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Abstract: Air pollution in China has become a matter of increasing public concern. In this paper,
we attempted to build a theoretical model to explore the impact of the dynamics of agglomeration
externalities on haze pollution in urban China, where agglomeration is differentiated by regional
specialization and geographical concentration. Based on China’s panel data for 289 cities during the
period of 1998–2018, the empirical result shows that the relationship between industrial agglomeration
and urban haze pollution is not simply linear or of an inversed U-type but turns out to be dynamically
N-shaped. To be specific, the increase in local haze pollution can be explained by agglomeration
externalities in the beginning stage, whereas the reducing effect only occurs during the mature stage.
The heterogeneity test indicated that the effect of the type of agglomeration on haze pollution seems
to be mixed in different groups of cities, but is still consistent with the hypothesis of the dynamic
change of agglomeration externalities. The results are found to be quite robust and consistent after
replacing variables and using other regression methods. This paper provides answers to the question
of how to coordinate the relationship between developing industry parks and air pollution in terms
of the life cycle of agglomeration as well as the types of city.

Keywords: industrial agglomeration; haze pollution; life cycle; urban China

1. Introduction

Since the beginning of the reform and opening-up policy in 1978, the Chinese economy
has experienced a transformation from a centrally planned market to a fully fledged market,
which led to the phenomenon of more enterprises becoming concentrated in some areas,
such as the Yangtze River Delta and Pearl River Delta. In the process of industrialization
and urbanization, China’s local governments—whether in eastern, central or western
regions—have adopted a strategy of industry clustering to promote regional economic
growth [1–3]. Agglomeration serves as a powerful engine for productivity growth and
economic development, but it also causes numerous pollutants such as water pollution,
soil pollution, and air pollution [4,5]. According to the statistics from the Ministry of
Ecology and Environment [6], 180 cities of the 337 prefecture-level cities in China cannot
meet national air quality standards, indicating that people in 180 cities are exposed to air
pollution. Among the numerous air pollutants, fine particular matter (PM2.5) pollution is
particularly prominent. It is clear that the concentration of PM2.5 can not only increase the
formation of fog and haze weather, but also increase the risk of morbidity and mortality
for residents [7–10]. In this context, the question of how to reduce PM2.5 pollution has
become of increasing public concern as industrialization and urbanization develop rapidly
in China, where the economy is experiencing the transition from high speed growth to high
quality development.

There are two classic hypotheses on environmental economics in the literature. The
first one is environmental Kuznets curve (EKC) hypothesis [11], and the second is the
Pollution Haven Hypothesis (PHH) [12,13]. The EKC states that environment quality
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worsens at the early stage of economic development, but as regional income per capita
reaches a certain level, economic growth is beneficial to the improvement of the regional
environment. The PHH shows that the high-pollution firms or plants in developed coun-
tries are more likely to move into and cluster in developing countries. There are a plenty of
studies focusing on the effect of economic activities on environmental pollution [14–16],
but a consensus has not yet been reached. For example, Han et al. (2018) find that the
relationship between economic growth and carbon dioxide emissions follows the EKC
hypothesis [17], but the same relationship is proven to be N-shaped rather than inverted
U-shaped by Kang et al. [18]. With regard to the PHH theory, Lin (2017) and Chen (2021)
find strong evidence in favor of supporting the existence of pollution haven phenomenon
in China [16,19]. However, other scholars suggest that the hypothesis of pollution haven
cannot be fully supported in either developing or developed countries, such as the United
States, Japan and China [14,20]. Despite different viewpoints, it is still believed that local
environmental pollution is significantly associated with industrialization and urbanization.

In recent years, the relationship between agglomeration externalities and environment
pollution has been drawn widely discussed. The idea of the relationship between agglom-
eration economies and air pollution remains polarized in terms of both advantages and
disadvantages in the literature. The first view is that the development of agglomeration
has a positive effect on environmental pollution. This is due to the fact that local environ-
mental regulation are quite incomplete and ill-defined, and the expansion of industrial
agglomeration requires more resource consumption [21]. For example, Virkanen (1998)
confirms that industrial agglomeration leads to a large amount of air and water pollution
in southern Finland [22], while Liu et al. (2018) believe that manufacturing agglomeration
significantly aggravates air pollution in China [23]. The second view argues that industrial
agglomeration has a pollution reduction effect. Some scholars find that industrial agglom-
eration can promote economic growth and reduce regional pollution discharge per unit
of economic output [24,25], while others verify that local manufacturing agglomeration is
not only assists in decreasing smog pollution in local cities and in neighboring cities [26].
The idea supporting the positive externalities of agglomeration can be summarized as the
scale effect, cleaner innovation effect and pollution controlling mechanism. The third view
is that the linkage between industrial agglomeration and pollution is non-linear due to
the type of cities or regions, as well as the type of industries. For example, some research
shows that the relationship between industrial agglomeration and environment pollution is
inversely U-shaped under the background of China’s New Urbanization [27], while others
suggest that the effect of industrial agglomeration on the ecological environment depends
the type of regions [28].

The above studies indicate that there is no general agreement of whether industrial ag-
glomeration has a positive, negative, or U-shaped relationship with environment pollution.
In recent years, some scholars have attempted to explore the complexity and uncertainty of
the agglomeration externalities in different contexts. Some of them argue that the effect of
agglomeration on environmental pollution is unclear and depends on the type of agglom-
eration, i.e., specialization, diversification, or urbanization. For example, Fang et al. (2020)
find that the diversified agglomeration is beneficial for the improvement of green econ-
omy efficiency, yet specialized agglomeration was found to have an opposite effect [26].
With regard to a different type of agglomeration externality, i.e., urbanization, Glaeser
and Kahn (2010) find that high-density cities in the US are conducive to the emission of
urban pollutants due to the decrease in private car use [29]. The evidence from Clark
et al. (2011) shows that urban population density and population centrality relate to air
pollution concentrations conversely [30]. It has been found that population density is
positively associated with urban PM2.5 concentrations, while urban population centrality
is associated with lower PM2.5 concentrations. Other studies claim that the impact of the
type of agglomeration on pollution is more complex. For example, Pei et al. (2021) hold the
idea that the environmental effect that is probably generated by different types of agglom-
eration, depends on the type of industries [31]. The specialization of labor-intensive and
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technology-intensive industries is more likely to hinder environment pollution, while the
adoption of diversified agglomeration in capital-intensive and resource-intensive industries
can reduce environment pollution.

The current research on the relationship between industrial agglomeration and envi-
ronment pollution has achieved plentiful results, but it still suffers from two shortcomings.
On the one hand, the evolutionary agglomeration theory suggests that the effects of ag-
glomeration externalities vary over time, but it still remain under-explored in the context of
environmental externalities. This is probably why the impact of agglomeration economies
on environmental pollution is disputed in the existing literature. As a matter of fact, differ-
ent developing stages of agglomeration would present a distinct effect on environment. On
the other hand, prior studies do not pay a sufficient attention to the heterogeneity of ag-
glomeration externalities. Some studies characterize the difference between specialization
and diversity as exploring the environment externalities, but, to the best of our knowledge,
few studies apply the dichotomy of geographic concentration (i.e., agglomeration based
on geography proximity) and regional specialization (i.e., agglomeration based regional
competitive industry), which is widely used in the literature [32,33].

In this article, we attempt to address the above mentioned research gaps and make
new contributions to the literature by focusing on two questions. The first is whether
agglomeration externalities differentiated between regional specialization and spatial con-
centration can produce different effects on urban haze pollution. The second is the way
that environmental externalities generated by the type of agglomeration occur, in terms
of the theory of the life cycle of agglomeration. To answer these questions, we establish
an empirical model incorporating spatial factors based on China’s 289 prefecture-level
cities during the period of 1998–2018. The result shows that there is an N-shaped charac-
teristic of agglomeration economies, thereby impacting on haze pollution. To be specific,
agglomeration externalities—whether in the growth or decline stage—presents a significant
aggravating effect on urban haze pollution, while, in the mature stage, the development of
agglomeration can significantly improve air quality.

This paper contributes to the existing literature in relation to two aspects. First, as
far as we know, it is the first attempt that simultaneously explores the heterogeneity and
periodic change of agglomeration externalities. The empirical results, in this paper, are
useful for explaining the as of yet unsolved issue in the existing literature with regard
to whether industrial concentration or urbanization presents a nonlinear effect on local
environmental pollution. Second, given that the linkage between industrial agglomeration
and haze pollution is dynamically N-shaped, different types of agglomeration strategies
are provided for policy makers concerning the question of how to decrease haze pollution
in urban China over time. The remainder of the paper is organized as follows: Section 2
provides the theoretical framework and hypotheses. Section 3 describes the methodology
and data. Section 4 shows the results and discussions, and Section 5 presents the results of
a robust test. The final section concludes the study and offers policy implications.

2. Theory and Hypothesis
2.1. The Type of Agglomeration Externalities

The literature commonly distinguishes between regional specialization and geographic
concentration with regard to agglomeration. The concept of specialization concerns the
location of well-defined industries with a homogenous input structure in a region, while
geographical concentration is defined as a group of business activities concentrated in a
particular area [33,34]. As depicted in Figure 1, the first type of industry in a region is
specialized in both Type I and Type II agglomeration, but they present different character-
istics. The former is concentrated toward a particular point or around an area, whereas
the latter is spatially dispersed. There are also two types of geographic concentration, i.e.,
specialization agglomeration (Type III) and diversification agglomeration (Type IV). Type
III agglomeration is the same as Type I, as some industries in a region are both specialized
and spatially concentrated. Type IV agglomeration means that many related or unrelated,
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and local advantaged or disadvantaged industries are clustered in an area. It is suggested
that the greater specialization in a region of some advantaged industries does not neces-
sarily result in a higher degree of geographical concentration [33]. In fact, an increase in
specialization of type II (see Figure 1) results in a reduction in the spatial concentration
level. For example, many members of the European Union, such as Belgium, Denmark,
Greece, Austria, and Portugal, experienced an increase in specialization but decrease of
concentration in the 1990s [35].
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In our framework, the model of regional specialization development probably has an
overlapping effect with geographic concentration, such as type I and type III agglomeration
(see Figure 1). In this sense, the concepts of specialization and concentration can be
used to explain the way agglomeration externalities occur [34,36,37]. However, the most
pronounced difference is that specialization agglomeration pays more attention to how to
develop a comparative advantage sub-industry in a region using the convergence strategy
or decentralized strategy, while spatial concentration focuses on how to use spatial or
geographical proximity to boost regional economic development using the specialized
agglomeration or diversified agglomeration strategy. In short, the specialization mechanism
is based on local comparative industry, while the concentration mechanism is based on
geographical advantage. Therefore, the meaning of specialization and concentration should
not be simply treated as being different sides of the same coin [33].

Despite the differences in opinion on the agglomeration mechanism, there is a general
consensus in the literature that an industrial agglomeration zone or park is an important
factor in explaining why local environment quality is different across regions [22,26,30]. In
our study, the type of agglomeration mechanism is expected to have a nonlinear relationship
with local haze pollution over time.

2.2. The Life Cycle of Agglomeration

The theory of the industry life cycle suggests that industries evolve according to
the trajectory of birth, growth, maturity and decline. Many scholars use the theory of the
industry life cycle to explain how the industrial clusters, cities, as well as regions evolve over
time. For example, Martin and Sunley (2011) draw on the ‘adaptive cycle’ model to explore
cluster evolution [38]. They suggest that cluster evolution is considered as an adaptive
process of micro-behaviours, the agency and individuals, and firms and experiences in
five stages, i.e., emergence, growth, maturation, decline, and eventual replacement by
new cluster. Moreover, agglomeration is classified into three phases by Hayter and Edenh
offer (2016), i.e., firms concentrated in the core, dispersal to the periphery and closure [39].
Similarly, Kim and Park (2015) suggest that industrial agglomeration mainly experiences
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three stages, i.e., birth, growth and maturity [40]. The classifications listed above are all
generally in line with the evolutionary agglomeration theory. Based on the framework of
Evolutionary Economic Geography and Potter and Watts’s research [41], we suggest that
agglomeration experiences three basic stages of development, i.e., the birth and growth
stage, mature stage, and decline stage.

2.3. Theoretical Hypothesis

It is suggested that agglomeration in different stages of development presents different
spatial spillover effects in terms of resource allocation efficiency, R&D efficiency, competi-
tion and cooperation efficiency, and public facilities construction [41,42] In this paper, the
type of agglomeration externalities is assumed to have a nonlinearly N-shaped impact on
air pollution based on the theory of the life cycle. We draw a picture to further discuss
the periodic change of agglomeration externalities impacting on environmental pollution
(see Figure 2).
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During the birth and growth stage, the effect imparted by centralization outweighs the
decentralization effect, and the pattern of agglomeration is similar to type I agglomeration
(see Figure 1). Enterprises can obtain increasing returns of agglomeration economies in this
stage due to supply chain relevance or geographical proximity, such as decreased costs,
tacit knowledge transferring, network connectivity, and so on. However, in the emerging
and growth stage, local infrastructure and the environmental regulation mechanism are
highly underdeveloped, leading to local resource allocation and utilization efficiency that
are far from the optimal state. At the same time, firms clustering in an area result in high
energy consumption, and an increase in carbon emissions, hence, worsening the urban
environment [43,44]. Consequently, agglomeration in the early stage is expected to have a
positive effect on environment pollution.

During the mature period, a number of mechanism changes occur. On the one hand,
the knowledge among cluster’s firms becomes codified, standardized, and transferable
across regions with low transaction costs [45]. Enterprises in the agglomeration zone can
maintain knowledge and technology spillovers from local leading firms. By having a large
number of skilled workers and innovative firms in the mature stage of agglomeration, the
surrounding cluster area benefits from a significant increase of technology innovation and
productivity. The increase in labour productivity is helpful for industrial energy efficiency
improvement and further reduces carbon emission [46]. On the other hand, during the
mature stage of agglomeration, regional infrastructure and the environmental protection
mechanism are both improved, and more and more cleaner production technological
innovation emerges, which is spread across regions. As a result, both the efficiency of
resource allocation and the scale of agglomeration generally achieve the optimal state.
As Cai et al. suggest [47], an initial cluster area dominated by capital-intensive and
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heavy industry is more likely to develop green technology due to an increasingly mature
environmental protection mechanism in China. In this case, the agglomeration externalities
evolving into the mature stage are expected to play a beneficial role in pollution reduction.

When agglomeration enters into the stage of decline, the congestion effect outweighs
the agglomeration effect and causes a number of negative externalities, such as greater land
rents, higher energy consumption and carbon emission. During this stage, firms within
the agglomeration zone experience decreasing returns of agglomeration economies on the
one hand but continue experiencing increasing returns from dispersion economies on the
other [41]. In this sense, agglomeration is similar to the form of type II specialization, as
depicted in Figure 2, or the form of decentralization with a variety industries. The excessive
concentration of firms or people in a region can produce a crowding effect, leading to
transaction cost raising, a decrease in energy efficiency, and intensive competition [48].
Particularly, excessive competition can result in a situation in which the local market
becomes monopolized by a few large and leading firms, which is proven to be unfavorable
for new business formation and for survival in or near the cluster [41]. In addition, in the
decline stage of agglomeration, regional technology innovation incorporating green and
recycling technology can become locked in the un-development level and the efficiency of
resource relocation likely returns to the initial stage. As a consequence, the agglomeration in
the decline stage dominated by the congestion effect is expected to generate a deteriorating
effect on the environment.

In general, the idea of whether agglomeration externalities are considered to lead to
the “pollution heaven” or to pollution reduction depends on the life cycle of agglomeration
development. In this paper, we use haze pollution as the pollutant indicator to capture
the environmental externalities that are probably caused by agglomeration economies.
The development of agglomeration, whether of regional specialization or concentration, is
expected to have a N-shaped effect on regional haze pollution over time.

3. Methodology
3.1. Empirical Model

Based on the STIRPAT model (Stochastic Impacts by Regression on Population, Afflu-
ence, and Technology) created by Dietz and Rosa [49], we developed a more general model
to capture the effect of agglomeration externalities on haze pollution. The benchmark
model is defined as:

Hazeit = α× Aggδ
it × Pθ

it × Aτ
it × Tφ

it × υit (1)

where i and t denote the index of city and year, respectively. Hazeit, the dependent variable,
denotes haze pollution; Aggit, the independent variable, represents agglomeration externali-
ties which is distinguished between regional specialization and geographic concentration in
the estimation; Pit, Ait, and Tit represents the number of population, the degree of affluence
and technology innovation, respectively in city i and period t. α is the constant term, while
εit is the stochastic error term. When Equation (1) is transformed into linear logarithmic
form, the model can be derived as:

Ln Hazeit = α1 + δ LnAggit + βLnXit + µi + ηt + εit (2)

where α1 is the constant term, µi is the city-specific fixed effect, ηt is the time-specific fixed
effect. In order to investigate spatial spillover effects, we mainly use the spatial Durbin
Model (SDM) to estimate the environmental externalities of agglomeration because haze
pollution in a region may have spatial correlation with other regions. Moreover, in order
to capture the dynamics of agglomeration, the items of Agg2 and Agg3 are added into
Equation (2). Therefore, the final econometric model can be expressed as:
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Ln Hazeit = α1 + ∂1Ln Hazei,t−1 + ρ1
n
∑

j=1
Wij LnHazejt + δ1Ln Aggit + ρ2

n
∑

j=1
WijLn Aggjt

+δ2Ln(Aggit)
2 + δ3Ln(Aggit)

3 + βLnXit + µi + ηt + εit

(3)

where Wij represents a spatial weight matrix. Following traditional procedure in the lit-
erature (Fan and Xu., 2020; Fang et al., 2020; Li et al., 2021), we mainly use the standard
binary geographical neighboring weight to conduct regressions. If two places are adja-
cent, the value of Wij is equal to 1, otherwise it is equal to 0. Furthermore, ∑WijLnHazejt
denotes the spatial correlation among the dependent variables (i.e., haze pollution) of each
region. ∑WijLnAggjt represents the spatial correlation among the independent variables
(i.e., agglomeration externalities) of each region. Additionally, ρ1 represents the coefficient
of spatial spillover effect of haze pollution, when ρ1 ≥ 0, it indicates that there is a positive
spatial correlation. Similarly, ρ2 denotes the spatial correlation coefficient of industrial
agglomeration. δ1 represents the coefficient of industrial agglomeration on haze pollution.
If δ1 ≥ 0, δ2 ≤ 0, δ3 ≥ 0, there exists an N-shaped relationship between agglomeration
economies and haze pollution. If δ1 ≤ 0, δ2 ≥ 0, δ3 ≤ 0, there is an inverted N-shaped rela-
tionship between agglomeration economies and haze pollution. If δ1 = 0, δ2 ≤ 0, δ3 ≥ 0, the
relationship presents an inverted U-shaped characteristic. If δ1 = 0, δ2 = 0, δ3 6= 0, industrial
agglomeration is positively or negatively correlated with haze pollution. X denotes a series
of controlling factors, including the degree of affluence, industrial structure, urban green
infrastructure, foreign direct investment, technology innovation, and fiscal decentralization.
Lastly, β denotes the coefficients of the controls impacting on haze pollution.

3.2. Variables
3.2.1. Dependent Variable

The dependent variable, i.e., haze pollution, is measured using the value of PM2.5
concentration in the air. At present, scholars most often use carbon dioxide (CO2), sulfur
dioxide, or API (air pollution index) as air pollutant indicators. The reason as to why we
selected the index of PM2.5 concentration to measure the degree of local air pollution is
that PM2.5 is more harmful for people’s health. Moreover, more than half of cities in China
have a PM2.5 concentration level that does not satisfy the recommended standard of the
World Health Organization. In order to obtain a more consistent result, the CO2 emission
degree of both per square kilometer and per capita are also used as the substitute variables
of the index of PM2.5 concentration.

3.2.2. Independent Variables

Drawing on the discussion above, we use regional specialization and geographic con-
centration as two independent variables in the paper. Following the previous studies [50,51],
we use the location quotient (LQ) index to measure the specialization agglomeration. Re-
gional specialization agglomeration in the context of manufacturing is defined as:

Regional specialization =
Manu f acturing outputi/Manu f acturing output

City outputi/City outputChina
(4)

where i represents city; Manufacturing outputi is the output of manufacturing in city i;
Manufacturing output represents national manufacturing output; City outputi denotes the
GDP level in city i; City outputChina denotes the total GDP in China. The LQ indicator
outlined in Equation (4) can represent the specialization agglomeration. We also use the
local specialization level in the secondary industry to represent specialized agglomeration
for robust tests.

We use labour density as a measurement of geographical concentration, which is
common in the literature [32,52]. The geographical concentration of manufacturing is
defined as:
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Geographic concentration =
Manu f acturing employmenti

City areai
(5)

where manufacturing employmenti denotes employment in manufacturing at the city level;
city area i denotes the land area in city i. This indicator is depicted in Equation (5), and
can be used to calculate the level of manufacturing employment per unit land area, de-
noting the degree of spatial concentration of manufacturing. In the process of our ro-
bust analysis, we also applied the population density as another measure of geographic
concentration externalities.

3.2.3. Control Variables

In accordance with previous studies [9,53–55], we controlled several potential factors
as shown in Equation (3), i.e., the degree of affluence (GDP), industrial structure (Indus),
urban green infrastructure (Green), foreign direct investment (FDI), technology innovation
(Tec), and fiscal decentralization (Dec).

Following the EKC hypothesis, the degree of local affluence and industrial structure
are considered to be two important factors impacting on environment pollution. We used
GDP per capita to measure the degree of affluence, while the control of industrial struc-
ture was measured by the ratio of output value of tertiary industry to secondary industry.
Moreover, the PHH theory postulates that regional foreign investment is expected to be
an important mechanism to explain local environment pollution. In the paper, the control
of FDI is measured by foreign investment per capita in the current year. According to the
STIRPAT model, it is not appropriate to systematically detect the impact of agglomeration
economies on pollution without considering the effect caused by technology innovation.
In this case, we use R&D expenditure per capita to measure the control variable of tech-
nology innovation. Urban green infrastructure, in general, and urban forests and trees in
particular, are widely expected to improve air quality by removing gaseous air pollutants
and particulate matter [56]. In the regression, we use the urban green coverage rate of
the built-up area to measure the degree of urban green infrastructure. Lastly, we control
fiscal decentralization in the regression model. Fiscal decentralization is expected to act
as a proxy measurement to represent local governments’ competition, including taxation
competition and investment competition. We applied the share of local government fiscal
revenue in total revenue to measure the level of fiscal decentralization.

3.3. Data

The raster data of PM2.5 was obtained from the Social Economic Data and Application
Center (SEDAC) of Columbia University. Furthermore, we used the Arc GIS software to
parse the raster data into the specific annual average PM2.5 concentration of 289 cities at the
prefecture level in China. The unit used for the PM2.5 concentration index is µg/m3. The
CO2 emission, population, manufacturing output and employment, secondary industry
output, administrative land area, green coverage rate, foreign investment, R&D expenditure,
the output value of both tertiary and secondary industry, as well as government fiscal
revenue at the city level were all obtained from the China City Statistical Yearbook (1999–2020).
The sample includes Chinese urban panel data for 289 cities during the period from 1998 to
2019. The reason that we selected 1998 as the starting year is that the data of PM2.5 before
1998 at the city level in China are quite difficult to obtain. Notably, the missing data in our
sample were converted by moving average method. Table 1 shows descriptive statistics for
all variables applied in our empirical research.
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Table 1. Descriptive analysis of the variables (1998–2019).

Variables Definition Mean Max Min Std. Dev. Obs.

Haze PM2.5 concentration (µg/m3) 33.26 90.86 2.02 15.77 6358

Agg1 Manufacturing employment density
(People per square kilometer) 1622.40 134,715.90 1.76 4956.37 6358

Agg2 Population density
(People per square kilometer) 415.03 2310.56 4.70 310.85 6358

Agg3 LQ indicator of manufacturing 0.99 14.41 0.04 0.57 6358
Agg4 LQ indicator of secondary industry 0.92 18.81 0.01 0.81 6358
GDP GDP per capita (Yuan per capita) 32,978.90 329,095.90 965.86 37,478.71 6358

Indus The ratio of tertiary industry output
to secondary industry (%) 0.92 9.48 0.09 0.49 6358

Green Urban greening rate (%) 34.97 96.15 0.12 10.18 6358

FDI Foreign investment per capita
(Yuan per capita) 842.03 19,868.53 0.09 1720.57 6358

Tec R&D expenditure level
(Yuan per capita) 101.80 12,471.50 0.00 382.83 6358

Dec The share local government
fiscal revenue (%) 33.01 97.53 0.65 20.00 6358

Notes: The variables of Agg1 and Agg2 are together used to denote geographic agglomeration, while the variables
of Agg3 and Agg4 are together applied to denote specialization agglomeration.

3.4. Spatial Difference of Haze Pollution and Industrial Agglomeration

We selected the years of 1998, 2003, 2008, 2013, and 2019 as the time points to depict the
spatial distribution and the evolution of haze pollution at the city level. Figure 3 presents
the dynamic and spatial distribution of haze pollution from 1998 to 2019 across China.
As shown in Figure 3, the cities with the highest PM2.5 concentration in China, whether
during the year of 1998–2002, 2003–2007, 2008–2012, or 2013–2019 are mainly located in
the region of Beijing-Tianjin-Hebei, the Yangtze River Delta, and other provinces such as
Shandong and Henan, while the lowest levels of PM2.5 concentration are found in Tibet,
Heilongjiang, Inner Mongolia, Qinghai, Xingjiang, Gansu and other southwest provinces,
such as Yunnan and Guizhou. Most cities in Fujian and the Guangdong province were
also found to have a relatively low PM2.5 concentration. The spatial analysis indicates that
haze pollution is distributed spatially unevenly across China. Considering the dynamic
perspective, the results show that the number of the most polluted cities in China fluctuates
during the period of 1998–2019. The area of the worst air pollution trends to decrease from
1998 to 2007, while, during the period of 2008–2019, it increases once again.

In addition, the most polluted areas seem to have been more and more spatially con-
centrated during the period of 1998–2019. Figure 3 also shows that the PM2.5 concentration
in most cities of Sichuan, Hunan and Guangxi has dropped into the range of an acceptable
standard, whereas the cities in or near the regions of Beijing-Tianjin-Hebei and the Yangtze
River Delta still maintained a relatively higher level of PM2.5 concentration throughout
the past two decades. The spatial analysis implies that current policies on haze pollution
governance in a region are necessary to encourage cooperating with adjacent regions.

Additionally, we classify the samples of 289 cities as three groups in terms of the PM2.5
concentration index. If a city has a PM2.5 concentration of less than 35 µg/m3, it is defined
as having slight haze pollution. Moderate pollution is classified as a PM2.5 concentration
ranging from 35–55 µg/m3, while a city is classified as having heavy pollution if its PM2.5
concentration is more than 55 µg/m3. We calculated the number of cities in the three groups
of haze pollution during the period of 1998 to 2019 (see Figure 4). It shows that the number
of slight pollution cities has a decreasing trend, whereas the number of moderate and heavy
pollution cities has increased significantly in the past decades. In addition, it reveals that
there is a trade-off between the sight pollution and heavy pollution cites from 1998 to 2006,
as well as during the period from 2015 to 2019, indicating that the years of 2006 and 2015
may be the turning point of haze pollution in urban China. To be specific, air quality in
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most cities presents a declining tendency over the period of 1998–2006, while the scope of
moderate and heavy pollution seems to decrease significantly in the period from 2006 to
2016, indicating that urban haze pollution has been controlled and improved effectively in
these years. However, after the year of 2016, the scope of moderate and heavy pollution
cities seems to have expanded step by step, meaning that the air quality deteriorated again
since then.
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Figure 4. The number of cites by three groups of haze pollution in China.



Sustainability 2022, 14, 580 11 of 22

In order to further analyze the evolution of haze pollution across China, we estimated
the kernel density distribution of haze pollution to explore the dynamic change of haze
pollution (see Figure 5). In doing so, we found that the kernel density curve becomes steeper
over time, indicating that haze pollution decreases as a whole and becomes concentrated in
some areas. Such a concentration is shown to be reinforced gradually over time. Notably,
the peak of distribution experiences decrease during the period of 2000–2012 and increased
since 2012. In general, the kernel density distribution implies that China’s urban haze
pollution is characterized by a strongly dynamic change.
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Figure 6 presents the average value of regional specialization and geographical con-
centration across prefecture cities in China during the period of 1998–2018. It shows that
industrial agglomeration, whether specialization or concentration, is distributed unevenly
across China. At least a third of the sample cities in China have specialized manufacturing.
In addition, the map on the left shows that the cities that specialize in manufacturing are
not necessarily located in the coastal regions of China but are instead distributed in regional
key cities and other resource-driven cities. In terms of geographical concentration, the
map on the right shows that the distribution of manufacturing concentration basically
follows the state of “low in the west and high in the east”. The concentration agglomera-
tion measured by the employment manufacturing density in the coastal city is generally
higher than that in the inner cities. However, some of regional key cities still account for a
relatively high level of manufacturing concentration. For example, Chengdu, Chongqing,
and Taiyuan, which are all located in inner region and regional key cities, possess a high
level of manufacturing concentration. As a whole, the distribution of specialization and
concentration agglomerations is roughly coherent with the spatial distribution of PM2.5
concentration across China.
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In general, despite a slight increase in air quality over the past two decades, the most
polluted cities display clustering in some areas such as the provinces of Hebei and Henan,
as well as the Yangtze River Delta. By coincidence, the economic activities are quite active
in such areas and agglomeration economics presents a stronger comparative advantage
than other regions. Certainly, the industry structure in those polluted regions is mainly
driven by heavy industry, as well as resource and energy industries, such as coal mines, the
petrochemical industry, metallurgy and so on. Intuitionally, it can be observed that urban
haze pollution in China changes dynamically over time and is strongly associated with
specialization and concentration agglomeration.

4. Empirical Results
4.1. Spatial Correlation Analysis

The global Moran’s index generated by Moran (1950) is widely used to test the exis-
tence of the spatial correlation effect [57]. It can be defined as:

Moran′s I =

n
∑

i=1

n
∑
j 6=i

wij(xi − x)(xj − x)

s2
n
∑

i=1

n
∑
j 6=i

wij

(6)

where xi denotes the variable in city i, x represents the mean value of xi, wij represents the
spatial weight matrix, and n refers to the amount of cities. If the Moran’s index of haze
pollution is more than 0, it means that the spatial correlation of haze pollution is positive,
otherwise, the diffusion effect is supported. If the Moran’s index is equal to 0, it can be
concluded that the spatial correlation effect does not exist.

Table 2 reports the results of Moran’s index of haze pollution during the period of
1998–2018. It shows that all of Moran’s indexes over time are positive and significant at
the 1 percent level, suggesting that haze pollution in a city is spatially correlated with its
adjacent cities. Moreover, the value of Moran’s index was found to have increased steadily
during the past two decades. It implies that the spatial correlation of haze pollution among
different cities is strengthened over time.

Table 2. Moran’s I index of haze pollution during the period of 1998–2019.

Year Haze Pollution Z-Value Year Haze Pollution Z-Value

1998 0.484 *** 37.519 2009 0.592 *** 45.759
1999 0.484 *** 37.501 2010 0.662 *** 51.162
2000 0.577 *** 44.722 2011 0.641 *** 49.565
2001 0.589 *** 45.630 2012 0.611 *** 47.225
2002 0.596 *** 46.065 2013 0.681 *** 52.654
2003 0.692 *** 53.529 2014 0.630 *** 48.716
2004 0.557 *** 43.093 2015 0.669 *** 51.677
2005 0.600 *** 46.41 2016 0.704 *** 54.469
2006 0.606 *** 46.909 2017 0.545 *** 42.241
2007 0.706 *** 54.537 2018 0.582 *** 45.375
2008 0.615 *** 47.525 2019 0.743 *** 57.400

Notes: *** denotes statistical significance at the 1% level.

4.2. Baseline Estimation Results

Table 3 reports the empirical results of industrial agglomeration’s impact on haze
pollution. The dynamic spatial Dubin Model estimates show that the coefficients of Agg
and Agg3 are both positive and statically significant, while the coefficient of Agg2 is neg-
ative and significant at the 1% level (see column (3) and (6) in Table 3). In other words,
the coefficients of δ1 and δ3 are more than 0, while the coefficient of δ2 is less than 0 as
discussed in Section 2.1, indicating that the agglomeration externalities, when differenti-
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ating between regional specialization and geographical concentrations, has a significant
N-shaped relationship with haze pollution.

Table 3. Baseline estimation results.

Variables

Geographical Concentration Regional Specialization

FE SLM SDM FE SLM SDM

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

Agg3 0.04 ***
(2.57)

2.00 **
(1.91)

0.14 *
(1.45)

0.03 ***
(6.80)

0.35 **
(1.98)

0.07 **
(2.33)

Agg2 −0.46 *
(−1.81)

−38.44 ***
(−2.46)

−2.56 *
(−1.72)

−0.36 ***
(−7.15)

−5.13 **
(−2.03)

−0.98 **
(−2.35)

Agg 2.88 **
(2.61)

183.27 ***
(5.27)

26.74 ***
(7.69)

1.60 ***
(7.03)

23.02 **
(1.94)

5.28 ***
(2.70)

Constant 26.03 ***
(48.66)

−239.97 ***
(−22.39)

−318.17 ***
(−22.49)

1.66 ***
(4.86)

−15.00 **
(−2.01)

22.78 **
(1.97)

Controls Yes Yes Yes Yes Yes Yes

W×Haze — 0.24 ***
(1.3 × 105)

0.27 ***
(8.9 × 104) — 0.24 ***

(1.0 × 105)
0.27 ***

(7.9 × 104)

W×Agg — — 3.27 ***
(5.04) — — −0.21 ***

(−89.73)

R2/sigma2_e 0.13 −2.71 ***
(−103.37)

−2.67 ***
(−102.75) 0.21 1.91 ***

(21.31)
3.19 ***
(19.32)

Obs. 6358 6358 6358 6358 6358 6358
Notes: (a) FE, fixed effect; SLM, space panel lag model; SDM, spatial Durbin model; (b) The geographic distance
matrix is selected as the weight matrix; (c) Control variables include the level of economic development, industrial
structure, urban green infrastructure, foreign direct investment, technology innovation and fiscal decentralization;
(d) *, ** and *** represent statistical significance at the 10%, 5%, and 1% levels, respectively, and z-statistics are
shown in the parenthesis.

In order to conduct a consistency test, on the one hand, we report the results by
using Space Panel Lag model (see column (2) and (5)) and non-spatial model in Table 3
(see column (1) and (4)). It shows that the coefficients of Agg, Agg2 and Agg3 turn out to
be quite consistent with the results conducted by SDM, indicating that the relationship
between industrial agglomeration and haze pollution is indeed N-shaped. According
to the fixed effect model, the values of geographical concentration with respect to the
first and the second turning points is 1.2 and 10.47, respectively, while the values of
regional specialization in terms of the first and the second turning points is 1.03 and 1.65,
respectively. On the other hand, we retest the existence of the dynamic of agglomeration
externalities and their impact on air pollution using 60 years’ time series data from 1960
to 2019. During the past 60 years, industry clusters or parks in most provinces in China
experienced a development process from birth, growth to maturity and decline. Table 4
reports the empirical results of agglomeration externalities on air pollution over the past
60 years. In the regression model, concentration agglomeration is measured by the labor
density of manufacturing. The measurement of specialization agglomeration seems to
be somewhat complex. As a proxy measure, we used the efficiency of manufacturing to
represent specialization agglomeration because the LQ index is usually used to calculate the
degree of specialization in a particular area instead of specialization as a whole. In addition,
the dependent variable of air pollution was measured by national carbon dioxide per capita
as well as per unit area in the regression models. The results show that the coefficients of
Agg and Agg3 are both positive and significant, while the coefficient of Agg2 turns out to
be significantly negative, reconfirming that this type of industrial agglomerations has a
N-curve relationship with air pollution over time.
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Table 4. The results of the impact of industrial agglomeration on air pollution (1960–2019).

Variables
Geographical Concentration Regional Specialization

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

Agg3 6.41 ** (2.34) 6.41 ** (2.34) 0.02 *** (3.98) 0.03 *** (5.00)
Agg2 −84.79 ** (−2.23) −84.79 ** (−2.23) −0.27 *** (−3.93) −0.36 *** (−5.37)
Agg 374.12 ** (2.12) 376.12 ** (2.13) 1.48 *** (5.62) 2.08 *** (8.10)

Constant −555.45 ** (−2.04) −5555.45 ** (−2.04) −2.25 *** (−7.27) 1.26 *** (4.19)
Controls Yes Yes Yes Yes

R2 0.950 0.969 0.975 0.985
Obs. 60 60 60 60

Notes: Geographical concentration is measured by national level of labor density of manufacturing in column (1)
and (2), while regional specialization is measured by the share of manufacturing output in its employment in
column (3) and (4). The dependent variable is measured, respectively by CO2 emission per capita in column (1)
and (3) as well as by CO2 emission density in column (2) and (4). All data is logarithmic. Other notes is the same
as shown in Table 3.

The coefficients of neighboring haze pollution at the city level are all positive and
significant at the 1% level in columns (2)–(3) and (5)–(6) in Table 3, indicating that haze
pollution is indeed spatially correlated by the channel of imitation and learning effect
among neighboring regions. The result is consistent with our analysis on the spatiotemporal
evolution of haze pollution (see Figure 3). Some scholars also report a similar result. For
example, Chen (2020) empirically suggests that air polluting industries prefer to cluster
together in China, resulting in haze pollution that exhibits an obvious characteristics of
clustering [58]. Interestingly, the spatial coefficient of geographical concentration turns out
to be significantly positive in column (4), while the coefficient of the spatial weight matrix
of regional specialization turns out to be negative and significant in column (6). Why is it
that two types of agglomeration economies present an opposite effect on haze pollution of
neighboring region? To respond to this question, it is necessary to consider the reality of
the development of industrial agglomeration in China.

Each region in China tends to support and develop local comparative industries due
to local resource availability as well as central-government coordination. In this context,
industrial distribution between adjacent regions in China seems to be indented and com-
plementary. Therefore, a region with a higher level of specialization has more of a spillover
effect on its neighboring regions, in aspects such as technological progress, increases effi-
ciency and environmental improvement. However, the industrial concentration generated
by geographical proximity always presents a strong spatial competitiveness with neigh-
boring regions [55]. There are two basic measures to develop geographical concentration
applied by local governments in China. The first is to attract foreign direct investment clus-
tering in local areas. The second is to expand or rebuild local industrial parks. In this case,
the increase of industrial concentration in an area likely results in the decrease in industrial
concentration in other adjacent regions. He et al. (2010) believe that the development of an
industrial cluster led by local governments is likely to fall into the vicious circle of fierce
as well as low-level competition among regions, resulting in hastening the construction of
local industry and worsening the local environment [59]. Therefore, it makes sense that
the development of geographical concentration in a region seems to generate negative
externalities on neighboring air environments.

4.3. Heterogeneity Test of Different Groups of Cities

The general estimation results support the existence of the type of agglomeration
externalities’ effect on haze pollution. However, for different group of cities, the effect
of agglomeration economies on haze pollution cannot be similarly generalized. Table 5
reports the heterogeneity test results of three groups of cities based on the fixed effects
model. According to the difference of urban population, we divided the sample of China’s
289 cities into three groups, i.e., mega-city, large city, as well as small and medium city.
Generally, a mega-city has more than 100 million permanent residents, while a city with 1
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to 100 million permanent residents is classified as a large city, and the rest of the cities in
the sample are defined as small or medium cities. The mega-city in this paper is identical to
the first-tier cities ranking in the China City Business Charm Ranking List, while the group of
large cities are mostly the sum of the second-tier, third-tier and fourth-tier cities and other
cities are classified as the small and medium city. The result shows that the coefficients
of regional specialization and concentration are both positive and statistically significant
in column (1) and (4) in Table 5, indicating that industrial agglomeration as a whole in
a mega city has a positive effect on local haze pollution. This is probably due to the fact
that current manufacturing agglomeration in most mega cities in China has entered into
the decline stage dominated by the congestion effect, when agglomeration economies
present a deteriorating effect on local air environment. This empirical result can explain the
phenomenon of mega cities in China attempting to relocate the administrative center into
an urban fringe area, such as Xiongan New Area in Beijing, Pudong New Area in Shanghai.
The relocation of the administrative center in mega cities can encourage people and firms
to move out of urban central areas, which is beneficial for decreasing urban congestion and
improving urban air environment.

Table 5. The results of heterogeneity test in three groups of cities.

Variables

Geography Concentration Regional Specialization

Mega City Large City Small m
City Mega City Large City Small m

City

Agg2 — −0.02 ***
(−8.12) — — 0.18 ***

(10.74) —

Agg 0.08 **
(2.27)

0.40 ***
(32.59)

0.37 ***
(44.48)

0.05
(0.98)

−1.80 ***
(−11.49)

−0.13 ***
(4.53)

Constant 4.19 ***
(11.80)

4.46 ***
(45.90)

3.44 ***
(31.91)

4.45 ***
(9.05)

3.02
(0.77)

3.68 ***
(16.06)

Controls Yes Yes Yes Yes Yes Yes
R2 0.09 0.41 0.59 0.09 0.19 0.14

Obs. 19 × 22 191 × 22 79 × 22 19 × 22 191 × 22 79 × 22
Relationship Positive Invested-U Positive Positive U shaped Negative

Notes: The estimations are all based on the fixed effects model. Small m city, small and medium city. Other notes
is the same as shown in Table 3.

The result in large city group shows that the coefficients of Agg and Agg2 are sig-
nificantly positive and negative, respectively in column (2), while, by contrast, the same
coefficients in column (4) turn out to be reversed (see Table 5). It implies that the linkage
between specialization and haze pollution seems to be nonlinearly U-shaped, while the
geographical concentration presents an invested U-shaped effect on local haze pollution.
An alternative explanation is that industrial concentration in most large cities of China
has reached fast developing stages, while the specialization agglomeration in these cities
has entered into the mature or decline stage. Following the curve of dynamic change of
agglomeration externalities summarized in Figure 2, the development of concentration
agglomeration during the first and second stages, as a whole, seems to present an invested
U-shaped effect on haze pollution, whereas specialization agglomeration during the second
and third stages shows a U-shaped relationship with haze pollution.

In terms of small and medium cities, the results show that the coefficient of con-
centration agglomeration is positive and significant in column (3), while the coefficient
of specialization agglomeration is significantly negative in column (6) in Table 5. This
indicates that the haze pollution in small and medium cities can be effectively reduced
using a specialization strategy, but tends to deteriorate when subject to the concentration
strategy. Currently, most small and medium cities in China are characterized as having
a low population density and a low density of firms, and the development of their con-
centration agglomeration is generally at the early or decline stage (see Figure 2), which
leads to a deteriorating effect on local haze pollution. However, the degree of regional
specialization in small and medium cities is not necessarily lower than large cities. Approx-
imately, the data show that more than a half of the small and medium cities in our sample
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have a manufacturing specialization index of more than 1, suggesting the specialization
agglomeration in small and medium cities has crossed the early stage. In this case, the
development of specialization in small and medium cities presents positive externalities in
increasing air quality. The findings of the heterogeneous analysis seem to be mixed, but
still generally confirm the existence of the life cycle of industrial agglomeration impacting
on haze pollution in different type of cities.

4.4. Robustness Test

To improve the robustness of the results, we used several regression methods. First,
we selected the GDP distance rather than the geographic distance as the weight matrix
to re-estimate. The results are reported in Table 6. We found that the results are highly
consistent with those presented in Table 3. To be specific, the coefficients of Agg and Agg3

for both specialization or concentration are all positive and significant, while the coefficient
of Agg2 is significantly negative when controlling for other potential factors. The results
conducted by the GDP distance weight matrix further underpin the abovementioned con-
clusions. Second, we applied the system generalized moment method (GMM) to estimate
the pollution effect caused by agglomeration economies. The system GMM estimators with
instrumental variables of lagged regional specialization and lagged geographic concentra-
tion are presented in column (1) and (4), respectively in Table 7. The results are consistent
with the results conducted by spatial panel estimations, reconfirming that the development
of agglomeration has a N-typed instead of simply positive or negative effect on haze pollu-
tion over time. Third, the replacing regression method was used for a further robustness
test. On the one hand, we applied the population density to substitute for manufacturing
employment density and used the LQ index of the secondary industry to substitute for
manufacturing specialization in the lagged spatial and SDM models [see column (2) to (3)
and (5) to (6) in Table 7]. On the other hand, we also reported the replacing regression
results of SLM and SDM using the GDP distance matrix (see column (3) to (4) and (7) to
(8) in Table 6). The results are proven to be quite robust and consistent, re-supporting the
dynamic change of agglomeration externalities.

Table 6. Robustness test results by GDP distance weight matrix.

Variables

Geographical Concentration Regional Specialization

SLM SDM SLM SDM SLM SDM SLM SDM

(1) (2) (3) (4) (5) (6) (7) (8)

Agg3 2.00 **
(1.91)

0.14 *
(1.45)

0.21 ***
(3.72)

0.02 *
(1.69)

0.35 **
(1.98)

0.07 **
(2.33)

0.10 ***
(2.75)

0.08 **
(1.88)

Agg2 −38.44 ***
(−2.46)

−2.56 *
(−1.72)

−0.56 ***
(−3.21)

−0.03 *
(−1.84)

−5.13 **
(−2.03)

−0.98 **
(−2.35)

−1.38 ***
(−3.30)

−0.52 *
(−1.95)

Agg 183.27 ***
(5.27)

26.74 ***
(7.69)

2.05 ***
(3.61)

5.53 **
(52.49)

23.02 **
(1.94)

5.28 ***
(2.70)

5.28 ***
(3.22)

2.07 **
(1.82)

Constant −239.97 ***
(−22.39)

−318.17 ***
(−22.49)

−55.71 ***
(−44.23)

0.36
(0.29)

−15.00 **
(−2.01)

22.78 **
(1.97)

−70.06 ***
(−23.58)

−151.15 ***
(−53.42)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

W×Haze 0.24 ***
(1.3 × 105)

0.27 ***
(8.9 × 104)

0.27 ***
(2.2 × 105)

0.27 ***
(1.4 × 105)

0.24 ***
(1.0 × 105)

0.27 ***
(7.9 × 104)

0.27 ***
(2.3 × 105)

0.27 ***
(1.9 × 105)

W×Agg — 2.98 ***
(13.40) — 0.89 ***

(117.74) — −0.21 ***
(−89.73) — −0.24 ***

(−62.82)

sigma2_e −2.71 ***
(−103.37)

−2.67 ***
(−102.75)

10.27 ***
(48.96)

6.93 ***
(54.40)

−3.63 ***
(−137.12)

−1.32 ***
(−16.21)

6.95 ***
(50.74)

5.10 ***
(65.49)

Obs. 6358 6358 6358 6358 6358 6358 6358 6358

Notes: Geographical concentration is measured by the employment density of manufacturing in column (1) and
(2), while it is measured by regional population density in column (3) and (4). Regional specialization is measured
by the LQ index of manufacturing output in column (5) and (6), while it is measured by the LQ index of the
secondary industry output in column (7) and (8). The GDP distance matrix is selected as the weight matrix, and
other notes is the same as shown in Table 3.
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Table 7. Robustness test results of general estimation.

Variables

Geography Concentration Regional Specialization

Sys-GMM
(1)

SLM
(2)

SDM
(3)

Sys-GMM
(4)

SLM
(5)

SDM
(6)

Haze(t−1)
0.64 ***

(1157.31) — — 0.55 ***
(231.41) — —

Agg3 0.001 ***
(4.15)

0.18 ***
(3.26)

0.13 ***
(4.04)

0.002 ***
(2.78)

0.09 *
(1.38)

0.03 ***
(3.26)

Agg2 −0.02 ***
(−25.54)

−0.51 ***
(−3.22)

−0.52 ***
(−4.96)

−0.03 ***
(−3.03)

−1.33 *
(−1.80)

−0.29 **
(−1.92)

Agg 0.07 ***
(31.85)

5.32 ***
(12.57)

1.42 ***
(4.52)

0.12 ***
(2.91)

5.69 **
(2.05)

0.88 ***
(3.14)

Constant 1.28 ***
(622.57)

0.18 ***
(3.26)

0.13 ***
(4.04)

2.44 ***
(40.53)

−27.22 ***
(−28.18)

−45.24 ***
(−15.21)

Controls Yes Yes Yes Yes Yes Yes

W×Haze/AR(1) 0.001 0.24 ***
(1.1 × 105)

0.24 ***
(1.2 × 105) 0.005 0.24 ***

(9.9 × 104)
0.24 ***

(1.0×105)

W×Agg/AR(2) 0.21 — 0.12 ***
(11.39) 0.19 — −0.44 ***

(−52.93)

Sargan/sigma2_e 1.00 2.42 ***
(19.60)

1.81 ***
(22.64) 1.00 2.00 ***

(21.31)
1.74 ***
(26.18)

Obs. 6069 6358 6358 6069 6358 6358
Notes: Sys-GMM, system generalized moment method; AR(1) and AR(2) denote Arellano-Bond autocorrelation
tests of orders 1 and 2, respectively; Sargan is a test of the over-identifying restrictions for the GMM estimators;
‘t−1’ denotes that the variable in the estimations has been lagged by a year. Other notes is the same as shown in
Table 3.

Moreover, we apply the system GMM to retest the heterogeneity analysis of different
groups of cities, where the lagged independent variable is used as instrument variable (see
Table 8). The GMM results is also consistent with the heterogeneity test in different groups
of cities. To be specific, the concentration agglomeration in both mage and small city indeed
presents a positive and significant effect on haze pollution, while such effect turns out to be
inversely U-shaped in large city. Unlikely, the specialization agglomeration in mage city
presents a positive and significant effect on haze pollution, whereas it shows a significantly
negative effect in small and medium city as well as a U-shaped effect in large city.

Table 8. Robustness test results by three groups of cities.

Variables
Geography Concentration Regional Specialization

Mega City Large City Small m City Mega City Large City Small m City

Haze(t−1)
0.72 ***
(31.55)

0.67 ***
(823.96)

0.51 ***
(80.81)

0.78 ***
(68.19)

0.67 ***
(2136.08)

0.58 ***
(170.30)

Agg2 −0.004 ***
(−5.72)

0.01 ***
(6.75)

Agg 0.03 *
(1.33)

0.06 ***
(11.13)

0.03 ***
(2.73)

0.03 *
(1.76)

−0.07 ***
(−4.15)

−0.02 **
(−2.47)

Constant 0.84 **
(7.81)

1.42 ***
(108.62)

2.39 ***
(43.73)

0.72 ***
(10.88)

1.15 ***
(27.36)

1.16 ***
(29.49)

Controls Yes Yes Yes Yes Yes Yes
AR(1) 0.001 0 0 0 0 0
AR(2) 0.06 0.21 0.26 0.04 0.08 0.03
Sargan 1.00 0.96 1.00 1.00 0.96 1.00
Obs. 19 × 21 191 × 21 79 × 21 19 × 21 191 × 21 79 × 21

Relationship Positive Inverted-
U Positive Positive U shaped Negative

Notes: The estimations are all based on the system generalized moment method. Small m city, small and medium
city. Other notes is the same as shown in Table 3.
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5. Discussion

The agglomeration mechanism is believed to be different in terms of the difference
between specialization externalities and concentration externalities. In this paper, we
classified agglomeration through two types, i.e., regional specialization and geographical
concentration. The specialization strategy focuses on the question of how to develop com-
parative advantage industries in a region, while the concentration strategy pays attention
to the issue of how to simulate agglomeration economies by optimizing industrial distri-
bution in space. Our empirical results suggest that the agglomeration strategies—whether
by industry specialization or spatial concentration—both present an N-shaped effect on
haze pollution over time. Specifically, the development of both regional specialization
and geographical concentration shows negative externalities on air environment in its
early and decline stages, while the positive externalities only occur in the mature stage.
As a matter of fact, there are lots of studies focusing on the environmental externali-
ties generated by industrial agglomeration, but the results are quite inconsistent in the
existing research. For example, Liu et al. (2018) confirm that the impact of industrial
agglomeration on pollution and ecological efficiency follows the inverted U-shaped rela-
tionship [23], while Hu et al. (2019) empirically point out that the increase of diversification
is conducive to the decrease of sulfur-dioxide-emission intensity and the development
of specialization produces industrial pollution emission [60]. The reason as to why the
agglomeration externalities on the environment seem to be distinctive is probably due
to the fact that previous studies ignored the important role played by periodic change of
agglomeration externalities.

As our theoretical hypothesis depicts (see Figure 2), the reason why industrial ag-
glomeration has a nonlinearly N-shaped rather than a positive or negative effect on haze
pollution can be mainly attributed to the dynamics of agglomeration externalities over
time. During the birth and growth stage, agglomeration attracts a number of firms that
cluster in its area by providing increasing returns of agglomeration economies but local
environmental regulation is highly under-developed and the efficiency of resource and
energy consumption is still at the low level, resulting in a positive effect on haze pollution.
When the agglomeration exceeds a certain degree and evolves into the mature stage, haze
pollution can be reduced by agglomeration externalities such as with technology innova-
tion effect and productivity growth effect [45,47]. However, during the petrify stage, the
development of agglomeration once again deteriorates the local air environment due to its
congestion effect, such as excessive competition and over-exploitation [48]. In this case, it is
necessary to identify the particular developing stage of agglomeration externalities before
aiming to decrease haze pollution using the channel of agglomeration strategies.

Unlike the general estimation test, the heterogeneity test revealed that two types of
agglomeration externalities have a distinctive effect on haze pollution. It seems to be a
paradox, but it still makes sense when considering both the type of cities and their devel-
oping stages. In terms of different urban systems, concentration agglomeration in most
small and medium cities is in the early stage and its industry density is relatively low,
but mega cities seem to be overcrowded in this regard. Most small and medium cities
possess a mature manufacturing system of specialization, while in most mega cities the
specialized agglomeration of manufacturing fluctuates and turns to decline. Accordingly,
the development of concentration agglomeration in the group of small and medium cities
present a negative effect on haze pollution, while the specialization agglomeration in these
groups shows a positive externalities. It implies that the development of low density as
well as sprawled urbanization has a deterioration effect on the air environment on the one
hand, while, on the other hand, urbanization by developing regional comparative advan-
tage industries—whether by centralization or dispersion—is beneficial for improving local
air environment. This conclusion also can be supported by other research. For example,
Zhao et al. (2019) empirically suggest that the larger the city size (e.g., a high-density but
single-center city) the easier it is to reduce haze using the mechanisms of optimizing local
industrial structure, improving traffic accessibility and stimulating green technology inno-
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vation of enterprises [61]. Due to the congestion effect, the type of industrial agglomeration
in the group of mega cities is proven to have a negative effect on haze pollution. This
means decreasing industry density or increasing industry diversity properly are useful
methods by which mega cities can improve their air quality. Lastly, the relationship between
industrial agglomeration and haze pollution is proven to be nonlinear in the group of large
cites, meaning that large cities should recognize the difference of development stages of
industrial agglomeration and stimulate its positive effect on air environment.

The robustness test shows that the result concerning the effect of the dynamics of
agglomeration on haze pollution is robust and consistent by different estimations. The
heterogeneity test shows that the relationship between the type of agglomeration and haze
pollution seems to be uncertain in different groups of cities, but is generally consistent with
the hypothesis of dynamic change of agglomeration externalities.

6. Conclusions

There are a number of studies discussing the relationship between industrial agglom-
eration and environmental pollution, but the impact of the life cycle of agglomeration
externalities on air pollution is still under explored in the literature. Our study examined
the temporal and spatial boundaries of agglomeration externalities that explain why the ag-
glomeration at different life stages presents a distinctive effect on air pollution. We divided
agglomeration into regional specialization and geographical concentration and separately
examined the dynamic effect of the type of agglomeration on haze pollution based on
China’s 289 prefecture-level cities during the period of 1998–2018. The result suggests
that the agglomeration externalities—whether of specialization or concentration—have a,
N-shaped and significant effect on haze pollution. More specifically, the development of
agglomeration whether at its beginning or decline stages presents a positive and significant
effect on haze pollution, while local haze pollution can be significantly reduced by driving
agglomeration into the mature stage. The result of heterogeneity test seems to be vary in
different groups of cities, but it is basically consistent with the hypothesis concerning the
life cycle of agglomeration externalities impacting on the environment. The robustness test
shows that the results are quite robust and consistent. This paper provides answers to the
question of how to trade off the relationship between the development of agglomeration
and environment pollution over time.

Our findings have important policy implications. First, a city aiming to curb its haze
pollution should cooperate with its neighbors because haze pollution is proved to be
spatially correlated. Second, it is necessary to identify the particular developing stage of
agglomeration because the result supports that the air pollution-reducing effect only occurs
when the agglomeration develops into the mature stage instead of the beginning stage
or diseconomies stage. Third, the industrial policies of agglomeration in an area should
consider the local carrying capacity of the environment and resources, and, at the same time,
the difference of agglomeration strategies. We conclude that specialization agglomeration
and concentration agglomeration have a distinctive effect on haze pollution in terms of
different groups of cities. For example, the development of low density and sprawled
urbanization have been proven to negatively affect air quality, whereas urbanization,
together with regional comparative advantage industries, are beneficial for improving air
quality. The agglomeration policies in different groups of cities should stimulate its positive
externalities on air quality, thereby avoiding the negative effects.
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