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Abstract

Based on the data of annual average values of PM  concentrations in China, this study empirically

investigates the spatial autocorrelation of haze pollution in China and the mutual influence of energy

consumption and foreign direct investment on haze pollution in China from 2004 to 2014 using the spatial

econometric method. Moran’s I values are all above 0 during the 10 years, which indicates that haze

pollution in China exists with significant spatial autocorrelation. Then the spatial econometric model

estimation results show that energy consumption has a significant and positive effect on haze pollution in

China while foreign direct investment has a significant and negative effect on haze pollution. Meanwhile,

the regression coefficient of mutual variable of energy consumption and foreign direct investment is

0.063 at the 5% level, which suggests that foreign direct investment plays an important role in regulating

the relationship between energy consumption and haze pollution, namely that the aggravation effect

of energy consumption on haze pollution will increase with the increase of foreign direct investment.

Finally, we provide some policy guidance for controlling haze pollution in China.

Keywords: haze pollution, energy consumption, foreign direct investment, spatial econometric method,

exploratory spatial data analysis

Introduction

Air pollution has been one of the greatest challenges
all over the world. As the biggest developing country,
China undergoes severe environmental pollution due
to its continuously increasing economy [1-2]. Under the
dual drive of environmental pollution and economic
development, the urban air pollution problem has

*e-mail: tangdengli 2008@163.com

gradually become the core topic most likely to be the
bottleneck of sustainable development. Since winter
2012, severe extreme haze events have occurred in
northern and eastern China — especially in the city-
clusters such as the Beijing-Tianjin-Hebei area, Yangtze
River Delta area, and Pearl River Delta area [3-4]. Haze
occurs when sunlight is absorbed and scattered by high
concentrations of atmospheric aerosols [5]. It not only
has a direct depressive mental effect on human beings,
but also alters the ecological system and climate [6-
7]. Thus, research on the influential factors of haze
pollution will provide meaningful insights for controlling
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haze pollution, ensuring people’s health and promoting
economic development.

Numerous research has investigates the related
problem of haze pollution from the socioeconomic
perspective, such as causes, spatial correlation, harm, and
influence factors of haze pollution. For instance, Wang et
al. (2014) pointed out that the external cause of the severe
haze episodes is the unusual atmospheric circulation
and the depression of strong cold air activities, and the
internal cause is the quick secondary transformation of
primary gaseous pollutants to secondary aerosols [8].
Many existing studies also have focused on the temporal
and spatial distribution of haze pollution and examined
its spatial spillover effect. For example, Wang et al. (2012)
showed that haze events have a very similar and clear
seasonal variation [5]. Tang et al. (2016) suggested that
haze pollution in China has a strong spatial clustering
phenomenon and spatial spillover effects [9]. Meanwhile,
some scholars have indicated that the haze crisis can
cause enormous harm to the environment, people’s lives
and health, and economic activities [10-11]. Recently,
influence factors of haze pollution have been a focus
of many studies [6, 9, 12]. Based on panel data of 31
provinces’ annual averaged PM, . concentrations over the
period 2000-2012, Tang et al. (2016) found a significantly
positive relationship between FDI and haze pollution
in China [9]. Ma and Zhang (2014) also suggested that
optimizing energy consumption structure will play
a key role in controlling haze in the long run, and that
reducing coal consumption can solve the haze problem in
the short term [12]. Hao and Liu (2016) suggested that the
relationship between PM, | concentrations and per capita
GDP is an inverted U-shaped, and vehicle population
and secondary industry have significant and positive
influences on urban PM, . concentrations [6].

In fact, some existing studies have verified the
relationship of energy consumption and foreign direct
investment [13-15]. For example, He (2006) examined
industrial sulfur dioxide (SO,) emissions for 29 Chinese
provinces and showed that the total impact of foreign direct
investment on industrial SO, emissions is very small.
With a 1% increase in FDI capital stock, industrial SO,
emissions will increase by 0.098% [16]. By using macro
level data on 60 developing countries for the period 1975-
2004, Huebler and Keller (2010) did not confirm that FDI
inflows reduce energy intensities of developing countries
in general [14]. Based on a unique dataset of 206 of the
largest prefecture-level cities between 2005 and 2008,
Elliott et al. (2013) investigated the relationship between
energy intensity of Chinese cities and the location of
foreign firms, and found evidence of a significant and
negative relationship between foreign direct investment
flows into a city and energy intensity [17].

Therefore, under normal circumstances, energy
consumption and foreign direct investment are not alone
in the process of affecting haze pollution as foreign direct
investment can affect energy consumption intensity
and energy consumption efficiency in many ways. The
expansion of foreign direct investment will facilitate the

introduction of advanced technology, equipment, and
managerial experience, in which it will increase energy
efficiency and the international liquidity of elements to
the outside world. That is to say, foreign direct investment
has an adjustment influence on the relationship of energy
consumption and haze pollution.
Althoughpreviousstudies have verified therelationship
of foreign direct investment and energy consumption, few
studies have been conducted to investigate the mutual
influence of energy and foreign direct investment on haze
pollution in China. Therefore, this paper aims to at least
partially fill this gap in the literature by investigating
the mutual influence of energy consumption and foreign
direct investment on haze pollution in China using the
data of annual average values of PM, concentrations in

China from 2004 to 2014. This study not only examines

the spatial autocorrelation of haze pollution in China, but

also reveals the mutual influence of energy consumption
and foreign direct investment on haze pollution in China
from the angle of a spatial relationship.

Therefore, the aims of this paper were to:

1) Estimate the spatial autocorrelation of haze pollution
in China using the exploratory spatial data analysis
method.

2) Investigate the mutual effect of energy consumption
and foreign direct investment on haze pollution in
China using spatial econometric models, including
spatial lag model (SLM) and spatial error model
(SEM).

Material and Methods
Data Sources

We estimated the mutual influence of energy
consumption and foreign direct investment on haze
pollution by using panel data of China’s 30 provinces
between 2004 and 2014. All the original data are collected
from the National Statistical Yearbook (2005-2015) and
China Environment Yearbook (2005-2015). To address
missing data, we complemented this database with China
Statistical Yearbook for Regional Economy (2005-2015).
In order to eliminate heteroscedasticity, all variables are
transformed into the natural logarithm form.

Variable Descriptions
Haze Pollution

Considering the fact that particulate matter is the
main component of haze pollution in China [4, 6], PM,  or
PM, . concentrations will be used as dependent variables.
Meanwhile, as partial cities have begun to report PM,
concentrations since 2012, the annual average values
of PM,, concentrations are utilized in this study. In
addition, all data for the annual average values of PM,
concentrations in China Statistical Yearbook are based on
provincial capital cities. Considering that haze pollution
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exists in the spatial spillover effect and that provincial
capital cities are often the focus of the entire province’s
economic activities, this paper uses annual average values
of PM,, concentrations of provincial capital cities to
replace the annual average values of PM, concentrations
of the whole province according to Wang and Xu (2015)
[18].

Gross Domestic Product

Gross domestic product (GDP) is used to measure the
level of economic growth in this paper. GDP can reflect
a region’s economic growth level, and the environmental
pollution problem is related to economic growth.
Grossman and Krueger (1995) found an inverted U-shaped
relationship between the economy and environmental
pollution, which is called EKC [19]. Therefore, in order
to obtain more accurate estimation results, this paper
estimates the relationship of economic growth and haze
pollution by setting GDP and GDP squared.

Energy Consumption

The level of energy consumption (EC) is measured
by total energy consumption, which reflects a region’s
economic development degree. At present, the second
industry still accounts for a high proportion in China’s
industrial structure, and this circumstance will aggravate
China’s environmental pollution. Many scholars have
studied energy consumption problems, such as Peng and
He (2015) [20] and Hu and Liu (2015) [21]. Due to total
energy consumption reflecting the level of regional energy
consumption more directly, this paper uses total energy
consumption as an indicator of energy consumption.

Foreign Direct Investment

Foreign direct investment (FDI) is measured by
regional actual utilized FDI. On the one hand, developed
countries tend to transfer pollution-intensive industries to
developing countries with laxer environmental regulations
in order to gain lower labor costs and competitiveness.
On the other hand, developing countries can also study
advanced production technology and management
experience through technology spillover effect from
developed countries. In a word, the comprehensive
influence of FDI on environment pollution depends on
multiple-effects. Table 1 presents descriptive statistics for
variables.

Table 1. Descriptive statistics for variables.

Exploratory Spatial Data Analysis Method

In this paper, we first investigate the spatial
autocorrelation of haze pollution using the exploratory
spatial data analysis method, which is used to detect
cluster pattern phenomenon in the entire study area
[22]. Spatial correlation can be measured by Moran’s |
statistics, and Moran’s I value is expressed as:

[= n Y X Wi (vi — 1) (v — 9)
i 2j=i Wij i (yi — ¥)? )

...where y, and y; are annual average values of PM,
concentrations, respectively, and W, is the spatial weights
matrix. Generally, Moran’s I values range from -1 to 1. A
positive Moran’s I value means positive spatial correlation;
a negative value indicates negative autocorrelation.

Model Specification

Spatial econometric models can be considered the
extensions of conventional econometric models by adding
a spatial variable. According to the research of Anselin
(1995) [23], we use spatial econometric models, including
SLM and SEM, to estimate the mutual influence of energy
consumption and foreign direct investment on haze
pollution. Early scholars such as Grossman and Krueger
(1995) found an inverted U-shaped relationship between
the economy and environmental pollution, which is called
EKC [19]. Therefore, the basic econometric model-based
EKC is shown below:

InY; = By + B1InGDP, + B,In2GDP; + B3InX; + g;
(€

...where Y isthe dependent variable; GDP is gross domestic
product; ¢ is the disturbance term; and X denotes other
independent variables, including energy consumption,
foreign direct investment, and the mutual term of energy
consumption and foreign direct investment.

When spatial correlation exists, the conventional
econometric model estimation will lead to invalid
results. SLM assumes that spatial correlation stems
from dependent variables; SEM assumes that spatial
correlation stems from the error shock of adjacent regions
on dependent variables. According to the definitions, the
SLM and SEM models can be written as:

Variables Unit Min Max Mean Std. Dev.
InY ug/m? 3.497 5.720 4.607 0.304
InGDP 100 million yuan 6.145 10.893 8.903 0.955
In’GDP 100 million yuan 37.756 118.653 80.166 16.542
InEC 1,000 tce 6.609 10.617 9.152 0.743
InFDI 100 million yuan 0.492 7.410 4.834 1.647
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InY; = pwinY;+8, + B;InGDP; + $,In?GDP; +
+ B3lnXi + Si (3)

InY; = By + B1InGDP, + B,In?GDP, + B3InX; + ¢,
g = AwlnY; + u

@

...where Equations (3) and (4) denote SLM and SEM,
respectively; winY is the spatial lag variable; p is the
spatial autoregressive coefficient; A is spatial error
autoregressive coefficient; and w is the spatial weight
matrix.

Results and Discussion

Results and Analysis of Spatial
Autocorrelation Test

According to the results of Moran’s I statistics of
haze pollution in China, Moran’s I values are all above
0. And all years” Moran’s I values are significant at the
0.1 significance level except 2004, indicating that haze
pollution exists as spatial autocorrelation. Meanwhile,
Moran’s I values are increasing year by year from 2004
to 2014, suggesting that spatial autocorrelation haze
pollution in China strengthened gradually. That is to
say, these regions with high haze pollution are usually
adjacent to these regions with high haze pollution, and
these regions with low haze pollution are usually adjacent
to these regions with low haze pollution.

Although Moran’s 1 values illustrate the spatial
autocorrelation of haze pollution, Moran’s 1 scatterplot
also is a visual tool to illustrate spatial autocorrelation
intuitively [24]. Fig. 1 presents Moran scatterplots of
PM,, in 2004, 2009, and 2014. As shown in Fig. 1, most
provinces are located in the high-high and low-low
quadrants, suggesting the existence of similar clustering
characteristics. In other words, it means that highly
polluted provinces tend to be adjacent to highly polluted
provinces, and vice versa.

Moran’s 1=0.0875

Moran’s 1=0.2956

Results and Analysis of Spatial
Econometric Model

In order to choose which spatial econometric model
is more appropriate, we first evaluate the model using
the conventional OLS method, and then analyze spatial
econometric model estimation results. To assess the
mutual influence of energy consumption and foreign
direct investment on haze pollution in China, we
introduce four models by adding independent variables
into Equation (3). Variables EC and FDI in logarithmic
form are respectively added in the first and second
models, variable EC is added in the third model along
with variable FDI, and the mutual variable of EC and FDI
is added in the fourth model. The estimation results of
OLS are presented in Table 2.

The LM values and robust LM values can decide
which spatial econometric model is a better choice. As
shown in Table 2, the p values of LM tests are 0.000 for
the four models, and LM values for SLM and SEM are
high and close. Therefore, we further compare the robust
LM values. The robust LM values for SEM are significant
at the 0.01 significance level for the four models, and
the robust LM values for SLM are not significant for the
four models. Thus, the results suggest that SEM is more
appropriate than SEM.

Although LM values and robust LM values from
OLS can decide which spatial econometric model is
more appropriate, OLS may yield biased estimation
results because of the existence of spatial correlation
[1]. In Table 2, Moran’s I values have confirmed spatial
autocorrelation of haze pollution in China, so this paper
establishes SLM and SEM to investigate the mutual
influence of energy consumption and foreign direct
investment on haze pollution in China. Moreover, Elhorst
(2003) pointed out that when sample regression analysis
is limited to certain individuals, the fixed effect model is
a better choice [25]. Thus, this paper uses spatial lag fixed
effect and spatial error fixed effect to analyze mutual
influence, including spatial fixed effect (SFE), time fixed
effects (TFE), and spatial and time fixed effect (STFE).
The estimation results of SLM and SEM are shown in
Tables 3 and 4, respectively.

Moran’s 1=0.4982
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Table 2. Estimation results of OLS.
Variables Model 1 Model 2 Model 3 Models 4
2.852%%* 3.668%%* 2.925%%* 2.713%%%*
Constant
(3.067) (3.849) (3.151) (2.722)
0.782%*%* 0.445%* 0.689%** 0.824%**
InGDP
(3.432) (2.583) (2.982) (3.479)
-0.036%%** -0.026* -0.028%%* -0.049%%**
In’GDP
(-2.804) (-1.896) (-2.139) (-3.061)
0.288%#%* 0.248%#%* 0.215%**
InEC
(6.924) (5.208) (4.864)
-0.082%** -0.033* -0.057**
InFDI
(-4.723) (-1.727) (-2.699)
0.055%*
InEC*InFDI
(2.588)
R? 0.152 0.160 0.161
DW 1.058 1.053 1.046
LogL -47.082 -58.799 -45.574 -45.398
Moran’s 1 12.783%%* 13.819%** 13.098%** 13.216
LM lag 149.775%%:* 151.490%*:* 153.219%%%* 155.551%%%*
Robust LM lag 0.102 0.032 0.139
LM error 156.961*%* 161.489%%%* 164.259%%%* 167.698*%**
Robust LM error 7.288 %% 10.929%:* 11.071%%* 12.286%**

Note: Figures in parentheses are t-statistics; ***, ** and * indicate the significance at 1%, 5%, and 10% levels, respectively.

As shown in Tables 3 and 4, the R? values and log
likelihood (LogL) values of spatial fixed effect are
bigger than the other three fixed effects for the four
models. Meanwhile, LM tests suggest that SEM is more
appropriate for the four models, indicating that the change
of haze pollution in a province will affect its adjacent
provinces. Therefore, for the four models, spatial fixed
effect of SEM is chosen to estimate the mutual influence
of energy consumption and foreign direct investment on
haze pollution.

First, it is noteworthy that all of the spatial
autoregressive  coefficients p and spatial error
autoregressive coefficients A in SLM and SEM are positive
and statistically significant at the 1% level, indicating that
haze pollution exists as spatial dependence. In spatial
fixed effect of SEM, A values are, respectively, 0.717,
0.740, 0.726, and 0.730 for models 1-4, which means that
an increase of 1% in one region’s haze pollution will cause
a 0.717% rise in haze pollution of its adjacent regions for
model 1 (other models being equal). It also means that
haze pollution has a strong spatial spillover effect in
China, and the highly (low) polluted provinces tend to be
adjacent to highly (low) polluted provinces. These results
are basically consistent with the conclusions of Moran
scatterplots in Fig. 1.

Model 1 is used to test the relationship of energy
consumption and haze pollution in China. Table 4 shows
that the regression coefficient of energy consumption is
statistically significant at the 1% level. This means that the
higher energy consumption is more likely to cause higher
haze pollution. Therefore, solving the problem of energy
consumption and haze pollution is urgently needed.
Regional government should control the total of energy
consumption, promote industry access requirement,
and develop cleaner energy such as renewable and gas
energy. In addition, the regression coefficients of GDP
are significant, namely with GDP increases, the degree of
haze pollution first increased, then decreased.

Model 2 is used to evaluate the relationship of
foreign direct investment and haze pollution in China.
In model 2, the regression coefficients of foreign direct
investment are negative, indicating that the increase of
foreign direct investment helps decrease haze pollution
in China, which supports pollution halo hypothesis.
There may be two reasons: first, with the enhancement
of environmental protection awareness, some regions
prefer foreign companies with advanced production
technology and clean technology in order to improve
environmental quality; second, foreign direct investment



Tang D., et al.

1748

K[9A103dSaT ‘S[OAD] 9] PUE ‘%G ‘041 18 0UBOYIUSIS ) 9JBIIPUI 4 PUB 4y sy SOUSIIRIS-) 1R SOSAYIUAIRd UT S2INS1] :0I0N

6SS°TLI 65€6€ 98€°091 99T°TLI I1SS°LE 116651 ISTTLI 8TL'8T L68°6S1 8ET'LI L68TE 818°6S1 1807
¥8L0 €L5°0 96L°0 €8L°0 L9S°0 S6L°0 €8L°0 8150 S6L°0 ¥8L°0 LYS0 96L°0 |
(oLg'tn) (veyen) (ssLL1) (Ipy'11) (9zzen) (rog'L) (Tog'tn) (cogen) (sLTs1) (0z9'11) (1z9en) (€65791) g
#x#1LS°0 #%%009°0 #%%689°0 #x4ELS0 ##%565°0 #%%089°0 #5%695°0 #+%L65°0 #++€0L°0 #%#8LS°0 #%#509°0 #5%L99°0
(LeLo) (9¢6°0) (1€60)
(eELIMolLl|
8100 €500 #x%L01°0
(s12°07) (996°0-) (991°2-) (€60°0-) (sLg0-) 81t°¢-) (810°0-) (09€°0-) (599'9-) ;
6€0°0- v0°0- #xL90°0- 200°0- 800°0- #xxCS0°0" 100°0- L00°0- #x980°0" fa
(16€0) (€68°0) (€v9°¢) (96%°0) (#91°0) (L61'Y) (€6¥°0) (+60°0) (LstL) .
7500 0T1°0 #xxCE0 €€0°0 0100 #xxEST°0 T€0°0 900°0 #:xCCC0 .
(928'1-) (Tey'1-) (s€0°¢-) (€€8°1-) (929°1-) (151 (18¢'D) (Tr11-) (1€8°0-) (€9L°1-) (819°1-) (928°C)
+€20°0" 8100 ##48€0°0 «120°0- 020°0- S10°0- 910°0- ¥10°0- 800°0- +020°0" 0200~ #54670°0° 4o
(TL80) (895°1) (r19°¢) (L88°0) (965°1) (+8L°0) (rs8'1) (095°1) (¥€00) (#9L0) (695°1) (9¢L°¢)
#5+9TL0 €5€°0 #%%859°0 #x+0€L°0 65€°0 —eA +1TS°0 L8E0 #:P€E0 #x4PTL0 €5€°0 #5%L59°0 a0t
HALS AL q4S qALS q4L 44s HALS 4L EEN q4LS AL q4s
SO[qRLIBA
¥ SIPPOIN € [oPON T IPPON I [9POIN

‘[opow TS JO $}NSaI uonewnsy ‘¢ A[qeL,




1749

Mutual Influence of Energy Consumption...

K19AT)00dSI SJOAD] 9,0 ] PUB 4G ‘04 ] J& 90UBOYIUSIS QYY) QJBIIPUIL 4 PUE 4y sy -SONSIILIS-] QIR sosoypuated ur soinSi :0J0N

150°291 S0€°6Y 9L9'LLT P01 191 8€1°9% 19t°LLT 889091 6TL Y LOTLLT 620191 aaaty 86T'LLI T80T
9790 S0T°0 SIL0 LT9°0 1020 vILO 1€9°0 091°0 SIL0 LT9°0 8LT'0 SIL0 |
(Loo€) (geLen (oLv'61) (680°€1) (8Lg€n) (zLr6n) (ro8°CI) (90z€n) (¥¥T070) (¢z6Tn) (Fr9cn) (zessn)
#x4719°0 #+#1€9°0 #++0€L°0 #%919°0 #+%£79°0 #549TL°0 #6090 #5%619°0 #+507L°0 #%#C19°0 #%#679°0 #xxL L0 !
(+29°0) (reen) (68€0)
(eELIMol Ll
¥10°0 1%0°0 #%£90°0
(1L5°07) (80€'1-) (90L'1-) (9€5°0-) (621°€) (sco0¢-) (z6v°0-) (1¥1°0-) (LLLer) ;
611°0- 6£0°0- %670°0- 0100 #xx9Y0°0" | #xxEV0°0- 0100 €00°0- #x050°0" i
(trz0) (+0L0) (8¥L7) (585°0) (08L°1) (soL'1) (8¥5°0) (89L°1) (8€6'7) ;
0€0°0 8900 #+£0T°0 LEOO *€01°0 ¥990°0 $€0°0 «201°0 #%%801°0 o
(v06'1-) (s6L'1-) (oLTT) (19L°0-) (ozT1-) 9L1C) (18L°07) (oLz'1-) (885°1-) (68L°1-) (1¥z0-) (901°2)
+PT0°0- +0€0°0" #+0€0°0" %TT0°0" L10°0 #+820°0- 010°0- L10°0 €10°0- «120°0- 200°0- #x920°0" b
(180°¢) (o€L'1) (9910 (6187 (Is1'D 1177 (z60°¢) (68€°1) (€000 (020°¢) (621°1) (6900 .
#x+6LL°0 #S1S°0 #xL6V0 #xxL6L°0 0820 #xL8Y°0 #5£9€8°0 LTE0 ) #xxE9L°0 861°0 #xSLY0 a0t
HALS AL q44S qALS 4L 44s HALS AL q4s q4LS AL q4s
SO[qRLIBA
¥ SIPPOIN € [oPON T IPPON I [9POIN

‘[opow AAS JO $}NSAI uonewnsy ‘4 9[qel,




1750

Tang D., et al.

Table 5. Estimation results of SLM and SEM models.

SLM SEM
Variables
SFE TFE STFE SFE TFE STFE
0.612%%%* 0.254 0.640%*%* 0.491%** 0.485 0.635%*%*%*
InGDP
(2.779) (0.372) (3.000) (2.109) (0.795) (2.986)
-0.038%%* -0.017 -0.041%** -0.030%** -0.015 -0.023*
In’GDP
(-2.578) (-0.444) (-2.926) (-2.270) (-0.449) (-1.861)
0.309* 0.350 0.301 0.327%* 0.477%* 0.428*
InEC
(1.696) (1.486) (1.265) (2.114) (2.214) (1.954)
-0.785%%* -0.632 -0.585 -0.702%* -0.954%* -0.866%*
InFDI
(-2.504) (-1.442) (-1.318) (-2.537) (-2.380) (-2.112)
0.080%* 0.070 0.065 0.071%%* 0.105%* 0.096**
InEC*InFDI
(2.320) (1.479) (1.369) (2.362) (2.405) (2.148)
0.737%%%* 0.645%%* 0.636%** 0.765%%%* 0.670%*%%* 0.679%*%*
p/h
(16.868) (11.557) (11.238) (17.892) (12.490) (12.886)
R? 0.791 0.617 0.784 0.664 0.204 0.594
LogL 99.867 28.971 95.371 101.316 35.489 96.569
Moran’s 1 11.901*%**
LM lag 126.605%%*%*
Robust LM lag 0.000
LM error 134.224%%%*
Robust LM error 7.619%%*

Note: Figures in parentheses are t-statistics; ***, ** and * indicate the significance at 1%, 5%, and 10% levels, respectively

tends to use more advanced green skills or clean
production technology in the process of actual operation.
Model 3 extends model 1 by adding the independent
variable of foreign directinvestment. Theregressionresults
show that all three independent variables (GDP, energy
consumption, foreign direct investment) have a significant
relationship with haze pollution, and the results are
consistent with models 1 and 2. In model 3, the regression
coefficients of energy consumption are significant at the
10% level, and foreign direct investment’s regression
coefficient are significant at the 1% level, indicating that
the impacts of energy consumption and foreign direct
investment on haze pollution are opposite. Meanwhile,
the absolute value of energy consumption coefficient is
greater than the absolute value of foreign direct investment
coefficient, implying that the aggravation effect of energy
consumption on haze pollution exceeds the improvement
effect of foreign direct investment on haze pollution.
Model 4 adds another independent variable, EC*FDI,
which is the mutual term of energy consumption and
foreign direct investment. The estimation results shows
that the impacts of energy consumption and foreign
direct investment on haze pollution are the same as
models 1, 2, and 3. Meanwhile, the regression coefficient

of mutual variable is 0.063 at the 5% level, meaning that
foreign direct investment has an adjustment effect for the
relationship of energy consumption and haze pollution. In
other words, the aggravation effect of energy consumption
on haze pollution will increase with the increase of
foreign direct investment. Therefore, in order to reduce
the aggravation effect of energy consumption on haze
pollution, regions should give priority to companies with
advanced production technology and clean technology in
China while importing foreign direct investment.

Robustness Test

In order to test the stability of mutual effect between
consumption and foreign direct investment, this study
conducts a robustness test based on the data during 2008-
2014, and the estimation results are listed in Table 5. As
shown in Table 5, the relationship of energy consumption,
foreign direct investment, and the mutual terms of energy
consumption and foreign direct investment and haze
pollution are coincident with the above results, namely
that the impact of energy consumption and mutual
variable on haze pollution are positive, and the impact of
foreign direct investment on haze pollution is negative.
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Conclusions

This study investigated the mutual influence of
energy consumption and foreign direct investment on
haze pollution in China using the spatial econometric
approach. Moran’s 1 values and Moran’s scatterplots
confirm the existence of spatial autocorrelation of haze
pollution. Then we used spatial econometric models,
including SLM and SEM, to investigate the mutual effect
of energy consumption and foreign direct investment on
haze pollution.

Theestimationresults suggestthatenergy consumption
contributes positively and significantly to haze pollution.
So, the policy implications are straightforward: to
efficiently decrease haze pollution, all regions should
control the total of energy consumption and strengthen
the development and utilization of cleaner energy such
as renewable and gas energy. Besides, local governments
should be strictly the management access standard of
related industries in order to come true to the road of
low-energy consumption and low pollution. In addition,
China should speed up the adjustment of industrial
structure and decrease the dependence degree on
secondary industry.

In addition, the estimation results also demonstrate
that foreign direct investment helps reduce haze pollution
in China, and the pollution haven hypothesis is not
supported in China. Therefore, China should not only
continue the introduction of foreign capital, but also offer
different investment policy guidance combined with our
own economic development level and haze pollution
situation, pay special attention to advanced green
technology and clean production technology. Meanwhile,
local governments need to formulate strict environ-
mental access standards to introduce foreign investment
with high benefit and high quality. In addition, China
needs to establish an effective incentive mechanism
for some behaviors such as technical innovation and
environmental protection.

When a mutual variable is added in model 4,
energy consumption and foreign direct investment still
have positive and negative effects on haze pollution,
respectively, and the impact degree of energy consum-
ption on haze pollution is greater than the influence degree
of energy consumption on haze pollution. Meanwhile, the
impact of mutual variable of energy consumption and
foreign direct investment on haze pollution is positive.
Therefore, governments need to continue introducing
foreign direct investment with clean production
technology. Haze pollution is a long-term and arduous
task, and control measures cannot stop. At the same
time, atmospheric pollution treatment experience from
other countries also should be learned, such as setting up
a regional environmental management agency, signing
and participating in regional environmental treaties, and
SO on.
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