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Abstract: This paper aims to examine the changing factors underlying China’s environmental
governance, by investigating the long-term dynamic impacts of related endogenous and exogenous
factors and considering regional differences in these factors. The study estimated environmental
regulation intensity and employed the geographical detector technique to analyze its driving factors,
based on 21 prefecture-level cities in Guangdong Province, China, from 1990 to 2016. The results
showed that environmental regulation intensity has increased in Guangdong Province over the
past 27 years. The results also indicated that local environmental governance was affected by
global–local interactions and changed based on different regional developmental phases. At first,
factors within a region affected local environmental policies more significantly, such as economic
development and urbanization. However, in the long run, globalization’s impacts have been
the most important factors influencing environmental governance. Further analysis showed that
environmental regulation intensity in Guangdong Province’s different regions was affected by different
driven factors. Our analyses contribute to the understanding of China’s environmental governance
and have policy implications for environmental problem management and China’s construction of an
ecological civilization.

Keywords: environmental governance; local government; global–local interactions; geographical
detector; China

1. Introduction

After China’s reform and opening up, the country faced an unprecedented economic boost
that made it the largest developing country in the world [1]. Simultaneously, such extensive
development came at the cost of remarkable resource consumption, which exacerbated the deterioration
of the ecological environment [2,3]. In 2018, the air pollution index of 64.2% of cities exceeded the
standard, while 55.3% of land did not achieve good environmental quality, based the China Ecological
Environment Bulletin [4]. Facing severe environmental problems, environmental elements have
gradually become a key consideration in Chinese urban governance; meanwhile, environmental
governance has played an increasing role in urban and regional development [5]. To improve
environmental quality, in recent years, a series of environmental policies and measures based on local
features has been undertaken by the Chinese government.

Following the trend of neoliberalization in most developed countries, the government’s role
has weakened, while non-state actors have had more opportunities to influence environmental
governance [6,7]. In contrast with the Western model of neoliberal governance, which emphasizes
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individualism over collective responsibility, the leading role in formulating and implementing
environmental regulations in China has always been taken on by different governmental levels;
non-state actors in China mainly depend on government authority to exert their influence in managing
environmental problems [8,9]. Additionally, local governments play a vital role in solving local
environmental problems by responding to the policies of national and provincial governments [10–12].

This paper contributes to the literature by integrating the different impacts from endogenous
and exogenous factors on local environmental management into a comprehensive understanding of
environmental governance in China. Although many case and country studies have demonstrated
how such factors contribute to environmental governance, few studies have examined the influence
of global-local interactions on the management of environmental problems in the Chinese context
specifically. Additionally, in practice, there is little empirical evidence regarding how changing factors
affect environmental governance in the Chinese context in the long run, or how these impacts vary
among regions.

To fill this gap in the literature, this study investigates the long-term dynamic impacts of
endogenous and exogenous factors on China’s environmental governance, by analyzing panel data
of 21 prefecture-level cities in Guangdong Province from 1990 to 2016. Environmental regulation
intensity was calculated to examine local environmental governance’s changes at the prefecture level in
Guangdong from 1990 to 2016. Additionally, the geographical detector technique was used to estimate
the driving forces of urban environmental governance. Specifically, this study sought to answer the
following two related questions: (1) what drives the changes of local environmental governance in
different periods in Guangdong Province, China? (2) How do these impacts change in developed
and developing regions? The study found that the impact of endogenous and exogenous factors on
local environmental governance follows a global–local pattern, and the impact varies across different
regions. Moreover, the paper concludes by suggesting that both the different developmental phases
cities undergo and the global–local context should be considered in future environmental governance
and sustainable development policies in China.

The remainder of this study is structured as follows. Following a brief literature review in
Section 2, Section 3 explains the materials and methods used. Section 4 presents the statistical results
and discusses the possible reasons behind them. Section 5 concludes with a summary of the main
findings. Finally, this paper provides some policy suggestions.

2. Literature Review

2.1. Regional Development and Environmental Governance

Economic globalization has a profound impact on the development of cities and regions, and
has involved great changes with regard to the path regional development has taken and its main
actors [13,14]. In addition to the influence of endogenous factors within a region, scholars argue
that regional development should be considered from the perspective of global–local interactions,
to combine the basic interregional impacts with those of globalization [15,16].

Detrimental environmental impacts in regional contexts from human activities have gained
attention. Some studies have focused on the relationship between environmental quality and
economic growth in different regional contexts, and on different indicators measuring environmental
quality [17–20]. These studies have found that regional economic development led to environmental
pollution under certain conditions. Additionally, the acceleration of industrialization and globalization
has aggravated the deterioration of the ecological environment [21,22].

Although economic growth still remains the priority for different levels of government, there is an
increasing imperative to move toward more sustainable models of regional development through a
growing number of policy initiatives. The sixth Global Environment Outlook, published by the United
Nations Environment Programme in 2019, indicated the importance of environmental governance, and
called for urgent and more aggressive action to protect the environment [23]. Some researchers have
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claimed that environmental governance should be used as a tool to enhance regional performance
and promote sustainable development [24,25]. The implementation of environmental governance in
reducing regional air pollution and promoting regional sustainable development have been proved
effective in some studies [26]. Thus, it is argued that environmental governance plays a vital role
in dealing with the environmental issues caused by the regional development under the impact of
global–local interactions.

2.2. Factors of Environmental Governance

Notably, regional environmental conditions are one of the critical factors affecting human survival,
as well as regional development. Increasingly, studies have contributed to an understanding of
the key factors of local environmental governance behavior that aims to achieve a good ecological
environment. They have provided contextualized evidence as to why cities and regions have dealt with
environmental problems, but have yielded inconsistent findings and complicated the understanding
of environmental governance.

On one hand, scholars have been investigating the influence of regional endogenous factors on
environmental governance. For example, Peng et al. [27] argued that a series of social and economic
factors, including economic level, urban construction, industrial structure, and population density, have
impacted urban environmental governance in China based on their analysis of eight cities on the Yangtze
River. However, Cale and Reams [28] found that in the U.S., social and economic factors did not have a
significant influence on environmental regulation. Other studies have found that civic education played
a role in the participation of citizens in environmental policy, promoting environmental governance and
sustainable development [29,30]. Moreover, other research has considered the environmental impact
of cooperation with neighboring cities. For instance, some researchers have found that environmental
regulations in neighboring areas could encourage enhanced environmental governance of other
counties and cities [28].

On the other hand, scholars have also been concerned with exogenous factors’ effects and have
claimed that globalization has contributed to strengthening local environmental protection capacity and
promoting sustainability; that is, it is not purely an economical phenomenon [31]. For instance, empirical
studies have shown a positive correlation between economic and social globalization and the quality
of governance [32]. Kurniawan et al. [33] further indicated that international cooperation between the
Global North and South has improved the environmental governance of cities in developing countries
through the transfer of capital and technology. In China, Yang et al. [34] found that globalization has
had an important impact on environmental governance, improving urban environmental quality in
Guangdong Province.

To summarize, the nature of certain factors’ influence on environmental governance is inconclusive
and debatable. Thus, this paper contributes to the literature in two ways. First, it provides empirical
evidence from China to enrich the understanding of its environmental governance and the factors
that influence it. Although earnest efforts have been made to investigate the driving factors of
local environmental governance behavior, little scholarly attention has been given to China—the
biggest developing country, and one whose enforcement model follows a top-down direction, which
differs from neoliberal environmental governance. Given the inconclusive nature of research on
environmental governance, changes in environmental governance and the corresponding driving
factors in China have yet to be verified. Second, this paper enriches scholars’ understanding of
environmental governance using a geographical perspective by examining how its driving factors
differ in diverse regions of Guangdong Province, one of the most developed provinces in China.
Although China, as a socialist country, has begun to tackle the problem of uneven development,
regional developmental and environmental disparities are prominent. Unlike existing research, which
is limited to national-level data, this paper examined Guangdong Province by disaggregating it into
two regions, developed and developing, to introduce some nuance and geographical understanding
into the research regarding factors influencing local environmental governance in the Chinese context.
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3. Materials and Methods

3.1. Case Study Area: Guangdong Province, China

Located in southeastern China, Guangdong Province has experienced unprecedented economic
growth and has become the most developed province in China, with the gross domestic product
of 8555.57 billion yuan in 2016, because of the reform and opening-up policies. Additionally, it is
China’s most populous province, with a resident population that reached 109.99 million in 2016, up
from 61.04 million in 1990, and has a land area of 179.7 thousand square km. Economic development
and population growth in this region followed a core-periphery gradient, with the core Pearl River
Delta (PRD) as the developed region and the peripheral Non-Pearl River Delta (NPRD) as the
developing region, as shown in Figure 1 [35]. Moreover, this regional difference in Guangdong
Province mirrors that of the eastern, central, and western regions of China. Rapid development of
pollution-intensive industries in Guangdong, which has become “the factory of the world,” badly
damaged the environment. Foreign investment in China has greatly increased since the l990s,
aggravating the environmental degradation. However, the current environmental quality is greatly
improved, due to the implementation of strict environmental measures, such as green development,
making Guangdong the benchmark for other provinces regarding environmental efficiency [36].
Guangdong’s development path is the epitome of the “growth first, cleaning up later” philosophy of
China [37]. Undoubtedly, Guangdong Province is highly representative of China as a whole, in terms
of regional differences and environmental management, especially in the context of globalization, and
its environmental governance process since 1990 deserves more attention.
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3.2. Materials

3.2.1. Data Sources

This study used the data of 21 prefecture-level cities in the PRD and NPRD regions of Guangdong
Province from 1990 to 2016. The data on these cities were derived mainly from the China City Statistical
Yearbook, Guangdong Statistical Yearbook, China Exhibition Annuals, and China’s Ports-of-Entry
Yearbook. Every effort was made to obtain data for a single index in different years from the same
source to ensure accuracy and comparability. Additionally, for missing data, data from the Statistical
Yearbook of the prefecture-level cities were used as a replacement value. It should be clarified that
the pollution emissions of cities from 1990 to 1995 were taken from a compilation of environmental
statistics released by the Department of Ecology and Environment of Guangdong Province. The rest of
the pollution emission data from 1996 to 2016 were derived from the Guangdong Statistical Yearbook,
and the statistical yearbooks did not include data on pollution emissions in the cities of Guangdong
Province after 2016. Thus, it was not possible in this study to examine the intensity of environmental
regulation in each city after 2016. Although the sources of the pollution emission data are different
between the two periods, 1990–1995 and 1996–2016, this had little influence on the process of examining
the changing factors affecting local environmental governance. The figures and tables in Section 4 were
based on the empirical results found in this study.

3.2.2. Factor Acquisitions

Previous studies have discussed the effects of factors within and outside a given region and
concluded that these have important but different impacts on cities’ environmental governance. Thus,
based on the concept framework of global-local interactions [15,16], this study chose 10 endogenous and
exogenous factors and investigated their impacts on the environmental governance of cities (Table 1).
The five endogenous factors are four representations of cities’ social and economic features—economic
growth (GDP), industrial structure (TI), urbanization (UI), and citizen quality (EDU)—and one indicator
of cooperation between neighbor cities within regions—environmental cooperation (NER). The five
exogenous factors are the amount of international twin cities (CITY), first-class open ports (OPEN),
realized foreign investments (FDI), projects for contracted foreign direct investment (ITEM), and
international tourists (TOUR); these were used to measure the levels of governmental globalization,
economic globalization, and globalization of social communications.

Table 1. Definitions of variables.

Category Variable Definitions Abbreviation

Endogenous
factors

Economic growth Per capita GDP (RMB yuan) GDP
Industrial structure Percentage of secondary industry in GDP (%) TI

Urbanization Percentage of urban population in permanent
residents (%) UI

Citizen quality Student enrollment in regular institutions of
higher education (person) EDU

Environmental
cooperation

Intensity mean of environmental regulation
of neighbor cities NER

Exogenous
factors

Governmental
globalization

International twin cities CITY

First-class open ports OPEN

Economic globalization Realized foreign investments (10,000 dollars) FDI
Projects for contracted foreign direct

investment ITEM

Social communication
globalization International tourists (10,000 persons) TOUR
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3.3. Methods

3.3.1. Environmental Regulation Intensity

Existing research has used various methods to calculate environmental governance, which can
be divided into two categories. Some research is based on the perspective of regulation cost, such
as investment in environmental pollution control and cost of pollution treatment facilities [38,39].
Additionally, many studies have focused on regulation effects using the measurement of pollutant
emission density to represent environmental regulation intensity [40,41]. Based on the principles
of appropriateness, comparability, and accessibility, this paper uses the second measure, pollutant
emission density, to calculate the extent of environmental governance mainly enforced by local
governments in China. The basic idea of this method is that the paper first constructed the relative
positions of different kinds of pollutant emission intensity throughout the whole province, and then
took a weighted average of the relative levels of all kinds of pollution emission intensity in individual
cities to investigate the efforts of environmental pollution control made by those cities using the
following formula [40]:

(1) Pollution emissions intensity of city i

Pi jt =

Ti jt
Yit

1
21

∑21
i=1

Ti jt
Yit

(1)

where i, t, and j stand for city, year, and pollutant, respectively; Pijt is the pollution emissions
intensity of pollutant j in city i during year t. Tijt is the total discharge of pollutant j in city i
during year t. Yit is the gross industrial output value in city i during year t. The higher value
of Pijt, especially if it exceeds one, indicates that the pollution emissions of cities are relatively
higher in the province, due to conduction of looser environmental regulation.

(2) Total pollution emissions intensity of city i

Pit =
1
3
(P i1t+Pi2t+Pi3t

)
(2)

where Pit is the total pollution emissions intensity in city i during year t as measured based on
industrial wastewater, industrial sulfur dioxide, and industrial soot (dust). Industrial pollution
is the main source of pollution in China and includes wastewater, gaseous waste, and solid
waste. This study considered the three main types of industrial pollution, industrial wastewater,
industrial sulfur dioxide, and industrial soot (dust), which are more frequently used in the existing
research and easily accessed in the Statistical Yearbook. Since Pijt is dimensionless, it makes sense
to calculate the total pollution emissions intensity mathematically, as the units do not need to
be standardized.

(3) Environmental regulation intensity of city i

ERit =
1

Pit
(3)

where ERit is the environmental regulation intensity in city i during year t. The higher value
of ERit indicates that cities achieve better environmental governance by conducting stricter
environmental regulation; otherwise, the environmental standards and environmental regulation
intensity are lower.
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3.3.2. Gini Coefficient

The Gini coefficient is employed first to mirror the wealth gap in a country or region, and then to
reflect the difference between cities within a region [42]. In this study, the Gini coefficient was used to
analyze the regional difference of environmental regulation intensity in Guangdong Province with the
following formula [42]:

G =
2×

∑n
i=1 i × xi

n2 × ux
−

n + 1
n

(4)

where G is the Gini coefficient, n is the number of cities, xi is the environmental regulation intensity of
city i, and ux is the average environmental regulation intensity of all cities. Within the range of values
0–1, the higher the Gini coefficient, the more unbalanced its distribution.

3.3.3. Geographical Detector

Geographical detector is used to test the coupling between two variables based on their spatial
distributions [43]. In this study, the influence mechanisms underlying changes of environmental
regulation intensity were analyzed using the factor detector and interaction detector based on
Geodetector software (http://www.geodetector.cn/). The factor detector can be used to measure the
determinant power of influencing factors on environmental regulation intensity; its model is as
follows [43]:

qD,H= 1−
1

nσ2
H

m∑
i=1

nD,iσ
2
HD, j

(5)

where qD,H is the detection force index of influencing factors on the change of environmental regulation
intensity, D represents the influencing factor, n is the number of samples in the whole area, m is the
number of strata for a given factor, σ2

H represents the variance of environmental regulation intensity of
the whole area, and σ2

HD, j
represents the variance of secondary regions. Note that σ2

HD, j
, 0 and the

range of qD,H is 0 to 1. The higher value of qD,H suggests the greater influence of the factor D on the
change of environmental regulation intensity.

The interaction detector was used to analyze the effect of the interaction of two or more factors
on the change of environmental regulation intensity. Two influencing factors may be independent or
have a combined effect (Table 2) [43]. If there is a combined effect, the effect of these factors will be
greater after intersecting. The steps used in all of the methods in this study are presented in a flowchart
(Figure A1).

Table 2. Redefined interaction relationships.

Description Interaction

q(X1 ∩ X2) < Min(q(X1), q(X2)) Weaken, nonlinear
Min(q(X1), q(X2)) < q(X1 ∩ X2) < Max(q(X1), q(X2)) Weaken, uni-

q(X1 ∩ X2) > Max(q(X1), q(X2)) Enhance, bi-
q(X1 ∩ X2) = q(X1) + q(X2) Independent
q(X1 ∩ X2) > q(X1) + q(X2) Enhance, nonlinear

4. Results and Discussion

4.1. Characteristics of the Evolution of Environmental Regulation Intensity

To identify the general trend of environmental regulation intensity in Guangdong Province, this
study computed the environmental regulation intensity for 21 cities from 1990 to 2016. It used the
full sample of cities to calculate the annual means for Guangdong Province, as shown in Figure 2.
The statistics show that environmental regulation intensity in Guangdong has consistently increased
from 1.67 to 2.03 over the past 27 years, and can be divided into two phases. During the first phase,
from 1990 to 2000, environmental regulation intensity changed frequently, meaning that pollution
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emissions heavily contaminated the environment, and city governments enforced additional stricter
environmental policies for several years. The environmental regulation intensity increased rapidly
from 1990 to 1994, and reached the peak of 3.75 in 1994. This was because a series of environmental
policies were implemented to strengthen environmental governance. Notably, China’s Agenda 21 was
finished in 1993, and was put into effect to pursue sustainable development in 1994. The progress of
the control project as a part of the annual environmental protection plan, which was listed in the China
Economic and Society Development Plan for the first time in 1994, was remarkable. This national
policy event may have had a direct but short-lived impact on local environmental regulation, leading to
stronger but temporary environmental regulation in Guangdong in the 90s. However, the facts showed
that the impact of the policy was subject to the goal of economic growth, which was overriding. Even
so, during the second phase after 2000, environmental regulation intensity was reduced slightly but
remained stable, indicating that the end-of-pipe control of environmental pollution was effective and
environmental pollution levels were relaxing in Guangdong. In 2012, the construction of ecological
civilization was proposed, aimed toward the coordination of the ecological environment and economic
development in China, similar to the cooperation between municipalities and national parks in Poland,
one of the European countries of the former Eastern Bloc [44]. Additionally, more attention was paid to
pollution prevention and ecological protection, which played a positive role in promoting sustainable
development. The positive effects of environmental governance in China contrast with the impact of
government intervention on agricultural development in Poland [45].
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Figure 2. Changing trends of average environmental regulation in Guangdong Province.

Changing environmental regulation intensity in the different periods, 1990–2000, 2000–2016, and
1990–2016, can be broken down and further compared (Figure 3). From 1990 to 2016, the values of
environmental regulation intensity of seven cities (corresponding to 33.3% of all cities) decreased by 0.3,
which indicates that most cities’ environmental regulations have increased in intensity in Guangdong
Province over the past 27 years. Additionally, the environmental regulation intensity of four cities
showed an increase of over 1, focused in the PRD region. Between 1990 and 2000, the environmental
regulation intensity of most cities increased; only eight cities loosened their environmental management.
However, only seven cities increased their environmental regulation intensity from 2000 to 2016. As a
whole, the increase of cities’ environmental regulation intensity over the past 27 years mainly occurred
during the first phase, before 2000.
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Geographical analysis showed that cities’ environmental regulation intensity was distributed
unevenly across Guangdong Province. The Gini coefficients of environmental regulation intensity in
Guangdong Province were calculated in the selected years from 1990 to 2016 (Figure 4). The results
show that the Gini coefficient increased during the period of 1990 to 2016, reaching the peak of 0.536
in 2005, and then decreased slightly to 0.417 by 2016. This indicates that the regional difference
of environmental regulation intensity in Guangdong Province is significant and extremely sizable,
although it has been narrowing since 2005.
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Each city’s environmental regulation intensity from 1990 to 2016 was classified into five levels,
using the natural breaks method, as shown in Figure 5. The environmental regulation intensity of
cities along the coast was higher than those in the inland area. Additionally, the environmental
regulation intensity for most PRD cities was much higher than in the NPRD region, especially after
2000, which indicates that environmental governance in the PRD region was stricter than in the NPRD
region. Additionally, as Figure 5 shows, the environmental regulation intensity of Guangzhou, Foshan,
Heyuan, and Dongguan increased significantly from 1990 to 2016, especially for Guangzhou and
Foshan, which increased from level 2 to level 4. In addition, Shenzhen’s environmental governance was
ranked the highest among the cities in Guangdong Province, meaning it enforced the most rigorous
environmental policies.
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4.2. Driving Factors of Environmental Regulation Intensity

4.2.1. Dominant Factors of Environmental Regulation Intensity

To identify the driving forces of changes in environmental regulation intensity and check whether
two influencing factors work independently or not, this study assessed the factor detector and interaction
detector of the 21 cities for 1990–2016. Before Geodetector analysis, a discrete transformation was
used to transform all data using IBM SPSS Statistics version 18.0. The respective results for factor and
interaction detectors are presented in Tables 3 and 4.

Table 3. Factor detection results of environmental regulation intensity in Guangdong Province,
1990–2016.

Factors GDP TI EDU UI NER CITY OPEN FDI ITEM TOUR

q statistic 0.13 *** 0.11 *** 0.05 *** 0.13 *** 0.11 *** 0.17 *** 0.21 *** 0.20 *** 0.25 *** 0.17 ***
p value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Note: *, ** and *** indicate rejection of the null hypothesis at the 10%, 5% and 1% significance levels, respectively.

Table 4. Interaction detection results of environmental regulation intensity in Guangdong
Province, 1990–2016.

Factors GDP TI EDU BUD NER CITY OPEN FDI ITEM TOUR

GDP 0.1270
TI 0.2202 0.1116

EDU 0.2941 0.2010 0.0456
BUD 0.2860 0.2553 0.3931 0.1267
NER 0.3193 0.2914 0.3008 0.3485 0.1071
CITY 0.2346 0.2147 0.3149 0.3079 0.2956 0.1717

OPEN 0.2799 0.2719 0.3298 0.3624 0.3474 0.2772 0.2068
FDI 0.2953 0.2918 0.3018 0.3285 0.3855 0.2762 0.2859 0.2017

ITEM 0.4279 0.3453 0.3679 0.4050 0.4171 0.3663 0.4238 0.3436 0.2502
TOUR 0.2319 0.2191 0.2944 0.2929 0.3452 0.2175 0.2614 0.2673 0.4079 0.1744
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Table 3 shows that the five endogenous factors (GDP, TI, EDU, UI and NER), and the five exogenous
factors (CITY, OPEN, FDI, ITEM, and TOUR), influenced environmental regulation intensity (ER)
significantly between 1990 and 2016. Additionally, among the factors, the two maximal detection and
explanatory power q results for ER from 1990 to 2016 were 0.25 (ITEM) and 0.21 (OPEN). The two most
important factors influencing environmental regulation based on the explanatory power q among the
five endogenous factors were GDP (0.13) and UI (0.13).

The empirical results indicate that urban sustainability is closely related to the social and
economic characteristics of cities in China, and these characteristics differ from those found by
research in the U.S. [28]. Among these factors, economic growth and urbanization have important
effects on environmental governance of cities in Guangdong Province. Rapid economic growth
provided significant funding and technological support for enforcing environmental governance.
The significant relationship between urbanization and environmental regulation is represented in
two ways. First, urbanization improved the efficiency of resource utilization and the effectiveness
of pollution control [46]. Second, urbanization brought more attention to public health [47], leading
to the need for local governments to improve the living environment by implementing effective
environmental policies.

Furthermore, economic and governmental globalization played a leading role in influencing local
environmental governance in Guangdong Province. In the early stage after the reform and opening-up
in 1978, governments in Guangdong lowered environmental standards to attract pollution-intensive
industries from developed countries [41]. However, with the deepening of economic globalization,
governments made efforts to improve the environment by enforcing stricter environmental governance,
aiming to attract high-quality foreign direct investment and accelerate economic growth. During
this process, environmental governance benefited from the advanced technologies and upgraded
industries introduced to Guangdong Province through globalization [34,48]. Moreover, broad global
communication and cooperation between cities in terms of politics, economics, and environmental
protection promoted environmental governance in Guangdong Province in formal and informal ways.

Table 4 indicates that only two types of interaction between any two factors occurred, namely
nonlinear enhancement and bi-enhancement, indicating that the explanatory power of any two
influencing factors’ interaction was greater than that of a single factor. The interactions of ITEM
with GDP (0.4279) and that of ITEM with OPEN (0.4238) had the strongest explanatory power for
ER, suggesting the interactions among globalization, economic growth, and other factors were the
most impactful for environmental governance in the cities of Guangdong Province. These results
further demonstrate that local environmental governance was affected by interactions among multiple
endogenous and exogenous factors.

Overall, the endogenous and exogenous factors and their interactions exerted significant effects
on the environmental governance of 21 cities in Guangdong Province.

4.2.2. Changing Factors of Environmental Regulation Intensity

The respective results using the factor detector are presented in Table 5 and are sorted by the values
of explanatory power q to compare their changing effects in different periods: 1990–1999, 2000–2009,
and 2010–2016.

Table 5 shows that GDP (0.21) and UI (0.18) were the top two factors influencing ER from 1990
to 1999, suggesting that economic growth and urbanization were the leading causes of the changing
environmental regulation intensity in the early stage before 2000. However, the top three factors that
impacted ER in the next two periods, 2000–2009 and 2010–2106, were ITEM (0.43; 0.51), CITY (0.41; 0.38),
and FDI (0.37; 0.32), which indicates that the impact of exogenous factors gradually exceeded that of
endogenous ones, and they became the main driving factors of local environmental governance in
Guangdong Province.
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Table 5. Factor detection results of environmental regulation intensity in three periods in
Guangdong Province.

1990–1999 2000–2009 2010–2016

Factors q Factors q Factors q

GDP 0.21 *** ITEM 0.43 *** ITEM 0.51 ***
UI 0.18 *** CITY 0.42 *** CITY 0.38 ***

OPEN 0.16 *** FDI 0.37 *** FDI 0.32 ***
TOUR 0.15 *** TOUR 0.29 *** OPEN 0.29 ***
NER 0.11 *** GDP 0.28 *** UI 0.29 ***
FDI 0.10 ** TI 0.26 *** GDP 0.28 ***

ITEM 0.09 ** OPEN 0.25 *** TI 0.21 ***
TI 0.08 * UI 0.21 *** NER 0.20 ***

CITY 0.07 NER 0.20 *** TOUR 0.19 ***
EDU 0.06 EDU 0.10 *** EDU 0.17 ***

Note: *, ** and *** indicate rejection of the null hypothesis at the 10%, 5% and 1% significance levels, respectively.

The explanatory power q of exogenous factors increased overall, and their rank increased
significantly over time. For example, the impact CITY was not significant in the first period (1990–1999),
but its explanatory power q increased to 0.38, and it became the second maximal detector for ER in the
third period (2010–2016). Moreover, the rank of ITEM was upgraded from seventh in the first period to
first in the last period. This indicates that economic and government globalization had an increasing
effect on cities’ environmental governance.

By contrast, the explanatory power q of endogenous factors also increased gradually but decreased
in rank. Even though GDP’s explanatory power q grew from 0.21 to 0.28 from the first to the last period,
it went from being the maximal detector for ER in the first period. to the sixth highest factor in the last
period, which suggests that with changes in developmental goals, unchecked economic development’s
constraining force on environmental governance weakened. Moreover, EDU’s explanatory power
q increased from 0.06 to 0.17, corresponding to the lowest effect on environmental governance in
Guangdong Province since 2000.

Our results are consistent with the situation of Guangdong Province. On one hand, this is because
in the early part of the study’s time period, economic development was the cities’ main goal, and
local governments prioritized urbanization [49,50], leading to its increased impact on environmental
governance. In the meantime, better environmental quality through enforcement of environmental
governance may improve economic development and urbanization further. With the changes in
developmental goals, local governments began to focus more on the construction of an ecological
civilization, the coordination of the ecological environment and economic development, rather than on
the overriding goal of economic growth, which led to the evolution of the conception of environmental
management [51,52]. Thus, the impact of economic growth and urbanization on local environmental
governance decreased.

On the other hand, notably, since China became a member of the World Trade Organization,
globalization’s influence has accelerated greatly, increasing its impact on urban development, including
economic growth, industrial structure, technological advancement, and relevant environmental
standards [33,46]. Motivated by the omnidirectional, deep impacts of globalization, higher
environmental standards from more access to international communication led city governments to
change environmental policies and promote sustainable development [53,54].

4.3. Regional Variations of Driving Factors Influencing Environmental Regulation Intensity

Regions and cities have various degrees of development and are affected differently by endogenous
and exogenous factors, so they may show diverse influencing effects. The estimated results of the
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factor detection method (Table 6) used in this study confirm that local environmental governance in
different regions in Guangdong Province was affected by different factors.

Table 6. Factor detection results of environmental regulation intensity in different regions of Guangdong
Province, 1990–2016.

Factors GDP TI EDU UI NER CITY OPEN FDI ITEM TOUR

PRD 0.10 *** 0.09 ** 0.07 *** 0.13 *** 0.19 *** 0.14 ** 0.28 *** 0.23 *** 0.25 *** 0.23 ***
NPRD 0.03 * 0.02 0.05 *** 0.07 *** 0.10 *** 0.02 0.01 0.04 ** 0.07 *** 0.04 *

Note: *, ** and *** indicate rejection of the null hypothesis at the 10%, 5% and 1% significance levels, respectively.

Table 6 shows that GDP, EDU, UI, NER, FDI, ITEM, and TOUR all had significant effects on ER
in both the PRD and NPRD regions, which indicates that the endogenous and exogenous factors
impacted environmental regulation at the regional level. This is consistent with the trend seen at
the province level. However, notable differences exist in the relationship between environmental
regulation intensity and these factors, which are caused by different interactions of multiple factors in
the two regions.

As seen in Table 6, CITY and OPEN did not have a statistically significant impact on ER in the
NPRD region; this is because there are few international twin cities and first-class open ports in this
region. Additionally, the exogenous factors had a larger impact, and OPEN and ITEM played a
leading role in enhancing environmental governance in the highly developed PRD region. This further
confirms that the exogenous effects on environmental governance exceeded the endogenous ones
when considering cities’ long-term globalization process and comparing the different developmental
phases of the two regions. Additionally, NER had the greatest influence in the NPRD region, indicating
environmental cooperation is needed in a developing region to improve the environment. Moreover,
TI had a nonsignificant impact on environmental regulation in the NPRD region. In the long run, more
optimized industrial structure and advanced technology use in the economy can be expected, causing
strengthened governance for environmental issues. Thus, it can be concluded that the environmental
governance in the developed PRD region is mainly impacted by the globalization-driven pattern but is
under the localization-driven mode in the less developed NPRD region.

5. Conclusions

This study’s goal was to examine the changing factors of local environmental governance in
Guangdong Province, China, and to consider regional differences among these factors by using
calculations of the environmental regulation intensity and data of 21 prefecture-level cities from 1990 to
2016 with the geographical detector technique. This paper contributes to furthering the understanding
of China’s environmental governance by indicating the different factors of governments’ environmental
management during this period within the context of global–local interactions.

The empirical results reveal that for 27 years, environmental regulation intensity has increased
in Guangdong Province. Environmental regulation intensity increased greatly from 1990 to 2000,
while after 2000, it was stable. Additionally, there is a significant difference between the PRD and
NPRD regions regarding the implementation of environmental regulation, owing to the different
developmental phases the regions experienced.

This study also finds that environmental governance that is mainly enforced by local governments
in Guangdong Province results from the interactions of endogenous and exogenous factors. Moreover,
the main driving factors of environmental governance depend on the characteristics of different
developmental phases. At first, endogenous factors, such as economic growth and urbanization
exerted the main influence from 1990 to 2000. However, exogenous factors have become the primary
influence over time, especially in terms of the impact from economic and governmental globalization.
After 2000, cities were strongly affected by global factors, and local governments aimed to follow the
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trend of globalization, contributing to the impacts on environmental governance. Thus, cities’ different
developmental phases and global–local context should be one of the most important considerations
when seeking to understand the characteristics and driving factors of local environmental governance
in China.

This paper has enriched the debate surrounding environmental governance and its influencing
factors from a longer-term, geographical perspective, by introducing regional nuance into the existing
evidence regarding China. It has revealed that endogenous and exogenous factors have important
effects on environmental regulation intensity across both regions of Guangdong Province included
in this study, and that regional differences in this relationship are caused by different interactions of
multiple factors. It also suggests the following three interesting conclusions. First, globalization has
a stronger impact on environmental governance in the developed PRD region, compared with the
less developed NPRD region. Second, environmental cooperation plays a leading role in enhancing
environmental regulation in the NPRD region. Third, the effect of international twin cities and first-class
open ports on the management of environmental problems in the NPRD region is not statistically
significant—probably because the majority of this region is inland, so international cooperation and
exchange through international cities and major ports is limited.

Finally, some methodological limitations need to be addressed to better understand the changes of
environmental governance and their related factors. First, how to more precisely estimate environmental
governance remains a challenge for current research. This paper calculated environmental regulation
intensity by searching previous studies and collecting available municipal-level data. Thus, different
indexes and a finer geographical level are needed for future studies. Second, owing to the nature of
statistical analysis, the complex interactions between local environmental governance and its driving
factors could not be explained in detail; thus, exemplary cases could be used to support our findings
in future research. Third, since the latest statistical yearbooks did not release the data on pollution
emissions in the cities of Guangdong Province, this study was unable to examine the intensity of
environmental regulation in each city after 2016; this is necessary in future research. Given the
limitations of this study, future studies should consider addressing these issues and providing a more
in-depth discussion.

6. Policy Implications

This paper has several policy implications. First, its findings suggest that global-local impacts
should be included in policy frameworks for sustainable development and the Chinese government’s
ecological civilization project. Second, because of current inadequate intercity environmental
cooperation, local governments in developed regions should offer financial and technological
assistance to cities in developing regions, thus contributing to the enhancement of their environmental
standards and environmental pollution treatment technologies. Last, based on basic requirements
for environmental protection in China, spatial differences between cities and regions should be taken
into consideration when making specific environmental protection policies. Given the different
development phases that affect environmental governance in different regions, an elastic, region-based
environmental management system should be enforced.

Author Contributions: J.Y. conceived and designed the study, collected the data, conducted data analysis,
interpreted the results, and wrote the original draft. D.X. and G.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by National Natural Science Foundation of China (No. 41930646; 41771137),
Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai) (No. 99147-42080011) and Fundamental
Research Funds for the Central Universities (No. 20lgpy31).

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2020, 17, 3573 15 of 17

Appendix AInt. J. Environ. Res. Public Health 2020, 17, x FOR PEER REVIEW 15 of 17 

 

 

Figure A1. Flowchart of the Methodological Strategy. 

References 

1. Sun, C.; Tong, Y.; Zou, W. The evolution and a temporal-spatial difference analysis of green development 
in China. Sustain. Cities Soc. 2018, 41, 52–61, doi:10.1016/j.scs.2018.05.006. 

2. Huang, L.; Yan, L.; Wu, J. Assessing urban sustainability of Chinese megacities: 35 years after the economic 
reform and open-door policy. Landscape Urban Plan. 2016, 145, 57–70, doi:10.1016/j.landurbplan.2015.09.005. 

3. Lin, G.; Fu, J.; Jiang, D.; Hu, W.; Dong, D.; Huang, Y.; Zhao, M. Spatio-temporal variation of PM2.5 
concentrations and their relationship with geographic and socioeconomic factors in China. Int. J. Environ. 
Res. Public Health 2014, 11, 173–186, doi:10.3390/ijerph110100173. 

4. Ministry of Ecology and Environment of China. China Ecological Environment Bulletin. Available online: 
http://www.mee.gov.cn/hjzl/sthjzk/zghjzkgb/ (accessed on 12 December 2019). 

5. Zhang, K.; Wen, Z. Review and challenges of policies of environmental protection and sustainable 
development in China. J. Environ. Manag. 2008, 88, 1249–1261, doi:10.1016/j.jenvman.2007.06.019. 

6. Cohen, A.; McCarthy, J. Reviewing rescaling: Strengthening the case for environmental considerations. 
Prog. Hum. Geogr. 2015, 39, 3–25, doi:10.1177/0309132514521483. 

7. Ciplet, D.; Roberts, J.T. Climate change and the transition to neoliberal environmental governance. Glob. 
Environ. Chang. 2017, 46, 148–156, doi:10.1016/j.gloenvcha.2017.09.003. 

8. Pow, C.P.; Neo, H. Modelling green urbanism in China. Area 2015, 47, 132–140, doi:10.1111/area.12128. 
9. Kostka, G.; Zhang, C. Tightening the grip: Environmental governance under Xi Jinping. Environ. Politics 

2018, 27, 769–781, doi:10.1080/09644016.2018.1491116. 
10. Xue, D.; Huang, G.; Guan, J.; Lin, J. Changing concepts of city and urban planning practices in Guangzhou 

(1949–2010): An approach to sustainable urban development. Chin. Geogr. Sci. 2014, 24, 607–619, 
doi:10.1007/s11769-014-0711-4. 

11. Westman, L.; Broto, V.C. Climate governance through partnerships: A study of 150 urban initiatives in 
China. Glob. Environ. Chang. 2018, 50, 212–221, doi:10.1016/j.gloenvcha.2018.04.008. 

Figure A1. Flowchart of the Methodological Strategy.

References

1. Sun, C.; Tong, Y.; Zou, W. The evolution and a temporal-spatial difference analysis of green development in
China. Sustain. Cities Soc. 2018, 41, 52–61. [CrossRef]

2. Huang, L.; Yan, L.; Wu, J. Assessing urban sustainability of Chinese megacities: 35 years after the economic
reform and open-door policy. Landscape Urban Plan. 2016, 145, 57–70. [CrossRef]

3. Lin, G.; Fu, J.; Jiang, D.; Hu, W.; Dong, D.; Huang, Y.; Zhao, M. Spatio-temporal variation of PM2.5
concentrations and their relationship with geographic and socioeconomic factors in China. Int. J. Environ.
Res. Public Health 2014, 11, 173–186. [CrossRef] [PubMed]

4. Ministry of Ecology and Environment of China. China Ecological Environment Bulletin. Available online:
http://www.mee.gov.cn/hjzl/sthjzk/zghjzkgb/ (accessed on 12 December 2019).

5. Zhang, K.; Wen, Z. Review and challenges of policies of environmental protection and sustainable
development in China. J. Environ. Manag. 2008, 88, 1249–1261. [CrossRef]

6. Cohen, A.; McCarthy, J. Reviewing rescaling: Strengthening the case for environmental considerations.
Prog. Hum. Geogr. 2015, 39, 3–25. [CrossRef]

7. Ciplet, D.; Roberts, J.T. Climate change and the transition to neoliberal environmental governance.
Glob. Environ. Chang. 2017, 46, 148–156. [CrossRef]

8. Pow, C.P.; Neo, H. Modelling green urbanism in China. Area 2015, 47, 132–140. [CrossRef]
9. Kostka, G.; Zhang, C. Tightening the grip: Environmental governance under Xi Jinping. Environ. Politics

2018, 27, 769–781. [CrossRef]
10. Xue, D.; Huang, G.; Guan, J.; Lin, J. Changing concepts of city and urban planning practices in Guangzhou

(1949–2010): An approach to sustainable urban development. Chin. Geogr. Sci. 2014, 24, 607–619. [CrossRef]
11. Westman, L.; Broto, V.C. Climate governance through partnerships: A study of 150 urban initiatives in China.

Glob. Environ. Chang. 2018, 50, 212–221. [CrossRef]

http://dx.doi.org/10.1016/j.scs.2018.05.006
http://dx.doi.org/10.1016/j.landurbplan.2015.09.005
http://dx.doi.org/10.3390/ijerph110100173
http://www.ncbi.nlm.nih.gov/pubmed/24362546
http://www.mee.gov.cn/hjzl/sthjzk/zghjzkgb/
http://dx.doi.org/10.1016/j.jenvman.2007.06.019
http://dx.doi.org/10.1177/0309132514521483
http://dx.doi.org/10.1016/j.gloenvcha.2017.09.003
http://dx.doi.org/10.1111/area.12128
http://dx.doi.org/10.1080/09644016.2018.1491116
http://dx.doi.org/10.1007/s11769-014-0711-4
http://dx.doi.org/10.1016/j.gloenvcha.2018.04.008


Int. J. Environ. Res. Public Health 2020, 17, 3573 16 of 17

12. Zhang, D.; Fan, F.; Park, D.S. Network analysis of actors and policy keywords for sustainable environmental
governance: Focusing on Chinese environmental policy. Sustainability 2019, 11, 4068. [CrossRef]

13. Amin, A. Globalisation and regional development: A relational perspective. Compet. Chang. 1998, 3, 145–165.
[CrossRef]

14. Crescenzi, R.; Iammarino, S. Global investments and regional development trajectories: The missing links.
Reg. Stud. 2017, 51, 97–115. [CrossRef]

15. Alfasi, N.; Fenster, T. Between the “global” and the “local”: On global locality and local globality. Urban
Geogr. 2009, 30, 543–566. [CrossRef]

16. Mao, X.; He, C. Product relatedness and export specialisation in China’s regions: A perspective of global-local
interactions. Camb. J. Reg. Econ. Soc. 2019, 12, 105–126. [CrossRef]

17. Zaidi, S.; Saidi, K. Environmental pollution, health expenditure and economic growth in the Sub-Saharan
Africa countries: Panel ARDL approach. Sustain. Cities Soc. 2018, 41, 833–840. [CrossRef]

18. Chen, Q.; Taylor, D. Economic development and pollution emissions in Singapore: Evidence in support of
the Environmental Kuznets Curve hypothesis and its implications for regional sustainability. J. Clean. Prod.
2020, 243, 118637. [CrossRef]

19. Cao, K.; Zhang, W.; Liu, S.; Huang, B.; Huang, W. Pareto law-based regional inequality analysis of PM2.5 air
pollution and economic development in China. J. Environ. Manag. 2019, 252, 109635. [CrossRef] [PubMed]

20. Zhang, X.; Geng, Y.; Shao, S.; Song, X.; Fan, M.; Yang, L.; Song, J. Decoupling PM2.5 emissions and economic
growth in China over 1998–2016: A regional investment perspective. Sci. Total Environ. 2020, 714, 136841.
[CrossRef]

21. Doytch, N.; Uctum, M. Globalization and the environmental impact of sectoral FDI. Econ. Syst. 2016, 40,
582–594. [CrossRef]

22. Cheng, Z.; Li, L.; Liu, J. The impact of foreign direct investment on urban PM2.5 pollution in China. J. Environ.
Manag. 2020, 265, 110532. [CrossRef] [PubMed]

23. UN Environment. Global Environment Outlook–GEO-6: Healthy Planet, Healthy People; Cambridge University
Press: Cambridge, UK, 2019; ISBN 9781108707664.

24. Morrison, T.H. Developing a regional governance index: The institutional potential of rural regions. J. Rural
Stud. 2014, 35, 101–111. [CrossRef]

25. Willi, Y.; Pütz, M.; Müller, M. Towards a versatile and multidimensional framework to analyse regional
governance. Environ. Plan. C 2018, 36, 775–795. [CrossRef]

26. Glasgow, D.; Zhao, S. Has the clean air interstate rule fulfilled its mission? An assessment of federal
rule-making in preventing regional spillover pollution. Rev. Policy Res. 2017, 34, 186–207. [CrossRef]

27. Peng, B.; Li, Y.; Wei, G.; Elahi, E. Temporal and spatial differentiations in environmental governance. Int. J.
Environ. Res. Public Health 2018, 15, 2242. [CrossRef]

28. Cale, T.M.; Reams, M.A. Influences on adoption of greenhouse gas reduction targets among US States,
1998–2008. Open J. Political Sci. 2013, 3, 39–43. [CrossRef]

29. Chow, J.K.F.; Kennedy, K.J. Citizenship and governance in the Asian region: Insights from the international
civic and citizenship education study. Public Organ. Rev. 2012, 12, 299–311. [CrossRef]

30. Duan, X.; Dai, S.; Yang, R.; Duan, Z.; Tang, Y. Environmental collaborative governance degree of government,
corporation, and public. Sustainability 2020, 12, 1138. [CrossRef]

31. Tang, S.; Wang, Z.; Yang, G.; Tang, W. What are the implications of globalization on sustainability?—A
comprehensive study. Sustainability 2020, 12, 3411. [CrossRef]

32. Ezcurra, R. Is there a link between globalization and governance? Environ. Plan. C 2012, 30, 848–870.
[CrossRef]

33. Kurniawan, T.A.; Oliveira, J.P.D.; Premakumara, D.G.J.; Nagaishi, M. City-to-city level cooperation for
generating urban co-benefits: The case of technological cooperation in the waste sector between Surabaya
(Indonesia) and Kitakyushu (Japan). J. Clean. Prod. 2013, 58, 43–50. [CrossRef]

34. Yang, J.; Tan, Y.; Xue, D. The impacts of globalization on city environments in developing countries: A case
study of 21 cities in Guangdong Province, China. J. Clean. Prod. 2019, 240, 118273. [CrossRef]

35. Liao, F.H.F.; Wei, Y.D. Dynamics, space, and regional inequality in provincial China: A case study of
Guangdong province. Appl. Geogr. 2012, 35, 71–83. [CrossRef]

http://dx.doi.org/10.3390/su11154068
http://dx.doi.org/10.1177/102452949800300106
http://dx.doi.org/10.1080/00343404.2016.1262016
http://dx.doi.org/10.2747/0272-3638.30.5.543
http://dx.doi.org/10.1093/cjres/rsy031
http://dx.doi.org/10.1016/j.scs.2018.04.034
http://dx.doi.org/10.1016/j.jclepro.2019.118637
http://dx.doi.org/10.1016/j.jenvman.2019.109635
http://www.ncbi.nlm.nih.gov/pubmed/31610446
http://dx.doi.org/10.1016/j.scitotenv.2020.136841
http://dx.doi.org/10.1016/j.ecosys.2016.02.005
http://dx.doi.org/10.1016/j.jenvman.2020.110532
http://www.ncbi.nlm.nih.gov/pubmed/32292171
http://dx.doi.org/10.1016/j.jrurstud.2014.04.004
http://dx.doi.org/10.1177/2399654418760859
http://dx.doi.org/10.1111/ropr.12225
http://dx.doi.org/10.3390/ijerph15102242
http://dx.doi.org/10.4236/ojps.2013.31006
http://dx.doi.org/10.1007/s11115-012-0189-4
http://dx.doi.org/10.3390/su12031138
http://dx.doi.org/10.3390/su12083411
http://dx.doi.org/10.1068/c11234r
http://dx.doi.org/10.1016/j.jclepro.2013.08.002
http://dx.doi.org/10.1016/j.jclepro.2019.118273
http://dx.doi.org/10.1016/j.apgeog.2012.05.003


Int. J. Environ. Res. Public Health 2020, 17, 3573 17 of 17

36. Wang, C.; Wang, F.; Zhang, X.; Deng, H. Analysis of influence mechanism of energy-related carbon emissions
in Guangdong: Evidence from regional China based on the input-output and structural decomposition
analysis. Environ. Sci. Pollut. Res. 2017, 24, 1–14. [CrossRef]

37. Rock, M.T.; Angel, D.P. Grow first, clean up later?: Industrial transformation in East Asia. Environ. Sci. Policy
Sustain. Dev. 2007, 49, 8–19. [CrossRef]

38. Deng, J.; Zhang, N.; Ahmad, F.; Draz, U.M. Local government competition, environmental regulation
intensity and regional innovation performance: An empirical investigation of Chinese Provinces. Int. J.
Environ. Res. Public Health 2019, 16, 2130. [CrossRef]

39. Liu, J.; Xie, J. Environmental regulation, technological innovation, and export competitiveness: An empirical
study based on China’s manufacturing industry. Int. J. Environ. Res. Public Health 2020, 17, 1427. [CrossRef]

40. Huang, Z.; He, C.; Yang, F.; Zhou, Y. Environmental regulation, geographic location and growth of firms’
productivity in China. Acta Geogr. Sin. 2015, 70, 1581–1591. (In Chinese) [CrossRef]

41. Shen, J.; Wei, Y.D.; Yang, Z. The impact of environmental regulations on the location of pollution-intensive
industries in China. J. Clean. Prod. 2017, 148, 785–794. [CrossRef]

42. Wang, J.; Zhang, T.; Fu, B. A measure of spatial stratified heterogeneity. Ecol. Indic. 2016, 67, 250–256.
[CrossRef]

43. Yitzhaki, S. Relative deprivation and the Gini coefficient. Q. J. Econ. 1979, 93, 321–324. [CrossRef]
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