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Abstract 

This paper investigates the association between CO2 emissions and a range of factors, 
including electricity consumption, economic growth, urbanization, and trade openness 
for six Gulf Cooperation Council (GCC) countries using data covering the 1965-2019 
period. Namely, Oman, Saudi Arabia, the UAE, Kuwait, Bahrain, and Qatar. Con-
trasting with the standard literature, our empirical strategy uses the wavelet coherence 
approach on the frequency domain, thought to complement the time-series economet-
ric procedures reported on this topic. Supplied at the country-level, associated evi-
dence presents far-reaching policy recommendations whose applications may directly 
benefit environmental planning and bring high information value for the sake of sus-
tainable energies in the Gulf region. 
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1. Introduction 

 
Climate change has arisen as a major concern to be addressed. According to the Inter-
governmental Panel on Climate Change (IPCC, 2014, 2021), the global surface tem-
perature is expected to increase by 4.8 °C, which would induce a 0.82 m sea level to 
rise by 2100. Indeed, a 2 °C increase in temperature would potentially threaten half of 
the world’s population living in coastal areas (Lau et al., 2009). This problem is largely 
attributable to the release of harmful pollutants by anthropogenic activities. Indeed, 
while the atmospheric CO2 content reached in 2016 the highest level in the last 800,000 
years, 2015, 2016 and 2017 are yet considered the three warmest years in our history 
(WMO, 2017, 2018; Liu et al., 2019). Going one step further, the National Aeronautics 
Space Administration (NASA, 2020) provided accurate figures on this matter. It high-
lighted that: carbon dioxide reached 416 parts per million, the global temperature rec-
orded a 1.8 °C increase since 1880, the arctic ice minimum fell of 13% over the last 
decade, ice sheets experienced 428 billion metric tons of losses last year, and the av-
erage sea level rise reached 3.4 millimetres per year. Thus, to slow down global warm-
ing, urgent energy regulation measures are required (Zhang et al., 2011; Schneider, 
2020). For this reason, researchers have shown a keen interest to further understanding 
the nature of the channels connecting electricity consumption to economic growth and 
environmental degradations (Lean and Smyth, 2010; Cowan et al., 2014; Shahbaz et 

al., 2014), especially these very recent years (Al-Mulali and Che Sab, 2018; Kahouli, 
2018; Salahuddin et al., 2018; Njoke et al., 2019; Salahuddin and Gow, 2019). 

This study empirically investigates this nexus and considers a sample of six Gulf 
Cooperation Council (GCC) countries as an illustrative case. Despite abundant renew-
able energy resources, these economies have recorded fast economic growth over the 
last decades, mainly because of their important resource extraction and fossil fuels 
rents (natural gas and oil) (Salahuddin et al., 2015; Magazzino, 2016; Bekhet et al., 
2017). At the aggregate level, these countries encompass 40% and 25% of the global 
oil and natural gas reserves, respectively (Salahuddin et al., 2015). Having important 
electricity-based fossil fuels infrastructures, the structure of GCC economies have 
early shifted towards a highly carbon-intensive pattern, leading them to cover 8% of 
world carbon release in the current times (Al-Saleh et al., 2012). It is thus obvious that 
the levels of per capita carbon emissions recorded it is now critical and call for major 
regulations to turn these oil exports-based economies towards a sustainable path (Her-
tog and Luciani, 2009). The Climate Change Performance Index (CCPI) 2013 Report 
is a relevant metric to measure this rising environmental pressure. Based on an inter-
national survey covering 58 economies responsible for 90% of world CO2 emissions 
from fuel combustion, Iran and Saudi Arabia were ranked second to last (respectively) 
for their weak climate protection performance (Germanwatch, 2017; Magazzino, 
2016). Accordingly, the nature of the electricity generated and the way consumed stand 
at the heart of the environmental crisis and the core of solutions. For this reason, one 
has witnessed the multiplication of commitments to sustainability in the area, and no-
tably through national climate plans and regulatory frameworks (Salahuddin et al., 
2015). 
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Yet, GCC countries share commonalities in their political, economic, and environ-
mental conditions and differ in their national plans' features. While Saudi Arabia fol-
lows a long-term national strategy that aims to enhance employment levels and lower 
the heavy dependence of its economy on oil, the UAE seeks to develop its business 
sector, attract foreign investors, and strengthen synergies between competitive indus-
tries and emerging services. In Saudi Arabia, the employment to population ratio (15+) 
stagnated at 52.5% in 2018, whereas net Foreign Direct Investments inflows did not 
overcome 0.6% of GDP for the same year (WDI, 2020). Regarding the UAE, a set of 
regulatory frameworks is currently discussed and comprises a panel devoted to en-
hancing Research and Development (R&D) in the most energy-intensive sectors. In 
fact, CO2 emissions from electricity and heat production cover one-fourth of total fuel 
combustions, highlighting the need to develop further low-carbon and efficiency ap-
plications in the power sector (WDI, 2020). Bahrain’s Vision 2030 explicitly targets 
the development of the private sector, learning by doing, and spillover effects among 
industries. Besides, the government targets enhancing the emergence of innovative en-
vironmental applications thought to lower the aggregate amount of CO2, which rec-
orded 30 750 kt in 2018 (WDI, 2020). This contrasts with the State Vision 2035, which 
aims to orient the Kuwait economy towards a more regionally connected development, 
along with an explicit elaboration of a financial hub located in the northern Gulf. One 
more step but a long mile to go. In 2019, FDI inflows represented less than 1% of total 
GDP, whereas oil rent reached 42.1% (WDI, 2020). Furthermore, Oman Vision 2030 
does incorporate the rapid expansion of low-carbon and alternative energies by taking 
advantage of its natural endowment in solar and diversifying the structure of its value-
added with secondary products embedding more technologies and human capital stock 
than primary oil extraction. However, further efforts are needed to lower the heavy 
reliance on oil to fill economic development since oil rents reached 24.9% of GDP in 
2019 (WDI, 2020). Besides the economic development targets, Qatar announced its 
desire to strengthen the role of institutions: a key advantage to attract foreign investors 
and influence firms’ locations decisions. Among the main objectives are a more re-
sponsible oil and gas extraction plan, reinforced credibility of institutions, and stronger 
trade diversification. Overall, carbon emissions trends, which reached 73370 kt in 
2018, are expected to concentrate further policy reforms in this latter country (WDI, 
2020). 

The literature examining the linkages among energy use, income and carbon emis-
sions only for the GCC countries appears limited and sporadic. However, we denoted 
empirical studies on MENA countries (Arouri et al., 2012a; Omri, 2013; Ozcan, 2013; 
Magazzino, 2019; Magazzino and Cerulli, 2019), Association of Petroleum Exporting 
Countries (APEC) countries (Soytas and Sari, 2009, Yuhai and Peng, 2011; Mag-
azzino, 2017a), or large panel of middle and high-income countries (Narayan and 
Popp, 2012; Jaunky, 2011), indicating a systematic inclusion of all or some of the GCC 
countries within large heterogeneous samples. To the best of our knowledge, Salahud-
din and Gow (2014) is the first study that filled this empirical gap, followed by Mag-
azzino (2016) and Bekhet et al. (2017). Nevertheless, a thorough review of the litera-
ture underlines that only one empirical examination has considered electricity con-
sumption for that case (i.e., Salahuddin et al., 2015). In addition, none of these papers 
included urbanization and trade openness data. Despite ambiguous evidence regarding 
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the sign of the effect of trade on environmental pollution, trade openness remains a 
non-negligible determinant of environmental damage (Al-Mulali and Ozturk, 2015). 
It has also been shown that energy consumption and urbanization can interact, notably 
because investments in large installed electricity capacity exert a positive effect on 
employment. 

Our empirical approach displays a competitive edge from the majority of existing 
analyses on this topic. We follow Benhmad (2012, 2013) and Aslan et al. (2014) and 
rely on the innovative wavelet analysis. While energy-GDP or GDP-CO2 nexus studies 
often employed causality techniques on the time domain (mostly panel estimations or 
causality tests), using spectral tools is thought to make a bridge toward the frequency 
domain analysis (Kristjanpoller et al., 2018). Initiated by Ramsey and Lampart (1998a, 
1998b), this strategy can model behaviour patterns for various time horizons by testing 
the causality of each time scale with the pertinent ones of the other series (Aslan et al., 
2014; Kristjanpoller et al., 2018). Nevertheless, the use of the wavelet technique to 
assess the causality assumption among energy and income variables remains relatively 
recent (Kristjanpoller et al., 2018). To the best of our knowledge, only three empirical 
studies applied this original method to deal with this nexus: Cifter and Ozun (2007) on 
Turkey; Aslan et al. (2014) for the United States (US); and Ha et al. (2018) for China. 
Overall, one must admit that none of these wavelet-based studies included CO2 emis-
sions data, indicating a critical gap in the literature. 

Calling for further empirical assessments on this topic, this paper aims to perform 
an in-depth investigation on GCC countries: a case study facing burning energy and 
environmental challenges. This research seeks to fill the gaps mentioned above by ex-
tending the literature in two distinct manners: empirically and methodologically. 

 From an empirical standpoint, this study is the first to include electricity con-
sumption data and CO2 emissions series within a multivariate framework in-
corporating urbanization and trade openness, and for the specific case of the 
GCC countries. Indeed, linking electricity-specific insights with pollution 
trends is thought to overcome the standard literature, which focuses on aggre-
gate energy consumption indicators. 

 From a methodological standpoint, this paper contrasts to previous ones as it 
adopts an innovative wavelet spectral coherence approach. As a matter of 
fact, a strand of the domain has systematically relied on econometric tools in 
the time domain. However, empirical methods differ and empirical results 
often conflict. Enabling the supply of estimates in the frequency domain may 
check the consistency of past estimates, reconciling and extending the relia-
bility of previous studies. 

 Finally, this research displays a last competitive edge as it exploits the most 
recent and available data series on this topic (1965-2019). It is thought to offer 
accurate findings and a set of updated policy recommendations for the Gulf 
area. 

In sum, this paper investigates the empirical relationships among electricity consump-
tion, GDP, urbanization, trade openness, and CO2 emissions for six GCC countries. A 
spectral Wavelet coherence approach is adopted using data series spanning the 1965-
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2019 period based on a multivariate time-series framework. Being of central im-
portance in growth theory, we think that further examining the electricity-growth-pol-
lution nexus in the Gulf region can bring high information value for policy purposes. 

Besides the first Section, this paper is organized as follows. Section 2 offers an 
analysis of the trends of energy consumption and CO2 emissions in the GCC countries. 
Section 3 outlines the most relevant and recent literature on this topic. Section 4 intro-
duces the data collection and describes the methodology employed. Section 5 presents 
and discusses the results. Finally, Section 6 presents concluding remarks and policy 
recommendations. 

 
 

2. Trends of energy consumption and CO2 emissions in the GCC countries 

 
The GCC area is characterized by burning energy and environmental issues. Looking 
at aggregate data from 1990 to 2018, all members experienced dramatic rises in their 
total final consumption (oil, natural gas and electricity combined). Namely, from 1843 
to 23442 kilo tons of oil equivalent (ktoe) (Oman), from 39165 to 147304 ktoe (Saudi 
Arabia), from 16192 to 57783 ktoe (UAE), from 3945 to 17323 ktoe (Kuwait), from 
2094 to 6618 ktoe (Bahrain), and from 3773 to 21142 ktoe (Qatar). Controlling for the 
size of the population, the total energy supply per capita of Oman, Saudi Arabia, the 
UAE, Kuwait, Bahrain, and Qatar have reached 5.3, 6.3, 7.1, 8.2, 9.1, 15.6 tons of oil 
equivalent per capita in 2018 (IEA, 2020). 

Within this dynamic, one sees the critical role played by power needs, which have 
triggered the energy security issues for the entire area. Indeed, since 1971, the average 
growth rate of electricity consumption per capita has reached 6.2% in GCC countries 
(Osman et al., 2016). Systematically, the industrial and residential sectors emerge at 
the data two major electricity consuming topics (IEA, 2020). At the country level, 
Oman generated 36537 GWh of electricity based on natural gas in 2018, which sharply 
overcomes the 1130 GWh covered by solar PV for the same year (IEA, 2020). In Saudi 
Arabia, natural gas and oil remain at the core of power production as they generated 
218470 GWh and 159528 GWh of electricity in 2018, respectively (IEA, 2020). A 
similar observation can be drawn for the UAE as electricity generation based natural 
gas, solar and wind represented 133 739 GWh, 1070 GWh, and 1 GWh, respectively 
(IEA, 2020). Finally, natural gas supplied 47913 GWh, 43412 GWh, 29544 GWh of 
electricity for Qatar, Kuwait, and Bahrain, respectively (IEA, 2020). By contrast, solar 
PV reached 66 GWh for Kuwait only for the same year (IEA, 2020). 

In consequence, CO2 emissions have been recording a dramatic rise for the past 
three decades. Over the 1990-2018 period, CO2 emissions in Oman and Saudi Arabia 
increased from 10.2 Mt to 68.8 Mt, and from 15.1 Mt to 491.7 Mt (IEA, 2020), which 
is equivalent to a 574% rise for the former, and a 3 156 % increase for the latter. Re-
garding the UAE and Kuwait, similar linear trends are observed: from 1990 to 2018, 
the yearly absolute release of carbon emissions translated from 51.9 Mt to 192.5 Mt 
and from 27.6 Mt to 87.8 Mt, respectively (IEA, 2021). For Bahrain, a switch from 
10.7 Mt to 30.2 Mt has been recorded over the same period, while Qatar displays a 601 
% rise, from 12.4 Mt to 87 Mt (IEA, 2021). 

GCC countries have recently started implementing conservation policies that aim 
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to reduce the absolute amount of energy consumed (Alkhars et al., 2020). For instance, 
Saudi Arabia is currently undergoing a massive plan to curb carbon emissions from 
fuel combustion while reducing energy poverty. It involves the Clean Development 
Mechanism Designated National Authority, the Saudi Energy Efficiency Center, and 
the King Abdullah City for Atomic and Renewable Energy. In the same vein, the Su-
preme Council of Energy in UAE was launched in 2009 with the explicit ambition to 
supply policy frameworks for green energy development. By the end 2021, a wind 
power plant generating 50 MW should start operating, whereas the Barakah nuclear 
plant (5600 MW) already began to generate power last year (Murdock et al., 2018). 
Similarly, the Kuwait Institute of Scientific Research (KISR) follows a similar objec-
tive as it consists in designing energy efficiency schemes with a specific focus on the 
construction sector (Kuwait Energy Outlook, 2016). Finally, Qatar’s First National 
Development Strategy (2011–2016) incorporated early energy efficiency targets in the 
power sector. Overall, the government of Bahrain has recently adopted the “National 
Energy Efficiency Action Plan” and the “National Renewable Energy Action Plan” to 
enhance collaborative partnerships, technological diffusions and environmental efforts 
across the various stakeholders of the economy. 

Regarding renewables, all countries recently engaged in major low-carbon energy 
deployments. However, since their power sectors have long been carbon-intensive, 
further efforts should complement these promising commitments. For instance, Saudi 
Arabia seeks to reach 54 GW of decarbonized electricity generation by 2040, which is 
in line with Kuwait and Oman as they both committed to cover 15% and 30% of the 
total electricity supply with renewable energies by 2030, respectively. The UAE re-
cently achieved 44% of decarbonized electricity by 2050 whereas Qatar committed to 
reaching 360 MW of non-fossil fuel energy generation by 2030 (Al-Badi and Almu-
barak, 2019). 

 
 

3. Literature Review 

 
The relationship among energy consumption, carbon dioxide emissions, and GDP 
links together the literature on the Environmental Kuznets Curve (EKC) and that on 
the energy use-income nexus (Kuznets, 1955). Magazzino (2016a; 2016b; 2017; 2019) 
and Magazzino and Cerulli (2019) have summarised these strands of economic litera-
ture. This literature survey focuses on the Gulf Cooperation Council countries (GCC) 
studies or on research works including the GCC countries within larger samples. First, 
we review the relevant energy-GDP nexus studies (3.1.). Second, we describe the em-
pirical literature on the linkages between economic growth and pollution (3.2.). Third, 
previous works tackling the causal linkage between energy use, economic growth and 
environmental pollution in a single analysis are displayed (3.3.). Fourth, we present the 
few GCC countries papers, which included electricity consumption data within their 
framework (3.4.). Overall, we identify the key gaps in the literature and the novelty 
aspects this study offers (3.5.) 
 
3.1 Studies on the relationship between energy or electricity consumption and GDP 
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Since the pioneer study initiated by Kraft and Kraft (1978) regarding the empirical 
energy-growth nexus, this relationship has been abundantly examined. While some 
empirical works have confirmed the main hypotheses associated with the energy-GDP 
nexus, others have denied it (i.e., growth, conservation, feedback, or neutral). Using 
various methodologies for different countries, results sometimes conflict. First, we fo-
cus on studies that used total energy consumption variables and turned to those which 
relied on electricity consumption data. The “conservation hypothesis” has been con-
firmed in Al-Iriani (2006) for the GCC countries; Mehrara (2007) for 11 Oil Exporting 
Countries (OEC) (including Iran, Kuwait, and Saudi Arabia); Huang et al. (2008) for 
middle- and high-income countries (including Oman and Saudi Arabia in a sample of 
82 economies); Narayan and Popp (2012) for four of the 12 MENA countries (includ-
ing Saudi Arabia, UAE, Bahrain, Kuwait, Oman, but also Qatar). By contrast, the 
“growth hypothesis” has been confirmed by Mahadevan and Asafu-Adjaye (2007) 
when considering 20 energy importers and exporters (including Kuwait and Saudi Ara-
bia). 

Focusing on a disaggregate energy source (i.e., electricity consumption), a range of 
studies validated the “feedback hypothesis”: Squalli (2007) for 11 Organization of the 
Petroleum Exporting Countries (OPEC) (including Kuwait, Qatar, Saudi Arabia, and 
UAE); Narayan and Smyth (2009) for 6 MENA countries (including Kuwait, Oman 
and Saudi Arabia); Hamdi et al. (2014) for Bahrain; Osman et al. (2016) for the GCC 
countries. For an exhaustive overview of energy-growth and electricity-growth nexus 
papers, see Ozturk (2010). Additionally, a comprehensive international survey on 
country-specific studies can be found in Omri (2014). 
 
3.2 Studies on the relationship between CO2 emissions and GDP 

 

Since the seminal study established by Grossman and Krueger (1994), the Environ-
mental Kuznets Curve (EKC) has been the subject of extensive investigations and for 
a huge number of countries, sometimes leading to opposite findings (Selden and Song, 
1994; Stern et al., 1996; Dinda and Coondoo, 2006; Galeotti et al., 2006; Acaravci and 
Ozturk, 2010; Omri and Nguyen, 2014). However, most EKC studies focused on Asian 
and Latin American economies (Al-Rawashdeh et al.; 2014). Arouri et al. (2012b) 
noticed that until 2010, less attention was given to other emerging countries, especially 
in the MENA region and thus in the Gulf area. One observes from related literature 
that EKC has been verified in numerous empirical works: Narayan and Narayan (2010) 
for Kuwait, Qatar, and the UAE upon 43 developing countries; Basarir and Arman 
(2014) for the UAE, Saudi Arabia, and Bahrain. Inversely, EKC has been rejected by 
several studies: Jaunky (2011) for 36 high-income economies (including Oman, the 
UAE and Bahrain); Arouri et al. (2012a) for 12 MENA economies (including the 6 
GCC countries); Al-Rawashdeh et al. (2014) for 22 MENA states (including the 6 
GCC countries). 

 
3.3 Studies on the relationship among energy consumption, CO2 emissions, and GDP 
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Regarding the third strand of the literature, a range of empirical assessments have been 
performed on the energy-growth-carbon emissions nexus (Al-Mulali (2012) for differ-
ent economic regions; Saboori et al. (2014) for OECD economies; Cowan et al. (2014) 
for BRICS countries). Not with standing, single examinations focusing only on the 
GCC countries are still less frequent than others, despite growing attention reported 
these recent years (Al-Mulali and Tang, 2013). 

Above all, the “growth hypothesis” has been confirmed in Alkhathlan and Javid 
(2013) for Saudi Arabia. The authors used the Granger causality (Granger, 1969) test 
from 1980-2011. Such a conclusion aligns with the multi-country analysis performed 
by Magazzino (2016b). By contrast, the “conservation hypothesis” has been abun-
dantly validated. Using a VECM, Farhani et al. (2013) supported the existence of a 
unidirectional causal relationship running from GDP growth to energy use for the 
whole MENA sample. This corroborates Ozcan (2013) findings, who applied short 
and long-run causality tests (Engle and Granger, 1987) over the period 1990-2008 and 
confirmed the “conservation hypothesis” for 12 MENA countries (including Oman, 
Bahrain, the UAE and Saudi Arabia). This echoes Salahuddin and Gow (2014), who 
used panel cointegration and panel Granger causality techniques over 1980-2012 and 
found unidirectional causality from GDP to energy use. Furthermore, Magazzino 
(2016a) collected data for 10 MENA economies from 1971 to 2006. The Panel Vector 
Auto-Regressive (PVAR) model displayed a negative response of GDP to shock in 
CO2 for the six GCC countries and claimed that real GDP is a central determinant of 
energy use and CO2 emissions. In Bekhet et al. (2017), the authors employed ARDL 
and VECM frameworks using data from 1980 to 2011 and stressed the existence of 
long-run causality from CO2 emissions, financial development, and GDP to energy use 
in GCC countries. The “feedback hypothesis” has been validated in Omri (2013) for 
14 MENA countries and using a GMM on a Cobb-Douglas production function over 
the period 1990-2011. Similarly, Asif et al. (2015) used the FMOLS and DOLS esti-
mations methods over the 1980-2011 period, they concluded that urbanization, growth, 
and energy use are positively associated with carbon emissions for the whole sample. 
Regarding the “neutral hypothesis”, Sari and Soytas (2009) considered a sample of 5 
OPEC countries (including Saudi Arabia) and applied the ARDL approach over the 
period 1971-2002. Results fail to supply evidence of significant causal link among 
variables, which is in line with Hamdi and Sbia (2014a), who ended up to the same 
conclusion for GCC using VECM over the 1980-2009 period. More recently, Mag-
azzino and Cerulli (2019) applied a Responsiveness Scores (RS) approach on 17 
MENA countries with data spanning the 1971-2013 period. Empirical results demon-
strated that energy use showed positive RSs to shock in per capita GDP and vice versa. 
Inversely, trade and urban population showed negative responses. Lastly, recent evi-
dence on this nexus for GCC countries can be found in Zmami and Ben-Salha (2020), 
Alkhars et al. (2020), Baydoun and Aga (2021); and Majeed et al. (2021). Table 1 
outlines the key information on this literature. 

 
Table 1. Summary of previous studies on energy consumption, CO2 emissions, and GDP 

for GCC countries. 

Author(s) Countries Period Methodology Variables Causality 
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Sari and 
Soytas 
(2009) 

5 OPEC 
countries 

1971-2002 ARDL Energy consumption, 
GDP, and CO2 emis-
sions, employment 

E⇎Y and Y⇎C 

Alkhathlan 
and Javid 

(2013) 

Saudi Ara-
bia 

1980-2011 GC GDP, CO2 emissions 
per capita and energy 

consumption per capita 

E→Y and Y→C 

Farhani et 

al. (2013) 
11 MENA 
countries 

1980-2009 VECM Energy consumption, 
GDP, and CO2 emis-

sions 

E→Y and E, 
Y→C 

Omri 
(2013) 

14 MENA 
countries 

1990-2011 GMM Energy consumption, 
GDP, and CO2 emis-

sions 

E↔Y and E→C 

Ozcan 
(2013) 

12 MENA 
countries 

1990-2008 VECM Energy consumption, 
GDP, and CO2 emis-

sions 

Y→E 

Hamdi and 
Sbia 

(2014a) 

GCC coun-
tries 

1980-2009 VECM Energy consumption, 
GDP, and CO2 emis-

sions 

E⇎Y 

Salahuddin 
and Gow 
(2014) 

GCC coun-
tries 

1980-2012 GC Energy consumption, 
GDP, and CO2 emis-

sions 

Y→E 

Asif et al. 
(2015) 

GCC coun-
tries 

1980-2011 FMOLS, 
DOLS, DHC 

Energy consumption, 
GDP, and CO2 emis-
sions, urbanization 

E, Y, U→C E↔Y 
(for Oman and the 

UAE) 
Magazzino 

(2016a) 
10 MENA 
countries 

1971-2006 VAR, IRF Energy consumption, 
GDP, and CO2 emis-

sions 

Y→E, C 

Magazzino 
(2016b) 

6 GCC 
countries 

1960-2013 GC Energy consumption, 
GDP, and CO2 emis-

sions 

E→Y (for Ku-
wait, Oman, and 

Qatar) 
Bekhet et 

al. (2017) 
GCC coun-

tries 
1980-2011 ARDL, 

VECM 
Energy consumption, 
GDP, and CO2 emis-
sions, financial devel-

opment 

Y→E (except the 
UAE) and C→E 

(for Saudi Arabia, 
the UAE, and Qa-

tar) 
Magazzino 
and Cerulli 

(2019) 

17 MENA 
countries 

1971-2013 RS approach Energy consumption 
per capita, GDP, and 

CO2 emissions per cap-
ita, urban population, 

trade 

- 

Zmami and 
Ben-Salha 

(2020) 

GCC coun-
tries 

1980-2017 PMG-ARDL, 
STIRPAT 

per capita GDP, 
energy consumption, 

urbanization, 
international trade and 
foreign direct invest-

ments, and CO2 
emissions 

Y, FDI, E→C 

Alkhars et 

al. (2020) 
 

GCC coun-
tries 

2006-2019 Meta-Analy-
sis 

Energy consumption 
and economic growth 

E↔Y (for 43 % of 
the sample) 

Baydoun 
and Aga 

2021) 

GCC coun-
tries 

1995-2018 CS-ARDL, 
DHC 

 energy consumption, 
economic growth, fi-
nancial development, 
and globalization and 

CO2 emissions 

Y, E→C 

Majeed et 

al. (2021) 
GCC coun-

tries 
1990-2018 CS-ARDL Disaggregated Energy 

consumption, natural 
NRA, U, Y, E→C 
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resources, GDP and 
CO2 emissions 

Source: our elaborations. 
Notes: Y, E, C, NRA, FDI, and U represent economic growth, energy consumption, CO2 emissions, 

natural resource abundance, Foreign Direct Investments, and urbanization, respectively. E→Y indicates 
a unidirectional causal relationship from energy consumption to economic growth. Y→C indicates a 
unidirectional causal relationship from economic growth to energy consumption. E→C indicates a uni-
directional causal relationship from energy consumption to CO2 emissions. C→E indicates a unidirec-
tional causality running from CO2 emissions to energy consumption. E⇎Y indicates non-causal link 
between energy consumption and economic growth. Y⇎C indicates no causal link between economic 
growth and CO2 emissions. ARDL: Auto-Regressive Distributed Lag; GC: Granger Causality; VECM: 
Vector Error Correction Model; GMM: Generalized Method of Moments; FMOLS: Fully Modified 
Ordinary Least Squares; DOLS: Dynamic Ordinary Least Squares; DHC: Dumitrescu-Hurlin Causality; 
VAR: Vector Auto-Regressive; IRF: Impulse Response Function; RS: Responsiveness Scores; CS-
ARDL: Cross-Sectionally Augmented ARDL. PMG-ARDL: Pooled Mean Group-ARDL. STIRPAT: 
Stochastic Impacts by Regression on Population, Affluence, and Technology.  
 
3.4. Studies on the relationship among electricity consumption, CO2 emissions, and 

GDP 

 
Studies tackling the relationship among electricity consumption, GDP and carbon 
emissions for the GCC countries are recent. To the best of our knowledge, we denote 
only two existing papers using every two different approaches. First, within a single-
country study, Salahuddin et al. (2018) assessed the linkages among GDP, electricity 
use, FDI, financial development on carbon emissions for Kuwait. Applying VECM 
with data from 1980 to 2013, findings showed evidence of a bidirectional link between 
electricity use and GDP. In addition, the Granger causality test results supported the 
existence of a one-way causality from FDI, electricity use, and economic growth to 
carbon emissions. Using a multi-country approach, Salahuddin et al. (2015) explored 
the causal nexus among CO2 emissions, economic growth, electricity consumption and 
financial development for the GCC countries. The authors employed panel data anal-
ysis (i.e., DFE, FMOLS, and DOLS) with data from 1980 to 2012. As a result, a pos-
itive relationship is revealed from electricity use and growth to carbon emissions over 
the long run. Inversely, a negative relationship between CO2 emissions and financial 
development was supported. In addition, Granger causality findings provided evidence 
of a one-way causality from electricity use to carbon emissions and a bidirectional 
causal relationship between economic growth and carbon emissions. Lastly, Impulse 
Response Functions (IRF) and Forecast Error Variance Decomposition (FEVD) un-
derlined that per capita electricity use and GDP would substantially influence carbon 
emissions trends into the future. Table 2 summarizes this literature. 

 
Table 2. Summary of previous studies on electricity consumption, CO2 emissions, and GDP 

for GCC countries. 

Author(s) Countries Period 
Methodol-

ogy 
Variables Causality 

Salahuddin 
et al. (2015) 

GCC coun-
tries 

1980-2012 FMOLS, 
DOLS, DFE 

GDP, electricity con-
sumption, CO2 emissions, 

financial development 

E→C 
and 

Y↔C 



11 

Salahuddin 
et al. (2018) 

Kuwait 1980-2013 VECM, GC GDP, electricity con-
sumption, CO2 emissions, 

FDI, financial develop-
ment 

E↔Y 
and F, E, 

Y→C 

Source: our elaborations. 
Notes: Y, E F, and C represent economic growth, electricity consumption, FDI and CO2 emissions, 

respectively. E→C indicates a unidirectional causality running from electricity consumption to CO2 
emissions. Y↔C indicates a bidirectional causality between economic growth and CO2 emissions. 
E↔Y indicates a bidirectional causality between electricity consumption and economic growth. Y→C 
indicates a unidirectional causality from economic growth to CO2 emissions. FMOLS: Fully Modified 
Ordinary Least Squares; DOLS: Dynamic Ordinary Least Squares; DFE: Dynamic Fixed Effect; 
VECM: Vector Error Correction Model; GC: Granger Causality. 

 
 
3.5. Gaps in the literature and contribution proposal 

This literature review underlines three important points. First, empirical results drawn 
from the study of GCC economies are conflicting. While some papers supported the 
existence of a causal link between energy consumption and CO2 emissions, others 
failed to depict it. This is due to the wide range of methodologies employed on this 
topic and the various periods selected. Second, we noted that Salahuddin et al. (2018) 
is the only published paper investigating the electricity-growth-carbon emissions 
nexus for the single case of six GCC economies. 

Nonetheless, we must admit that the wavelet analysis remains incipient and mostly 
inexistent when dealing with this research question. Furthermore, despite three recent 
wavelet applications on various cases (Cifter and Ozun, 2007 for Turkey; Aslan et al., 
2014 for the US; Ha et al., 2018 for China), none has included CO2 emissions data 
within its framework. Third, we believe that trade openness and urban population are 
non-negligible drivers of environmental pollution. Thus, we fill this lack in the litera-
ture and include these two variables as additional pollution factors. 

Contributing to the literature on this topic, this paper investigates the linkages op-
erating among electricity consumption, CO2 emissions, economic growth, urbaniza-
tion, and trade openness for six Gulf Cooperation Council (GCC) countries. In contrast 
to traditional time series approaches, our empirical strategy uses the wavelet analysis 
on the frequency domain, which is thought to complement the time-series econometric 
procedures reported on this topic. Extending the data period to the 1965-2019 period 
is thought to bring updated results. 

 
 

4. Data Collection and Wavelet Framework 

 
We constructed a yearly dataset covering the period1 from 1965 to 2019 using the 
World Bank Development Indicators database. The generic function of the analyzed 
model can be written as: 

                                                 

1 Some of the Gulf countries like UAE, Qatar, and Bahrain are born in 1971, 1971, and 1980, respec-
tively. Therefore, for these countries, we performed a backcasting of all series through the backward 
recursive process, by using the function reverse forecast package in R software. This function uses 
ARIMA model to predict the years 1965-1970 for UAE and Qatar, and 1965-1979 for Bahrain. 
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 𝐶𝑂2 = 𝑓(𝐺𝐷𝑃𝑡, 𝐸𝑃𝐶𝑡, 𝑇𝑂𝑡, 𝑈𝑅𝑡)      (1) 
 

CO2 in (8) represents the per capita carbon dioxide emissions (in metric tons), GDP 
is the real per capita GDP (in constant 2010 US$), EPC is the electric power con-
sumption (in per capita kWh), which represent the living standards. TO indicates 
trade openness (summation of the percentage of imports and exports to GDP), as 
proposed by Hossain (2011) and Akın (2014); UR represents the urbanization (the 
share of the urban population in total population). 

To investigate the time-frequency dependence of the selected series, we used the 
wavelet coherence technique. One of the main advantages of this method is its pre-
vention from the necessity of separating the sample into various sub-sample periods 
for the analysis of co-movement during the time of crisis. Moreover, the wavelet ap-
proach has numerous advantages in time series analysis; 1) We can estimate it for non-
stationary data, thus relaxing the assumption of stationarity. 2) It can be estimated on 
any time series with a non-normal distribution. 3) It can capture asymmetric relation-
ships between variables at different time-frequency scales. 4) Localized events in time 
can be efficiently captured. 5) Continuous wavelet transform (CWT) is suffered less 
from boundary conditions and leakages because CWT discretizes scale more finely 
than the discrete wavelet transform (DWT). This method may be used to determine 
structural breaks during the occurrence of a complete breakdown in correlation or 
when the relevant frequency band is shifted. However, the decision to apply the cut-
off point for the segregation of times of crisis could be prevented. Consequently, the 
short-run and long-run causal relations between CO2, EPC, GDP, UR, and TO in 
GCC at the same time were captured. The method of a multi-scale decomposition 
brings out a natural frame to illustrate frequency-dependent behavior for exploring 
the relationships among the variables. 

Table 3 shows the descriptive statistics of these variables for all countries. For CO2 
and GDP, the highest value of mean was present in Qatar. On the other hand, the low-
est mean values for these two variables were present in Oman. Bahrain exhibits the 
highest mean of EPC. It is noteworthy that the negative skewness results are present 
in most GCC countries for EPC variable, with Oman and Saudi Arabia as exceptions. 
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Table 3. Descriptive statistics. 
Variable Mean Median SD Skewness Kurto-

sis 

Pseudo 

SD 

IQR 

PCRGDP 10.9955 10.8203 0.4556 0.3959 2.3023 0.5709 0.7702 
EPC 8.0457 9.1531 2.6808 -1.6855 4.0609 0.8186 1.1040 

CO2E 4.0019 3.3219 1.8056 1.6532 4.1896 0.7030 0.9483 
Country Variable Mean Median SD Skewness Kurtosis 

Bahrain PCRGDP 10.6522 10.6601 0.0503 -0.2426 2.5606 
EPC 9.6763 9.8317 0.4369 -2.1380 6.2182 

CO2E 3.1791 3.1833 0.1151 0.0060 2.1051 
Kuwait PCRGDP 11.0135 11.0550 0.1878 -1.1849 4.4214 

EPC 9.3496 9.5455 0.3721 -0.5667 1.9446 
CO2E 3.1136 3.3004 0.4017 -2.0609 9.0419 

Oman PCRGDP 10.4836 10.5759 0.2179 -1.0231 3.1309 
EPC 2.1627 1.9735 0.4323 0.3213 1.5826 

CO2E 7.8931 7.93060 0.6020 -0.5990 2.8289 
Qatar PCRGDP 11.5822 11.6142 0.2263 -0.3332 2.4351 

EPC 9.4120 9.4016 0.2086 -0.0290 1.2615 
CO2E 3.8469 3.9242 0.2878 -0.6058 2.2552 

Saudi Arabia PCRGDP 10.7765 10.7343 0.1764 2.5576 9.3064 
EPC 8.5058 8.5363 0.4003 -0.4564 2.4454 

CO2E 2.7055 2.7060 0.1697 -0.3548 2.2385 
United Arab 

Emirates 
PCRGDP 11.4650 11.5200 0.2924 -0.1457 2.6761 

EPC 9.1679 9.1893 0.2136 -0.6283 2.5894 
CO2E 3.2734 3.3340 0.2247 -0.8303 3.2163 

Notes: SD: Standard Deviation; IQR: Inter-Quartile Range; PSD: Pseudo Standard Deviation. 
 
Different approaches have been applied to examine the relationship among energy 

economics and finance by modelling whether the co-integration, co-movement and 
contagions among various variables in a multivariate framework using VAR, VECM, 
ARDL panel data and causality models (Huang et al., 2008; Ozturk, 2010; Hamdi and 
Sbia, 2014; Hamdi et al., 2014; Matar, 2015, 2016; Bekhet et al., 2017; Magazzino 
and Cerulli, 2019). However, various researchers have implemented the wavelet ap-
proach to examine economic and financial time series. For instance, Ramsey and Lam-
part (1998), Torrence and Compo (1998), Grinsted et al. (2004), and Rua and Nunes 
(2009) suggested detailed and formal descriptions of wavelet analysis. 

The current study investigates the causal relationship between CO2 emissions, elec-
tricity consumption, trade opens, urbanization, and GDP using wavelet analysis for 
GCC countries. With a wavelet analysis, a time series could be separated into fre-
quency elements. While the Fourier analysis has a full ability of representation and 
decomposition of stationary time-series, the research could be conducted with a non-
stationary time-series through wavelets. Furthermore, wavelets promote time conser-
vation for localized information, enabling co-movement to be measured in the time-
frequency space. Wavelet analysis is based on the wavelet transform, where changes 
occur in the signal or time series with the assistance of wavelet functions. Moreover, 
it plays a role as a small wave consisting of the starting and ending points. When these 
waves are manipulated through their accurate motion and a squeezing or stretching 
process, a non-stationary and complex signal could be depicted as the elements of fre-
quency, which go through localization in time. There are many different wavelet func-
tions, discrete and continuous. 
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Rua (2010) developed a new wavelet-based measure of co-movement, which ena-
bles to examine the co-movement for frequency level and over the time domain. This 
novel measurement allows one to recognize the change of the degree of co-movement 
over frequencies and time periods. By incorporating the time dependence of the co-
movement, wavelet analysis introduces a more unified framework. 

Basdas (2012) introduced the Wavelet Analysis as small waves that begin at a finite 
point in time and end at a later limited point in time. They can be seen as an extension 
of the Fourier analysis and control some useful properties for filtering the data to dif-
ferent frequencies. With this filtering, we can analyze the various return categories that 
model the total returns instead of analyzing the returns from various periods. Never-
theless, wavelets have been widely overlooked in finance and economics, with only a 
few exceptions. 

Wavelet analysis is primarily time series technique, there are three methods of 
wavelet analysis the first method is called continues with the function w(t) has two 
features with 0 mean and unit: 
 


- w(t)dt = 0          (2) 

2
- w(t) dt = 1          (3) 

 
Following Ramsey and Lampert (1998), Rua and Nunes (2009), and Aloui and 

Hkiri (2014), the transform of discreet enduring wavelet analysis is given by: 
 

 
  

 

N
x

t=1

1 t - s
w (u,s)= x(t)ψ*

uu
       (4) 

 
where u is the scale, s represents the time position and * denotes a complex conjugate. 
The main advantage of wavelet transform is the adequacy to decompose and therefore 
reconstruct the function x(t) as follows: 

 

0
0






     
x

u,s 2

1 ds
x(t)= w (u,s)ψ (t)du ,s 0

c s
      

(5) 

 
The main preference of the wavelet transform is the power protection of the selected 

time series. This advantage is utilized for the power spectrum analysis, which specifies 
the variance as:  

 
2

0






 
   

x

u,s 2

1 ds
x = w (u,s)ψ (t) du

c s
      (6) 

 
To test the cross-correlation action among the frequency and time period, we em-

ploy the square coherence wavelet by presenting first transform of cross-wavelet fol-
lowing Torrence and Compo (1998) subscribe the wavelet squared coherence as the 
next (7) and (8) models, respectively. 
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*

xy x yw (u,s)= w (u,s)w (u,s)         (7) 

 
The cross wavelet transform is defined of two stock index time series y(t) and x(t) with 
the enduring transforms of wy(u,s)and wx(u,s). Where, s is the scale, u is the position 
index, * refer to the compound consolidate. Finally, to examine the coherence of the 
cross wavelet transform in the time-frequency space, we apply the squared coherence 
wavelet called wavelet coherence that can be introduced as: 

 

t

2
-1 xy

t

t 2 2
-1 x -1 y

t t

S(s w (s)
R (s)=

S(s w (s) )S(s w (s)
      

(8) 

 
The wavelet coherence could be considered a correlation coefficient with a value 

range between 0 and 1, s represents the smoothing parameter. In the no easing condi-
tion, the wavelet coherence will be equal 1. Furthermore, the squared wavelet coher-
ence coefficient is in the range 0 ≤ R2 (u,s) ≤ 1 and values close to 0 indicate weak 
correlation while that close to 1 confirms the presence of high correlation. Thus, the 
wavelet coherence is a convenient instrument to measure the selected variables co-
movement over time (Aloui and Hikiri, 2014). 

 
 

5. Empirical Investigation 

 
Figures 1, 2, 3, and 4 show wavelet coherence analysis between CO2 and the inde-
pendent variables (EC, GDP, TO, and UR) in GCC countries. The x-axis in the figures 
indicates the time while the y-axis indicates the frequency. In the wavelet coherence, 
the decision could be taken only within the shape of a white cone line, which is called 
“the cone of influence”. The color scale on the right side determines the strength of 
the correlation among the variables. Hotter colors present a higher correlation between 
the variables concerning R2, and a thick black shape indicates a 5% significance level 
in the figures. 

As clearly seen in Figure 1, the results of wavelet coherence between CO2 and GDP 
are for the six GCC countries. The obtained results show a weak positive significant 
correlation between CO2 and GDP for Saudi Arabia. For instance, between 1975-1995, 
the arrows that were mostly rightward pointing in the thick black shape area confirm 
a positive relationship between GDP and CO2 at a high scale (16 years, long-run) in 
Saudi Arabia. However, during the period between 1965-1975, the results were mixed 
between positive and negative some time and at a low scale (3-4 years, short-run). 
Also, the results showed that this relationship between 1995-2010 was very weak, but 
it became stronger after 2010. 

On the top right of Figure 1, the results of wavelet coherence between CO2 and 
GDP for the UAE are shown. The overall result shows a weak positive correlation (but 
not significant over the whole sample period); it only shows significance until the late 
90’s. For instance, during the period 1965-1995, the leftward pointing arrows in the 
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thick black shape area mostly supports evidence of a negative and significant relation-
ship between GDP and CO2 at high scale (16 years, long-run); but after that, the results 
are positive but not significant. In Qatar and Bahrain, the situation is a bit different, 
since the results indicate that the relationship between CO2 and GDP is mostly uncor-
related at the high scale, while it shows some significance at a low scale, especially 
between the beginning of 80’s till the late 90’s for Qatar, and till 2016 for Bahrain, 
although this relationship is considered weak and unclear. The results of Kuwait show 
that this relationship is mostly moderated, and it is positive at a low scale (3-4 years), 
but not significant. At the bottom left of Figure 1, the wavelet coherence results for 
Oman indicate that the relationship is mostly positive and significant at low and me-
dium scales (3-8 years). For instance, in the period 1965-1995, the correlation is sig-
nificant at a low scale (3-4 years), while in the period between the late 90’s till 2019, 
the correlation is significant and positive at a medium scale (6-8 years), where the 
arrows in the thick black shape area were mostly rightward pointing. The most positive 
effect of GDP on CO2 emission in GCC countries could be because the economies of 
these countries are highly dependent on oil revenues. Increasing oil prices help in-
crease the growth output, which leads to a rise in average household income. As a 
result, the consumption patterns would change from low emission-intensive services 
and goods to more energy and emission-intensive ones. For example, oil price booms 
during and after the financial crisis 2007-2008 has led to an increase in the average 
household incomes by about 75 percent in Saudi Arabia and made the economy ranked 
as the world’s 19th largest economy. As a result, the country’s GDP has been doubled, 
and 1.7 million jobs have been created. Such transforms could be responsible for the 
growing movement in CO2 emissions by changing citizens' lifestyles in these coun-
tries.  Ultimately, the subsequent effect is the rise in the emission of pollutants such as 
CO2. The results of the relationship between GDP and CO2 emissions are in accord-
ance with several previous studies (Ehigiamusoe and Lean, 2019; Bekhet et al., 2017; 
Farhani et al., 2013), but against the results of others (Seetanah et al., 2019; Hossain 
and Hasanuzzaman, 2013). 

 
Figure 1: Wavelet coherence between CO2 emissions and GDP for GCC countries. 

Saudi Arabia 

 

United Arab Emirates 
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Figure 2 shows the results of the wavelet coherence analysis between CO2 emissions 
and electric power consumption for our panel. For Saudi Arabia, the results reveal a 
weak positive significant correlation between CO2 and EPC. For instance, in the period 
between 1965-1995, the rightward pointing arrows in the thick black shape area mostly 
support evidence of a positive relationship between GDP and CO2 at a high scale (16 
years, long-run), as well as at a low scale (3-4 years). In the UAE, the overall results 
show a strong significant correlation over the whole study period, although it is some-
times positive or negative. During 1965-2005, the rightward pointing arrows in the 
thick black shape area mostly demonstrate the existence of a significant positive cor-
relation between CO2 and EPC at a high scale (8-16 years), and a positive correlation 
for the 1965-1980 period at a very low scale (2 years). For Qatar, the results highlight 
a strong negative significant correlation between CO2 and EPC only at a high scale 
and in 1975-2015, the arrows were mostly leftward pointing in the thick black area. 
Regarding Kuwait, a correlation at a high scale (11-16 years) during the period 1965-
1995 emerges. However, it is not significant. Regarding Oman, the analysis indicates 
a weak positive significant correlation between CO2 and EPC at both high as well as 
low scale over the period 1966-1995; instead, for the more recent years (2005-2019), 
a strong positive significant correlation at a low scale (3-4 years) is observed. Finally, 
regarding Bahrain, there is also a strong positive significant correlation at a medium-
low scale (3-7 years), for the 1965-1970, and a strong positive significant correlation 
at a low scale (3-4 years) during the period 1980-2000. Certainly, the analysis results 
prove that the increase in electric power consumption would lead to an increase in CO2 
emissions in GCC countries, which will lead to a more degraded environment. This 
result shows that the environmental quality in GCC is strongly related the electric 
power consumption. Such a positive relationship between electric power consumption 
and CO2 pollution in GCC countries could be due to several simultaneous causes such 
as population significant growth rate, high GDP growth, relatively low prices of elec-
tricity and energy, hot climate, and the existence of inefficient technology. These re-
sults pertaining the positive correlation amid electric power consumption and CO2 
emission are in line with those of Flores-Chamba et al. (2019) in the European Union; 
Wang et al. (2019) in the case of 186 countries; Zaidi et al. (2019) for APEC states. 

 
Figure 2: Wavelet coherence between CO2 emissions and electric power consumption for 

GCC countries. 
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Figure 3 gives the results of the wavelet coherence between CO2 emissions and 

trade openness. Regarding Saudi Arabia, a weak positive correlation between the var-
iables is registered, except for the early period 1970-1985, when a strong correlation 
at a low scale (3-4 years) emerges. For the UAE, the results are slightly different, since 
the rightward pointing arrows in the thick black shape area reveal evidence of a posi-
tive correlation between CO2 and TO at a medium-high scale (8-16 years) also at a low 
scale (3 years) over the period 1965-1985. Regarding Qatar, at a low scale (3 years) a 
significant positive correlation over the period between 1965-1975 is found, and the 
same results are shown at a high scale (11-12 years) for the 1975-2005 years. The 
results for Kuwait were mixed. In fact, during the period 1965-2019, the leftward 
pointing arrows in the thick black shape area show the existence of a strong negative 
significant correlation between these two variables at a high scale (12-16 years) and 
the same results for the period 1985-2005 at low scale (3-4 years), while a strong pos-
itive correlation at a medium scale (5-8 years) for the 1985-2010 period. A very strong 
negative significant correlation between CO2 and TO at a high scale (11-16 years) over 
the study period emerges for Oman and a positive correlation over the period 1965-
1985. While during the period 2000-2010 at a low scale, the leftward pointing arrows 
in the thick black shape area indicate the existence of a strong negative significant 
correlation. With regard to Bahrain, the results indicate a strong positive significant 
correlation at a high scale (16 years) in the years 1965-1995, as well as a strong posi-
tive significant correlation at a low scale (3-4 years) in the 2005-2015 years. 
The analysis results regarding the relationship between TO and CO2 emissions in the 
GCC countries came mixed. For instance, in Saudi Arabia, Qatar, UAE and, Bahrain 
a positive relationship emerges. Hence, an increase in international trade leads to an 
increase in the environmental pollution in these countries. The positive result could be 
due to a heavy reliance on using fuel and other natural resources in the trade process, 
and the existent of polluting industries like the oil industry in these economies are 
among the biggest exporting oil in the world. These results are in line with those of 
Saidi and Mbarek (2017) applied to 19 emerging countries, and Oh and Bhuyan (2018) 
for the case of Bangladesh. For Kuwait and Oman TO, there is evidence of a negative 
effect on CO2 emissions over some period while positive over another, however, the 
effect was mostly negative. Indisputably, the negative effect of trade openness on CO2 
emissions in these countries improves environmental quality. Such a negative link be-
tween TO and CO2 emission supports the results of Saud et al. (2019) in the case of 
Belt and Road Initiative and Afridi et al. (2019) for the SAARC region. 

 
Figure 3: Wavelet coherence between CO2 emissions and trade openness for GCC coun-

tries. 
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Finally, in Figure 4, results of the wavelet coherence between CO2 emissions and 

urbanization rate are presented. In the case of Saudi Arabia, a strong positive signifi-
cant correlation emerges both at high and low scale. At a high scale (12-16 years) over 
the period 1965-2019, the results show a strong positive correlation, where the arrows 
in the thick black shape area are rightward pointing, while the results of medium and 
low scales show a strong positive significant correlation only during the 1965-1985 
and 2010-2019 periods. As for the UAE, the rightward pointing arrows in the thick 
black shape area confirmed evidence of a positive correlation between these two vari-
ables at a medium scale (8-12 years) and at a low scale (3 years) in 1965-1980. With 
regard to Qatar, a significant positive correlation is found at a low scale (3 years) in 
the period 1965-1970. In the case of Kuwait, leftward pointing arrows in the thick 
black shape area indicate the existence of a strong negative significant correlation in 
the 1965-1985 period, at both low and high scales. Regarding Oman, the analysis in-
dicates a strong positive significant correlation at both high and low scale over the 
period 1965-1975. For Bahrain, a strong positive significant correlation at a high scale 
(16 years) emerges during the years 1965-2019 and a strong positive significant cor-
relation at medium and low scale over the periods 1965-1985 and 2015-2019. 

The above-mentioned results of wavelet coherence analysis between urbanization 
and CO2 emissions highlight that urbanization mostly have a positive and statistically 
significant effect on CO2 emissions in GCC countries over the study period. According 
to Parikh and Shukla (1995) urbanization process is a part of the economic cycle. 
Hence, such results are not surprising, and theoretical debates prove it. Urbanization 
activities require much construction and development because it will be more desirable 
for people to move to more modern parts of the country. Such development leads to a 
huge environmental burden to any country since these projects would not be accom-
plished without using fuel and other natural resources. Another explanation for the 
positive relationship between urbanization and CO2 emissions in GCC countries could 
be related to what distinguishes these countries regarding the oil industry. GCC coun-
tries are among the biggest oil producers worldwide, and their economies are highly 
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dependent on oil revenues. Thus, the oil industry strongly affects urban planning be-
cause of the large number of people who are currently employed in this industry and 
the labor force emigrants from rural to urban areas (Mahmood et al., 2020). This find-
ing supports the ones of Tamura et al. (2018), Ali et al. (2019), and Alvarado et al. 
(2018), but varies from those of Asane-Otoo (2015), and Sun et al. (2018). 

 
Figure 4: Wavelet coherence between CO2 emissions and urbanization for GCC countries. 
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In conclusion, EPC is the one that has the strongest correlation with CO2 upon the 

four independent variables analyzed (as shown in Figure 2). In a nutshell, EPC and 
CO2 are linked and in phase in the GCC sample when observing data from 1965 to 
2019. On the other hand, the correlation between CO2 and TO is weak. Comparing 
these insights with the most relevant and recent literature, our results echo those of 
Salahuddin et al. (2015). Using FMOLS, DOLS and DFE, the authors supported the 
existence of a one-way link between electricity consumption and carbon emissions for 
GCC countries. In contrast, they shed light on a bidirectional relationship between 
economic and environmental indicators. Later, such results got updated in Salahuddin 
et al. (2018) for the specific case of Kuwait using VECLM and GC. Our findings are 
in line with a wide range of time-series causality assessments on this topic and which 
unanimously stressed the existence of underlying correlation forces among energy, 
economic and environmental indicators in the GCC area. See notably the early inves-
tigations from Alkhathlan and Javid (2013) for Saudi Arabia, Farhani et al. (2013) for 
11 MENA countries; Omri (2013) for 14 MENA countries, Ozcan (2013) for 12 
MENA countries; and more recently, Asif et al. (2015) for GCC countries; Magazzino 
et al. (2016a) for 10 MENA countries; Magazzino et al. (2016b) for 6 GCC countries; 
Bekhet et al. (2017) for GCC countries; and Magazzino and Cerulli (2019) for 17 
MENA countries; and Magazzino and Schneider (2020) for Israel. 

Nonetheless, one should mention that the present results contradict those of Hamdi 
and Sbia (2014a) since the authors failed to reveal the presence of a significant link 
between energy use and economic growth using a VECM approach to the 1980-2009 
period in GCC countries. Similarly, our wavelet estimates conflict with the ARDL 
outcomes of Sari and Soytas (2009) as they concluded no substantial relationship be-
tween energy use and GDP, and among GDP and carbon emissions trends in five 
OPEC countries. Lastly, our findings are in line with the GCC-based evidence of 
Zmami and Ben-Salha (2020), Alkathery and Chaudhuri (2021), and Majeed et al. 
(2021), who emphasized that the nature of the resources exploited to generate power 
does matter in determining emissions trends in this area and should thus be at the heart 
of future policy regulations. Especially, Baydoun and Aga (2021) claimed evidence of 
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a long-run association between energy consumption, financial development, economic 
growth, and CO2 emissions in GCC countries. Results drawn from a CS-ARDL model 
concurred to underline that economic growth and energy consumption adversely affect 
the region’s sustainability path. Looking beyond correlation evidence, Qader et al. 
(2021) further connect with our conclusions. They attempted to identify which meth-
odology, among neural network time series nonlinear autoregressive, Gaussian Pro-
cess Regression and Holt’s methods, performs the most reliable CO2 emission fore-
casting for Bahrain. For a clearer understanding, we have presented a summary of 
wavelet coherence overall findings in Table 4. 

 
Table 4. Summary of wavelet coherence overall findings for GCC countries. 

 Saudi Arabia UAE Qatar Kuwait Oman Bahrain 
CO2 vs 
GDP 

Weakly posi-
tive and signif-

icant 

Weakly posi-
tive but insig-

nificant 

Weakly 
positive 

and signif-
icant 

Moderate 
positive 

and signif-
icant 

Weakly 
positive 
and sig-
nificant 

Weakly 
but un-
clear 

CO2 vs 
EPC 

Weakly posi-
tive and signif-

icant 

Strongly posi-
tive/negative 

and significant 

Strongly 
negative 

and signif-
icant 

Insignifi-
cant 

Weakly 
positive 
and sig-
nificant 

Strongly 
positive 
and sig-
nificant 

CO2 vs TO Weakly posi-
tive/negative 

and significant 

Weakly posi-
tive but un-

clear 

Weakly 
positive 

and signif-
icant 

Mixed 
(positive 
and nega-
tive) re-

sults 

Negative 
and sig-
nificant 

Strongly 
positive 
and sig-
nificant 

CO2 vs 
URB 

Strongly posi-
tive and signif-

icant 

Weakly posi-
tive but insig-

nificant 

Weak pos-
itive but 
insignifi-

cant 

Mixed 
(positive 
and nega-
tive) re-

sults 

Strongly 
negative 
and sig-
nificant 

Strongly 
positive 
and sig-
nificant 

Notes: our elaborations. 
 
 

6. Concluding Remarks and Policy Implications 

 
This paper investigates the correlating association between electricity consumption, 
CO2 emissions, economic growth, urbanization, and trade openness for six Gulf Co-
operation Council (GCC) countries using data covering the 1965-2019 period. In con-
trast to traditional time series approaches, our empirical strategy uses the wavelet anal-
ysis on the frequency domain, thought to complement the time-series econometric pro-
cedures reported on this topic. 

Provided at the country level, the results present far-reaching policy recommenda-
tions whose applications may directly benefit environmental planning. In Saudi Ara-
bia, the wavelet findings support the existence of a weak positive and significant cor-
relation between CO2 and GDP, which is consistent with the existing literature. Re-
garding the UAE, evidence exhibits a weak positive correlation between GDP and car-
bon emissions, which turns insignificant when looking at the whole period. In Qatar 
and Bahrain, estimates indicate the presence of a weak and unclear relationship, indi-
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cating that the nature of this nexus is inconclusive. For Kuwait, however, wavelet find-
ings provide evidence of a positive and significant correlation between electricity use 
and CO2 at a low scale. 

In contrast, a weak positive correlation is depicted for Saudi Arabia. For Oman and 
Qatar, empirical results highlight the presence of a positive and statistically significant 
association between CO2 emissions and urbanization rate over the period between 
1965-1970. For Bahrain, the results reveal the existence of a strong positive and sig-
nificant correlation at high scale in the years 1965-2019, and a strong positive and 
significant correlation at medium and low scales over the periods 1965-1985 and 2015-
2019, consistent with the recent conclusions derived from Shahbaz et al. (2020) and 
Al-Radaydeh et al. (2021). In general, one sees that the empirical relationship between 
CO2 and GDP emerges here as weak and unclear. Results are mostly positive and sig-
nificant at low and medium scales (3-8 years) and insignificant at the high scale. The 
most positive effect of GDP on CO2 emission in GCC countries is linked to the fact 
that these economies are highly dependent on oil revenues. In addition, the transition 
policy to use sustainable and renewable energy techniques may explain the fuzzy na-
ture of this evidence. Increasing oil prices helps boost growth output, resulting in 
higher average household revenues. According to the findings, rising energy use could 
worsen environmental quality by raising CO2 emissions in the country. 

These findings contradict our findings, explaining the positive response of CO2 to 
increased economic development. The conclusions of this study have significant pol-
icy implications for the GCC, not just from an environmental standpoint but also in 
terms of financial resource allocation for future planning. The GCC countries have 
recently adopted a more proactive approach to environmental challenges on the inter-
national, national, and regional levels. However, the remodel initiatives, on the other 
hand, have not yet resulted in the formulation of consistent environmental moderniza-
tion policies (Bekhet at. Al, 2017). Notwithstanding their limitations, our findings are 
thought to bring high information value for different parties, helping government, pol-
icy makers, investors, and research departments, while developing comprehensive sus-
tainable energy policies in the Gulf region. 

The energy efficiency targets of the GCC countries for forthcoming decades are 
highly insightful. Shorty, while Bahrain aims to reduce electricity consumption by 6% 
by 2025, Kuwait plans to enhance the efficiency along the power generation process 
by 5% in 2020 and lower energy consumption by 30% in 2030. Also, Oman seeks to 
lower greenhouse gas emissions by 2% in 2030, whereas Qatar’s main goal is to ex-
plicitly diminish per capita electricity and water consumption by 8% and 15% by 2022, 
respectively. Nonetheless, Saudi Arabia also projects to limit the growth of power 
needs by 8% and 14% by 2021, respectively. This corroborates the track followed by 
the UAE as this latter set the objective to mitigate the electricity demand by 30% (in 
Dubai) in 2030. Being the core of solutions, improving energy efficiency for corpo-
rates and individuals is central. If adequately implemented, energy efficiency measures 
are expected to rise by 40% in the area by 2050, which would induce associated carbon 
emissions savings of approximately 70% (IRENA GCC, 2019). 

Linking these insights to national strategies provides fruitful information. Saudi 
Arabia, for instance, displays the longest and most elaborate planning heritage among 
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the GCC countries. Its Long-Term Strategy, covering the years 2005–24, was devel-
oped in 2004 to raise the national economy to advanced countries, implying doubling 
per capita income. It was founded in response to a number of issues, including the need 
to provide productive employment for Saudi nationals while also improving the quality 
of life. There is also a strong desire to expand the role of non-oil output in the economy 
and diversify and expand the economy. Second, the UAE's objective is to become one 
of the best places in the world to do business, with a clear path to long-term develop-
ment that is less dependent on oil in the future. This entails expanding new strategic 
sectors in order to channel synergies into industries and services where long-term com-
petitive advantage can be gained. To take a step forward, the government fosters en-
ergy sector innovation, research, and development to strengthen the regulatory frame-
work for developing high-value-added sectors and improve the long-term outlook. 
Third, Bahrain Vision 2030 aims to boost private sector productivity and establish a 
climate that encourages entrepreneurship and innovation, resulting in knowledge-
based and high-value-added businesses and economic activities. By situating invest-
ment projects, can help to bring new technological innovation in energy pathways. 
Fourth, through economic expansion, diversification, and GDP growth, Kuwait State 
Vision 2035 plan aims to transform Kuwait into regional commerce and financial hub 
for the northern Gulf. It also encourages private sector investment, which can help to 
strengthen state-led growth. Fifthly, the goal of Oman Vision 2030 is to ‘provide fa-
vourable conditions for economic take-off,' which entails diversification by expanding 
non-oil production. It also intends to make significant changes to the national econo-
my's structure by broadening the production base, expanding the private sector's posi-
tion in the economy, and improving human resources. The diversification plan to lib-
eralize foreign ownership policies is one way to improve the investment environment. 
Finally, Qatar Vision 2030 includes precise plans for individual projects and activities 
and economic and institutional growth goals. Finally, Qatar Vision 2030 includes pre-
cise plans for individual projects and activities, economic and institutional improve-
ments, and long-term development goals. Three overarching principles will lead to 
economic development: competent economic management, responsible oil and gas ex-
ploitation, and appropriate economic diversification. (National financial strategies of 
the GCC countries, Hvidt, 2013). 

From these insights, country-specific policy measures can be elaborated with direct 
applications in the GCC region. Above all, the financial and services may play a lead-
ing role in the Bahrain economy, together with fossil fuels. As a matter of fact, services 
already cover 59.2% of total GDP in 2020 and are yet expected to meet a promising 
path (WDI, 2020). By contrast, Kuwait's plan focuses on infrastructure investments, 
transportation, and (silk city) business hub. Oman’s vision by 2020-2025 calls for eco-
nomic diversification, increased private activity and human resource development, in-
dustrial fertilizer, water desalination, and tourism. This latter element already repre-
sents 48.1 % of the aggregate value-added generated in 2020, equivalent to $32 billion 
of current US$ (WDI, 2020). Regarding Saudi Arabia, the government’s vision 2030 
set in 2016 focuses on developing new industries and business through massive public 
investments. It is thus not surprising that the introduction of Value Added Tax (VAT) 
in the GCC was first achieved in Saudi Arabia and UAE to in January 2018. But to do 
so, Saudi Arabia will have to diversify its economy further, starting by lowering the 
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contribution of oil to national GDP (oil rents represented 24.2% of GDP in 2020) and 
triggering the emergence of the services sector (which covered 25.4% of GDP in 
2020), more likely to embed high value-added, human capital formations, and tech-
nologies (WDI, 2020). Tightly linked to this view, Qatar’s national strategy for 2030 
also aims to create a more diversified economy, reducing thus its dependence on oil 
revenues in the long run. Besides, the government calls for a more efficient natural 
resources management, including a growing place dedicated to renewables in the fu-
ture power supply. Still, the share of low-carbon and alternative energy resources is 
insufficient in the total energy consumed, mostly dominated by oil and natural gas with 
26.85% and 73.09% of total energy consumed in 2019, respectively (BP Statistical 
Review of World Energy, 2020). Major green energy expansions are expected to de-
ploy further renewables whose coverage is lower than 1% of total energy consumed. 
The government should catch the opportunity represented by solar relatively higher 
natural endowment (Jahangiri et al., 2020). Overall, the UAE vision 2021, UAE en-
ergy strategy 2050, UAE green growth strategy, and UAE future strategy centennials 
plan 2071 converge to a central goal: positioning UAE as a regional hub for research, 
inducing immediate improvements for the tourism sector. As a matter of fact, Foreign 
Direct Investments (FDI – net inflows) recorded a 26% growth compared to 2005 but 
still covers only 3.3% of GDP in 2020 (WDI, 2020). 

Undoubtedly, suggesting energy and economic strategies in the current warming 
context emphasizes the close connections of this topic to climate change. While it has 
emerged as a major threat for biodiversity, coastal populations, water shortages and 
food security, global warming is expected to create heterogeneous effects across coun-
tries, regions and sectors (Stern, 2006). Our illustrative GCC case is highly likely that 
extreme weather shocks may affect these economies shortly (Abdulrahman, 2020). 
Even if major reforms are implemented today, the relationship between GHG emis-
sions and temperature is neither immediate nor linear, suggesting that the benefits from 
present policies may emerge after a time lag of several decades. In the light of today’s 
knowledge, countries located in the middle east are expected to experience an accel-
eration of temperature shocks, which might translate into real damages through three 
channels. First, increasing the frequency of high temperature events will create a sharp 
rise in electricity needs, notably for cooling purposes (Ahmed et al., 2012; McFarland 
et al., 2015; Rivers and Shaffer, 2020). Knowing that most of these countries inten-
sively rely on the combustion of fossil fuels to generate power, questions are ongoing 
on how they can avoid the release of additional pollutants to adapt to a warming envi-
ronment, which may further alter the climate dynamic. Second, major losses are ex-
pected on agricultural production, with a direct effect on household incomes. Further 
inputs (technologies, water, pesticides) will be necessary to compensate for the land’s 
productivity losses and mitigate the emergence of a poverty trap in rural areas (Agno-
lucci et al., 2020; Liu et al., 2020; Warsame et al., 2020). Third and finally, health is 
likely to become a major outcome of rising temperature, notably because it has been 
shown that long exposure to a critical temperature create damages that policymakers 
can no longer ignore (Anenberg et al., 2020; Mousavi et al., 2020; Margolis, 2021). 
All these adaptation strategies are costly and require important investments to cover 
their fixed capital costs. The growth pattern may solve only one side of the problem 
by mitigating today’s emissions (Victor, 2012). However, the debate is ongoing on 
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how reducing wealth may fill the need for funding, infrastructures and facilities for 
climate adaptation purposes (Perkings, 2019). One more step but a long mile to go. 

 
 
7. Limitations and Caveats 

 
Notwithstanding its relevance, this paper suffers from limitations and caveats based 
on which prospects for future research can be proposed. 

Above all, despite being a power tool on the frequency domain, the wavelet coher-
ence approach does not provide real causality results. Instead, it draws correlating ev-
idence that limits the scope of policy recommendations that can be generated after that. 
Hence, we suggest future studies rely on time-series econometric tools to stress the 
existence, nature, and direction of causalities among variables. Newly developed quan-
tile regression and cointegration models would confirm the above results and extend 
them by perhaps reconciling the conflicting conclusions reported so far on this matter. 
In addition, insights-based macroeconomic indicators are relevant but broad. In this 
paper, we admit that aggregate data measures fail to offer a precise picture of the GCC 
energy and environmental issues. Instead, information is lost, and channels are gath-
ered in a fuzzy framework. If data availability allows that, future studies should con-
duct sectoral analyses and help identify which sectors drive atmospheric pollution and 
how to channel low energy-intensive sectors that may potentially trigger it. Going one 
step further, firm-level evidence should complement our insights and help policymak-
ers determine how medium and high-tech industries operate as technological diffusers 
and low-carbon energy enablers across sectors. There is a need to understand further 
the channels operating among energy, economic and environmental indicators, and 
top-down research (from macroeconomic to household levels) is necessary. Lastly, 
despite its incipient nature, the use of Machine Learning methodologies derived from 
Artificial Intelligence has demonstrated power capacities on related topics (Magazzino 
et al., 2020a; 2020b; 2020c, 2021). Future papers should look at incorporating such 
innovative data testing methods within a time-series framework and coupled them with 
time-series econometric procedures. 
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