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a b s t r a c t

The current study objective is to contribute to the factors that make better the economic growth
of the Asia countries with an importance on the frequently deserted bilateral FDI, energy use, CO2
emissions and capital role in the economic growth. This study applies generalized method of moments
(GMM), OLS regression, fixed effect and random effect estimators with cross countries data for 34
host countries of Asia and 115 source countries over the period 2001–2012. The empirical results
demonstrated that energy consumption, FDI inflows and FDI outflows, CO2 emission and capital play
important role in economic growth of Asia countries. The current study suggest that make better
policies for the utilization of energy, use of clean energy and use appropriate and advanced technology
for energy in Asia countries and also encourage foreigner investors to their countries and invest in
other countries which will increase their economy because economic growth increases due to both FDI
inflows and outflows, energy use, CO2 emission, and capital of host countries and source countries.

© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Emerging and developing economies growingly attract FDI
(UNCTAD 2012). Three major examples are helpful in the un-
derstanding of this trend in the UNCTAD (2012) data. First, the
mostly FDI outflows are from developed countries, but their share
in overall FDI outflows is falling over time. Whereas in 2003,
the FDI outflows share of developing and emerging countries has
regularly increased, declining the share of FDI in 2011 to 75% from
developed countries. Second, mostly firms invest in the countries
which have similar development level to their country. Above
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than 70% FDI outward from developed and emerging countries
goes to other developing and emerging counties, and 50% of
the FDI outward goes to source economy’s countries. Moreover,
developed countries mostly invest in other developed countries.
Third, developed countries have a superior ability to change their
operations than developing and emerging countries. Around 45%
of FDI outward from developed countries goes to developing
and emerging countries. Furthermore, the main source of FDI for
developing and emerging counties is developed countries.

In the last twenty years there has dramatic improvement in
the environment of investment across the globe. Besides, it is
recognized that crises of financial and economic, such as the one
that hit the Asia financial markets in 1997 and more in 2008
the global financial crisis have had a huge effect on bilateral
FDI and international capital movements. Financial crises have
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in universal had unfavorable effect on rising unemployment of
growth; cause export growth to compute and as confirmation
UNCTAD (2009) reduce in bilateral capital flows.

In the last thirty years, the relationship between energy con-
sumption, CO2 emissions, FDI and economic growth have become
a subject incredibly significant both at the international and do-
mestic level. While, due to the raise in the scale of manufacture it
rotates an environmental poverty. This phenomenon is now part
of the economic and political choice of our country. This anxiety
obvious itself internationally while the institutes of conference
in Durban in December, 2011, in Stockholm 1979, Copenhagen
in 2009, Johannesburg in 2002 and Rio de Janeiro in 1992. Now a
day’s lots of countries, specifically developing countries are facing
main challenges, such as, the multi directional relations between
social, economic and environmental parts of development. They
are struggling to fight poverty, protect the environment and raise
the opportunities of economic.

Increase of the CO2 emission is a most important threat of to
the environment change which is the most important on-going
anxiety of both the emerging countries to developed countries.
The developed countries economic growth forces an exhaustive
energy use and as a result, additional wastes and residues are
throw nature that could lead to degradation of environment. The
majority of the CO2 emission comes from the use of fossil fuels for
instance coal, the key power source of the industries of automo-
biles that is significantly linked with development and economic
growth. While, played most important role in the process of
economic growth through energy.

In the present years, private capital flows have been the topic
of studies to Asia markets. The high volatile of these flows,
the observed weakness of financial systems correlated with this
volatile in emerging markets, and in Latin America, Asia and
Russia, the adverse financial crises effect can be seen as motive
for interest this topic has received. Amongst the three groups
of private capital flows, i.e., foreign direct investment, portfolio
investment, and bank loans, the latter has build up into the vital
category as the mid-1990s. Its share in private capital flows to
markets of emerging countries increased significantly, especially,
decreased portfolio investment, reflecting a more careful manner
of the investors of international stock market.

No comprehensive paper has been reported which has applied
generalized method of moments (GMM), OLS regression, fixed
effect and random effect to find out a cross countries effect of
bilateral FDI, energy consumption, CO2 emission, and capital on
economic growth of Asia countries. To fulfill this gap we exam-
ine the relationship of bilateral FDI, energy consumption, CO2
emission, and capital with economic growth in 34 host countries
of Asia and 115 source countries over the period 2001–2012
by applying (Arellano and Bond, 1991) generalized method of
moments (GMM), OLS regression, fixed effect and random effect.
We examine the relationship in Asian countries due to a large
use of energy, carbon dioxide emissions and natural resources.
This study would be helpful for the policy makers to create
superior policies for the use of energy and boost economy in
Asian countries.

The current paper is structured as follows. Section 2 rep-
resents, the literature linked to energy use, CO2 emission, FDI
flows and economic growth. Section 3 represents the econometric
models such as, OLS regression, fixed effect, random effect and
difference GMM and dataset. Section 4, represents the results and
discussion of the current study. The conclusion of the study is
found in Section 5.

2. Literature

Most of studies have worked on causality link between energy
consumption (EC), CO2 emissions and economic growth. On the

opposing, this part evaluated of all those studies who worked on
the effect of energy consumption (EC), CO2 emissions, FDI flows,
capital, financial development and trade openness on economic
growth that have applied panel data modeling methods.

The relationship between economic growth, CO2 emissions
and energy use in developed, emerging and MENA countries
over 2001 to 2017 examined by Muhammad (2019) and applied
seemingly unrelated regression, GMM and System GMM and
demonstrated that economic growth has direct significant effect
on energy consumption but indirect significant effect on CO2
emissions in emerging countries while indirect significant effect
on energy consumption but direct significant effect on CO2 emis-
sions in developed and MENA countries but CO2 emissions has
direct significant effect on energy consumption in all developed,
emerging and MENA countries while also direct significant effect
on economic growth in developed and emerging countries. He
also found direct significant effect of energy use on economic
growth in developed and emerging countries but showed indirect
significant on economic growth in MENA countries while also
found direct significant effect of energy use on CO2 emissions in
all developed, emerging and MENA countries. He suggested that
policy makers should adopt such policies that should focus to
adopt advanced technologies to reduce CO2 emissions and boost
their economy. In developing countries of Asia, the relationship
between renewable energy use and CO2 emissions over 1980 to
2014 investigated by Hasnisah et al. (2019) and used dynamics
OLS and OLS estimators and found very important role of eco-
nomic growth and energy use in CO2 emissions and indicated
that economic growth and energy use decline environmental
quality. In global and different regions Carbon dioxide emissions
investigated by Dong et al. (2019) and found direct significant ef-
fect of economic growth, population, non-renewable energy and
energy intensity on Carbon dioxide emissions in regional level
and global while found reduction in carbon dioxide emissions due
to renewable energy in global and Europe & Eurasia and S. & Cent.

The relationship between bilateral FDI and productivity
growth between developed and developing countries investi-
gated in the North and South over the period 1990 to 2012
by Demir and Duan (2018), and used 2 stage least square and
GMM models and empirical results found that bilateral FDI has
positive effect on human capital growth in South-South while
no significant effect on productivity growth in host country and
also found no significant effect on physical capital growth and
found no significant effect at the sector level such as, agricultural,
services or industry sectors. In Kuwait, the relationship between
electricity use, financial development, economic growth, and FDI
and CO2 emissions over 1980 to 2013 investigated by Salahud-
din et al. (2018), and used cointegration and ARDL estimators
and VECM Granger causality and indicated that in both long
and short run, CO2 emissions increases due to electricity use,
economic growth and FDI. In China and India, the relationship
between technological innovations, energy use, trade and eco-
nomic growth over 1974 to 2016 investigated by Fan and Hossain
(2018), and applied ARDL and Toda–Yamamoto Granger Causality
and indicated that in China, economic growth increases due to
CO2 emission, Trade and technological innovation in long run but
found mixed results in short run but in India economic growth
increases due to CO2 emissions and trade in long run but in short
run, declines due to CO2 emissions. In China, the relationship
between carbon dioxide emissions, economic growth, natural gas
and renewable investigated by Dong et al. (2019) and found
reduction in carbon dioxide emissions due to both renewable and
natural gas in both short run and long run.

The causal relationship between economic growth, CO2 emis-
sion and health spending examined in 51 countries over 1995
to 2013 (Chaabouni and Saidi, 2017), and used GMM model
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and simultaneous equations. They empirical results found sig-
nificant relationship between CO2 emissions and GDP per capita
and also found significant relationship between health spending
and economic growth while on the other side, the relationship
between FDI, energy consumption, and economic growth investi-
gated in seventeen countries of Middle Eastern over the period
from 1990–2012 by Abdouli and Hammami (2017), and used
GMM model and empirical results found bidirectional causality
relationship between economic growth and FDI and between eco-
nomic growth and energy consumption. While, there is unidirec-
tional causality of energy consumption on FDI. The relationship
between energy use, economic growth, CO2 emission and trade
in Asian countries over 1985 to 2015 investigated by Ahmed
et al. (2017), and used panel estimation, cointegration and FEVDM
causality and found unidirectional causality to trade and CO2
emissions from economic growth and direct relationship between
energy use and CO2 emissions and indicated that for most of
the countries, economic growth environmental consequences are
significant and showed energy use as a key variable in the di-
rection of environmental decline in the ASEAN countries. The
relationship between economic growth, CO2 emissions, energy
consumption and financial stability over 1980 to 2012 investi-
gated by Nasreen et al. (2017), and used Granger causality and
cointegration approach and showed improvement in the qual-
ity of environmental due to financial stability while the quality
of environmental declines due to energy use, population and
economic growth and indicated that in Pakistan and Sri Lanka,
unidirectional causality running to CO2 emissions from financial
stability. In South Africa, the relationship between trade, financial
development, economic growth and energy consumption over
1970 to 2011 investigated by Rafindadi and Ozturk (2017), and
applied unit root test, cointegration, VECM Granger causality
and ARDL approach and found direct significant effect of trade
on energy use. The relationship between energy and economic
growth in Asia Pacific, Europe and Central Asia, South and North
America and Middle East Africa over 1968 to 2013 investigated
by Marques et al. (2017), and applied unit root tests, Diagnostic
tests and ARDL estimator and found criticism hypothesis in Asia
Pacific and America and maintenance hypothesis in Central Asia
and Europe and Africa in long run and suggested that historical
events, for example in 1970 and 1980 the oil shocks and financial
crisis in 2008, have heterogeneous affects crosswise the world. In
BRICS countries, the relationship of renewable use of energy and
natural gas with carbon dioxide emissions investigated by Dong
et al. (2019) and found important role of renewable use of energy
and natural gas in carbon dioxide emissions and also indicated
that in BRICS countries, carbon dioxide emissions reduce due to
increase in renewable use of energy and natural gas.

The relationship between energy use, CO2 emission and eco-
nomic growth examined in 58 countries over the period 1990 to
2012 by Saidi and Hammami (2015), and used GMM estimator
and found positive effect of energy consumption on economic
growth and negative relationship between CO2 emissions and
economic growth but on the other side, the causal relationship
between energy use, CO2 emission, urbanization, trade openness
and economic growth investigated in EU member and candi-
date countries over the period 1992 to 2010 by Kasman and
Duman (2015), and used panel co integration methods, panel
causality tests and unit root test and empirical results found
that energy consumption, CO2 emission, trade openness and GDP
are significant in EU member and candidate countries. In Asian
countries, Environmental Kuznets Curve over 1990–2011 inves-
tigated by Apergis and Ozturk (2015), and used GMM estimator
and indicated that institutional boundaries play a vital role that
make possible transfer and diffusion of technology, distributing

of knowledge on efficiency of energy and abatement of emis-
sions, and strengthening of institutional and capacity building for
countries of Asia.

The relationship between energy consumption, CO2 emissions
and economic growth in Gulf Cooperation council countries in-
vestigated over the period 1980 to 2012 by Salahuddin and Gow
(2014), and used panel co integration test, Panel unit root test and
PMG estimator and empirical results found direct significant re-
lationship between CO2 emissions and energy consumption and
also direct significant relationship between energy consumption
and economic growth both in the long run and short run.

There is positive but not significant relationship between capi-
tal and economic growth (Shahbaz et al., 2011) while on the other
side (Olumuyiwa, 2012) found that economic growth positively
affects due to capital, labor and energy consumption but In Five
south Asia countries (Noor and Siddiqi, 2010) found positive and
significant effect of capital on economic growth while in China
(Shahbaz and Lean, 2012) found a positive effect of capital on
economic growth but (Narayan and Smyth, 2008) found a positive
effect of capital and energy consumption on economic growth
in long run. In Taiwan, economic growth affected positively and
significantly due to energy consumption (Lee and Chang, 2005).
In China economic growth affected due to oil consumption (Zou
and Chau, 2006). On the other hand in Taiwan (Lee and Chang,
2007) found that economic growth affected positively due to
energy consumption while Squalli (2007) found negative effect
of energy consumption on economic growth. Economic growth
positively and significantly affected due to electricity and oil
in Turkey, Erbaykal (2008). The previous studies (Apergis and
Payne, 2010; Yingzi and Yuying, 2011; Dantama et al., 2012;
Yuan et al., 2010) found positive relationship between energy
consumption and economic growth while Bhusal (2010) found
positive and significant relationship between energy consump-
tion and economic growth. The previous studies (Ang, 2008; Say
and Yucel, 2006; Fodha and Zaghdoud, 2010a) found positive link
between CO2 emission and economic growth while Chebbi et al.
(2009), found negative link between CO2 emission and economic
growth. There is positive link between FDI and economic growth
(Borensztein et al., 1998; Chakraborty and Parantap, 2002; Mar-
wah and Tavakoli, 2004; Sackey et al., 2012; Ayanwale, 2007),
while Shujaat (2011), Ayanwale (2007) and Akinolo (2004); found
insignificant link between FDI and economic growth but Hermes
and Lensink (2003) found negative and significant effect on eco-
nomic growth of host countries. On the other side, Vu et al. (2006)
and Gudaro et al. (2010) found direct positive effect of FDI on eco-
nomic growth but indirectly affects labor productivity. There is
positive relationship between energy consumption and economic
growth (Mallik, 2007). There is negative relationship between
energy consumption and economic growth (Squalli, 2007). There
is positive and significant relationship between energy consump-
tion and economic growth (Bhusal, 2010), and found positive
relationship between per capita of income and energy consump-
tion. The energy consumption has positive and significant effect
on economic growth in Indonesia and India (Fatai et al., 2004).
The relationship between FDI and energy consumption investi-
gated in UAE over the period 1975 to 2011 by Sbia et al. (2014)
and found a negative relationship between energy consumption
and FDI. According to previous research studies, economic growth
positively affected due to energy consumption in many countries
(Francis et al., 2010; Belke et al., 2011).

3. Econometric method and data

3.1. Econometric modeling

The objective of the study is to investigate the effect of bi-
lateral FDI, energy consumption, CO2 emission and capital on
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economic growth of host countries of Asia. The previous studies
(Yingzi and Yuying, 2011; Fodha and Zaghdoud, 2010a; Belloumi,
2009; Ang, 2008) have investigated the effect of energy con-
sumption, and CO2 emissions on economic growth and found
important role on economic growth while on the other side,
Sackey et al. (2012), Zakia and Ziad (2007), and Vu et al. (2006)
found significant effect of FDI on economic growth. Therefore, our
model, consistent with the wide literature on economic growth
determinant which cited above, takes the following from:

3.1.1. Generalized method of moments (GMM)
GMM model has formalized by Hansen in 1982. The GMM is in

general working procedure to estimate the parameters with en-
dogenous regresses in panel data model and unobserved individ-
ual accurate heterogeneity. In this type of model LSE, i.e. random
or fixed effects estimator, are not consistent for a finite numbers
of time period and a huge number of observations of cross-
section. Although in micro economics the typical dimension of
panel data is little time span for a large cross-section alternative
consistent estimators of GMM has been proposed by Arellano and
Bond (1991). In the current study, we have taken lagged levels of
per capita of GDP (economic growth) by applying the Arellano
and Bond (1991) GMM estimator.

The effect of bilateral FDI, energy consumption, CO2 emission,
and capital on economic growth of Asia countries is empirically
observed by use of the following equation.

Log(GDPP)h,t = β0 + β1log(GDPP)h,t−1 + β2DECh,st + β3ECh,t

+ β4ECs,t + β5DCO2h,st + β6CO2h,t + β7CO2s,t + β8D(logFDI)h,st

+ β9log(FDI)h,t + β10log(FDI)s,t + β11D(logK)h,st + β12log(K)h,t

+ β13log(K)s,t + β14DFDh,st +β15FDh,t + β16FDs,t + β17DTOh,st

+ β18TOh,t + β19TOs,t + µh,t (1)

The above Eq. (1) is generalized method of moments (GMM)
equation. Where, h stands for the host countries and s stand for
the source countries, t stand for the time, D stands for the differ-
ence between host countries and source countries, log stands for
logarithm, β0 stands for constant, βi stands for the coefficients
correlated with different type of variable, and µh,t stands for the
error term. The above equation examines the effect of different
variables such as, difference energy consumption (DEC), energy
consumption of host countries (ECh) and source countries (ECs),
difference CO2 emission (DCO2), CO2 emission of host coun-
tries (CO2h) and source countries (CO2s), difference FDI flows
(DFDI), FDI inflows in host countries (FDIh) and FDI outflows in
source countries (FDIs), difference capital (DK), capital of host
countries (Kh) and source countries (Ks), difference financial de-
velopment (DFD), financial development of host countries (FDh)
and source countries (FDs), difference trade openness (DTO) and
trade openness of host countries (TOh) and source countries (TOs)
on economic growth of host countries of Asia (GDPPh).

3.1.2. Static model
As mentioned above, economic growth is the dependent vari-

able of the model. It is measured using GDP per capita (GDPP).
The model investigates the effect of bilateral FDI, energy con-
sumption, CO2 emission and capital on economic growth of host
countries of Asia can be represented as follows:

Log(GDPP)h,t = β0 + β1DECh,st + β2ECh,t + β3ECs,t + β4DCO2h,st

+ β5CO2h,t + β6CO2s,t + β7D(logFDI)h,st + β8log(FDI)h,t

+ β9log(FDI)s,t + β10D(logK)h,st + β11log(K)h,t + β12log(K)s,t
+ β13DFDh,st +β14FDh,t + β15FDs,t + β16DTOh,st + β17TOh,t

+ β18TOs,t + µh,t (2)

where h represents host country and s represents source country,
and i = 1, . . . , T refers to time period. Parameter β0 repre-
sents constant. Parameter β1 denotes coefficient of corresponding
variable. µh,t is the error term. Log represents logarithm. In this
research, the log transformed dependent variable is used to deal
with highly skewed data (Manning, 1998).

3.2. Data collection

We used a panel data of 35 host countries and 118 source
countries. We collected the data over the period 2001–2012 be-
cause of availability. All the data was collected from the database
of UNCTAD Statistics, World Bank and World development indi-
cators (WDI). The annual data on GDP per capita, in constant 2010
US dollars are applied for economic growth. In this research, the
GDP per capita data was collected from the World Development
Indicators. Bilateral FDI flows are applied for FDI inflows in host
countries and FDI outflows to source countries. The bilateral FDI
data was collected from recent database of UNCTAD Statistics. The
energy consumption per capita in kg of oil equivalent is applied
for energy consumption (EC), and the energy consumption data
was collected from the World Development Indicators. The per
capita of carbon dioxide emissions in metric tons is applied
for (CO2 emission), the CO2 emission data was collected from
the World Development Indicators. Capital formation in constant
2010 US dollars is applied for capital (K), the capital data was
collected from the World Development Indicators. Financial de-
velopment (FD) data was collected from the World Development
Indicators., and Trade openness (TO) data was collected from
the World Development Indicators. Fig. 1 shows the sum of FDI
inflows in Asian countries and FDI outflows from Asian countries
but Fig. 2 shows the sum of GDP per capita of Asian countries.

4. Results and discussion

In the current study, we investigated the effect of different
variables such as, difference energy consumption (DEC), energy
consumption of host countries (ECh) and source countries (ECs),
difference CO2 emission (DCO2), CO2 emission of host coun-
tries (CO2h) and source countries (CO2s), difference FDI flows
(DFDI), FDI inflows in host countries (FDIh) and FDI outflows in
source countries (FDIs), difference capital (DK), capital of host
countries (Kh) and source countries (Ks), difference financial de-
velopment (DFD), financial development of host countries (FDh)
and source countries (FDs), difference trade openness (DTO) and
trade openness of host countries (TOh) and source countries (TOs)
on economic growth of host countries of Asia (GDPPh) for 35 host
countries of Asia and 118 source countries by using OLS regres-
sion, fixed effect and random effect and a generalized method
of moments (GMM) where lagged levels of the economic growth
has taken into account by using the Arellano and Bond (1991)
GMM estimator. I use Hausman test to random effect and fixed
effect and the Hausman test is significant in Table 2 which shows
that Hausman rejected the correlated statement in Table 2. The
results proved that the random effect is not correlated with
the instructive variables in the sample of Asia countries. So the
Hausman results point out in the sample of Asia countries that
fixed effect is the suitable model for the analysis of Asia countries.
Table 1 shows the results of static model but Table 2 shows the
results of difference GMM while Table 3 shows the summary
results of all models.

Table 1, shows the results of regression, fixed effect and ran-
dom effect which investigated the effect of energy consumption,
CO2 emission, bilateral FDI and capital on economic growth of
host countries in Asia countries. All models showed that differ-
ence energy consumption has negative and significant effect on
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Fig. 1. The sum of FDI inflows in Asia and FDI outflows from Asia. Note: Based on UNCTAD.

Fig. 2. The sum of GDP per capita of Asia countries. Note: Based on World Bank, World development indicators.

economic growth of host countries. The results of regression and
fixed effect showed that energy consumption of host countries
has positive and significant effect on economic growth of host
countries while random effect showed positive relationship of
host countries energy consumption with economic growth of host
countries but showed no significant effect on economic growth
of host countries. The results identified that increase in energy
consumption of host countries increases economic growth. Our
results are consistent with the previous studies (Apergis and
Payne, 2010; Lee and Chang, 2007; Masih and Masih, 1998);
which also investigated that economic growth increases due to
increase in energy consumption. The results of regression and
random effect showed that energy consumption of source coun-
tries has negative relationship while fixed effect showed positive
relationship but showed no significant effect on economic growth
of host countries in any model. All models showed that difference
CO2 emission has positive and significant effect on economic
growth of host countries. The results of regression showed that
CO2 emission of host countries has negative and significant effect
on economic growth of host countries while fixed effect showed
positive and significant effect of host countries CO2 emission
on economic growth of host countries but on the other side,
random effect showed positive relationship of host countries

CO2 emission but showed no significant effect of host coun-
tries CO2 emission on economic growth of host countries. CO2
emission of source countries showed negative relationship in all
models but only showed significant effect on economic growth
of host countries in random effect but in regression and fixed
effect showed no significant effect on economic growth of host
countries. All models demonstrated that difference FDI flows
and FDI inflows in host countries have positive and significant
effect on economic growth of host countries while FDI outflows
in source countries showed positive and significant effect on
economic growth of host countries in regression and random
effect but in fixed effect model showed positive relationship but
not significant effect on economic growth of host countries. The
results identified that increase in difference FDI or FDI inflow
or FDI outflow increases economic growth of host countries.
The previous studies (Vu et al., 2006; Marwah and Tavakoli,
2004; Chakraborty and Parantap, 2002; Borensztein et al., 1998),
also investigated positive effect of FDI on economic growth. The
results of regression showed that difference capital has posi-
tive and significant effect on economic growth of host countries
while fixed effect and random effect showed that difference cap-
ital has negative and significant effect on economic growth of
host countries. All models showed that capital of host countries
has positive and significant effect on economic growth of host
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Table 1
Effect of different variables on economic growth of Asia countries (Static model).

(Regression) (Fixed effect) (Random effect)

Dependent variable: Economic growth
Difference energy consumption −0.001*** −0.001*** −0.001***

(0.001) (0.001) (0.001)
Energy consumption of host countries 0.001*** 0.001** 0.001

(0.001) (0.001) (0.001)
Energy consumption of source countries −0.001 0.001 −0.001

(0.001) (0.001) (0.001)
Difference CO2 emission 0.008*** 0.013*** 0.015***

(0.003) (0.003) (0.003)
CO2 emission of host countries −0.010** 0.013*** 0.005

(0.004) (0.004) (0.004)
CO2 emission of source countries −0.003 −0.004 −0.008**

(0.003) (0.005) (0.004)
Difference FDI flows 0.015*** 0.005* 0.008***

(0.004) (0.003) (0.003)
FDI inflows in host countries 0.019*** 0.009*** 0.017***

(0.003) (0.003) (0.003)
FDI outflows in source countries 0.018*** 0.004 0.011***

(0.004) (0.003) (0.003)
Difference capital 0.010** −0.245*** −0.021**

(0.005) (0.027) (0.009)
Capital of host countries 0.969*** 0.971*** 0.996***

(0.005) (0.031) (0.009)
Capital of source countries 0.004 0.275*** 0.044***

(0.006) (0.044) (0.010)
Difference financial development −0.001 0.001*** 0.001***

(0.001) (0.001) (0.001)
Financial development of host countries −0.004*** −0.001*** −0.002***

(0.001) (0.001) (0.001)
Financial development of source countries −0.001 −0.001 0.001

(0.001) (0.001) (0.001)
Difference trade openness 0.001 −0.001 −0.001*

(0.001) (0.001) (0.001)
Trade openness of host countries −0.002*** −0.001 −0.001***

(0.001) (0.001) (0.001)
Trade openness of source countries 0.001 0.002*** 0.002***

(0.001) (0.001) (0.001)
Constant −0.376*** −4.713*** −1.761***

(0.129) (0.532) (0.207)
Observations 1,732 1,732 1,732
R-squared 0.978 0.790
Hausman test 0.000

Notes: *** = Significance at 0.01 level, ** = Significance at 0.05 level and , * = Significance at 0.1 level.

countries. Capital of source countries also showed positive and
significant effect on economic growth of host countries in all
models except regression because in regression showed positive
relationship but not significant effect on economic growth of
host countries. The results identified that economic growth of
host countries increases due to increase in capital of host coun-
tries or source countries. The previous studies (Noor and Siddiqi,
2010; Shahbaz et al., 2011; Shahbaz and Lean, 2012; Narayan
and Smyth, 2008), also demonstrated that capital has positive
effect on economic growth. The regression showed negative re-
lationship of difference financial development but not significant
effect on economic growth of host countries while fixed effect and
random effect showed positive and significant effect of difference
financial development on economic growth of host countries.
All models showed that financial development of host coun-
tries has negative and significant effect on economic growth of
host countries. Financial development of source countries showed
negative relationship in regression and fixed effect while positive
relationship in random effect but showed no significant effect
on economic growth of host countries in any model. Difference
trade openness only showed negative and significant effect on
economic growth of host countries in random effect while in fixed
effect showed negative relationship but not significant and in
regression showed positive relationship but not significant effect
on economic growth of host countries. Trade openness of host
countries showed negative and significant effect on economic

growth of host countries in regression and random effect while
in fixed effect showed negative relationship but not significant
effect on economic growth of host countries. Trade openness
of source countries showed positive and significant effect on
economic growth of host countries in fixed effect and random
effect while in regression showed positive relationship but not
significant effect on economic growth of host countries.

Table 2, shows the results of difference GMM which investi-
gated the effect of energy consumption, CO2 emission, bilateral
FDI and capital on economic growth of host countries of Asia.
The results of diagnostic tests (the Sargan test for over identifi-
cation) showed a superior statistical performance. The values of
logGDPPCht−1 in host countries of Asia (0.895), (0.903), (0.804),
(0.853) and (0.540) implied that GDP per capita is corrected
each year by 89.5%, 90.3%, 80.4%, 85.3% and 54% in host coun-
tries of Asia. In column 1 and column 5, the results showed
that difference energy consumption negatively and significantly
affects economic growth of host countries while both energy
consumption of host countries and source countries positively
and significantly affects economic growth of host countries. The
results identified that economic growth of host countries in-
creases due to increase in energy consumption of host countries
or source countries. Our results are consistent with the previous
studies (Asafu-Adjaye, 2000; Fatai et al., 2004; Erbaykal, 2008;
Apergis and Payne, 2010; Lee and Chang, 2007; Masih and Masih,
1998; Shahbaz et al., 2012, 2013); which also investigate that eco-
nomic growth increase due to increase in energy consumption.



B. Muhammad and S. Khan / Energy Reports 5 (2019) 1305–1315 1311

Table 2
Effect of different variables on economic growth of Asia countries (GMM).

(1) (2) (3) (4) (5)

Dependent variable: Economic growth
logGDPPCht−1 0.895*** 0.903*** 0.804*** 0.853*** 0.540***

(0.005) (0.005) (0.017) (0.006) (0.021)
Difference energy consumption −0.001*** −0.001***

(0.001) (0.001)
Energy consumption of host countries 0.001*** 0.001***

(0.001) (0.001)
Energy consumption of source countries 0.001*** 0.001***

(0.001) (0.001)
Difference CO2 emission −0.008*** 0.007***

(0.001) (0.002)
CO2 emission of host countries 0.021*** 0.013***

(0.001) (0.003)
CO2 emission of source countries 0.012*** −0.001

(0.001) (0.003)
Difference FDI flows 0.001 0.003**

(0.003) (0.002)
FDI inflows in host countries 0.009*** 0.004**

(0.003) (0.002)
FDI outflows in source countries 0.015*** 0.006***

(0.003) (0.002)
Difference capital −0.018** −0.162***

(0.008) (0.023)
Capital of host countries 0.132*** 0.342***

(0.009) (0.032)
Capital of source countries 0.027*** 0.206***

(0.010) (0.041)
Difference financial development 0.00*** 0.001*** 0.001 0.001*** 0.001***

(0.001) (0.001) (0.001) (0.001) (0.001)
Financial development of host countries −0.001*** −0.001*** −0.001** −0.001*** −0.001***

(0.001) (0.001) (0.001) (0.001) (0.001)
Financial development of source countries −0.001 −0.001 −0.001 −0.001*** −0.001***

(0.001) (0.001) (0.001) (0.001) (0.001)
Difference trade openness −0.001*** −0.001*** −0.001*** −0.001*** −0.001***

(0.001) (0.001) (0.001) (0.001) (0.001)
Trade openness of host countries 0.001*** 0.001*** 0.001*** 0.001*** 0.001**

(0.001) (0.001) (0.001) (0.001) (0.001)
Trade openness of source countries 0.002*** 0.002*** 0.002*** 0.002*** 0.002***

(0.001) (0.001) (0.001) (0.001) (0.001)
Observations 6,423 6,598 972 6,568 961

Notes: *** = Significance at 0.01 level, ** = Significance at 0.05 level and , * = Significance at 0.1 level.

Table 3
Summary results of all models.

Regression Fixed effect GMM GMM

Dependent variable: Economic growth Full model Full model Full model Individual
Difference energy consumption Sig(−) Sig(−) Sig(−) Sig(−)
Energy consumption of host countries Sig(+) Sig(+) Sig(+) Sig(+)
Energy consumption of source countries (−) (+) Sig(+) Sig(+)
Difference CO2 emission Sig(+) Sig(+) Sig(+) Sig(−)
CO2 emission of host countries Sig(−) Sig(+) Sig(+) Sig(+)
CO2 emission of source countries (−) (−) (−) Sig(+)
Difference FDI flows Sig(+) Sig(+) Sig(+) (+)
FDI inflows in host countries Sig(+) Sig(+) Sig(+) Sig(+)
FDI outflows in source countries Sig(+) (+) Sig(+) Sig(+)
Difference capital Sig(+) Sig(−) Sig(−) Sig(−)
Capital of host countries Sig(+) Sig(+) Sig(+) Sig(+)
Capital of source countries (+) Sig(+) Sig(+) Sig(+)
Difference financial development (−) Sig(+) Sig(+) Sig(+)
Financial development of host countries Sig(−) Sig(−) Sig(−) Sig(−)
Financial development of source countries (−) (−) Sig(−) (−)
Difference trade openness (+) (−) Sig(−) Sig(−)
Trade openness of host countries Sig(−) (−) Sig(+) Sig(+)
Trade openness of source countries (+) Sig(+) Sig(+) Sig(+)

‘Sig’ stand for significance and (+)/(−) stand for it has positive or negative effect on the dependent variable.

While increase in difference energy consumption implies reduce
economic growth of host countries. In column 2, difference CO2
emission showed negative and significant effect on economic
growth of host countries while CO2 emission of host countries
and source countries showed positive and significant effect on
economic growth of host countries but in column 5, difference

CO2 emission and CO2 emission of host countries demonstrated
positive and significant effect on economic growth of host coun-
tries while CO2 emission of source countries showed negative
relationship but not significant effect on economic growth of
host countries. The results identified that economic growth in-
creases due to increase in CO2 emission of host countries or
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source countries. The previous studies (Khan et al., 2019; Al-
mulali and Sab, 2012a; Al-Mulali and Sab, 2012b; Say and Yucel,
2006; Fodha and Zaghdoud, 2010a) also investigated that Carbon
dioxide emission positively and significantly affects economic
growth. In column 3, difference FDI demonstrated positive but
not significant effect on economic growth of host countries while
FDI inflows in host countries and FDI outflows in source countries
showed positive and significant effect on economic growth of
host countries. In column 5, difference FDI flows, FDI inflows in
host countries and FDI outflows in source countries showed pos-
itive and significant effect on economic growth of host countries.
The results identified that economic growth of host countries
increases due to increase in difference FDI flows or FDI inflows
in host countries or FDI outflows in source countries. Our results
are also consistent with the previous studies (Sackey et al., 2012;
Christopher, 2012; Ayanwale, 2007; Vu et al., 2006; Marwah
and Tavakoli, 2004; Chakraborty and Parantap, 2002; Borensztein
et al., 1998), which also investigated that FDI positively affects
economic growth. In both column 4 and column 5, difference cap-
ital showed negative and significant effect on economic growth
of host countries while both capital of host countries and source
countries showed positive and significant effect on economic
growth of host countries. The results identified that economic
growth of host countries reduces due to increase in difference
capital but increases due to increase in capital of host countries
or source countries. The previous studies, (Noor and Siddiqi,
2010; Shahbaz et al., 2011; Shahbaz and Lean, 2012; Narayan
and Smyth, 2008), also demonstrated positive effect of capital
on economic growth. In all columns except column 3, difference
financial development showed positive and significant effect on
economic growth of host countries but in column 3, showed pos-
itive relationship but not significant effect on economic growth
of host countries. In all columns, financial development of host
countries showed negative and significant effect on economic
growth of host countries. In column 4 and column 5, finan-
cial development of source countries demonstrated negative and
significant effect on economic growth of host countries while
in other columns only showed negative relationship but not
significant effect on economic growth of host countries. The re-
sults identified that economic growth of host countries increases
due to increase in difference financial development but increase
in financial development of host countries or source countries
reduces economic growth of host countries. In all columns, dif-
ference trade openness showed negative and significant effect on
economic growth of host countries while both trade openness of
host countries and source countries showed positive and signif-
icant effect on economic growth of host countries. The results
identified that increase in trade openness of host countries or
source countries increases economic growth of host countries.
The previous studies (Ibrahim and Alagidede, 2018; Malefane,
2018), also investigated that trade openness has positive and
significant effect on economic growth while increase in difference
trade openness reduces economic growth of host countries.

Table 3 summarizes the result as consider the effect of energy
consumption, CO2 emission, bilateral FDI and capital on economic
growth of host countries of Asia through regression, fixed effect
and difference GMM. The main independent variable of inter-
est is GDP per capita which applied for economic growth. The
difference energy consumption shows negative and significant
relationship with economic growth in all models. The results of
difference energy consumption indicate that a raise in differ-
ence energy consumption implies reduce economic growth in
Asia countries. The energy consumption of host countries shows
positive and significant relationship with economic growth in
all models. The result of energy consumption of host countries
indicates that economic growth boost due to energy consumption

of host countries and on the other side; energy consumption
of source countries shows positive and significant relationship
with economic growth in both full model and individual model
of GMM but in fixed effect shows only positive but insignificant
effect on economic growth while in regression shows negative
but insignificant effect on economic growth. The result of energy
consumption of source countries specifies in GMM that economic
growth increases due to increase in energy consumption of source
countries. The difference carbon dioxide (CO2) emissions show
positive and significant relationship with economic growth in
all models except individual GMM because in individual GMM
model shows negative and significant effect on economic growth.
The result of difference carbon dioxide) emissions indicates in
all models except individual GMM model that economic growth
increases due to increase in difference carbon dioxide emissions.
The carbon dioxide emissions of host countries show positive
and significant relationship with economic growth in all models
except regression because in regression model shows negative
and significant effect on economic growth. The result of carbon
dioxide emissions of host countries indicates in all models except
regression model that economic growth increases due to increase
in carbon dioxide emissions of host countries. The carbon dioxide
emissions of source countries only show positive and significant
relationship with economic growth in individual GMM model
but in all other models show negative but insignificant effect
on economic growth. The difference FDI flows shows positive
and significant relationship with economic growth in all models
except individual GMM because in individual GMM model shows
positive but insignificant effect on economic growth. The result
of difference FDI flows indicates that increase in difference FDI
flows boost economic growth. The FDI inflows in host countries
show positive and significant relationship with economic growth
in all models which specifies that economic growth increases due
to increase in FDI inflows in host countries. The FDI outflows in
source countries show positive and significant relationship with
economic growth in all models except fixed effect because in
fixed effect shows positive but insignificant effect on economic
growth. The results of FDI outflows in source countries indicate
that a raise in FDI outflows in source countries implies a raise in
economic growth. The difference capital shows negative and sig-
nificant relationship with economic growth in all models except
regression because in regression model shows positive and signif-
icant effect on economic growth. The result of difference capital
indicates in all models except regression model that economic
growth reduces due to increase in difference capital. The capital
of host countries shows positive and significant relationship with
economic growth in all models which specifies that economic
growth increases due to increase in capital of host countries. The
capital of source countries shows positive and significant rela-
tionship with economic growth in all models except regression
because in regression shows positive but insignificant effect on
economic growth. The results of capital of source countries spec-
ify that economic growth increases due to a 1% increase in capital
of source countries. The difference financial development shows
positive and significant relationship with economic growth in
all models except regression because in regression model shows
negative but insignificant effect on economic growth. The results
of difference financial development indicated that increase in
difference financial development increases economic growth. The
financial development of host countries shows negative and sig-
nificant relationship with economic growth in all models which
indicates that economic growth increases due to increase in fi-
nancial development of host countries. The financial development
of source countries only shows negative and significant relation-
ship with economic growth in GMMmodel but in all other models
shows negative but insignificant effect on economic growth. The
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difference trade openness shows negative and significant rela-
tionship with economic growth in both full model and individual
model of GMM but in fixed effect shows only negative but in-
significant effect on economic growth while in regression shows
positive but insignificant effect on economic growth. The re-
sults of difference trade openness specify in GMM that economic
growth increases due to increase in difference trade openness.
The trade openness of host countries shows positive and signifi-
cant relationship with economic growth in both full model and
individual model of GMM while in regression shows negative
and significant effect on economic growth but in fixed effect
shows negative but insignificant effect on economic growth. The
result of trade openness of host countries indicates in GMM that
economic growth increases due to increase in trade openness
of host countries. The trade openness of source countries shows
positive and significant relationship with economic growth in
all models except regression because in regression shows pos-
itive but insignificant effect on economic growth. The results
of trade openness of source countries indicate that economic
growth increases due to a 1% increase in trade openness of source
countries.

The study suggest that policy makers of Asian countries have
to create superior policies for the utilization of energy, make use
of clean energy and use appropriate and advanced technology for
energy in Asia countries and foreign investors play very important
role in economic growth of Asian countries so Asian countries
have to encourage foreigner investors to their countries and
also invest in other countries which will increase their economy
because economic growth increase due to both FDI inflows and
outflows, energy use, CO2 emission, and capital of host countries
and source countries.

5. Conclusion

This study focused on cross countries analysis of bilateral FDI,
energy consumption, CO2 emission, capital and economic growth
for 35 host countries of Asia and 118 source countries. The cur-
rent study applies generalized method of moments (GMM), OLS
regression, fixed effect and random effect models and data used
over the period 2001–2012. The results demonstrated that both
difference energy consumption and difference capital have nega-
tive and significant effect on economic growth of host countries
of Asia, implying that a raise in difference energy consumption
or difference capital declines economic growth of host coun-
tries of Asia. While energy consumption of host countries and
source countries and capital of host countries and source coun-
tries have positive and significant effect on economic growth of
host countries of Asia, which implying that economic growth
of host countries of Asia increases due to increase in energy
consumption of host countries or source countries or capital of
host countries or source countries. The difference CO2 emission
and CO2 emission of host countries have positive and signifi-
cant effect on economic growth of host countries of Asia, which
implying that an increase in difference CO2 emission or CO2
emission of host countries increases economic growth of host
countries of Asia while CO2 emission of source countries has
negative effect on economic growth of host countries but showed
no significant effect on economic growth of host countries of
Asia. The difference FDI flows, FDI inflows and FDI outflows
demonstrated positive and significant effect on economic growth
of host countries of Asia, which implying that an increase in
difference FDI flows or FDI inflows or FDI outflows increase
economic growth of host countries of Asia. The difference finan-
cial development has positive and significant effect on economic
growth of host countries of Asia while difference trade openness
has negative and significant effect on economic growth of host

countries, which implying that economic growth of Asia countries
raises due to increase in difference financial development while
economic growth of Asia countries declines due to increase in
difference trade openness. The financial developments of host
countries and source countries have negative and significant ef-
fect on economic growth of host countries of Asia while trade
openness of host countries and source countries have positive
and significant effect on economic growth of host countries and
of Asia, which implying that an increase in financial develop-
ments of host countries or source countries decrease economic
growth of Asia countries while increase in trade openness of host
countries or source countries increases economic growth of Asia
countries.

First, the FDI results indicated that FDI inflows and FDI out-
flows have direct significant effect on economic growth in Asian
countries so we suggest that Asian countries have to encourage
foreign investors to their countries and also invest in other coun-
tries in order to boost up their economy as well as increase the
trust between host and source countries.

Secondly, the energy consumption results indicated that both
energy consumption of host countries and source countries have
direct significant effect on economic growth in Asian countries.
Therefore, we suggest that both countries (host and source)
should make efficient and effective polices and use of renewable
energy resources such as solar, geothermal and wind energy. Fur-
thermore, use of clean energy and use appropriate and advanced
technology for energy purposes in host and source countries.

Third, the CO2 emissions results indicated that only host coun-
tries of CO2 emissions has direct significant effect on economic
growth, as a result we suggest that Asian countries should use
the advance technology, as well as clean energy in order to
alleviate the environmental pressure resultant better economic
growth and environmental protection, particularly China and In-
dia. Furthermore, developed countries have to transfer of so-
phisticated technology to emerging and less developed countries
which would help to avoid unsafe climate change.

Our study has few limitations. First, we have ignored cross
sectional independence and slope homogeneity because our main
model is GMM and GMM model do not allow us for cross sec-
tional independence and slope homogeneity. Second, our sam-
pled is limited to Asians countries, so we suggest that other
researchers can extend our study to the globe, as well as by using
multiple specifications analysis such as robustness check.

Appendix

Table A.1
List of abbreviations.
FDI Foreign direct investment
GMM Generalized method of moments
UNCTAD United Nations Conference on Trade and

Development
LSE Least Squares Estimator
WDI World development indicators
GDPP GDP per capita
EC Energy consumption
DEC Difference energy consumption
CO2 Carbon dioxide
DCO2 Difference Carbon dioxide
K Physical capital
DK Difference physical capital
FD Financial development
DFD Difference financial development
TO Trade openness
DTO Difference trade openness
Sig Significant
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Table A.2
Descriptive statistics.
Variables Obs Mean Std. Dev

Economic growth of host countries 8724 13.04939 1.951533
Economic growth of source countries 8568 12.70924 2.1467
Difference energy consumption 8048 2976.449 2475.948
Energy consumption of host countries 8724 2907.445 2378.464
Energy consumption of source countries 8048 3970.244 2701.838
Difference CO2 emission 8670 7.055996 6.493499
CO2 emission of host countries 8724 7.600023 6.102057
CO2 emission of source countries 8670 8.984009 7.015762
Difference FDI flows 1912 2.097139 1.592117
FDI inflows in host countries 4725 3.689927 2.256654
FDI outflows in source countries 3712 3.63971 2.309532
Difference capital 8568 2.555708 1.863529
Capital of host countries 8724 14.17509 1.999428
Capital of source countries 8568 14.01405 2.159144
Difference financial development 7954 65.74745 46.78407
Financial development of host countries 8694 73.33811 53.94537
Financial development of source countries 7984 89.43978 51.42548
Difference trade openness 8225 63.16514 77.82909
Trade openness of host countries 8694 86.53457 68.35189
Trade openness of source countries 8255 95.92927 70.39318

Note: Obs stands for Observation, Mean stands for average of different variables, Std. Dev stands for standard deviation of different
variables.
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