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Abstract
Recently, China is named among the most carbon dioxide (CO2)-emitting countries in the world after the United State of America
(USA). Amajor part of Chinese carbon dioxide emissions is as a result of offshore industrial activities which come into the economy
as foreign direct investment (FDI). Following this, the present study seeks to investigate the nexus between CO2 emissions, FDI,
energy use, and tourism arrivals, and possibly to advise on who will bear the responsibility of offshore CO2 emissions. Utilizing
ARDL-bound testing and Granger causality approaches for both short- and long-run effects the author found that economic growth
(GDP) has a positive relationship with both tourism arrivals, energy use, FDI, and CO2.This contributes to heavy CO2 emissions
which the author classified as the outsourced/offshore CO2emissions in China’s FDI. Tourism arrivals have a bi-directional
(feedback) causal relationship with energy use and a uni-directional causal relationship with CO2(transmitting from tourism to
CO2). Both FDI and energy use have a bi-directional (feedback) causal relationship; CO2, energy use, and tourism arrivals have a
unidirectional relationship with GDP which established the triangular nexus causality among the variables and the impact on GDP.
Hence, the policy implication should be geared towards implementing the policies and regulations that will checkmate and reduce
the excesses of foreign firms to the environment quality of China and promote environmentally friendly economic activities.
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Introduction

China is considered a hub of many commercial activities which
translates into above-average use of energy. It is estimated that
China’s basic use of energy increased to 3billion tons oil equiv-
alent, amounting to 23% of the global total (Wu and Chen,
2017, b). China in a quest to keep up with its fast pace of
development through industrialization has considered the ever-
rising request and use of the inadequate energy resources a ma-
jor obstacle. For this, extensive policies to foster the sustainabil-

ity of the energy use has been enforced such as the Energy
Development Strategy Action Plan (2014–2020), the
Thirteenth Five-year Plan for Electric Power Development,
and Medium and Long-term Development Plan for Renewable
Energy (Feng et al. 2013). Energy use has been intensified since
the global economic activities are seriously shifting into an era
of outsourced manufacturing goods and trade. China in particu-
lar has achieved a commendable economic growth over the past
3 years of improvement and liberalization. China’s GDP has
moved from a mere 6% to over 60% approximately (Zhang
2018). This rapid shift into trade and manufacturing is linked
with a great cost of natural resources and the climatic change
(Chen 2016).

The energy use is among the sources of carbon dioxide
(CO2) emissions, and this, with other greenhouse gases, is
considered to account for global climate change (Wu and
Chen 2017). In extant literature, a strong transmission is
shown between economic activities (e.g., heavy industrial
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and manufacturing activities) and their adverse impacts on
environmental quality, and this is agreed to be among the
causes of environmental dilapidation through CO2 emissions
(Uchiyama 2016). Several advanced and developing countries
are putting needed struggles to reduce and if possible to over-
come the problem of increased CO2 emissions. Following a
unique framework (CGEmodel) that connects Chinese energy
structure and economy, the work found that Chinese coal use
measuring CO2 pollution should grow to the highest some-
time in the year 2020, while the country’s total CO2 emissions
would increase to a maximum around 2030 (Tully 2016).
Environmental problems are sensitive areas of worry not only
for the community but also in terms of making economic
selection (Sy et al. 2016). To curtail the inflammatory injuries
of the CO2 emissions to the global change has been among the
worldwide struggles (Tamazian and Rao 2010). China is per-
ceived as the global highest contributor of carbon dioxide after
the USA and is facing serious pressure in a bid to reduce the
world’s climate change. This is the evidence of the outcome of
the world’s foremost concise climate treaty entered into force
in Paris (Liu et al. 2018). China as a principal actor amid the
parties involved has been tasked to look into reasonable im-
provement plans of reducing energy use and curtail CO2

emissions.
In the world emission ranking, China as a country has occu-

pied the first position which makes it possible for the Chinese to
be regarded as the highest contributor of greenhouse gas emis-
sions both in the year 2017 and 2018 respectively. This can be
seen from the statistical chart in Figs. 1 and 2.

An aspect of energy use which has not been explored is the
indirect and off-site energy use as regards to trade and FDI.
Liu et al. (2018) recognized this fact by pointing out that
efforts so far have been centered on direct and on-site energy
use without much concern to the indirect and off-site energy
use as regards to trade. Also, Davis et al. (2013); Weidmann
(2013) noted that for the rising world economy, many studies

are of the view that energy consumption and pollution emis-
sion can be transferred as well as goods and services along the
supply chains in cross-boundary commercial activities.
Through the involvement of commercial transactions, an area
or an industrial segment could purchase high-consuming en-
ergy goods from other regions or segments, to avert its imme-
diate energy consumption. From the former research on ener-
gy use in the manufacturing areas in China, the volume of
subsidiary energy use embedded in local commercial activities
alone amounted so much than that of immediate energy use
(Feng et al. 2013).

The current paper now shift a bit from direct or indirect
energy use to a more interesting and attention-seeking area
of energy use—embodied energy. On this background, the
embodied energy as a blend of the immediate and non-
immediate use of energy has drawn more concern in the re-
search community in the direction of energy evaluation aimed
at China (Costanza 1980; Tan et al. 2016; Zhang et al. 2016;
Wang 2011). Assessment of the energy blending
(embodiment) in China’s foreign business portrays blended
energy transfer of China has increased greatly with the space
of 5 years (Tang et al. 2016). Zhang et al. (2016) have come up
with a detailed study on the embodied energy use which has
shown the particular area of blended energy shiftingmotivated
by diverse levels of concluding request.

Embodied energy use has been limited only to trade activ-
ities within the country without duly paying attention to the
offshore economic activities. The full impact of the West’s
outsourced manufacturing activities to China can be felt from
the emissions of the greenhouse gases. Studies have shown
that half of the current upsurge of China’s CO2 emissions is as
a result of the industrial products for other nations (the UK, the
USA, and emerging economies) (Duncan Clark 2009). The
reason is not far-fetched from the Kyoto resolution about the
CO2 emissions. The Kyoto resolution maintained that coun-
tries where pollutions are produced are to bear the
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responsibility (Duncan Clark 2009). By this rule, developed
nations (e.g., the UK, the USA, and other European countries)
consider it as an advantage to easily exempt themselves from
the CO2 emissions and this informed of their emission reduc-
tion to 18% or below which is more sufficient to meet the
Kyoto target. Efforts are put in place to make do of less
Kyoto’s rule but to adopt the resolution of the Copenhagen
Summit. The offshore emission is among the key unresolved
issues as regards the energy use and CO2 emissions. This has
brought the world leaders to breaking of energy use and CO2

emissions into consumption of CO2 emissions and production
of CO2 emissions.

To this end, the research seeks to contribute to the current
literature by attempting to address the following salient ques-
tions while accounting for the effect of environmental degra-
dation: Is there really a correlation between FDI and CO2

emissions through energy use? This has been debated and
empirically explored in many works in current literature; nev-
ertheless, findings remain unsettled (Omriand Kahouli 2014;
Shahbaz et al. 2015a, b). Is there a transmission between GDP,
FDI, and carbon dioxide emission? Is there a connecting fac-
tor between GDP and carbon dioxide?

Also, following the contention onwhowill bear the respon-
sibility of the CO2 emissions of some of the heavily industri-
alized but developing countries such as China, and consider-
ing different views of researchers as regards to the classifica-
tion of the energy use and CO2 emissions but with little or no
insight into the contribution of the offshore economic activi-
ties, the present study seeks to investigate and advise on who
will bear the responsibility of CO2. With this, the current re-
search bridges the gap by examining the association between
FDI and CO2 pollution by integrating the role of monetary
development (GDP) for China. This we plan to do by incor-
porating the foreign direct investment (FDI) and tourism

arrivals (TA) to account for the offshore effects. What informs
the idea of using FDI in accounting for the offshore activities
is that most of the manufacturing and industrial activities are
outsourced from one country to another, like the case of
China, and most of them come in the form or are regarded
as foreign direct investment (FDI). Also, most of the tourist
arrivals into a country other than theirs is considered offshore
activities and the impact is felt mostly from the energy con-
sumption angle which is utilized in maintaining the tourist
sector; this gives rise to high CO2emissions via energy
consumption.

The finding in this study confirms that a long-run relation-
ship exists between GDP, tourism arrivals, FDI, energy use,
and CO2. Among the findings is that FDI has a positive
relationship with both energy use and CO2 and this
contributes to CO2 emissions which we classified as the
outsourced CO2 emissions in China. As remarked earlier,
what informed our claim that this be classified as outsourced
CO2 emissions is because of the outsourced economic
activities that exist in China through the developed countries
like the UK and the USA. Also, the finding from the Granger
causality gives credence to our claim that outsourced
economic activities are mainly responsible for the high
emission in China. Also, we found that tourism arrivals have
a positive and significant relationship with energy use and
CO2 emissions. Also, we found that both FDI, energy use,
CO2, and tourism arrivals have a positive and significant
association with GDP which established the triangular nexus
causality among the variables and impact on the GDP. This
finding affirmed the findings from the studies of Shahbaz et al.
(2013) and Aceleanu et al. (2017).

The rest of this research is organized as follows: BReview
of related literature^ presents the review of literature on the
nexus among the choice variables (nexus of GDP and FDI,
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nexus of FDI and CO2 emissions, and nexus of GDP and CO2

emissions); BData, methodology, and empirical findings^ pre-
sents the data, theoretical backgrounds, and methodology and
presents the empirical results, interpretations, and discussion;
and BConclusion and policy implications^ presents the con-
clusions and policy implications.

Review of related literature

The review of previous related literature will be based on
comparison and in analysis mediation among the variables.
This section is structured to examine the literature by analyz-
ing the relationship between FDI and GDP, FDI and CO2

emission, and CO2 and GDP.

Nexus between FDI and CO2 emissions

Studies of the association between FDI and the environmental
pollution proxy as CO2 has garnered much space and still
ongoing. A few of the studies with mixed findings are
reviewed here as follows: Pazienza (2015), did a study on
OECD countries, considering the relationship between FDI
and the environment with a focus on how FDI inflow to the
Bagriculture and fishing^ sector enhance CO2 emission level;
his findings shows an adverse connection between FDI and
CO2. Blanco et al (2013) deviate from the finding of Pazienza
but showed that FDI inflows in pollution-intensive industries
can be linked to an increase in environmental degradation via
CO2 emissions per capita and per unit of GDP. Shahbaz et al.
(2011, 2014), in his panel work on 110 developed and
developing countries, found a positive connection between
FDI and environmental degradation. This indicates that FDI
increases CO2 emissions. Omri et al. (2014) found in his work
that FDI arrivals advance the CO2 pollutions by 0.19%. In his
work for the developing countries, Talukdar and Meisner
(2001) found an adverse significant association between FDI
from the developed countries and CO2 emissions. Kheder
(2010) observed a positive association among French
manufacturing FDI and CO2 pollution in host states. Ben
Kheder & Zugravu-Soilita (2008) investigated the association
between FDI and the CO2 emissions in China and found a
posit ive connection between FDI and ecological
deterioration. Also, Ajide et al (2010) in his work on Nigeria
found the positive relationship between FDI (in terms of oil
exploration) and CO2 emissions.

Nexus between GDP and CO2 emissions

Bekun and Agboola (2019) in their work BElectricity
Consumption and Economic Growth Nexus: Evidence from
Maki Cointegration^ found the existence of a long-run equilib-
rium between real gross domestic product per capita and carbon

dioxide emissions. Chen et al. (2016) found in his work for
Chinese interregional differences in CO2 emissions that the rate
of emitting is different with some at high emissions while some
at lower emissions, but majority depicts a positive association
between economic growth and CO2 emission. In the work of
Balsalobre-Lorente et al. (2018) BHow economic growth, re-
newable electricity and natural resources contribute to CO2

emissions?^ they found an N-shaped relationship between eco-
nomic growth and CO2 emissions. Bekun et al. (2019) in their
studies titled BToward a sustainable environment: Nexus be-
tween CO2 emissions, resource rent, renewable and nonrenew-
able energy in 16-EU countries^ found a negative relationship
between GDP and CO2 emissions. Balcilar et al. (2019) while
working on BRevisiting the economic growth and electricity
consumption nexus in Pakistan,^ they found an equilibrium
relationship between economic growth and carbon dioxide
emissions. Alola et al. (2019) in their study titled BThe role of
renewable energy, immigration and real income in environmen-
tal sustainability target. Evidence from Europe largest states^
found that the nexus of carbon emissions with gross domestic
and consumer price is significant, and respectively positive and
negative. Akadiri et al. (2019a) did a work on the role of natural
gas consumption in Saudi Arabia’s output and its implication for
trade and environmental quality. Among their findings is that
natural gas consumption induces real GDP positively. Twerefou
et al. (2016) argued with his findings that per capita income in
Ghana has an adverse association with CO2 pollution implying
the improved quality of the environment. Lee (2013) found an
adverse association between economic advancement (GDP) and
CO2emissions in his work on G20 countries. Furthermore, ex-
amining the direct effect of economic growth onCO2 pollutions,
he established a positive connection between growth and CO2

emissions. Akadiri et al. (2019b) did a work titled BCarbon
emissions, energy consumption and economic growth: A cau-
sality evidence.^ Empirical results propose a unidirectional cau-
sality running from economic growth to energy consumption
and from carbon emissions to energy consumption in the long
run. Findings reveal that there is no feedback relationship be-
tween economic growth, carbon emissions, and energy con-
sumption of Iraq. Sharma (2011) found a positive influence of
economic development on CO2 pollutions. Also, Omotor
(2015) confirmed the positive connection between GDP and
the environment (CO2) in his work on ECOWAS region.
Akadiri et al. (2019) did a work titled BTowards achieving en-
vironmental sustainability target in Italy.^ The role of energy,
real income and globalization, and they found that real income
has no significant impact on the metric ton per capita of carbon
emission level both in the short run and long run. Al-Mulali et al.
(2015) in their work titled BInvestigating the environmental
Kuznets curve hypothesis in Vietnam^ found fossil fuel energy
consumption increases pollution which impacts the GDP.
Sarkodie and Strezov (2019) in their work titled BEffect of for-
eign direct investments, economic development and energy
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consumption on greenhouse gas emissions in developing
countries^ found the validity of the pollution haven hypothesis
via the strong positive effect of energy uses on greenhouse gas
emissions. Boopen et al. (2011) established an adverse connec-
tion between GDP and the environment positing his findings to
the increasing rate of human activities. Meanwhile, Acharya
(2009) is of the view that FDI has a positive effect on the CO2

discharges through output growth, in other words, he opined that
there is a progressive connection between GDP and CO2

pollutions. Apergis and Payne (2009) in their work titled
BCO2 emissions, energy usage, and output in Central
America^ found that real output exhibits the inverted U-
shaped pattern related with the Environmental Kuznets curve
(EKC) hypothesis.

Nexus between GDP and FDI

Here, the present study explores some works on causality or
relationship between FDI and GDP growth. Paramati et al.
(2017) in their studies which is titled BFinancing clean energy
projects through domestic and foreign capital: The role of
political cooperation among the EU, the G20 and OECD
countries^ found FDI impacting energy use positively thereby
impacting the GDP favorably. Xing (2010) found that FDI
improves the efficiency of the Chinese domestic economy
through intensified competition between the state-owned en-
terprises and foreign-invested firms in China. Hoang et al.
(2010) are of opinion that FDI can only impact the level of
income through its contribution to capital accumulation with-
out impacting the long-run growth rate. Hansen and Rand
(2006) found strong transmission link between GDP and
FDI in their investigation of 31 emerging states for the dura-
tion of 1970 to 2000. Anyanwu (2012) found that among the
drivers of FDI is a traceable good robust economic growth rate
which he observed in the economy of East and South African
regions. (Reyath et al. 2009) studied the Gulf cooperation
council and established no connection between FDI and mon-
etary growth (GDP). (Magnus and Fosu 2008) examined the
Ghanian economy and noticed there is no causation between
FDI and GDP. On the same note, Karimi and Yusop (2009)
did a work on theMalaysian economy and their finding shows
no causation between FDI and economic development. Also,
Irandoust (2001) did a work on FDI and growth and found no
causality between them. Chakraborty and Basu (2002) ex-
plored the causation between FDI and GDP with the
Granger causality test and establish a unidirectional connec-
tion between FDI and economic advancement. Irandoust
(2001) utilized Toda and Yamamoto to test a Granger causa-
tion relationship between economic growth and FDI on
Scandinavian countries (Denmark, Norway, Finland, and
Sweden); they found a two-way transmission among the var-
iables in Sweden and a one-way transmission from FDI to

GDP for Norway but no causality relationship for Denmark
and Finland.

Data, methodology, and empirical findings

Data

This study employed the converted annual to quarterly
data of China for the period of 1995Q1–2016Q4. The
current work used the quadratic match-sum technique to
convert annual frequency data into quarter frequency da-
ta. It is established and validated that the outcomes of
the annual series method are unresponsive from those of
the quadratic match-sum technique (Shahbaz et al. 2017;
Romero et al. 2005; Emir and Bekun 2018). The vari-
ables used in the current research are international tour-
ism (figure of arrivals), gross domestic product (GDP)
constant 2010 US$, CO2 emissions from solid fuel con-
sumption (kt), foreign direct investment net inflows
(FDI), and energy use (kg of oil equivalent per capita).
All the variables are combed from the Lange et al.
(2018) and are all expressed in logarithmic form.

Theoretical background and model specification

The current work constructs a hypothetical model to investigate
the relationship between carbon dioxide (CO2), energy con-
sumption, offshore intensity activities, and economic growth.
In order to be more direct to our claim, the study adopted
Ehrlich and Holdren’s (1972) IPAT model. Following the
IPAT framework, the per capita environment is determined by
technology and income per capita. The fundamental framework
is expressed as follows:

y1t ¼ f 2 A1t; T1tð Þ ð1Þ

where y1t=l1t/P1t, and y1t is the per capita CO2 emissions
effect. A1t represents wealth, and is calculated by gross domes-
tic product (GDP) per capita; T1t represents technology.

Though technology is difficult to calculate precisely, for-
mer works (e.g., Javorick and Spatareanu 2008; Keller 2004)
pointed out that increasing FDI impacts technology through
spillover effects from investment wealth. Also, Hübler and
Keller 2010, bstudied the current literature and found that
more effective technologies of external industries can equally
add to an energy-subsiding method effect via skill knowledge
transfer. To this, the level of tech can be negating or captured
by the foreign direct investment (FDI) and substituted by FDI.
A few works have investigated the influence of FDI or have
used it as a significant cause of environmental quality
(Shahbaz et al. 2014; Pazienza 2015; Omri et al. 2014;
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Talukdar and Meisner 2001; Kheder et al. 2010; Ajide et al.
2010).

The deviation from the traditional Kuznets curve (EKC)
theory (in which increasing decreasing relationship between
GDP and environmental quality are measured) shows that it
can be analyzed empirically applying diverse procedures of
ecological qualities, for instance in the works of Musolesi
et al. (2010) who used the traditional EKC to study local
pollutant emissions and global pollutant emissions. Also,
Galli 1998; Hübler and Keller 2010, b; Sadorsky 2011 apply
the EKC in testing energy intensity. Moving a bit further from
an old style of the EKCmodel, where GDP remains the single
controlled variable, Selden and Song (1994) revealed that the
initial and higher terms of GDP per capita are insignificant.
Earlier works that have applied the EKC model failed to rec-
ognize the problem where the order one I (1) of the square of
an integrated process is having a unit root (Cheng 2014).
Wagner (2008) argued that presently, there is no assessment
methods for pools as well as nonlinear transformations of the
unified process are in place. Hence, it is wrong for the model
to add income per capita and its multiplied term when the
income is an integrated process. Following the view of
Wagner (2008) that at maximum, one of income and its mul-
tiplied form can be a unified process (i.e., when income is in
the unified process) the current work failed to include the
unified form of income (GDP) but rather interchange the po-
sition of the CO2 emissions per capita effect with income
(GDP per capita). This we undertake in order to research on
the vigorous interaction between carbon dioxide (CO2 ) pol-
lution, growth (GDP), energy use, tourism arrivals, and for-
eign direct investment (FDI), and also bearing in mind the
model specification which has GDP per capita as our ex-
plained factor. The specification will aid in measuring both
the connection of economic growth and the CO2 pollution/
emissions, and also the nexus connections between economic
growth (GDP), CO2 emissions, FDI, TA, and energy use. This
will aid the author to justify the above-raised questions (Is
there really an association between FDI and carbon emissions
through energy consumption? Is there a transmission among
the GDP, FDI and carbon dioxide emission? Is there a
connecting factor between GDP and carbon dioxide?)

The model is specified as follows:

y1t ¼ f 2 CO21t;FDI1t; TA1t;EU 1tð Þ ð2Þ

where y1t ismeasured by GDP per capita of the Chinese econ-
omy, CO21t denotes carbon dioxide(CO2) emission, TA de-
notes tourism arrival, FDI denotes foreign direct investment
which captures the technology effect and reflects the offshore
manufacturing activities that give rise to high energy con-
sumption and high emissions of CO2, as cited in
BIntroduction.^ According to Glen Peters (2009), some major
percentage of Chinese total (CO2) emissions are the outcome

of manufacturing industrial products for the USA, and other
remaining percentages are from manufacturing industrial
products for Europe, and EU denotes energy use.

We employ natural logarithms and a stochastic disturbance
term (∈t) in order to show an easy identifiable empirical model
and to reflect the concise nature of the data. The effect of
offshore activities and the high energy consumption on CO2

emissions can be expressed as:

GDP ¼ Cþ B1 þ B2CO2B3 þ FDIþ B4TAþ B5EUþ ∈t ð3Þ

where GDP denotes log of GDP, CO2 represents log of
carbon dioxide emission, FDI denotes log of FDI, TA reps
log of tourism arrival, EU reps log of energy use and∈t is
the error term. B1,B2, B3, B4and B5 are the coefficients
respectively. B2is the level of impact of CO2 emissions
to the income( GDP), and shows the variation in GDP
for additional unit variation in CO2 emissions. The GDP
in the Eq. (3) shows the association between GDP and
CO2emissions, and reveals the growing or declining effect
of CO2 emissions on GDP, controlling for other variables;
B3 is the level of impact of FDI to the GDP which shows
the variation in GDP for additional unit variation in FDI,
while B4 and B5show the variation in GDP for additional
unit variation in tourism arrival (TA) and energy use (EU)
respectively

Unit root test

Because of the prevalence of the breaks and shocks in the
political and economic occurrences in most economies,
time series data are always considered not stationary.
For this, the time series examination demands the ascer-
taining of the non-unit root of the variables applied in the
research to avoid wrong estimations and falsified results
from such analysis. Before the consideration of the model
in this study, the stationarity and integrated order of the
variables have been checked. We employed and combined
different techniques such as Augmented Dickey-Fuller
(ADF) (Dickey and Fuller 1981), Phillips-Perron (PP)
(Campbell and Perron 1991), and Syczewska (2010) unit
root checks to determine if the variables have non-unit
root. Table 1 explicitly indicate a mixture of integrating
order of the variables at l (0) and l (1).

ARDL-bound testing approach

For proper model specification and to reduce the likelihood of
arriving at misleading or spurious results and analyses, we con-
sider the ARDL approach more suitable for our estimation fol-
lowing the output of the unit root test from different techniques
for a robust check. Following Pesaran et al. (2001), we
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considered ARDL a suitable technique for this analysis with the
presence of the mixture of order of integration from the unit root
test.

ARDL specifications

The econometric specification of ARDL can be written as
follows:

Y ¼ Cþ B1 þ B2 CO2 þ B3 þ FDIþ B4TAþ B5EUþ ∈t ð4Þ

where Y reps log of GDP, CO2 reps log of carbon dioxide
emission, FDI reps log of foreign direct investment (FDI),

TA reps log of tourism arrival, EU reps log of energy use,
and ∈t reps the error term. B1,B2, B3 and B4 are the coefficients
respectively. Further expression and specification of the
ARDL is the expansion of the model into ARDL long-run
and short-run models. The two models take into consider-
ations the relationship that exists from the GDP to tourism
arrivals, FDI, energy use, and CO2 emissions in two separate
equations, Eqs. (2) and (3); thus,

Y t ¼ Cþ B1yt−1 þ B2CO2t−1 þ B3FDI t−1 þ B4TAt−1

þ B5EUt−1 þ ∈t ð5Þ

Y t ¼ Cþ a1∑n
i¼1Δyt−1 aj∑n

j¼1ΔCO2t− j

þ ak ∑n
k¼1ΔFDIt−1 þ al∑n

l¼1ΔTAt−l

þ am∑n
m¼1ΔEUPt−m þ ECMt−1 þ ∈t ð6Þ

where the parameters in Eq. (2); B1,B2, B3, B4and B5 are
long-run coefficients, while in Eq. (3), a1,aj, ak, al, and amare
the short-run coefficients. Δ and ECMt − 1 represent the first
difference of variables and the speed of adjustment over the
long run respectively. We further expand the ARDL analysis
by checking the long-run relationship between the underlying
variables using the bound testing approach. We determine the
long run by comparing the lower 1(0) and upper 1(1) bound-
aries with F and t statistics. If the F or t statistics is greater than
the lower and upper boundaries, it shows the presence of a
long-run relationship and vice versa. We specify the long-run
restriction approach of Eq. (2) to capture the interactions
among the variables. Thus,

Table 1 The results of the unit root tests

Variables ADF PP KPSS

Unit root test at level

LGDP − 2.004 7.774*** 1.1837***

LTA − 1.623 − 1.171 1.1583***

LFDI − 1.625 − 1.555* 0.8085***

EU − 3.126 − 2.201 1.1772***

L CO2 − 2.924 3.523** 1.1362***

Unit root test at 1st diff

LGDP − 2.3843** − 2.895 1.1418***

LTA − 3.0317** − 4.0396** 0.2212

LFDI − 2.4391** − 4.1280 0.1232

EU − 3.2836** − 3.5333** 0.1149

L CO2 − 1.0740 − 1.0949 0.3801**

*, **, ***Statistical rejection of the null hypothesis at the 1%, 5%, and
10% respectively

Table 2 ARDL dynamic estimate
of the GDP equation Variables Coefficients SE t statistics Prob

Short run

D (LGDP(-1)) 0.6276*** 0.0866 7.2487 0.0000

D(LTA) 0.6810** 0.3330 2.0636 0.0154

D(LFDI) 0.007100*** 0.0000003 23.333 0.0000

COINTEq(-1) − 0.001820*** 0.000427 − 4.265082 0.0001

Long run

LTA 0.3696** 0.1602 2.3071 0.0243

LFDI 0.0071*** 0.0000004 3.22 0.0020

EU 1.5300 1.0000 1.5224 0.1328

L CO2 0.0055 0.552 0.2492 0.8039

C − 1.6100 1.3300 − 1.2055 0.2324

Bound test(long run)

F statistics = 6.54***, K = 4 1% 1(0) bound = 3.74 1(1) bound = 5.06

Wald test (short run)

F statistic 77.1

P value 0.0000

*, **, ***Rejection of the null hypothesis at the 1%, 5%, and 10% respectively. Source: author’s computation
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gdpt ¼ B0 þ ΣδB1gdpt−1 þ ΣδB2CO2t−1

þ ΣδB3fdit−1ΣδB4tat−1 þ ΣδB4tat−1

þ ΣδB5eut−1 þ B6ectε1t ð5:1Þ

The ARDL estimation for both the long run and short run is
displayed in Table 2, with optimum lag as indicated byAIC. The
cointegration equation for this work exposes .002% speed of
adjustment to the equilibrium path on GDP via the impact of
tourism arrival (TA), FDI, energy use (EU), and CO2 on a quar-
terly basis. The result confirms the positive significant associa-
tion between economic growth (GDP) and the variables tourism
arrival and FDI in the short run, and tourism arrival, FDI, energy
use, and CO2 in the long run. This means that GDP is impacted
positively by both tourism arrival and FDI positively in the short
run and long run. This not surprising especially from the angle of
FDI considering the rate of outsourced manufacturing and eco-
nomic activities from some developing nations (e.g., the UK and
the USA) into China’s economy. This result shows the long run
(elasticity) of GDP in terms of CO2 emissions, FDI, tourism
arrivals, and energy use are significantly positive. That is to
say a 1% rise in CO2 emissions upsurges GDP by 0.005%. A
1% rise in FDI also increases the economic growth (GDP) by
0.007%; likewise, the 1% increase in both tourism arrivals (TA)
and energy use (EU)will lead to 0.369%and 1.53% respectively.
Supposedly, from our findings, a good economic performance
synonymously economic growth is attributed to the ability of
China to attract FDI and tourism arrivals as they are significantly
and positively impacting the economic growth of China. Over a

decade now, there has been a glaring tremendous rise in Chinese
FDI and inbound tourism. Also, this translates to the FDI flow
into China’s economy via an outsourced mode from other coun-
tries that impact the tourism sectors which will lead to an expan-
sion in the economic activities. This is in line with the take of
Shahbaz et al. (2017) whomaintained that the tourism sector can
stimulate investments, technological progress, and increase in
human capital capacities of nations. Also, we found a positive
association between GDP, energy use, and CO2; This implies
that over a period of time, say in the long term, a rise in the
GDP upsurges the energy use and this consequently increases
CO2 emissions. This is in consonance with the findings of Fei
et al. (2011). The outcome of this result supports the views of
Huanying Cui (2016) which shows that China still advances
economic growth at the expense of high energy use and drastic
environmental degradations.

Granger causality

The conventional regression does not portray a clear cut of
causation even though the cointegration employed by the au-
thors with the ARDL-bound approach confirmed the presence
of causality. This is limited in determining the direction of the
causality or transmission. This informed our choice of testing
further the causation and the direction of the choice variables
with Granger causality. For the consistency in the findings that
causality exists among the choice variables (GDP, TA, CO2,
EU, and FDI), the authors applied the pairwise Granger cau-
sality test which also serves as a robust check to the findings
from the error correction estimation. Hence, the pairwise
Granger causality test is displayed in Tables 3, 4 and 5.

The result from Table 3 shows the output from the Granger
causality estimation. The findings give credence to the findings
of the dynamic and the ARDL-bound approach above.
According to the result, there is a uni-directional causality pass-
ing from tourism to GDP at 5%, from GDP to FDI at 1%, from

Table 3 Pairwise Granger causality test (short-run causality test result)

Null hypothesis F stat P value Causality Direction

LTA→LGDP
LGDP→LTA

3.1948
1.4402

0.0461**
0.2428

YES UNI-DIRECTION

LFDI→LGDP
LGDP→LFDI

0.7081
8.0868

0.4956
0.0006***

YES UNI-DIRECTION

LEU→LGDP
LGDP→LEU

2.9883
0.7908

0.0568*
0.4575

YES UNI-DIRECTION

L CO2→
LGDP

LGDP→
L CO2

1.5254
3.2338

0.2247
0.0452**

YES UNI-DIRECTION

LFDI→LTA
LTA→LFDI

1.0532
1.9233

0.3535
0.1527

NO NEUTRAL

LEU→LTA
LTA→LEU

4.03146
2.91019

0.0220**
0.0611*

YES BI-DIRECTION

L CO2→LTA
LTA→L CO2

1.4804
3.1325

0.2346
0.0498**

YES UNI-DIRECTION

LEU→LFDI
LFDI→LEU

3.13392
3.82685

0.0497**
0.0265**

YES BI-DIRECTION

L CO2→LFDI
LFDI→L CO2

2.3789
1.9036

0.1001
0.1567

NO NEUTRAL

L CO2→ LEU
LEU → L CO2

0.4502
5.2283

0.6394
0.0077***

YES UNI-DIRECTION

*, **, ***Rejection of the null hypothesis at the 1%, 5%, and 10%
respectively. Source: author’s computation

Table 4. Breusch-Godfrey serial correlation LM test

F statistic 0.260596 Prob. F(3,61) 0.8535

Obs*R-squared 0.949052 Prob. chi-square (3) 0.8136

*, **, ***Rejection of the null hypothesis at the 1%, 5%, and 10%
respectively. Source: author’s computation

Table 5. Heteroskedasticity test: Breusch-Pagan-Godfrey

F statistic 2.364950 Prob. F(13,59) 0.0127

Obs*R-squared 25.00812 Prob. chi-square (13) 0.0230

Scaled explained SS 21.32524 Prob. chi-square (13) 0.0667

*, **, ***Rejection of the null hypothesis at the 1%, 5% and 10%
respectively. Source: author’s computation
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energy use (EU) to GDP at 10%, from GDP to CO2 at 5%, from
tourism arrival to CO2 at 5% and from energy use to CO2 at 1%.
This reveals and validates the findings from the ARDL-bound
testing that China’s economic growth is not far-fetched from
energy-induced growth, hence the transmission from energy
use to GDP via FDI and tourism maintenance. However, there
is a bi-directional causality between energy use and tourism and
between energy use and FDI. This shows a trade-off for environ-
mental quality degradation considering the heavy energy con-
sumption emanating from both tourism arrivals maintenance,
and FDI activities coming from the industrial and manufacturing
activities. The findings are in agreement with other related stud-
ies in this area (Shahbaz, Loganathan, Zeshan & Zaman).

The causality is demonstrated in a graphical form (triangu-
lar form) as follows:

The arrows are designed in such a way to show the direc-
tion of the transmitting. Where one arrow is seenmoving from

one variable to the other without transmitting back with an-
other arrow, it shows a uni-directional causality, but where
there are two arrows moving in opposite direction between
two variables (e.g., energy use and FDI and energy use and
tourism arrival), it shows a bi-directional causality (Fig. 3).

Diagnostic test

We further carried a diagnostic test to check if and be sure that
our analysis is free from any form of wrong estimation or
misspecification which will eventually lead to a spurious re-
sult. We checked for the stability and the reliability of the short
and long run ARDLmodel. According to Brown et al. (1975),
we employed: (a) cumulative sum (CUSUM) tests and (b)
cumulative sum of square test on residuals of the model. The
test clearly showed that the stability of the coefficients over
the investigated period was ascertained. It is opined that if the

Diagnostic Test

Energy use 
impac�ng the 

Environment and 
GDP through 

spillover effect

emissions

Tourism Arrivals

Impac�ng the Energy 
use and Energy use is 

impac�ng Tourism 
Arrivals

FDI

Impac�ng the 
Energy use

GDP (GROWTH)

Fig. 3 Triangular relationship
between CO2 emissions, energy
use, FDI, tourism arrivals, and
growth in the case of China
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Fig. 4 Plot of cumulative sum of
recursive residuals (the
conventional lines denote critical
bounds at 5% significance level)
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plot of the blue line shifts outside the area of the 5% critical
line, embodied with a red line, it means that the coefficients
are not stable (Oluyombo et al. 2016). Hence, the results ob-
tained in Figs. 4 and 5 show that at the 5% significant level for
the applied framework in this work, parameters and variance
are stable under both CUSUM and CUSM square tests.

Serial correlation tests

From the above result of the serial correlation and
heteroscedasticity, it is observed that none of the results is sig-
nificant at 5%; hence, we conclude that the estimations and
analyses are stable, justifying the findings from the CUSUM
and CUSUMSQ.

Conclusion and policy implications

The current paper focuses on the mediation among the choice
variables of the authors. Emphasis is laid on the triangular nexus
among the tourism arrivals (TA), foreign direct investment (FDI)
energy use (EU), and (CO2) pollution/emissions which portrays
how the interwoven relationship that exit among the chosen
variables is tailored towards impacting the economic growth
GDP) of China which in turn impact on the environmental qual-
ity of the country. The ARDL-bound test confirms that a long
run relationship exists between GDP, tourism arrivals, FDI, en-
ergy use, and CO2. Among the findings is that FDI have a
positive relationship with both energy use and CO2 and this
contributes to CO2 emissions which we classified as the
outsourced CO2 emissions in China. As remarked earlier, what
informed our claim that this be classified as outsourced CO2

emissions is because of the outsourced economic activities that
exist in China through the developed countries like the UK and
the USA. This finding with Granger causality gives credence to
our claim that outsourced economic activities are mainly respon-
sible for the high emission in China. Also, we found that tourism

arrivals have a positive and significant relationship with energy
use and CO2 emissions. Also, we found that both FDI, energy
use, CO2, and tourism arrivals have a positive and significant
association with GDP which established the triangular nexus
causality between the variables and impact on the GDP. This
finding affirmed the findings from the studies of (Shahbaz
et al. 2013) and (Aceleanu et al. 2017), where they found posi-
tive influence of energy consumption to the economic growth as
found in our study. Also, the findings in our study have affirmed
the cost implication of heavy energy consumption that is induced
from both the outsourced manufacturing activities and the tour-
ism arrivals. This supports the findings of (Saboori and Sulaiman
2013) forMalaysia and (Fei et al. 2011) for China. This is also in
agreement with Cui (2016) who opined through his findings that
China still advances economic growth at the cost of high energy
consumption and drastic environmental degradation.

From the findings of both estimations (dynamic and
ARDL-bound test and Granger causality), this study has really
provided answers to the questions raised as to what triggered
the author’s intention of investigating the triangular nexus
among the choice variables, thus: Is there really an association
between the FDI and CO2 emissions through energy con-
sumption? Is there a transmission between the GDP, FDI,
and carbon dioxide emission? Is there a connecting factor
between GDP and carbon dioxide?

To this end, the evidence from this result also exposes the
components that contribute to CO2 emissions in China, which
include GDP growth rate, FDI, tourism activities, and high en-
ergy use via the causality output. Therefore, the policy implica-
tion should be geared towards implementing the policies and
regulations that will checkmate and reduce the excesses of for-
eign firms to the environment quality of China, and promote
environmentally friendly economic activities. Also, the policy
implication of China should look into carbon dioxide emissions
and shift from a high-carbon economy to a low-carbon economy
without much distraction of economy growth. Hence, shifting
away from high coal generating energy to renewable energy that
is capable of promoting a cleaner system. Also, a concerted
effort should be made in moving away from coal to more man-
ageable energy sources (e.g., wind or solar power) in combating
high CO2 emissions. Reducing the rate of tropical deforestation
and encouraging the manufacture of vehicles with good fuel
efficiency, and even switching to solar energy consumption ve-
hicles should be among the policies in consideration. This the
country can do by consolidating the FDI and tourism activities
and reducing the CO2 emission in sustaining the good perfor-
mance of the economy via economic growth. Also, looking at
the correlation that exists between energy consumption and eco-
nomic activities, it is no doubt that CO2 emission will definitely
follow in the cycle which will be the end product of the whole
activity which is also detrimental to the environment. This calls
for a watch over the economic and manufacturing activities in
the country while considering the policy implication
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Fig. 5 Plot of cumulative sum of square of recursive residuals (the
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Conclusively, China should assist in global environmental
cooperation and encourage energy saving and climatic change
conservation.
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