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Does electricity consumption impacting 
financial development? Wavelet analysis
Ali Matar*

Abstract 

The current study analyzes the time–frequency dependencies between financial development (FD) and electrical 
power consumption (EPC) in the Gulf Cooperation Council (GCC) Countries (Qatar, Saudi Arabia, Kuwait, the United 
Arab Emirates, Oman, and Bahrain) during the period 1980–2017. The practical examination is based on the wavelet 
squared coherence that allows assessing the co-movement between the selected variables of FD and EPC. The main 
objective of this study is to investigate the short- and long-term dependencies between FD for the GCC countries and 
EPC to provide helpful insights to policy makers, investors, and government to show them if FD is influenced by EPC 
in GCC countries. Most of previous related studies have employed co-integration, causality, and panel data tech-
niques. However, this study will be the first study that uses the wavelet coherence analysis to examine the relationship 
between EPC and FD. The results show periodic changes in the model of the co-movements especially after 2008 
for all countries at comparatively high frequencies. Besides, the results indicate strength of co-movement varies by 
country. Such as a high degree of co-movement between the electrical power consumption and financial develop-
ment in United Arab Emirates, Kingdom of Saudi Arabia, and Qatar, while low co-movement with Kuwait and Bahrain. 
The result as well document a comprehensive change in electrical power consumption and financial development 
co-movement after 2008 at comparatively low frequencies especially in Kuwait, Oman, and Bahrain. The results of 
the current study provide prospective importance implications for policy makers in improving energy plans for GCC 
countries that redound to EPC depression policies whereas conserving financial development.
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Introduction
Various researches have investigated the relationship 
between electrical power consumption (EPC) and finan-
cial development (FD), precisely in the recent three dec-
ades in various countries for instance [6, 11, 26, 29, 37, 
42, 44, 50]. In addition, numerous previous studies pre-
sented a robust relationship between the EPC, economic 
growth, and FD. This suggests that a rise in EPC immedi-
ately influences FD and economic growth (see [4, 16, 22, 
24, 25, 42, 45, 46]).

Most of the previous studies utilized their methodolo-
gies both of time series (see, [9, 11, 26, 48]) and panel data 
analysis (see, [6, 18, 40, 41]). A large body of empirical 

studies debates the relationships between the EPC, eco-
nomic growth, and FD by using the directions of granger 
causality interconnection that possibly classified as four 
sections: First, unidirectional assumption runs from FD, 
economic growth to electricity consumption. In this 
case, electricity preservation policies prepared to reduce 
electricity consumption and waste will have a few or no 
impact on economic growth. Second, the bidirectional 
hypothesis declares that there are two-ways causality 
relationships existed between FD and EPC. Third, growth 
assumption implies that causality runs from EPC to FD. 
Ozturk and Acaravci [32] indicate that EPC contributes 
essential function in the process of FD. For that case, the 
reduction in EPC due to electricity conservation policies 
may have a catastrophic impact on FD.

Fourth, neutrality hypothesis states that if there is no 
causal correlation running from EPC to FD, the electricity 
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consumption will have no impact on financial develop-
ment [16]. Also, Salahuddin et al. [42] found significant 
and negative association between EPC and FD, and this 
indicates that EPC and GDP prompt  CO2 emissions for 
GCC, while FD decrease it. However, neutral causal-
ity relationship between financial development and  CO2 
emissions is found by this study. It is very important for 
different parties such as for government to test the cau-
sality direction to construct and apply implications for 
electricity policies. Thus, it is essential to attain whether 
there is an existence of causality relationship between FD 
and EPC with its direction.

What distinguishes this paper from the reviewed litera-
ture is that this paper is from the pioneer’s studies that 
applied one of the synchronous time series mechanisms 
of wavelet analysis. Wavelet analysis techniques are very 
appropriate to study the sequential destination for finan-
cial variables. Most of the previously related studies 
have employed co-integration, causality, and panel data 
techniques. However, this study will be the first study 
that uses the wavelet coherence analysis to examine the 
relationship between EPC and FD. Wavelets permit one 
to run with a non-stationary time series, and it keeps 
the time-centralized information and, thus, qualifies the 
measurement of co-movement in the time–frequency 
area. Wavelet technique is stem from the wavelet trans-
form, whither the index is transformed with the assis-
tance of mission called wavelets. A wavelet mission is a 
short wave that has a beginning and an ending. Operat-
ing those waves by moving them in time and compress-
ing them allows one to perform a series, non-stationary 
signal as time–frequency elements that are centralized in 
time [19].

This study contributes to the existing literature by 
incorporating the impact of two important production 
factors of EPC and FD and by expanding the production 
function applying EPC as one of the input variables.

Electricity consumption is increasing worldwide as 
populations’ electrical power consumption is rising con-
stantly, as people are increasingly having the willingness 
and the ability to add more electrically powered devices 
that are highly used in their daily activities than before 
[35]. Based on recent annual report of International 
Renewable Energy Agency (IRENA), 2019, the report 
links the plenty financial development represented by 
commercial projects and new housing across the GCC 
over the past decade. The regional EPC grew at an aver-
age rate of 7% per annum between 2006 and 2016, faster 
than anywhere else in the world. Oman and Qatar saw 
the steepest overall rise in electricity consumption, the 
consumption growth in Oman reach to 20% (see Fig. 1).

Essentially, the destruction into time frequency and 
the position of the mutuality between sub-time series 

are the main two closely estimated ranges of the wave-
let tools in finance [3]. Growing EPC in integration 
with high-rate energy bill and ecological warnings show 
a functional defy for GCC nations. There is pressing 
necessity to design sustainable and renewable energy 
mechanisms that can resist the further defies. The main 
objective of this study is to investigate the short- and 
long-term dependencies between FD for the GCC 
countries and EPC to provide helpful insights to policy 
makers, investors, and government to show them if 
FD is influenced by EPC in GCC countries. Moreover, 
the study attempts to answer two research questions 
in particular: First, does movement in EPC over time 
affect the FD of GCC markets? Second, which country 
among GCC is most affected by EPC co-movement?

The results proved very low co-movement and 
dependence between the EPC and FD variables in 
Kuwait and Bahrain. However, the EPC is strongly 
related to FD over many periods especially at high 
frequencies with high degree of co-movement and 
dependence for the three countries of KSA, UAE, and 
Qatar. Furthermore, the results suggested high degree 
of co-movement in Oman for the high frequency only 
until the year 2010, after that it reveals less dependent 
between EPC and FD.

The rest of the study is structured as follows: the 
next section explores the previous literature. Literature 
review” section illustrates the study methodology and 
data. “Methods” section presents the empirical results, 
while conclusion and policy implications are presented in 
the last section.

Literature review
The relationship between economic growth, EPC, energy 
consumption, and FD have attracted many researchers 
such as Bekhet and Matar [8], April), Bekhet et al. [9], 
Cowan et al. [14], Matar and Bekhet [26], Ntanos et al. 
[28], Omri et al. [30], Onuonga [31], Ozturk and Acaravci 

Fig. 1 Energy consumption by sector in GCC with comparative of 
USA, Europe, and the world
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[33], Sbia et al. [43], Shahbaz et al. [47], Sunde [49], Tang 
et al. [50], Yildirim et al. [54].

Using panel data for 22 emerging countries, Sador-
sky [40] found a positive relationship between financial 
development and energy consumption. The same previ-
ous author [41] found the same result when he applied 
the same method on 9 Central and Eastern European 
frontier economies. However, no significant relation-
ship is found by Coban and Topcu [12] in the EU27 using 
GMM model.

Rashid and Yousaf [37] applied GMM approach along 
with principal component analysis and suggested a sig-
nificant positive linkage between electricity consumption 
and financial development in India and Pakistan.

Ziaei [56] examined the effects of financial develop-
ment on energy consumption and  CO2 emissions by 
using panel vector auto-regression (PVAR) in 13 Euro-
pean and 12 East Asia and Oceania countries. He found 
that energy consumption and  CO2 emission shocks on 
financial indicators such as private sector credit are not 
very pronounced in both groups of countries.

Gaies et al. [18] investigated the relationship between 
energy consumption and financial development in 
the MENA countries by applying linear and nonlinear 
dynamic panel model. They suggested a positive signifi-
cant relationship between FD and energy consumption.

By applying cross-country panel data from 21 transi-
tional countries, Yue et al. [55] found that there are no 
significant linear relationships between financial devel-
opment and energy consumption. However, FD does 
have significant nonlinear impacts on energy consump-
tion in transitional countries.

Tang et al. [50] examined the relationship between EPC 
and FD, and FDI. He found that GDP, FD, exchange rate, 
and macroeconomic uncertainty are positively related 
to FDI. Cowan et al. [14] suggested various results for 
the granger causality (neutral, bidirectional, and uni-
directional) between EPC,  CO2, and GDP in the BRICS 
nations. Wolde-Rufael [52] examined the causal rela-
tionship between electricity consumption and economic 
growth for 15 countries. He found neutral causality in 
Moldova, Slovenia, Albania, and Serbia; in Belarus and 
Bulgaria a unidirectional running from EPC to economic 
growth and bidirectional causality in Ukraine.

By applying panel data for the period of 1980–2012, 
Salahuddin et al. [42] examined the relationship between 
EPC, FD, economic growth, and  CO2 emissions in the 
GCC countries. They found a positive long-run relation-
ship between EPC, economic growth, and  CO2 emissions 
and negative relationship between FD and  CO2 emis-
sions. Salahuddin et al. [42] analyzed the short-run and 
long-run effects of FD, GDP, imports, export, and capital 
on EPC in Japan by using ARDL co-integration model. 

Their results indicated that 1% rise in FD, import, export, 
and GDP will increase the load on EPC by 0.24%, 0.21%, 
0.09%, and 0.50%, respectively.

Matar and Bekhet [26] investigated the dynamic rela-
tionship among the FD, GDP, EPC, and export in Jor-
dan over the 1976–2011 period by employing ARDL 
approach and granger causality test. They found a long-
term equilibrium relationship between EPC and GDP 
with unidirectional causality association run from real 
GDP to EPC. Komal and Abbas [21] examined the impact 
of FD on energy consumption in Pakistan by using the 
system GMM estimation technique. They found that 
FD has positive impact on energy consumption. Moreo-
ver, they found positive impact of economic growth and 
urbanization on energy consumption, while the impact of 
energy prices over energy consumption is negative.

Shahbaz et al. [48] explored the asymmetric relation-
ship between FD, economic growth, and energy con-
sumption by using NARDL bounds testing approach. The 
results suggested co-integration among the variables and 
indicated that the negative shocks to FD have impacts on 
economic growth. Bekhet et al. [9] analyzed the causal 
relationships among FD, GDP, and  CO2 for GCC coun-
tries by using ARDL bound testing approach. The results 
indicated a long-run and causal relationships among FD, 
GDP,  CO2, and energy consumption for all GCC nations 
with the exception of UAE.

Nur-Syazwani [29] investigated the relationship 
between EPC and GDP in Malaysia over the 1971–2014 
period by employing ARDL bounds testing approach. The 
results showed that there was a co-integration between 
EPC and GDP, and also the study suggested that EPC, and 
FDI positively affected GDP in the short-run. The study 
recommended improving current energy production and 
motivating the exploration of alternative energy sources 
to promote economic growth in Malaysia. Bouznit et al. 
[11] analyzed the relationship between EPC and income 
GDP for Algeria over the 1970–2013 period by using 
ARDL bound testing approach. The results showed that 
the relationships between electricity use and GDP pre-
sent an inverted N-shape, with the second turning point 
having been reached. Moreover, the results suggested to 
increase the electricity production by renewable energy 
sources to meet the increasing demand.

Baloch and Meng [6] found that electricity consump-
tion granger causes financial development in OECD 
countries. Pata [34] suggested that financial development 
increases the environmental degradation and causes 
great increase in  CO2. Destek and Sarkodie [15] found 
that there is inverted U-shaped relationship between 
financial development and ecological footprint.

By employing the wavelet analysis, the current paper 
is distinguished from the previous literature since most 
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of the previous literature using the relationship between 
these variables by employing co-integration and panel 
data tests.

Methods
Different models have been applied to investigate the 
relationship between energy consumptions, EPC, and 
GDP by using various co-integration and causality mod-
els such as Al-Iriani [1], Al-Mulali [2], Arouri et al. [5], 
Boutabba [10], Farhani and Ben Rejeb [17], Mehrara [27], 
Wolde-Rufael [52], and Tang and Ozturk (2014).

Numerous studies have applied the wavelet coherence 
model to analyze economic and financial time series 
but with different variables. For instance, Grinsted et al. 
[20] Ramsey and Lampart [36], Rua and Nunes [39], and 
Torrence and Compo [51] provided detailed and for-
mal description of wavelet approach. Through wavelet 
approach, time series can be consisted into frequency 
elements. Whereas the determined tool for frequency 
elements, the totally eligible of symbolizing a stationary 
time series is Fourier analysis.

Rua [38] developed a new wavelet-based measure of 
co-movement, which enables to examine the co-move-
ment both at frequency level and over time domain. This 
new scale permits one to observe change of the degree 
of co-movement over time periods and frequencies. This 
spectral analysis provides a more unified framework by 
incorporating the time dependence of the co-movement.

Wavelet is short wave that starts at a specific period 
in time and finishes at a later final specific period in 
time. Fourier analysis can be noticed as an expansion 
of the wavelet analysis with some beneficial features for 
close out the data into various frequencies. This close 
out feature gives the ability to study the different return 
layers that comprise the total returns as an alterna-
tive of studying the returns from different durations. 
Wavelets have been widely looked out in economic and 
finance with only a small exclusion [7]. It is originally 
time series analysis, and there are three types of wave-
let analysis, the first one is continues with the function 
w(t) that has two properties with zero mean and unit 
energy:

Following Ramsey and Lampart [36], Rua and Nunes 
[39], and Aloui and Hkiri [3], the continuous wavelet 
transform of a discreet time series is given by:

(1)
∫ ∞

−∞
w(t)dt = 0

(2)
∫ ∞

−∞
|w(t)|2dt = 1

where u represents the scale, s is the time position and * 
denotes a complex conjugate. The major utility of wavelet 
transform is the capacity to reconstruct and thus decom-
pose the model x(t) as follows: 

The major advantage of the wavelet modify is the power 
conservation of the chosen time series. This feature is uti-
lized for the power spectrum technique that assigns the 
variance as:

To examine the cross-correlation behavior during the 
time period and frequency, we apply the wavelet square 
coherence by introducing first cross-wavelet transform, 
second the wavelet squared coherence as following (6) 
and (7) models, respectively [51].

The express wavelet switch is defined of two variables 
x(t) and y(t) with the continuous switches of wx(u, s) 
and wy(u, s) where, u is the position index, s is the scale, 
* refers to the complex conjugate. Eventually, to test the 
consistency of the cross-wavelet switches in the time fre-
quency area, we employ the squared coherence wavelet 
called wavelet coherence that can be defined as:

It can be concept as a correlation coefficient with a 
range between 0 and 1, s denotes the smoothing param-
eter. In the no smoothing case, the wavelet coherence will 
be equal 1. In addition, the coefficients of squared wave-
let coherence are in the range 0 ≤ R2(u, s) ≤ 1 and their 
values are slight to 0 articulate low correlation, while 
those slight to one prove the existence of high correlation 
[3].
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Data and preliminary findings
Quarterly data for per capita EPC and FD variables cov-
ering the period of 1980Q1–2017Q4 collected from the 
World Bank [53] because World Bank databases provide 
the sufficient and suitable data for this study. Where, 
an EPC represents the per capita electrical power con-
sumption measures in kw/h and FD is a representative of 
domestic credit provided by financial sector (% of GDP) 
in GCC countries. For the wavelet analysis, the current 
study applied the LA (8) filter not HAAR since the HAAR 
filter according to Lee and Tarng [23] is not continuous 
and not differentiable. However, LA (8) filter achieves 
coefficients that are approximately uncorrelated between 
scales while having a filter width short enough such that 
the impact of boundary conditions is acceptable [13].

Table 1 shows the descriptive statistics for FD and 
EPC. All of the analyzed data have positive mean, Oman 
FD and Kuwait EPC have the highest standard devia-
tion, while KSA for FD and Bahrain EPC have the lowest 
standard deviation. UAE has the largest FD skewness, at 
1.0532, and Bahrain has the largest EPC skewness with 
0.6335. All GCC exhibit positive kurtosis; and Oman has 
the highest FD kurtosis at 13.258, whereas Kuwait has the 
highest EPC kurtosis, at 2.4425.

In addition, results indicate that we can accept the H0 
of normality whereby the distributions for all variables 
are normal due to the Jarque–Bera P values.

Table 2 presents the unconditional correlation between 
FD and EPC in the GCC. The result shows that the Qatari 
FD has the highest correlation with the EPC. The lowest 

correlation between the tested variables is found in Bah-
rain. The correlation of the United Arab Emirates, Saudi 
Arabia, Kuwait, and Oman falls in the range, from 0.0852 
to 0.5427.

Results and discussion
This section discusses the results for selective countries 
that are shown in Figs. 2, 3, 4, 5, 6, and 7. The contour 
plot wavelet-based measure of co-movement is pre-
sented through three dimensions. The vertical axis rep-
resents the frequency, and the horizontal axis represents 
the time. To interpret the results easily, the figures are 
colored with various colors from the light area to (toward 
blue) the hot colors. Merely, the light areas (toward 
blue) denote the weak co-movement, while the hot areas 
denote the strong co-movement between the variables. 
Consequently, the contour plot can identify into the ver-
tical axis for frequency strips and the horizontal axis for 
the time periods; the higher the frequency, the lower the 
scale. The time series move together and estimate if the 
strength of the co-movement varies toward frequencies 
over the time; the warmer the color is, the more depend-
ent the series are. The figures below reveal the country 
pairs one by one in terms of the co-movement between 
EPC and FD for each country in GCC. Figures 2, 3, and 4 
present the wavelet results of the KSA, UAE, and Qatar, 
and the figures show that EPC is highly correlated with 
FD over different phases especially at high frequen-
cies with high degree of co-movement and dependence 
for the three countries of KSA, UAE, and Qatar. These 

Table 1 Descriptive statistics for the FD and EPC in GCC 

KSA UAE QAT OMA KUA BAH

Descriptive statistics for FD

Mean 0.0005 2.003 0.0023 3.255 0.0052 0.0042

Maximum 0.0565 0.1235 0.1346 3.0132 0.1265 0.1458

Minimum 0.0010 0.0752 0.1563 0.1789 0.0652 0.1925

SD 0.0112 0.0256 0.0192 0.1852 0.0453 0.0223

Skewness 0.6542 1.0532 0.5623 0.8521 0.6532 0.5483

Kurtosis 6.2563 8.2153 9.2587 13.258 10.236 7.236

Probability 0.2563 0.1548 0.8521 0.1586 0.4563 0.5987

Observations 148 148 148 148 148 148

Descriptive statistics for EPC

Mean 0.4525 3.5525 0.3823 1.8058 0.5256 0.4256

Maximum 2.0152 1.6987 5.326 21.509 9.0052 0.7158

Minimum 6.3725 1.5156 11.555 12.587 2.5068 0.2987

SD 0.7891 0.5524 0.447 1.2285 1.4567 0.17528

Skewness 0.61577 0.278 0.2067 0.2724 0.3278 0.6335

Kurtosis 2.1047 2.3783 2.0678 1.8287 2.4425 1.4986

Probability 0.1880 0.6057 0.4671 0.2987 0.5856 0.1587

Observations 148 148 148 148 148 148
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results are in consistent with, Baloch and Meng [6], 
Bekhet et al. [9], Komal and Abbas [21], Wolde-Rufael 
[52] and Salahuddin et al. [42] and inconsistent with 
Bouznit et al. [11], and Destek and Sarkodie [15].

Figure 5 reveals high degree of co-movement in Oman 
for the high frequency only until the year 2010, after that 
it reveals less dependent between EPC and FD. Figures 6 

and 7 present the wavelet results of Kuwait and Bahrain 
countries, and it shows that very low co-movement and 
dependence between the EPC and FD variables indicate 
low correlation between tested variables at these coun-
tries. Thus, we can conclude that there is a small signifi-
cant area of dependence on these countries. These results 
are in consistent with Shahbaz et al. [48], Bouznit et al. 
[11], and Destek and Sarkodie [15] and inconsistent with 
Baloch and Meng [6] and Pata [34].

Table 2 Correlation matrix between the study variables in GCC 

KSA UAE QAT OMA KUA BAH

FD EPC FD EPC FD EPC FD EPC FD EPC FD EPC

FD 1.000 1.000 1.000 1.000 1.000 1.000

EPC 0.5427 1.000 0.3528 1.000 0.6542 1.000 0.2856 1.000 0.0852 1.000 0.0758 1.000

Fig. 2 Comovement between the electrical power consumption and 
financial development in KSA

Fig. 3 Comovement between the electrical power consumption and 
financial development in UAE

Fig. 4 Comovement between the electrical power consumption and 
financial development in Qatar

Fig. 5 Comovement between the electrical power consumption and 
financial development in Oman



Page 7 of 9Matar  Futur Bus J 2020, 6(1):18

These results are remarkable for many parties like 
policy makers, corporations, governments, and investors 
whether they are domestic or foreign. Nevertheless, the 
importance of this study refers to the reason that elec-
tricity bill reflects a distinguished portion in GDP for 
GCC countries. Besides, the costs of electricity bills are 
impacted by oil prices which have risen up with high rate, 
especially during the period of 2008-2017 refer to vari-
ous economic and politic crises and events in the Mid-
dle East. Therefore, the rise in the oil prices has positively 
influenced the electricity costs. Most of the previous 
studies of the relationship between GDP and EPC have 
been globally performed in developed regions. So far, 
there seems to be no sufficient regarding the relation-
ship in GCC countries. The main result of this study 
reveals robust dynamics in co-movement especially in 
KSA, UAE, and Qatar during different financial horizons. 
Our results suggest to the countries with high association 
between EPC and FD to pay attention regarding that and 
trying to find sustainable and renewable energy sources.

Conclusion, limitations, and recommendations
This study explores the co-movement relationships 
between EPC and FD for GCC nations. To test the co-
movement relationship between the mentioned vari-
ables, the study used the wavelet analysis for the period 
of 1980–2017. The empirical results proved that the EPC 
is strongly related to FD over many periods especially at 
high frequencies with high degree of co-movement and 
dependence for the three countries of KSA, UAE, and 
Qatar. Furthermore, the results suggested high degree 
of co-movement in Oman for the high frequency only 
until the year 2010, after that it reveals less dependent 
between EPC and FD and shows very low co-movement 

and dependence between the EPC and FD variables in 
Kuwait and Bahrain. This means that in these countries 
the electricity consumption strategies will not influence 
the financial development. However, the results of strong 
co-movement in KSA, UAE, Qatar, and Oman indicate 
that EPC plays a fundamental role in FD and economic 
growth. The results answer the study questions that the 
FD is affected by EPC, and the most country is affected 
by EPC co-movement is Qatar. However, some limita-
tions should be noted. First, this study is one of a very few 
studies that uses wavelet time series to analyze the rela-
tionship between the study variables; hence, we do not 
find any paper so far used this methodology which make 
our result incomparable with previous studies using the 
same method. Second, since we applied time series long 
period, the data are not available for six GCC from their 
own official websites; hence, we collect it from World 
bank data stream limited with annual data only. The 
results of the current study provide prospective impor-
tance implications for policy makers especially for the 
high-degree co-movement countries which indicate that 
they have to look out to the positive correlation between 
FD and EPC. Thus, the high financial development will 
result in high electricity consumption.

The GCC countries with high affected EPC on FD like 
KSA, UAE, and Qatar governments should apply the 
potential of renewable or alternative energy for elec-
tricity generation, such as the solar energy as this will 
apart from decreasing electricity bills and activate these 
countries economic growth, the electrical power gen-
eration from nuclear power, and controlling account 
deficits of some countries like KSA recently. On the 
electrical demand side, citizens should be made aware 

Fig. 6 Comovement between the electrical power consumption and 
financial development in Kuwait

Fig. 7 Comovement between the electrical power consumption and 
financial development in Bahrain
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of the importance of effective use of electricity, par-
ticularly given our results that electricity consumption 
positively contributes to economic growth. Eventually, 
for further studies, we suggest more factors that may 
cause the obvious structural breaks on EPC, such as 
trade openness,  CO2 emissions, consumer price index, 
investment, political events, and populations size.
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