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Abstract 

Based on the panel data of 30 provinces, cities and autonomous regions (excluding Tibet, 
Hong Kong, Macao and Taiwan) in China from 1998 to 2016, this paper establishes a 
spatial Durinc model to analyze the impact of FDI on haze pollution in China. The spatial 
correlation analysis shows that China's haze pollution has significant spatial aggregation. 
Tthe result of the spatial Durbin model (SDM) shows that foreign direct investment has 
aggravated the haze pollution in China, when foreign direct investment increased by 1%, 
PM2.5 concentration increased by 0.03%. The spatial Durbin model (SDM) effect 
decomposition results show that the effect of FDI on haze pollution is mainly direct effect, 
and the effect of space spillover effect on haze pollution is not significant. 
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1. INTRODUCTION 

Since the reform and opening up, China has been the most attractive destination for foreign 
direct investment, and in recent years has become the largest country in the world to absorb 
and utilize foreign direct investment. However, with the rapid development of economy and the 
continuous increase of FDI, China's ecological environment is deteriorating, of which air 
pollution is particularly prominent. In recent years, the frequent pollution of haze damages the 
health of residents and also seriously affects the normal operation of the economy. The 
relationship between foreign direct investment and environmental (atmospheric) pollution has 
attracted more and more attention from all walks of life. Therefore, it is of great practical 
significance to study the impact of foreign direct investment on China's haze pollution.  

2. LITERATURE REVIEW 

There are three main points of view in academia about the impact of FDI on the environment 
of the invested land, one is the scholars represented by Walter, Mani and Wheeler, who believe 
that the transfer of pollution-intensive industries brought about by foreign investment will have 
a negative impact on the environment of the invested land, and the other is the scholars 
represented by Letchumanan, Grey and Brank, who believe that foreign investment can improve 
the environmental pollution of the invested areas as a whole through technology transfer and 
innovation. The scholars, represented by Grossman and Krueger and Panayoto, believe that the 
impact of foreign investment in FDI on the environment of the place under investment should 
be analyzed from the scale, structure, technology and other effects of FDI. 

Walter and Ugelow (1979) suggested that developed countries would invest in industrial  
that were seriously polluting to the environment to developing countries with relatively lax 
environmental pollution restrictions [1]; By analyzing data from Latin American countries and 
OECD countries other than Japan, Mani and Wheeler(1999) found that because the 
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environmental regulations of developed countries are stricter than those of developing 
countries, polluting industries are shifting from developed to developing countries through 
foreign direct investment, thereby worsening the local environment[2] ; Kolstad and Xing (1998)  
found that Industries with high pollution control costs, such as chemicals and primary metals, 
are mostly located in areas with low limits on industrial environmental pollution by comparing 
the Cost of Pollution Control in the United States different industries [3] ; 

Benarroch and Thille (2001)  point out that countries eager to pursue economic 
development will choose to voluntarily lower local environmental standards in order to obtain 
more opportunities for foreign investment, thereby creating a collective competition for 
environmental standards to the bottom[4];Research by Pao and Tsai (2011) shows that the 
"pollution haven hypothesis" applies to Russia, where FDI entry as a whole worsens the 
environment in the Russian region[5] ; Blanco (2013) used The Granger causality test to analyze 
the relationship between FDI and CO2 emissions in 18 Latin American countries between 1980 
and 2007, and found that FDI entry further increased CO2 emissions from pollution-intensive 
industries [6]. 

Letchumanan et al. (2000) raised the question of the "pollution haven hypothesis", pointing 
out that FDI entry can give the investment area advanced management level and technology, 
thereby effectively improving the environmental level of the invested land[7]; Wheeler (2001) 
analyzed air quality in four major cities: the United States, China, Brazil, and Mexico, and found 
that the most foreign-funded countries had the highest levels of local environmental[8]; 
Eskeland et al. (1997) subjected to strict environmental regulations in China will bring better 
environmental management systems and environmental standards to economically 
underdeveloped countries, and consider that multinational companies will face more stringent 
policy supervision in the investment areas, so that foreign direct investment as a whole by 
improving the industrial environmental standards in the invested areas to improve the 
environment of the investment areas [9]. Grossman and Krueger (1991) have established a 
research framework to analyze the environmental impact of trade from scale effect, structural 
effect and technical effect, which many scholars apply to the study of the environmental effects 
of foreign direct investment in view of the commonalities between international trade and FDI 
environmental impact. Specifically, the scale effect refers to the foreign investment into 
expanding the economic production scale of the region, thus affecting the local environmental 
level, the structural effect refers to FDI on the local industrial structure, the concrete 
performance may increase or decrease the proportion of polluting industries in the total 
industry, thus affecting the local environmental level, the technical effect refers to FDI on the 
investment production technology, thereby affecting the local environmental level[10];  
Panayotou (2000) (11) further integrates income and policy effects into the analytical 
framework on the basis of existing studies [11]. 

3. METHOD 

This paper analyzes the impact of foreign direct investment on smog pollution in China by 
spatial Durbin model, firstly,  Using Moran'I index, Geary index and Moran scatter plot to make 
spatial correlation analysis of haze pollution, Secondly, Using  the spatial Durbin model (SDM) 
according to the relevant theory, and analyzing the effect of FDI haze pollution from direct, 
indirect and overall effects. 

3.1. Spatial Autocorrelation  

Spatial correlation analysis is the first step to analyze economic problems by using spatial 
measurement model, only when there is spatial correlation of variables, it is necessary to use 
spatial measurement model for analysis, and when there is spatial correlation of variables, the 
use of spatial measurement model can often make the model regression results more accurate. 
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The most common methods of spatial correlation analysis include the Global Moran'I index test, 
the Geary check index test, the local Moran'I index test, and the Moran scatter plot analysis. 

Global Moran Index : 

 

Where  represents the sample variance, ,  represents the 

observed value of region i, n represents the total number of the regions, and  represents 
the spatial weight matrix element. 

The value range of the Global Moran'I index is [-1,1], and when its value is in the (0,1) interval, 
the variable as a whole is forward spatially correlated, in the form of high-high (HH) aggregation 
or low-low (LL) aggregation. The closer the value is to 1, the more significant the positive spatial 
correlation is, and when its value is in the interval of (-1,0), the variable as a whole is negatively 
spatially correlated, which is characterized by high-low (HL) aggregation, and the closer its 
value is to -1, the more significant the negative spatial correlation is. When its value is close to 
0 or the p value is not significantly indicative that the variable is spatially randomly distributed. 

The Geary index: 

 
The value range of the Geary index is [0,2], and when its value is in the (0,1) interval, the 

variable as a whole is forward spatially correlated, in the form of high-high (HH) aggregation or 
low-low (LL) aggregation. The closer the value is to 0, the more significant the positive spatial 
correlation is, and when its value is in the interval of (1,2), the variable as a whole is negatively 
spatially correlated, which is characterized by high-low (HL) aggregation, and the closer its 
value is to 2, the more significant the negative spatial correlation is. When its value is close to 1 
or the p value is not significantly indicative that the variable is spatially randomly distributed. 

The Global Moran'I index reflects the spatial relevance of variables as a whole, but does not 
distinguish between spatial aggregation forms between different regions, often using the local 
Moran'I index and Moran scatter plot for in-depth judgment. 

Local Moran Index : 

 
The range of values of the local Moran index is also [-1,1], when its value is in the interval of 

(0,1), the corresponding regionist forward space correlation, in the form of high-high (HH) 
aggregation or low-low (LL) aggregation, the more its value is Close to 1, the more significant 
the positive spatial correlation is, and when its value is in the interval of(-1,0), the 
corresponding region is negatively spatially correlated, which is characterized by high-low (HL) 
aggregation, and the closer its value is to -1, the more significant the negative spatial correlation 
is. 

3.2. Regression Model and Variables 

3.2.1 Regression Model 

In setting the basic model, in addition to the key variable FDI, a number of control variables 
are set - traffic situation, education level, energy structure, urbanization level, industrial 
structure, etc.  

Basic model can be written as: 
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The spatial Durbin model(SDM) can be written as:  

 

 
ρ represents spatial self-regression coefficient, λ represents spatial error factor, µ and ε are 

random error term that obeys the normal distribution.W reprents spatial weight matrix, 
including adjacent spatial weight matrix, inverse distance matrix and economic distance 
nesting matrix. 

adjacent spatial weight matrix (W1): 

 
inverse distance matrix (W2): 

 
economic distance nesting matrix (W3): 

 

d indicates the European distance between the two regions;  is per GDP in each region for 
the period 1998-2016 

3.2.2 Variables 

The statistical description of each variable is shown in Table 1. 

Interpreted variables :1998-2016 annual average concentration of PM2.5 of 30 provinces in 
China. 

Explanatory variables : 1)pergdp ;regional per captita GDP, level of economic development of 
the region directly affects the intensity of environmental pollution, this paper uses regional per 
capita GDP and introduce a secondary item of per capita GDP ; 2) fdi ;FDI affects haze pollution 
in investment areas by influencing economic scale, industrial institutions, environmental 
protection technologies and environmental regulations. In this paper, the actual amount of 
foreign direct investment is used to measure the level of foreign direct investment. 

Control variables:1)industry ; In this paper, the ratio of secondary industry to GDP is chosen 
to reflect the industrial structure of each region ; 2)es ; this paper use "Coal resource 
consumption/total energy consumption" to measure the region's energy structure; 3)transport ; 
this paper uses the ratio of  private car ownership and road mileage to measure regional 
traffic ; 4)urban; This paper uses "urban population/total population" to measure the level of 
urbanization in the region; 5)edu ; The education level of the region is measured by multiplying 
the number of years of education and the ratio of the local population to the corresponding 
number of years of education. edu=6*prim%+9*midd%+12*high%+16*univ%, prim%, midd%, 
high%, univ% represent the ratio of the population to the total population at the primary, 
secondary, high and university education levels respectively. 
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Table 1. The statistical description of each variable 

Variable Mean Std. Min Max 

pm 29.51 16.04 2.25 82.67 

fdi 32031 41507.32 23.64 118.20 

pergdp 26936.67 22702.94 2364.00 118198.00 

industry 45.72 7.92 19.26 61.50 

es 0.96 0.36 0.00 2.31 

transport 19.78 31.83 0.71 205.47 

urban 0.48 0.16 0.22 0.90 

edu 8.28 1.10 4.91 12.39 

4. RESULTS 

4.1. Spatial Autocorrelation Analysis 

As shown in Table2, The Global Moran'I Index (Moran'I) is all between 0.54-0.65 at the 1% 
significance level, the Geary Index (Geary) is all between 0.25-0.4 at the 1% significance level, 
and both the Moran'I and Geary values indicate significant positive spatial correlation slots of 
PM2.5 concentrations in China. 

 

Table 2. Global Moran’I and Geary index values for PM2.5 1998-2016(W1) 

pm Moran'I Geary 
Year I z p-value* C z p-value* 
1998 0.541 4.752 0.000 0.384 -4.428 0.000 
1999 0.540 4.654 0.000 0.450 -4.747 0.000 
2000 0.575 4.972 0.000 0.368 -4.676 0.000 
2001 0.607 5.321 0.000 0.328 -4.786 0.000 
2002 0.607 5.213 0.000 0.321 -5.079 0.000 
2003 0.642 5.485 0.000 0.283 -5.388 0.000 
2004 0.629 5.368 0.000 0.314 -5.177 0.000 
2005 0.603 5.156 0.000 0.351 -4.908 0.000 
2006 0.608 5.268 0.000 0.330 -4.903 0.000 
2007 0.631 5.376 0.000 0.313 -5.217 0.000 
2008 0.614 5.262 0.000 0.326 -5.056 0.000 
2009 0.587 5.072 0.000 0.345 -4.852 0.000 
2010 0.594 5.097 0.000 0.347 -4.914 0.000 
2011 0.631 5.409 0.000 0.310 -5.148 0.000 
2012 0.619 5.283 0.000 0.324 -5.126 0.000 
2013 0.615 5.318 0.000 0.325 -4.948 0.000 
2014 0.604 5.188 0.000 0.347 -4.883 0.000 
2015 0.608 5.187 0.000 0.328 -5.108 0.000 
2016 0.628 5.409 0.000 0.315 -5.050 0.000 

 

Figure 1 and Figure 2 show the Moran scatter plot of haze pollution in 30 provinces of China 
in 2003 and 2016. It can be seen that the number of provinces located in the first and third 
quadrants is significantly larger than that of the second and fourth quadrants, This result 
further shows that the pollution of smog in China is significantly positively correlated. 
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Figure 1. Moran scatter plot of haze pollution in 30 provinces of China in 2003 

 
Figure 2. Moran scatter plot of haze pollution in 30 provinces of China in 2016 

4.2. Regression Results 

Table 3 lists the regression results of the spatial Durbin model (SDM) under three different 
spatial weight matrixs. Overall, the spatial lag factor is positive by passing the 1% significance 
level test, indicating that there is a forward spatial spillover effect of haze pollution,  the 
increase of local haze pollution will worsen the intensity of haze pollution in neighboring areas. 
The spatial error  value is positive by testing the 1% significance level, which indicates that the 
haze pollution error term in the surrounding provinces and cities has a significant positive effect 
on local haze pollution, that means the error term of haze pollution in the surrounding 
provinces and cities will aggravate the local haze pollution. 

Specifically,Foreign direct investment  under the three spatial weight matrixs estimate 
coefficients have passed the 1% test, significantly positive, which shows that foreign direct 
investment has increased the level of haze pollution in China as a whole. Specifically, under the 
adjacent spatial weight matrix (W1), the regression coefficient of FDI (lnfdi) is 0.0305, 
indicating that for every 1 percentage point increase in FDI, the concentration value of PM2.5 
increases by 0.031%, and under the reverse distance spatial weight matrix (W2), the regression 
coefficient of foreign direct investment (lnfdi) is 0.0352. That means, for every 1 percentage 
point increase in FDI, the concentration of PM2.5 increases by 0.031%, and under the Economic 
Geographic Nesting Matrix (W3), The regression coefficient of FDI (lnfdi) was 0.03, which 
means for every 1 percentage point increase in FDI, the PM2.5 concentration increased by 
0.03%. The spatial lag coefficient of FDI is not significant under W1 and W3, indicating that the 
spillover effect of FDI has almost no effect on haze pollution. 
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Table 3. The regression results of the spatial Durbin model (SDM) 

variables W1 W2 W3 

lnpergdp 0.3764* 0.2661 0.1365 

 1.92 -1.18 -0.6 

ln^2pergdp -0.0186* 0.0128 0.005 

 -1.96 1.16 0.45 

lnfdi 0.0305*** 0.0352*** 0.0300*** 

 4.6 4.75 3.82 

lnindustry 0.1011** 0.0661 0.0362 

 1.84 1.06 0.53 

lntransport 0.0088 -0.0035 0.0202 

 0.49 -0.17 0.99 

lnurban -0.3136*** -0.1396*** -0.1623* 

 -4.37 -1.67 -1.9 

lnes -0.0763*** -0.0962*** -0.0615** 

 -2.67 -3.16 -1.92 

lnedu -0.0123 -0.1371 -0.2091 

 -0.09 -0.83 -1.19 

Wlnpergdp 0.6377** 1.7381*** 3.1544** 

 2.11 4.26 4.35 

Wln^2pergdp -0.0316** -0.0836*** -0.1459*** 

 -2.14 -4.16 -4.23 

Wlnfdi 0.087 -0.0405** -0.0279 

 0.65 -2.28 -0.62 

Wlnindustry -0.3199*** -0.4147*** -0.9016*** 

 -3.28 -3.55 -3.84 

Wlntransport 0.0377* 0.0501 0.0503 

 1.87 1.43 1.11 

Wlnurban -0.0741 -1.3249* -1.2022*** 

 0.04 -1.74 -2.84 

Wlnes 0.0618 0.1802** 0.3840** 

 0.45 2.16 1.97 

Wlnedu 0.0787 0.3002 0.4513 

 1.03 1.24 1.43 

ρ 0.7891*** 0.7831*** 0.8013*** 

λ 0.0076*** 0.0094*** 0.0110*** 

Log-L 520.4059 480.8693 467.4583 

R^2 0.5047 0.5288 0.5624 

 

Table 4 shows the effect decomposition of the spacial Durbin model (SDM) under the three  
different spatial weight matrixs. Overall, the direct effects of FDI on haze pollution are positive, 
and all pass 5% significance test, specifically, the amount of foreign direct investment increases 
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by 1 percentage point, the PM2.5 concentration value of the region  increase about 0.03% . The 
indirect effect is relatively not significant, which indicates that FDI has no significant effect on 
haze pollution in neighboring areas. 

 

Table 4. Static spatial effect decomposition of spatial Durbin model 

Variables 
 

Direct effect Indirect effect Total effect 
W1 W2 W3 W1 W2 W3 

lnpergdp 
 

0.73*** 0.12 0.33 4.00*** 6.63*** 4.96*** 
3.25 0.52 1.34 3.48 4.49 3.86 

ln^2pergdp 
 

-0.04*** -0.01 -0.02 -0.20*** -0.32*** -0.70*** 
-3.39 -0.54 -1.46 -3.55 -4.47 -3.98 

lnfdi 
 

0.04*** 0.03*** 0.03** 0.151** -0.05 0.01 
3.96 3.02 2.36 2.11 -0.56 -0.04 

lnindustry 
 

0.01 -0.02 -0.09 -1.05** -1.60*** -1.36*** 
0.18 -0.26 -1.06 0.19 -2.62 -2.86 

lntransport 
 

0.02 0.01 0.03 0.19** 0.21* 0.33 
0.95 0.22 1.12 2.02 1.68 1.53 

lnurban 
 

-0.43*** -0.24*** -0.37*** -1.32 -1.81** -1.52** 
-4.54 -2.81 -3.28 -2.16 -2.26 -2.34 

lnes 
 

-0.08 -0.07 -0.01 0.01 0.47 0.70 
-1.96 -0.71 -0.16 0.05 1.19 1.54 

lnedu 
 

-0.01 -0.12 -0.20 0.22 0.74 1.25 
-0.08 -0.71 -1.18 0.31 0.84 0.88 

5. CONCLUSION 

Based on the above studies, the following conclusions can be drawn: Firstly, The haze 
pollution of China has significant spatial aggregation. Secondly, foreign direct investment has 
aggravated the haze pollution in China, when foreign direct investment increased by 1%, PM2.5 
concentration increased by 0.03%. In addition , the spatial Durbin model (SDM) effect 
decomposition results show that the effect of FDI on haze pollution is mainly direct effect, and 
the effect of space spillover effect on haze pollution is not significant.  
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