Since the value from 266

a specific industry may vary greatly in number and unit, it is required to standardize 267

the value to avoid the disturbance. Weights for indicators are given by the extent of 268

polarization to specific indicator. 269

For positive values: 270

y
′
i,j =

xi,j − min
(
xj
)

max
(
xj
)
− min

(
xj
) , (3)

Where x refers to indicator’s value, y refers to standardized value, j stands for the 271

evaluation index, and i stands for region. 272

For negative values: 273

y
′
i,j =

max(xi)− xi,j

max
(
xj
)
− min

(
xj
) , (4)

To avoid that the "0" value generated after standardization and cause calculating 274

problems subsequently, let yi,j = y
′
i,j + 10−4, then calculate the proportion of the 275

evaluation index j of region i. 276

pi,j =
yi,j

n
∑

i=1
yi,j

, (5)

Where P is the proportion value. 277

4. For the entropy of the reconstruction of economic structure and the associated redun- 278

dancy: 279

ej = − 1
ln(n)

n

∑
i=1

pijln
(

pij
)
, (6)

dj = 1 − ej, (7)
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Where e is the entropy, and d is the redundancy. 280

5. For the weights by redundancy in a given sector: 281

wj =
dj

n
∑

j=1
dj

, (8)

Where w stands for weight. 282

6. For the coordinate indicator in a given region. 283

yi =
n

∑
j=1

wj × yij, (9)

2.1.3. Economic Growth (PGDP) 284

Most previous studies used domestic gross production (GDP) or GDP per capital to 285

measure the level of economic growth. Given the level difference of individual region, GDP 286

per capital is used. 287

2.2. Data Source 288

Data were selected from annual provincial statistics, annual environmental statistics, 289

and Express Professional Superior (EPS) database, covering 30 major provinces in China 290

from 2008 to 2019. Missing values are supplanted by averaging neighbour values. All 291

values are treated to logarithmic form with price deduction. Statistical results are below: 292

Table 1. Descriptive Statistics.

Variable Mean Standard Error Minimum Maximum

lnENR -2.3765 0.8311 -6.1821 -0.0082
lnIND -2.2337 0.7044 -4.1701 -0.0109

lnPGDP 10.6515 0.5285 9.0852 12.009

2.3. Quantitative Model 293

Panel vector autoregression (PVAR) is a dynamic model with advantages from both 294

panel data and vector autoregression. All variables are treated endogenously, avoiding the 295

potential problems of missing variables. The model provides relatively robust estimations of 296

mutual relations between variables by allowing individual difference. A quantitative model 297

is constructed below to describe the dynamic mutual relations between environmental 298

regulations, economic structure, and economic growth. 299

yit = α0 +
p

∑
j=1

βi,jyi,t−j + γi + θt + εit, (10)

Where, i is province, t is year, p stands for lag order, yi,tis a three dimensional vector 300

consisted of lnENR, lnSTR, and lnPGDP,α0 is constant, βi,j is coefficient matrix, Yi stands 301

for individual effect, θt stands for time effects, and εi,t is the residuals. 302

3. Empirical Analysis 303

3.1. Panel Stationary 304

To minimum the potential effects of spurious regression, both of Harris-Tzavalis test 305

and Levin-Lin-Chu test were applied to examine the existence of unitroot. Given any 306

unitroot, all variables were tested another round after first-order difference. PVAR model 307

was operated on the condition that test results of all variables significantly rejected the null 308

hypothesis of unitroot existence at 1% level. 309
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Table 2. Unitroot Test.

lnENR lnSTR lnPGDP d_lnSTR d_lnIND d_lnPGDP

HT -9.8519*** -1.3579*** 4.5656 -24.9176*** -12.8324*** -10.3348***
LLC -3.8633*** 3.5727 -10.3639*** -8.2534*** -5.8928*** -6.1707***

3.2. Granger Causality 310

The mutual relation between environmental regulations, economic structure, and 311

economic growth is measured by Granger Causality. The results are shown in Table 3. 312

Table 3. Granger Causality Test.

Null Hypothesis 2 DF P value Results

dlnENR does
Not Granger

Cause dlnSTR
1.879 2 0.391 Accept

dlnENR does
Not Granger

Cause dlnPGDP
14.938 2 0.001 Reject

All variables
does Not

Granger Cause
dlnENR

20.862 4 0.000 Reject

dlnSTR does Not
Granger Cause

dlnENR
20.03 2 0.000 Reject

dlnSTR does Not
Granger Cause

dlnPGDP
3.911 2 0.142 Accept

All Variables
does Not

Granger Cause
dlnSTR

21.418 4 0.000 Reject

dlnPGDP does
Not Granger

Cause dlnENR
8.443 2 0.015 Reject

dlnPGDP does
Not Granger

Cause dlnSTR
43.709 2 0.000 Reject

All variables
does Not

Granger Cause
dlnPGDP

48.261 4 0.000 Reject

Results from the above table exhibit the potential strong mutual causality between 313

environmental regulations and economic growth by rejecting the null hypothesis at 1% 314

significant level. Economic structure exerts unidirectional relation of Granger causality 315

to the environmental regulations. The same unidirectional relation was found between 316

economic growth and structure change, where economic growth is the cause. 317

Generalized method of moments (GMM) is employed to explore the dynamic relation 318

between environmental regulations, economic growth, and economic structure by impulse 319

response and variance decomposition. 320

3.3. Lag Order 321

One important precondition is optimization of lag order selection. There are three 322

primary types of information criterion for GMM lag setting, i.e. Minimum Bayesian Infor- 323

mation Criterion (MBIC), Minimum Akaike Information Criterion (MAIC), and Minimum 324

Quasi Information Criterion (MQIC) . After comparing results of all three types of criterion 325
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within 3 lag order, lag order sets to 2 for a better fit in most criterion, i.e. MAIC and MQIC. 326

In contrast, lag order 1 provides a good fit only in MBIC and lag order 3 has none. 327

Table 4. Lag Order Selection.

Lag Order MBIC MAIC MQIC

1 -86.6900* -0.4802 -35.4345
2 -70.4170 -12.9438* -36.2467*
3 -36.0624 -7.3258 -18.9773

3.4. Stationary Test 328

Since the stationary of GMM model is required for executing detailed analysis by 329

impulse response, a stationary test was applied to the eigenvalues of dynamic matrices 330

in PVAR model. As shown in figure 1, magnitudes of all eigenroots are within the 1 unit 331

radius circle, which indicates the PVAR model is stationary with a good fit at lag order 2. 332

Figure 6. Stationary Test for Impulse Response.

3.5. GMM Estimation 333

The potential individual effect and fixed effect are excluded by Helmert procedure. 334

Table 6 describes the results from GMM estimations at lag order 2 with data of 30 provinces 335

in China. 336

From the results, environmental regulations suppress itself with one period lag but 337

exert minor suppression with two period lag. Two period lag of economic growth imposes 338

significantly positive effect on environmental regulations. Significantly positive values 339

are found in economic structure’s self-interference at one period lag while negative found 340

at two period lag. Economic growth present a significantly self-driven attribute with 341

positive values at both one and two period lags. Given the all negative numbers in value of 342

environmental regulations to economic growth, it infers that environmental regulations 343

hamper the growth of economics. 344
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Table 5. GMM Estimations.

h_dlnENR h_dlnSTR h_dlnPGDP

L1.h_dlnENR -0.2320*** 0.0796*** -0.018***
L1.h_dlnSTR 0.5153 0.3887*** 0.0021

L1.h_dlnPGDP 1.4795 -0.1589 0.5735***
L2.h_dlnENR -0.0019 -0.0027 -0.0114*
L2.h_dlnSTR 0.1556 -0.1321** 0.1273***

L2.h_dlnPGDP 2.5829*** -0.3454* 0.2583**

3.6. Impulse Response 345

Estimations by GMM display the static relations between variables, ignoring the 346

potential dynamic interactions. In purpose of further exploring the dynamic interaction, a 347

6 period impulse response is conducted through 200 times simulation of variables’ change 348

by Monte Carlo method. Results are shown in figure 7. 349

Impulse from economic growth. The initial self-impulse of economic growth reaches 350

maximum while shock decreases with time, indicating a lag economic development. Eco- 351

nomic growth brings negative shock to economic structure with the max one at period 352

2. One possible explanation for this is that the structure of economics may not automati- 353

cally adjust to the perfect balance with the growth of economics. The growth may be the 354

result of aggregate productions from unbalanced industries. The inverted "U" positive 355

impact of economic growth on environmental regulations was in line with the previous 356

studies [37–39], showing that the stage of economic development determines the intensity 357

of environmental regulations. Intensive pollution always comes up with the early stage of 358

economic development as the primary driven force generated from heavy and resource 359

reliable industries. To alleviate the deterioration of environment, the strength of regulations 360

has to be increased corresponding to the pollution accumulation. After economy grows 361

over a certain threshold [19], 8000 USD per capital income by World Bank [20], economic 362

structure is reconstructed to service oriented industries with less resource consumption and 363

pollution, which can be treated well under relative loose regulations. The falling intensity 364

of environmental regulations after the threshold implies less cost and potential precise 365

measures with higher efficiency. Similar threshold point is found in the afterwards "U" 366

shape performance by impulse from economic growth to economic structure. Consider- 367

ing the decreasing trends displayed in the result of economic growth’s self-impulse, it is 368

inferred that market capital tends to invest to heavy and resource reliable industries until 369

the marginal return falls to the a certain level, proposed as the threshold point. In that 370

case, economic structure may become progressively worse with economic development. 371

After passing over the threshold point, market capital would incline to invest industrial 372

upgradation, which initiates the reconstruction of economic structure. 373

Impulse from economic structure. The max self-shock appears at the beginning of 374

economic structure impulse and shock continuously shrinks to a stable level. Economic 375

structure produces an "N" type impact on the intensity of environmental regulations. It 376

shows a positive shock before period 1 as well as negative one at period 2, and turns to 377

positive shock thereafter with a declining route. Economic structure concludes a long 378

time positive impact on environmental regulations with some fluctuations in near future. 379

Fluctuation may be the consequence of uncertainty in early industry’s evolution. In 380

accordance of the results shown in the impulse of economic growth, it is assumed that 381

the satisfied return in the investment to heavy and resource reliable industries induces 382

hesitations when firms are about to make decisions on whether to upgrade their equipment 383

or invest to the current business. Different choices may correspondingly lead to divergent 384

environmental regulations under various intensities. The randomly diversified decisions on 385

this issue may be the origin of the early fluctuated response in environmental regulations. 386

The response of economic development to economic structure grows over time and finally 387

weakens to a certain level. The response of economic growth indicates a potential rooftop 388
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exiting for effects from the reconstruction of economic structure. Most economies may not 389

be able to keep the developing rate after the finish of industrial upgrading. 390

Impulse from environmental regulations. The response of economic growth to en- 391

vironmental regulations is negative for the early three periods contrast to the positive 392

ones after period 4. This may suggest a potential significant scale effect of environmental 393

regulations on economic growth. After the implementation, firms are forced to pay extra 394

cost to meet the new and higher standards of environmental regulations during the early 395

period. This additional expenditure to environment results in a weaker competitiveness in 396

market and reduction in revenue, which restrains the growth of economy. In line with the 397

above description of the impulse from economic growth, with time goes, the enforced regu- 398

lations urge firms to provide services and products with higher environmental standards. 399

These standards are going to become labels of products and entering barriers for outside 400

competitors, which award domestic firms extra competitiveness, resulting in economic 401

growth. The response of economic structure reaches the peak value at period 1, implies 402

a potential rooftop existing, matching the findings given in the above description of the 403

impulse from economic structure. The maximum negative self-shock of environmental 404

regulations appears at period 1 and turns to positive at period 2 with weakening signals 405

afterwards. 406

Figure 7. Impulse Response.

3.7. Variance Decomposition 407

Contribution of each variable to endogenous variable’s fluctuation can be measured 408

by variance decomposition, which further discloses the mutual influences of variables. 409

By analyzing the variance decomposition of environmental regulations, it is found that 410

environmental regulations have the largest contribution to its own variance decomposition 411

results, with more than 50% in phase 5, 10 and 20, which are highly dependent on itself. In 412

the stable state, the contribution rates of industrial restructuring and economic growth will 413

reach 15.8% and 31.0% respectively. 414

According to the variance decomposition results of economic structure adjustment, 415

economic structure exerts the greatest impact on itself, reaching 81.0% in a stable state, 416

while the contribution rate of economic growth has reached 11.4%, indicating that economic 417

growth has a certain impact on the change of economic structure in the long run. 418

According to the variance decomposition results of economic growth, economic 419

growth is most affected by itself, which once again verifies that economic growth has 420

strong inertia characteristics. When it reaches a stable state, the contribution rate of eco- 421

nomic growth to itself is 68.1%, while the contribution rate of environmental regulations is 422

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 November 2022                   doi:10.20944/preprints202211.0212.v1

https://doi.org/10.20944/preprints202211.0212.v1


14 of 17

8.8%, which shows that in addition to its own contribution, environmental regulations will 423

promote economic growth to a certain extent. 424

Table 6. Variance Decomposition.

Variable Period d_lnENR d_lnSTR d_lnPGDP

d_lnENR 5 0.5363 0.1586 0.3051
10 0.5329 0.1575 0.3096
20 0.5327 0.1576 0.3097

d_lnIND 5 0.0762 0.8212 0.1126
10 0.0761 0.8106 0.1133
20 0.0761 0.8104 0.1135

d_lnPGDP 5 0.0876 0.2312 0.6812
10 0.0878 0.2314 0.6808
20 0.0878 0.2314 0.6808

3.8. Robustness tests 425

Since the above impulse response and variance decomposition results are very depen- 426

dent on the order of variables, the results of other variable orders need to be examined to 427

ensure the robustness of the above results. In this paper, we refer to Hao Jin and Yuja Li 428

[40] and swap the orders of the two variables with the highest residual correlation, i.e., the 429

order of environmental regulation and economic growth. The results show that the GMM 430

estimation results and impulse response plots do not change fundamentally, except for a 431

slight change in the variance decomposition results, so the model passes the robustness 432

test and the results obtained from the analysis are reliable. 433

4. Conclusion 434

The impact of environmental regulations on economic growth is a widely discussed 435

issue. The short-term negative expectations from regulations on economic provoke anxiety 436

of those concerning wealth accumulation rather than a sustainable future. Although a 437

number of literature elucidates the existence of potential mechanism on which environ- 438

mental regulations cause the growth of economics, our research is the first to elaborate 439

the mechanism by constructing a tri-lateral relation as introducing economic structure. A 440

further novelty we have in this research is the Granger Causality tests for all three factors 441

in one another pair, providing a possible explanation on the interactions of environmental 442

regulations and economics. The final novelty is the dynamic structure build for examining 443

how trio-relation varies over time by PVAR model with GMM estimations, which reveals 444

the dedicated proportions of each factor to another. 445

Samples from 30 provinces in China over 10 years are used in our research. From 446

Granger Causality tests, we found a logic chain justifying the possible process how environ- 447

mental regulations promoted economics. Test results show that environmental regulations 448

cause the evolution of economic structure which leads to the growth of GDP finally. The 449

detailed steps of this process exhibit in the dynamic analysis in PVAR model. According 450

to the GMM estimation, environmental regulations may not contribute economic growth 451

directly with negative coefficients for all lags. In line with the test result from Granger 452

Causality, environmental regulations present significant dedications to the improvement 453

of economic structure, which eventually contributes to the economic development. This 454

proposed process is also supported by the results come up with impulse response, where 455

the early impulse generated by environmental regulations produces positive to economic 456

structure but negative to economic growth. Given structure’s long time positive shock 457

to economic growth, it indicates that environmental regulations promote the economics 458

by shaping the long-term structure, which matches the findings in the previous two tests. 459

Furthermore, the "U" shape shock from economic growth discloses a possible route, through 460

which economic growth feeds the environmental regulations after finishing the upgrading 461

of industries. 462
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Above findings suggest that it is not a dilemma issue between environment and 463

economics for developing countries, especially for those experiencing the transition of major 464

industries from manufacture to service. The continuous improvement of environmental 465

regulations ultimately leads to a better economics. 466
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