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Abstract: Falling energy intensity (increasing efficiency) is believed to be a result of more efficient 
production methods that have evolved over time, indicating overall sustainability in the production 
process. The objective of this study is to investigate the diminishing trend of energy intensity and 
the related volatilities in growth of energy consumption and income growth through the energy–
growth nexus. The country specific long-run and short-run causal relationships among real energy 
consumption per capita, real GDP per capita, and the volatilities of growth in income and the growth 
in energy consumption are established using the method proposed by Yamamoto–Kurozumi within 
a cointegration framework in 48 countries. The overall findings suggest that energy intensity is fall-
ing, in conjunction with the existing evidence on the energy–growth nexus in most of the countries 
studied; hence, implicitly this confirms sustainability. The results based on volatility analysis show 
a significant decrease in energy use in response to increasing income growth volatility. The negative 
effects of income growth volatility on energy consumption are usually countered through compen-
sation measures, with subsidies provided to households and producers in order to smooth the en-
ergy consumption behaviours in those economies. 

Keywords: keyword causality; energy consumption; economic growth; volatility; Yamamoto–Ku-
rozumi framework 
 

1. Introduction 
The main purpose of this paper, by controlling for volatility in income growth and 

energy use, is to shed light on the global trend of falling energy intensity using the energy–
growth nexus. Falling energy intensity (increasing efficiency) is believed to be a result of 
more efficient production methods that have evolved over time, indicating overall sus-
tainability in the production process. Furthermore, energy intensity is also considered an 
expression of the price/cost of transferring energy into GDP (Menegaki and Tsani 2018). 
Hence, a reduced amount of energy usage with a greater GDP has been shown to be a 
great success. Many studies have examined all the possible interactions between energy 
and GDP growth for many countries in the form of country-specific time series analyses 
or in a panel data framework. They have observed four types of relationship—GDP 
growth causing energy consumption, energy consumption causing GDP growth, a feed-
back relationship, or no causality. However, the aspect of energy intensity has been ex-
plicitly ignored in the energy–growth literature. Furthermore, there is no explanation 
available on the negative causal effects of income on energy consumption, indirectly in-
dicating that falling energy intensity may provide a pathway towards total sustainability. 
The falling energy intensity has been explained to some extent by Agovino et al. (2018) 
and Shahbaz et al. (2018) for European countries and for the top 10 energy consumers, 
respectively, through the negative causal relationship of GDP to primary energy con-
sumption. Nepal et al. (2014) found that market liberalisation, the financial sector, and 
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most infrastructure industries drove energy intensity to fall. In contrast, Salim et al. (2019) 
found that increasing population and non-renewable energy usage increased energy in-
tensity, according to evidence from Asian countries. This study moves the discussion for-
ward by investigating energy intensity through the energy–growth nexus, using a set con-
taining many countries. 

Figure 1 presents the falling trend in energy intensity across regions over more than 
one and a half decades. The overall energy intensity decreased by an average of 1.58% per 
annum from 1990 to 2016, with the highest decline of 2.75% in the BRICS countries and 
the lowest decline of 1.46% in the OECD countries. These diminishing trends in energy 
intensity show that energy consumption has declined relative to per-capita production 
levels—potentially, this may lower the adverse environmental impacts of energy use and 
production costs, hence achieving sustainability. According to the International Energy 
Agency (IEA), although the global energy consumption has declined by 12 percent, the 
energy efficiency has increased by 13%. Along similar lines, Rühl et al. (2012) have dis-
covered that aspects including economic systems, resource endowments, and technology 
have supported the lowering of energy intensity through supplementing conversions and 
end-use efficiency. This can be inferred as an unconventional revolution in terms of hu-
mans’ environmental impacts. 

 
Figure 1. Trends in energy intensity (1990–2016). Notes: Energy intensity at constant purchasing power parities 
(koe/$2005). This figure includes trends from all regions, including Africa, America, Asia, BRICS and CIS countries, Eu-
rope, the European Union, the G7, Latin America, the Middle East, North America, OECD countries, and the Pacific. All 
regions, except CIS and BRICS countries, are plotted against the primary axis. CIS and BRICS countries are plotted against 
the secondary axis. These two regions are plotted in yellow. 

Figure 2 shows the trends in energy intensity (panel a) and real GDP per capita (panel 
b) for the sample of 48 countries (covering both energy exporting and importing countries, 
as in Jalil (2014)) included in our empirical study. Historically, the energy intensity pre-
sents wider fluctuations—although it consistently fell during the last one and a half dec-
ades—matched with irregular swings in per-capita income. Therefore, volatility analysis 
becomes relevant in the energy–growth nexus, a fact which has been grossly ignored in 
the previous literature on this topic. The causal relationship between economic growth 
and income volatility has been reported by several conspicuous studies (Aizenman and 
Marion 1993; Bernanke 1983; Pindyck 1991; Hnatkovska and Loayza 2005; Black 1987). 
However, there is no study available on energy–income volatility, according to the best of 
the author’s knowledge. 
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(a) (b) 

Figure 2. (a) Log(energy intensity); (b) log(per-capita GDP). Note: The trends in energy intensity and real GDP per capita 
for the sample of 48 countries used in this study. 

Tiba and Omri (2017) provide a comprehensive literature survey on energy growth 
nexus covering a range of empirical studies which are conveniently classified into coun-
try-specific, multi-country, and panel data analysis. Most of the literature investigates di-
rection of causality between energy consumption and GDP growth, which remains a mat-
ter of concern among policy makers. Moreover, the available literature lacks sufficient 
consensus, hence it invites all possible corners of criticism. The current study takes a dif-
ferent approach and makes energy intensity the foundation of analysis, which has been 
grossly ignored in the previous literature on this topic. Furthermore, this study incorpo-
rates the uncertainty (volatility) in income growth on the energy–growth nexus and offers 
a novel contribution to the literature. The current study contributes to the energy–growth 
debate in many ways. First, we describe the recent shifts in the conventional energy–
growth nexus in terms of diminishing energy intensity. We estimate the coefficient of in-
come on energy intensity within the energy–growth framework, which explains the vari-
ations in energy intensity. Therefore, we examine the following four hypotheses within 
the energy–growth nexus in conjunction with the notion of falling energy intensity:  

Hypothesis 1 (H1). Growth hypothesis—a unidirectional causality from energy consumption to 
economic growth.  

Hypothesis 2 (H2). Conservation hypothesis—a unidirectional causality from economic growth 
to energy consumption.  

Hypothesis 3 (H3). Feedback hypothesis—the feedback causal relationship between energy con-
sumption and income (often referred as feedback hypothesis in the literature). and  

Hypothesis 4 (H4). Neutrality hypothesis—no causality between income and energy consump-
tion (known as neutrality hypothesis in the literature).  

In H1, the primary energy consumption helps to maintain economic growth and the 
energy conservation policies may be jeopardised. Furthermore, the energy efficiency 
would be compromised along with environmental costs. The above might also be reflected 
through increasing trends of the energy intensity. However, with significant falling en-
ergy intensity, the energy conservation process does not necessarily halt growth. In other 
words, growth remains sustainable with maintaining the given levels of energy consump-
tion. This also refers to increasing energy efficiency, which in turn contributes towards 
stronger growth. 

In H2, energy consumption follows economic growth. This hypothesis allows us to 
compare the evidence in the light of currently falling energy intensity. H3 highlights a 
two-way causality between energy and growth. This helps to understand the multiplier 
effect of primary energy consumption in terms of increasing economic growth, has some 
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obvious environmental implications—this is beyond the scope of this study. In H4, in 
terms of energy-intensity, energy efficiency will not be related to growth; therefore, en-
ergy intensity is not significantly falling. 

Second, we analyse income growth and energy consumption growth volatilities us-
ing exponential generalised conditional heteroscedasticity (EGARCH) models for each 
country and incorporate them into the standard energy–growth nexus. The connections 
between the volatility of income growth and energy consumption will have useful policy 
implications. Hacker et al. (2014) argued that income volatility causes economic insecu-
rity. Economic insecurity may have grave implications in regard to meeting intensity-
based targets of greenhouse gas emissions and sustainable economic growth. Carmona et 
al. (2017) observed a pro-cyclical movement in energy consumption and economic growth 
cycles in the USA. Gately and Huntington (2002) explored the asymmetric effects of 
changes in income and price on energy demand. Liddle and Sadorsky (2020) analysed the 
effect of asymmetric changes in income and energy prices on energy demand for the panel 
of 91 OECD and non-OECD countries in a non-linear cointegration framework. Their 
study did not find any evidence of asymmetry due to income. Their model captures the 
asymmetry through increases or decreases in GDP rather than the income growth volatil-
ity. Liddle et al. (2020) analysed the time-varying income and price elasticities for energy 
demand using a dynamic model framework. Owyang et al. (2008) discovered in the USA 
that high energy consumption decreases macroeconomic volatility. Rashid and Kocaaslan 
(2013) empirically examined the connections between income and energy volatilities in 
the United Kingdom They found a significant relationship between energy consumption 
and GDP volatilities. Furthermore, they observed that volatility in energy consumption 
determines volatility in income—particularly, regimes with higher volatility present a 
stronger relationship between energy and income volatilities. Though Rashid and 
Kocaaslan explore the causal relationship between these volatilities, they failed to analyse 
the causal link extending from the volatilities of economic growth and energy consump-
tion growth to the economic growth and energy consumption growth and vice versa. 
Therefore, we investigate whether unexpected variations (volatility) in energy consump-
tion growth are related to economic growth and energy consumption growth and vice 
versa. We examine the following two hypotheses within the energy growth nexus: 

Hypothesis 5 (H5). There exists a positive feedback relationship between the income growth vol-
atility and the energy consumption volatility. 

Hypothesis 6 (H6). Uncertainties in income growth (income growth volatility) will have adverse 
effect on energy consumption. 

In summary, we establish the causal relationship between (i) energy consumption 
and income (transmission between the means); (ii) volatilities of economic growth and 
income growth (transmission between the variances); and (iii) energy consumption and 
income and the volatilities of energy consumption and economic growth (transmission 
between the means and the variances).  

Third, we establish the long-run and short-run causality relationships among real 
energy consumption per capita, real GDP per capita, and the volatilities of growth in in-
come and the growth in energy consumption through the Yamamoto and Kurozumi 
(2006) technique within a cointegration framework. Since the results based on earlier lit-
erature are sensitive to the effects of sampling frequency, the sign rule by Rajaguru and 
Abeysinghe (2008) is used to determine the non-spurious causal inferences. Fourth, we 
estimate the country-wise results for all 48 countries. This helps us to understand the cor-
rect relationship between energy and growth by maintaining the respective drivers of en-
ergy and environment-related effects for each country. The model can also be estimated 
using appropriate panel data methods. However, as we shall see later, the estimated elas-
ticities are not invariant in relation to individual countries. The results could be mislead-
ing if we assume homogeneity across the countries or regions if the model is estimated in 
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a panel framework. Furthermore, it has been reported in Menegaki and Tsani (2018) that 
country-specific estimates are mostly different from the results of pooled (panel) regres-
sion models, such as those discussed in the main study by Apergis and Payne (2012). They 
have noted that almost 73% of the individual studies on the clean energy–growth nexus 
is different from their principal study. 

The novel contribution to the literature is the implementation of the volatility in the 
energy–growth nexus to explain the falling trend in the energy intensity. At the same time, 
the paper also contributes to the energy–growth literature by establishing the non-spuri-
ous long-run causal inferences using a sign rule, along with the Yamamoto and Kurozumi 
technique, which is invariant to sampling frequency. 

The rest of the paper is organised as follows. The review of literature review is pre-
sented in Section 2. Data and methods are discussed in Section 3. The results and discus-
sion are presented in Section 4. Finally, Section 5 presents concluding remarks, along with 
important policy inputs. 

2. Literature Review 
Tiba and Omri (2017) offered a systematic review of more than 250 studies on the 

energy–growth nexus, covering the period from 1978 to 2014. They included studies deal-
ing with country-specific, multi-country, and panel data analysis. Many studies have used 
panel data analysis to analyse the causal inferences between income and energy consump-
tion (for example, Apergis and Payne 2012; Belke et al. 2011; Eggoh et al. 2011; Yildirim 
and Aslan 2012; Hossein et al. 2012; Damette and Seghir 2013; Mohammadi and Parvaresh 
2014; Śmiech and Papież 2014; Larissa et al. 2020; Batrancea et al. 2020; Batrancea 2021). 
Although a panel data study gains from a statistical power viewpoint, it fails to capture 
the country-specific characteristics in many instances (Menegaki and Tsani 2018). On the 
other hand, country-specific studies offer a range of conclusions, subject to the methods 
used and the availability of data. On occasion, we have found studies with different infer-
ences for the same country. Such differences are largely attributed to methods of analysis 
and the availability of time-series data. Extensive research has shown that the various 
sampling frequencies due to temporal aggregation and systematic sampling may distort 
the causal inferences and exogeneity of results (Rajaguru et al. 2018). For example, in the 
case of China, some have observed evidence in favour of the causality from economic 
growth to energy consumption (also known as conservation hypothesis in the literature) 
(Chang 2010; Wang et al. 2011a), others have witnessed the causality from energy con-
sumption to economic growth (commonly known as growth hypothesis in the literature) 
(Wang et al. 2011b; Zhang 2011; Zhixin and Xin 2011). Similarly, many studies have esti-
mated contradictory results from United States (Kraft and Kraft 1978; Akarca and Long 
1980; Yu and Hwang 1984; Abosedra and Baghestani 1989; Yu and Jin 1992; Stern 1993; 
Cheng 1995; Stern 2000; Soytas et al. 2007; Ewing et al. 2007; Payne 2009; Bowden and 
Payne 2009; Fallahi 2011), India (Cheng 1999; Paul and Bhattacharya 2004), Malaysia (Ang 
2008; Tang 2009), New Zealand (Fatai et al. 2004; Bartleet and Gounder 2010) and Pakistan 
(Aqeel and Butt 2001; Jamil and Ahmad 2010; Shahbaz et al. 2012). To overcome the spu-
rious results due to sampling frequencies, the sign rule by Rajaguru and Abeysinghe 
(2008) is used to determine the non-spurious causal inferences between the variables of 
interest. 

3. Data and Methods 
As in Jalil (2014), we also use a sample of 48 countries. We use the World Develop-

ment Indicators (2017) as the primary source of data information. According to the World 
Development Indicators, energy consumption refers to the use of primary energy before 
transformation to other end-use fuels, which is equal to indigenous production plus im-
ports and stock changes, minus exports and fuels supplied to ships and aircraft engaged 
in international transport. Real GDP per capita (RGDPPC) in 2011 constant US dollars is 
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used as a measure of income. All variables are converted into real constant prices per cap-
ita. 

We use the exponential autoregressive conditional heteroskedasticity (EGARCH) 
model for income growth and energy consumption growth to generate the volatility 
measures. The EGARCH model ensures that the variances of income growth and energy 
consumption growth are non-negative. 

The unit root properties of real GDP per capita, energy consumption per capita, in-
come growth volatility, and energy consumption growth volatility are examined by ap-
plying the traditional unit root tests, such as the augmented Dickey–Fuller (ADF), Phil-
lips–Perron (PP), and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) unit root tests. How-
ever, a stationary variable can be misinterpreted as I(1) in the presence of structural 
breaks. For this purpose, we use the break-point unit root test developed by Carrion-i-
Silvestre et al. (2009). The unit root test results are not reported in the Appendix A (Tables 
A1–A4). The results show that the real GDP per capita (RGDPPC) and energy consump-
tions per capita (ECPC) are I(1) at the five-percent level of significance. The results also 
indicate that the volatility measures of both income growth (INVOL) and energy con-
sumption growth (EVOL) are stationary, I(0). In addition, these volatility measures will 
not exhibit a long-run relationship between them and others. 

Since RGDPPC and ECPC are I(1), the existence of long-run relationships between 
RGDPPC, ECPC, INVOL, and EVOL are examined through traceλ  and maxλ  cointegration 
tests. When we include the two stationary variables (INVOL and EVOL) in the cointegra-
tion test, we would expect at least two cointegrating vectors. We would expect the number 
of cointegrating vectors to be exactly three to establish the long-run relationship between 
RGDPPC and ECPC in the presence of INVOL and EVOL. 

The vector autoregression (VAR) model to conduct the cointegration test can be writ-
ten as: 

1
1

2
1

1 3

4

t t i t
p

t t i t
t i

it t i t

t t i t

RGDPC RGDPC
ECPC ECPC

z
INVOL INVOL
EVOL EVOL

ε
ε

μ
ε
ε

−
−

−
−

= −

−

Δ Δ     
     Δ Δ     = + Π + Γ +
     
     
     

  (1)

where μ  is a vector of constants and tε  has a covariance matrix Σ . The long-run 4 × 4 
matrix is 'αβ=Π  and it determines how many independent linear combinations of the 
elements of =( , , , )t t t t tz RGDPPC ECPC INVOL EVOL  are stationary. Here, α  and β  are 

rn ×  matrices of rank r. To establish the long-run relationship in the presence of two 
stationary variables, we expect that r = 3. In such cases, it has the following representation 
with the error correction (EC) terms:  

β β= = −1 ' ln( ) ln( )t t t te z ECPPC RGDPPC  (2)

= =2 3  and t t t te INVOL e EVOL  

1

1 11 1 1 12 2 1 13 3 1 11,
1

1 1 1
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1 2 2
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ln( )

p

t t t t i t i
i

p p p

i t i i t i i t i t
i i i
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δ δ δ ε

−
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 (3a)
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 (3d)

The parameter γi1 denotes the speed of the adjustment parameter for the i-th equa-
tion. Each equation in the system described above can also be viewed as an autoregressive 
distributed lag (ARDL) model. 

The long-run and short-run Granger causality between the variables of interest are 
examined through the Yamamoto and Kurozumi tests. (see Appendix B for the methodo-
logical note). The technical econometrics components are available in the Supplementary 
Materials. Furthermore, we also incorporate the sign-rule to non-spurious long-run causal 
relationships which are invariant to sampling frequencies. The sign rule demonstrates that 
the established long-run Granger causality is non-spurious if the sign of the error correc-
tion coefficient, γi, is opposite to that of the sign of βi in the cointegrating vector. On the 
other hand, the short-run Granger causality will be based on testing the restrictions on δij 
in the short-run Equations (3a)–(3d). For example, the short-run Granger causality from 
growth in income to growth in energy consumption is examined by testing the null hy-
pothesis that 21, 0iδ = , for all i. Furthermore, the sign of the short-run Granger causality 

from income growth to energy consumption growth is determined by 
1

21,
1

p

i
i

δ
−

=
 . Similarly, 

the short-run Granger causality from income growth volatility to energy consumption 
growth is determined by testing the null hypothesis that 22 23,0 and 0iγ δ= = , for all i. 

Correspondingly, the sign is determined by 
1

22 23,
2

p

i
i

γ δ
−

=

+ . All estimation and testing except 

the long-run Granger causality testing using Yamamoto and Kurozumi testing are carried 
out in Eviews 11. The Yamamoto and Kurozumi testing long-run Granger causality test-
ing is implemented in Gauss 18. 

4. Results and Discussion 
4.1. Descriptive Evidence 

The energy–growth nexus is complex in many dimensions of the relationship. Alt-
hough we observed that the income per capita has increased for all countries, Figure 3a 
shows that the per-capita energy consumption has increased in some countries and de-
creased in other countries. In particular, we observed a positive relationship between the 
real GDP per capita and per-capita energy consumption in countries with a relatively 
lower energy consumption level. On the other hand, countries with a higher energy con-
sumption level tend to display a negative relationship between these two variables. More 
interestingly, we observed that the energy-intensity is falling in both groups of countries, 
motivating us to estimate the correct magnitude of the relationship between per-capita 
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energy use and economic growth. Furthermore, Figure 3b depicts the contemporaneous 
negative relationship between the energy intensity and income per capita across all coun-
tries. However, the direction of the contemporaneous (long-run) relationship is not ap-
parent from these descriptive measures. This postulates the basis of our further analysis 
on the energy-growth nexus through the lens of long-run analysis and the variety of the 
short-run analyses. 

 
 

(a) (b) 

Figure 3. (a) Real GDP per capita and energy consumption per capita; (b) income and energy intensity (period averages 
for 1970–2016). 

The uncertainty (volatility) in income growth was computed through the EGARCH 
model for all countries. Figure 4 depicts the relationship between income growth volatility 
and the growth in energy consumption. We observed that the uncertainty in income 
growth (higher volatility) reduces the energy consumption. All of the above provide im-
portant insights into the energy-growth nexus, which is further explored in the following 
sections. 

 
Figure 4. Per-capita income growth volatility and energy consumption growth (averages). 

4.2. Unit Roots and Cointegration 
The general findings from the unit root test (Appendix A Tables A1–A4) demonstrate 

that the real GDP per capita (RGDPPC) and energy consumption per capita (ECPC) are 
I(1) and the volatility measures of both income growth (INVOL) and energy consumption 
growth (EVOL) are stationary, I(0). The summary of the cointegration test results is pre-
sented in Table 1 (see Appendix A Table A5 for the detailed cointegration test results). 
The results suggest that there was no long-run equilibrium relationship between the per-
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capita income, the per-capita energy consumption, the volatility of income growth, and 
the volatility of energy consumption growth in 17 countries. On the other hand, a long-
run equilibrium relationship between per-capita income and per-capita energy consump-
tion was established in 31 countries. 

Table 1. Summary of cointegration test results. 

# of Cointegrating Vectors Countries 

r = 2 

Bolivia, the Czech Republic, Ecuador, Gabon, Hungary, In-
donesia, Nigeria, Norway, Pakistan, the Philippines, Por-
tugal, Spain, South Africa, Sudan, Syria, Trinidad and To-

bago, and Venezuela 

r = 3 

Algeria, Albania, Austria, Australia, Bangladesh, Brazil, 
Belgium, Canada, China, Chile, Colombia, Denmark, 

Egypt, France, Finland, Germany, India, Italy, Iran, Japan, 
New Zealand, the Netherlands, Sri Lanka, South Korea, 

Sweden, Turkey, Thailand, the UAE, the USA, the UK, and 
Vietnam 

Note: Since the volatility measures are I(0), we expect at least r = 2. The number of cointegrating 
vectors r = 2 indicates no long-run relationships between per-capita income and the per-capita 
energy use and r = 3 indicates the presence of long-run relationships between real GDP per capita 
and energy consumption per capita. 

4.3. Long-Run Causal Inferences 
Equations (3a) and (3b) can be used to gauge the long-run causal relationships be-

tween per-capita real GDP (income) and per-capita energy consumption. Columns 2 and 
3 of Table 2 present the coefficient β from the long-run Equation (2) and the corresponding 
standard errors, respectively. The magnitude of β helps to determine if the energy inten-
sity is falling with respect to income. The speed of adjustment coefficients for the per-
capita energy consumption equation (γ21) and per-capita real GDP equation (γ11) are re-
ported in columns 4 and 6 of Table 2, respectively. The Yamamoto–Kurozumi test statistic, 
based on the Chi-squared distribution, used to examine the long-run causal relationship 
between income and energy consumption is reported in column 8 and its reverse causality 
is reported in column 9 of Table 2. Non-spurious causal inferences require the speed of 
adjustment for the energy equation (γi1) to be negative and the speed of adjustment for 
the income equation (γi2) to be the same sign as β (or the opposite sign to −β in the cointe-
grating vector) (Rajaguru and Abeysinghe, 2008). The signs of γ11 and γ21 were found (as 
was to be expected) for all countries except for the case of Egypt (the sign of γ21 was posi-
tive (0.11) where it should have been negative). However, the test statistic for the long-
run causality from income to energy consumption is insignificant with the Yamamoto–
Kurozumi test statistic of 0.03. The wrong sign will not affect the general conclusion of 
Granger non-causality from income to energy consumption in Egypt. These findings 
based on the Yamamoto–Kurozumi test and the sign rule suggest that all the long-run 
causal inferences were non-spurious. Finally, the sign of β and the corresponding speed 
of adjustment coefficients, along with the statistical significance as assessed by the Yama-
moto–Kurozumi test, determines the nature of the causal relationship (positive or nega-
tive or none). These are summarised in last two columns of Table 2. For the ease of inter-
pretation, the results of the Table 2 are summarised in Table 3. The summary results 
demonstrate the existence of long-run causality between real GDP per capita and energy 
consumption per capita in 31 countries. 

Overall, the results validate different causal relationships for different countries. The 
results show negative unidirectional long-run causality from income to energy consump-
tion in Belgium, Chile, Denmark, Finland, Germany, Italy, Japan, the Netherlands, Swe-
den, Thailand, and the USA. This implies that increasing income decreases energy 
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consumption and hence energy intensity has been significantly decreasing. In contrast 
with the above results, Cheng observed evidence for the causality from energy consump-
tion to economic growth for Japan and many have observed mixed evidence in the case 
of the United States (see Kraft and Kraft 1978; Akarca and Long 1980; Yu and Hwang 1984; 
Abosedra and Baghestani 1989; Yu and Jin 1992; Stern 1993; Cheng 1995; Stern 2000; Soy-
tas et al. 2007; Ewing et al. 2007; Payne 2009; Bowden and Payne 2009; Fallahi 2011). These 
results are according to the expectations that the magnitude of the energy–growth nexus 
has changed in favour of falling energy intensity in the past one and a half decades. On 
the other hand, a negative causality from energy consumption to growth also confirms 
the implied explanation of falling energy intensity in Egypt and Vietnam. Furthermore, a 
range of countries, including Australia, Canada, Iran, New Zealand, the UAE, and the UK, 
exhibit negative bi-directional causality, which generates the multiplier effect on energy 
consumption in the realm of falling energy intensity. 

As confirmed through the Yamamoto and Kurozumi (2006) test and the sign rule 
developed by Rajaguru and Abeysinghe (2008), the overall evidence confirms the long-
run energy–growth nexus. It indicates falling energy intensity in most sample countries. 
The long-run Equation (2) can be written as β= + 1ln( ) ln( )t t tECPPC RGDPPC e . It can be re-rear-
ranged to represent its results in energy intensity form as a function of real GDP per cap-
ita: β= − + 1ln( / ) ( 1) ln( )t t t tECPPC RGDPPC RGDPPC e . The energy intensity /t tECPPC RGDPPC  
falls with respect to income when β < 1. Likewise, causality from consumption to income 
requires β > 1. Correspondingly, concerning unidirectional causality from income to en-
ergy consumption, evidence shows that β < 1, with significantly falling energy intensity in 
15 countries. Furthermore, we can decompose the results into two broad categories 0 < β 
< 1 and β < 0. When the coefficient of income is between 0 and 1, regarding the conserva-
tion hypothesis, increasing income leads to a smaller increase in energy consumption. The 
above has been witnessed in Albania, Bangladesh, Brazil, and Columbia. Furthermore, 
coefficients of income with β < 0 have been observed in Belgium, Denmark, Chile, Finland, 
Italy, Germany, Japan, the Netherlands, Thailand, Sweden, and the USA. Therefore, the 
estimated coefficient of β ranging from 0 < β < 1 and β < 0 confirm the conservation with 
falling energy intensity in all corresponding countries. The above findings can be broadly 
reconciled with earlier studies reporting that income coefficients of energy consumption 
significantly decrease with the increasing development of corresponding economies 
(Joyeux and Ripple 2011; Medlock and Soligo 2001; van Benthem and Romani 2009; Jud-
son and Orphanides 1999). 

The results confirm the causality from energy consumption to income in Austria, 
Egypt, India, South Korea, Sri Lanka, and Vietnam, where energy use leads per capita 
income. Egypt and Vietnam demonstrate that increasing energy consumption signifi-
cantly decreases income—supporting conservation policies. Further results from Austria 
and South Korea show that a small increase in energy consumption increases income by 
many folds, strongly supporting the conjecture of falling energy intensity. However, re-
sults from countries such as India and Sri Lanka indicate that increasing energy consump-
tion increases income less proportionately—this is mainly because of energy-intensive 
methods of production with high energy leakages. Furthermore, we found evidence sup-
porting the feedback causal relationship between income and energy consumption in 
Australia, Algeria, China, Canada, France, New Zealand, Iran, Turkey, the UK, and the 
UAE. All the above countries have an estimated β of income to energy consumption that 
is less than one, implying a significant decrease in energy intensity in those countries. This 
is consistent with the results described in Wang et al. (2011a) and Zhixin and Xin (2011) 
for China and Erdal et al. (2008) and Acaravci (2010) for Turkey. The remaining 17 coun-
tries show no evidence of the relationship between energy consumption and economic 
growth. 
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Table 2. Long-run causal inferences.  

Countries (1) 
Coefficient (β) 

(2) (se) (3) 

Per-Capita Energy Consump-
tion Equation (3b) 

Per-Capita Real GDP Equa-
tion (3a) 

Yamamoto–Kurozumi Test Long-Run Causality 

EC(-1) 
(γ21) 
(4) 

(se) 
(5) 

EC(-1) 
(γ11) 
(6) 

(se) 
(7) 

RGDPPC → 
ECPC 

(8) 

ECPC → 
RGDPPC 

(9) 

RGDPPC → 
ECPC 
(10) 

ECPC → 
RGDPPC 

(11) 
Albania 0.13 *** (0.05) −0.26 *** (0.11) 0.18 (0.33) 7.16 *** 1.18 Negative None 
Algeria 0.98 *** (0.08) −0.0008 (0.01) 0.05 ** (0.02) 1.64 5.19 ** Positive Positive 

Australia −0.58 ** (0.28) −0.05 *** (0.01) −0.06 (0.05) 4.08 ** 0.67 Negative Negative 
Austria 7.66 *** (2.27) −0.00005 (0.0002) 0.01 *** (0.003) 1.34 16.02 *** None Positive 

Bangladesh 0.43 *** (0.02) −0.05 *** (0.02) 0.03 (0.04) 5.21 ** 0.08 Positive None 
Belgium −0.13 *** (0.04) −0.55 *** (0.14) 0.07 (0.43) 9.74 *** 0.54 Negative None 
Bolivia - - - - - - - - None None 
Brazil 0.37 *** (0.06) −0.002 *** (0.0004) 0.0008 (0.001) 5.96 *** 0.18 Positive None 

Canada −0.25 *** (0.05) −0.20 ** (0.09) −2.22 *** (0.53) 5.29 ** 9.95 *** Negative Negative 
Chile −0.47 *** (0.04) −0.94 *** (0.33) −0.95 (1.30) 4.45 ** 1.09 Negative None 
China 0.37 *** (0.11) −0.005 * (0.002) 0.05 ** (0.03) 3.48 * 6.47 ** Positive Positive 

Colombia 0.06 *** (0.03) 0.25 *** (0.07) 0.13 (0.51) 6.35 ** 1.53 Positive None 
The Czech Re-

public 
- - - - - - - - None None 

Denmark −0.12 ** (0.05) −0.06 ** (0.18) −0.65 (0.50) 3.36 * 1.41 Negative None 
Ecuador - - - - - - - - None None 

Egypt −0.38 *** (0.04) 0.11 (0.07) −0.51 *** (0.18) 0.03 50.09 *** None Negative 
Finland −0.23 ** (0.09) −0.15 ** (0.06) −0.01 (0.13) 26.10 *** 0.86 Negative None 
France 0.81 *** (0.02) −0.03 ** (0.01) 0.09 ** (0.03) 3.45 * 4.82 ** Positive Positive 
Gabon - - - - - - - - None None 

Germany −0.15 *** (0.03) −0.31 *** (0.10) −0.33 (0.32) 14.15 ** 0.26 Negative None 
Hungary - - - - - - - - None None 

India 0.97 *** (0.03) −0.004 (0.003) 0.09 *** (0.02) 1.45 6.38 ** None Positive 
Indonesia - - - - - - - - None None 

Iran −0.17 *** (0.02) −0.14 *** (0.04) 0.69 *** (0.017) 14.39 *** 10.56 *** Negative Negative 
Italy −0.32 *** (0.11) −0.06 *** (0.02) 0.14 (0.14) 4.05 ** 1.73 Negative None 

Japan −0.17 *** (0.03) −0.49 *** (0.11) −0.07 (0.82) 3.94 ** 0.68 Negative None 
Korea 1.82 *** (0.07) −0.11 (0.12) 0.65 *** (0.16) 1.58 10.86 *** None Positive 

The Netherlands −0.10 *** (0.05) −0.39 *** (0.14) 0.004 (0.34) 4.51 ** 1.66 Negative None 
New Zealand −0.71 *** (0.14) −0.06 * (0.03) −0.34 *** (0.09) 2.81 * 8.27 *** Negative Negative 

Nigeria - - - - - - - - None None 
Norway - - - - - - - - None None 
Pakistan - - - - - - - - None None 

Philippines - - - - - - - - None None 
Portugal - - - - - - - - None None 

South Africa - - - - - - - - None None 
Spain - - - - - - - - None None 

Sri Lanka 0.74 *** (0.03) −0.02 (0.02) 0.13 *** (0.04) 2.55 11.62 *** None Positive 
Sudan - - - - - - - - None None 

Sweden −0.20 *** (0.05) −0.51 *** (0.11) −0.26 (0.38) 8.06 *** 2.54 Negative None 
Syrian - - - - - - - - None None 

Thailand −0.72 *** (0.10) 0.10 ** (0.05) -0.09 (0.15) 7.11 ** 0.29 Negative None 
Trinidad and To-

bago 
- - - - - - - - None None 

Turkey 0.79 *** (0.07) −0.02 ** (0.01) 0.06 * (0.04) 12.62 *** 5.73 * Positive Positive 
UAE −0.61 *** (0.13) −0.14 *** (0.04) −0.08 * (0.04) 16.72 *** 4.72 ** Negative Negative 
UK −0.07 *** (0.01) −0.26 ** (0.11) −1.99 *** (0.71) 9.53 ** 60.31 *** Negative Negative 

USA −0.32 *** (0.12) −0.21 ** (0.08) −0.05 (0.33) 6.67 ** 1.63 Negative None 
Venezuela - - - - - - - - None None 
Vietnam −0.49 *** (0.03) −0.02 (0.02) 0.79 *** (0.06) 1.37 17.74 *** None Negative 

Notes: *, **, and *** denote significance at 10%, 5%, and 1% respectively. β= + 1ln( ) ln( )t t tECPPC RGDPPC e , where γ11 (column 6) 
and γ21 (column 4) are the estimated speed of adjustment coefficients for the per-capita real GDP equation and the per-capita 
energy consumption equations, respectively. EC – error correction term, ECPC – energy consumption per capita, and RGDPPC 
– real gross domestic product per capita.   RGDPPC → ECPC (in column 8) denotes long-run causality from RGDPPC to ECPC 
and ECPC → RGDPPC (in column 9) denotes long-run causality from ECPC to RGDPPC. The sign of β  determines the nature 
of the long-run causal relationships (positive, negative, or none). 
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Table 3. Summary of long-run Granger causality results. 

Causality Positive Negative 

RGDPPC → ECPC 
Albania, Bangladesh, Brazil, 

Columbia 

Belgium, Chile, Denmark, 
Finland, Germany, Italy, Ja-
pan, the Netherlands, Swe-

den, Thailand, the USA 

ECPC → RGDPPC 
Austria, India, South Korea, 

Sri Lanka Egypt, Vietnam 

RGPPC ↔ ECPC Algeria, China, France, Tur-
key 

Australia, Iran, Canada, New 
Zealand, the UK, and the 

UAE 

No causality between 
RGDPPC and ECPC 

Bolivia, Ecuador, the Czech Republic, Gabon, Indonesia, 
Hungary, Norway, Nigeria, Pakistan, Portugal, the Philip-
pines, Spain, South Africa, Sudan, Syria, Venezuela, Trini-

dad and Tobago 
Notes: This is based on the results from Table 1. 

4.4. Short-Run Causal Inferences 
We analysed the short-run dynamic relationship among variables with a particular 

focus on energy consumption and income volatilities. The aspect of energy consumption 
and income volatility has been grossly ignored in the energy–growth literature. A sum-
mary of the short-run causality test results is presented in Table 4. The relevant test statis-
tics and the corresponding levels of significance are presented in Appendix Table A6. 

Table 4. Short-run Granger causality results. 

Causality Positive Negative 

RGDPPC 
→ ECPC 

Bolivia, Canada, Ecuador, Gabon, Germany, Hun-
gary, India, Indonesia, Iran, Japan, the Netherlands, 
Pakistan, Portugal, Spain, Sweden, Syria, Thailand, 

Venezuela 

Albania, Belgium, Sudan 

INVOL → 
ECPC  

Albania, Algeria, Belgium, Bolivia, Brazil, Canada, 
Chile, Colombia, Denmark, Ecuador, France, Gabon, 
Germany, Hungary, Indonesia, Iran, Japan, Korea, 
the Netherlands, Nigeria, the Philippines, Portugal, 

South Africa, Spain, Syria, the UAE, the UK, the USA 

EVOL→ 
ECPC 

Algeria,  
Brazil, Ecuador, Finland, Germany, the Netherlands, 
Nigeria, Portugal, Syria, Trinidad and Tobago, Tur-

key, the UAE, the USA 

ECPC → 
RGDPPC 

Canada, China, France, Gabon, Hungary, Iran, Italy, 
South Korea, Pakistan, the Philippines, Portugal, 

South Africa, Spain, the UK, the USA, Venezuela, Vi-
etnam 

 

INVOL → 
RGDPPC 

Austria, India, South Korea, Philippines, Sri Lanka, 
Turkey 

Albania, Algeria, Canada, Chile, the Czech Republic, 
Indonesia, Iran, New Zealand, Portugal, South Af-

rica, Spain, the UK, Vietnam 
EVOL → 
RGDPPC Albania, Algeria, Austria, France, Portugal, Syria  

Chile, China, Hungary, Iran, Italy, South Korea, Nor-
way, Venezuela  

ECPC → 
INVOL Canada, Indonesia, Italy, Spain, Turkey, the UK China, Hungary, Japan, Thailand, the UAE 
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RGDPPC 
→ INVOL 

Belgium, Bolivia, Chile, China, the Czech Republic, 
the UK 

Albania, Algeria, Australia, Austria, Brazil, Canada, 
Columbia, Denmark, Ecuador, Finland, France, Ga-
bon, India, Indonesia, Iran, Italy, the Netherlands, 

Portugal, South Africa, Spain, Syria, Thailand, Trini-
dad and Tobago, Turkey, the UAE, Venezuela, Vi-

etnam 

EVOL → 
INVOL 

Albania, Austria, China, Germany, Indonesia, Japan, 
Pakistan, Portugal, South Africa, Sudan, Syria, the 

UK 
 

ECPC → 
ECVOL 

Spain, Sri Lanka, Turkey,  
Albania, Algeria, China, the Czech Republic, Ecua-
dor, Iran, the Netherlands, Nigeria, Norway, Portu-

gal, Syria, Thailand, the UK 
RGDPPC 
→ EVOL 

Albania, Canada, Ecuador, India, Portugal, Syria, the 
USA, Vietnam Bangladesh, Finland, Nigeria, Pakistan 

INVOL → 
EVOL 

Bolivia, Colombia, the Czech Republic, Denmark, 
Germany, India, New Zealand, Nigeria, Norway, Pa-
kistan, Portugal, Sudan, Syria, Thailand, the UK, and 

the USA 

 

The results show 12 countries with short-run unidirectional causality from real GDP 
per-capita growth to energy consumption growth, nine countries with reverse causality, 
and another nine countries with bi-directional causality. The results show that increasing 
energy consumption increases income in China, France, Italy, the Philippines, South Af-
rica, South Korea, the UK, the USA, and Vietnam. The remaining 18 countries show no 
short-run relationship. In summary, we found 44 countries with either long-run (short-
run) causality in at least one direction. However, the remaining four countries (the Czech 
Republic, Nigeria, Norway, and Trinidad and Tobago) showed no evidence causal rela-
tionship between income and energy consumption in both the short-run and long-run 
analysis. 

The uncertainty (volatility) in income growth is expected to reduce energy consump-
tion. The results show a significant decrease in the energy use in response to increasing 
the income growth volatilities in 28 countries, including Albania, Algeria, Belgium, Bo-
livia, Brazil, Canada, Chile, Colombia, Denmark, Ecuador, France, Gabon, Germany, Hun-
gary, Indonesia, Iran, Japan, Korea, Netherlands, Nigeria, the Philippines, Portugal, South 
Africa, Spain, Syria, the UAE, the UK, and the USA. These results indicate that uncertainty 
(volatility) in income growth discourages expenditure by lowering energy consumption. 
The results for Canada, Chile, the Czech Republic, Indonesia, Iran, New Zealand, Portu-
gal, Spain, the UK, and Vietnam show evidence in support of Bernanke (1983), Pindyck 
(1991) and Hnatkovska and Loayza (2005). They indicate that growth is negatively influ-
enced by income volatility. We also found evidence supporting the claims of Black (1987), 
indicating that growth is positively related to income volatility. In general, increases in 
income tend to lower the income volatilities in many countries, rather than increasing in-
come volatility. 

On the other hand, the results also indicate that the volatilities in energy use growth 
are significantly related to income changes in China, Italy, Thailand, and Turkey. Further-
more, the results suggest that income growth volatilities increase volatilities in energy 
consumption growth in countries such as Bolivia, the Czech Republic, Denmark, Ecuador, 
Germany, India, New Zealand, Nigeria, Norway, Portugal, Thailand, and the USA. On 
the other hand, we found that the volatilities of energy consumption growth increased 
volatilities in income in Albania, Austria, China, Hungary, Indonesia, Japan, and South 
Africa. Interestingly, feedback effects of income and energy consumption growth volatil-
ities were observed in Pakistan, Sudan, Syria, and the United Kingdom. The short-run 
negative effects of income volatility are usually countered by compensating people with 
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subsidies to households and producers from many developing countries in order to 
smooth energy consumption behaviour. 

We find the presence of long-run and/or short-run causality between growth and 
energy use in terms of energy intensity in a majority of the 48 countries included in the 
sample. There are only five countries exhibiting no causality between income and energy 
use. We observe 13 countries showing a valid causality running from energy consumption 
to economic growth and this has been confirmed through falling energy intensity. The 
above findings, in general, align with the sustainability argument that income growth 
does not require a proportional increase in energy consumption. Moreover, six countries 
observe causality from economic growth to energy use, concurrently with falling energy 
intensity. However, the falling energy intensity together with causality from economic 
growth to energy consumption indicate energy efficient methods of production, perhaps 
on the back of successful energy conservation policies. In the same vein, our results lend 
support lend support to the feedback relationships, in terms of falling energy intensity in 
10 countries.  

5. Concluding Remarks and Policy Implications 
This study investigates energy-intensity through the energy–growth framework. We 

found that the historical evolution of energy intensity provides a new explanation for the 
energy–growth nexus, unlike the previous literature that merely relies on causality be-
tween the two. Furthermore, this study offers the unique feature of expressing the energy–
growth nexus in terms of volatility analysis, which adds great value to the existing litera-
ture on this topic. 

As confirmed through the Yamamoto–Kurozumi test, the evidence suggests the pres-
ence of long-run and/or short-run causality between growth and energy use in terms of 
energy intensity in 43 out of all the 48 countries included in the sample. The remaining 
five countries were confirmed to exhibit no causality between income and energy use. In 
particular, 13 countries appear to indicate a valid causal relationship from energy use to 
economic growth, with falling energy intensity captured through β < 1. The above results 
indirectly confirm the sustainability argument that income growth does not require a pro-
portional increase in energy consumption in those countries. In addition, six countries 
showed the presence of causality from economic growth to energy use, with falling energy 
intensity. The above findings indicate improved methods of production, successful en-
ergy conservation policies, or switching to alternative energy sources. In Austria and 
South Korea the intensity coefficient appeared to be β > 1. The results also lend support to 
the feedback causal relationships, in terms of falling energy intensity in 10 countries. Pol-
icymakers and applied researchers may benefit from the current findings in relation to 
energy conservation efforts to overcome the serious environmental issues that the world 
is passing through. There are only five countries exhibiting no causality between income 
and energy use. It is possible that these countries may switch between the positive causal 
relationship and negative causal relationship in the sub-sample periods. These effects are 
likely to be nullified (i.e., no causality between the energy consumption and income) when 
the model is estimated for the full sample. Future research could extend this framework 
to the regime-switching approach to analyse the time-varying nature of the causal infer-
ences. It will help policy makers to align themselves and so maintain the optimal energy 
mix to achieve the sustainable economic growth. Countries with a unidirectional causality 
from income to energy consumption may contribute to the fight against global warming 
directly implementing energy conservation measures. On the other hand, countries with 
a unidirectional causality from energy consumption to income may focus on technological 
developments and mitigation policies. However, for the countries with the feedback 
causal relationships, a balanced combination of alternative policies seems to be appropri-
ate (see Soytas and Sari 2006). 

Overall, energy efficiency policies are becoming progressively more important all 
over the world. Our results reveal that (for the majority of countries) energy consumption 
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decreases or moderately increases along with increasing income; hence, energy efficiency 
has increased over the period of study. Thus, consuming less energy reduces the demand 
for available energy resources, such as fossil fuels. Energy efficiency programmes, how-
ever, ought to be created based on the promotion of suitable schemes. For instance, poli-
cymakers should promote incentive pricing for a successful energy efficiency plan. In the 
same vein, packages of measures including financial incentives and regulations should be 
implemented simultaneously, rather than one after the other. Moreover, public–private 
partnerships should be promoted in order to achieve set targets of energy efficiency. A 
favourable and stable institutional framework is also needed in order to ensure policy 
continuity with quantitative energy efficiency targets. Furthermore, in order to be effi-
cient, energy efficiency strategies should be supervised regularly and adequately en-
forced. Certification and testing facilities should be available to promote innovations in 
energy-related tools and appliances. Innovative measures should be promoted in disad-
vantaged countries based on the experiences of developed countries. Finally, the success-
ful implementation of energy policies reduces energy volatilities, which are strongly 
linked with income volatilities and vice versa. 

Regarding short-run causality, the results also confirm falling energy intensity, along 
with the causal relationship between economic growth and energy use. The results indicate a 
significant decrease in energy use in response to increasing income growth volatility. Further-
more, the results suggest that income volatilities increase volatilities in energy consumption 
in a few countries. This occurs because the short-run negative effects of income volatility are 
usually countered by the provision of compensation with subsidies to households and pro-
ducers in many developing countries to smooth energy consumption behaviour. 

The country-specific long-run and short-run causal inferences are found to be not 
specific to any cluster of countries. In other words, the causal inferences are not robust to 
any regional countries. The results could be misleading if we assume homogeneity across 
the countries or regions if the model is estimated in a panel framework. Furthermore, it 
reconfirms the argument of Menegaki and Tsani (2018) that country-specific estimates are 
mostly different from the results of pooled (panel) regression models, such as those dis-
cussed in the main study by Apergis and Payne (2012). The policy recommendations 
should be made at the country level rather than the regional level. 

In this study, we assumed that the volatilities of economic growth and energy con-
sumption growth had symmetrical effects on income and energy consumption. The causal 
effects from volatility to energy consumption could be asymmetrical for both positive and 
negative deviations. Future studies could incorporate such time-varying asymmetrical 
non-linear causal relationships into their analysis. The study could also be extended to 
analyse the role of renewable energy and related policies on sustainable economic growth. 
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Appendix A 

Table A1. Unit root test—real GDP per capita (RGDPPC). 

Countries 
Level First Difference 

ADF PP KPSS Breakpoint Break ADF PP KPSS Breakpoint Break 
Albania −2.36 −1.42 0.16 ** −3.79 2003 −3.79 *** −3.03 *** 0.32 −5.29 ** 1990 
Algeria −2.63 −1.66 0.15 ** −3.02 1990 −2.98 ** −4.52 *** 0.15 −4.64 ** 1979 

Australia −1.74 −1.99 0.19 ** −3.55 2000 −5.35 *** −5.35 *** 0.11 −6.33 *** 2001 
Austria −2.11 −1.44 0.18 ** −2.37 1981, 1986 −3.02 ** −3.17 ** 0.19 −8.97 *** 1985 

Bangladesh −2.47 −2.04 0.14 * −3.72 2003 −4.59 *** −4.59 *** 0.08 −4.81 ** 2002 
Belgium −1.01 −0.89 0.15 ** −3.63 1980 −3.05 ** −3.08 ** 0.26 −6.94 *** 2000 
Bolivia −2.16 −2.27 0.17 ** −2.02 1999 −4.29 *** −4.35 *** 0.19 −4.89 ** 2003 
Brazil −2.53 −2.13 0.14 * −3.88 1986 −4.25 *** −4.24 *** 0.09 −4.77 ** 1985 

Canada −2.35 −2.27 0.17 ** −3.35 1992 −4.65 *** −4.66 *** 0.08 −5.69 *** 1975 
Chile −2.32 −2.57 0.18 ** −3.32 1997 −6.95 *** −6.95 *** 0.07 −16.87 *** 1998 
China −2.34 −2.25 0.18 ** −3.01 1986 −6.33 *** −6.34 *** 0.19 −9.92 *** 1992 

Colombia −1.68 −1.65 0.17 ** −3.11 1992 −4.54 *** −4.56 *** 0.18 −5.89 *** 1993 
The Czech Republic −2.08 −1.36 0.15 ** −2.71 1985 −4.53 *** −4.53 *** 0.23 −5.06 *** 2012 

Denmark −2.52 −2.34 0.14 * −2.68 1980 −4.79 *** −4.69 *** 0.13 −5.37 *** 1985 
Ecuador −2.39 −1.74 0.12 * −3.26 1987 −2.91 * −3.13 ** 0.16 −4.31 * 1979 

Egypt −1.71 −1.82 0.16 ** −3.73 1985 −4.25 *** −4.36 *** 0.16 −4.94 ** 1994 
Finland −1.44 −1.48 0.14 * −2.93 1982 −4.31 *** −4.44 *** 0.19 −6.34 *** 1986 
France −2.66 −2.27 0.17 ** −2.22 2004 −4.66 *** −4.66 *** 0.06 −5.25 *** 1986 
Gabon −1.8 −1.8 0.22 *** −2.92 1986 −5.95 *** −6.11 *** 0.29 −7.11 *** 1983 

Germany −1.93 −1.21 0.21 *** −3.05 1985 −4.92 *** −4.84 *** 0.31 −5.55 *** 1981 
Hungary −2.99 −2.06 0.12 * −3.43 1985 −4.47 *** −4.37 *** 0.14 −4.92 ** 1992 

India −0.58 −0.26 0.22 ** −3.94 1974 −4.91 *** −4.61 *** 0.13 −7.43 *** 1975 
Indonesia −1.93 −1.37 0.12 * −4.11 1987 −2.92 * −2.97 ** 0.21 −4.29 * 1994 

Iran −1.88 −0.82 0.23 *** −2.88 1978 −3.26 ** −2.64 * 0.31 −5.23 *** 1978 
Italy −0.89 −1.05 0.16 ** −1.04 2001 −2.86 * −5.25 *** 0.3 −5.89 *** 1996 
Japan −1.75 −3.33 * 0.15 ** −2.92 2004 −6.64 *** −6.37 *** 0.25 −7.55 *** 2008 

Korea South −3.12 −2.17 0.14 * −4.12 1985 −4.81 *** −4.71 *** 0.31 −5.42 *** 1981 
The Netherlands −3.38 * −2.58 0.15 ** −3.71 1985 −5.00 *** −4.86 *** 0.08 −5.53 *** 1981 

New Zealand −3.11 −2.58 0.12 * −3.58 2000 −4.22 *** −4.13 *** 0.06 −4.62 *** 1999 
Nigeria −3.11 −2.32 0.16 ** −3.89 1984 −4.81 *** −4.54 *** 0.08 −5.88 *** 1993 
Norway −3.11 −2.51 0.15 ** −3.57 1985 −4.97 *** −4.92 *** 0.09 −5.34 **** 1981 
Pakistan −2.26 −2.07 0.13 * − − −2.92 * −2.84 * 0.28 − − 

Philippines −0.78 −0.99 0.16 ** −2.77 1988 −5.89 *** −6.03 *** 0.24 −7.46 *** 1991 
Portugal −3.03 −2.5 0.18 ** −3.72 1980 −4.95 *** −4.73 *** 0.06 −6.29 *** 1986 

South Africa −1.38 −0.47 0.24 *** −3.42 1985 −5.03 *** −4.83 *** 0.33 −5.77 *** 1995 
Spain −5.61 *** −5.52 *** 0.05 −4.69 ** 1986 − − − − − 

Sri Lanka −0.64 −0.71 0.19 ** −2.56 1978 −6.81 *** −6.89 *** 0.32 −11.02 *** 1978 
Sudan −2.51 −1.81 0.15 ** −3.71 1985 −4.94 *** −4.87 *** 0.18 −5.54 *** 1981 

Sweden −2.98 −2.14 0.19 ** −3.92 2000 −4.28 *** −4.32 *** 0.24 −4.84 ** 1984 
Syrian −3.06 −3.05 0.13 ** −1.71 1982 −5.27 *** −5.11 *** 0.07 −8.53 *** 1973 

Thailand −1.39 −1.09 0.17 ** −2.79 1981 −4.49 *** −4.52 *** 0.32 −5.94 *** 1984 
Trinidad and Tobago −2.29 −1.95 0.12 * −3.34 1979 −3.74 *** −3.74 *** 0.12 −4.74 ** 1980 

Turkey −3.05 −2.58 0.13 * −3.38 2001 −5.26 *** −5.08 *** 0.05 −5.69 *** 1992 
UAE −2.79 −2.38 0.12 * −2.45 1986 −4.91 *** −4.95 *** 0.06 7.46 *** 1998 
UK −2.34 −1.66 0.13 * −3.17 1979 −2.82 * −3.79 *** 0.19 5.23 *** 2001 

USA −3.01 −2.62 0.15 ** −3.56 1992 −4.29 *** −3.74 *** 0.07 −6.29 *** 2008 
Venezuela −2.19 −1.24 0.21 ** −3.81 1982 −5.03 *** −4.80 *** 0.27 −5.73 *** 2009 
Vietnam −2.09 −2.3 0.15 ** − − −2.66 * −2.72 * 0.31 − − 

Notes: *, ** and *** denotes significant at 10%, 5% and 1% respectively. ADF − Augmented Dickey–Fuller Test, PP − Phil-
lips–Perron Test, and KPSS − Kwiatkowski–Phillips–Schmidt–Shin Test. 
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Table A2. Unit root rest—real energy consumption per capita. 

Countries 
Level First Difference 

ADF PP KPSS Breakpoint Break ADF PP KPSS Breakpoint Break 
Albania −1.27 −1.50 0.15 ** −2.29 1989 −6.18 *** −6.20 *** 0.14 −7.65 *** 1992 
Algeria −2.94 −2.92 0.16 ** −4.08 2002 −4.29 *** −5.07 *** 0.25 −7.55 *** 1982 

Australia −1.43 −1.29 0.21 ** −4.12 1993 −7.65 *** −7.61 *** 0.31 −8.67 *** 2007 
Austria −1.83 −1.83 0.21 ** −3.06 1,995 −6.72 *** −6.74 *** 0.31 −8.11 *** 1972 

Bangladesh −0.93 −0.62 0.20 ** −0.69 2000 −8.18 *** −8.18 *** 0.28 −9.16 *** 2001 
Belgium −1.61 −1.62 0.19 ** −3.53 2012 −6.61 *** −6.61 *** 0.32 −7.29 *** 1972 
Bolivia −2.74 −2.82 0.16 ** −2.61 1993 −7.74 *** −7.63 *** 0.11 −8.36 *** 2001 
Brazil −1.61 −2.06 0.15 ** −2.54 2003 −5.59 *** −5.59 *** 0.13 −6.51 *** 1981 

Canada −2.13 −2.11 0.22 *** − − −4.77 *** −4.57 *** 0.35 * − − 
Chile −3.02 −2.66 0.15 ** −3.34 1987 −4.52 *** −4.48 *** 0.27 −5.58 *** 1975 
China −1.35 −0.88 0.19 ** −3.28 2002 −3.57 ** −3.57 ** 0.31 −4.49 ** 2001 

Colombia −1.76 −1.86 0.17 ** −1.97 1984 −7.17 *** −7.14 *** 0.09 −8.18 *** 1999 
The Czech Republic −2.17 −2.27 0.18 ** −3.45 1990 −7.12 *** −7.12 *** 0.08 −7.45 *** 1999 

Denmark −2.96 −2.97 0.20 ** −3.57 2009 −7.18 *** −7.14 *** 0.09 −8.18 *** 1999 
Ecuador −2.78 −2.72 0.15 ** −3.07 1995 −7.32 *** −7.45 *** 0.15 −7.81 *** 1985 

Egypt −1.09 −1.18 0.15 ** −2.73 2001 −5.58 *** −5.17 *** 0.37 * −6.42 *** 1985 
Finland −1.35 −1.07 0.23 *** − − −7.27 *** −7.33 *** 0.28 − − 
France −1.46 −1.45 0.23 *** − − −6.15 *** −6.14 *** 0.29 − − 
Gabon −1.07 −1.08 0.19 ** −2.23 2001 −5.99 *** −6.00 *** 0.21 −6.61 *** 1976 

Germany −1.96 −1.96 0.23 *** −3.28 2008 −5.86 *** −5.82 *** 0.27 −11.34 *** 1972 
Hungary −1.97 −1.97 0.21 ** −3.56 2008 −4.68 *** −4.66 *** 0.18 −6.83 *** 1973 

India −0.21 −0.38 0.18 ** −0.49 2005 −4.81 *** −5.04 *** 0.17 −7.19 *** 2003 
Indonesia −1.24 −1.24 0.15 ** −3.16 1999 −6.58 *** −6.58 *** 0.19 −8.50 *** 1990 

Iran −3.33 −3.25 0.16 ** −3.59 1988 −8.34 *** −8.16 *** 0.15 −10.28 *** 1977 
Italy −3.11 −3.12 0.20 ** −2.26 1995 −6.29 *** −6.35 *** 0.27 −7.99 *** 2007 
Japan −2.78 −2.52 0.21 ** −2.61 2008 −5.85 *** −5.85 *** 0.32 −7.36 *** 1972 

Korea South −0.19 −0.17 0.21 ** −2.65 1985 −5.34 *** −5.42 *** 0.28 7.64 *** 1998 
The Netherlands −2.29 −2.27 0.19 ** − − −5.83 *** −5.84 *** 0.32 − − 

New Zealand −2.06 −1.98 0.24 *** −3.59 1983 −7.37 *** −7.37 *** 0.33 −8.368 *** 1979 
Nigeria −2.63 −2.46 0.18 ** −3.04 1998 −5.51 *** −5.44 *** 0.24 −6.42 *** 1994 
Norway −1.97 −1.73 0.25 *** − − −9.44 *** −9.91 *** 0.36 * − − 
Pakistan −1.87 −1.88 0.18 ** −3.21 1986 −5.16 *** −5.18 *** 0.33 −7.33 *** 2007 

Philippines −2.49 −2.53 0.15 ** −3.11 1985 −8.63 *** −8.33 *** 0.09 −8.97 *** 2009 
Portugal −0.16 −0.16 0.22 *** − − −5.41 *** −5.44 *** 0.26 − − 

South Africa −1.98 −1.95 0.16 ** −2.61 2002 −6.22 *** −6.23 *** 0.16 −6.87 *** 2007 
Spain −0.75 −0.91 0.22 *** − − −4.31 *** −4.39 *** 0.26 − − 

Sri Lanka −2.28 −2.08 0.18 ** −2.99 1994 −7.32 *** −7.45 *** 0.21 −8.18 *** 1996 
Sudan −2.97 −2.85 0.17 ** −3.24 1985 −7.01 *** −11.08 *** 0.29 −10.18 *** 2002 

Sweden −2.13 −2.13 0.25 *** −3.45 2008 −8.37 *** −8.45 *** 0.31 −9.15 *** 1985 
Syrian −0.26 −0.51 0.21 ** −1.98 2004 −5.49 *** −5.55 *** 0.35 * −6.75 *** 2005 

Thailand −1.91 −2.01 0.19 ** −3.24 1986 −4.88 *** 4.98 *** 0.09 −6.21 *** 1983 
Trinidad and Tobago −2.19 −2.21 0.19 ** −2.35 1995 −3.47 ** −6.33 *** 0.15 −7.38 *** 1978 

Turkey −2.52 −2.57 0.17 ** −1.79 2002 −6.42 *** −6.42 *** 0.09 −7.35 *** 1999 
UAE −0.89 −0.83 0.21 ** −2.63 2003 −6.39 *** −6.42 *** 0.19 −7.99 *** 1987 
UK −0.54 −0.35 0.19 ** −2.92 2008 −7.27 *** −7.24 *** 0.13 −8.57 *** 2005 

USA −2.62 −1.92 0.19 ** −4.07 2008 −5.05 *** −4.94 *** 0.29 −5.56 *** 1978 
Venezuela −2.92 −2.97 0.15 ** −3.57 2004 −10.98 *** −10.46 *** 0.31 −13.16 *** 1991 
Vietnam −1.74 −1.75 .22 *** −1.96 1996 −5.32 *** −5.51 *** 0.32 7.43 *** 1992 

Notes: *, ** and *** denotes significant at 10%, 5% and 1% respectively. ADF − Augmented Dickey–Fuller Test, PP − Phil-
lips–Perron Test, and KPSS − Kwiatkowski–Phillips–Schmidt–Shin Test. 
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Table A3. Unit root test—income volatility. 

Countries Model ADF PP KPSS Breakpoint Break 
Albania EGARCH(1,1) −3.77 ** −3.57 ** 0.07 −7.64 *** 2002 
Algeria EGARCH(1,1) −4.51 *** −5.80 *** 0.07 −5.20 *** 1992 

Australia EGARCH(3,0) −6.74 *** −8.08 *** 0.19 −12.26 *** 2010 
Austria EGARCH(1,0) −5.14 *** −5.15 *** 0.1 −23.59 *** 1985, 1990 

Bangladesh EGARCH(1,2) −7.47 *** −5.56 *** 0.08 −9.71 *** 2001 
Belgium EGARCH(1,0) −4.59 *** −4.65 *** 0.06 −6.01 *** 2004 
Bolivia EGARCH(1,0) −4.81 *** −4.48 *** 0.1 −5.09 *** 1976 
Brazil EGARCH(2,1) −3.11 ** −4.04 *** 0.1 −4.45 ** 1994 

Canada EGARCH(1.0) −5.37 *** −5.22 *** 0.15 −10.46 *** 1995 
Chile EGARCH(2,2) −2.97 ** −2.92 ** 0.11 −5.06 *** 2001 
China EGARCH(2,2) −5.71 *** −5.53 *** 0.14 −13.30 *** 1992, 1999 

Colombia EGARCH(1,0) −5.76 *** −5.77 *** 0.17 −14.09 *** 1994, 1997 
The Czech Republic EGARCH(1,2) −3.72 *** −3.81 *** 0.22 − − 

Denmark EGARCH(2,2) −6.74 *** −8.11 *** 0.12 −8.44 *** 2004 
Ecuador EGARCH(2,2) −4.92 *** −5.42 *** 0.21 −4.64 ** 1982, 1990 

Egypt EGARCH(3,0) −5.23 *** −5.13 *** 0.09 −7.07 *** 1996 
Finland EGARCH(1,1) −8.84 *** −8.77 *** 0.17 −10.96 *** 1985, 1991 
France EGARCH(1,0) −6.67 *** −6.66 *** 0.31 −8.92 *** 1991, 2010 
Gabon EGARCH(1,1) −12.53 *** −11.76 *** 0.08 −14.89 *** 1987, 1997, 2003 

Germany EGARCH(2,2) −4.09 *** −3.17 ** 0.21 −4.49 ** 1994 
Hungary EGARCH(2,2) 10.31 *** −9.74 *** 0.35 * −14.61 *** 1978 

India EGARCH(1,2) −6.56 *** −7.92 *** 0.28 −6.95 *** 1975, 1981 
Indonesia EGARCH(1,1) −2.93 ** 3.87 *** 0.14 −5.45 *** 1983, 1992 

Iran EGARCH(1,1) −3.04 ** −3.19 ** 0.23 −11.73 *** 1975, 1978 
Italy EGARCH(1,0) −5.83 *** −5.72 *** 0.28 −6.29 *** 1988 

Japan EGARCH(1,1) −6.73 *** −6.38 *** 0.1 7.26 *** 2008 
Korea South EGARCH(1,0) −6.62 *** −6.62 *** 0.13 −6.91 *** 1987, 2010 

The Netherlands EGARCH(2,0) −7.84 *** 11.11 *** 0.14 −11.09 *** 1989, 1992 
New Zealand EGARCH(2,2) 3.02 ** −3.07 ** 0.14 −5.67 *** 1981 

Nigeria EGARCH(2,2) −3.99 *** −10.23 *** 0.11 −11.53 *** 1980 
Norway EGARCH(1,3) −7.79 *** −8.88 *** 0.22 − − 
Pakistan EGARCH(1,0) −4.39 *** −4.38 *** 0.11 −4.78 *** 2004 

Philippines EGARCH(1,0) −6.22 *** −6.36 *** 0.16 −7.01 *** 1986, 2004 
Portugal EGARCH(2,2) −11.18 *** −10.89 *** 0.08 −13.18 *** 1979 

South Africa EGARCH(1,1) −3.09 ** −3.14 ** 0.34 −4.51 ** 2002 
Spain EGARCH(2,2) −8.99 *** −5.92 *** 0.28 −10.33 *** 1999 

Sri Lanka EGARCH(2,2) −7.81 *** −7.19 *** 0.18 −14.58 *** 1978 
Sudan EGARCH(3,0) −7.92 *** −10.49 *** 0.24 −9.47 *** 2000 

Sweden EGARCH(1,0) −6.07 *** −6.08 *** 0.19 −6.91 *** 2004 
Syrian EGARCH(1,0) −6.55 *** −6.54 *** 0.14 −33.61 *** 1975 

Thailand EGARCH(1,0) −7.55 *** −7.61 *** 0.19 −8.28 *** 1985 
Trinidad and Tobago EGARCH(1,1) −2.65 * −2.92 *** 0.18 −4.96 *** 1982 

Turkey EGARCH(2,0) −3.75 *** −3.75 *** 0.26 −4.73 *** 1978 
UAE EGARCH(1,0) −4.84 *** −4.80 *** 0.21 −12.85 *** 1999 
UK EGARCH(1,0) −5.94 *** −5.95 *** 0.12 −6.35 *** 1995 

USA EGARCH(2,1) −3.11 ** −3.22 ** 0.41 * −5.27 *** 1975 
Venezuela EGARCH(2,0) −4.73 *** −3.24 ** 0.09 −5.34 *** 1983 
Vietnam EGARCH(2,2) −14.41 *** −13.36 *** 0.34 −54.22 *** 1997 

Notes: *, ** and *** denotes significant at 10%, 5% and 1% respectively. ADF − Augmented Dickey–Fuller Test, PP − Phil-
lips–Perron Test, and KPSS − Kwiatkowski–Phillips–Schmidt–Shin Test. 
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Table A4. Unit root test—energy consumption volatility. 

Countries Model ADF PP KPSS Breakpoint Break 
Albania EGARCH(1,1) −8.26 *** −8.43 *** 0.21 −14.68 *** 1992 
Algeria EGARCH(1,1) −4.08 *** −2.53 ** 0.31 7.56 *** 1995 

Australia EGARCH(1,0) −6.99 *** −6.98 *** 0.08 −7.57 *** 2011 
Austria EGARCH(1,1) −3.60 ** −3.55 ** 0.23 −5.07 *** 2004 

Bangladesh EGARCH(1,1) −3.98 *** −3.98 *** 0.09 −5.02 *** 2011 
Belgium EGARCH(1,1) −6.09 *** −6.29 *** 0.24 −6.99 *** 1982 
Bolivia EGARCH(1,0) −6.69 *** −8.78 *** 0.27 7.07 *** 1999 
Brazil EGARCH(3,0) −3.91 *** −3.82 *** 0.15 −5.83 *** 1982 

Canada EGARCH(1,1) −3.65 *** −3.69 *** 0.21 −5.13 *** 1981 
Chile EGARCH(1,1) −9.72 *** −9.75 *** 0.13 −11.29 *** 2012 
China EGARCH(1,0) −5.99 *** −5.85 *** 0.18 −7.21 *** 2004 

Colombia EGARCH(4,0) −6.82 *** −6.97 *** 0.11 −15.35 *** 1980 
The Czech Republic EGARCH(2,2) −9.99 *** −12.01 *** 0.11 −11.97 *** 1993 

Denmark EGARCH(1,1) −4.76 *** −4.79 *** 0.19 −5.74 *** 1996 
Ecuador EGARCH(2,2) −7.47 *** −7.46 *** 0.17 −10.01 *** 2000 

Egypt EGARCH(2,2) −10.86 *** 10.24 *** 0.25 −11.91 *** 1985 
Finland EGARCH(2,1) −10.15 *** −10.16 *** 0.09 −10.21 *** 1987 
France EGARCH(1,1) −4.28 *** −4.31 *** 0.16 −5.68 *** 1978 
Gabon EGARCH(2,1) −7.88 *** −8.08 *** 0.19 −14.26 *** 1975 

Germany EGARCH(3,0) −6.64 *** −6.64 *** 0.29 −46.67 *** 1974 
Hungary EGARCH(2,0) −4.46 *** −4.47 *** 0.12 −5.16 *** 1993 

India EGARCH(2,2) −6.62 *** −8.05 *** 0.15 −8.11 *** 2010 
Indonesia EGARCH(1,1) −3.22 ** −3.15 ** 0.28 −5.63 *** 1993 

Iran EGARCH(1,0) −6.61 *** −6.61 *** 0.26 −11.24 *** 1984 
Italy EGARCH(1,1) −2.68 * −2.69 * 0.21 −4.92 *** 2009 

Japan EGARCH(1,1) −7.25 *** −7.34 *** 0.32 7.61 *** 2008 
Korea South EGARCH(1,1) −3.59 *** −3.56 ** 0.11 4.96 ** 1998 

The Netherlands EGARCH(2,2) −6.09 *** −6.09 *** 0.18 −6.80 *** 2011 
New Zealand EGARCH(2,2) −7.18 *** −7.64 *** 0.32 −7.61 *** 1981 

Nigeria EGARCH(1,2) −7.21 *** −7.18 *** 0.28 −8.29 *** 2010 
Norway EGARCH(2,2) −6.20 *** −9.74 *** 0.15 −7.21 *** 1999 
Pakistan EGARCH(1,0) −6.22 *** 6.23 *** 0.29 −7.45 *** 2009 

Philippines EGARCH(1,0) −11.42 *** −11.21 *** 0.3 −13.10 *** 1984 
Portugal EGARCH(1,1) −3.84 *** −3.84 *** 0.11 −4.57 ** 1989 

South Africa EGARCH(1,1) −3.31 ** −3.23 ** 0.14 − − 
Spain EGARCH(1,2) −7.46 *** −7.42 *** 0.24 −12.17 *** 1974 

Sri Lanka EGARCH(1,2) −7.49 *** −7.43 *** 0.18 −8.87 *** 1997 
Sudan EGARCH(2,1) −7.63 *** −7.78 *** 0.18 −9.44 *** 2000 

Sweden EGARCH(1,1) −9.61 *** −10.64 *** 0.25 −10.21 *** 2010 
Syrian EGARCH(1,0) −5.16 *** −5.18 *** 0.23 −6.21 *** 2011 

Thailand EGARCH(2,2) −6.54 *** −6.54 *** 0.09 −8.14 *** 1985 
Trinidad and Tobago EGARCH(1,1) −15.05 *** −12.96 *** 0.28 −17.45 *** 1999 

Turkey EGARCH(1,1) −7.33 *** −14.77 *** 0.21 −7.92 *** 2006 
UAE EGARCH(3,0) −6.43 *** −6.56 *** 0.29 −9.22 *** 1999 
UK EGARCH(1,2) −7.13 *** −7.12 *** 0.12 −7.65 *** 2005 

USA EGARCH(2,0) −7.36 *** −6.45 *** 0.31 −7.96 *** 1994 
Venezuela EGARCH(2,0) −14.15 *** −14.52 *** 0.18 −14.94 *** 2002 
Vietnam EGARCH(2,2) −8.37 *** −8.37 *** 0.12 −14.24 *** 1974 

Notes: *, ** and *** denotes significant at 10%, 5% and 1% respectively. ADF − Augmented Dickey–Fuller Test, PP − Phil-
lips–Perron Test, and KPSS − Kwiatkowski–Phillips–Schmidt–Shin Test. 
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Table A5. Cointegration test. 

Countries 
Trace Test Max Eigen Value 

r = 0 r = 1 r = 2 r = 3 r = 0 r = 1 r = 2 r = 3 
Albania 103.58 *** 41.51 *** 12.53 ** 1.46 62.08 *** 28.97 *** 11.22 ** 1.46 
Algeria 103.48 *** 61.60 *** 26.52 ** 0.19 41.88 *** 25.82 *** 12.94 0.19 

Australia 67.73 *** 37.05 ** 14.35 * 1.41 13.68 ** 22.69 ** 6.23 1.41 
Austria 182.32 *** 27.38 ** 11.97 * 0.16 154.95 *** 15.41 * 11.80 ** 0.164 

Bangladesh 87.21 *** 40.31 *** 11.71 * 0.91 46.91 *** 17.79 ** 11.22 * 0.91 
Belgium 75.43 *** 43.14 ** 22.91 4.13 32.29 *** 20.24 ** 18.77 *** 4.13 
Bolivia 64.39 *** 27.89 * 6.71 0.61 36.49 *** 21.19 ** 6.1 0.61 
Brazil 52.38 *** 28.89 ** 12.31 * 2.49 23.48 * 16.58 * 9.82 * 2.49 

Canada 89.61 *** 48.51 ** 24.96 * 4.71 41.09 *** 23.55 ** 20.25 ** 4.71 
Chile 66.41 *** 35.06 ** 14.40 * 0.39 31.35 ** 20.67 * 14.01 * 0.39 
China 117.78 *** 34.91 ** 13.36 ** 0.39 82.89 *** 21.54 ** 12.97 ** 0.39 

Colombia 71.78 *** 38.61 *** 17.46 ** 2.69 33.17 *** 21.15 *** 14.77 ** 2.69 
The Czech Republic 73.89 *** 33.44 *** 9.49 2.24 40.46 *** 23.95 *** 7.25 2.24 

Denmark 59.77 *** 23.51 * 12.79 ** 1.06 36.26 *** 10.71 11.73 ** 1.06 
Ecuador  69.52 *** 27.47 * 6.52 0.94 42.05 *** 20.95 * 5.58 0.94 

Egypt 74.63 *** 41.39 *** 19.97 *** 1.04 33.23 *** 21.42 ** 18.93 *** 1.04 
Finland 82.31 *** 40.09 *** 13.85 * 1.91 42.22 *** 26.24 *** 12.56 1.29 
France 58.54 *** 33.34 *** 11.41 * 0.43 25.21 ** 21.94 ** 11.22 * 0.43 
Gabon 85.55 *** 34.71 ** 8.41 2.15 50.84 *** 26.29 *** 6.26 2.15 

Germany 89.73 *** 43.08 *** 18.26 ** 1.42 46.65 *** 24.81 ** 16.83 ** 1.42 
Hungary 60.64 *** 29.63 * 10.97 0.66 31.01 ** 18.66 * 10.31 0.66 

India 161.61 *** 66.76 *** 27.42 *** 1.37 94.84 *** 39.34 *** 26.06 *** 1.37 
Indonesia 102.22 *** 36.26 *** 5.79 1.48 65.86 *** 30.57 *** 4.31 1.48 

Iran 165.52 *** 71.52 *** 30.64 *** 0.03 93.99 *** 40.87 *** 30.62 *** 0.03 
Italy 77.78 *** 37.66 *** 13.97 * 1.7 40.11 *** 23.69 ** 12.26 * 1.7 

Japan 84.13 *** 46.64 *** 18.18 ** 2.03 37.49 *** 28.46 *** 16.15 ** 2.03 
Korea South 115.84 *** 69.29 *** 26.67 *** 6.51 46.54 *** 42.63 *** 20.15 *** 6.51 

The Netherlands 78.76 *** 35.74 *** 15.21 * 2.41 43.01 *** 20.54 * 12.79 * 2.41 
New Zealand 86.91 *** 49.65 *** 20.38 ** 5.53 37.26 *** 29.27 *** 14.82 * 5.53 

Nigeria 75.61 *** 37.85 *** 9.02 0.01 37.75 *** 28.83 *** 9.01 0.01 
Norway 78.37 *** 40.93 ** 14.62 6.12 37.43 *** 26.31 ** 8.51 6.12 
Pakistan 54.76 *** 24.72 ** 8.49 0.49 30.04 *** 16.23 * 7.99 0.49 

Philippines 48.79 *** 25.03 ** 4.45 0.05 23.76 * 20.58 ** 4.41 0.05 
Portugal 91.03 *** 48.25 *** 18.43 4.89 42.77 *** 29.83 *** 13.52 4.89 

South Africa 103.99 *** 44.73 ** 21.32 7.26 59.27 *** 23.41 * 14.06 7.26 
Spain - - - - - - - - 

Sri Lanka 77.29 *** 40.47 *** 17.23 ** 0.14 36.81 *** 23.24 ** 17.09 ** 0.14 
Sudan 80.24 *** 43.67 *** 16.78 5.83 36.58 *** 26.89 ** 11.05 5.73 

Sweden 74.98 *** 36.27 *** 16.18 ** 2.31 38.10 *** 20.09 * 13.87 * 2.31 
Syrian 142.56 *** 32.12 ** 10.36 1.94 110.45 *** 21.76 ** 8.42 1.93 

Thailand 80.44 *** 41.07 *** 19.91 * 3.17 39.37 *** 21.17 * 16.74 ** 3.17 
Trinidad and Tobago 75.74 *** 44.73 ** 15.41 4.22 31.01 * 29.32 ** 11.18 4.22 

Turkey 94.45 *** 40.36 ** 18.91 * 3.02 54.09 *** 21.54 * 15.88 * 3.02 
UAE 94.05 *** 38.79 *** 16.36 ** 2.45 55.25 ** 22.44 ** 13.91 * 2.45 
UK 89.98 *** 36.93 *** 14.06 * 0.78 53.05 *** 22.88 ** 13.28 * 0.78 

USA 79.53 *** 34.72 ** 13.73 * 0.01 44.81 *** 20.98 * 13.72 * 0.01 
Venezuela 75.08 *** 43.58 *** 16.87 4.16 31.51 ** 26.71 ** 12.71 4.16 
Vietnam 180.79 *** 71.44 *** 35.20 *** 0.49 109.35 *** 36.24 *** 34.71 *** 0.49 

Notes: *, ** and *** denotes significant at 10%, 5% and 1% respectively. 
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Table A6. Short-run Granger causality results (F Statistic). 

Countries 
RGDPPC 
→ ECPC 

INVOL 
→ ECPC 

EVOL 
→ ECPC 

ECPC → 
RGDPPC 

INVOL→ 
RGDPPC 

EVOL→ 
RGDPPC 

ECPC → 
INVOL 

RGDPPC 
→INVOL 

EVOL→ 
INVOL 

ECPC→ 
ECVOL 

RGDPPC 
→ EVOL 

INVOL 
→ EVOL 

Albania 18.32 *** 19.15 *** 3.02 5.23 * 7.48 ** 7.78 ** 0.19 28.18 *** 5.95 ** 7.02 ** 13.77 *** 2.79 
Algeria 1.99 5.71 ** 12.97 *** 1.64 18.42 *** 4.74 * 1.38 116.27 *** 0.59 11.76 *** 0.08 0.93 

Australia 0.47 0.64 0.09 0.47 0.59 0.78 0.002 4.29 ** 0.0007 0.28 1.84 0.09 
Austria 0.1 0.02 0.78 1.2 12.21 *** 6.11 ** 1.15 382.67 *** 8.16 ** 0.11 0.22 0.16 

Bangladesh 0.05 0.96 4.35 0.17 0.42 0.02 1.68 1.71 0.52 1.97 5.32 * 1.78 
Belgium 6.03 ** 5.86 ** 0.15 0.98 1.72 1.06 0.39 5.41 * 0.86 3.43 0.75 0.89 
Bolivia 10.85 *** 5.81 * 1.15 1.75 2.12 1.75 1.65 5.73 * 1.86 1.17 0.24 9.51 *** 
Brazil 0.01 3.25 * 9.28 *** 0.32 0.14 0.75 0.11 11.75 *** 0.76 1.71 1.11 0.32 

Canada 9.29 ** 7.89 ** 3.27 16.87 *** 13.77 *** 3.57 7.25 ** 20.27 *** 3.94 4.22 6.07 * 3.72 
Chile 0.37 3.87 * 1.63 0.85 16.75 *** 12.17 *** 0.86 29.36 *** 0.61 0.06 2.09 2.43 
China 0.67 0.77 0.26 0.19 13.85 *** 3.77 6.58 ** 3.78 * 5.05 ** 36.06 *** 0.06 0.45 

Colombia 0.36 4.48 * 1.68 1.05 0.27 2.75 1.62 53.96 *** 1.53 3.32 0.59 1.07 
The Czech Republic 1.86 0.77 0.53 0.93 7.68 *** 7.68 *** 1.85 6.79 * 2.76 13.54 *** 4.65 11.72 *** 

Denmark 2.23 14.62 *** 4.89 4.22 3.21 7.13 3.04 7.65 * 3.09 2.03 1.19 9.84 ** 
Ecuador 6.95 ** 4.23 * 6.91 ** 2.19 3.27 0.28 2.07 47.46 *** 2.66 6.68 ** 8.14 ** 9.19 ** 

Egypt 2.72 0.74 4.82 4.43 3.34 4.42 0.11 3.19 0.43 3.24 2.01 3.16 
Finland 1.98 0.26 7.73 ** 0.59 4.37 1.35 1.06 15.59 *** 0.32 0.82 12.78 *** 2.99 
France 0.87 3.91 ** 0.05 4.73 ** 0.17 6.79 *** 1.41 3.57 * 0.06 0.33 0.001 1.26 
Gabon 8.12 *** 10.88 *** 0.24 5.04 * 0.29 2.01 0.43 33.18 *** 0.01 3.51 1.97 1.79 

Germany 11.11 ** 7.72 * 29.11 *** 4.09 5.03 4.09 4.96 4.13 4.25 7.12 1.05 8.86 * 
Hungary 7.85 * 10.33 ** 5.22 17.04 *** 4.59 13.46 ** 10.26 * 5.52 12.05 ** 3.95 2.54 4.36 

India 5.31 * 2.62 3.3 1.41 12.53 *** 3.3 3.31 4.55 * 2.41 2.08 9.09 *** 6.69 ** 
Indonesia 7.73 *** 7.61 *** 0.28 1.65 3.38 * 0.99 3.55 ** 164.05 *** 7.32 *** 3.03 0.47 0.37 

Iran 2.97 * 3.11 * 0.02 22.06 *** 22.71 *** 5.13 ** 0.51 55.22 *** 0.22 7.69 *** 2.45 1.26 
Italy 0.002 0.03 1.65 3.03 * 0.01 3.74 * 3.01 * 24.15 *** 0.51 1.68 2.54 0.01 

Japan 33.66 *** 14.81 *** 1.46 2.44 0.24 0.15 5.27 * 2.26 8.27 ** 2.93 0.01 0.31 
Korea, South 3.18 8.15 * 3.29 19.87 *** 13.34 ** 14.26 ** 3.02 3.9 3.33 3.97 0.92 3.15 

The Netherlands 6.59 ** 4.97 * 5.99 ** 3.91 3.02 0.77 0.27 5.84 * 1.03 8.38 ** 1.63 0.32 
New Zealand 0.24 0.01 0.01 0.01 10.36 *** 0.78 0.4 0.35 0.65 0.08 2.14 5.54 ** 

Nigeria 0.41 7.26 ** 8.69 *** 2.96 0.51 0.41 3.61 3.63 3.05 6.77 * 9.16 *** 7.01 ** 
Norway 0.12 1.48 1.56 2.29 0.05 5.34 * 0.81 0.39 3.68 5.28 * 1.49 17.56 *** 
Pakistan 4.60 * 0.59 0.16 4.54 * 0.01 0.01 0.08 0.09 3.08 * 0.21 3.67 * 6.24 ** 

Philippines 0.05 4.21 ** 0.66 6.10 ** 2.72 * 0.11 2.22 1.15 0.13 0.76 0.54 1.69 
Portugal 11.52 *** 6.99 * 9.59 ** 9.65 ** 10.63 ** 12.15 *** 1.33 9.72 ** 3.66 11.98 *** 13.34 *** 8.99 ** 

South Africa 2.64 10.14 ** 6.91 8.42 * 1.87 2.27 2.05 0.38 8.37 * 0.79 3.87 5.32 
Spain 11.88 ** 13.23 ** 2.47 8.61 * 20.41 *** 3.08 8.69 * 19.87 *** 4.03 6.27 3.55 3.17 

Sri Lanka 0.78 0.73 3.41 2.14 6.31 ** 2.29 0.01 5.41 * 0.33 4.84 * 0.34 0.63 
Sudan 3.48 * 0.26 0.15 0.36 0.21 1.82 2.43 0.55 3.42 * 3.78 * 0.57 7.72 *** 

Sweden 3.71 * 0.37 2.12 0.95 0.19 0.02 0.02 0.22 0.95 0.08 2.41 0.39 
Syrian 4.89 * 4.89 * 4.93 * 2.71 0.16 5.43 * 0.72 70.84 *** 4.92 * 4.58 * 4.91 * 6.26 ** 

Thailand 5.44 * 1.18 2.82 1.41 1.52 3.95 5.44 * 16.75 *** 0.19 10.04 *** 3.69 5.21 * 
Trinidad and Tobago 1.66 0.21 3.85 ** 0.02 1.19 0.17 0.36 62.80 *** 0.38 0.64 0.65 0.27 

Turkey 1.49 0.91 2.91 * 0.63 3.42 * 0.22 9.21 *** 13.52 *** 0.49 35.43 *** 0.99 0.46 
UAE 0.72 6.48 * 10.41 ** 3.91 1.76 3.49 6.51 * 95.00 *** 1.51 2.91 3.72 5.63 
UK 0.71 3.79 * 0.02 2.99 * 3.01 * 1.15 1.72 1.72 12.31 *** 22.28 *** 1.95 8.98 *** 

USA 2.73 6.02 * 6.42 * 8.15 ** 3.62 1.31 2.46 4.31 0.29 1.49 10.45 ** 7.59 * 
Venezuela 11.43 *** 3.73 2.46 19.97 *** 3.75 21.35 *** 1.83 13.11 *** 4.68 2.32 3.79 4.79 
Vietnam 0.87 0.09 0.38 7.52 ** 31.26 *** 2.48 0.18 229.89 *** 0.49 13.67 *** 7.66 ** 2.46 
Notes: *, ** and *** denotes significant at 10%, 5% and 1% respectively. EC – error correction term, ECPC – energy con-

sumption per capita, RGDPPC – real gross domestic product per capita, INVOL – income growth volatility, and EVOL – 
energy consumption growth volatility.    

Appendix B 
In the following, we present Yamamoto and Kurozumi procedures in line with our 

proposed VECM. To determine the long-run Granger non-causality from the ith compo-
nent of tz  to the jth component of tz , we define two ×1 4  matrices, 
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Further, we define the long-run impact matrix ,)( '1'
⊥

−
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. Note that gQ−  denotes the generalised inverse 

of matrix Q and }.1)({)( * +×= ⊥ ββ RL RrankRranks  
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