
sustainability

Article

Empirical Insights into the Long-Run Linkage
between Households Energy Consumption and
Economic Growth: Macro-Level Empirical Evidence
from Pakistan

Abbas Ali Chandio 1, Yuansheng Jiang 1,* , Jam Ghulam Murtaza Sahito 2 and
Fayyaz Ahmad 3

1 College of Economics, Sichuan Agricultural University, Chengdu 611130, China; alichandio@sicau.edu.cn
2 Department of Agricultural Economics, Sindh Agriculture University, TandoJam 70060, Pakistan;

sahito@sau.edu.pk
3 School of Economics, Lanzhou University, Lanzhou 730000, China; fayyaz@lzu.edu.cn
* Correspondence: yjiang@sicau.edu.cn

Received: 4 October 2019; Accepted: 6 November 2019; Published: 8 November 2019
����������
�������

Abstract: This study is a maiden empirical attempt to examine the long-run linkage between
households’ usage of energy and economic progression in Pakistan from the period of 1972–2017.
The Autoregressive Distributive Lag (ARDL) bounds testing method to co-integrate is employed to
expose the causality dynamics between the variables such as households’ electricity consumption,
households’ gas consumption, population growth, and per capita Gross Domestic Product (GDP)
in Pakistan. The study adopted three renowned unit root approaches through the use of the
Augmented Dickey-Fuller (ADF), the Phillips-Perron (P-P), and Zivot-Andrews (Z&A) tests to check
the stationarity of the variables, while the Johansen cointegration technique is also employed to assess
the robustness of the long-run association. The validity of outcomes is also checked with casualty and
variance decomposition. The estimated results reveal that, in both the short and long run, households’
electricity and gas usage positively affect economic growth, while population growth in the long-run
has a negative impact, but the short-run analysis has a positive impact on economic growth in
Pakistan. Additionally, the Granger causality and variance decomposition confirm the robustness of
outcomes and suggesting a long run association among the variables, and a unidirectional causal link
running from three variables to economic growth of Pakistan in the short run.

Keywords: electricity consumption; gas consumption; economic growth; cointegration approach; Pakistan

1. Introduction

With rapid urbanization and modernization of the economy, in developing countries like Pakistan,
the consumption of modern electrical appliances has multiplied. According to the report, the Economic
Survey of Pakistan [1] stated that the share of households in electricity consumption comprises
50%, which is the highest among other users, such as 10% of the agriculture, 26% of the industry,
and 8% of the commercial sector, respectively. Sustainability and economic prosperity can be achieved
with ample power supply in the country. In Pakistan, the demand for electricity is increasing
exponentially. This increase is due to household demand and the industry sector [2–4]. Energy is the
key ingredient and accelerating factor of production. Economic progress also refers to an increase
in production, which is, ultimately, the symbol of progress [5]. Dynamic relations of energy and
economic progress have widely attracted the researchers and vast literature is available in this regard.
Understanding the economic progression in the context of energy has drawn the attention of the scholars
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to estimate, analyze, and determine the short-run and long-run associations along with causality [6,7].
There are contradictory views or conclusions of the literature available on energy-growth relationships.
Positive, negative, and neutral views have been identified in the literature.

Available literature can be further bifurcated to four different categories on the basis of the
methodology used. The first category of methodologies used traditional Vector Autoregressive
(VAR) models [8] and Granger’s causality approach with the assumptions that the data series were
stationary [8–10]. The second category of research studies emphasized that co-integration is the
applicable approach to inspect the energy-growth associations, by keeping in view the non-stationarity
of the variables in use. Hence, the focus was on the basis of Granger [11] two-stage procedure,
tested pairs of variables for co-integrating connections, and error correction models (ECM) to test for
Granger causality [12–14]. In the third-category literature, researchers used multivariate analysis [15],
in which restricted estimations on co-integrating associations can be checked and information on
the short-run as well as an adjustment may be identified. The multivariate procedure allows for
estimation of two and more than two variables in the co-integration links [6,7,16–22]. Then comes the
fourth and recent category, in which studies use the panel co-integration and panel-based VECM to
analyze the short-run and long-run associations. These tests are more powerful tests than time-series
approaches [23,24]. Based on the available literature, it can be established that a connection among
energy usage and economic growth exists, but it is still contradictory whether energy usage is a
result of, or a prerequisite for, economic growth. Causality has also been controversial in terms of
positive, negative, and neutral interactions between using energy and economic growth, based on the
methodology used, the country, and the time span studied. This study is another attempt in light of
the above discussion to establish a clear picture of the growth-energy nexus in Pakistan.

This empirical study offers a five-fold contribution to existing literature in the following ways:
(1) we apply several unit root tests such as the augmented Dickey-Fuller (ADF), the Phillip-Perron (PP),
and the Zivot and Andrews (Z&A) to check the order of the integration of the study variables, (2) we
use annual time series data over the period from 1972–2017, (3) we employ the ARDL bounds testing
approach to cointegrate and to inspect the long-run association between the variables, (4) we apply
the ARDL-ECM procedure to investigate the short-run and long-run impacts of household energy
consumption (electricity and gas), and population growth on economic development, and, (5) in order
to check the robustness, we apply the Johansen cointegration technique, the VECM-specified Granger
causality test, and the variance decomposition (VDM) method.

The organization of the remaining parts is as follows: Section 2 presents the electricity scenario of
Pakistan and Section 3 states the literature review. Section 4 describes data and methods. The results
are discussed in Section 5, and Section 6 offers concluding remarks.

2. Electricity Scenario of Pakistan

Pakistan has been generating electricity from different energy sources such as hydropower, thermal,
and nuclear power plants. More than 30% of electricity is generated from hydroelectric systems, 64% is
generated from thermal systems, and the remaining 6% is produced through nuclear power in the
country [25]. The total population of Pakistan is 207.77 million. Out of this total, 75.58 million people
live in urban areas while 132.18 million people live in rural areas.

According to the World Bank [26] report, 80% of Pakistan’s population has access to electricity
whereas 20% of the population is still lacking electricity access. Currently, the demand of electricity in
the country is 25,000 MW and is projected to increase to 40,000 MW by 2030 [27–29]. Pakistan’s energy
infrastructure is under developed and insufficient. For most of the economic activities, electricity is
the most widely demanded and used form of energy and Pakistan is the lowest per capita
electricity-consuming country in Asia (i.e., Figure 1).
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Figure 1. Electricity consumption (kWh per capita) of Asian countries. Source: World development 
indicators (WDI). 
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The Economic Survey of Pakistan [25] reported that the installed power generation capacity was
25,878 MW in 2015 and 2016.The demand of electricity has significantly increased in the country during
the past few years. The reason for this increased demand is the progress of economic activities with
changes in trade and investment policies. Therefore, the installed capacity and maximum power
generation increased significantly from 17,498 (MW), 68,117 (GW/h) to 26,188 (MW), 117,326 (GW/h) [25]
from 2000–2001 to 2016–2017. However, the country has been struggling to meet the demand of
electricity for its population.

3. Literature Review

Electricity is a major source of energy and it is a prime policy issue for sustainable expansion.
The accessibility of electricity helps meet household and domestic needs, stimulates export potentials
of the country to create employment, reduces poverty, and, ultimately, improves socio-economic
development [4,30–32]. Electricity, therefore, plays a key role for the economic progression of a country,
which brings much more assistance to all dynamic sectors of an economy [2,33]. Due to these facts,
empirical research has been previously conducted to inspect the impact of electricity usage on economic
development in developing and developed countries.

Kraft and Kraft [9], in their pioneering research work, examined the relationship among
consumption of electricity and economic progression. Other researchers examined this in several
other countries. Several researchers [34–46] have worked in several parts of the world on the effects
of electricity usage and economic progression and provided mixed outcomes. Zhang [47] aimed to
identify the association between the use of energy and economic development in Russia by using
time-varying methodology. The empirical findings revealed that the use of energy causes economic
progression and resulting economic progression leads to energy consumption.

Damette and Seghir [48] used panel cointegration and causality approaches to inspect the
connection among energy use and economic progress in oil-exporting countries such as Brazil, Canada,
Mexico, Norway, and Russia, respectively. Findings showed that economic progress has a positive
influence on energy consumption. Das et al. [49] empirically studied the relationship among use of
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electricity and economic progress in 45 developing countries. The study used data from the time
period of 1971–2009 and applied a generalized method of the moments approach. Das et al. [49]
documented that consumption of electricity has a positive relationship with economic progression in a
full panel. Further results show a positive growth electricity connection for Asia, the Pacific, and for
the sub-Saharan African region. Using the ARDL model [50], the long term link between growth and
electricity consumption in Malaysia was investigated. The results confirm the long-run association of
both variables, and the negative impact of energy consumption on the environment.

An investigation conducted by Narayan and Smyth [51] applied panel cointegration,
Granger causality, and long-run structural estimation to explore the association between electricity
usage, economic growth, and exports for a group of Middle Eastern states. This research used
data based on time series from 1974–2002. The empirical findings revealed that, for the panel as
a whole, there are statistically significant feedback effects between these selected study variables.
With respect to Pakistan-specific studies, Aqeel and Butt [52] applied co-integration and Hsiao’s version
of Granger causality to inspect the causal linkage between energy usage and economic progression,
and employment in Pakistan, which covers the time period from 1956–1996. Their results revealed that
usage of electricity leads to economic progression without feedback. Assessing the electricity access
impact on economic progress for Pakistan, Reference [30] suggested the long-run positive association
among variables. Furthermore, the growth-enhancing impact of electricity access has been confirmed
for the urban population. Likewise, Chaudhry et al. [53] used annual data for the period from 1972
to 2012 and found that consumption of electricity is significantly stimulating economic development
whereas the consumption of oil is adversely affecting the economic development. On a similar note,
electricity production from solar energy has a significant impact on the environment and several
economic benefits are also associated with this production for Pakistan [54]. Household consumption
has been increasing in Pakistan and, with this environmental problem, has also been increasing.
The estimations of the demand side scenario show that efficient water heating can save more electricity
than cooling. Moreover, renewable energy use in electricity production can mitigate CO2 emission
significantly [55].

Another investigation conducted by Shahbaz and Feridun [41] examined the association of
electricity consumption and economic progression in Pakistan. The study used the data for Pakistan
over the period from 1971 to 2008. Applying several techniques such as the ARDL, the Toda Yamamoto
causality, and the Wald-test, the outcomes of the study reported that the two variables are in a long-run
equilibrium association. In addition, economic progression leads to electricity consumption in Pakistan
and not vice versa. The consumption pattern varies among households. The ultimate consumption
depends on end use and household gender. The investment and strict regulations can protect the loss
of electricity to promote growth in Pakistan [4]. In Pakistan, a study conducted by Shahbaz et al. [56]
inspected the association of natural gas usage and economic development. In doing so, the study
applied the ARDL procedure and the Innovative Accounting Approach (IAA). The estimated outcomes
of the study reported that consumption of natural gas is positively affecting the economic progression
in Pakistan.

However, there is no study that has been conducted in Pakistan to inspect the linkage between
households’ consumption of energy and economic progression. This is where our study contributes to
the literature. Hence, it is important and timely to explore the association of households’ energy usage
and economic progression in the country by applying the technique of ARDL bounds testing and
the Error Correction Model (ECM). Therefore, this study provides further evidence regarding energy
and growth connection with the ARDL method. Additionally, the Granger causality and variance
decomposition are used for checking the robustness of outcomes.

4. Data and Methodology

The present empirical study uses the annual time series data for Pakistan over the time span
from 1972–2017 and were sourced from both international and domestic institutions, such as World
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Development Indicators and the Economic Survey of Pakistan [1] (Table 1). The GDP in per capita terms
is the dependent variable, and household electricity and gas use are the main independent variables.
Furthermore, the influence of population growth is also considered for GDP growth. The annual
data of these variables are used for statistical estimations. The details are given in Table 1. The GDP
is taken in current US dollars. The annual growth of population is used to check the impact on the
population. The data for household electricity and gas use is collected from the official website of the
Pakistan government.

Table 1. Data description.

Variables Identifier Data Source Measurement

Per Capita GDP PCGDP World Bank (2017) Current US $
Household Electricity Consumption HHEC GOP (2017) Gwh

Household Gas Consumption HHGC GOP (2017) Mm cft
Population Growth POPG World Bank (2017) Percentage

4.1. Model Specification

The present empirical study inspects the short-run and long-run linkage between electricity and
gas consumption at households’ level, population growth, and economic progress in Pakistan. We used
the multivariate regression model indicated below.

PCGDPt = f(HHECt, HHGCt, POPGt) (1)

where PCGDPt represents the per capita GDP in (Current US$), HHECt represents households electricity
consumption in (Gwh), HHGCt represents households gas consumption in (mm cft), and POPGt

represents population growth as a percentage.

PCGDPt = δ0 + δ1HHECt + δ2HHGCt + δ3POPGt + υt (2)

By applying the natural logarithm to Equation (2), a log-linear model is given by the equation below.

LnPCGDPt = δ0 + δ1LnHHECt + δ2LnHHGCt + δ3LnPOPGt + υt (3)

Equation (3) is specified for the log-linear form of the selected study variables. LnPCGDPt

denotes for the natural logarithm of per capita GDP, LnHHECt shows the natural logarithm of
households usage of electricity, LnHHGCt stands for the natural logarithm of households’ usage of
gas, LnPOPGt represents the natural logarithm of populating growth, t denotes the time dimension,
υt represents the error term, δ0 denotes the constant intercept, and δ1, δ2, δ3 denotes parameters of the
model to be estimated, respectively.

4.2. Unit Root Tests for Stationarity

The present empirical study examines the effects of households’ electricity and gas consumption,
and population growth on economic development. Employing the unit root tests to check the
stationarity among the study variables, several unit root tests including the ADF [57], P-P [58],
DF-GLS [59], and Ng-Perron [60] exist in the applied economics literature. This study uses two
renowned unit root methods that are ADF and P-P unit root tests to determine that none of the study
variables considered is integrated of order I(2). The ARDL method is invalidated in cases where the
I(2) variable is used [61]. The ADF unit root test, therefore, is performed using Equation (4).

∆Zt = α0 + β0T + β1Zt−1 +

p∑
i−1

α1∆Zt−1 + µt (4)
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where ∆ denotes the first difference, t refers to the time, Z symbolizes the variables being tested for
a unit root, T indicates a linear trend, µt is the error term, and p denotes the achievement of white
noise residuals.

4.3. Co-Integration with the ARDL Approach

The applied economics literature provides several approaches of co-integration including J-J
cointegration [62], Phillips and Hansen [63], Engle and Yoo [64], and Engle and Granger [65] in
order to inspect the co-integration between electricity and gas consumption at the households’
level, the population growth, and economic progress variables. We prefer to employ the ARDL
approach to avoid the criticism of employing conventional techniques of co-integration that may have
serious shortcomings. It also captures short-run and long-run run linkages. The ARDL approach is
very appropriate for the order of cointegration of the variables. This approach was introduced by
References [66,67]. We may use the ARDL method to co-integrate if the study variables are stationary
or integrated at the first difference I(1) or at the level I(0). The linkage of the long-run and short-run
is inspected using the ARDL bounds testing method representation of the dynamic unrestricted
error-correction model of Equation (3), as represented in Equation (5).

∆lnPCGDPt = β0 +
p∑

i−1
γ1i∆lnPCGDPt−i +

p∑
i−1
γ2i∆lnHHECt−i +

p∑
i−1
γ3i∆lnHHGCt−i

+
p∑

i−1
γ4i∆lnPOPGt−i + ϕ1lnPCGDPt−1 + ϕ2lnHHECt−1

+ϕ3lnHHGCt−1 + ϕ4lnPOPGt−1 + εt

(5)

where β0 represents the constant intercept, the coefficients (γ1,γ2,γ3,γ4,γ5) of the approach reflect
the short-run linkage, and the coefficients (ϕ1,ϕ2,ϕ3,ϕ4,ϕ5) denote the short-run dynamics. The next
step of the present study is to calculate the F-test for comparing the (a) upper and (b) lower critical
values introduced by Reference [67], which are more appropriate for large samples. For small samples
like in this study, it is suggested to use critical values introduced by Reference [68]. The ARDL bound
test will favor the presence of a long-term co-integration among the study variables. If the calculated
value of the F-test is greater than the value of the upper critical bound, a long-term cointegration
exists. However, if the computed value of the F-test is lower than the value of the upper critical bound,
no long-term cointegration exists. However, if the computed value of the F-test is between the upper
and lower bounds critical values, the outcomes of the estimation are inconclusive. This study explores
the long-run elasticity and short-run adjustment parameters in Equation (5).

5. Results and Discussions

5.1. Summary of Descriptive Statistics and Correlation Analysis

The estimated results of descriptive statistics and correlation analysis are available from the authors.
The study finds that there is a positive correlation between per capita GDP, households’ consumption
of electricity, and households’ consumption of gas. Likewise, there is also a positive association found
between households’ use of electricity and households’ use of gas. Figure 2 displays the historical
trend of per capita GDP, households’ use of electricity, households’ use of gas, and population growth
in Pakistan over the period from 1972 to 2017.
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Figure 2. Trends of the selected study variables. Notes: (a) PCGDP; (b) HHEC; (c) HHGC; and (d) POPG
denote the per capita GDP; households’ electricity consumption; households’ gas consumption;
and population growth, respectively.

5.2. Unit Root Tests’ Analysis

The present empirical study has conducted the two renowned unit root methods that are the
ADF and the P-P unit root tests. This has been done in order to confirm that none of the series are
integrated or stationary at the I(2) since this would render the outcomes of the ARDL-bounds approach
to cointegration to be unacceptable because they find out on the precondition that the series are
integrated or stationary at levels I(0) or, at the first difference I(1), mutually stationary or co-integrated.
The outcomes of both unit root tests are reported in Table 2. The outcomes from the ADF and the
PP unit root tests show that per capita GDP is stationary after the first difference, while household
electricity consumption, household gas consumption, and population growth are stationary at all
levels. Both unit root tests such as the ADF and the PP, therefore, display the indication of I(0)
and I(1) variables, since these results suggest the use of the ARDL-bounds test for the cointegration
technique. Furthermore, an advanced unit root test has been used to confirm that there is no issue of
non-stationary effects among the variables. The outcomes of the Z&A test in Table 3 describe that per
capita GDP is stationary at the level. The remaining three variables suffer from the unit root at the
level, but the values are fine at the first difference and the break years are different for each variable.
Overall, the investigation shows that the ARDL approach can be employed to check for long run and
short run associations. Meanwhile, the observations of this study are annual, based on the suggestion
of Pesaran and Shin [69] and Narayan [68], the maximum order of lags chosen in the ARDL-bounds
test for the cointegration approach is 2. The study used AIC as proposed by Liew [70] for a small
sample size. Following this suggestion, the selection of optimal lag of the ARDL-bounds test for the
cointegration approach minimizes the AIC specified as (1, 1, 0, 1) in Figure 3.
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Table 2. Results of the ADF and the PP unit root tests.

Variables Test Statistics Critical Value Remarks Test Statistics Critical Value Remarks Order of Integration

LnPCGDP −2.149 −3.513 Non-Stationary −9.155*** −3.515 Stationary I(1)
LnHHEC −7.460*** −2.928 Stationary I(0)
LnHHGC −4.144** −3.540 Stationary I(0)
LnPOPG −3.949** −3.523 Stationary I(0)

PP unit root test

LnPCGDP −2.181 −3.513 Non-Stationary −8.335*** −3.515 Stationary I(1)
LnHHEC −6.751*** −2.928 Stationary I(0)
LnHHGC −3.958** −3.513 Stationary I(0)
LnPOPG −3.289* −3.513 Stationary I(0)

Notes: The ADF unit root test assumption: test comprises an intercept and trend. LnPCGDP; LnHHEC; LnHHGC;
and LnPOPG stand for the natural logarithm of per capita GDP; the natural logarithm of households’ usage of
electricity; the natural logarithm of households’ usage of gas; and the natural logarithm of populating growth,
respectively. *** show statistical significance at the 1% level. ** show statistical significance at the 5% level. * show
statistical significance at the 10% level.

Table 3. Zivot and Andrews unit root results.

Variables
Level 1st Difference

T-Statistics Breaks T-Statistics Breaks

LnPCGDP −5.862 2006 - -
LnHHEC −2.085 1979 −5.620 1989
LnHHGC −4.170 1999 −7.041 1984
LnPOPG −3.252 1995 −8.215 1982

Notes: Critical values for the test: 1%: −5.34, 5%: −4.80, 10%: −4.58. LnPCGDP; LnHHEC; LnHHGC; and LnPOPG
indicate the natural logarithm of per capita GDP; the natural logarithm of households’ electricity consumption;
the natural logarithm of households’ gas consumption; and the natural logarithm of populating growth, respectively.Sustainability 2017, 9, x FOR PEER REVIEW  9 of 19 
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5.3. Bound Testing for the Co-Integration Analysis

After checking the integration order and stationary status of the series, the ARDL bound testing
co-integration technique is applied to inspect the long-term association among the study variables.
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The estimated outcomes of the ARDL-bounds method are demonstrated in Table 4, which displays
that there is a long-term link among the study variables. The estimated results of the ARDL-bounds
test display that the calculated F-tests i.e., 5.198, 11.744, 8.427, and 16.563 exceed the upper critical
bound at 1% and 5% levels of significance when per capita GDP (LnPCGDP), households’ electricity
consumption (LnHHEC), households’ gas consumption (LnHHGC), and populating growth (LnPOPG)
are used as dependent variables. This implies that the null hypothesis of a long-term co-integration
between households’ electricity consumption, households’ gas consumption, populating growth,
and economic growth is rejected at 1% and 5% of the significance levels.

Table 4. The ARDL bounds test.

Variables LnPCGDP LnHHEC LnHHGC LnPOPG

F-statistics 5.198** 11.744*** 8.427*** 16.563***
Critical values 1% 2.5% 5% 10%

Lower bounds I(0) 4.29 3.69 3.23 2.72
Upper bounds I(1) 5.61 4.89 4.35 3.77

Diagnostic tests
R2 0.293 0.737 0.775 0.800

Adj-R2 0.182 0.677 0.732 0.767
F-statistic 3.635 12.294 17.778 24.7162

Prob(F-statistic) 0.020 0.000 0.000 0.000

Notes: LnPCGDP; LnHHEC; LnHHGC; and LnPOPG show the natural logarithm of per capita GDP; the natural
logarithm of households’ electricity usage; the natural logarithm of households’ gas usage; and the natural logarithm
of populating growth, respectively. *** denote statistical significance at the 1% level. ** denote statistical significance
at the 5% level.

Furthermore, this study employed the Johansen and Juselius [62] cointegration method with trace
statistics and maximum eigenvalue for the analysis of long-run robustness. The outcomes exhibited that
there is a long-run co-integration linkage found between the households’ use of electricity, households’
gas consumption, population growth, and economic growth in Pakistan. This implies that long-run
results are effective and robust. The details of the cointegration test is available from the authors.

5.4. Assessment of the Long-Run and Short-Run Scenario

The analysis outcomes of the long-run, short-run, and residual diagnostic tests are demonstrated in
Table 5 displayed the linkage between the study variables. The estimated outcomes of the long-run and
short-run evidence with Panel A and Panel B are described in Table 5. The elasticity of selected study
variables in the analysis of long-run diagnostic tests in Panel A outcomes reveals that the variables
households’ electricity and gas use have a positive association with economic progress with coefficients
0.205 and 0.481 with p-values 0.819 and 0.532, respectively. It is indicated in the long-run evidence
that a 1% increase in the households’ consumption of electricity and households’ consumption of gas
have a positive relationship with economic progress increasing at 0.205% and 0.481%. Natural gas is
considered as the main fuel in Pakistan, and it contributes almost 47% of the major energy demand in
2007. Since 2000, natural gas and oil are both sources of energy that have been playing the vital role in
the economy of Pakistan, demonstrating 50% and 20% of total consumption [4,41,56,71].

Likewise, population growth has a coefficient of –0.213 with a p-value of 0.827, which is showing a
negative linkage with economic development in the evidence of long-run analysis. Currently, in Pakistan,
the demand of households for electricity consumption is rapidly increasing in parallel with the growth
of the country’s population. The production of electricity from several sources upholds and develops
new approaches, which also covers the improvement of renewable energy technology [30]. Rafique and
Rehman [72] reported that, for future prospects, the renewable energy has grown in Pakistan with a
totally renewable energy potential of about 167.7 GW, which is more than enough to meet the demand
of the country for total electricity consumption.
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Table 5. The long-run and short-run coefficients.

AIC – ARDL (1, 1, 0, 1)

Dependent variable: LnPCGDP

Panel A: Long-run estimation

Variables Coefficient SE T-statistics Prob.
LnHHEC 0.205 0.898 0.229 0.819
LnHHGC 0.481 0.763 0.629 0.532
LnPOPG −0.213 0.974 −0.219 0.827

C −0.851 1.508 −0.564 0.575

Panel B: Short-run estimation

DLnHHEC 0.784** 0.375 2.090 0.043
DLnHHGC 0.120 0.195 0.620 0.538
DLnPOPG 3.889*** 1.348 2.883 0.006
ECM (-1) −0.251*** 0.074 −3.369 0.001

Panel C: Diagnostic tests

R-squared 0.980
Adjusted R-squared 0.977

F-statistic 325.731***
Durbin-Watson stat 1.457

χ2 SERIAL 0.411 (0.665)
χ2 NORMAL 1.381 (0.501)
χ2ARCH 0.321 (0.574)
χ2 RESET 1.510 (0.235)
CUSUM (Stable)

CUSUMSQ (Stable)

Notes: LnPCGDP; LnHHEC; LnHHGC; and LnPOPG display the natural logarithm of per capita GDP; the natural
logarithm of households’ use of electricity; the natural logarithm of households’ use of gas; and the natural logarithm
of populating growth, respectively. *** stand for statistical significance at the 1% level. ** stand for statistical
significance at the 5% level.

The outcomes analysis of the short-run are depicted in Table 5 (Panel B). The short-run dynamics
outcomes expose that households’ electricity usage coefficient is 0.784. This implies that, in the
short-run, a 1% increase in the households’ electricity use would lead to increases in economic
progression at 0.784%. The calculated T-ratio for this coefficient is 2.090. This indicates that the
short-run coefficient of households’ electricity usage is highly significant at 5%. Likewise, the short-run
coefficient of households’ gas consumption is showing the right positive linkage with economic
progression. The finding of this study is consistent with the outcomes of References [35,50,56].

Furthermore, in the analysis of short-run evidence, the variable population growth has the
coefficient 3.889. Therefore, in the short-run, a 1% increase in the population growth will boost
economic growth by 3.889%. The calculated T- ratio for this coefficient is 2.883. This shows that the
short-run coefficient of population growth is highly significant at 1%. Natural gas is a clean, safe,
efficient, and environmentally-friendly fuel. Its local supply accounts for about 38% of the country’s
total primary energy supply portfolio. From July-March 2012–2013, the sectoral use of gas indicates
that the highest share in the use of gas remained in the power sector (27.5%), which is followed by
households (23.2%) and industry (22.6%) [73]. The summary of long-run and short-run effects of
households’ use of energy on economic progression in Pakistan is depicted in Figure 4.

Moreover, the outcome analysis of Panel C revealed that the computed ECM is negative 0.251 and
significant at the 1%. The estimated coefficient of ECM is – 0.251. Therefore, adjustment takes place
25.1% per year toward the long-run equilibrium. The large value of computed F-statistics reveals
that the explanatory variable included in the ARDL model has a strong and significant effect on
economic progress. The high R2 value is 0.980, which suggest that 98% variations in economic progress
is explained by the variables included in the model. Furthermore, our empirical model has passed
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through various diagnostic tests like the ARCH test for heteroskedasticity and the Breusch-Godfrey
serial correlation LM test, as displayed in Table 5. All diagnostic tests confirm that there is no
heteroscedasticity problem and there is no serial correlation in the model. In addition, the CUSUM
and CUSUMQ from Brown et al. [74] also show the stability of the model at the 5% significance level
(see Figures 5 and 6).
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5.5. Robustness Analysis

The ARDL confirms the long run connection. Considering this, the direction of this relationship
is a crucial aspect to investigate for policy actions. Therefore, this paper uses the VECM Granger
Causality/ Block Exogeneity Wald Test as a complementary approach. The estimated outcomes are
presented in Table 6.

Table 6. VECM Granger Causality/Block Exogeneity Wald Test.

Independent Variables

Dependent variables LnPCGDP LnHHEC LnHHGC LnPOPG ECT
LnPCGDP – 0.3657 7.614** 9.539*** 16.076***

– (0.832) (0.022) (0.008) (0.014)
LnHHEC 3.914 – 0.266 6.164** 15.868***

(0.141) – (0.875) (0.045) (0.012)
LnHHGC 0.644 10.529*** – 9.428*** 16.591***

(0.724) (0.005) – (0.009) (0.010)
LnPOPOG 0.429 0.583 7.794** – 18.479**

(0.806) (0.747) (0.020) – (0.020)

Notes: LnPCGDP; LnHHEC; LnHHGC; and LnPOPG represent the natural logarithm of per capita GDP; the natural
logarithm of households’ electricity consumption; the natural logarithm of households’ gas consumption; and the
natural logarithm of populating growth, respectively. Above values are χ2 statistics and the numbers in parenthesis
are the corresponding probabilities. Values under ECT indicate the long run causality. *** refer statistical significance
at the 1% level. ** refer statistical significance at the 5% level.

The long run values are significant and state that a valid long run connection exists among variables.
The short run results confirm a unidirectional link running from electricity and gas consumption to
economic development in Pakistan. The significant values of the causality test confirm the validity
of the ARDL estimations and assure that variables hold a sound connection in the short run and the
long run.

The causality method captures the causal association among variables for the given period.
Consequently, this study employed the generalized forecast error variance decomposition method
(VDM) under VAR for a further check. This methodology postulates the extent of the predicted error
variance in a series accounted for by improvements from each of the independent variables over diverse
time-horizons outside the nominated time. The results of VDM are presented in Table 7. The estimated
values show that gas and electricity consumption have a close connection than population with GDP
in the long-run. The estimated causality outcomes also certify the long-run link among these variables.
The decomposition of electricity states that the link of GDP, gas, and population grows stronger in
the long-run. However, the association of growth and electricity consumption is relatively stronger
than other variables. On the other hand, the relationship between gas and electricity use is more
significant than population and economic development under the gas consumption decomposition.
Likewise, the outcomes of population decomposition describe a significant link between electricity
and population. Overall, the estimations suggested that the connection among variables is stronger in
the long-run and short-run connections, which is one connection between all variables and economic
development. Therefore, this approach also confirms the long-run association of all variables and
certifies that electricity, gas consumption, and population have a significant impact on GDP growth
in Pakistan.



Sustainability 2019, 11, 6291 13 of 17

Table 7. Variance decomposition method.

Period S.E. LnPCGDP LnHHEC LnHHGC LnPOPG

Variance decomposition of LnPCGDP
1 0.063022 100.0000 0.000000 0.000000 0.000000
2 0.096331 86.82999 4.111524 5.802049 3.256440
3 0.121244 75.57567 8.557909 8.298296 7.568120
4 0.146319 65.37733 14.80977 9.824106 9.988792
5 0.171658 58.45887 20.24208 10.74130 10.55775
6 0.195507 53.72222 24.57667 11.41683 10.28428
7 0.216817 50.67155 27.86787 11.76833 9.692250
8 0.235707 48.78882 30.28577 11.89509 9.030324
9 0.252464 47.69754 31.96590 11.89965 8.436914
10 0.267477 47.07974 33.10099 11.85199 7.967281

Variance decomposition of LnHHEC
1 0.039646 12.38393 87.61607 0.000000 0.000000
2 0.057816 8.877065 90.89263 0.170490 0.059817
3 0.070537 10.29683 85.23662 2.777825 1.688721
4 0.081828 14.06206 74.56155 5.812455 5.563927
5 0.093817 17.10105 63.56280 9.067796 10.26836
6 0.106195 18.74319 54.30069 12.58232 14.37381
7 0.118566 19.77055 46.95845 16.14796 17.12304
8 0.130105 20.70844 41.41894 19.44064 18.43199
9 0.140252 21.75114 37.22765 22.38410 18.63711
10 0.148876 22.97047 33.89081 24.96702 18.17170

Variance decomposition of LnHHGC
1 0.057064 0.771489 1.037866 98.19065 0.000000
2 0.082369 0.408087 0.648049 98.31165 0.632213
3 0.103768 0.896340 1.517710 95.34392 2.242030
4 0.121569 1.084776 1.207803 93.57534 4.132079
5 0.138523 1.527838 1.220376 92.13243 5.119356
6 0.155079 2.218022 2.479101 90.01908 5.283799
7 0.171812 2.913661 4.556745 87.56937 4.960222
8 0.188871 3.478865 6.876455 85.19124 4.453435
9 0.206185 3.933033 9.048715 83.06751 3.950739
10 0.223520 4.297823 10.96483 81.19125 3.546097

Variance decomposition of LnPOPG
1 0.003168 0.787065 6.123496 0.913816 92.17562
2 0.009236 0.725313 8.062285 0.108458 91.10394
3 0.018013 0.512345 10.63420 0.783094 88.07036
4 0.028843 0.355592 14.18942 2.063391 83.39159
5 0.040896 0.244927 18.59475 3.360961 77.79936
6 0.053325 0.167595 23.35775 4.452997 72.02165
7 0.065412 0.117289 28.01303 5.278122 66.59156
8 0.076642 0.086223 32.24388 5.839563 61.83033
9 0.086739 0.067318 35.88111 6.176801 57.87477
10 0.095649 0.055573 38.86590 6.344434 54.73409

Notes: LnPCGDP; LnHHEC; LnHHGC; and LnPOPG symbolize the natural logarithm of per capita GDP; the natural
logarithm of households’ electricity usage; the natural logarithm of households’ gas usage; and the natural logarithm
of populating growth, respectively.

6. Conclusions

Energy plays a leading role in a country’s economic progression, and electricity plays a central
role as a multi-functional form of energy. The main aim of the empirical study is to inspect the long-run
and short-run connection among households’ electricity consumption, households’ gas consumption,
population growth, and economic progression in Pakistan from 1972 to 2017. This empirical study
applied the ARDL bounds testing for the cointegration approach as an analytical tool together with
the Johansen co-integration method. The findings of the work exhibited that households’ electricity
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consumption and households’ gas consumption have a positive influence on economic progress in
both long-run and short-run associations. However, the population growth in the long-run assessment
has a negative influence while, in the short-run analysis, it has a positive influence on the economic
development in Pakistan. The estimated outcomes of the VECM causality test also specify that there
is a long-run connection among all variables, and a unidirectional causality from all variables to
GDP growth in the short run assessment. Furthermore, the results of VDM confirm the robustness
of the findings. Pakistan is a rich country in terms of energy sources including oil, coal, and gas.
However, more than 20% of the population does not have access to electricity. To meet the increasing
modern energy demand of its population, the government should enhance its energy policies and invest
more in the energy sector to boost modern energy production. In addition, the government should place
greater emphasis on producing electricity from alternative sources such as wind, solar, and nuclear
power. Oil and natural gas are the country’s two main sources of energy. Economical electricity can
also be generated from natural gas.
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