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Abstract: Long-term exposure to haze pollution will not only affect citizens’ health and shorten
their life expectancy, but also cause unpredictable economic losses. In addition, it has become the
focus of worldwide concern whether and how institutional quality affects haze pollution. In this
study, we explored the impacts of political corruption on haze pollution in 139 global countries. We
employed a geographical detector model to identify the driving factors of spatial differentiation
in global haze pollution. In addition, corruption degree and per capita gross domestic production
(GDP) were used as threshold variables to analyze whether there is a nonlinear relationship between
corruption and haze pollution. The main results are as follows. (1) The corruption perception index
(CPI) was negatively correlated with haze pollution and had a strong and stable explanatory power
for the heterogeneity of haze pollution. Besides, the degree of corruption had a significant triple
threshold effect on haze pollution. When the CPI crossed the double threshold value, strengthening
institutional quality could inhibit haze pollution. (2) Per capita GDP significantly determined how
institutional quality exerted an effect on haze pollution, which was also a key factor affecting spatial
heterogeneity of PM2.5 concentration. In high-income countries, choosing a more honest ruling
party could substantially reduce haze pollution, while in low-income countries, an incompetent
government could increase the degree of haze pollution. (3) The “Matthew effect” was manifested
in our study. It indicated that the higher was the level of economic development, the lower was
the severity of haze pollution. Based on these results, we state that policy makers cannot simply
alleviate haze pollution through anti-corruption construction. For low-income countries, ensuring
economic growth is the prerequisite for the substantial alleviation of haze pollution. On the contrary,
high-income countries should pay more attention to the integrity of government institutions and
strengthen the awareness of anti-corruption.

Keywords: corruption perception index; economic development; haze pollution; panel threshold
regression model; geographical detector model

1. Introduction

Air pollution poses a huge challenge to the health of the world’s inhabitants [1–3]. In 2016, the
air quality in more than 91% of the countries across the world did not meet the standards of the
World Health Organization [4]. According to the Global Real-time Air Quality Index Report [5], air
pollution is still one of the most serious environmental problems that plague many countries [6–8].
Haze pollution caused by fine particles is especially problematic because it induces a large number of
diseases and results in shortened life expectancy [9,10]. Most existing research on haze pollution has
been conducted from the perspective of natural science to explore the potential impact of haze pollution
on meteorology and human health [11–14]. However, haze pollution is not just a natural phenomenon;
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social factors (e.g., population size, economic development, industrial structure, and energy intensity)
also have a significant impact on PM2.5 pollution, which deserves more attention [15–17].

Although socioeconomic factors have an impact on PM2.5 concentration [18,19], typically, this
effect is not linear and the impact of the relationship can change. There is a typical “inverted U-shaped
relationship” between the level of economic development (as measured by per capita gross domestic
production (GDP)) and haze pollution [20]. That is, in the early stage of economic development,
an overall increase in personal income generally exacerbates haze pollution; however, when the
income level exceeds some threshold value, economic development will alleviate the pressure of
PM2.5 pollution [21]. Similar to economic development, the inverted U-shaped relationship also exists
between urbanization and PM2.5 pollution. Initial stage urbanization will increase the pressure caused
by haze pollution, but when the urbanization level increases beyond some threshold value, it exerts
a significant inhibitory effect on haze pollution [22]. Population size affects haze pollution through
the scale effect and agglomeration effect. The scale effect leads to a large housing demand and other
changes that stimulate haze pollution, while population agglomeration increases public transportation
ridership and the resource utilization rate, thereby alleviating the pressure of haze pollution [23]. The
clean industrial structure is a key factor in reducing haze pollution. By contrast, the secondary industry
(which is characterized by high pollution and high emissions) will greatly increase PM2.5 pollution [24].

As an important part of societal life, political factors may also have an impact on environmental
quality. This research field has gradually attracted the attention of scholars who have researched
the environmental pollution effects of the political business cycle, democracy, institutional quality,
and other factors. Although severe environmental pollution will lead to local political instability [25],
local leaders motivated by occupational incentives tend to create more attractive economic benefits
at the end of their office term. These economic developments may violate environmental law or
avoid enforcement to form an environmental-political business cycle [26]. Furthermore, institutional
failure and poor governmental management lead to worsening environmental pollution [27]. The
political globalization process can alleviate pollution problems to a certain extent, while true democratic
governance only has a significant positive effect in countries with high PM2.5 emissions [28].

The impact of institutional quality on environmental pollution is not uniform. In the study
of carbon dioxide emissions, Arminen and Menegaki examined 67 countries with a high economic
development level and found that the environmental impact of changes in institutional quality on
environmental policies was limited [29]. However, Wang et al. [28] studied G20 countries and found
that the enhancement of institutional quality had a positive inhibitory effect on PM2.5 emissions. In the
face of different research samples, the relationship between institutional quality and environmental
pollution is not universal. In the present study, data from 139 countries were analyzed for the period
of 2010–2016 to determine whether institutional corruption produced an impact on PM2.5 pollution,
and if so, whether the relationship was nonlinear. A panel threshold model was used to explore the
threshold effect of corruption degree and economic development level on this relationship; moreover,
countries were grouped to take account of their heterogeneity.

Compared with previous studies, the contributions of this research mainly include the following
three aspects. First, the research expands the study scope of the factors influencing PM2.5. Increased
corruption factors explain the huge gap between the formulation and implementation effect of
environmental policies. Second, a panel threshold model was used to explore the moderating effects
of corruption degree and economic development level on PM2.5 pollution, fully considering the
heterogeneity between countries, and the results are universal. Third, geographical detector technology
was applied to identify driving factors of spatial stratificatied heterogeneity of global haze, seeking
to shorten the differences in determinants of haze pollution in various countries. Fourth, this study
supplements the Ecological Modernization Theory [30,31]. In contrast to previous studies that provided
a qualitative analysis of the relationship between corruption and the environment, this study verifies
theoretical studies based on quantitative studies.
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Haze pollution, as an environmental problem plaguing many countries, has attracted much
attention from researchers. Yet research on this topic from the perspective of institutional quality is
still incomplete, and whether national corruption affects a country’s haze pollution is a question that
remains to be explored. A threshold model of corruption’s effect on haze pollution was constructed
in this study to explore the nonlinear effect and to further consider the differences in the impact of
corruption on haze pollution in countries with different levels of economic development.

2. Literature Review

The relationship between corruption and economic development has long been the research focus
of scholars. However, as global environmental issues have emerged, the analysis of how multiple
factors affect environmental pollution has become a new research trend. As an intervention mechanism,
political or institutional corruption (or both) attempt to avoid the restrictions of policies or even the
formulation of policies through bribery or other means, and thus directly or indirectly affect the
ecological environment of countries [32].

Corruption will directly deteriorate environmental quality through its effect on the strictness
of environmental policies [33] and by weakening the strength of supervision [34]. However, factors
such as people’s trust degree and the proportion of women with political power will ameliorate the
negative effects of corruption [35]. For example, when the level of public trust is high, the negative
impact of corruption on the strictness of environmental policies will be reduced, and may even show
a positive correlation [36]. Environmental impact assessment is a key measure for alleviating the
negative environmental impacts of development projects. If the process of environmental impact
assessment is affected by corruption, the transparency, accountability, and participation of its application
can no longer be guaranteed, thereby increasing the risk and uncertainty of the assessment [37,38].
Furthermore, corrupt countries receive less foreign direct investment than countries with respected
governance systems, and the small amounts of foreign investment that are received mainly come from
polluting enterprises seeking to minimize their outlay on pollution control [39,40]. Only countries
that are based on democratic systems and minimize corruption can combine economic growth and
pollution mitigation to achieve the sustained development of the economy and the environment
simultaneously [41]. Corruption also affects environmental pollution through indirect effects. Taking
SO2 emissions as an example, the higher the level of corruption in a country, the higher the per capita
income at the inflection point of the environmental Kuznets curve (EKC) [42].

With the intensification of the global greenhouse effect, controlling greenhouse gas emissions
has become a major concern of various countries. Thus, research on the impact of the influence
of corruption on greenhouse gas emissions is increasing. From a global perspective, Goel and
Herrala [43] studied the factors influencing carbon emissions in 100 countries and concluded that
the higher the level of corruption in a country, the lower its pollution level. However, this finding
was contrary to results from a study of the Middle East and North Africa regions, which found
that institutional quality had direct and indirect effects on the environment and these should be
considered comprehensively to avoid estimation errors. Thus, different research objects lead to
different conclusions. Sekrafi and Sghaier [44] researched 13 countries in the Middle East and North
Africa and found that corruption hindered economic growth, thereby reducing CO2 emissions. In
Brazil, Russia, India, China, and South Africa, for example, corruption inhibited the promoting effect
of economic growth on CO2 emissions [45]. In 15 post-soviet independent countries, corruption
directly affected CO2 emissions, and also indirectly affected CO2 emissions through per capita GDP.
In these states, the indirect effect of corruption seemed to deserve more attention than the direct
effects [46]. In Ghana, democracy directly reduced CO2 emissions, which may indirectly reduce
the emission effect brought by urbanization [32]. However, when further considering the impact of
corruption on CO2 emissions from various sectors, it was found that corruption increased the CO2

emissions from the transportation sector, but manufacturing and construction helped reduce the carbon
emissions [47]. Member countries of the Asia-Pacific Economic Cooperation forum also suffered
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from overall environmental degradation due to corruption. In countries with high CO2 emissions,
corruption did not affect emissions, but there was a significant promoting effect in countries with low
CO2 emissions [48]. Analyses of various countries in sub-Saharan Africa showed that democracy
directly reduced CO2 emissions and indirectly induced the emission-reducing effect of trade [49];
however, whether the institutional quality indirectly regulated the emission-reducing effect of energy
consumption could not be verified [50].

Because of the advantages of the geographic detector model (GDM) in identifying the correlation
between variables, this technique has been widely used to analyze the degree of independent variables
to dependent variables since it was proposed [51]. Among them, GDM is mainly applied to the research
of air pollution and human health [52,53]. Given this, we will apply GDM to verify this hypothesis,
that is, there is a strong correlation between corruption and haze pollution.

Based on previous research, we propose a hypothesis that there may be a non-linear relationship
between corruption and haze pollution, which can be tested by the threshold model. The threshold
model mainly includes the static panel threshold model [54,55] and the dynamic panel threshold
model [56,57], in which the static panel threshold model is mainly used to analyze the relationship
between variables. At present, the threshold model has been widely used in the field of air pollution
research. For example, taking China as an example, Wang et al. [58] analyzed the impact of economic
growth and energy consumption structure on air quality.

The research framework is shown in Figure 1. Firstly, through the analysis of the relevant
literature, the categories of influencing factors of smog pollution were determined. Secondly, we used
the geographic detector model (GDM) to explore the explanatory degree of independent variables
for haze pollution, which determined the following research focus. Thirdly, a threshold regression
analysis framework was constructed to explore the non-linear relationship between corruption and
haze pollution. Finally, we summarized the research conclusions and put forward the corresponding
policy recommendations.
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3. Methodology

3.1. Geographical Detector Model

As is widely known, there are many factors affecting haze pollution. How to select the most
influential independent variables has always been the focus of researchers. The geographical detector
model helps us to choose the core influencing factors of haze pollution, which were proposed by
Wang et al. [51]. As a statistical method, GDM not only explores the spatial differentiation of research
objects but also reveals the driving force behind them. The core hypothesis of this technique is that if
an independent variable has an important influence on a dependent variable, their spatial distribution
should be similar [59]. By calculating the determinant power of the influencing factor (measured by q),
we can explore the extent to which this influencing factor explains the spatial differentiation of the
dependent variable [51]. Equation (1) is the specific expression of q [53]:

q = 1−

∑L
h=1 Nhσ

2
h

Nσ2 (1)

N and Nh represent the sample number of the whole region and the sample number of the
sub-level region, respectively. h indicates the stratification of the dependent variable Y and factor X,
and values range from one to L. σ2

h and σ2 represent the variance of layers h and Y, respectively. The
principle of geographical detector is shown in Figure 2. The value range of q is [0,1]. The larger the q
value is, the stronger the explanatory power of independent variable X for dependent variable Y is,
and vice versa. In extreme cases, when the q value is 1, it means that factor X completely controls the
spatial distribution of Y; when the q value is 0, it means that X has nothing to do with Y.

Sustainability 2020, 12, 3523 5 of 21 

3. Methodology 

3.1. Geographical Detector Model 

As is widely known, there are many factors affecting haze pollution. How to select the most 

influential independent variables has always been the focus of researchers. The geographical detector 

model helps us to choose the core influencing factors of haze pollution, which were proposed by 

Wang et al. [51]. As a statistical method, GDM not only explores the spatial differentiation of research 

objects but also reveals the driving force behind them. The core hypothesis of this technique is that if 

an independent variable has an important influence on a dependent variable, their spatial 

distribution should be similar [59]. By calculating the determinant power of the influencing factor 

(measured by q), we can explore the extent to which this influencing factor explains the spatial 

differentiation of the dependent variable [51]. Equation (1) is the specific expression of q [53]: 

 𝑞 = 1 −
∑ 𝑁ℎ𝜎ℎ

2𝐿
ℎ=1

𝑁𝜎2   (1) 

N and 𝑁ℎ represent the sample number of the whole region and the sample number of the sub-

level region, respectively. h indicates the stratification of the dependent variable Y and factor X, and 

values range from one to L. 𝜎ℎ
2 and 𝜎2 represent the variance of layers h and Y, respectively. The 

principle of geographical detector is shown in Figure 2. The value range of q is [0,1]. The larger the q 

value is, the stronger the explanatory power of independent variable X for dependent variable Y is, 

and vice versa. In extreme cases, when the q value is 1, it means that factor X completely controls the 

spatial distribution of Y; when the q value is 0, it means that X has nothing to do with Y. 

 

Figure 2. Principle of the geographical detector model (GDM). 

The geographical detector model requires that the independent variable should be categorical 

data. Since the independent variable in this paper is a numerical quantity, the natural breaks 

classification method is first used for discretization. This method identifies the classification intervals, 

groups similar values most appropriately, and maximizes the differences between classes. ArcGIS 

software is used to classify driving factors in each year, which are mainly divided into four categories. 

Taking 2016 as an example, the classification of each factor is shown in Table 1 below, and Figure 3 

shows the spatial layout of the classification of seven influencing factors. 

Table 1. Threshold values of dependent variables in 2016 by the natural breaks classification 

method. 

Thresho

ld 
LnCPI LnGDP LnIS LnURBAN LnFOREST LnEM LnPOP 

Level 1 
[2.639,3.0

91] 

[5.639,7.2

88] 

[−3.952, 

−0.03891] 

[−0.07162,2.0

13] 

[−2.605,0.72

65] 

[−2.578,0.71

68] 

[0.6672,2.3

08] 

Level 2 
[3.092,3.6

89] 

[7.289,8.7

16] 

[−0.0389,1.8

26] 
[2.014,3.202] 

[0.7266,2.73

1] 

[0.7169,2.58

0] 

[2.309,3.84

6] 

 

Study  region

h=1

h=3

h=2

h=1

yi

xh

h=1

h=3

h=2

h=1

h=1Y h=1σ 2
， h=2Y h=2σ 2

，

Y σ 2
，

Figure 2. Principle of the geographical detector model (GDM).

The geographical detector model requires that the independent variable should be categorical data.
Since the independent variable in this paper is a numerical quantity, the natural breaks classification
method is first used for discretization. This method identifies the classification intervals, groups similar
values most appropriately, and maximizes the differences between classes. ArcGIS software is used to
classify driving factors in each year, which are mainly divided into four categories. Taking 2016 as an
example, the classification of each factor is shown in Table 1 below, and Figure 3 shows the spatial
layout of the classification of seven influencing factors.
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Table 1. Threshold values of dependent variables in 2016 by the natural breaks classification method.

Threshold LnCPI LnGDP LnIS LnURBAN LnFOREST LnEM LnPOP

Level 1 [2.639,3.091] [5.639,7.288] [−3.952,−0.03891] [−0.07162,2.013] [−2.605,0.7265] [−2.578,0.7168] [0.6672,2.308]
Level 2 [3.092,3.689] [7.289,8.716] [−0.0389,1.826] [2.014,3.202] [0.7266,2.731] [0.7169,2.580] [2.309,3.846]
Level 3 [3.690,4.127] [8.717,10.03] [1.827,2.826] [3.203,3.908] [2.732,3.652] [2.581,3.709] [3.847,5.042]
Level 4 [4.128,4.500] [10.04,11.52] [2.827,4.271] [3.909,4.414] [3.653,4.430] [3.710,4.679] [5.043,8.976]

Note: square brackets “[” and “]” mean boundary values included. CPI: corruption perception index. GDP:
economic development. IS: industrial structure. URBAN: urbanization. FOREST: natural environment. EM: energy
mix. POP: population size.
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3.2. Linear Estimation Model

This study focused on the relationship between corruption and haze pollution. Considering the
diversity of factors that influence haze pollution, some control variables are introduced to ensure a
scientifically valid evaluation. The level of national economic development in a country is measured
using per capita GDP. The industrial structure in each country is measured as the proportion of the
added value of the tertiary industry to GDP. The environmental conditions in each country are assessed
using the amount of forest area. The proportion of agricultural land in a country’s total land area
is used as a measure of the level of urbanization. The energy mix is measured as the proportion of
new-energy generation. The population size was measured by population density.

The PM2.5 concentration in countries is taken as the explained variable, and the panel regression
technique is adopted to fit the linear model (Equation (2)) to detect the effects of corruption and other
factors on haze pollution:

LnPM2.5it = αLnCPIit + β1LnGDPit + θ1LnISit + θ2LnFORESTit + θ3LnURBANit+

θ4LnEMit + θ5LnPOPit + µi + εit
(2)

where α is the influence coefficient of the corruption perception index (CPI), β1 and θn are the influence
coefficient of each control variable, i represents the country, t represents the year, µi is the individual
effect of each sample cross-section that did not change with time, and εit is the error term such that
εit ∼ iid

(
0, σ2

)
.

3.3. Estimation Model with CPI as the Threshold Variable

Based on Hansen’s panel threshold regression model, a basic model with CPI as the threshold
variable was constructed to test the possible nonlinear characteristics between CPI and haze pollution
at different CPI levels. Various control variables were introduced to develop the threshold estimation
model used to identify the CPI independent variable effect:

LnPM2.5it = α1LnCPIit × I(LnCPIit ≤ γ1) + α2LnCPIit × I(LnCPIit > γ1) + · · ·

+α2n−1LnCPIit × I(LnCPIit ≤ γn) + α2nLnCPIit × I(LnCPIit > γn) + β1LnGDPit + θ1LnISit+

θ2LnFORESTit + θ3LnURBANit + θ4LnEMit + θ5LnPOPit + µi + εit

(3)

In Equation (3), CPIit is the core explanatory variable, indicating the corruption level of i country
in year t. Meanwhile, CPIit also serves as a threshold variable, indicating that the CPI level has different
effects on haze pollution in different threshold intervals. γ is the threshold value of CPI to be estimated,
which can be divided into two distinct areas. The regression coefficients of each area are different,
which reflects the nonlinear characteristics between the degree of corruption and haze pollution. I
(·) is the indicator function of the test hypothesis. When the condition in the brackets is satisfied, the
hypothesis is met and I = 1; if the hypothesis is rejected then, I = 0.

3.4. Estimation Model with Economic Development as the Threshold Variable

To investigate the regulating effect of national economic development in various countries,
economic development is introduced as the threshold variable into Equation (4), resulting in the
threshold estimation model of the economic development effect.

LnPM2.5it = α1LnCPIit × I(LnGDPit ≤ γ1) + α2LnCPIit × I(LnGDPit > γ1) + · · ·

+α2n−1LnCPIit × I(LnGDPit ≤ γn) + α2nLnCPIit × I(LnGDPit > γn) + β1LnGDPit + θ1LnISit

+θ2LnFORESTit + θ3LnURBANit + θ4LnEMit + θ5LnPOPit + µi + εit

(4)
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3.5. Variable Design

3.5.1. Explained Variables

Sulfur dioxide, nitrogen oxides, and inhalable particulate matter are the main components of
haze. The former two are gaseous pollutants and inhalable particulate matter is the main culprit for
aggravating hazy weather and pollution. PM2.5 is especially considered to be the “prime criminal”
of hazy weather. The annual average concentration of PM2.5 in each country is used to represent the
degree of haze pollution on an annual basis.

3.5.2. Core Explanatory Variables

In this study, corruption is taken to mean the act of abusing the rights of a public servant for
personal benefit and can be divided into minor corruption and severe corruption [60–62]. Minor
corruption means that people could avoid the negative effect of certain policies through bribery. Severe
corruption denotes the bribing of politicians to influence the policies formulated [63]. Both minor
corruption and severe corruption have an impact on environmental pollution [29]. While the impact of
corruption on haze pollution has not yet reached a consensus, the effect of corruption on reducing the
strictness of environmental policies has been widely recognized. Taking CO2 emissions as an example,
most studies showed that corruption increased CO2 emissions from a global perspective. However,
Halkons and Tzeremes [64] found that there was no linear relationship between corruption and CO2

emissions and that better institutional quality did not necessarily lead to lower CO2 emissions. The
CPI of Transparency International is used in this study to measure the degree of corruption in each
country. The higher the CPI value, the lower the degree of corruption, and vice versa.

3.5.3. Threshold Variables

The national CPI and per capita GDP are taken as the threshold variables to analyze whether the
impact of corruption degree on haze pollution in the countries varies. Meanwhile, CPI is also regarded
as a core explanatory variable.

Economic development: GDP reflects the level of economic development in a country, and
environmental quality is always closely related to regional economic development. On the one hand,
the rapid development of the economy requires a large amount of energy input, while the consumption
of fossil energy will promote atmospheric emissions and cause haze pollution. On the other hand, rapid
economic development can provide a government with a stable source of finance and taxation that can
be used to increase investment in environmental protection and governance, thereby reducing haze
pollution. The classic EKC hypothesis holds that as an economy grows, environmental quality initially
tends to deteriorate, but then improves. Graphically, it depicts an inverted U-shaped curve. However,
recent research has shown that a U-shaped, N-shaped or inverted N-shaped relationship might also
exist between an environmental variable and economic growth [23]. Considering a country’s economic
development status of haze pollution, per capita GDP is used as the control variable and threshold
variable to measure the economic development level.

3.5.4. Control Variables

To obtain unbiased test results, five factors closely related to haze pollution are considered as
control variables. The first of these is the industrial structure. Compared with fossil energy consumption
and pollution emissions caused by the development of the secondary industry, the development of the
tertiary industry is cleaner and has less impact on haze pollution. Therefore, the industrial structure is
measured as the percent of value-added of the tertiary industry in GDP. The second control variable is
urbanization. With the promotion of urbanization, built-up areas gradually expand and compress
agricultural land, increasing the demand for housing and the use of motor vehicles, both of which
degrade the environmental quality and exacerbate haze pollution. Therefore, the level of urbanization
is measured as the proportion of agricultural land in a country’s total land area. The higher the
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proportion of agricultural land, the lower the level of urbanization. The third control variable reflects
the natural environment. The characteristic of the natural environment is an important factor affecting
environmental pollution; for example, the forested area can absorb 14 kg/m2 of sulfur dioxide every
year. Thus, the percentage of forest area in the national area is selected to measure the state of the
natural environment of each country. The fourth control variable is the energy mix. Compared with
the use of traditional fossil energy, new-energy has been recognized worldwide for its environmentally
friendly and renewable characteristics. Considering that the burning of traditional fossil energy is
one of the main factors causing haze pollution, the energy mix of any country will have an impact on
haze pollution. The energy mix is included regarding Shao et al. [65] and Dong et al. [6], measured as
the proportion of new energy generation in the total energy generation. The final control variable is
the population size. Due to the large differences in the physical areas and populations of countries,
there is no comparability in terms of the absolute value of population size. Therefore, with reference to
the research of Shao et al. [23], the population density is used as the measure of population size in
characterizing the impact of population aggregation on haze pollution.

3.6. Data

For the consistency of statistical caliber and the availability of data, 139 countries from 2010 to
2016 were selected as research objects. For the sample countries, the CPI data are mainly derived from
Transparency International, and the other data are taken from the World Bank’s World Development
Indicators. Table 2 contains the descriptive statistical analysis of each variable.

Table 2. Descriptive statistics of variables.

Variables Obs Mean Std. Dev Min Max

LnPM2.5 973 3.1716 0.6650 1.6412 5.3169
LnCPI 973 3.6632 0.4515 2.0794 4.5539
LnGDP 973 8.5733 1.4803 5.4459 11.6888

LnIS 973 1.9447 1.2089 −6.9525 4.2705
LnURBAN 973 3.5705 0.7353 −0.0716 4.4188
LnFOREST 973 2.9684 1.3105 −2.6547 4.4333

LnEM 973 2.8772 1.7041 −8.1266 4.6789
LnPOP 973 4.2661 1.2997 0.5752 8.9757

4. Results and Discussion

4.1. Data Test

To avoid the interference of macroeconomic data having a temporal trend, a data stationarity test
for variables was first conducted. Considering that the unit root process of each cross-section sequence
of panel data might be different, the Levin–Lin–Chu (LLC) homogeneity test and the Im–Pesaran–Shin
(IPS) heterogeneity test were selected for use. Under the two test methods, the original data of
each variable did not completely reject the null hypothesis, but the first-order difference values of
the variables rejected the null hypothesis under the LLC test. Under the IPS test method, only the
∆LnFOREST variable failed to pass the test. Overall, the variable panel data selected are the first-order
stationary. To avoid the phenomenon of spurious regression in the model estimation, the Pedroni
residual co-integration test tool was selected to analyze the co-integration relationship of panel data.
The test results show that all statistical data passed the significance test at the 1% level. These
results support the conclusion that there is a long-term stable equilibrium relationship among the
selected variables.

Heteroscedasticity often occurs in actual economic data and will affect the estimation results
from a model and increase the prediction error. Therefore, the White heteroscedasticity test was
performed on the Equation (2). The test results show that Equation (2) rejects the null hypothesis of
model homoscedasticity at the 1% significance level; consequently, it is deemed that heteroscedasticity
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existed in Equation (2). Due to the presence of autocorrelation in the data, the estimated fluctuation
amplitude of the regression line based on the sample data has increased, resulting in inaccurate
parameter estimation. An autocorrelation test was performed on Equation (2) using the Pesaran test.
These results show that Equation (2) rejects the null hypothesis of the non-correlation of this model
at the 1% significance level. Therefore, autocorrelation is deemed to exist in Equation (2). Thus, the
generalized least squares estimation was used to test.

4.2. Driving Factors on PM2.5 Concentrations

Seven indicators (namely, CPI, per capita GDP, industrial structure, urbanization, the natural
environment, and the energy and population size) were chosen as the factor variables of geographical
detection affecting haze pollution. Then, we used GDM to calculate the power of the determinant
value of each independent variable for every year, and the specific results are shown in Table 3 below.
Taking 2016 as an example, the order of influences of independent variables on spatial differentiation
of haze pollution is GDP > CPI > FOREST > POP > URBAN > IS > EM. By plotting the q value
distribution diagram of driving factors (see Figure 4), we find that although the influence of each factor
on PM2.5 pollution fluctuates, economic development, institutional quality, and natural environment
are the main factors affecting haze pollution, among which economic development has the strongest
explanatory power for haze.

Table 3. Power of determinant value of each driving factor from 2010 to 2016.

Year LnCPI LnGDP LnIS LnURBAN LnFOREST LnEM LnPOP

2010 0.338123 0.450676 0.027602 0.034009 0.120013 0.062644 0.052929
2011 0.32281 0.440295 0.033695 0.050756 0.110451 0.041802 0.050312
2012 0.322874 0.432112 0.049083 0.012275 0.109273 0.059666 0.055528
2013 0.372594 0.4016 0.043365 0.052207 0.104586 0.056758 0.062916
2014 0.321366 0.453007 0.052688 0.052192 0.106432 0.060377 0.057164
2015 0.317953 0.469596 0.00112 0.046552 0.113855 0.068436 0.040022
2016 0.308656 0.46471 0.024016 0.046052 0.110196 0.01904 0.046906
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Political factors are one of the main factors to explain the differences in global haze pollution.
CPI accounts for the difference of PM2.5 pollution in various countries to an extent from 30.87% to
37.29%. As a key factor affecting the economic development of a country, political factors have a huge
impact not only on the national economy [66], but also on the ecological environment [63,67]. Data
shows that countries with severe corruption usually face serious environmental problems. The process
of haze pollution control forces the construction and improvement of the national system, while the
alleviation of corruption maximizes the effectiveness of haze pollution control. Despite how economic
development affects environmental pollution has always been a hotly debated topic [68], there is no
denying that a country’s wealth is extremely important to the environment. Taking haze pollution as
an example, economic development accounted for 40.16% to 46.96% of the difference in haze pollution
among different countries. Although the EKC hypothesis has been verified in some countries, most
countries are currently in the stage of a negative correlation between economic development and
haze pollution in terms of global development trends. Specifically, for countries at different stages
of economic development, the relationship between per capita GDP and haze pollution is different.
Considering the importance of economic development in haze pollution control, middle-income
countries should further accelerate economic development to achieve a win-win situation of ecological
environment and economic development. In addition to CPI and GDP, the natural environment also
accounted for the difference in haze pollution, and the explanation is maintained at about 10%, which
shows that afforestation is also the key method to alleviate haze pollution.

Although the seven factors we selected have a significant relationship with haze pollution, only
three variables (namely CPI, GDP, and FOREST) had a strong explanation for haze. This indicates
that changes in the industrial structure, urbanization rate, energy mix and population density of
a given country all bring about fluctuations of PM2.5 concentration, but these factors were not the
main reasons for the differences in global haze pollution. From a macroscopic perspective, improving
national system construction, accelerating national economic development and building a harmonious
ecological environment are the keys to shorten the gap of haze pollution between countries.

4.3. Model Estimation Results with CPI as the Threshold Variable

Before using the threshold model, we should check whether there is a threshold point in the model,
that is, the threshold effect test. Generally speaking, the results of the threshold effect test provide a
basis for whether the threshold model should be used. According to Hansen’s theory of threshold
regression [69], the samples were first arranged in ascending order by the threshold variable. The
“grid search method” is used continuously to yield the candidate threshold value η in the threshold
regression. Regressions are conducted for each threshold, and the residual sum of squares S1(η) of the
corresponding model is calculated. The minimum value as S1(η) was selected to obtain the estimated
value η as the actual threshold value of model estimation. The likelihood ratio is simulated using the
“bootstrap method” and all the statistical data are simulated 1000 times. The bootstrap p value of the
threshold existence test is obtained from these simulations. As shown in Table 4, Equation (3) passes at
the 10% significance level of the single threshold (2.9038), the double threshold, and the triple threshold;
meanwhile, the 95% confidence interval of the triple-threshold is [2.6391,4.5109], which indicates that
the effect of corruption on haze pollution exhibited significant triple-threshold characteristics.

Table 4. Threshold estimation and threshold test of Equation (3).

Threshold Model Threshold Test Estimated
Value

95% Confidence
Interval F Value p-Value Bootstrap

Times

Threshold model
with CPI as the

threshold variable

Single threshold 2.9038 [2.8470,3.0361] 10.0385 0.0000 1000
Double threshold 3.2252 [2.6391,4.5109] 3.8205 0.0660 1000
Triple threshold 3.5088 [2.6391,4.5109] 5.3118 0.0250 1000
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To facilitate system analysis and comparison, the threshold effects for all countries are estimated
first, and then the samples are divided into four types of countries based on the estimated threshold
effect of the CPI independent variable. The four categories are “severely corrupt”, “moderately
corrupt”, “slightly corrupt”, and “non-corrupt”. Despite the fact that the nonlinear relationship
between haze pollution and corruption can be explored by using the high-order function or threshold
model, there is significant multicollinearity in the high-order function. At the same time, Equation (3)
passed the threshold effect test, indicating that the panel threshold model should be used. Considering
the heteroscedasticity and autocorrelation of the panel data, the generalized least squares method is
used to estimate the model. The results are shown in Table 5. In particular, according to the results of
the Hausman test, we have considered the country fixed effect in the model estimation.

Table 5. Parameter estimating results when taking CPI as a threshold variable.

Variables Overall Severely
Corrupt

Moderately
Corrupt

Slightly
Corrupt Non-Corrupt

LnCPI −0.1217 ***
(−4.35)

0.0299
(0.18)

−0.0237
(−0.11)

−0.9179 ***
(−5.21)

−0.2243 ***
(−6.69)

LnGDP −0.2302 ***
(−20.94)

−0.2667 ***
(−5.16)

−0.1768 ***
(−12.61)

−0.2598 ***
(−18.30)

−0.3255 ***
(−38.33)

LnIS −0.0205 ***
(−2.96)

−0.1684 ***
(−5.13)

−0.0487 ***
(−4.02)

−0.0661 ***
(−4.63)

−0.1135 ***
(−12.94)

LnURBAN −0.0239
(−1.45)

−0.5572 ***
(−6.00)

−0.0617
(−1.45)

−0.1859 ***
(−11.80)

−0.0263 ***
(−3.01)

LnFOREST −0.1354 ***
(−12.13)

−0.1711 ***
(−7.57)

−0.0774 ***
(−3.09)

−0.1460 ***
(−22.53)

−0.0911 ***
(−9.84)

LnEM −0.0015
(−0.56)

−0.0889 ***
(−2.95)

−0.0309 **
(−2.48)

−0.0202 **
(−2.54)

−0.0532 ***
(−10.90)

LnPOP 0.0797 ***
(8.22)

−0.2447 ***
(−5.62)

0.1155 ***
(5.70)

0.1701 ***
(15.26)

0.0854 ***
(18.31)

Constant 5.7385 ***
(48.37)

9.6933 ***
(12.57)

4.9416 ***
(7.31)

9.0741 ***
(16.00)

7.2687 ***
(66.64)

Obs 973 29 139 221 584

Note: Z-values are reported in parentheses. * indicates p < 0.1; ** indicates p < 0.5; *** indicates p < 0.01.

The institutional quality of a country is one of the main factors affecting air pollution. Considering
the total sample, the CPI is negatively correlated with haze pollution [70]. However, each country’s
national conditions are different and the impact of corruption degree on haze pollution showed a
significant nonlinear relationship. Thus, it cannot be concluded that suppressing corruption is an ideal
approach to solving haze pollution problems. Instead, it is necessary to explore the relationship between
corruption and haze pollution while considering countries with different corruption degrees [64].

In countries with different degrees of corruption, factors differ in their influence on haze pollution.
In countries where corruption is severe, the suppression of corruption has an increasing effect on
haze pollution, though this effect is not significant. The cause of the phenomenon may be that severe
corruption distorted the national economy [44,71]. When a country starts to control the degree of
corruption, it usually first focuses on its economic development issues and neglects the governance
of atmospheric and other types of pollution. Thus, efforts to control corruption in a severely corrupt
country exacerbated haze pollution in the short term. Moreover, for countries with severe corruption,
bribery has affected the statistical data that measured environmental pollution, making the haze
pollution data inconsistent with reality to avoid the punishment of environmental policies [72].
Therefore, when the corrupt behavior is controlled, the concentrations of pollutants appear to increase
because they were under-reported previously.

For countries with a moderate degree of corruption, the governance of corrupt behavior has
produced an inhibitory effect on haze pollution, but this effect was not obvious. In countries with
minor corruption and non-corruption, the influence coefficient of CPI on haze pollution passed the
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1% significance test; thus, it had an inhibitory effect on haze pollution. This result indicates that for
countries with relatively high levels of institutional quality, the implementation of environmental
policies is relatively strong, and the impact of corruption on the implementation of environmental
policies is relatively weak. Further improving the institutional quality and ensuring the implementation
of environmental policies are the keys to alleviating haze pollution.

It is worth noting that when a country is in a state of minor corruption, the effect of improving the
institutional quality and suppressing corruption on the reduction of haze pollution is more obvious.
Despite that, for a country without corruption, this effect is greatly reduced, which indicates that
the relationship between institutional quality and haze pollution can be represented by diminishing
marginal returns. Relatively honest countries may face more problems in terms of environmental
management to a lesser extent than corrupt countries. Although the execution efficiency of the public
sector will increase in an honest country [73], more attempts are required for a government during the
development of environmental policies to balance the interests of different stakeholders. The extra
time required to enact policies reduces the impact of corruption control on haze pollution, at least in
the short and medium-term.

The development and protection of the ecological environment have been valued by various
countries around the world. A relatively high level of economic development will significantly inhibit
haze pollution. Both in the total sample or when grouped according to their degrees of corruption, the
decoupling of economic development from haze pollution has been a major trend [74]. The secondary
industry is one of the main causes of haze pollution. With the end of industrialization in many
countries, the arrival of the information age has accelerated the development of the tertiary industry
and gradually formed an industrial structure dominated by this advanced industry. The increase in the
proportion of the tertiary industry will significantly alleviate haze pollution [75]. Despite the fact that
the increase of agricultural land has also played a certain role in alleviating haze pollution, this effect is
not significant. However, in countries with different degrees of corruption, it has greatly varied the
impact of urbanization on haze pollution [15]. Conditions associated with the natural environment
are one key to alleviating haze pollution. For countries plagued by haze pollution, strengthening
environmental supervision is also essential to avoiding haze pollution. Meanwhile, faced with the need
to remediate polluted air, increasing the vegetation-planting rate will greatly reduce haze pollution.

Globally, changes in the energy mix will not significantly affect haze pollution. Among countries
with different institutional quality levels, it was found that the impact of the rising proportion of
new-energy consumption on haze pollution passed the significance test. In general, the dominance
of fossil energy as the main source of energy supply is one of the main causes of PM2.5 [76]. Yet the
mitigation effect of a clean energy consumption structure on haze pollution is weak, mainly because
using of new-energy currently was not promoted globally and the traditional fossil energy is still key
to supporting economic development. The size of the population is a major factor contributing to
haze pollution. Countries with high population density usually generate a great demand for housing,
home appliances, and motor vehicles, all of which were the main causes of haze pollution. In addition,
traffic congestion caused by population agglomeration is not conducive to the efficient combustion
of motor vehicle fuel, which exacerbates atmospheric pollution. Meanwhile, high residential density
affects wind speed and is not conducive to the diffusion of pollutants, thereby indirectly aggravating
haze pollution. However, in countries with severe corruption, the increase of population density has a
typical agglomeration effect, which improves the proportion of public transport in the overall travel
modes of citizens and the efficiency of resource use, thereby reducing air pollution to some extent [77].

There was a typical nonlinear relationship between the degree of corruption and haze pollution.
When the degree of corruption of a country changes, the impact of CPI on PM2.5 concentration also
changes. It is important to examine whether the level of economic development also regulates the
relation between CPI and haze pollution.
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4.4. Model Estimation Results with Economic Development as the Threshold Variable

In order to analyze the relationship between corruption and haze pollution in countries with
different economic development levels, the threshold test was first conducted, and the results are
shown in Table 6 below. Equation (4) passed the 5% significance level test of the single threshold,
double threshold, and triple threshold, and the 95% confidence interval of the triple-threshold is
[6.3313,10.8825]. This result indicates that the impact of corruption on haze pollution was affected by
the level of economic development [78].

Table 6. Threshold estimation and threshold test of Equation (4).

Threshold Model Threshold Test Estimated
Value

95% Confidence
Interval F Value p-Value Bootstrap

Times

Threshold model
with GDP as the

threshold variable

Single threshold 6.6991 [6.3313,10.8825] 6.5384 0.0130 1000
Double threshold 7.4346 [7.3887,7.4346] 10.8009 0.0000 1000
Triple threshold 7.7105 [6.3313,10.8825] 4.9255 0.0190 1000

To facilitate system analysis and comparison, the threshold effects for all countries were estimated
first. Then, based on the threshold effect estimates, the total sample countries were divided into
four types based on their level of economic development: “low income”, “middle-low income”,
“middle-high income”, and “high income”. The generalized least squares method was adopted and
the country fixed effect was considered. The results are shown in Table 7.

Table 7. Parameter estimating results when taking GDP as a threshold variable.

Variables Overall Low Income Middle-Low
Income

Middle-High
Income High Income

LnCPI −0.1217 ***
(−4.35)

0.1606 **
(2.39)

0.5143 ***
(6.26)

−0.0878
(−0.30)

−0.1472 ***
(−5.41)

LnGDP −0.2302 ***
(−20.94)

0.2636 ***
(3.45)

0.2701 ***
(3.01)

−0.6647
(−1.35)

−0.3113 ***
(−28.82)

LnIS −0.0205 ***
(−2.96)

−0.010
(−0.87)

−0.1900 ***
(−12.06)

−0.0151
(−0.27)

−0.0668 ***
(−8.26)

LnURBAN −0.0239
(−1.45)

−0.5070 ***
(−9.75)

−1.0436 ***
(−15.14)

−0.0303
(−0.31)

0.0157*
(1.74)

LnFOREST −0.1354 ***
(−12.13)

−0.2477 ***
(−10.10)

−0.1511 ***
(−14.60)

−0.2274 ***
(−5.87)

−0.1555 ***
(−17.55)

LnEM −0.0015
(−0.56)

−0.0936 ***
(−6.76)

−0.0718 ***
(−6.87)

0.1422 ***
(3.26)

−0.0244 ***
(−5.66)

LnPOP 0.0797 ***
(8.22)

0.1493 ***
(6.92)

0.2707 ***
(15.62)

−0.0371
(−1.51)

0.0980 ***
(20.93)

Constant 5.7385 ***
(48.37)

3.9297 ***
(7.86)

3.6788 ***
(5.06)

9.318 **
(2.34)

6.6315 ***
(79.51)

Obs 973 131 129 44 669

Note: Z-values are reported in parentheses. * indicates p < 0.1; ** indicates p < 0.5; *** indicates p < 0.01.

In various national economic developments, the impact of institutional quality on haze pollution
differs noticeably [79]. Contrary to the results when all countries are analyzed collectively, the
threshold effect test for different groups of countries produced the following results. First, when the
per capita GDP was in the low and middle-low ranges, a reduction of corruption significantly increases
the concentration of atmospheric PM2.5. The main reason for this phenomenon is that economic
development is the priority for low income and middle-low income countries. For lesser-developed
countries without a vibrant tourism industry, it is almost impossible for the national governments
to consider both economic development and environmental protection. Therefore, even relatively
honest low-income countries tend to choose to develop their national economies first and give
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environmental protection a lower priority. This prioritization was an important factor leading to
aggravated haze pollution.

Second, as national economies develop, CPI is negatively correlated with haze pollution. However,
when the per capita income is in the middle and high ranges, the influence coefficient of the CPI on
haze pollution is −0.0878, and the p-value is 0.767, indicating that the effect of controlling corruption
on the suppression of haze pollution was not significant.

Third, in countries with highly developed national economies, the influence coefficient of CPI on
haze pollution is −0.1472, and it passes the significance test at the 1% level, indicating that for countries
with high national income, fighting corruption and maintaining a high level of institutional quality
had a significant inhibitory effect on haze pollution. This result occurred mainly because the citizens
in countries with developed economies have high demands for good air quality and a high-quality
ecological environment [79]. A relatively more honest country will fully consider the environmental
demands of citizens, place economic development and environmental protection in equally important
positions, and introduce more environmental policies that are stringent and effective.

Contrary to the impact of per capita GDP on haze pollution in the total pool of all 139 countries,
there is a significant nonlinear relationship between the level of economic development and haze
pollution when countries are grouped according to economic development [80]. For low income and
middle-low income countries, the inflection points of the EKC were not passed during the study period.
The level of economic development in these countries is positively related to the degree of smog
pollution, and the development of the national economy induced haze pollution. For high-income
countries, the inflection points of the EKC were crossed. In these countries, economic development
is significantly negatively correlated with haze pollution and abundant national capital plays an
important role in haze control. Moreover, the level of economic development also promotes the
effect of institutional quality on haze pollution and indirectly eases the degree of haze pollution in
high-income countries. The results show that the direct and indirect reducing effect of the national
economy on PM2.5 pollution is significant, and accelerating economic development is also one of the
keys to promoting the mitigation of haze pollution [81].

The study finds that the level of economic development significantly influenced the PM2.5

concentration effect on corruption; a higher level of national economy not only eases the haze pollution
directly but also indirectly promotes the institutional quality of smog pollution inhibition. The
“Matthew effect” is further manifested; that is, the higher the level of economic development, the lower
the haze pollution level.

5. Conclusions and Policy Implications

5.1. Conclusions

This study of 139 countries considered the impact of institutional quality on environmental
quality. More specifically, the research examined the impact of the CPI on haze pollution. A nonlinear
relationship between corruption and haze pollution was observed. Mathematical models were
developed to analyze this relationship, first by considering the degree of corruption as a threshold
variable and then by using the level of economic development as the threshold variable. Total sample
countries were then divided based on the estimated threshold effects so that the factors influencing
haze pollution in different groupings of countries could be further analyzed. Three main conclusions
were supported by the study results.

(1) On a global basis considering all 139 countries collectively, the CPI was significantly negatively
correlated with haze pollution. The power of determination for CPI was relatively high and
stable during the observation period, indicating that political factors were one of the key
factors contributing to the stratification heterogeneity of global haze pollution. However, this
should not be interpreted to mean that severer corruption universally results in more haze
pollution. With the improvement of the quality of the national system and the reduction of
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corruption, the implementation and stringency of local environmental policies also improve,
and the implementation of these policies becomes more certain, which greatly alleviates haze
pollution. However, in this study, the impact of the degree of corruption on haze pollution showed
significant triple threshold characteristics. That is, when corruption in a country was severe,
the mitigation of corruption did not affect haze pollution. Yet when the CPI crossed the double
threshold value, the strengthening of institutional quality significantly inhibited haze pollution.

(2) As the main factor causing spatial heterogeneity of PM2.5 concentration, per capita GDP was also
an important indicator for measuring the national economic level, which significantly adjusted
the impact of institutional quality on haze pollution. In countries with high incomes, choosing
a ruling party that is less susceptible to corruption significantly reduced haze pollution and
created an ecological environment that is more suitable for civil life. Nevertheless, in low-income
countries, an honest government will not significantly inhibit haze pollution; on the contrary,
it appears to greatly exacerbate a country’s haze pollution. However, the aggravated level of
pollution may be apparent rather than actual, given that pollution monitoring in low-income,
politically corrupt countries is unreliable.

(3) When countries economic development was at a relatively high level, per capita GDP had an
inhibitory effect on haze pollution, not only indirectly through the moderating effects of lifestyle
changes and public demand for a high-quality environment, but also directly through efficiency
improvements in the energy mix. The “Matthew effect” was manifested in the international
community such that the higher the level of economic development, the lower was the severity of
haze pollution.

5.2. Policy Implications

The influence of political factors and economic development level on haze pollution was mainly
considered in this study. Based on the research results, the following recommendations are proposed
to alleviate global haze pollution pressure.

(1) Strengthen the construction of environmental institutions and anti-corruption institutions
and ensure probity during the institution implementation process. All countries should
actively promote the construction of environmental institutions. Countries should not
only comprehensively rectify defects in the existing institutions, highlight the key points of
environmental institution construction, and improve institutional quality, but also develop
environmental institutions into a respected scientific and rational institutional system. To
ensure the effect of implementing the environmental system, national governments should
actively introduce anti-corruption laws and regulations and strengthen the supervision of
the implementation process of the institutional environmental system. In summary, national
governments must prevent corruption from reducing the effectiveness of an environmental
system, ensure the effectiveness of institutional construction, strengthen the awareness of national
laws and regulations, and strengthen the publicity and education about anti-corruption systems,
so as to alleviate the pressure of PM2.5 pollution.

(2) Upgrade the industrial structure, accelerate economic development, and give full play to the
haze-reducing effect of the national economy. First, efforts should be made to improve the
industrial structure by promoting the development of less-polluting types of industry, increase
support for the financial industry, service industry and high technology industries, strengthen
environmental supervision of the production process of the secondary industry, and curb the
emission of PM2.5 at the source. Second, national governments are supposed to promote the
upgrading of the industrial structure in order to improve the comprehensive competitiveness
of the national economy, give full play to a high level of economic development for its direct
and indirect effects in reducing haze pollution, increase haze control investment, and ensure the
benefits of PM2.5 pollution control.
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