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Abstract: Using a sample of province-level panel data, this paper investigates the Granger causality
associations among economic growth (GDP), foreign direct investment (FDI) and CO2 emissions in
China. By applying the bootstrap Granger panel causality approach (Kónya, 2006), we consider both
cross-sectional dependence and homogeneity of different regions in China. The empirical results
support that the causality direction not only works in a single direction either from GDP to FDI
(in Yunnan) or from FDI to GDP (in Beijing, Neimenggu, Jilin, Shanxi and Gansu), but it also works
in both directions (in Henan). Moreover, we document that GDP is Granger-causing CO2 emissions
in Neimenggu, Hubei, Guangxi and Gansu while there is bidirectional causality between these two
variables in Shanxi. In the end, we identify the unidirectional causality from FDI to CO2 emissions in
Beijing, Henan, Guizhou and Shanxi, and the bidirectional causality between FDI and CO2 emissions
in Neimenggu.
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1. Introduction

Recent policymakers and academic scholars have shown increasing interest in the economic
growth in China since the recent decades. How is it possible to speed up the economic growth without
serious pollution? How can CO2 emissions be reduced in the context of scarce energy? The answers to
these questions are crucial for environmental sustainability in the context of economic globalization.
Furthermore, foreign direct investment and CO2 emissions are the two major factors interacting with
economic growth. In this paper, we plan to investigate the possibility of Granger causality associations
among economic growth (GDP), foreign direct investment (FDI) and CO2 emissions.

Foreign direct investment (FDI) has become one of the most important economic forces for the
Chinese economy since the Reform and Opening-up policy several decades ago. Similar to most
developing countries, China’s economy partly relies on polluting industries with high CO2 emissions,
most of which come from the consumption of fossil fuels. Therefore, the pollution fees caused by CO2

emissions should also be taken into account when evaluating the value of economic growth. On one
hand, it is highly possible that consumption of fossil fuels will positively influence economic growth
since fossil fuels are inputs of production processes. On the other hand, causality can also be expected
to run from economic growth to CO2 emissions through the income effect. Some researchers proposed
the concept of the environmental Kuznets curve (EKC), which is an inverted U–shape relationship
between economic growth and environment quality. This might be taken to suggest future energy.

In this paper, we investigate the relations among economic growth, FDI and CO2 emissions by
focusing on a sample of province-level panel data in China. Three main Granger causality hypotheses
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are tested: Firstly, we investigate the “FDI-GDP” nexus, which includes “FDI-led GDP” and “GDP-led
FDI” hypotheses, to figure out how and in which direction do FDI and the economic growth contribute
to each other. Secondly, we examine the Granger causality between economic growth and CO2

emissions to shed light on the question of the causal direction between GDP and CO2 emissions.
Besides the two nexuses mentioned above, the final objective is to study the relation between FDI and
CO2 emissions, which has been rarely taken into account in the literature. To our best knowledge, this
is the very first study that targets the causality associations among economic growth, FDI and CO2

emissions across different regions in China.
The rest of this paper is organized as follows: Section 2 introduces the literature review; Section 3

outlines the methodology framework; Section 4 presents and discusses the empirical results of the test;
and the main conclusions and some policy implications are provided in the final section.

2. Literature Review

The theoretical links between GDP and FDI can be traced back to early neo-classical growth
models, which state that FDI can increase the capital stock and thus promote economic growth.
Moreover, the new growth theory suggests that both long- and short-run economic growth results
from technology changes brought by FDI. According to these traditional theories, many studies are
consistent with the primary idea that FDI is assumed to have positive impacts on economic growth.
Nair and Winhold [1] have found that FDI, on average, has a significant and positive impact on
economic growth in a sample of 24 developing countries. The study of Makki and Somwaru [2]
provided evidence for a positive impact of exports and FDI on economic growth in a sample of data
from 66 developing countries. In a heterogeneous panel data context, Hansen and Rand [3] tested for
Granger causality between FDI and GDP, finding that FDI generally has a positive impact on GDP in
the long run. Hsiao [4] found evidence that FDI has unidirectional effects on GDP, both directly and
indirectly, through exports for a selected set of East and Southeast Asian economies. Faruku et al. [5]
did a causality analysis of the impact of foreign direct investment on GDP in Nigeria; they established
the fact that foreign direct investment has a positive impact on GDP and suggested that the government
should strategize policies that would enhance foreign direct investment. Nosheen [6] investigated the
impact of FDI on growth (GDO) for Pakistan, and proved a long-run positive relationship between
GDP and FDI. Iamsiraroj and Ulubasoglu [7] also documented the positive effect of FDI on economic
growth with a global sample of 140 countries. Additionally, this association holds globally as strongly
as it does in the developing world. Carkovic and Levin [8], however, found that FDI does not exert a
significant, positive impact on economic growth in developing countries. The study of Belloumi [9]
even suggested no causality between FDI and economic growth in the short run for Tunisia. Moreover,
Alfaro [10] found FDI exerts an ambiguous effect on growth; to be specific, FDI had a negative effect
on growth in the primary sector and a positive one in manufacturing. Herzer et al. [11] also argued
that the effect of FDI is based on the assumption that FDI does not “crowd out” substantial amounts of
domestic investment. Therefore, there could also be a negative relationship between FDI and GDP.
Furthermore, the causality relation between FDI and GDP is not necessary unidirectional; instead,
the growth-led FDI hypothesis postulates a reverse relationship based on the fact that new markets and
new economic activities might well be created by economic growth and, in turn, higher levels of FDI
will be attracted. These two directions do not exclude each other. In this line of thinking, Basu et al. [12]
found bidirectional causal links between FDI and economic growth in 23 developing countries.

Meanwhile, a lot of existing research has tested the relationship between CO2 emissions and
economic growth. However, there seems to be no consensus either on the existence or on the direction
of causality between energy consumption and economic growth [13]. Granger causality tests among
GDP and four types of emissions, CO2, SO2, NOX and CO, have been conducted by Liu [14] for Norway.
He provided evidence that a long-run relationship from GDP to CO2 emissions exists. Sbia et al. [15]
also proved the positive impact of economic growth on energy consumption, while Menyah and
Wolde [16] found a unidirectional causality running from pollutant emissions to economic growth
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without feedback. Kim et al. [17] proved a two-way causality between CO2 emissions and economic
growth. The study of Saboori et al. [18] even presented an absence of causality between CO2 emissions
and economic growth in the short-run while demonstrating unidirectional causality from economic
growth to CO2 emissions in the long-run. Leitao [19,20] found the environmental consequences of
economic growth are according to the environmental Kuznets hypothesis. Furthermore, Wang et al. [21]
studied the CO2 emissions, energy consumption and economic growth nexus, finding that economic
growth and energy consumption are the long-run causes for CO2 emissions, and CO2 emissions and
economic growth are the long-run causes for energy consumption. Shahbaz et al. [22] also examined
this issue in the case of Indonesia and proved a bidirectional causality between economic growth and
CO2 emissions. Omri [23] found the same relationship for the Middle East and North Africa (MENA)
countries as a whole. Cowan et al. [24] re-examined the causal link between electricity consumption,
economic growth and CO2 emissions in BRICS countries (Brazil, Russia, India, China and South
Africa), regarding the GDP-CO2 emissions nexus, a feedback hypothesis for Russia, a one-way Granger
causality running from GDP to CO2 emissions in South Africa, and found a reverse relationship from
CO2 emissions to GDP in Brazil. There is no evidence of Granger causality between GDP and CO2

emissions in India and China. Bloch et al. [25] investigated the relationship between coal consumption
and income in China and proved a unidirectional causality running from coal consumption to output
in both the short and long run under the supply-side analysis, while there is also a unidirectional
causality running from income to coal consumption in the short and long run under the demand-side
analysis. Leitao [26] found a significant positive relationship between CO2 emissions and economic
growth in Portugal. Azam et al. [27] proved the same case for China, Japan, and the USA, while it is
found significantly negative in case of India.

Although there exists voluminous empirical work covering “FDI-Growth” or “CO2 emissions-Growth”
nexuses, seldom have these three variables been taken together. Additionally, many existing studies
employ earlier econometric methods without considering cross-sectional dependence and
heterogeneity issues, which may lead to estimation bias and size distortions in the causality analysis.
Besides, only a very limited number of empirical studies have targeted the case of China with different
regions in particular. There is, therefore, a need for further research on Granger causality among the
three variables, namely economic growth, foreign direct investment and CO2 emissions, in China.
That is exactly what this study aims to do. Contrary to previous empirical papers using data on an
individual country or on several different countries, this paper employs a new panel data approach for
a panel of different provinces in China. This testing method, developed in Kónya [28], is based on
seemingly unrelated regression systems (SUR) and Wald tests with region-specific bootstrap critical
values, allowing for research on each individual panel member separately and for no pretesting for
unit roots and co-integration. These advantages are well suited for achieving the purpose of this study.

3. Materials and Methods

3.1. Study Sample

Through the Seventh Five-Year Plan (1986–1990), all the provinces in China are grouped into
three economic belts. Considering the data availability, we select 16 provinces from three main regions,
including Beijing, Hebei, Liaoning, Jiangsu, Fujian and Guangdong in the coastal region, Neimenggu,
Heilongjiang, Henan and Hubei, Jilin and Shanxi in the central region, and Guizhou, Yunnan, Gansu
and Guangxi in the western region. The data set consists of 448 observations on several provinces
in China. All data come from China Statistical Yearbook and China Energy Statistical Yearbook.
All variables are used in natural logarithms, and the sample period is 1985–2012.
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3.2. Method

3.2.1. Panel Causality Test

The Granger causality test is a useful device for determining whether the past values of a
variable (X) contribute to the better forecasting of another variable (Y). In the panel data context,
Granger non-causality can be tested by using a finite order panel vector autoregression (VAR) model,
where a random variable can be expressed as a function of its own past values and past values of other
variables in the system.

There are three approaches which can be employed to test for Granger causality in a panel
framework. The first one is based on the Generalized Method of Moments (GMM) which estimates the
panel model by eliminating the fixed effect. However, it does not account for either the heterogeneity
or the cross-sectional dependence, which have been proved to exist among panel members in some
early studies ([28,29]).

A second alternative for testing Granger causality is to use the approach developed by Hurlin [30].
This approach can control for heterogeneity in panel data, but it is not able to deal with the
cross-sectional dependence. The third approach developed by Kónya [28] is based on Seemingly
Unrelated Regressions (SUR) systems that can account for both the cross-sectional dependence and the
heterogeneity. Through Wald tests with country-specific bootstrap critical values, it enables us to test
for Granger causality among each individual panel member separately. Therefore, we will implement
the last approach in this paper.

The panel causality approach by Kónya [28] which examines the relationship between Y and X
can be studied using the following bivariate finite-order vector autoregressive (VAR) model:

yi,t “ α1,i `
ly1
ř

k“1
ϕ1,i,kyi,t´k `

lx1
ř

k“1
β1,i,kxi,t´k ` ε1,i,t

xi,t “ α2,i `
ly2
ř

k“1
ϕ2,i,kyi,t´k `

lx2
ř

k“1
β2,i,kxi,t´k ` ε2,i,t

(1)

where the index i (i = 1, . . . , N) denotes the province, the index t (t = 1, . . . , T) is the period, and ly1,
lx1, ly2 and lx2 indicate the lag lengths. The error terms ε1,i,t and ε2,i,t are supposed to be white noises
and may be contemporaneously correlated (i.e., cross-sectional dependence); these equations compose
the SUR system.

We consider three bivariate systems. In the first bivariate system, System 1: Y = LGDP, X = LFDI,
where LGDP and LFDI denote the natural logarithms of GDP and FDI, respectively. In the second
bivariate system, System 2: Y = LGDP, X = LCO2, where LCO2 denotes the natural logarithm of CO2.
In the third bivariate system, System 3: Y = LFDI, X = LCO2. With respect to System 1, for instance,
in province i there is one-way Granger causality running from X to Y if in the first equation of
Equation (1) not all β1,i,k are zero, but in the second all φ2,i,k are zero; there is one-way Granger
causality from Y to X if in the first equation all β1,i,k are zero, but in the second not all φ2,i,k are zero;
there is two-way Granger causality between Y and X if neither all β1,i,k nor all φ2,i,k are zero; and there
is no Granger causality between Y and X if all β1,i,k and φ2,i,k are zero.

3.2.2. Test for Cross-Sectional Dependence

In a panel data analysis, it is important to determine whether there exists cross-sectional
dependence. The unobservable overall shock or special correlation (such as geographical position)
may result in cross-sectional dependence. Ignoring this charecteristic can lead to a substantial bias
and size distortions in the causality analysis [31]. Before estimating the models above, we first test for
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cross-sectional dependence. Breusch and Pagan [32] propose the Lagrange multiplier (LM) statistics
for testing cross-sectional dependence,

CDBP “ T
N´1
ÿ

i“1

N
ÿ

j“i`1

"
ρ

2
ij (2)

where
"
ρ ij is the estimated correlation coefficient among the residuals obtained from individual

Ordinary Least Squares (OLS) estimations. Under the null hypothesis of no cross-sectional dependence
with a fixed N and TÑ8, CDBP is asymptotically distributed as chi-squared with N (N ´ 1)/2 degrees
of freedom.

However, the CDBP test is not applicable when N Ñ8. To overcome this drawback, there are two
methods. The first method is a scaled version of Breusch and Pagan [32] (hereafter CDSBP), which is
applicable if T Ñ8 and N Ñ8. It is defined as,

CDSBP “

d

T
NpN ´ 1q

N´1
ÿ

i“1

N
ÿ

j“i`1

"
ρ

2
ij (3)

which is distributed as standard normal.
The second method is developed by Pesaran [31], where a Lagrange multiplier statistic for

cross-sectional dependence is defined as following

CDLM “

d

1
NpN ´ 1q

N´1
ÿ

i“1

N
ÿ

j“i`1

pT
"
ρ

2
ij ´ 1q (4)

Under the null hypothesis of no cross-sectional dependence with T Ñ8 and N Ñ8, this test
statistic is asymptotically distributed as standard normal.

However, these two tests are likely to exhibit substantial size distortions when N is large relative
to T. A new test for cross-sectional dependence of Pesaran et al. [33] can be used where N is large and
T is small. The bias-adjusted LM statistic is calculated as follows:

LMadj “

d

2T
NpN ´ 1q

N´1
ÿ

i“1

N
ÿ

j“i`1

ρ̂ij
pT´ kqρ̂2

ij ´ µTij
b

v2
Tij

(5)

where µTij and v2
Tij are the exact mean and variance of pT´ kqρ̂2

ij, respectively. Under the null hypothesis
of no cross-sectional dependence, the test statistic is asymptotically distributed as standard normal.
Pesaran’s approach has remarkable positive qualities in samples of practically all relevant sizes and
remains robust in a variety of settings [33].

3.2.3. Test for Slope Homogeneity

For Equation (1), the most common way to test the null hypothesis of slope homogeneity, H0:
βi “ β, for all i against the alternative hypothesis of heterogeneity, H1: βi ‰ βj, for a non-zero fraction
of pair-wise slopes for i ‰ j is to apply the standard F test, which is valid when the error variances
are homoscedastic. The homogeneity assumption for the parameters cannot capture heterogeneity,
due to province-specific characteristics. By relaxing the homoscedasticity assumption, Swamy [34]
developed the slope homogeneity test on the dispersion of individual slope estimates from a suitable
pooled estimator.

rS “
N
ÿ

i“1

p
"

β i ´
rβWFEq

1 xi
1Mτxi
"
σ

2
i

p
"

β i ´
rβWFEq (6)
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where
"

β i is the pooled OLS estimator, rβWFE is the weighted fixed effect pooled estimator, Mτ is an

identity matrix, and
"
σ

2
i is the estimator of error variance, σ2

i .
However, Swamy’s test requires panel data models where N is small relative to T [35]. Based on

Swamy’s test, Pesaran and Yamagata [35] proposed a Delta test which is valid for small samples:

r∆adj “
?

N

˜

N´1
rS´ Eprzitq

a

varprzitq

¸

(7)

where the mean Eprzitq “ k and the variance varprzitq “ 2kpT´ k´ 1q{pT` 1q.

3.2.4. Estimating CO2 Emissions

CO2 emissions can be estimated following the International Panel on Climate Change (IPCC,
Houghton et al. [36]) formula:

CO2i “

3
ÿ

j“1

CO2j “
ÿ

j

Eij ˆ CEFj ˆ COFj (8)

where CO2i is the CO2 emissions of the ith sector and CO2j is the CO2 emissions from the jth
fossil source (three major fossil sources are taken into account: coal, oil and natural gas). Eij is the
consumption of the jth fossil source in the ith region, being typically measured in tons of coal equivalent
(tce), the assumed transformation rates are as follows: coal, 1 t = 0.7143 tce, oil, 1 t = 1.4286 tce; natural
gas, 1 m3 = 0.00133 tce. CEFj is the CO2 emissions factors for the jth fossil source, which are assumed
to be 0.7266 for coal, 0.5588 for oil and 0.4224 for natural gas. COFj is the carbon oxidization factors,
which are 0.98 for coal, 0.99 for oil and 0.995 for natural gas.

4. Results and Discussion

As outlined earlier, testing for cross-sectional dependence and slope homogeneity is crucial for
selecting the appropriate estimator. Once cross-sectional dependence and heterogeneity exist across
the provinces, we employ the bootstrap panel causality test proposed by Kónya [28] which can account
for these dynamics. The results of the cross-sectional dependence and the slope homogeneity tests are
reported in Table 1. We carried out four different tests to investigate the existence of cross-sectional
dependence. The null hypothesis of no cross-sectional dependence across the panel members is
strongly rejected at the 1% level of significance, suggesting that the SUR method is appropriate,
rather than province-by-province OLS estimation. The cross-sectional dependence tests confirm that
strong economic links exist in different provinces in China. Moreover, the null hypotheses of the
slope homogeneity are rejected, supporting the province-specific heterogeneity. The rejection of slope
homogeneity implies that the panel causality analysis by imposing homogeneity restriction on the
variables results in misleading inferences.

Table 1. Results for cross-sectional dependence and homogeneity tests.

CDBP CDSBP CDLM LMadj r∆adj

System 1 (GDP) 1710.866 *** 22.087 *** 102.690 *** 40.705 *** 50.158 ***
System 1 (FDI) 372.538 *** 4.809 *** 16.301 *** 15.337 *** 31.442 ***
System 2 (GDP) 1434.383 *** 18.518 *** 84.843 *** 36.866 *** 35.679 ***
System 2 (CO2) 631.652 *** 8.155 *** 15.337 *** 14.948 *** 23.475 ***
System 3 (FDI) 229.575 *** 2.964 *** 7.073 *** 9.531 *** 22.458 ***
System 3 (CO2) 541.413 *** 6.990 *** 27.202 *** 10.428 *** 19.335 ***

Note: *** indicates rejection of the null hypothesis at 1% level of significance.
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4.1. System 1: GDP-FDI

The existence of the cross-sectional dependence and the heterogeneity across provinces supports
evidence on the suitability of the bootstrap panel causality approach. The causality relations for
System 1 are presented in Table 2. The Wald test statistics and bootstrapped critical values for the null
hypothesis that GDP does not cause FDI are provided in the first column, which reveals that the null
hypothesis is rejected only for Yunnan and Henan.

Table 2. Results of panel Granger causality test based on bootstrapped Wald statistics.

States
H0: GDP Does not Cause FDI H1: FDI Does not Cause GDP

Wald
Stat.

Bootstrap Critical Values Wald
Stat.

Bootstrap Critical Values

1% 5% 10% 1% 5% 10%

Beijing 1.34 68.92 33.74 28.08 58.31 *** 48.71 22.84 16.25
Hebei 0.79 112.3 53.28 38.32 1.83 57.15 30.71 21.54

Neimenggu 66.29 366.5 109.1 77.8 18.42 * 30.76 24.65 12.72
Liaoning 16.72 87.80 49.43 31.40 18.32 43.69 31.47 24.29

Jilin 0.44 163.4 67.01 38.55 13.17 ** 25.68 11.07 7.90
Heilongjiang 3.37 105.5 62.86 41.65 15.21 47.09 19.93 15.75

Jiangsu 17.65 95.59 61.86 40.52 6.51 43.23 29.01 18.24
Fujian 23.35 121.5 74.50 50.87 1.86 64.81 32.04 23.32
Henan 82.32 ** 133.8 74.47 48.70 40.37 ** 42.38 23.63 18.59
Hubei 0.17 49.09 39.63 32.93 6.24 26.87 18.07 13.51

Guangdong 6.61 71.67 59.04 51.42 0.99 85.48 24.28 19.85
Guangxi 11.91 167.9 46.32 37.31 1.47 58.93 16.69 11.50
Guizhou 0.29 110.4 73.86 52.25 11.14 32.13 21.89 17.46
Yunnan 56.61 * 183.1 71.21 54.44 4.79 58.72 36.49 26.04
Shanxi 16.42 134.0 113.4 76.28 32.05 ** 69.20 23.05 18.2
Gansu 2.29 109.7 66.14 41.36 9.33 * 28.05 12.77 7.07

Note: ***, **, * indicate rejection of the null hypothesis at the 1%, 5%, 10% levels of significance, respectively
(the same below).

For Yunnan, a western province with a backward economy, we do not find a significant impact
of FDI on its economic growth. This might be due to the very low levels of FDI inflows to Yunnan,
and its lack of ability to utilize FDI efficiently. However, there exists a reverse causality direction from
GDP to FDI. Along with the development of Yunnan’s economy, foreign investors have been gradually
attracted by its special advantages. Yunnan is located at the joint of several southeast Asian countries,
serving as the transportation junction to south Asia, mid-east Asia, South Africa, North Africa and
Europe. In addition, Yunnan possesses rich natural resources, which contribute to its tobacco industry,
mineral industry, tourist industry, and electricity and biological development.

The second column of Table 2 presents the test results for the null hypothesis that FDI does not
Granger-cause GDP, which can be rejected for Beijing, Neimenggu, Jilin, Henan, Shanxi and Gansu.

As the capital city in China, Beijing becomes a metropolitan center gathering numerous
headquarters or representative offices of big multinational corporations. All of these foreign companies
located in Beijing have left huge externality impacts on the local economy through their advanced
technology, management experience and operation philosophy, thus stimulating indigenous companies
to compete for market shares. Moreover, a lot of pillar industries such as transportation, electronic
communication, mechanical instruments, and food are mainly financed by FDI. Particularly, FDI
contributes more than 70% to the food industry and more than 80% to electronic communication.
In Jilin, an old industry base, FDI has increased fast since the 16th CPC National Congress aimed at
adjusting the development of old industry bases by improving the extent of its financial openness.
Jilin’s FDI primarily targets the secondary industry, occupying more than 80% of the total value.
This case is also true for Shanxi, a heavy industry province with a high financial openness degree in
manufacturing. However, in recent years, the mining industry, business service industry and scientific
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research services have become new targets of FDI. Neimenggu and Gansu, located in the more inland
and western region, attract much smaller FDI inflows than coastal regions because of their relatively
backward economy levels. The empirical results, nevertheless, show that FDI in these two places is
indeed the cause of their economic growth. The FDI of Neimenggu concentrates in manufacturing,
agriculture, real estate and mining, while that of Gansu mainly centralizes in resource-intensive
industries such as electricity and gas energy, retail, and manufacturing. Although the total value of
FDI in these western regions cannot compare with that in the eastern area, their importance to local
economic growth should be brought to the forefront.

Interestingly, it is also noted that there is bidirectional causality between FDI and GDP in Henan,
one of the biggest provinces in the central region with a large population and large agricultural
production. Over recent decades, FDI has mainly come from the USA, Taiwan, Hong Kong and
Singapore. The contributions made by FDI to economic growth are attributed to two major points.
Firstly, FDI to Henan primarily targets the secondary industry, including manufacturing, electricity
and construction, which contribute to more than half of the total GDP of this province. Secondly,
the import and export coming from FDI accounts for more than 30% of the total international trade in
Henan, thus stimulating local economic growth. On the other hand, the economic development in turn
improves FDI inflows to Henan as follows. With the acceleration of financial openness in the central
region, the government of Henan has been exerting efforts to encourage foreign direct investment
by supporting sole proprietorship which is especially beneficial to foreign companies intending to
invest domestically. The number of sole proprietorship companies in Henan first exceeded that of
joint venture companies in 2004, and the former has taken the dominant role after 2006. Besides,
the secondary industry, with the highest opening degree and huge monopoly profit, has in turn
attracted a lot of FDI in recent decades.

4.2. System 2: GDP-CO2 Emissions

The empirical results for System 2 are provided in Table 3. At the given level of significance,
we fail to provide empirical support for the GDP-led CO2 emissions hypothesis for Beijing, Hebei,
Liaoning, Jilin, Heilongjiang, Jiangsu, Fujian, Henan, Guangdong, Guizhou and Yunnan.

Table 3. Results of panel Granger causality test based on bootstrapped Wald statistics.

States

H0: GDP Does Not Cause CO2 H1: CO2 Does Not Cause GDP

Wald
Stat.

Bootstrap Critical Values Wald
Stat.

Bootstrap Critical Values

1% 5% 10% 1% 5% 10%

Beijing 17.78 253.1 70.30 53.48 24.59 93.58 60.88 26.12
Hebei 24.45 75.06 63.86 42.70 3.42 114.9 81.25 57.52

Neimenggu 209.3 *** 177.5 103.2 66.16 26.17 93.42 39.73 32.05
Liaoning 27.21 64.81 47.02 32.04 1.12 98.60 84.51 65.67

Jilin 21.12 87.92 50.85 33.13 2.73 72.60 59.54 46.80
Heilongjiang 11.56 75.08 56.55 38.61 12.15 72.53 51.84 33.64

Jiangsu 7.17 86.00 48.12 34.22 4.70 210.9 130.1 78.17
Fujian 12.43 102.4 50.82 35.41 2.66 97.89 69.31 43.34
Henan 12.33 193.9 71.86 32.33 7.28 50.63 32.55 18.68
Hubei 73.53 ** 133.68 62.51 47.99 4.64 58.52 29.88 18.48

Guangdong 2.98 75.21 61.16 41.53 6.60 202.4 101.0 68.28
Guangxi 61.61 ** 98.96 56.81 41.89 0.24 106.3 62.40 37.16
Guizhou 36.72 163.6 81.46 51.04 7.73 76.75 61.08 35.88
Yunnan 39.24 111.0 62.59 47.53 3.38 49.47 23.32 18.16
Shanxi 132.3 *** 84.68 62.02 35.84 12.62 * 31.99 23.19 11.66
Gansu 28.97 * 64.90 43.72 28.60 5.09 232.0 126.6 96.16

In other words, there exists unidirectional causality from GDP to CO2 emissions in Neimenggu,
Hubei, Guangxi and Gansu, which are comparatively less developed than provinces in the coastal
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region. Neimenggu, for example, buries abundant natural resources including coal, rare earth metals
and iron which are important raw materials for the heating and power industry, chemical industry
and metallurgy. As a province with a large number of energy-intensive industries, Neimenggu
has the biggest coal mine in the world, the largest thermal power stations in Asia and the greatest
melting production bases. The pillar industries in Hubei are automobile, steel, shipbuilding as well as
metallurgy. Gansu mainly focuses on energy exploitation, raw material processing and the military
industry, while Guangxi depends partly on the mechanical industry and nonferrous metal industry.
These industries are the primary contributors to the economic growth of these provinces, but they are
also the original sources of heavy CO2 emissions. Moreover, the fact that CO2 emissions are not the
Granger cause of economic growth in these provinces might be explained by their efforts to control
the CO2 emissions and make use of clean energy or nuclear energy. Besides, they also have other
big industries emitting relatively little CO2, such as the sugarcane industry in Guangxi and animal
husbandry in Neimenggu.

From the second column, there is no sufficient evidence against the null hypothesis that CO2

emissions do not cause GDP in all provinces except for Shanxi. So, Shanxi has causality in both
directions. This conclusion might be the result of high investment, high growth and a high emission
pattern adopted by Shanxi for an extremely long time. An increase in GDP will necessarily cause
an increase in CO2 emissions. On the contrary, a sudden drop in CO2 emissions will lead to a drop
in GDP. Such a stable relationship between economic growth and CO2 emissions indicates a serious
problem: economic growth along with high emissions is very dangerous to the environment as well as
development itself.

4.3. System 3: FDI-CO2 Emissions

We show the test results for System 3 in Table 4. The first column presents Wald test statistics and
bootstrapped critical values, and the null hypothesis that FDI does not cause CO2 emissions is rejected
for five provinces, namely Beijing, Neimenggu, Henan, Guizhou and Shanxi.

Table 4. Results of panel Granger causality test based on bootstrapped Wald statistics.

States

H0: FDI Does Not Cause CO2 H1: CO2 Does Not Cause FDI

Wald
Stat.

Bootstrap Critical Values Wald
Stat.

Bootstrap Critical Values

1% 5% 10% 1% 5% 10%

Beijing 68.74 *** 62.13 28.34 19.41 5.49 63.55 39.30 35.26
Hebei 3.53 66.43 27.36 20.19 0.26 56.47 40.09 22.22

Neimenggu 25.74 * 49.51 28.97 16.31 25.85 * 85.99 33.34 25.08
Liaoning 10.24 53.52 32.95 22.24 3.54 106.6 55.32 41.23

Jilin 4.70 47.07 31.63 23.20 0.95 92.49 57.62 33.57
Heilongjiang 0.80 65.22 38.78 27.35 7.21 50.76 36.95 30.41

Jiangsu 0.55 120.7 55.72 28.47 0.52 58.04 41.79 25.62
Fujian 6.17 59.46 38.76 21.28 0.21 82.01 36.75 18.37
Henan 31.05 ** 63.81 27.36 20.76 0.80 79.45 49.71 30.10
Hubei 1.36 57.01 21.74 15.67 1.93 48.55 31.48 25.79

Guangdong 0.64 48.65 30.60 23.21 0.42 26.77 21.38 14.15
Guangxi 1.06 48.22 24.10 14.25 2.54 28.45 19.19 12.49
Guizhou 11.57 * 37.80 25.83 11.01 1.06 65.96 35.04 25.79
Yunnan 3.38 60.15 35.28 29.61 9.41 32.49 20.08 16.17
Shanxi 25.82 * 36.68 26.73 18.81 1.29 55.52 30.89 23.86
Gansu 1.84 38.21 15.59 10.41 11.44 86.75 38.16 21.13

As mentioned in Section 4.1, most FDI inflows to Beijing, Henan and Shanxi remain in the
secondary industries, which are most likely to incur large amount of CO2. As for Guizhou,
a southwestern province whose economy lags behind many other provinces, it seems to not be
an attractive place for FDI. Nonetheless, its potential should not be underestimated since it holds the
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fifth-largest amount of underground coal, laying a solid foundation for the thermal power industry
which is gradually targeted by foreign direct investment. So there is no doubt that FDI to Guizhou can
Granger-cause CO2 emissions.

When causality is detected from CO2 emissions to FDI, the test statistics shown in the second
column suggest that the CO2 emissions–led FDI hypothesis is supported only in Neimenggu,
where there also exists a reverse causality from FDI to CO2 emissions. From the previous discussion in
Section 4.1, we have mentioned that FDI inflows into Neimenggu highly centralize in manufacturing
and mining, which are the main sources of CO2 emissions. As oil prices have risen fast in recent
years, the energy market continues to heat up. In Section 4.2, we mentioned that Neimenggu is an
energy-powerful province rich in coal, rare earth metals and iron, and thus an ideal place to seek
fortune in the energy industry. Statistics indicate that FDI inflows to the energy industry in Neimenggu
increased to 80% in 2009, showing an increasing attraction of energy industry to foreign companies.
Therefore, it is not difficult to understand that CO2 emissions, caused by energy consumption, will lead
to FDI inflows in Neimenggu.

4.4. Panel Regression

In addition to the causality analysis, we also employ a panel model to investigate the impact of
economic growth and foreign direct investment on CO2 emissions using the data of China’s eastern,
central and western regions according to the economic division. The eastern region includes Beijing,
Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan;
the central region includes Neimenggu, Shanxi, Jilin, Heilongjiang, Henan, Hubei, Hunan, Anhui and
Jiangxi; the western region includes Guangxi, Sichuan, Guizhou, Yunnan, Shanxi, Gansu, Ningxia,
Xinjiang and Qinghai. The model is as follows and the results are presented in Table 5.

LnCO2i,t “ ao `

p
ÿ

j“0

bjiLnGDPi,t´j`

q
ÿ

m“0

fmiLnFDIi,t´m ` ei,t (9)

Table 5. Panel regression results for eastern, central and western regions.

Independent Variable Eastern Region Central Region Western Region

Intercept 11.50068 *** (7.15) 6.384717 *** (23.20) 6.131282 *** (26.04)
Ln(FDI) 0.296575 * (1.77) ´0.059138 *** (´3.63) ´0.046356 ** (´2.32)
Ln(GDP) ´0.290481 (´1.15) 0.440188 *** (12.42) 0.440894 *** (13.85)

Adjusted R2 0.999797

Note: standard errors are in parentheses.

For the eastern region, FDI has a positive effect on CO2 emissions while GDP exerts a negative
impact. The latter is not statistically significant, however. Since FDI in the eastern region occupies more
than 80% of the total FDI in China, the large amount of FDI inflows contributes greatly to economic
growth in this area but also inevitably results in environmental pollution and a rise in CO2 emissions.
Intuitively, economic growth resulting from FDI inflows will increase CO2 emissions, but this is not
the case in the eastern region. This is probably because the relationship between economic growth and
the environment in this region is in line with the environmental Kuznets curve, which is an inverted
U–shape characteristic, and has passed the turning point.

When it comes to the central and western regions, it is the other way around. Specifically,
FDI will negatively influence CO2 emissions while GDP exerts a significant positive effect. Due to
the relatively backward production technology, and insufficient environmental awareness and
management experience in the central and western regions, FDI inflows bring advanced technology
and equipment so that foreign enterprises can follow higher environmental standards than local firms.
Therefore, FDI inflows help to decrease CO2 emissions in these regions. However, local firms still
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occupy a large part in the central and western regions. While promoting economic growth in these
regions, they also increase the environmental pollution. Thus, GDP exerts a positive effect on CO2

emissions. The environmental Kuznets curve may also be valid in these regions while they are still on
the left side of the turning point.

5. Conclusions

In this paper, we investigate the Granger causality associations among economic growth, foreign
direct investment and CO2 emissions using a sample of 1985–2012 province-level data in China,
and taking into account the cross-sectional dependence and heterogeneity across different provinces.
The empirical results reveal that the bidirectional relations between GDP and FDI apply only in Henan.
Unidirectional causality from FDI to GDP works in five provinces (Beijing, Neimenggu, Jilin, Shanxi
and Gansu), and the reverse causality from GDP to FDI exists only in Yunnan. More specifically,
we document that FDIs are more likely to flow into the secondary industries, e.g., manufacturing,
mechanical and mineral industry, thus becoming the Granger causes for economic growth of provinces
which depend greatly on these industries. On the other hand, economic growth can also promote
FDI given that some local advantages might be favored by the government policies or there are
some irreplaceable natural resources such as Henan and Yunnan. In order to improve the economic
performance, the government in these provinces should continue supporting FDI by discovering their
own advantages and providing better investment environments for foreign companies.

When it comes to the nexus of GDP and CO2 emissions, we identified only in one province
(Shanxi) where CO2 emissions are Granger-causing GDP and vice versa. Test results also suggest
that economic growth increases the growth of CO2 emissions in five provinces, where high emission
industries have taken up a significant proportion of the whole industries. However, if this type of
“high investment–high growth–high emission” pattern is adopted in the long run, CO2 emissions might
become the major driver of local economic growth at the expense of environmental sustainability,
which is a warning for policymakers to improve their mode of production and take into account
environmental problems.

The results of the tested FDI-CO2 emissions nexus indicate that FDI inflows contribute significantly
to CO2 emissions in five provinces (Beijing, Neimenggu, Henan, Guizhou and Shanxi) while there is a
reverse causation direction in Neimenggu. In other words, FDI flowing into high-emission industry is
more likely to be the Granger cause of CO2 emissions. In turn, CO2 emissions will become the cause for
further FDI inflows, potentially due to highly centralized FDI inflows to those profitable but pollutant
industries due to the low level of awareness of controlling CO2 emissions. Thus, local governments
should pay more attention and transfer some FDI from secondary industries to tertiary industries,
and diversify more fields attractive to FDI inflows.

Moreover, we investigate the impact of economic growth and FDI on CO2 emissions. In east
China, FDI has a positive effect on CO2 emissions while GDP exerts a negative impact. Therefore,
local governments should conduct ex-ante screening to introduce FDIs which are resource-saving and
environmentally friendly. On the one hand, the introduction of foreign capital can be shifted from
material capital to information and intellectual capital. On the other hand, local governments should
improve industrial guidance policy in this region and encourage foreign capital to invest in high
technology and value-added industries. The case is completely opposite in the central and western
regions, where the local government should take the initiative to transfer industries from the eastern
region for industrial upgrading. In this way, local governments will be able to attract more FDI with the
advantage of low labor costs and rich natural resources, thus promoting economic growth. In addition,
the central and western regions should draw lessons from the eastern region by avoiding taking the
road of “treatment after pollution”. They should ensure sustainable economic development under the
premise of protecting the local environment.



Sustainability 2016, 8, 233 12 of 13

Acknowledgments: The research was supported by “the Fundamental Research Funds for the Central Universities”.

Author Contributions: Hongfeng Peng, Xiaoyu Tan, Yanli Li and Liqin Hu conceived and designed the research.
Xiaoyu Tan, Yanli Li and Liqin Hu collected the data and constructed the model. Hongfeng Peng and Xiaoyu Tan
performed the research and analyzed the results. Hongfeng Peng drafted the manuscript. Xiaoyu Tan, Yanli Li
and Liqin Hu reviewed, commented on and edited the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Nair-Reichert, U.; Weinhold, D. Causality tests for cross-country panels: A new look at FDI and economic
growth in developing countries. Oxf. Bull. Econ. Stat. 2001, 63, 153–171. [CrossRef]

2. Makki, S.; Somwaru, A. Impact of foreign direct investment and trade on economic growth: Evidence from
developing countries. Am. J. Agric. Econ. 2004, 86, 795–801. [CrossRef]

3. Hansen, H.; Rand, J. On the causal links between FDI and growth in developing countries. World Econ. 2006,
29, 21–41. [CrossRef]

4. Hsiao, F.; Hsiao, M.C. FDI, exports, and GDP in East and Southeast Asia—Panel data versus time-series
causality analyses. J. Asian Econ. 2006, 17, 1082–1106. [CrossRef]

5. Faruku, A.Z.; Asare, B.K.; Yakubu, M.; Shehu, L. Causality analysis of the impact of foreign direct investment
on GDP in Nigeria. Niger. J. Basic Appl. Sci. 2011, 19, 9–20. [CrossRef]

6. Nosheen, M. Impact of Foreign Direct Investment on Gross Domestic Product. World Appl. Sci. J. 2013,
24, 1358–1361.

7. Iamsiraroj, S.; Ulubasoglu, M. Foreign Direct Investment and Economic Growth: A Real Relationship or
Wishful Thinking. Econ. Model. 2015, 51, 200–213. [CrossRef]

8. Carkovic, M.V.; Levine, R. Does Foreign Direct Investment Accelerate Economic Growth?; Working Paper;
University of Minnesota: Minneapolis, MN, USA, 2002.

9. Belloumi, M. The relationship between trade, FDI and economic growth in Tunisia: An application of the
autoregressive distributed lag model. Econ. Syst. 2014, 38, 269–287. [CrossRef]

10. Alfaro, L. Foreign Direct Investment and Growth: Does the Sector Matter; Working Paper 14; Harvard Business
School: Boston, MA, USA, 2003.

11. Herzer, D.; Klasen, S.; Nowak-Lehmann, F. In search of FDI-led growth in developing countries: The way
forward. Econ. Model. 2008, 25, 793–810. [CrossRef]

12. Basu, P.; Chakraborty, C.; Reagle, D. Liberalisation, FDI, and growth in developing countries: A panel
cointegration approach. Econ. Inq. 2003, 51, 510–516. [CrossRef]

13. Ozturk, I. A literature survey on energy-growth nexus. Energy Policy 2010, 38, 340–349. [CrossRef]
14. Liu, G. A Causality Analysis on GDP and Air Emissions in Norway; Discussion Papers 447; Research Department

of Statistics Norway: Oslo, Norway, 2006.
15. Sbia, R.; Shahbaz, M.; Hamdi, H. A contribution of foreign direct investment, clean energy, trade openness,

carbon emissions and economic growth to energy demand in UAE. Econ. Model. 2014, 36, 191–197. [CrossRef]
16. Menyah, K.; Wolde-Rufael, Y. Energy consumption, pollutant emissions and economic growth in South

Africa. Energy Econ. 2010, 32, 1374–1382. [CrossRef]
17. Kim, S.W.; Lee, K.; Nam, K. The relationship between CO2 emissions and economic growth: The case of

Korea with nonlinear evidence. Energy Policy 2010, 38, 5938–5946. [CrossRef]
18. Saboori, B.; Sulaiman, J.; Mohd, S. Economic growth and CO2 emissions in Malaysia: A cointegration

analysis of the Environmental Kuznets Curve. Energy Policy 2012, 51, 184–191. [CrossRef]
19. Leitao, N.C. Carbon dioxide emissions, urbanization and globalization: A dynamic panel data.

Econ. Res. Guard. 2013, 3, 22–32.
20. Leitao, N.C. Energy consumption and foreign direct investment: A panel data analysis for Portugal. Int. J.

Energy Econ. Policy 2015, 5, 138–147.
21. Wang, S.S.; Zhou, D.Q.; Zhou, P. CO2 emissions, energy consumption and economic growth in China:

A panel data analysis. Energy Policy 2011, 39, 4870–4875. [CrossRef]
22. Shahbaz, M.; Hye, Q.M.A.; Tiwari, A.K.; Leitao, N.C. Economic growth, energy consumption, financial

development, international trade and CO2 emissions in Indonesia. Renew. Sustain. Energy Rev. 2013,
25, 109–121. [CrossRef]

http://dx.doi.org/10.1111/1468-0084.00214
http://dx.doi.org/10.1111/j.0002-9092.2004.00627.x
http://dx.doi.org/10.1111/j.1467-9701.2006.00756.x
http://dx.doi.org/10.1016/j.asieco.2006.09.011
http://dx.doi.org/10.4314/njbas.v19i1.69339
http://dx.doi.org/10.1016/j.econmod.2015.08.009
http://dx.doi.org/10.1016/j.ecosys.2013.09.002
http://dx.doi.org/10.1016/j.econmod.2007.11.005
http://dx.doi.org/10.1093/ei/cbg024
http://dx.doi.org/10.1016/j.enpol.2009.09.024
http://dx.doi.org/10.1016/j.econmod.2013.09.047
http://dx.doi.org/10.1016/j.eneco.2010.08.002
http://dx.doi.org/10.1016/j.enpol.2010.05.047
http://dx.doi.org/10.1016/j.enpol.2012.08.065
http://dx.doi.org/10.1016/j.enpol.2011.06.032
http://dx.doi.org/10.1016/j.rser.2013.04.009


Sustainability 2016, 8, 233 13 of 13

23. Omri, A. CO2 emissions, energy consumption and economic growth nexus in MENA countries: Evidence
from simultaneous equations models. Energy Econ. 2013, 40, 657–664. [CrossRef]

24. Cowan, W.N.; Chang, T.; Inglesi-Lotz, R.; Gupta, R. The nexus of electricity consumption, economic growth
and CO2 emissions in the BRICS countries. Energy Policy 2014, 66, 359–368. [CrossRef]

25. Bloch, H.; Rafiq, S.; Salim, R.A. Coal consumption, CO2 emission and economic growth in China: Empirical
evidence and policy responses. Energy Econ. 2012, 34, 518–528. [CrossRef]

26. Leitao, N.C. Economic growth, carbon dioxide emissions, renewable energy and globalization. Int. J. Energy
Econ. Policy 2014, 4, 391–399.

27. Azam, M.; Khan, A.Q.; Abdullah, H.B.; Qureshi, M.E. The Impact of CO2 Emissions on Economic Growth:
Evidence From Selected Higher CO2 Emissions Economies; Environmental Science and Pollution Research: Berlin,
Germany, 2015.

28. Kónya, L. Exports and growth: Granger causality analysis on OECD Countries with a panel data approach.
Econ. Model. 2006, 23, 978–992. [CrossRef]

29. Baia, J.; Kaob, C. On the estimation and inference of a panel cointegration model with cross-sectional
dependence. Contrib. Econ. Anal. 2006, 274, 3–30.

30. Hurlin, C.; Venet, B. Financial Development and Growth: A Re-Examination Using a Panel Granger Causality Test;
Working Paper; halshs-00319995; HAL: Paris, France, 2008.

31. Pesaran, M.H. General Diagnostic Tests for Cross Section Dependence in Panels; CESifo Working Paper Series
No. 1229; Poschingerstrasse: Munich, Germany, 2004.

32. Breusch, T.S.; Pagan, A.R. The Lagrange multiplier test and its applications to model specification in
econometrics. Rev. Econ. Stud. 1980, 47, 239–253. [CrossRef]

33. Pesaran, M.H.; Ullah, A.; Yamagata, T. A bias-adjusted LM test of error cross-section independence. Econom. J.
2008, 11, 105–127. [CrossRef]

34. Swamy, P.A. Efficient inference in a random coefficient regression model. Econometrica 1970, 38, 311–323.
[CrossRef]

35. Pesaran, M.; Yamagata, T. Testing slope homogeneity in large panels. J. Econom. 2008, 142, 50–93. [CrossRef]
36. Houghton, J.T.; Meira Foilho, L.G.; Lim, B.; Treaanton, K.; Mamaty, I.; Bonduki, Y.; Griggs, D.J.; Callander, B.A.

Greenhouse Gas Inventory Reference Manual; IPCC Guidelines for National Greenhouse Gas Inventories,
Agriculture; Intergovernmental Panel on Climate Change: Geneva, Switzerland, 1996; Volume 3.

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.eneco.2013.09.003
http://dx.doi.org/10.1016/j.enpol.2013.10.081
http://dx.doi.org/10.1016/j.eneco.2011.07.014
http://dx.doi.org/10.1016/j.econmod.2006.04.008
http://dx.doi.org/10.2307/2297111
http://dx.doi.org/10.1111/j.1368-423X.2007.00227.x
http://dx.doi.org/10.2307/1913012
http://dx.doi.org/10.1016/j.jeconom.2007.05.010
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Literature Review 
	Materials and Methods 
	Study Sample 
	Method 
	Panel Causality Test 
	Test for Cross-Sectional Dependence 
	Test for Slope Homogeneity 
	Estimating CO2 Emissions 


	Results and Discussion 
	System 1: GDP-FDI 
	System 2: GDP-CO2 Emissions 
	System 3: FDI-CO2 Emissions 
	Panel Regression 

	Conclusions 

