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Abstract Foreign direct investment (FDI) plays a vital role in economic growth in

Shanghai but also gives rise to a series of environmental pollution problems. With more

voices calling for strengthening of environmental regulations, it is necessary to explore the

relationship among FDI, environmental regulations, and energy consumption. We apply

autoregressive distributed lag bounds testing approach and error correction-based Granger

causality model to verify the connection among these economic variables for the period

from 1991 to 2013. The results show that environmental regulations have a negative effect

on FDI in both the long and short term. Energy consumption has a significantly positive

impact on FDI in the short and long run, but is only significant in the short run. Granger

causality results indicate that FDI is a Granger cause of energy consumption, which

confirms the validity of the pollution haven hypothesis. Finally, we suggest that stringent

environmental regulations and improvements in energy efficiency are required when

absorbing FDI inflows.

Keywords FDI � Environmental regulation � Energy consumption � ARDL � VECM �
Shanghai

1 Introduction

Since reform and implementation of an open policy in 1978, China has attracted a large

amount of foreign direct investment (FDI). According to the United Nations Conference on

Trade and Development (UNCTAD 2015), foreign real direct investment reached
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approximately US$11.96 million in 2014 and China overtook the USA as the country

attracting the most FDI. Studies have shown that a large amount of FDI flows into China

because of its rich resources and less strict environmental regulation (Chen et al. 2014;

Wang et al. 2016). Copeland and Taylor (1994) proposed the pollution haven hypothesis

(PHH), according to which FDI promotes economic growth but also causes increases in

energy consumption and carbon dioxide emissions. Furthermore, according to the indus-

trial flight hypothesis, foreign enterprises prefer to transfer industry to minimize production

costs (Asghari 2013) and the resources and environment of the host country gradually

deteriorate over time. Therefore, the nexus among FDI, environmental regulations, and

energy consumption is the focus of this study, with an empirical analysis of Shanghai in

China during the period 1991–2013.

Because Shanghai has a prosperous market economy, trade and FDI are important in the

economic development of the city. The first China (Shanghai) pilot free trade zone (FTZ)

was established in 2013. The proportion of the Shanghai gross domestic product (GDP)

accounted for FDI was on average 4 % points higher than the national level during the

period 1991–2013. Meanwhile, the Shanghai per capita energy consumption showed an

annual increase from 2.59 ton of standard coal (tsc) in 1991 to 4.85 tsc in 2013, which is

two to three times higher than the national average over the study period. In 2013, energy

consumption reached 113.37 million tsc, making the city the eighth-largest energy con-

sumer in China. Thus, energy demands for economic growth in Shanghai are relatively

large.

It is clear that there is a great need to impose stringent environmental regulations to

reduce environmental degradation arising from energy consumption and the pollution

caused by international trade and FDI. Figure 1 shows that the volume of sewage disposed

by sewage disposal plants increased approximately 16-fold from 1.2 million tons in 1991 to

nearly 20.32 million tons in 2013. The rate of wastewater abatement, as an indicator of

environmental regulation, jumped from 6 % in 1991 to 91 % in 2013 at an average annual

growth rate of 40 %. These data indicate that environmental regulations have been pro-

gressively strengthened. However, stricter environmental regulations will exert a stronger

impact not only on domestic companies. How does it influence FDI in Shanghai? How

does it affect energy consumption? And what is the nexus among FDI, environmental
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regulations, and energy consumption in Shanghai? These practical problems will be

explored in this study.

2 Literature review

FDI, environmental regulations, and energy consumption, as three key economic factors,

have been widely investigated; however, studies on their relationships seem to be diver-

gent. The focus of related studies can be classified as follows: the nexus between FDI and

environmental regulations; the nexus between FDI and energy consumption; and the

environmental regulations and energy consumption nexus.

The restraining effect of environmental regulation stringency on FDI inflows is always

an entry point for research on the relationship between FDI and environmental regulations.

Developing counties may drift into a polluted paradise if FDI growth increases without

consideration of environmental costs and benefits. For example, Dean et al. (2009) and

Chung (2014) report that intensely polluting enterprises have transferred from developed

countries to China and South Korea, respectively, because of their weak environmental

regulations. Some researchers claim that strict environment regulation is effective in

restricting FDI inflows associated with environmental pollution. He (2006) finds that

increasing stringent environmental regulation acts as a modest deterrent to FDI inflows.

Similarly, Naughton (2014) concludes that environmental regulation stringency inhibits the

pollution haven effect by decreasing FDI inflows. Rezza (2013) proves that environmental

stringency has a negative effect on FDI in both host and home countries. Bialek and

Weichenrieder (2015) suggest that stricter environmental regulation will have a deterrent

impact on Greenfield pollution, while higher environmental stringency seems to attract

clean mergers and acquisitions.

In contrast to the pollution haven effect, FDI spillovers of the latest pollution abatement

technologies and innovations have narrowed the gap between developing and developed

countries, which is called the pollution halo hypothesis (Zarsky 1999; Asghari 2013). For

instance, Doytch and Narayan (2016) provide evidence of a halo effect of FDI in the

service sector because of technological spillovers. Following this point of view, some

studies suggest that environmental regulation stringency may not induce a decline in FDI

inflow, mainly because multinational companies (MNCs) have already reached the envi-

ronmental requirements and standards imposed by host countries (Eskeland and Harrison

2003). Moreover, products exported from host countries must meet the high environmental

standards in home countries (Rezza 2013). In an analysis of panel data for 30 provinces in

China, Zeng (2010) finds that the PHH is weak, as the sign for the influence of environ-

mental regulations on regional FDI inflows is negative and there is no Granger causality

between FDI and environmental regulations. Saikawa and Urpelainen (2014) conclude that

stricter environmental standards can increase technology diffusion via automobile FDI.

Noailly and Ryfisch (2015) find that 17 % of green patents held by MNCs involve research

and development (R&D) investment in developing countries such as China or other host

Organization for Economic Co-operation and Development (OECD) countries, probably

because stringent environmental regulation plays a critical role in attracting green foreign

R&D investment.

Research on the relationship between FDI and energy consumption mainly addresses

the issue of energy saving. Supporters of the PHH have shown that FDI inflows increase

energy usage due to transfer of energy-consuming and resource-intensive industries. For
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example, Azam et al. (2015) prove that FDI plays an important role in increasing energy

consumption for a macro data set for Thailand, Malaysia, and Indonesia. Seker et al. (2015)

and Baek (2016) reach the same conclusion for Turkey and ASEAN, respectively.

According to research by Hakimi and Hamdi (2016), FDI inflows to Morocco and Tunisia

do not involve clean industries. For a sample of 65 countries, Omri and Kahouli (2014) find

that FDI Granger-causes energy consumption in middle- and low-income countries, and

there is two-way causality between energy consumption and FDI in high-income countries.

Nevertheless, some studies provide evidence of an energy-saving effect. For instance,

Bento (2011) concludes that FDI has a modest negative effect on energy consumption in

Portugal. Furthermore, Elliott et al. (2013) observe that FDI contributes to decreases in

energy intensity, especially in Western and Central China. Doytch and Narayan (2016)

provide strong evidence that FDI plays a critical role in increasing the consumption of

renewable energy while having a negative impact on fossil energy. Sbia et al. (2014) find

that FDI has a negative impact on energy consumption in the United Arab Emirates. Zhang

and Zhou (2016) present evidence of a halo effect of FDI on carbon emissions in China. In

terms of causality, Hassaballa (2014) confirms that a bidirectional Granger causality

relationship exists between FDI and energy-related emissions in both the short and long

run, which is known as the feedback hypothesis, whereby both variables have a mutual

influence and reciprocal causation.

Studies on the relationship between environmental regulations and energy consumption,

and energy-related carbon emissions are relatively limited. In a case study for Chongqing

city, Zhou et al. (2016) find that effective environmental regulations actually curb energy

consumption and air emissions. Zhou et al. (2015) observe an inverted U-shaped rela-

tionship between environmental regulation and per capita fossil energy consumption, so

energy consumption increases up to a certain environmental regulation threshold, after

which an energy-conserving effect emerges. This result corroborates findings by Zhang and

Wei (2014), who observed that the direct impact of environmental regulations on carbon

emissions follows an inverted U-shaped curve. Results from these two studies provide

evidence of the green paradox (Sinn 2008), whereby policies aimed at improving climate

change accelerate fossil energy production because of expectations regarding stricter cli-

mate policies in the future. Zhao et al. (2015) categorize environmental regulation into

three types: command and control regulation (CCR), market-based regulation (MBR), and

government subsidy (GS). Although MBR and GS are better than CCR in improving

efficiency and reducing CO2 emissions, CCR has dominated Chinese environmental reg-

ulations. Zhu et al. (2014) suggest that because of the increasing stringency of environ-

mental regulation, the smaller a pollution-intensive firm is, the more likely it is to relocate

to a region with weak environmental regulation.

To sum up the above research, because FDI, environmental regulation, and energy

consumption are interconnected, there should be broader consideration of the nexus among

these three key economic factors. From this perspective, our study fills a gap in research,

particularly for Shanghai. Both FDI and energy consumption in Shanghai have exceeded

national average levels, in contrast to other provinces. The impact of environmental reg-

ulation on these two variables should be identified. In addition, because Shanghai FTZ is

the first pilot FTZ in China, its unique characteristics make Shanghai an interesting case to

explore. To this end, we use the ARDL bounds testing approach to better understand the

links among FDI, environmental regulations, and energy consumption, and the Granger

causality test via vector error correction model (VECM) to examine the direction of the

causality within the Shanghai system during the period 1991–2013. Based on the empirical
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analysis, policy implications and accurate measurements will be presented for Shanghai

and generalized to the rest of China.

The remainder of the paper is organized as follows. Section 3 describes the data and

methodology. Section 4 presents our empirical findings. Section 5 contains a discussion,

and Sect. 6 concludes and presents policy implications.

3 Data and methodology

3.1 Data

We use annual time-series data covering the period from 1991 to 2013. The FDI variable is

the ratio of real foreign direct investment to GDP. E is a proxy for energy consumption and

corresponds to the standard quantity for final energy consumed, expressed as 104 tsc

equivalents. FDI and GDP data are from the Shanghai Statistical Yearbook. Energy con-

sumption data are from the China Energy Statistical Yearbook. Exchange rates are from

statistical data published by the People’s Bank of China.

ER represents environmental regulation stringency. However, it is difficult to directly

obtain environmental regulation data (Wang et al. 2016). Considering data quality and

availability, we use the wastewater abatement rate to indicate the stringency of environ-

mental regulation, similar to the approach of Liu and Chen (2008). Effectively, ER is the

ratio of the volume of sewage disposed by sewage disposal plants to total wastewater

discharged. We selected this variable because the ratio removes the effect of production on

pollution emissions. Since water is widely used, ER reflects the cost of corporate gover-

nance pollution from a broader perspective to better indicate the level of environmental

regulation. Because there is no standard for measuring waste gas and solid waste, these are

not taken into consideration here. Data for the volume of sewage disposed by sewage

disposal plants and total wastewater discharged are from the Shanghai Statistical Year-

book, which only covers the period after 1990, so our study period is 1991–2013.

3.2 ARDL bounds testing approach to cointegration

The ARDL bounds testing approach improved by Pesaran and Pesaran (1997) is applied to

test long-run equilibrium relationships among economic variables. The ARDL bounds

testing approach offers many advantages over traditional cointegration test methods such

as Engle–Granger cointegration and Johansen cointegration. First, it can be used irre-

spective of purely order zero or one or fractional integration. Second, it is suitable for small

samples and the empirical results are robust. Third, the results are unbiased and efficient

even if there are endogenous explanatory variables in the model. Finally, both short- and

long-term coefficients can be estimated at the same time. Because of these merits, we

chose the ARDL bounds testing approach in this study. To explore long-term relationships

among FDI, environmental regulations, and energy consumption in Shanghai, the ARDL

model can be expressed as follows:

DLnFDIt ¼ b10 þ
Xm

i¼1

b11DLnFDIt�i þ
Xm

i¼0

b12DLnERt�i þ
Xm

i¼0

b13DLnEt�i

þ b14LnFt�1 þ b15LnERt�1 þ b16LnEt�1 þ e1t ð1Þ
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DLnERt ¼ b20 þ
Xm

i¼1

b21DLnERt�i þ
Xm

i¼0

b22DLnFDIt�i þ
Xm

i¼0

b23DLnEt�i

þ b24LnFt�1 þ b25LnERt�1 þ b26LnEt�1 þ e2t ð2Þ

DLnEt ¼ b30 þ
Xm

i¼1

b31DLnEt�i þ
Xm

i¼0

b32DLnFDIt�i þ
Xm

i¼0

b33DLnERt�i

þ b34LnFt�1 þ b35LnERt�1 þ b36LnEt�1 þ e3t ð3Þ

where D is the first difference operator; e is a white noise error term; m is the maximum lag

length; b11, b12, b13, b21, b22, b23, b31, b32, and b33 are short-term factors; and b14, b15, b16,

b24, b25, b26, b34, b35, and b36 are long-term factors. All the variables are in natural

logarithmic form. The null hypothesis of no cointegration among the variables in Eq. (1) is

H0: b14 = b15 = b16, and the long-run equilibrium relationship can be confirmed when the

null hypothesis is rejected. The alternative hypothesis is H1: b14 = 0 or b15 = 0 or

b16 = 0, and there is no long-run relationship among the variables when the alternative

hypothesis is rejected. In the ARDL model, we apply the bounds test to estimate the

existence of a cointegration relationship among the variables. The bounds test is based on

the F-statistic computed in Eqs. (1)–(3). Owing to the small sample range, we compare the

F-statistic with the critical bound values given by Narayan (2005). According to Narayan,

the null hypothesis of no cointegration is rejected when the F-statistic exceeds the upper

critical bound, while the result is not rejected when the F-statistic is below the lower

bound, otherwise the result is inconclusive.

If a cointegration relationship among the variables is confirmed, we directly estimate the

short-term coefficients using an error correction mechanism (ECM) expressed as follows:

DLnFDIt ¼ c10 þ
Xp1

i¼1

c11DLnFDIt�i þ
Xp2

i¼1

c12DLnERt�i þ
Xp3

i¼1

c13DLnEt�i þ k1ecmt�i

þ m1t ð4Þ

DLnERt ¼ c20 þ
Xp1

i¼1

c21DLnERt�i þ
Xp2

i¼1

c22DLnFDIt�i þ
Xp3

i¼1

c23DLnEt�i þ k1ecmt�i þ m2t

ð5Þ

DLnEt ¼ c30 þ
Xp1

i¼1

c31DLnEt�i þ
Xp2

i¼1

c32DLnFDIt�i þ
Xp3

i¼1

c33DLnERt�i þ k1ecmt�i þ m3t;

ð6Þ

where ecmt-i is the error correction term and k is its coefficient, which shows restoration of
balance within the economic system under a shock. p1, p2, and p3 denote the optimal lag

order of LnFDI, LnER, and LnE, respectively, in the model. They can be defined using the

Akaike information criterion (AIC) and the Schwarz Bayesian criterion (SBC).
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3.3 Vector error correction model for Granger causality

After confirming the cointegration relationship, we apply the VECM Granger causality

approach to investigate the causality relationships among the three economic variables as

follows:

1� Lð Þ
LnFDI

LnER

LnE

2
64

3
75 ¼

a1
a2
a3

þ
Xp

i¼1

1� Lð Þ
d11id12id13i

d21id22id23i

d31id32id33i

2
64

3
75

LnFDIt�1

LnERt�1

LnEt�1

2
64

3
75

þ
b1
b2
b3

2
64

3
75ECMt�1 þ

l1
l2
l3

2
64

3
75; ð7Þ

where (1-L) indicates the difference operator and l are error terms. ECMt-1 is the lagged

error correction term, which is generated from the long-run equilibrium relationship. b is

the speed of adjustment. Both long-run and short-run Granger causality can be given within

the VECM framework. The significance of the ECMt-1 coefficient according to the t-

statistic represents the long-run causal relationship. We test the short-run causality using

the significance of the F-statistic for lagged variables via the Wald test. For example,

d13,i = 0Vi implies that energy consumption Granger-causes FDI. Conversely, d31,i = 0Vi
suggests that FDI leads to energy consumption.

4 Empirical findings

4.1 Unit root test

It is necessary to develop a unit root test for time series whose power is robust to the initial

observation before using the ADRL bounds testing approach (Jiang et al. 2012). There are

many unit root tests, such as the augmented Dickey–Fuller (Dickey and Fuller 1981),

Phillips–Perron (Phillips and Perron 1988), and Dickey–Fuller generalized least square

(Elliot et al. 1996) tests. However, their results are distorted for finite samples (Guan et al.

2015). Hence, we use the Ng–Perron test (Ng and Perron 2001) as the sample size is only

23.

The stationarity test results are given in Table 1. The null hypothesis of the presence of

a unit root is not rejected for the level series but is rejected for the first difference.

Therefore, as all the variables are integrated of order one, i.e., I (1), the ARDL bounds

testing approach can be applied.

4.2 Bounds test

We use the ARDL bounds testing approach to estimate Eqs. (1)–(3) for the existence of

cointegration among FDI, environmental regulation, and energy consumption when each

variable is considered as a dependent variable. Considering that the data span is short, the

maximum lag length is defined as two.

Table 2 presents the bounds test results. When FDI is the dependent variable, the F-

statistic of 7.218 is higher the upper bound at the 5 % significance level. However, when

ER or E is the dependent variable, the F-statistic is 2.750 or 0.475, respectively. These
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values are smaller than the lower bound at the 5 % significance level. Therefore, there is

only cointegration among FDI, environmental regulation, and energy consumption when

FDI is the dependent variable.

4.3 Coefficient estimation

We estimate the long- and short-run dynamic parameters using the ARDL bounds testing

approach. Applying the AIC and SBC, the optimal lengths are p1 = 1, p2 = 2, and

p3 = 0. The same ARDL (1, 2, 0) specification is confirmed.

The results for long- and short-run coefficients are reported in Table 3. The estimated

coefficients are significant for environmental regulations but nonsignificant for energy

consumption in the long run. Environmental regulations have a significant negative impact

on FDI at the 5 % level. The results indicate that stricter environmental regulation restricts

FDI inflow: a 1 % increase in environmental regulation stringency will lead to 0.281 %

decrease in FDI. This result is in agreement with findings reported by Naughton (2014),

Rezza (2013), and Bialek and Weichenrieder (2015). It also indicates that the PHH holds

for FDI in Shanghai, consistent with findings reported by Dean et al. (2009) for China and

by Chung (2014) for South Korea, among others. The energy consumption coefficient is

Table 1 Results for the
Ng–Perron test statistics

**,* Significance at 5 and 10 %
level, respectively

Variable Mza MZt MSB MPT

Level

LnFDI -3.2302 -1.2262 0.3796 7.5232

LnER -0.3489 -0.2074 0.5943 22.3521

LnE 0.4014 0.3231 0.8051 41.9371

First difference

DLnFDI -8.0840* -1.9996* 0.2474* 3.0699*

DLnER -9.8789** -2.2087** 0.2236** 2.5320**

DLnE -10.3096** -2.2630** 0.2195** 2.4044**

Asymptotic critical values*

1 % -13.8 -2.58 0.174 1.78

5 % -8.1 -1.98 0.233 3.17

10 % -5.7 -1.62 0.275 4.45

Table 2 Results of bounds test

F-statistic

FFDI (FDI/ER, E) 7.218

FER (ER/FDI, E) 0.475

FE (E/FDI, ER) 2.750

Critical F-values 1 % level 5 % level

Lower bound Upper bound Lower bound Upper bound

6.183 7.873 4.267 5.473

558 Nat Hazards (2016) 84:551–564

123



positive but nonsignificant at the 5 % level, which argues against the energy-saving

hypothesis. This means that energy consumption stimulates FDI inflows, although other

factors play an important role in FDI in Shanghai.

In the short run, the coefficient for environmental regulation is significantly negative at

the 10 % level. A 1 % increase in environmental regulation stringency leads to a 0.195 %

decrease in FDI. The absolute value is smaller for the short-run coefficient than for the

long-run coefficient. This indicates that environmental regulations have a stronger influ-

ence on FDI inflows in the long run. The coefficients for both energy consumption and its

first-lagged term are significantly positive at the 5 % level. A 1 % increase in energy

consumption and its first-lagged counterpart lead to increases in FDI of 2.056 and 1.800 %,

respectively. This indicates that energy usage promotes FDI inflow in the short run. In

addition, the coefficient is greater for current energy consumption than for its first-lagged

counterpart, which implies that FDI inflow in Shanghai currently has an increasing

dependence on energy. However, the long-run coefficient for energy consumption is

nonsignificant and smaller than the short-run coefficient, possibly because of increasingly

stringent environmental regulation and the gradual rise in high-quality FDI inflows.

The ecm coefficient is significantly negative at the 1 % level and indicates that short-

term fluctuation in FDI will return to equilibrium in the long run when the annual rate of

adjustment is approximately 69.5 %.

The R2 value is 0.5912, which means the explanatory variables can explain the 59.12 %

of the total information, so the explanatory power is good. The F-statistic for testing the

joint significance of explanatory variables is positively significant at the 10 % level. The

Durbin-Watson statistic is nearly two, which implies that the probability of linear auto-

correlation is low.

Table 3 Long- and short-run coefficients estimated for the ARDL (1, 2, 0) model selected based on the
AIC

Regressor Coefficient Standard error T-ratio [probability]

Estimated long-run coefficients; dependent variable is LnFDI

LnER -0.281** 0.129 -2.172 [0.046]

LnE 0.292 0.852 0.343 [0.736]

LNPT 2.235** 0.790 2.8282 [0.013]

Error correction representation; dependent variable is LnFDI

LnER -0.195* 0.110 -1.769 [0.096]

LnE 2.056** 0.842 2.441 [0.027]

LnE1 1.800** 0.735 2.450 [0.026]

ecm(-1) -0.695*** 0.187 -3.730 [0.002]

List of additional temporary variables created

dLnFDI = LnFDI–LnFDI(-1)

dLnER = LnER–LnER(-1)

dLnE = LnE–LnE(-1)

dLnE1 = LnE(-1)–LnE(-2)

ecm = LnFDI ? 0.28118 9 LnER - 0.29257 9 LnE - 2.235 9 INPT

Diagnostic tests R2 = 0.5912, F(4,16) = 5.4247*, DW statistic = 1.8914

***, **,* Significant at the 1, 5,and 10 % level, respectively
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4.4 Parameter stability

To test the stability of the estimated parameters, we plotted the cumulative sum of

recursive residuals (CUSUM) and the cumulative sum of squares of recursive residuals

(CUSUMSQ) (Pesaran and Pesaran 1997).

Figures 2 and 3 show that plots for the CUSUM and CUSUMSQ tests are within the

critical bounds at the 5 % significance level, confirming the stability of the coefficients.

4.5 Granger causality

Based on the previous cointegration, the VECM Granger causality approach is applied to

explore the causal relationship between FDI, environmental regulation, and energy con-

sumption in Shanghai.

Table 4 lists the Granger causality results. In the long run, energy consumption has a

unidirectional causality relationship with FDI and environmental regulation, which implies

that the causality runs interactively through the error correction term from both FDI and

environmental regulation. Constraints on FDI and implementation of more stringent

environmental regulation may contribute to decreases in energy consumption. The exis-

tence of unidirectional Granger causality running from FDI to energy consumption

Fig. 2 Plot of the cumulative sum of the recursive residuals

Fig. 3 Plot of the cumulative sum of the squared recursive residuals
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indicates that there is pollution transference during FDI inflows in Shanghai. This means

that an increase in FDI inflows will increase the amount of energy consumed in the long

run, which supports the validity of PHH. We also find environmental regulation Granger-

causes energy consumption in the long run. The relationship may exist mainly because of

the higher energy consumption and lower energy efficiency in Shanghai. Increasing

stronger environmental regulation may inhibit the high consumption of energy. In the short

run, there is no significant Granger causality among the variables, but FDI Granger-causes

energy consumption with a significantly positive sign at the 1 % level. The results indicate

that restrictions on FDI inflow may dampen energy consumption. Our results corroborate

the findings reported by Omri and Kahouli (2014) in the case of Australia.

5 Discussion

Our empirical results show that environmental regulation has a significant negative impact

on FDI in both the long and short term. The findings indicate that environmental regulation

in Shanghai will decrease FDI inflows because of the possibility of the pollution haven

effect of FDI. In this situation, stringent environmental regulation will act as a constraint to

reduce the pollution haven effect and will promote the introduction of FDI with advanced

environmentally friendly technologies in Shanghai. Therefore, Policies to attract FDI

should take environmental consequences into account. The Shanghai government should

gradually improve environmental standards and strictly enforce entry standards. On the one

hand, the aim should be to increase production costs for highly polluting industries. High

barriers to entry in high-carbon sectors should reduce the inflow of FDI involving high

energy consumption. On the other hand, because environmental costs can be reduced via

green technology innovations, it is beneficial to attract foreign environmentally friendly

enterprises.

Second, we find that energy consumption has a significant positive influence on FDI in

the short run, but a nonsignificant positive effect in the long run. Notably, in the short term,

energy consumption caused a one- to twofold increase in FDI. The results indicate that

higher energy consumption contributes to more FDI inflows, and environmental pollution

increases as a result. However, we find that the long-run coefficient for the effect of energy

consumption on FDI is small and nonsignificant. This is probably because increasingly

stringent environmental regulations adopted in Shanghai have exerted an energy-saving

effect. In recent years, the GDP growth rate has been decreasing annually, and in 2013 it

was only 7.7 %, the lowest rate in the country, indicating that policy for Shanghai has

Table 4 Granger causality analysis

Dependent variable Short-run (Wald test statistic) [probability] Long-run

DLnFDI DLnER DLnE ECM (t-statistic)

DLnFDI – 0.311 [0.577] 0.068 [0.795] 0.112 (0.679)

DLnER 0.011 [0.917] – 1.641 [0.200] -0.248 (-1.451)

DLnE 10.581*** [0.001] 1.642 [0.200] – 0.144** (5.501)

***, ** Significant at the 1 and 5 % level, respectively
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emphasized ecological well-being and sustainable growth instead of pursuing absolute

economic growth.

Third, the Granger causality results reveal a strong significant causal relationship from

FDI to energy consumption in the short run, and both FDI and environmental regulations

Granger-cause energy consumption in the long run. This indicates that FDI impediments

may reduce energy use in Shanghai. As the biggest economic, finance, and trade center in

China, Shanghai seems to introduce FDI inflows involving low energy consumption and

high efficiency according to theoretical analysis. However, the Granger causality results

confirm that the PHH holds in Shanghai. This case is an important reminder for the

Shanghai government that energy consumption must be considered when absorbing FDI

inflows. The reason for the high energy consumption may be low energy efficiency. More

attention should be paid to FDI technology spillovers when promoting FDI inflow. The

promotion of energy-saving technological innovations and migration of resource-intensive

FDI enterprises will help not only in maintaining sustainable growth but also in improving

living standards in Shanghai.

6 Conclusions and policy implications

Although a host of high-quality research on the PHH has been conducted, increasing

stringent environmental regulation should be taken into consideration. Our main contri-

bution is investigation of relationships among FDI, the environment, and energy systems,

particularly for Shanghai. We explored the nexus among FDI, environmental regulations,

and energy consumption in Shanghai during 1991–2013. Variables were integrated at I (1)

with a unit root test. We applied ARDL bounds testing approach to confirm the existence

of a long-run relationship within the system and obtain long- and short-term elasticity

coefficients with FDI as the dependent variable. In both the long and short run, environ-

mental regulations had a significant negative impact on FDI. Energy consumption had a

positive influence on FDI, but this was nonsignificant in the long run. According to

cointegration among the variables, we explored the causal relationship by using the VECM

Granger causality approach. We found that both FDI and environmental regulations

Granger-cause energy consumption in the long run. There is strong evidence of short-term

unidirectional causality from FDI to energy consumption. The Granger causality results

confirm the PHH for Shanghai.

Although FDI inflows are seen as an important component in the economic growth of

Shanghai, our empirical results reveal that FDI is also associated with increasing envi-

ronmental pollution and energy consumption. Therefore, it is crucial to coordinate FDI,

environmental regulations, and energy consumption for economic development in

Shanghai. First, polices aimed at reducing environmental pollution and regulating the FDI–

environment relationship should be adopted. Stringent environmental regulations including

an energy conservation policy should be used as a tool to test the environmental health of

FDI investment. Second, FDI spillover effects should be emphasized to drive the adoption

of advanced energy-saving and low-carbon technologies from foreign companies. Local

enterprises need to eliminate outdated technology via upgrading and utilizing technology

spillovers from foreign investment. Moreover, the capacity to adopt technology should be

enhanced to accelerate technological innovation and increase technology diffusion. Third,

the Shanghai government should continue to promote sustainable development and focus

on wise use of energy, especially increased use of clean energy, renewable energy, and
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other low-carbon or carbon-free energy, such as hydro, wind, solar, and ocean energy. It is

the inevitable choice for low-carbon economy to optimize energy structure. Fourth, to

improve energy efficiency, domestic enterprises should be encouraged to strengthen

cooperation with foreign-owned enterprises in the fields of new and renewable energy,

device development, green building, and low-carbon transportation. It is essential to

strengthen international cooperation and communication and to jointly research and

develop new technology and products to narrow the technological gap. By optimizing FDI

quality and improving energy efficiency, sustainable growth can be achieved in Shanghai

via increasing FDI.
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