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This study aims to examine the nexus between economic growth, FDI inflows and
energy consumption on a panel of 17 countries using a ‘growth model’ framework and
simultaneous-equation models estimated by the generalized method of moments (GMM)
over the 1990-2012 period. We also implement these empirical models for 17 countries
selected on the basis of data availability. They include: (a) 12 Middle Eastern countries,
namely: Saudi Arabia, Qatar, Oman, Kuwait, Lebanon, United Arab Emirates, Iraq, Turkey,
Iran, Syria, Jordan and Yemen, (b) 5 North African countries, namely: Egypt, Morocco,
Tunisia, Algeria and Libya. Our results indicate that there is a bidirectional causal
relationship between FDI inflows and economic growth, as between well as energy
consumption and economic growth. Besides, there is a unidirectional causal relationship
between energy consumption to FDI inflows for the global panel. This implies that the
increase of energy consumption increases the FDI inflows for individual and collective
countries.
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1. INTRODUCTION

The relationship between energy consumption, foreign direct investment as well as
energy consumption and economic growth has been the subject of considerable
academic research over the past few decades (Omri and Kahouli, 2014). Several studies
have focused on different countries, time periods, modeling techniques and different
proxy variables which have been used to determine the links between FDI inflows,
energy consumption and economic growth. Roughly, we can categorize past studies into
three lines of research.

The first line focuses on the relationship between energy consumption and economic
growth. The relationship between energy consumption and economic growth has
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become a hot topic in environmental science and energy economics (Kraft and Kraft,
1978). A large volume of empirical research from the last two decades has found that
economic growth and energy consumption may be jointly determined (e.g. Omri, 2013;
Ahmed and Azam, 2016). Most of the empirical results indicated that higher economic
growth requires more energy consumption (see, inter alia, Glasure, 2002; Ghali and
El-Sakka, 2004; Akinlo, 2008; Apergis and Payne, 2009; Omri, 2013; Achour and
Belloumi, 2016). They also indicated that economic growth can indeed cause increases
in energy consumption. Moreover, more efficient energy use needs a higher level of
economic growth (e.g. Chan and Lee, 1996; Ageel and Butt, 2001; Wei, 2002;
Halicioglu, 2007; Chang et al., 2009; Shabbir et al., 2014; Saidi and Hammami, 2015;
Jammaz and Aloui, 2015; Komal and Abbas, 2015; Iyke, 2016).

The second line of research investigated the correlation between the FDI inflows and
economic growth has been subject to rigorous research for years. According to the
FDI-led growth hypothesis, FDI inflows can stimulate growth for the host countries by
increasing the capital stock, creating new job opportunities, and easing the transfer of
technology (see, inter alia, Borensztein et al., 1998; De Gregorio, 2003; De Mello, 1997;
Ekanayake et al., 2003; Tsang and Yip, 2007; Omri and Kahouli, 2013; Abbes et al.,
2015; Abdouli and Hammami, 2015). In turn, higher economic growth creates new
investment opportunities in the host country and can also cause larger inflows of FDI
(e.g. Tsai, 1994; Rodrik, 1999; Kim and Seo, 2003; Mah, 2010; Anwar and Sun, 2011;
Omri and Kahouli, 2014; Omri et al., 2015).

The third line of research examined the link between foreign direct investment and
energy consumption. Several studies have found that the FDI inflows induce energy
consumption through the expansion of industrialization, transportation and
manufacturing sector development while energy consumption is required to support the
manufacturing process (e.g. Mielnik and Goldemberg, 2000; Mielnik and Goldemberg,
2000; Tang, 2009; Sadorsky, 2010; Bekhet and Othman, 2011; Omri and kahouli, 2014;
Doytch and Narayan, 2016).

The main objective of this paper is to investigate the relationship between FDI
inflows, energy consumption, and economic growth for a panel of 17 MENA countries
over the 1990-2012 period. We used the simultaneous equation model based on
structural modeling to produce new evidence on the links between FDI inflows, energy
consumption and economic growth. The introduction of the function of Cobb—Douglas
production framework helped us to explore the causal relationships between the
fallowing variables: FDI inflows, energy consumption, and economic growth in a
growth framework.

The contribution of this paper to the existing literature is expressed by giving the
first integrated approach to examine the three-way linkages between FDI inflows,
energy consumption and economic growth in the MENA region. Particularly, this paper
uses three structural equation models, which allow us ne to simultaneously examine the
impact of (i) economic growth and energy consumption on FDI inflows (ii) economic
growth and FDI inflows on energy consumption (iii) energy consumption and FDI
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inflows on economic growth.

The rest of the paper is organized as follows: after the introduction, which is
provided in Section 1. above, a brief literature review is carried out in Section 2. The
methodological framework is explained in Section 3. The Data and the results are
discussed in Section 4. The Final section concludes the study and gives some policy
implications.

2. OVERVIEW OF RELATED LITERATURE

There is extensive literature on the nexus of energy consumption, FDI Inflows and
economic growth that have used panel data modeling techniques. Therefore, it should be
noted that the modeling techniques with panel data are relatively recent compared to
modeling techniques based on time series data. Generally, the empirical studies on the
relationship between FDI inflows energy consumption and economic growth can be
divided into two major groups. The first group focuses on the country-specific studies,
while the other group focuses on multi-country studies.

2.1. Country-specific Studies

We begin our discussion with the findings of country-specific studies in the literature
about the links between FDI inflows, economic and energy consumption. For example,
Ghosh (2002), Mozumder and Marathe (2007), Pao (2009), Ghosh (2010) and Sbia et al.
(2014) revealed that there was unidirectional causality running from economic growth to
energy consumption in Turkey, Bangladesh, Taiwan, India, and UAE, respectively.
However, Stern (1993), Altinay and Karagol (2004), Yuan et al. (2007), Belloumi
(2009), Chandran et al. (2010), Yalta (2011) and Ikegami and Wang (2016) found that
that there is a unidirectional causality from per capita electricity consumption to
economic growth in USA, Turkey, China, Tunisia, Malaysia,Turkey and Germany.
Moreover, other studies such as Khaliq and Noy (2007), Tang et al. (2008), Zhang
(2011), Azlina and Mustopha (2012) and Fadhil and Almsafir (2015) found evidence of
unidirectional causality running from FDI inflows to economic growth in Indonesia,
China, Malaysia and Malaysia. In addition, Liu et al. (2002), Chakraborty and
Nunnenkamp (2006), Feridum and Sissoko (2011) and Olusanya and Olumuyiwa (2013)
documented that economic growth attract more FDI inflows in China, India, Singapore
and Nigerian.

The direction of causality between electricity consumption and FDI inflows are
analyzed by many studies, Chima (2007), Hubler (2009), Hai (2009) and Sbia et al.
(2014) found that foreign direct investment declined energy demand in China, USA,
China, and UAE.

In addition, the study of Anwar and Nguyen (2010) examined the foreign direct
investment-economic growth nexus in Vietnam. There finding is thus consistent with the
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feedback hypothesis. In Portugal, Shahbaz et al. (2011) suggested that there is a
bi-directional causality between electricity consumption and economic growth. On the
other hand, Shahbaz et al. (2013) demonstrated that there is no causality linkage
between GDP and energy consumption in the case of Indonesia.

2.2. Multi-country Studies

Several studies have developed the direction of causality between FDI inflows,
energy consumption and economic growth for multi-country studies. For example, Tsai
(1994) examined the links between FDI and economic growth for 62 countries and for
51 countries and find that FDI promotes economic growth and, in turn, economic growth
is viewed as a tool to attract FDI. However, De Mello (1997) claimed that FDI a boosts
economic growth in the long run through technological progress and knowledge
spillovers in OECD and non-OECD countries for the 1970-1990 period. Similarly,
Borensztein et al. (1998) tested the effect of FDI on economic growth in 69 developing
countries. The empirical evidence supports the existence of a bi-directional relationship
between foreign direct investment and economic growth. Moreover, other studies, such
as Lee (2013) show that there is of a unidirectional causality running from FDI to
economic growth for 19 of the G20 countries.

In addition, Omri (2013) used simultaneous-equation models to examine the nexus
between CO2 emissions, energy consumption and economic growth in 14 MENA
countries. Their empirical results showed that there exists a bidirectional causal
relationship between energy consumption and economic growth. In the same context,
Omri et al (2014) found that foreign direct investment and economic growth have a
bi-directional causality in 54 countries. In addition, Omri and Kahouli (2014) examined
the energy consumption-foreign direct investment-economic growth nexus of 65
countries and found there is mixed result about the causal relationship between income,
FDI inflows and energy consumption.

Recently, Abdouli and Hammami (2016) found that FDI inflows and economic
growth have a bi-directional causality in MENA countries.

To summarize the literature review, there has been an explosion of research on the
relationship between FDI inflows, energy consumption and economic growth; however
the existing research efforts failed to provide clear evidence on the direction of causality
between these three variables. Therefore, our literature review suggests that the
empirical results of the previous studies are inconclusive on the link between FDI
inflows, economic growth and energy consumption at the same time in the MENA
countries.
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Table 1. Summary of the Existing Empirical Research

Countries Econometric techniques Causality
results
Panel A.  Country-specific Studies
Stern (1993) USA VAR model EC—GDP
Ghosh (2002) India Cointegration test GDP—EC
Altinay and Karagol (2004) Turkey Granger causality test EC—GDP
Mozumder and Marathe (2007)  Bangladesh Cointegration and VECM GDP—EC
Yuan et al. (2007) China VAR model EC—GDP
Belloumi (2009) Tunisia VAR model EC—GDP
Pao (2009) Taiwan Cointegration test and VECM EC—GDP
Ghosh (2010) India Cointegration test and VECM EC—GDP
Anwar and Nguyen (2010) Vietnam GMM estimation FDI~GDP
Shahbaz et al.(2011) Portugal Cointegration and EC—GDP
Granger causality test
Azlina and Mustopha (2012) Malaysia Johansen cointegration test and FDI—-GDP
Granger causality based on VECM
Olusanya and Olumuyiwa (2013) ~ Nigerian Granger causality test GDP—FDI
Shahbaz et al. (2013) Indonesia Granger causality test GDP—EC
Abdulrahman. and Aga(2014)  Turkey VAR model FDI=GDP
Lau et al. (2014) Malaysia Auto regressive distributed FDI-GDP
lag and UECM
Sbia et al. (2014) UAE Granger causality test GDP—EC
Panel B. Multi-country Studies
Tsai (1994) 62 countries Granger causality test FDI-GDP
De Mello (1997) OECD and FDI-GDP
non-OECD countries
Borensztein et al. (1998) 69 developing FDI-GDP
Al-Irian( 2007) 6 Gulf countries Granger causality test FDI-GDP
Rudra and Pradhan (2009) 5 ASEAN Cointegration and FDI-GDP
countries causality test
Moudatsou and Kyrkilis (2011) 26 countries Causality based on an ECM FDI-GDP
Lee (2013) G20 countries Panel cointegration approach FDI—-GDP
Omri (2013) 14 MENA Simultaneous-equations models EC—GDP
countries
Omri and Kahouli (2014) 65 countries Simultaneous-equations models EC—GDP
FDI<~GDP
FDI—-EC
Abdouli and Hammami (2015) 17 MENA Fixed effects model and FDI—-GDP
countries system GMM
Onuri et al. (2014) 54 countries Dynamic simultaneous-equation FDI-GDP

Notes: VECM refers to the vector error correction model, ECM refers to the error correction model, and EC

refers to energy consumption. —, <>, and # indicate the unidirectional causality hypothesis, feedback

hypothesis, and neutral hypothesis, respectively.
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3. EMPIRICAL METHODOLOGY
3.1. Econometric Modeling

In this paper, we examine the three-way linkages between FDI inflows, energy
consumption and economic growth for 17 MENA countries, namely Algeria, Egypt,
Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Qatar, Saudi Arabia,
Tunisia, Yemen and the UAE. The data are obtained from the World Development
Indicators produced by the World Bank. FDI inflows, energy consumption and
economic growth are in fact endogenous. As mentioned earlier, most of the existing
literature supposes that economic growth is likely to lead to changes in foreign
investment and energy consumption. It has also established that these two variables are
often a key determinant of economic growth. Therefore, the interrelationships between
the three variables are worth investigating by considering them simultaneously in a
modeling framework.

The interrelationship between these three variables can be examined by making use
of the aggregate production function. For this purpose, we employ the Cobb—Douglas
production function including capital and labor as additional factors of production.
Menyah and Wolde-Rufael (2010), Shahbaz et al. (2012), Omri and Kahouli (2014),
Omri (2013) and Abdouli and Hammami (2015) among others included the energy and
FDI variables in their empirical model to examine the impact of these two variables on
economic growth. However, they found that FDI and energy generally stimulate
economic growth.

In addition, Adeniyi et al. (2015) and Pradhan et al. (2015), among others
empirically tested the impact of financial development on economic growth. Moreover,
and these studies showed that financial development has a statistical significant
influence on economic growth. Thus, our proposed model, which is consistent with the
broader literature on the determinants of economic growth cited above, takes the
following form:

Y = efAK*E*LA. (1)

In our model we allow technology to be endogenously determined by FDI inflows
and financial development and within an augmented Cobb—Douglas production function
(Omri et al., 2014). Financial development encourages the inflow of foreign direct
investment and transfer of superior technology; it promotes economic growth via capital
formation in making its efficient use. Therefore, we have:

A(t) = 0.(FD)*(FDI)”, (2)

where 6 is time-invariant constant, FD and FDI denoting respectively, financial
development and FDI inflows. Substituting Eq. (1) into Eq. (2):
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Y = 0.E(t)MFD(t)*2 FDI(t)* K (t)*L(t)'~%e?. (3)

In Eq. (1), we divide both sides by population to obtain all series in per capita terms.
By taking log, the linearized production function can be given as follows:

logY; = ay + @y Log FDI; + a,Log E; + azLogK; + a,LogFD, + &;. 4)
Then, we write Eq. (3) in growth form with a time series specification, as follows:

g(¥V)ie = ag + ay; g(FDD) i + az;g(E)ie + a9 (K)ie+ aqi g(FD) ¢ + &4, ®)

where subscript i = 1,..., N denotes the country (N=17 in our study) and t =1,...,T
denotes the time period, and g(Y) represents the growth rate of per capita GDP, g(K)
the source the growth rate of capital stock, g(FDI) the source the growth rate of per
capita FDI inflows, g(F) source the growth rate of per capita energy consumption,
g(FD) represents the growth rate of Financial development . The returns to scale are
involved with FDI inflows, capital stock, energy consumption, and financial
development and, are shown by a;, a,, a3z and a,, respectively. We then use the
production function in Eq. (5) to derive the empirical models to simultaneously examine
the links between FDI inflows, energy consumption and GDP. These simultaneous-
equation models are also constructed on the basis of the theoretical and empirical
insights from the previous literature and allow the investigation of the three-way
linkages between our variables of interest.

g(GDP);y = ag + ay; g(FDD)j + az; g (E)ie + a3ig(K) i+ asig(FD)ie + &5, (6)
g(E)it = ﬂO + ﬂu‘ g(Y)lt + ﬂZig(FDI)it + ﬂgig(COZ)it+ ﬂ4ig(T0P)it + &4, (7)
gFDD e =g+ A1, (V)i + A2 g (E)ie + A3:9(K)ie + Aig(PD) ¢ + &1 (8)

In the above equations, in Eq. (6) a;, a,, a; and a, states that the FDI inflows,
energy consumption, capital stock (K) and Financial development level (FD) as
measured by the ratio of total credit of the private sector to GDP are the driving forces
of economic growth (e.g., Omri, 2013; Abdouli and Hammami, 2015; Pegkas, 2015;
Baek, 2016). In Eq. (7) B,, B,, B, and B, postulates the impact of economic growth,
FDI inflows, trade openness and CO2 emissions on energy consumption (e.g., Omri et al,
2014; Saidi and Hammami, 2015; Shahbaz et al., 2015). As we will show later, the all
variables are stationary in their levels, hence no transformation is needed. With respect
to Eq. (8), 14, 4,, 43 and A, postulates that the FDI inflows can be influenced by
economic growth, energy consumption, and capital stock, population density as
measured by people per sq. km of land area (e.g., Choe, 2003; Alsan et al, 2004; Ang,
2008; Anwar and Sun, 2011; Omri and Kahouli, 2014; Kinuthia and Murshed, 2015;
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Salike, 2016).

4. DATA AND DESCRIPTIVE STATISTIC

We use annual data for the per capita FDI inflows, per capita GDP, per capita energy
consumption, financial development (DF), per capita capital stock, Population density
(PD), CO2 emissions in tones metric and trade openness (trade) as measured by the ratio
of exports plus imports to GDP. All the data collected for the 1990-2012 period, are
sourced from the World Bank's World Development Indicators. To estimate our models,
we divide the variables by the population to get the variables in per capita terms. Our
study covers 17 countries selected on the basis of data availability. They include: (a) 12
Middle Eastern countries, namely: Kuwait, Oman, Qatar, Saudi Arabia, Lebanon, Iraq,
United Arab Emirates, Turkey, Syria, Iran, Yemen and Jordan; (b) 5 North African
countries, namely: Algeria, Morocco, Tunisia, Egypt and Libya.

Based on to the statistics recorded in Table 2, it is clear that the highest average
energy consumption is recorded for the high-income countries (Qatar) compared to other
all countries .It is also worth highlighting that high-income countries’ overall economic
output is almost 64 times as much as that of low- income countries (Yemen). The
coefficient of variation recorded for the energy consumption reveals that Kuwait
(3568.894); is the most volatile compared to other countries. Qatar and Egypt have the
highest coefficient of variation of 0.455 and 0.422, respectively, followed by Jordan and
the UAE. In addition, the data reveal the same trend for trade measured as a percentage
of GDP: Qatar, the UAE and Kuwait are more open compared to all other countries.
This finding is consistent with international trade literature, which showed that
petroleum Exporting Countries are more open to international trade (see, for example,
Omiri, 2013). Moreover, the highest average capital stock, CO2 emission and the level of
financial development is for the countries have the highest economic growth and energy
consumption countries.

The mean value, the standard deviation and the coefficient of variation of different
variables for the MENA countries are given below in Table 2. This table provides a
statistical summary associated with the variables for each country.

The highest mean GDP per capita is for Qatar (53,144.080), followed by the UAE
(40,569.470) and Kuwait (26,113.050), the lowest is for Yemen, Egypt and Syria,
respectively, (765.119), (1,175.913) and (1,519.974).

The more volatile in per capita GDP are in Kuwait, UAE and Qatar with a value
(10,584.450), (40,569.470) and (4,515.345) respectively. The coefficients of variation
are (0.405), (0.217) and (0.204), which is the highest for, Iran, Tunisia and Kuwait,
respectively. Then, the lowest coefficient of variation is for Qatar and Yemen around
(0.085) and (0.087), respectively.

Finally, the mean, standard deviation and the coefficient of FDI inflows are recorded
highest for the UAE. It is also noted that the highest-income countries are more volatile



EXPLORING LINKS BETWEEN FDI INFLOWS, ENERGY CONSUMPTION, AND ECONOMIC GROWTH 103

in FDI inflows; with coefficient of variation 3.313, which is the highest compared to
other countries coefficient of variation.

For the global panels the highest, mean is the per capita GDP (10,760.160) and the
standard deviation and the coefficient of variation of per capita FDI inflows
(50,461.410) and (13.943), respectively.

Table 2. Summary Statistics

Panels  Descriptive GDP EN FDI K FD Trade CO2 PD
Statistics
Algeria  Mean 2709083  924.669 0316 3.063 675746 19938 1861428 13267
Std. Dev. 337473 112.810 0257 0243 208312 10.041 222549 1391
CV 0.125 0.122 0813 0079 0308 0.504 0.120 0.105
Egypt Mean 1175913 714815 0.643 2054 2054 217.082 7559 736.498
Std. Dev. 233535 325190 0.630 0523 0523 61.811 5538 163.899
CV 0.199 0455 0979 0254 0254 0285 0.733 0223
Iran Mean 2482948  2083.210 0487 5.889 611224 15018 1424434 40709
Std. Dev. 506992  554.549 0.566 1.533 204574 18516 260279 3813
CV 0204 0266 1.162 0260 0335 1233 0.183 0.094
Iraq Mean 2166443 1209.247 0465 3416 208679 11472 1915.187 56.024
Std. Dev. 411470 298246 0662 0464 174907 12003 240935 10848
[a\% 0.190 0247 1425 0.136 0838 1046 0.126 0.194
Jordan Mean 2166443 1082.560 2118 3376 592915 16.861 2901.539 55449
Std. Dev. 411470  108.165 2.185 0255 122.940 7874 387.200 9961
(6\Y% 0.190 0.100 1.031 0075 0207 0467 0.133 0.180
Kuwait Mean 26113.050  8467.119 11.904 29.333  4405.879 240057  25755.190 125012
Std. Dev. 10584.450  3568.894  33.645 3232 953886 57368  10545.560  28.708
CV 0405 0422 2.826 0.110 0217 0239 0409 0230
Lebanon Mean 5697711 1351485 26402 4486 1481.125 45850 4874937  343.790
Std. Dev. 819.686  269.581 19.515 0528 313.075 19.183 1231.064 57003
CV 0.144 0.199 0.739 0.118 0211 0418 0253 0.166
Libby Mean 7158602  2947.150 1.735 9403 1036.483  67.054 5996.347 3.083
Std. Dev. 1143769 352978 2432 0618 378157 12309  4450.734 0352
CV 0.160 0.120 1402 0.066 0365 0.184 0.742 0.114
Morocco  Mean 1869.858  392.852 0412 1.385 483.625 16271 1165.654 65201
Std. Dev. 365510 82257 0363 0312 164.113 5.630 387.584 5240
CV 0.195 0209 0.881 0225 0339 0.346 0333 0.080
Oman Mean 12144700 4555.961 3359 12501 7365378  101.674 9956463 7.785
Std. Dev. 1787024 2101.387 4.067 6.001 2681.148 28962 1585.159 1326
CV 0.147 0461 1211 0480 0364 0285 0.159 0.170
Qatar Mean 53144.080  18159.170 15469 53273 13595.010 387403  41267.530 74942
Std. Dev. 4515345 2456370 16034 9402 4160.869 155136 3790.805 43.646
CV 0.085 0.135 1.037 0.176 0306 0400 0.092 0582
Saudi Mean 13768.420  5372.242 4.068 15258 2400222 116622  10357.270 10442
Arabia  Std. Dev. 1830044  901.331 4970 2045 160.048 35055 397.702 1.893
CV 0.133 0.168 1222 0.134 0.067 0301 0.038 0.181
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Table 2. Summary Statistics (Cont.)

Panels  Descriptive GDP EN FDI K FD Trade CO2 PD
Statistics
Syrie Mean 1519974 959.791 0384 3024 327946 10788 1056977  91.575
Std. Dev. 182.338 109.031 0326 0283 42204 4.838 289436 15407
CV 0.120 0.114 0.849 0.094 0.129 0448 0274 0.168
Tunisia Mean 2985873 768812 1.076 2140 646045 24122 2621.143  61.636
Std. Dev. 648.598 111.607 0.801 0269 86243 11.124 424294 5.006
CV 0217 0.145 0.745 0.126 0.133 0461 0.162 0.081
Turkey Mean 6485020  1205.264 21.773 3386 1236389  21.773 2518543 83265
Std. Dev. 1045912 187433 47.894 0531 328165  47.894 997.003 8.069
CV 0.161 0.156 2200 0.157 0265 2200 0.396 0.097
Yemen Mean 765.119 280329 1218 0907  3222.032 4297 12299510  34.873
Std. Dev. 66.584 49.585 2273 0110 957955 3477 33233 7290
CV 0.087 0.177 1.866 0.122 0297 0.809 0270 0209
UAE Mean 40569.470 10578570 61431640 26512 7545951  620.022 103577.600 50286
Std. Dev. 8444758  1775.014 203536.900 5.661 767059 347716 116624700 28411
CV 0208 0.168 3313 0214 0.102 0.561 1.126 0.565
Panel Mean 10760.160 3592642 3619027 10553 2708925 101575 13544980  69.869
Std. Dev. 15149350 4809.856 50461410 13892 3761490 187.660 37300660 78290
CV 1408 1339 13943 1316 1389 1.847 2.754 1.121

Notes: Std. Dev.: indicates standard deviation, CO2: indicates per capita carbon dioxide emissions, GDP
indicate per capita economic growth, FDI indicate FDI inflows per capita, ENC: indicates per capita energy
consumption, GDP: indicates per capita real GDP, K indicates real capital per capita, FD indicates level of
financial development, TOP indicates Trade openness, CV indicates the coefficients of variation (standard
deviation-to-mean ratio), respectively.

5. MAIN RESULTS AND DISCUSSIONS
5.1. Panel Unit Root Tests

To estimate our models we start up our analysis with the implementation of the panel
unit root tests. In panel data analysis, two-panel unit root tests are used to determine the
stationary of variables are the Levin et al. (LLC) (2002) and Im and Pesaran (IPS)
(2003). However, the two tests must be taken first in order to identify the stationary
properties of the relevant variables. According to Levin et al. (LLC) (2002) and Im and
Pesaran (IPS) (2003) the null hypothesis implies is that there exist unit root (i.e. the
variables are non-stationary); whereas the alternative hypothesis states that no unit root
exists in the series (i.e. the variables are stationary).

Table 3 show that the all the variables in level are statistically significant under the
LLC and IPS tests, indicates that all variables are integrated of order zero, 1(0).
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Table 3. Results of Panel Unit Root Tests

LLC test Level IPS test Level
t-Statistics p-value t-Statistics p-value
g(GDP) 2.668* (0.003) -3289% (0.000)
g(Energy) -13219% (0.000) 7244% (0.000)
g(FDI) 7290% (0.000) 5.740% (0.000)
g(C02) 3657 (0.000) -3.990% (0.000)
g(K) 2.560% (0.005) 2691% (0.003)
g(FD) 2,096 0018) 1331k (0.091)
g(TOP) 0.950%+ 0017) 02407 (0.048)
g(PD) 22616 (0.0000) 22616 (0.000)

Notes: Values in parenthesis are the estimated p-values. *, **, and *** indicates significance level at the 1%,

5% and 10%, respectively.

5.2. Results of Panel GMM Estimation

For estimated the three-way linkage between, FDI inflows, energy consumption and
economic growth; the other variables were used as instrumental. We have used
simultaneous equations are estimated by making use of two-stage least squares (2SLS),
three stage least squares (3SLS) and the generalized method of moments (GMM). In
what follows, we report the results of only GMM estimation. However, the parameter
estimates remained similar in magnitude and sign and, the GMM estimation results were
generally found to be statistically more robust.

The empirical results of Eq. (6), (7) and (8) based on the GMM-estimation, are
presented respectively in Tables 4, 5 and 6.

To estimate the models by the GMM estimation, some tests have been used. We
have two important specification tests are used for simultaneous equation regression
models which are developed by Newey (1985) and Smith and Blundell (1986) who are
the test of endogeneity, homogeneity and test of overidentifying restrictions.

First, we have used the Durbin—-Wu—Hausman test to test the endogeneity for all
three equations. The null hypothesis of the DWH endogeneity test is that an ordinary
least squares (OLS) estimator of the same equation would yield consistent estimates;
that is, an endogeneity between the regressors would not have deleterious effects on
OLS estimates. A rejection of the null hypothesis indicates that the endogenous
regressors' effects on the estimates are meaningful, and instrumental variables
techniques are required.

Second, we may test the Hansen test to determine the overidentifying restrictions in
order to provide some evidence of the instruments' validity. The instrument validity
implies that which the null hypothesis of overidentifying restrictions cannot be rejected,
as well as the null hypothesis that the instruments are appropriate, cannot be rejected.

Based on the above GMM technique, the estimated coefficients of Egs. (5) to (7) are
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given in Tables 4, 5 and 6.

The empirical results about Eq. (6) are presented in Table 4, which shows that per
capita energy consumption has a positive and significant impact on per capita GDP for
all the countries, except for Syria and Morocco. This implies that economic growth is
elastic with respect to energy consumption, as a 1%, 5% and 10% increase in energy
consumption raise economic growth within a range of 1.106%, 0.548%, 0.905%,
0.399%, 0.010%, 0.045%, 0.051%, 0.324%, 0.926%, 0.414%, 1.068%, 0.257%, 0.109%,
0.257%, 0.104%, 0.112%, and 0.118%, for Algeria, Iran, Kuwait, Libya, Saudi Arabia,
Tunisia, Turkey, Yemen, UAE, Egypt, Iraq, Lebanon, Oman, Qatar and Jordan,
respectively. For the remaining countries, no significant relationship is found. For the
panel result, per capita energy consumption has a positive and significant impact on
economic growth at 1% level. The magnitude of 0.725 implies that a 1% increase in
energy consumption promotes economic growth by around 0.72%. This result is
consistent with the findings of Shahbaz et al. (2011) for Portugal and of Omri (2013) for
the MENA countries.

Table 4. Results of Panel GMM estimation for Eq. (6)

Dependent variable: Economic growth (GDP)

Intercept EN FDI K FD

Alegria 1027 (0288)  LI106*  (0000) 0.026*** (0066) 0.157 (0.24) 0.105*  (0.004)
Egypt 5286*  (0000) 0.109%*  (0039) 0002 (0573) 0I31*  (0000) 0.192*  (0.000)
Iran 1616 (0079)  0548*  (0000) 0002  (0641) 0327%  (0000) 0037  (0.129)
Irak 46745 (0000) 0257%*  (0049) 0011  (0346) 0213* (0007) 0033  (0.170)
Jordan 5370 (0000) O.118%* (0085) 0034  (0894) 0070* (0002) 0376*  (0.000)
Kuwait 6789 (0.191)  0905*  (0000) 0008  (0824) -1088  (0307) 079  (0.186)
Lebanon | 4520%  (0000) O.012%  (0023) 0096  (0423)  0.89%  (0002) 0438* (0029
Libye 4835%  (0000) 0399  (0000) 0076* (0000) 0336*  (0000) 0757  (0.000)
Morocco | 5082%  (0000) 0010  (0948) 0008* (0014)  0300%  (0.000) 0244*  (0.004)
Oman 6567 (0000) 0257  (0010) 0001  (0880) 0271*  (0006) 0561*  (0.000)
Qatar 8529%  (0000) 0.104% (0023) 0005 (0.195 0032  (0736) 0176  (0014)
Saudi Arabia | 8303*  (0000)  0045%  (0.003) 0.003** (0051) 0101 (0656 0506%  (0.000)
Syrie 6412%  (0000) 0051  (0322) 0019% (0024) 0142  (0355) 0203*  (0.000)
Tunisia 5944 (0000)  0324*  (0003) 0008  (0.167) 0214%  (0008) 0412*  (0.000)
Turkey 1563*  (0008)  0926*  (0000) 0009%  (0020) 0089  (0207) 0099%*  (0012)
Yemen 3780  (0000) 0414  (0000) 0002  (0705) 0065*** (0053) 0010  (0601)
UAE 0147  (0953)  1068*  (0000) 0022 (0415) 0077 (0805) 0220  (0335)
Panel 1514 (0000) 0725%  (0000) 0051*  (0000)  0.I85*  (0000) 0062*  (0.007)*
Hansen test (p-value) 9754 (0208)

Durbin—Wu—Hausman test (p-value) 5644 (0.0595)

Note: DWH- test is the Durbin—Wu—Hausman test for endogeneity. UAE denotes United Arab Emirates. *,
** *¥F% indicates significant level at 1%, 5% and 10%, respectively.
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The coefficient of FDI inflows is positive and significant only for 5 countries out of
17, such as Algeria, Libya, Saudi Arabia, Syria, and Turkey, in which it significantly
affects per capita GDP. But, no significant relationship is found for the rest of the
countries. This implies that economic growth is elastic with respect to FDI inflows, as a
5% increase in FDI inflows raise economic growth within a range of 0.026% (Algeria)
to 0.019% (Syria). For the panel results, we find that only the FDI inflows have a
positive significant impact on real GDP at 1% level. This implies that economic growth
is elastic with respect to real GDP, as a 1% rise in FDI inflows raises economic growth
within a range of 0.051%. This result is consistent with the findings of Azlina and
Mustopha (2012) for Malaysia and Abdouli and Hammami (2015) for 17 MENA
countries.

Furthermore, capital stock has a significant impact on per capita GDP only for 13
countries out of 17. Such as Egypt, Iran, Iraq, Jordan, Lebanon, Libya, Morocco, Oman,
Qatar, Turkey, and Yemen. This implies that a 1% increase in capital stock increases the
economic growth by around 0.131%, 0.327%, 0.213%, 0.070%, 0.189%, 0.336%,
0.300%, 0.27% and 0.214% for Egypt, Iran, Iraq, Jordan, Lebanon, Libya, Morocco,
Oman, Qatar, and Turkey, respectively. The result is consistent with the findings of
Abdouli and Hammami.

Finally, the coefficient of financial development is positive and significant for 12
countries out of 17. Such as Algeria, Egypt, Jordan, Kuwait, Libya, Morocco, Oman,
Qatar, Saudi Arabia Syria, Tunisia, and Turkey, where it significantly affects per capita
GDP. This implies that the increase of financial development increases economic growth,
which is consistent with the results achieved by Omri et al. (2015) for the MENA
countries.

According to the results from Eq. (7) presented in Table 5, it appears that per capita
GDP has a positive and statistically significant impact on per capita energy consumption
for 11 countries out of 17. This suggests that energy consumption is elastic with respect
to economic growth, as a 1% increase in per capita GDP increases energy consumption
by around 1.238%, 0.601%, 0.780%, 0.179%, 0.852%, 1.505%, and 1.590% for Algeria,
Egypt, Iran, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Qatar Saudi Arabia,
Syria, Turkey, and UAE, respectively. Similarly, for Tunisia and Iraq a 10% increase in
the per capita GDP increases energy consumption by 0.156% and 0.551%. The panel
result shows that per capita GDP has a positive and significant impact on per capita
energy consumption at 1% level. This indicates that a 1% increase in per capita GDP
increases energy consumption by around 0.193%. This result could be in conforming to
that of Sbia et al. (2014) for the UAE and of Omri and Kahouli (2014) for 65 countries.

Regarding the FDI inflow variable, it is found that FDI inflows have a positive and
significant impact only for 6 countries out of 17, such as Egypt, Kuwait and Lebanon in
which, it positively affects per energy consumption. This implies that a 5% increase in
FDI inflows increases energy consumption by around 0.018%, 0.080%, and 0.214% in
Egypt, Kuwait, and Lebanon, respectively. This is consistent with the results achieved
by Omri and Kahouli (2014) for 65 countries and Leitdo (2015) for Portugal. For the
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remaining countries no significant relationship is found.

Table 5. Results of Panel GMM Estimation for Eq. (7)

Dependent variable: Energy consumption (EN)

Intercept GDP FDI Cco2 TOP

Alegria 0637  (0324) 1238  (0008) 0007  (0366) 0239* (0014) 0345 (0442
Egypt 0880  (0457)  0601*  (0002) 0018 (0036) 0998  (0000) 0227 (0.000)
Iran 1.929%  (0038)  0.780*  (0000) 0006  (0241) 0536* (0000) 0186 0.017)
Irak 9.054*  (0000) 0551 (0072) 0011 (0368) 0.758* (0.000) 0938 (0.001)
Jordan 3121 (00000  0179*  (0003) 0005 0338 0376 (0015) 0256 0.002)
Kuwait -1373  (0588)  0.852*  (0001) 0080**  (0.021) 0846 (0493) 0453 0.029)
Lebanon 15419*  (0000)  1505*  (0001) 0214*  (0010) 1651* (0000) 0348 0267)
Libye 8070*  (0.000) 0032 0.843 0011 0672  0385* 0003 0130%* 0052
Morocco 8070*  (0.000) 0032 (0.843) 0011  (0672) 0385 (0253) 0.130 0.052)
Oman 2938*  (0000) 0070 0623) 0005 (009) 0401*  (0.000) 0336 (0.000)
Qatar 0931 0867) 0010  (0984) 0061*  (0.005) 0560* (0.008)  0.666 0467)
Saudi Arabia 1817  (0409) 0937*** (0.093) 0045 0000) 0.124  (0385) 0263  (0.655)
Syrie 32262*%  (0.000) 0061 ©687) 0010  (0242) 0037 (0654 4366 (0.000)
Tunisia 9.800*  (0000) 0911**  (0016) 0.056** (0.068) 0.159  (0400) 0524 (0.000)
Turkey 0561 0303)  0295*  (0000) 0003 0618) 0097 (0422) 0465 (0.000)
Yemen 4819*  (0000) 0.156** (0079) 0005** (0093) 0832* (0000) 0013  (0.666)
UAE 3997*  (0004)  1590*  (0000) 0012  (0.153) 0419* (0002) 0097 (0.089)
Panel 4642*  (0000)  0.193*  (0000) 0.007 (0895 0.827* (0.000) 0023**  (0.097)
Hansen test (p-value) 11979  (0.752)

Durbin-Wu-Hausman test (p-value) 10289  (0.006)

Note: DWH-test is the Durbin—Wu—Hausman test for endogeneity. UAE denotes United Arab Emirates. *, **

*** indicates significant level at 1%, 5% and 10%, respectively.

Finally, the coefficients of CO2 emissions and trade openness have a positive and
significant effect for 9 countries out of 17. Similarly, for the panel estimation, there is a
positive and significant impact on demand of energy consumption at 1% and 10% levels.
This suggests that a 1% and 10% increase in CO2 emission and trade openness raises
energy consumption directly and indirectly by 0.82% and 0.02%, respectively. This
implies that the increase of CO2 emission and trade openness increase energy
consumption. This finding supports the view of Shahbaz et al. (2015) for Malysia; and
Destek (2015) for Turkey, and Saidi and Hammami (2015) for 58 countries.

Table 6 presents the estimated results about Eq. (8). It appears that per capita GDP
has a positive and statistically significant impact on per capita FDI inflows for 9
countries out of 17. This implies that a 1%, 5% and 10% increase in per capita GDP
accelerates FDI inflows by around 4.79%, 23.60%, 5.91%, 5.27%, 0.78%, 2.680%,
18.46%, 25.35%, and 32.50% for Algeria, Egypt, Iraq, Kuwait, Lebanon, Libya,
Morocco, Saudi Arabia, and Turkey, respectively. For the remaining countries, no
significant relationship is found. The panel estimation shows that per capita GDP has an
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insignificant impact on FDI inflows. This implies that a 1% increase in economic growth
increases FDI inflows by around 1.43%. This finding is in line with those of Olusanya
and Olumuyiwa (2013) for Nigeria, and Omri and Kahouli (2013) for the MENA
countries.

Regarding the energy variable, we find that per capita energy consumption has a
positive and significant impact on FDI inflows for all the countries, except for Kuwait,
Morocco, Oman, Qatar, Saudi Arabia, and Tunisia. This implies that per capita energy
consumption is elastic with respect to per capita FDI inflows, as a 1% increase in the use
of energy increases FDI inflows within a range of 10.11% (Algeria) 7.99%(Egypt)
1.76%(Iran) 13.92% (Jordan) 0.44 % (Lebanon) 6.27% (Libya), 9.54% (Yemen) and
12.21% (UAE). For the panel estimation, per capita energy consumption has a positive
and significant impact on per FDI inflows at 1% level. The magnitude of 0.808 implies
that a 1% rise in energy consumption increases FDI inflows by 0.80%. This implies that
an increase in energy consumption raises the FDI inflows .The result is consistent with
the finding of Leitdo (2015) for Portugal. There are also positive and statistically
significant impacts of capital stock, population density on FDI inflows.

Table6. Results of Panel GMM estimation for Eq. (8)

Dependent variable: Energy consumption (EN)

Intercept GDP EN K PD

Alegria 451485 (0000) 4790  (0093) 10114* (0006)  6179%  (0000)  20255%  (0.000)
Egypt 13663 (0256) 23603%  (0032)  79%*  (0003) 2175  (0320) 20651  (0156)
Tran 14364 (0735  -13206  (0212)  1765%  (0002) 9573  (0010) 10611  (0584)
Trak 3LI32* (0000)  5919%  (0078)  3783%  (0032) 22026  (0000)  89027%  (0.000)
Jordan $8035%  (0000) 142 (0710) 13929%  (0000)  4957%  (0000) 2814  (0320)
Kuwait 74154 (0257)  5279%  (0037) 0889  (0560) 28984  (0133)  25659%  (0049)
Lebanon | 30047+  (0000)  0780%*  (0081)  0446*  (0000)  0393*  (0006)  3421%  (0.000)
Libye A5740%  (0000)  2680%  (0000)  6270%  (0000)  21065%  (0000)  S8309%  (0.000)
Morocco 8987 (0838) 18467  (0058) 8848  (0323) 3527  (0473) 38978%  (0014)
Oman 253 (0893) 5821 (0144 0405 (0739) 7750 (0026) 9364  (0010)
Qatar 0987  (0990) 9755  (0298) 2688  (0556) 17800  (0014)  8408**  (0016)
Saudi Arabia | 67804%  (0002)  25356*  (0008) 8537  (0I91)  4004*  (0002)  0656*  (0.003)
Syrie 79906%  (0001) 3833 (0264) L734% (0052)  1SO08IMF (0069) 10783+ (0.094)
Tunisia 4204 (0633) 3088 (0IS1) 2147 (0472)  4413*  (0004) 15366  (0018)
Turkey 10353 (0528)  32501*  (0000) 10054%  (0027) 3062 (0131)  40802*  (0000)
Yemen 19937 (03%) 1364 (0781)  9546*  (0000) 0164 (0761)  12865%  (0000)
UAE 16936*  (0000)  -1478  (0370) 12216  (0000) 0926  (0502)  10462*  (0.000)
Panel 10542%  (0000)  1430*  (0000)  0808%  (0000)  0424*  (0001)  0386*  (0.000)
Hansen test (p-value) 10023 (0.184)

Durbin-Wu-Hausman test (p-value) 17306 (0.000)

Note: DWH-test is the Durbin—-Wu—Hausman test for endogeneity. UAE denotes United Arab Emirates. *, **,

*** indicates significant level at 1%, 5% and 10%, respectively.

Overall, the above-discussed results regarding the individual cases can be
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summarized as follows. First, according to the link between energy consumption and
economic growth, our results supported the evidence of the feedback hypothesis for
Algeria, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Saudi Arabia, Tunisia, Turkey, and
the UAE. For Morocco the neutrality hypothesis is present. The unidirectional causality
running from energy consumption to economic growth is supported for Libya, Oman,
Qatar and Syria. In addition, for Yemen, the unidirectional causality running from
economic growth in energy consumption also exists. Second, there is a bi-directional
causal relationship between economic growth and FDI inflows for Algeria, Libya,
Morocco, and Saudi Arabia. The neutrality hypothesis exists for Iran, Jordan, Kuwait,
Oman, Qatar, and Tunisia. Furthermore, the unidirectional causality running from FDI
inflows to economic growth is found only for Syria, Turkey, and Yemen; and the
unidirectional causality running from economic growth to economic growth in Egypt,
Iraq, Kuwait, Lebanon, Turkey, and Yemen; and the unidirectional causality running
from economic growth to economic growth in Egypt, Iraq, Kuwait, Lebanon, Turkey,
and Yemen. Finally, according to the relationship between FDI inflows and energy
consumption, we showed that there is a bi-directional causal relationship for Egypt,
Lebanon, and Yemen; a neutral hypothesis for Morocco, Oman, Saudi Arabia, and Syria,
a unidirectional causality running from FDI inflows to energy consumption for Iran, and
Tunisia; and a bidirectional causality running from FDI inflows to energy consumption.

For the panel results, we found that there is a bidirectional causality between FDI
inflows and economic growth. This result is consistent with the findings of Anwar and
Nguyen (2010) for Vietnam, and Lau et al. (2014) for Malaysia, and Omri and Kahouli
(2014) for 65 countries. The existence of a bidirectional causality between energy
consumption and economic growth supports evidence of feedback hypothesis. This is
consistent with the finding of Shahbaz et al. (2011) for Portugal, and Omri (2013) for 14
MENA countries. Finally, the existence of a unidirectional causality running from
energy consumption to FDI inflows shows that increases in energy consumption cause
increases in FDI inflows. This is consistent with the finding of Leitdo (2015) for
Portugal.

6. CONCLUSIONS AND POLICY IMPLICATIONS

This study aims to determine the nexus between economic growth, FDI inflows, and
energy consumption in 17 MENA countries over the 1990-2012 period using
simultaneous equations models.

The main findings showed evidence of a bidirectional causality between energy
consumption and economic growth. Feedback hypothesis is validated between FDI
inflows and economic growth. A unidirectional causality running from energy
consumption to FDI inflows is identified. This implies that the increase of energy
consumption increases the FDI inflows for individual and collective countries.

Appropriate policies have been recommended for individual and collective countries:
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First, we found a feedback relationship between energy consumption and economic
growth. We showed that the neo-classical theory which assumes that energy is neutral
for growth, is significantly rejected. As such, energy consumption is important in raising
economic growth. The governments of these countries applied energy conservation
policies, which will be favorable for these countries in terms of saving energy and
making efficient use of it as energy is one of the major sources of goods and services
production.

Second, the bi-directional causal relationship between FDI inflows and economic
growth in the global panel shows that an increase in the FDI inflow increases economic
growth which, in turn; attracts further FDI into these countries. This result supports that
these countries applied sound economic policies and foreign through the abolition of
trade barriers and the application of free movement of capital flows as a source of FDI
attractiveness, which raises economic growth.

Third, the unidirectional causality running from energy consumption to FDI inflows
for the global panel shows that increases in the demand of energy consumption increase
the FDI inflows. This implies that the government also applied the conservation energy
policy to attract more FDI inflows, while, FDI inflows have insignificant impact on
energy consumption. In this case, it is obligatory for the policymakers to build foreign
policies to protect a sustainable use of natural resources.
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