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Abstract
This study aims to investigate the influence of rapid economic development on pollution at the municipal level in China. 
It constructs a Stochastic Impacts by Regression on Population, Affluence and Technology model (STIRPAT model) and 
uses comprehensive municipal data on industrial pollution and economic performance. The dataset contains 290 cities from 
2003 to 2016 as a sample for the panel data analysis. The study further separates the cities into two groups by their levels 
of economic development for heterogeneity analysis. It reveals that a low level of economic development would aggravate 
environmental pollution, and when the economy reaches a high level, this economic development will improve environ-
mental quality. We also find that the relationships between foreign direct investment and industrial dust and sulfur dioxide 
 (SO2) discharge are significant, while the relationship between economic growth and effluent emission is not. The more 
developed subsample cities present an inverted U-shaped curve between industrial pollutant emission, GDP per capita, and 
foreign direct investment, while the less developed subsamples show no such relationship. Since the shape of these curves 
differs among regions, their turning points vary accordingly. Based on this finding, this study suggests that the governments 
of more developed cities should balance environmental pollution and economic development by enhancing environmental 
regulations and adjusting industrial structure.
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1 Introduction

The reform and opening-up policy in China have promoted 
continuous and rapid economic growth. After China joined 
the WTO, the average growth rate of China’s GDP went up 
9.5% from 2003 to 2016. In 2007, the growth rate of the real 
GDP even hit 14.8% (World Bank 2020). However, China’s 
industrial structure concentrates on labor-intensive and 

natural resource-intensive industries. Meanwhile, this fact 
has caused problems such as the waste of natural resources 
and the pollution of the environment. After this high-speed 
period, the economic growth rate decreased to around 6.1% 
in 2019, showing the slowdown of the economy.

One of the most severe environmental problems from 
2003 to 2016 was the hazy weather caused by air pollution. 
It was reported by China’s Ministry of Ecology and Environ-
ment in 2019 that only 121 cities among 338 major cities 
had their air pollution levels within the national standard 
in 2018, accounting for 35.8%. As for the other 217 cities, 
the average air pollution exceeded the standard levels and 
turned out to be potentially harmful to human health. In 
other words, severe air pollution has existed in most Chinese 
cities for recent years.

Hazy weather appears in some Chinese metropolises, 
such as Beijing. In 2013, the State Council of China issued 
the Air Pollution Prevention and Control Action Plan, pro-
posing that the government should take action to reduce 
air pollution. Since the public is increasingly demanding a 
better environment, it is exceptionally urgent to reveal the 
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relationship between economic growth and environmental 
protection, as well as figure out the balance between these 
two issues in the period of economic transformation. There-
fore, it is vital to realize the significance of environmental 
pollution. The industrial emission of dust, sulfur dioxide 
 (SO2), and effluent are sorted out from the China Statistical 
Yearbook and shown in Fig. 1.

The pollutants shown in the figure are currently the major 
industrial pollutants causing environmental pollution in 
China. From 2003 to 2015, the emission of effluent increased 
gradually and declined slightly in 2016. When considering 
the emissions of sulfur dioxide  (SO2) and industrial dust, 
both of them have two peaks during the period from 2003 to 
2016. From 2003 to 2006, and from 2010 to 2011, there were 
two peaks in sulfur dioxide  (SO2) emission, while between 
2006 and 2011, as well as the period after 2011, the dis-
charge of sulfur dioxide  (SO2) is seen to decline. The situa-
tion of industrial dust emission is similar. Besides the period 
from 2010 to 2011, there was a sharp rise in the discharge of 
industrial dust and a small increase in  SO2 emission. After 
the Air Pollution Prevention and Control Action Plan in 
2013, the discharge of industrial dust and  SO2 decreased 
quickly.

Meanwhile, due to the negative impact of the global 
financial crisis on China’s economic growth, the slowdown 
of economic growth resulted in a decrease in pollutant 
emissions during that period. This could be because many 
factories and firms were closed and thus reduced pollution. 
According to the current situation, the environment in China 
is worrying because of the enormous amount of industrial 
pollutants. Therefore, to reduce levels of environmental pol-
lution, we have to conduct further research into the eco-
nomic factors related to environmental pollution.

This study aims to investigate the relationship between 
environmental pollution and economic development at the 

municipal and regional levels during the high-speed devel-
opment period. There was a paper claimed that the relation-
ship between environmental pollution and economic growth 
could be expressed by a Stochastic Impacts by Regression 
on Population, Affluence and Technology model (STIRPAT 
model) (Rosa and Dietz 1997). In our paper, we set GDP, 
foreign direct investment, industrial structure population, 
and economic density as dependent variables to analyze 
their influences on the environment. This model uses the 
most comprehensive city-level data compiled on industrial 
pollution and economic performance. The dataset contains 
290 Chinese cities from 2003 to 2016 as a sample for the 
panel data analysis. The paper also separates the sample cit-
ies into two groups by their economic development level for 
heterogeneity analysis.

The organization of the paper is as follows: after introduc-
tion, Section two reviews the related studies; section three 
is the description of variables and model setting; section 
four presents the empirical analysis based on the fixed-effect 
model; the final section comes to the conclusions and policy 
suggestions.

2  Literature review

There is an enormous amount of literature on the relation-
ship between environmental pollution and economic growth. 
Among these, the relationship in environmental pollution 
and economic development can be described using the 
inverted U-shaped hypothesis (Kuznets 1955; Grossman and 
Krueger 1995). Their study concluded that the relationship 
between the emission of  SO2 and economic growth fits the 
environmental Kuznets curve (EKC). Moreover, there were 
additional studies proved the existence of the EKC (Shafik 
and Bandyopadhyay 1992; Panayotou 1993; Selden and 
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Fig. 1  Volume of main industrial pollutants in China from 2003 to 2016. Data resource: China Statistical Yearbook 



1182 Petroleum Science (2020) 17:1180–1193

1 3

Song 1994). They used cross-countries dataset and proved 
the existence of EKC hypothesis. There were some other 
evidences proved that the EKC hypothesis exists in the  CO2 
emission and economic development using the cross-country 
data (Coondoo and Dinda 2002). Meanwhile, some litera-
ture reviews were made in investigating the environmental 
Kuznets curve (Dinda 2004).

Recently, many studies also confirmed the existence of 
the environmental Kuznets curve. A GMM model was tested 
with 14 Asian countries’  CO2 emission data from 1990 to 
2011 to confirm the EKC hypothesis (Apergis and Ozturk 
2015); supportive evidence of the existence of environmen-
tal Kuznets curve (EKC) was funded in 15 Asian countries’ 
1960–2013 panel data (Apergis 2016). Another paper stud-
ied  CO2 emission in 25 African countries from 1980 to 
2012; it also found supportive evidence for the EKC in  CO2 
emission and renewable energy consumption (Zoundi 2017). 
The OECD countries’ data also supported the existence of 
the EKC (Churchill et al. 2018).

However, the 77 developing countries’ dataset from 1971 
to 1997 showed that the typical EKC relationship did not 
exist between economic growth and environmental pollution 
(Aslanidis and Iranzo 2009). Meanwhile, some researchers 
suggested that because of the differences among regions, 
there were still various relationships between pollution and 
economic growth besides the inverted U-shaped EKC. For 
example, the N-shaped curve, inverted N-shaped curve, and 
dumbbell-shaped curve could also somehow fit the relation-
ships (Galeotti et al. 2009). There was one paper using China 
and India’s data from 1971 to 2012 to examine the EKC 
hypothesis and found an N-shaped relationship between 
 CO2 emissions and economic activity (Pal and Mitra 2017). 
These studies all use cross-countries’ data to verify the 
hypothesis of EKC, and they have reached different conclu-
sions with different model settings or indicators.

For the economic development and environmental pol-
lution problem in China, one typical research used multi-
ple provinces’ pollutant emissions from 1985 to 2004 and 
examined income per capita with multiple pollutants like 
effluent and exhaust gas. It found that different pollutants 
had different shapes of EKC (Song et al. 2006). Besides, 
there were more studies examined the correlation between 
economic growth and the volume of  SO2 emission (Cai et al. 
2008; Llorca and Meunié 2009). Recently, one paper used 
provincial panel data together with semi-parametric panel 
fixed-effect regression and found an EKC for  SO2 emission 
(Wang et al. 2016).

In detail, there was an N-shaped relationship between 
the pollution index and GDP per capita when examined 
the relationship between economic growth and pollution 
in Jiangsu Province using a simultaneous equations model 
(Ding and Nian 2010). It used the 1985–2006 yearly data 
with six different pollutants. Economic growth is the 

direct factor in increasing  CO2 emissions. The relation-
ship between  CO2 and FDI is shaped like an inverted U 
curve, while the relationship between environmental pol-
lution and GDP is more like a ‘M’ shape (Liu and Yan 
2011). Another published study investigated 27 provinces 
in China and analyzed their national economic growth and 
environmental pollution using a panel smooth transition 
model. They concluded that different forms of relation-
ships could be found by using different pollution indicators 
(Li et al. 2013).

There was a  CO2 Kuznets curve in effect when stud-
ied the environmental regulations and  CO2 emission (Yin 
et al. 2015). An inverted N trajectory between economic 
growth and  CO2 emission was founded when applied a spa-
tial econometric approach (Kang et al. 2016). One recent 
research analyzed the data of 28 provinces using the sys-
tem generalized method of moments (GMM) as well as the 
auto-regressive distributed lag model, and it found strongly 
supportive evidence for the pollutant emissions matching 
with EKC (Li et al. 2016). Provincial panel data of China 
spanning the period 2000–2013 were used and the existence 
of EKC in  CO2 emission was also proved with the provin-
cial data (Wang et al. 2017). Moreover, in large countries 
with unbalanced economic development, it is necessary to 
estimate EKC with disaggregate local-level data (Xu 2018). 
These studies show that with economic development, the 
situation of the environment deteriorates at the beginning 
but will improve.

For the research examining the relationship between eco-
nomic openness and pollution, the ‘pollution haven’ hypoth-
esis was raised in the last century (Copeland and Taylor 
1994). It indicates that some developed countries are more 
demanding for better environment so they tend to transfer 
high-polluting industries to developing countries to avoid the 
high cost of pollutant treatment. As a result, some develop-
ing countries become ‘pollution havens’ for these developed 
countries. A lot of following studies supported this theory 
and suggested that two factors cause environmental degrada-
tion. First, governments in some developing countries do not 
strictly supervise the projects operated by foreign investors. 
Second, these developing countries usually focus on devel-
oping resource-intensive industries and exporting resource-
intensive products (Javorcik and Wei 2004; Keller and Lev-
inson 2002). However, foreign direct investment (FDI) may 
improve the environmental quality of the importing coun-
tries, as opposed to worsening the environment (Antweiler 
et al. 2001; He 2010). Some other researches indicated 
that the influences of FDI on the environment in different 
regions or different periods are not identical (Su et al. 2011; 
Zhang and Jiang 2014; Zhu et al. 2019). Hence, the specific 
influence of the population on pollution still needs further 
research. It was found that mobile pollution industries had 
tended to transfer to the areas with loose regulations, while 
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the weakly mobile pollution industries had not shown this 
pollution heaven effect (Dou and Han 2019).

In summary, plenty of studies have examined the relation-
ship between pollution and economic growth in China. Com-
paring the present studies, we can find that the majority of 
them have the following characteristics. First, by analyzing 
the panel data of the cross-countries or provinces, some lit-
erature discovers the relationship between economic growth 
and a certain kind of pollution. Second, some literature 
only explores the dynamic relationship between economic 
growth and pollution in a particular city or province. Third, 
the data of pollutants are analyzed in most other studies via 
descriptive statistics to uncover the significant pollutants in 
a region. However, to reveal the relationship between eco-
nomic development and environmental pollution, it is neces-
sary to study economic growth nationwide. There is a great 
difference among different sectors (Chen 2010). Some other 
analyses concentrated only on the relationship between GDP 
per capita and certain pollutant emission or discharge. For 
example, some literature studied the heavy metal pollution 
in China and the waste incineration industry (Hu et al. 2014, 
2015). And others studied the carbon dioxide emission with 
the increase in renewable energy consumption (Dong et al. 
2017; Hu et al. 2018; Jiang et al. 2018).

The present study improves the literature in the follow-
ing aspects: First, considering that a large size of samples is 
likely to get more precise results, the panel data from 290 cit-
ies from 2003 to 2016 are used in this study. Second, given 
that the explanatory power of GDP per capita is limited in 
terms of environmental pollution, this study introduces a 
series of factors related to pollution, such as the opening 
level of the economy, industrial structure, population, and 
economy density. Third, existing studies focus on the general 
pollution index or a particular pollutant, which is far from 
enough to reflect the situation of pollution nationwide.

This study examines the relationship between economic 
growth and major pollutants in China, including industrial 
dust emission,  SO2 emission, and industrial effluent dis-
charged. In terms of the research scope, most of the research 
focuses on a specific region. However, since there are vast 
differences between different cities whose economic devel-
opment level varies, the impact of economic growth on the 
environment is bound to be different. However, the relation 
between environmental pollution and economic growth in 
different areas would finally converge to the same level 
(Brock and Taylor 2010). Since their development patterns 
could be entirely different, it is necessary to consider the 
heterogeneity.

This study is the first one to investigate the relationship 
between economic development and environmental pollu-
tion using the municipal panel data of China. It is also the 
first study to examine the ‘pollution haven’ hypothesis using 
city-level panel data of China. It analyzes three different 

pollutants and investigates economic development and 
air pollution as well as effluent pollution. Furthermore, it 
reveals the heterogeneity in different relationships.

3  Data and method

3.1  Variables and data

The main sources of pollution in China are air pollution and 
water pollution. To this day, these pollutant emission levels 
remain high. However, for solid waste pollution, the pollut-
ant emission level has declined by almost 97%. The compre-
hensive utilization of industrial solid waste has increased to 
60.2% in 2015 (NBS 2016). According to the data from the 
Ministry of Ecology and Environment, in 2019, industrial 
 SO2 emission was the primary source of air deterioration, 
and the industrial dust emissions lead to air pollution around 
the country. The data also show that there is an increasing 
trend of effluent discharge in the past decades, indicating 
the equivalent severity of water pollution. The present study 
selects the industrial emissions of dust,  SO2, and effluent 
discharge as environmental pollution indicators to examine 
the relationship between national economic growth and pol-
lution. As for solid waste, it is not among the main pollutants 
in this study as the technologies of the landfill and waste 
incineration in China are well developed.

According to the STIRPAT model, this paper uses GDP 
per capita and foreign direct investment (FDI, ten thousand 
US dollars) to illustrate the level of regional economic 
growth and economic openness, respectively. The proportion 
of secondary industry production value in GDP is chosen as 
the indicator of industrial structure. As a comparison, we 
also add the services industry share as a control variable 
to indicate the industrial structure. To explain the regional 
density of economic activity, the ratio of GDP to the regional 
area (ten thousand RMB/square kilometer) is selected as the 
indicator. This study takes the logarithmic form of some var-
iables to avoid the problem of heteroscedasticity and use the 
one-period lag to analyze the economic development effect 
on environmental pollution. The data are from the Statisti-
cal Database of Chinese Economic Information Network, 
the China Stock Market & Accounting Research Databases, 
and the China Statistical Yearbook as well as the China City 
Statistical Yearbook. All variables are shown in Table 1.

For the data part, we use the average value of vari-
ables from period t − 1 and t + 1 to replace the missing 
values. From the analysis of summary statistics for all 
variables (Table 2), it can be seen that the processed panel 
data are unbalanced. Variables with the sizeable stand-
ard error include industrial structure, both the second-
ary industry and services sector; economy density; and 
foreign direct investment. The considerably significant 
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differences suggest different levels of economic growth 
among eastern, central, and western parts of China. With 
the relatively developed economy and a higher economic 
openness, the eastern coastal area obtains a higher pro-
portion of foreign investment than the central and western 
regions.

Furthermore, the large standard error of industrial 
structure indicates that the differences in the industrial 
structure and economic development are significant. Fur-
thermore, we also summarize the full sample and do the 
sample distribution analysis. Table 3 shows that most of 
our observations come from coastal and more developed 
provinces like Beijing, Shanghai, Guangdong, Jiangsu, 
and Fujian. Some of the provinces in inland China, like 
Tibet, Xinjiang, and Qinghai, lack comprehensive obser-
vations. We also can tell that this dataset is an unbalanced 
panel.

3.2  Model setting

When analyzing the relationship between environmental pol-
lution and economic growth, previous study suggested the 
Stochastic Impacts by Regression on Population, Affluence, 
and Technology model (STIRPAT model) is of common use 
(Dietz and Rosa 1997). The model usually sets population, 
affluence, technology, and related variables as independent 
variables to analyze their influences on the environment. The 
model is set as follows:

where I expresses the environment, P is the population; A 
is the affluence, and T is the technological level. The lin-
ear regression equation is given by taking the logarithm of 
Eq. (1). Moreover, a linear model should combine quadratic 

(1)I
i
= αP

�

i
A
�

i
T
�

i
�
i

Table 1  Summary of variables

Variable Description Variable type

Lndust Industrial dust emission (log) Dependent variable
lnso2 Industrial  SO2 emission (log) Dependent variable
Lneffluent Industrial effluent discharged (log) Dependent variable
Lnpgdp Per capita GDP (log) (one-period lag) Independent variable
lnpgdp2 Per capita GDP (log) square (one-period lag) Independent variable
lnpgdp3 Per capita GDP (log) cube (one-period lag) Independent variable
lnfdi Foreign direct investment (log) (one-period lag) Independent variable
lnfdi2 Foreign direct investment (log) square (one-period lag) Independent variable
Industry Proportion of secondary industry in GDP (one-period lag) Independent variable
Services Proportion of third industry in GDP (one-period lag) Independent variable
lnpop Regional population (log) (one-period lag) Independent variable
lneconomy Regional density of economic activity (log) (one-period lag) Independent variable

Table 2  Summary statistics of variables

Variable Observations Meaning Standard error Minimum Maximum

lndust 3859 9.79 1.19 0.00 15.46
lneffluent 3859 17.60 1.33 0.00 20.63
lnso2 3859 10.53 1.17 0.00 13.43
lnpgdp 3859 10.06 0.88 6.05 13.13
lnpgdp2 3859 101.93 17.89 36.63 172.53
lnpgdp3 3859 1040.89 275.55 221.69 2266.10
lnfdi 3859 9.46 2.16 0.00 14.94
lnfdi2 3859 94.06 37.16 0.00 223.24
Industry 3859 48.59 10.56 15.00 88.00
Services 3859 36.88 8.59 11.10 80.20
lnpop 3859 15.10 0.66 12.01 18.25
lneconomy 3859 6.61 1.36 1.70 11.49
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and cubic terms and other related factors (Bandyopadhyay 
and Shafik 1992). Inspired by that, the present study adds 
GDP per capita, population, foreign direct investment, indus-
trial structure, economy density to the linear model based on 
current studies. Considering that time effects could exist in 
panel data, which suggests the existence of two-way fixed 
effects (two-way FE), a dummy variable T of year is also 
added to the regressions. Therefore, the models are pre-
sented as follows:

where pollution denotes the pollutant emission or discharge 
of region i in year t and T is the vector of dummy variables 
of year. Since the period spans over one decade, there are 
twelve dummy variables of time. In order to test whether the 
inverted U-shaped Kuznets curve exists in major Chinese 
cities, this study adds GDP per capita square (Model 2) and 
its cubic term (Model 3) to the regression models. In Model 
2, if α2 > 0, α1 < 0, then the relationship between pollution 

(2)

pollution
it
=c + �1 ln pgdpit + �2 ln

2 pgdp
it
+ �3 ln fdiit

+ �4 ln
2 fdi

it
+ �5 ln industryit + �6 ln popit

+ �7 ln economy
it
+ �8T + �

i
+ �

it

(3)

pollution
it
=c + �1 ln pgdpit + �2 ln

2 pgdp
it

+ �3 ln
3 pgdp

it
+ �4 ln fdiit + �5 ln

2 fdi
it

+ �6 ln industryit + �7 ln popit

+ �8 ln economy
it
+ �9T + �

i
+ �

it

and economic growth is a U-shaped curve; if α2 < 0, α1 < 0, 
then the relationship is an inverse one. Meanwhile, in Model 
3, if β3 > 0, β2 < 0, β1 > 0, then the relationship between pol-
lution and economic growth is illustrated as an N-shaped 
curve; if β3 < 0, β2 > 0, β1 < 0, then it is an inverse one. The 
rest of the explanatory variables are the same as what is 
shown in Table 1, where i denotes the sample of region i, t 
denotes the time, μi is the intercept term of individual het-
erogeneity, and εit is the disturbance term.

4  Empirical analysis

4.1  Empirical analysis of the nationwide sample

This study uses panel data of 290 cities from 2003 to 2016 
for regressions. Data are collected from the continual tracing 
records of the same group of individuals, which contains 
not only a cross-sectional dimension (a group of n individu-
als) but also a time dimension (T). Compared with cross-
sectional data and time series data, panel data contain not 
only what is included in cross-sectional data but also what is 
included in time series data. Hence, the regression analysis 
can be done in multi-dimensions. Panel data offer more pre-
cise results by expanding samples, improving the degree of 
freedom, and providing more information about the samples.

The main methods of panel data regressions include using 
a pool regression by taking the sample as cross-sectional 
data. Another method takes every sample as an independent 

Table 3  Sample distribution across China. Data source: The Statistical Database of Chinese Economic Information Network, the China Stock 
Market and Accounting Research Databases, the China Statistical Yearbook, and the China City Statistical Yearbook

The total observation is calculated by cities multiplied with years. Anhui had 17 municipal-level cities, but the city Chaohu was degraded to a 
lower-level city in 2011, so we have a proportion of over 100 through all the periods

Province Sample Total Percentage Province Sample Total Percentage

Shanghai 13 13 100.00 Jiangxi 143 143 100.00
Yunnan 102 208 49.04 Hebei 141 143 98.60
Inner Mongolia 116 156 74.36 Henan 221 221 100.00
Beijing 13 13 100.00 Zhejiang 143 143 100.00
Jilin 104 117 88.89 Hainan 23 65 35.38
Sichuan 233 273 85.35 Hubei 155 169 91.72
Tianjin 13 13 100.00 Hunan 169 182 92.86
Ningxia 36 65 55.38 Gansu 89 182 48.90
Anhui 215 208 103.37 Fujian 117 117 100.00
Shandong 220 221 99.55 Tibet 3 91 3.30
Shanxi 142 143 99.30 Guizhou 62 117 52.99
Guangdong 273 273 100.00 Liaoning 179 182 98.35
Guangxi 177 182 97.25 Chongqing 13 13 100.00
Xinjiang 15 195 7.69 Shaanxi 125 130 96.15
Jiangsu 169 169 100.00 Qinghai 12 104 11.54
Heilongjiang 153 182 84.07 Total 3589 4420 81.20
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group in a regression function. In practice, panel data regres-
sion models are used, including fixed-effect models and ran-
dom-effect models. Before deciding whether a fixed-effect 
model or a random-effect model should be used, we need to 
carry out the Hausman test of robust standard errors for both 
models. This study uses Stata 15.0 to do the Hausman tests, 
and results are shown in Table 4.

According to the results, both models reject the null 
hypothesis at the 1% significance level. The fixed-effect 
model should be chosen. This study uses industrial dust 
emission, industrial  SO2 emission, and industrial effluent 
discharge as explained variables and adopts the fixed-
effect regression model of panel data. The full sample 
regression results are shown in Table 5.

Table 4  Results of Hausman test of clustering robust standard errors

Explained variable lndust lnSO2 lneffluent

Regression model Model 2 Model 3 Model 2 Model 3 Model 2 Model 3
Sargan-Hansen-Stat 161.44 152.98 149.87 151.66 131.86 125.06
P value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Conclusion Fixed-effect model Fixed-effect model Fixed-effect model

Table 5  Empirical results

Standard errors are in brackets and clustered at the city level
*, **, and *** denote significance at the 10%, 5%, and 1%, respectively. ‘NA’ denotes coefficients are not significant, excluding turning points

Variable (1) (2) (3) (4) (5) (6)
Industrial dust emission Industrial  SO2 emission Effluent emission

Model 2 Model 3 Model 2 Model 3 Model 2 Model 3

lnpgdp 1.207* − 3.835 1.739*** − 1.667 1.354* 3.832
(0.613) (4.280) (0.534) (3.698) (0.772) (2.837)

lnpgdp2 0.023 0.538 − 0.073*** 0.275 − 0.016 − 0.269
(0.029) (0.439) (0.025) (0.380) (0.027) (0.299)

lnpgdp3 − 0.017 − 0.012 0.008
(0.015) (0.013) (0.010)

lnfdi 0.124*** 0.124*** 0.049 0.049 0.077 0.077
(0.045) (0.045) (0.040) (0.040) (0.068) (0.068)

lnfdi2 − 0.012*** − 0.013*** − 0.005* − 0.005* − 0.006 − 0.006
(0.003) (0.003) (0.003) (0.003) (0.004) (0.004)

Industry 0.001 0.000 0.003 0.003 − 0.014 − 0.014
(0.010) (0.010) (0.009) (0.009) (0.012) (0.012)

Services − 0.001 0.000 − 0.000 0.001 − 0.011 − 0.012
(0.012) (0.012) (0.010) (0.010) (0.013) (0.013)

lneconomy − 1.653*** − 1.691*** − 0.519 − 0.545 − 0.904 − 0.885
(0.270) (0.280) (0.366) (0.370) (0.807) (0.813)

lnpop 1.522*** 1.485*** 0.430 0.405 1.145* 1.163*
(0.262) (0.267) (0.296) (0.295) (0.692) (0.692)

Constant − 16.913*** 0.051 − 3.028 8.429 − 4.720 − 13.056
(6.145) (15.596) (6.278) (13.809) (12.817) (14.707)

Time variables Yes Yes Yes Yes Yes Yes
F-test for T 44.51 44.38 42.99 42.90 11.64 11.42
Observations 3589 3589 3589 3589 3589 3589
GDP turning point N.A N.A 148, 889.4 N.A N.A N.A
FDI turning point 175.33 117.83 134.29 134.29 N.A N.A
R-squared 0.15 0.15 0.14 0.14 0.03 0.03
F-Statistics 33.14 31.36 38.18 36.47 9.55 9.23
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The coefficient of the GDP per capita cubic term in 
Model (3) is not significant. This study reveals that there 
is not a significant cubic function relationship, in neither 
the N-shaped curve nor the inverse one, between pollutant 
emission or discharges and per capita GDP. Based on the 
significant level of regression, we can conclude that Model 
(2) is better fitting than Model (3).

Regression results of Model (2) show that the coeffi-
cient of the industrial  SO2 emission quadratic term is nega-
tive, which means there is an inverted U curve relationship 
between pollutant emission or discharge and per capita GDP, 
and it fits the classical Kuznets curve. This suggests that 
with the development of the economy, emission of this pol-
lutant rises as per capita GDP grows in the initial stage, 
but will drop as the economy keeps developing to a certain 
degree. Moreover, there is also an inverted U curve between 
industrial dust emissions and per FDI and it is the same in 
the case of industrial  SO2 discharge. However, the quadratic 
coefficient is not significant. For the discharge of industrial 
dust and the effluent, only the parameters of the linear terms 
are positive and significant on GDP per capita, showing that 
the development of the economy will worsen environmental 
pollution.

In the inverted U curve of industrial  SO2 emission, the 
turning point of the quadratic curve appears at about 148, 

889.3RMB of per capita GDP. According to the Statistical 
Bulletin on 2017 National Economic and Social Develop-
ment compiled by the National Bureau of Statistics of China, 
national GDP per capita is 53, 980 RMB in 2016, which is 
obviously lower than that of the turning point. After compar-
ing the average GDP per capita of 290 cities from 2003 to 
2016, we find that at present the majority of cities in China 
lie left of the turning point of this environmental Kuznets 
curve, except for Shenzhen, Dongguan of Guangdong Prov-
ince, and Karamay of Xinjiang Uygur Autonomous region. 
Two of the three cities are in the highly developed areas, 
and Karamay is located to the right as a result of its small 
population (Fig. 2). This phenomenon draws a general con-
clusion that the environment is being improved with the 
economic growth in the most developed provinces (Wang 
et al. 2017). There is still a large room to improve the envi-
ronmental quality for those cities located on the left of the 
turning point.

In terms of the relationship between FDI and pollutant 
emission or discharge, analysis results show that there is an 
inverted U-shaped relation. In China’s early stage of eco-
nomic opening, the increase in foreign investment could 
damage the environment. However, as economic openness 
and FDI further increase, environmental quality would begin 
to be improved. Currently, the FDI turning point in China 
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is 1753.3 thousand US dollars in the regression of indus-
trial dust emission, and the point of industrial  SO2 emis-
sion is at about 1342.9 thousand US dollars. In the case of 
industrial effluent discharge, the turning point appears not 
so significant.

According to the data analysis of FDI, the points of 276 
cities are located on the right side of the industrial dust 
Kuznets curve, and the points of 278 cities are located on 
the right side of the inverted U curve. In the case of indus-
trial  SO2 emission, the parameters of emission of industrial 
effluent are not significant as well (Fig. 2).

Due to the faulty policies of attracting FDI in the early 
twenty-first century, most governments tended to overlook 
the environmental issues in China, which contributed to such 
a situation. Unfortunately, this problem resulted in pollu-
tion coming along with an increase in foreign investment. 
In recent years, with the change of people’s opinions and the 
upgrading of the Chinese industrial structure, environmen-
tal protection has been increasingly emphasized in foreign 
investment. Because of the spillover effect of technology and 
management brought by the FDI, environmental pollution 
was reduced by using advanced technologies.

In terms of industrial structure, regression results of 
different models are similar. The positive coefficients on 
the secondary industry suggest that pollutant emission or 
discharge could rise with the growing proportion of the 
secondary industry. However, these coefficients are not 
so significant. Pollutant emission or discharge in China is 
increasing as a result of the underdevelopment of the ser-
vice sector and the rapid growth of high energy-consuming 
industries. The effect of the growing population on indus-
trial dust and effluent discharge is significantly positive, 
which indicates that pollutant emission or discharge also 
goes up with the increase in population. However, in terms 
of its effects on industrial  SO2 emissions, the parameters 
are of the same signs but also specifically insignificant. The 
population boom will enlarge the city and bring about an 
increase in energy consumption, which is bound to influ-
ence the environment. As for the effect of economic den-
sity on the environment, the coefficients of the results were 
negative significantly, showing that higher economic density 
will reduce the emission of industrial dust. Cases are similar 
in the discharge of industrial  SO2 and industrial effluent: 

regression coefficients of the economy density are negative 
but insignificant, as we can see in Table 5. Because not all 
these coefficients are significant, it is difficult to illustrate the 
influence of economic density on environmental pollution 
in a general scope.

4.2  Empirical results of analyzing samples

Due to the considerable differences in economic develop-
ment levels in cities, the influences caused by economic 
development on the environment vary accordingly. To 
investigate the heterogeneity on the economic development 
level, we divide the sample into two subsamples to study the 
heterogeneous influences. In general, provinces in eastern 
China are more developed than those in the central and west-
ern areas. In terms of industrial structure, the eastern area 
is also better than the central and western areas, which has 
been proved in the statistics of variables above. Given the 
economic development difference and availability of data, 
this study analyzes the more developed cities and less devel-
oped cities. According to the mean value of GDP per capita 
throughout the sample period, we choose 22,155 RMB as 
the cutoff and divide the sample into high-level and low-
level samples. This aims to identify the relationship between 
economic growth and environmental pollution separately.

Before conducting regressions, the Hausman test of clus-
ter-robust standard errors is applied to demonstrate whether 
the fixed-effect model or the random-effect model should be 
used. According to the regression analysis, this study found 
that the regression effect of Model (2) is better than Model 
(3). Thus, we use Model (2) to run the regression of subsam-
ples. The results of the Hausman tests are shown in Table 6.

According to the results in Table 6, we have to reject the 
null hypothesis at the 5% significance level for all the cit-
ies in different subsamples. Specifically, the Hausman test 
results of regression on industrial dust and industrial effluent 
are significant at the 1% level, and only the regression on 
industrial  SO2 with the more developed samples is signifi-
cant at the 5% level. In other words, the fixed-effect model 
should be chosen in subsample regressions. This study runs 
separated subsample regressions for three kinds of pollut-
ants, and results are shown in Table 7.

Table 6  Results of Hausman tests

Explained variables Lndust lnso2 lneffluent

Regression models High Low High Low High Low

Sargan-Hansen Stat 37.72 64.35 34.79 138.77 41.08 59.64
P value 0.0096 0.0000 0.0213 0.0000 0.0036 0.0000
Conclusion Fixed-effect model Fixed-effect model Fixed-effect model
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According to the results of subsample regressions, the 
relationship between industrial dust emission and GDP per 
capita as well as the relationships between industrial dust 
emission and FDI in more developed cities is shown as an 
inverted U-shaped curve. These parameters are significant 
at the 5% level. For industrial  SO2 emission, the relationship 
between these pollutant emissions or discharge and GDP per 
capita and FDI fits an inverted U curve in more developed 
cities. For the regressions based on industrial effluent dis-
charge, we do not expect an inverted U-shaped curve for the 
relationship between the pollutant emission and GDP per 
capita or FDI; this means that the air pollution caused by 
the economic development is more severe than the effluent 
pollution. Meanwhile, despite an inverted U-shaped rela-
tionship between pollutant emission and GDP per capita or 

FDI of the cities in the less developed level, the regression 
coefficients are not significant at all, which means that the 
economic development will not pollute the environment 
significantly.

These inverted curve relationships indicate that the envi-
ronment is getting better while more foreign investment is 
being introduced to these cities along with economic devel-
opment. Comparing more developed cities with less devel-
oped cities, we can find that the regression coefficients of 
GDP per capita in the more developed area are larger and 
more significant than those of less developed cities. It means 
that the influence of economic growth on environmental pol-
lution in the more developed cities is more considerably sig-
nificant than that of less developed cities.

Table 7  Empirical analysis results for different samples

Standard errors are in brackets and are clustered at the city level
The “high” group means that the average level of GDP per capita is higher than the cutoff, and the “low” group means that the average level of 
GDP per capita is lower than the cutoff of the full sample
*, **, and *** denote significance at the 10%, 5%, and 1% level, respectively. ‘N.A.’ denotes that the regression coefficients are not significant, 
excluding turning points

Variable (1) (2) (3) (4) (5) (6)
Industrial dust emission Industrial SO2 emission Effluent emission

High Low High Low High Low

lnpgdp 6.139*** 1.502 5.404*** 1.628 1.534 3.084**
(2.050) (1.695) (1.765) (1.507) (2.463) (1.373)

lnpgdp2 − 0.211** − 0.070 − 0.230*** − 0.119 − 0.009 − 0.071
(0.089) (0.081) (0.076) (0.074) (0.100) (0.061)

lnfdi 0.307** 0.066 0.183** 0.030 0.024 − 0.010
(0.124) (0.046) (0.092) (0.038) (0.123) (0.047)

lnfdi2 − 0.022*** − 0.007 − 0.012** − 0.004 − 0.003 − 0.001
(0.007) (0.005) (0.005) (0.004) (0.006) (0.005)

lndustry 0.018 − 0.001 0.004 − 0.005 0.021 − 0.027*
(0.028) (0.015) (0.022) (0.011) (0.032) (0.014)

Service 0.006 − 0.009 − 0.012 − 0.002 0.020 − 0.019
(0.031) (0.017) (0.024) (0.012) (0.031) (0.014)

lneconomy − 1.491** − 0.448 − 0.609 0.496 − 1.631 − 1.188
(0.578) (0.477) (0.705) (0.598) (1.593) (0.946)

lnpop 1.278** 0.344 0.326 − 0.328 1.163 2.029**
(0.504) (0.652) (0.495) (0.665) (1.171) (1.028)

Constant − 41.926*** − 0.718 − 21.534 7.784 − 5.220 − 26.877
(15.277) (16.517) (13.678) (15.062) (25.080) (19.543)

Time variables Yes Yes Yes Yes Yes Yes
F-test for T 28.04 9.71 31.32 6.63 8.17 2.38
Observations 1756 1833 1756 1833 1756 1833
GDP turning point 2,078,991 N.A 126,478 N.A N.A N.A
FDI turning point 1072 N.A 2048 N.A N.A N.A
R-squared 0.24 0.09 0.24 0.05 0.06 0.02
F-statistic 24.33 7.41 36.68 8.24 8.89 2.38
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Since the Kuznets curves for different pollutant emis-
sions are different, the turning point also varies. In the pro-
cess of searching for the turning point, this study excludes 
the curves without significant regression coefficients. In 
the aspect of economic growth concerning industrial dust 
emission and GDP per capita, all spots of 290 cities are 
located on the left side of the turning point of the curve. In 
other words, the emission of industrial dust increases as the 
economy develops in the more developed cities. In terms of 
industrial  SO2 emission in these more developed areas, only 
23 spots among 290 cities are on the right side of the turning 
point, and in these cities, pollutant emission or discharge 
decreases as the economy grows.

As for the FDI, the coefficient showing the relationship 
between pollutant emission or discharge and FDI in the less 
developed area is not significant, and in more developed 
areas, only 68 spots of cities are located on the right side 
of this curve. In addition, 163 cities’ spots lie left of the 
inverted U curve of industrial dust emission, and 166 cities’ 
spots are on the left of the curve concerning industrial  SO2 
discharge as well. This suggests that those cities on the left 
side are in a period of economic structural adjustment, in 
which the relationship between FDI and environmental pol-
lution has been strengthening. As for the industrial effluent 
discharge, there is no such significant relationship between 
these two. As for the regional distribution, we further ana-
lyze the distribution of all the locations of these cities to 
show the present situation of China’s environmental pollu-
tion. We observe the ratios of cities’ spots that lie on the left 
side of the EKC in Fig. 3. Noticing that only a few of these 
points are on the right side of the EKC relative to the GDP 
per capita, and so we plot the figures of ratios of the cities’ 
spots on the left side of EKC relative to FDI.

Figure 3 shows that the FDI has reached a high level in 
the developed cities, especially for the cities in the east coast 
areas, like Jiangsu, Zhejiang, and Fujian provinces, because 
most of the cities’ spots in these provinces are on the right 
of the Kuznets curve’s turning point. Moreover, there is a 
downward trend in industrial  SO2 emission and industrial 
dust discharge with the introduction of more FDI, with the 
exception of Xinjiang Province. The majority of the cities 
lie on the right side of the curve. The reason is that there 
are only two cities recorded in the sample: Urumchi and 
Karamay. These two cities are imbued with resources and 
attract a lot of FDI, so their FDI level is higher than any of 
the other cities. According to the relationship between FDI 
and pollutant emission or discharge in inland areas, China is 
at the transforming stage, with some cities’ spots on the right 
of the turning point of the FDI curve and others on the left. 
Those on the left side of the curve are facing the situation 
in which pollution is getting more severe with the increase 
in FDI. The contradiction between pollution and economic 
growth in eastern cities is far less concerning than that in 
inland cities.

When it comes to industrial structure, their regression 
coefficients are positive in the more developed cities but 
negative in the less developed cities; yet both of these coef-
ficients are not significant at all, showing that the industrial 
structure may not be the main reasons affecting the envi-
ronmental quality. Neither the secondary industry propor-
tion nor the service industry proportion plays a vital role in 
pollution. Moreover, there is a significant difference in the 
influence of population on pollutant emission or discharge 
between more developed areas and less developed areas. The 
influence of the population on environmental pollution can 
be summarized as: emission or discharge of the two major 
pollutants usually rises with the increase in population. In 

Industrial dust and FDI in developed cities

(a) (b)

Industrial SO2 and FDI in developed cities

0% 100% 0% 100%

Fig. 3  Ratios of the cities’ spots lie on the left side of the EKC of FDI. a Industrial dust and FDI in developed cities. b Industrial  SO2 and FDI in 
developed cities
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contrast, a 1% increase in population will result in a 1.278% 
increase in industrial dust emission in a more developed 
area. In terms of industrial effluent discharge, the influence 
of population growth is massive in those less developed 
areas. For the effect of economic density, the change of eco-
nomic density shows no consistent effects on environmental 
pollution, which is similar to the conclusion of full sample 
analyses. The rise in economic density could either raise 
or reduce pollutants emission and discharge, and the sig-
nificance of coefficients is considerably different. Hence, its 
influence on the environment is not consistent.

5  Conclusions and policy suggestions

By analyzing the panel data of 290 cities in China from 
2003 to 2016, this study reveals the relationship between 
economic growth and pollution, including industrial dust 
emission, industrial  SO2 emission, and industrial effluent 
discharge. Through the empirical analysis with the fixed-
effect regression model, the conclusions can be drawn as 
below: (1) relationship between economic growth and envi-
ronmental pollution is supported by an Inverted-U shaped 
Kuznets curve, and these relationships vary with different 
pollutants. (2) In terms of economic openness, the relation-
ship between the pollutant emission or discharge and for-
eign direct investment is supported by an inverted U-shaped 
curve. Pollution levels of most cities’ spots are located on the 
left of the curve, where pollutant emission or discharge rises 
as GDP per capita and FDI increases. (3) The population 
boom generally results in the growth of pollutant emission or 
discharge. This increase in pollutant emission or discharge 
might be a high proportion of secondary. (4) According to 
the subsample analysis results, the development of the econ-
omy will lead to pollution in more developed cities rather 
than in less developed cities, and the influence of economic 
density on pollutant emission or discharge is significantly 
inconsistent.

In order to reconcile the need for sustainable growth of 
the economy with concern for the environment, we must 
be aware of the pollution level of China in the process of 
economic growth. We analyze the relationship between 
economic growth and pollution by different subsamples and 
three different pollutants. There are some implications we 
can draw from the results of this study.

First, because of the Inverted-U relationship between 
GDP per capita, FDI, and pollution, we need to follow the 
economic development rules. Comparing those more devel-
oped areas with the less developed areas, we can discern 
that the reaction of environmental pollution to economic 
growth is more sensitive in more developed regions and cit-
ies. Therefore, in the process of introducing foreign invest-
ment, it is necessary to be aware of environmental pollution. 

Meanwhile, the governments in China should improve devel-
opment modes and enhance regulations to reduce environ-
mental pollution.

Second, in terms of the influence of industrial structure 
on the economy, considering the relatively high emission 
of  SO2 and dust, it is necessary to accelerate the up-gra-
dation of industrial structure. Policy-makers and gov-
ernments should support the development of the service 
sector, such as the hospitality industry, information tech-
nology, and financial services. In manufacturing indus-
tries, the introduction of technology must be strengthened, 
and pollutant emission or discharge should be reduced by 
adopting environmentally friendly technologies. It has 
been founded that adopting green technology is a sustain-
able way to achieve a low-carbon or carbon-free environ-
ment (Sun et al.2019). It is an excellent way to adopt some 
environmentally friendly energies like geothermal energy 
and solar energy (Zhang et al. 2019; Li et al. 2019). Other 
literature also suggested using natural gas or electric vehi-
cles in transportation to reduce pollutant emissions (Yuan 
et al. 2018; Zhang et al. 2018). Meanwhile, environmen-
tal non-governmental organizations may help to enhance 
urban environmental governance significantly (Li et al. 
2018).

Third, as a result of the absence of regulation, environ-
mental pollution becomes worse when the economy takes 
off. Based on our findings, we have to take economic growth, 
opening-up policy, and population into consideration when 
imposing regulations and making environmental policies.
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