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Abstract	

Based	on	 the	2005‐2019	panel	data	of	China's	281	prefecture‐level	cities,	Using	Data	
Envelopment	Model	to	Calculate	the	Level	of	Urban	Green	Development(GD),	Combining	
the	Exploratory	Spatial	Data	Analysis	(ESDA)	method	and	the	spatial	Dubin	model,	this	
paper	discusses	the	spatial	impact	of	formal	and	informal	environmental	regulations	on	
GD.	 The	 following	 conclusions	 are	 drawn:	 formal	 and	 informal	 environmental	
regulations	and	GD	have	a	significant	positive	spatial	correlation.	Formal	and	informal	
environmental	regulations	and	GD	are	both	 in	 the	 form	of	 "low‐low"	and	 "high‐high"	
agglomerations;	Formal	environmental	regulations	promote	local	GD,	but	due	to	local	
protectionism,	 pollution	 migration,	 and	 GDP‐only	 performance	 views,	 etc.	 Factors,	
which	have	a	negative	impact	on	the	GD	of	surrounding	areas.	Informal	environmental	
regulations	promote	GD	of	the	local	and	neighboring	regions.	
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1. Introduction	

During his visit to Jiangsu, General Secretary Xi Jinping stressed that “We must achieve the 
unification of ecological benefits and economic and social benefits, take a new path of ecological 
priority and green development, and provide strong support for high-quality economic 
development and sustainable development.” This is a profound understanding of the trend of 
world development and the severe constraints on resources and environment that our country 
faces, Correctly understand the relationship between environmental regulations and GD, which 
will benefit the high-quality development of our economy, so it is of great practical significance 
to solve the problem of environmental regulation in the process of industrialization in China, 
which is caused by the partial improvement of ecological environment and the overall 
deterioration of ecological environment. 
The main focus of the research on environmental regulation and green development is whether 
environmental regulation can effectively promote urban GD. According to the theory of 
inhibition, the uniform environmental regulation will violate the principle of marginal 
production, increase the cost of production, decrease the efficiency of production, and do harm 
to the GD of cities. Meantime, the expenditure of pollution control will squeeze the factor input 
of productive activities, which will result in the decrease of output.[1].Although pollution 
control can force enterprises to adopt green technology for production, the additional loss of 
Green facilities and the mismatch of production resources will lead to a decrease in 
productivity[2].The "promotion theory" believes that the market mechanism cannot solve the 
problem of externality caused by pollution. The government has complete information and can 
rely on environmental regulations to realize the internalization of external cost. At the same 
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time, the increase in environmental governance costs will also encourage enterprises to carry 
out green process innovation. Therefore, Environmental regulations can promote the GD of 
cities. And environmental regulation can promote technological innovation, improve 
production efficiency, and achieve a win-win situation for the environment and green 
economy[3][4]. Some scholars think that there is a nonlinear relationship between 
environmental regulation and GD[5].Environ mental regulation policies will promote green 
total factor productivity and green economic efficiency in the short term. However, due to 
policy lag, "non-linearity" and increased environmental regulation intensity, etc., they will have 
a non-linear impact on GD[6][7][8]. 
Since most studies focus on the impact of environmental regulations in the region without 
considering the spatial spillover effects of environmental regulations, and the research 
perspectives are mostly concentrated at the provincial and industry levels, the conclusions 
drawn are limited. Therefore, this paper builds a spatial measurement model from the panel 
data of 281 prefecture-level cities in China to examine the spatial effects of environmental 
regulations on GD, and verifies the impact of formal and informal environmental regulations on 
GD from the perspective of heterogeneity. To a certain extent, it has broadened the research 
perspective of environmental regulation and GD, and has an important guiding role in the GD 
of Chinese cities. 

2. Theoretical	Mechanism	

In order to analyze the spatial effects of environmental regulations on GD, construct the spatial 
impact mechanism of formal and informal environmental regulations on urban GD, see Figure 
1. 
Formal environmental regulations have an impact on GD in three main ways. At present, china 
has successively established environmental trading and other policy platforms in Beijing, 
Shanghai, Shenzhen and other places. Through the trading of environmental governance rights, 
corporate resources are activated and more companies with high-quality environmental 
resources are attracted to participate. This can effectively promote the GD of cities; just 
competition. In terms of effect, in order to obtain more economic resources in competition with 
other regions, local governments will attract investment by relaxing the threshold of 
environmental regulations. Under the mutual climbing competition, local governments will 
gradually reduce environmental regulatory standards, making environmental regulatory 
policies appear. The situation of “competition to the bottom” has further weakened the city’s 
investment of GD; in terms of synergistic development effects, the government has a dominant 
position in the process of promoting formal environmental regulations. environmental policy 
of china proposes to build a unified national green trading market to promote The 
establishment of national-level green production standards and the improvement of the GD 
information sharing mechanism not only create a good development environment for local 
green enterprises, but also have a radiation effect on surrounding provinces, and promote 
inter-regional green market interconnection and dislocation development. 
Informal environmental regulations mainly affect the GD of cities in three ways. As far as green 
demonstration effects are concerned, china is currently developing ecological civilization cities 
and national forest cities in some cities, advocating the concept of ecological civilization, and 
using the green demonstration effects of ecological civilization cities to drive and guide the 
green development of surrounding cities; secondly, the information disclosure system It has 
been fully implemented in many fields. Informal regulatory bodies have more advantages in 
regional mobility than formal environmental regulations. The public and environmental 
protection organizations understand the environmental conditions and governance difficulties 
of various regions through information sharing and experience exchanges, forming a consensus. 
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A set of complementary and highly targeted policies will help avoid duplication of 
environmental regulatory policies and beggar-thy-neighbor issues, and promote GD with 
maximum efficiency. Finally, because informal environmental regulations are flexible and 
changeable, regulatory entities can increase the influence of informal environmental 
regulations and the consistency of policies through cross-regional joint actions and joint 
propaganda. As a result, a green ecological consensus has been formed in multiple regions, and 
green coordinated development between cities can be realized. 
 

 
Figure	1.	The spatial impact mechanism of formal and informal environmental regulations on 

GD	

3. Methodology	and	Data	

3.1. Spatial	Model	Setting	
Compared with the traditional OLS regression model, the spatial measurement model considers 
the complex spatial correlation and spatial dependence of the sample. In order to examine the 
spatial impact of environmental regulations on GD, a spatial Dubin model (SDM) was 
constructed, the specific form is as follows: 
 

       lnGD Wln WXit it it t i itGD                                          (1) 

 

Eq. (1), lnGDit indicates the level of green development.  indicates the spatial spillover 
coefficient of the green development of the explained variable, indicates the spatial spillover 
coefficient of each explanatory variable, itx indicates the explanatory variable, which 
represents environmental regulation, openness, industrial structure, informatization level, and 
traffic level. t indicates the time fixed effect, iu indicates the individual fixed effect, and it
indicates the random disturbance term. W indicates the spatial weight matrix. This paper 
selects the adjacent distance weight matrix and the economic distance weight matrix as the 
reference matrix. 

3.2. Index	System	of	GD	
GD includes multiple economic, social and ecological effects. In order to avoid the limitations of 
the traditional DEA method, a non-angle and non-radial SBM-DEA model is constructed to 
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measure green development. Based on the input-output model, establish an input-output 
indicator system for the efficiency of GD in Chinese cities,see table 1.Use Max-Dea software for 
measurement. 
 

Table	1. Index System of Urban Green Development 
Target	layer Criteria	layer Index	layer Unit 

Urban Green Development

Capital inputnt Fixed asset investment Ten thousand yuan 

Manpower input Number of laborers Ten thousand people
resources input power consumption Kilowatt-hour 

Economic output GDP Ten thousand yuan 

Social output Total consumer retail Ten thousand yuan 

Ecological output Green coverage % 

Undesired output
Industrial wastewater discharge Ten thousand tons 

Industrial smoke emissions Ten thousand tons 
Sulfur dioxide emissions Ten thousand tons 

 
Formal environmental regulation (er) index system Include three indicators: comprehensive 
utilization rate of industrial solid waste, centralized sewage treatment rate, and harmless 
treatment rate of domestic waste, Formal environmental regulation (er) index system Include 
three indicators: the Number of college students, income level, population density, and use the 
entropy method to measure the comprehensive index of formal and informal environmental 
regulations. In the empirical process, the informal environmental regulation is treated in 
logarithm. 

3.3. Selection	of	Control	Variables	
Industrial structure (stru), i.e. The ratio of the tertiary industry to the second industry measures 
the industrial structure; Traffic level (tra), i.e. the actual road area per capita to measure; 
Openness (fdi), i.e. the actual amount of foreign investment; Information level(infor), i.e. the 
number of Internet users. 

3.4. Data	Sources	and	Processing	
The sample selected in this article is the economic data of 281 cities in China from 2005 to 2019. 
The data mainly come from China Urban Construction Statistical Yearbook, China Statistical 
Yearbook, China City Statistical Yearbook and local statistical bureaus. Some missing data are 
filled in by linear interpolation. 

4. Analysis	of	Result	

4.1. Analysis	of	Spatial	Autocorrelation	
4.1.1. Global	Spatial	Autocorrelation	of	Environmental	Regulations	and	GD	
Spatial autocorrelation is the prerequisite foundation for constructing a spatial regression 
model. Table 2 shows the global moran’sI value of formal and informal environmental 
regulations and GD from 2005 to 2019 under the global spatial autocorrelation test. From the 
statistical point of view, the moran'sI value of formal and informal environmental regulations 
and GD are all greater than 0, indicating that formal and informal environmental regulations 
and GD have positive spatial correlation effects, that is, whether formal or informal 
environmental regulations or GD has a certain degree of spatial agglomeration effect in space. 
Among them, the moran’sI value of green development experienced a “V”-shaped change that 
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first decreased and then increased, which means that the spatial synergy of green development 
began to rise rapidly after my country experienced a slow-down chaotic period. Nowadays, 
regional coordination and complementary development have become an important foundation 
for GD. 
 

Table	2.	Moran's I Statistics of Formal and Informal Environmental Regulations and GD 
year er ier GD 
2005 0.218*** 0.419*** 0.152*** 
2006 0.215*** 0.399*** 0.185*** 
2007 0.134*** 0.161*** 0.211*** 
2008 0.071** 0.124*** 0.204*** 
2009 0.053* 0.130*** 0.242*** 
2010 0.129*** 0.385*** 0.283*** 
2011 0.092*** 0.103*** 0.152*** 
2012 0.099*** 0.103*** 0.083** 
2013 0.125*** 0.127*** 0.110*** 
2014 0.156*** 0.105*** 0.022 
2015 0.173*** 0.090*** 0.005 
2016 0.117*** 0.094*** 0.056* 
2017 0.140*** 0.096*** 0.179*** 
2018 0.091*** 0.094*** 0.150*** 
2019 0.122*** 0.095*** 0.195*** 

4.1.2. Local	Spatial	Autocorrelation	of	Environmental	Regulations	and	GD	
In order to test the local autocorrelation between formal and informal environmental 
regulations and green development, Produced their local moran’sI scatter plots in 2005, 2012 
and 2019(Figure 2, Figure 3 And Figure 4), in order to have an intuitive understanding of their 
local spatial autocorrelation. 
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Figure	2. Scatter plots of local Moran’s I index of Formal Environmental Regulations in 2005, 

2012 (middle) and 2019(right(left),) 
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Moran scatterplot (Moran's I = 0.122)
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Figure	3. Scatter plots of local Moran’s I index of Informal Environmental Regulatio ns in 

2005, 2012(middle) and 2019(right(left),) 
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Figure	4. Scatter plots of local Moran’s I index of GD in 2005, 2012(middle) and 2019 

(right(left),) 
 

As shown in Figures 2, 3 and 4, the scattered points of formal and informal environmental 
regulations and GD are mainly concentrated in the first quadrant (high-high) and the third 
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quadrant (low-low agglomeration), meaning thier agglomeration characteristics are both 
"high-high" and "low-low" agglomeration. As far as formal environmental regulations are 
concerned, the local moran’sI scatter distribution of formal environmental regulations shows a 
morphological change from scattered to agglomerated. That is, the scatter distribution in 2005 
was relatively scattered, and the differences between cities were large. In 2019, the distribution 
of scattered points is relatively concentrated, and the difference between different cities is 
reduced; the local moran'sI scattered points of informal environmental regulations are 
relatively concentrated, and the value of moran'sI has not changed much. The main body of the 
implementation of informal environmental regulations is the social public and organizations 
are mainly organized. Compared with the regional characteristics of formal environmental 
regulations, informal environmental regulations have relatively fewer spatial restrictions 
because of relatively stable spatial relevance; The local moran’sI of GD increased from 0.152 to 
0.195 indicates that the china’s GD has a significant positive spatial correlation and shows a 
further strengthening trend. 

4.2. Spatial	Spillover	Effects	of	Environmental	Regulations	and	GD	
In order to examine the spatial impact of environmental regulations on GD, with the help of 
Stata15.0, the panel data of China’s 281 cities were spatially econometrically regressed. The 
guest model (SDM) is empirically tested. Without considering the spatial correlation, the 
Hausman test result rejected the null hypothesis at the 1% significance level, so the fixed-effects 
model was chosen. In addition, the maximum likelihood estimation is used to test the models 
separately, and it is found that the model fitting effect is the best and the regression results of 
the variables are the best when the time fixed effect is added. Therefore, the time fixed effect is 
selected for the test. The specific results are shown in Table 3. 
 

Table	3. Regression results of the spatial effects of environmental regulations on GD 

Variable OLS	
Economic	distance	matrix	

SEM	 SAR	 SDM	
er 0.181*** 0.102* 0.103* 0.143** 
ier 0.042*** 0.006 0.007 0.011* 

stru 0.1665** 0.258*** 0.258*** 0.258*** 

tra 0.011*** 0.006*** 0.006*** 0.004*** 

fdi -3.451*** -2.074*** -2.078*** -2.031*** 

infor 0.000*** 0.000* 0.000* 0.000 

W×er — — — -0.688*** 

W×ier — — — 0.065* 

W×stru — — — 0.142*** 

W×tra — — — 0.003 

W×fdi — — — -2.681*** 

W×infor — — — 0.001** 

rho — — 0.065** 0.028* 

Sigma_e — — — 0.189*** 

Adj-R2 0.138 0.199 0.200 0.217 

Log-likelihood — -2500.745 -2499.272 -2472.943 

N 4215 4215 4215 4215 

(***, **, * are significant at 10%, 5% and 1% respectively), the same below. 
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From the regression results, there is a certain difference in the absolute value of the coefficients 
of formal environmental regulations under the OLS model and the spatial Dubin model, which 
indicates that spatial factors play an significant role in the impact of formal environmental 
regulations on GD. It is very necessary to consider the impact of surrounding areas on GD in 
environmental regulation policies. In addition, the spatial lag coefficient is -0.668, which is 
significant at the 1% confidence level, indicating that formal environmental regulations have a 
certain degree of negative spatial impact on GD; the regression coefficient of informal 
environmental regulations is 0.111. This shows that informal environmental regulations can 
promote local GD. In addition, the spatial lag coefficient of informal environmental regulation 
is 0.065, which is significant under the 10% confidence interval. This shows that informal 
environmental regulations in this region can promote the GD of surrounding areas through 
spillover effects such as regional alliances of environmental protection organizations. 
Through the above analysis, it can be seen that both formal and informal environmental 
regulations have a positive impact on local green development, and the spatial lag coefficients 
of formal and informal environmental regulations are larger than the main effect coefficients. 
The spatial impact of environmental regulations on green development is still unclear. In order 
to further investigate the marginal impact of environmental regulations on GD, the spatial 
effects will be decomposed and investigated in the future. 
Table 4 presents the spatial decomposition impact of environmental regulations on green 
development. In terms of direct effects, both formal and informal environmental regulations 
have positive effects on local GD. In terms of indirect effects, formal environmental regulations 
will promote the GD of neighboring regions, while informal environmental regulations will 
inhibit the green development of neighboring regions. This shows that the impact of formal 
environmental regulations on GD does have negative spatial spillover effects. In addition, the 
direct and indirect effect coefficients of informal environmental regulation are both positive. 
which shows that informal environmental regulations will not only have a positive impact on 
the local GD, but also promote the GD of neighboring areas. From the point of view of control 
variables, the industrial structure dominated by the tertiary industry has a significant positive 
impact on GD; the impact of traffic level on GD is positive but not significant; the degree of 
openness has a significant negative impact on GD; information the impact of the level of 
globalization on GD is significantly positive. 
 

Table	4. Decomposition of spatial effects of environmental regulations affecting GD 
Variable Direct	effect Indirect	effect Total	effect 

er 0.143** -0.701*** -0.558** 
ier 0.011 0.066* 0.077** 

stru 0.260*** 0.155*** 0.415*** 
tra 0.004*** 0.003 0.007 
fdi -2.038*** -2.822*** -4.860*** 

infor 0.000 0.001** 0.001** 

5. Conclusion	

This chapter mainly uses spatial measurement methods to empirically test the impact of formal 
and informal environmental regulations on GD. Specifically, the Exploratory Spatial Data 
Analysis (ESDA) method was used to investigate the spatial autocorrelation between formal 
and informal environmental regulations and GD. On this basis, a spatial Dubin model was 
constructed to discuss formal and informal environmental regulations. The spatial impact on 
GD. Concluded as follow: 
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Formal and informal environmental regulations and GD all have a significant spatial positive 
correlation, and they are all in the form of "low-low" and "high-high" agglomeration; Formal 
environmental regulations have a beneficial impact on the local GD and have a negative impact 
on neighboring areas. Informal environmental regulations promote the GD of the local and 
neighboring regions; The robustness test shows that the impact of formal and informal 
environmental regulations on GD is significantly positive. 

Acknowledgments	

This work was supported by General Projects of National Natural Science Fund of China (Grant 
No: 42071161),General Projects of the National Social Science Fund of China (Grant No: 
18BJY078). 

References	

[1] Ambec S, Cohrn M A,Elgie S,et al.The Porter Hypothesis at 20:Can Environmental Regulation 
Enhance Innovation and Competitiveness?[J].Review of Environmental Economics and Policy, Vol. 
7(2013) NO.01, p.2-22. 

[2] Hancevic. P.I.Environmental Regulation and Productivity: the Case of Electricity Generation under 
The CAAA-1990[J].Energy Economics,Vol.(2016) NO.60,  p.131-143. 

[3] Calel. R,Dechezlepretre A. Environmental Policy and Directed Technological Change: Evidence from 
The European Carbon Market[J].Review of Economics and Statistics, Vol. 98(2016) NO.01, p.173-
191. 

[4] B. Wang , R.J. Huang. China Regional Green Development Efficiency and Green Total Factor 
Productivity: 2000-2010--An Empirical Study Based on the Common Boundary of Parameters[J]. 
Sankei Review,Vol.5(2014) NO.01, p.16-35. 

[5] L. Huang, C.Q. Wu. Study on the Impact of Environmental Regulation on the Green Industrial 
Development Efficiency of Cities in the Yangtze River Economic Belt[J]. Resources and Environment 
in the Yangtze Basin, Vol. 29(2020) NO.05, p.1075-1085. 

[6] Q.H. Huang, J.F. Hu, X.D. Chen. Environmental Regulation and Green Total Factor Productivity: a 
Dilemma or a Win-win? [J].China Population·Resources and Environment,Vol. 28(2018) NO.11, p. 
140-149. 

[7] D.Y. Song, J. Deng, Y.Y. Gong. Analysis of the impact of my country's environmental regulations on 
the efficiency of green economy[J]. Learning and Practice,Vol.2017 NO.03, p.23-33. 

[8] Z.M. Qian, X.C. Liu. Environmental Regulation and Green Economic Efficiency[J].Statistical Research, 
Vol. 32(2015) NO.07, p.12-18. 

 
 


