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Abstract
In this study, we attempt to investigate the relationship between electricity consumption, foreign direct investment (FDI) and
economic progress in Pakistan during the period from 1997 to 2017. We applied the unit root tests to cointegration approach with
the vector error correction model (VECM) approach. We also authenticated the robustness of the outcomes with the help of the
regression methods. The main findings indicated that variables are cointegrated in the long-run and the VECM approach verified
long-run causal links among the variables. The short-run causality is running from electricity consumption and economic
development to FDI. The results remained uniform under the fully modified ordinary least squares (FMOLS), dynamic ordinary
least squares (DOLS), and the autoregressive distributed lag (ARDL) estimations. Correspondingly, these three methods ratified
that there is a significant long-run linkage between electricity consumption and the economic development of Pakistan.
Additionally, the diagnostic assessments fixed that results are free from correlations and models are stable. Thus, based on these
results, electricity generation and consumption, as well as FDI, is crucial for the economic progress of Pakistan. The priority
should be given to promote the optimum use of available resources to generate energy, and FDI in the energy sector should be
attracted through various incentives to support the economic advancement of Pakistan. Renewable energy resources are recy-
clable springs that can cut the intensity of carbon emissions and encourage to the promising magnitude of FDI and also certify
sustainable and economic progression of Pakistan.
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Introduction

During the past three decades, the plentiful empirical research
studies fixated on investigating the interrelationship among
electricity use and economic progress for both developing
and developed countries. The researchers familiarized the time
variations and variables of interest to comprehend the causal
association among electricity use and economic development.
In the process, Ferguson (2000) matured that there is a strong
positive interconnection among electricity use and economic
progression in more than 100 countries; however, such deal-
ings of interrelationships cannot term as causality because
causality can take the direction either from electricity use to
the gross domestic product or gross domestic product to elec-
tricity use. Even if causality can run in two directions, the
other option of causality is not causality, and evidence on
either direction of causality is essential for policy impact and
its implications. Although some studies reveal a one-way
causal relationship from economic progression to electricity
use, the one-way causal relationship from electricity use to

Responsible Editor: Muhammad Shahbaz

* Abbas Ali Chandio
alichandio@sicau.edu.cn

* Yuansheng Jiang
yjiang@sicau.edu.cn

1 College of Economics, Sichuan Agricultural University,
Chengdu 611130, China

2 School of Economics, Lanzhou University, Lanzhou 730000, Gansu,
China

3 Department of Business Administration, Sukkur IBA University,
Sukkur 65200, Sindh, Pakistan

4 College of Economics and Management, Huazhong Agricultural
University, Wuhan 430070, China

5 School ofManagement Science and Engineering, Nanjing University
of Information Science and Technology (NUIST), No. 219 Ningliu
Road, Nanjing City, Jiangsu Province, China

https://doi.org/10.1007/s11356-020-08966-z
Environmental Science and Pollution Research (2020) 27:25664–25674

/Published online: 30 April 2020

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-020-08966-z&domain=pdf
http://orcid.org/0000-0001-8706-9681
mailto:alichandio@sicau.edu.cn
mailto:yjiang@sicau.edu.cn


economic progression is a collective experience found in sev-
eral Asian emerging countries (Ho and Siu, 2007).

We reviewed the empirical research works pertinent to
Pakistan and examine electricity use in association to the var-
iables: renewable energy use, financial development, trade
openness, energy consumption, oil consumption, natural gas
consumption, nuclear energy consumption, carbon emissions,
agricultural energy consumption, access to electricity, popula-
tion, and economic development (Alam and Butt, 2002; Aqeel
and Butt, 2001; Chandio et al. 2019a; Hassan et al., 2018;
Luqman et al., 2019; Mirza and Kanwal, 2017; Rehman
et al., 2018; Rehman et al., 2019; Samiullah, 2014; Shahbaz
and Feridun, 2012; Shahbaz et al., 2016; Shahzad et al., 2017;
Siddique et al., 2016; Waleed et al., 2018; Wang et al., 2018).
The above literature survey helps us to identify the variables
not empirically tested concerning Pakistan. Therefore, this
present empirical study differs from previous studies, and
the study empirically inspects the electricity use, foreign direct
investment (FDI) in the energy sector, and gross national in-
come (GNI) nexus of Pakistan instead of gross domestic prod-
uct (GDP).

Before leading to empirical outcomes, we developed a con-
nection between foreign direct investment and energy produc-
tion and use. During the past a few decades, globalization has
facilitated to promote stable economic integration among na-
tions. Emerging countries have changed their economic poli-
cies and removed barriers to foreign trade and investments.
The FDI considered a very much important factor for devel-
oping economies like Pakistan. The FDI provides capital to
generate positive external factors in the country, such as job
creation, technology transfer, management skills, productivity
gains, research and development, and new production
methods. It also encourages to domestic investors to invest
more in the country (Latief and Lefen, 2018). Despite many
political and economic challenges, Pakistan is still being
watched by foreign investors around the world. Pakistan re-
ceives foreign direct investments (FDI) from various devel-
oped and developing countries around the world including the
USA, China, Saudi Arabia, the UK, Japan, and Switzerland.
The target sectors for foreign direct investments are energy
sector, financial operations, trade, construction, transport, tex-
tiles, agriculture, and trade, respectively. Pakistan’s electricity
and energy sectors are one of the main sectors of access to
more foreign direct investments. Currently, a new power pol-
icy provided more incentives to encourage domestic as well
foreign investors to invest much more in the electricity and
energy sectors (GOP, 2018). Pakistan is emerging in most of
Asian countries; however, the infrastructure of the energy sec-
tor is undeveloped, and it is insufficient and poorly managed.
Electricity is extensively demanded by both rural and urban
populations and Pakistan uses forms of energy in most of the
economic-related activities. In Asian economies, Pakistan is
the least per capita electricity–using country (see Fig. 1).

The electricity sector consists of two vertically integrated
public sector utilities: the Water and Power Development
Authority (WAPDA) and the Karachi Electric Supply
Corporation (now it is called K-Electric) in Pakistan. More
than 20 IPPs (Independent Power Producers) contribute sig-
nificant electricity generation of 8949 MW, and Pakistan
Atomic Energy Commission (PAEC) generates 1117 MW
from nuclear power in the country, whereas solar and wind
energy contribute 356MW (NEPRA, 2015). According to the
report of NEPRA (2015), the installed capacities between
these two public companies like WAPDA and KESC was
12,903 MW and 2359 MW. In current years, Pakistan’s elec-
tricity generation has fallen by 50% due to its over-reliance on
hydropower. In 2008, the electricity supply was lower than the
population’s demand, which was 15% in Pakistan (ET, 2008).
Pakistan generates electricity from hydropower, thermal, and
nuclear power plants. According to the energy report (GOP,
2017), it revealed that electricity generation by hydropower is
30%, the thermal system produces 64%, and the nuclear pow-
er plants contribute 6%.

Regarding consuming pattern of electricity in the country,
the share of households in electricity used comprises 50%,
which is higher among other economic sectors for instance
industry 26%, agriculture 10%, and commercial a share of
8% only (GOP, 2017). To meet the energy needs, Pakistan
imported 29.4% of natural gas, 37.8% of oil, 29.4% of hydro-
power, and 0.26% of its natural gas, respectively. The share of
coal and nuclear energy to its energy supply is presently quite
limited to 0.1% and 3.02% (GOP, 2013; OSEC, 2010). During
the past decade, the demand for electricity has gradually in-
creased in the country. The leading cause behind this is the
growth of economic-related activities with variations in trade
and investments policies (Shahbaz and Feridun, 2012). Over
the past few years, the installed capacity (MW) and generation
(GW/h) of electricity are increasing, but still, the country is
struggling to meet the demand for electricity. The trend of
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Fig. 1 Electricity consumption (kWh per capita) of Asian countries.
Source: World Development Indicators (2014)
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installed capacity (MW) and generation (GW/h) of electricity
in Pakistan is dispatched in Fig. 2.

In the presence of the new power policy of Pakistan, we
design this study to ascertain the long-run association among
electricity use, FDI in the energy sector, and per capita GNI.
Furthermore, we investigate the presence and direction of
causal interaction among electricity use, FDI in the energy
sector, and GNI to make effective policy decisions concerning
electricity use and foreign direct investment in the energy
sector. The study uses time series data from 1997 to 2017
which were gathered from the World Development
Indicators (WDI 2017) and the State Bank of Pakistan (SBP
2017). We apply different techniques such as the Augmented
Dickey-Fuller (ADF), Phillips and Perron (P-P), and the
Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) unit root
tests to check the stationarity. Furthermore, we employ the
VECM model to evaluate the interrelationship between amid
study variables. To check the robustness of the outcomes, we
use impulse response functions (IRF) and variance decompo-
sition method (VDM).

Literature of review

The existing literature survey revealed that several studies
conducted on electricity use, economic development, foreign
direct investment, financial development, exports, imports,
and environmental degradation and CO2 emissions in related
issues, which can be divided into different categories with
regard to the dissemination of studies discussed worldwide,
economical energy conducted both at global and regional lev-
el, and by level of income, consumption, and investment
(Almulali and Sheauting, 2014; Apergis and Payne, 2009;
Khan et al., 2014; Nahman and Antrobus, 2005; Rauf et al.,
2018; Udi et al., 2020; Yildirim et al., 2014). Electricity has
played a vital role in human life’s evolution, and it has helped
to advance and develop primary needs: transport, communi-
cation, and manufacturing (Hossain and Saeki, 2012; Jbir and
Charfeddine 2012). Similarly, Ozturk (2010) and Payne

(2010) carried out a study related to energy used and
economic progress issues; the result based on the review
exhibits that consumption of electricity has positive effects
on economic progress through highly stylized facts.
Furthermore, after the NAFTA agreement in between 1980
and 1991, Kaufmann et al. (1993) have explored the impact
of economic progression and trade on the ecological condition
of some countries like as the USA, Canada, and Mexico; em-
pirical findings reveal that atmospheric condition was being to
mitigate with such an increase in economic expansion and
trade, while pollution was decreasing with such an increase
in per capita income.

Furthermore, Giannias et al. (2003) quantify the environ-
mental impacts of per capita income on European countries
that have observed that low per capita income countries have
low environmental protection levels, while higher per capita
income countries have favorable environmental conditions.
As like, in fifty-eight provinces of Turkey from 1968 to
2003, Akbostanci et al. (2009) empirically examined the in-
teractions among per capita income and climate change; find-
ings display that there was a long-term link between pollution
and per capita income, while air emissions increase with an
increase in income. Moreover, Lantz and Feng (2006) evalu-
ated the per capita income, population, and technology im-
pacts of gross domestic product (GDP) on Canadian CO2

emissions from 1970 to 2000; they observed that GDP per
capita has a negligible impact on CO2 emission levels; how-
ever, there was a reversed U-shaped connection between pop-
ulation and CO2 emissions, so there was also another U-
shaped connection between technology and CO2 emissions.
Comparatively, Mozumder and Marathe (2007) clarify the
interrelationship between use of electricity and economic
progress for Bangladesh using the Granger causality approach
stipulated in the vector encryption model. The results suggest
that, without reverse causality, there was unidirectional cau-
sality from economic progress to use of electricity.

Some researchers (Jobert and Karanfil, 2007; Payne, 2010)
demonstrate that there was no causal connection among ener-
gy use and economic development, which is consistent with
the “neutrality hypothesis.” Within this case, energy use and
growth progress will not affect each other. Some studies have
explained the energy use to the foreign direct investment
(Khan et al., 2014; Komal and Abbas, 2015; Pao and Tsai,
2011; Shahbaz et al., 2013) which studied the unidirectional
link between FDI and energy use, whereas, in a sample of G-
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Fig. 2 The trend of installed capacity (MW) and generation (GW/h) of
electricity in Pakistan. Source: Government of Pakistan (GOP, 2017)

Table 1 Variables definition and data source

Variables Definition Data source

GNI Per capita GNI (constant 2010 US$) WDI (2017)

ELE Electricity consumption (GWh) SBP (2017)

FDI Flows of FDI in the energy sector (current US$) SBP (2017)
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20 emerging countries, Mielnik and Goldemberg (2002) ana-
lyzed the positive link between the FDI and energy use nexus.
Correspondingly, in 22 developing economies, Sadorsky
(2010) also presents evidence of the numerically positive link
between the FDI and energy use. Anwar and Nguyen (2010)
investigated the FDI and energy consumption link for the
panel of 61 provinces of Vietnam over the time of 1996–
2005. The results suggest that in all provinces of Vietnam,
there was bidirectional causality between FDI and energy
consumption.

Moreover, Khan et al. (2014) estimated that gross domestic
product (GDP) and the FDI also have a positive influence on
energy consumption in low-income countries. For Pakistan,
few empirical studies have inspected the nexus between ener-
gy use and economic development (Aqeel and Butt, 2001;

Hye and Riaz, 2008; Khan and Qayyum, 2007; Shahbaz and
Feridun, 2012; Siddiqui, 2004).

Aqeel and Butt (2001) assessed the causal interrelation-
ship among energy used and economic progress in Pakistan
for the period 1995–1996 (electricity, gas, coal, etc.); empir-
ical outcomes revealed that there was no causality between
economic progress and gas consumption. For instance, stud-
ies emphasize by (Islam et al., 2013; Shahbaz and Lean,
2012) that the FDI has indirect influences on energy con-
sumption through economic progress which effect can be
either positive or negative depending on whether economic
progress is useful. Similarly, financial sector growth en-
hances funding accessible for investment projects resulting
in industrial growth, leading to the development of
manufacturing practices. As a result, Khalil and Inam
(2006) examined deep-term and short-term interaction in
Pakistan from 1972 to 2002 as among international trade
and environmental sustainability; they observed that there
is a deep-term relationship that exists between international
trade and environmental sustainability. The FDI inflows play
a pivotal role in economic development of all economies,
especially developing economies (Wang and Wang, 2015).
The past several studies have examined the determinants of
the FDI inflows in emerging economies. They have stated
some central drivers of the FDI inflows, for instance, market
size, the exchange rate, tax policies, financial development,
trade openness, capital structure, natural resources, labor
costs, unemployment, and the inflation rate (Amal, 2016;
Bekhet and Alsmadi, 2015; Boateng et al., 2015; Jadhav,
2012; Rashid et al., 2016; Tang et al., 2014). Nevertheless,
their outcomes on the association between the FDI and its
determinants are not consistent.
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Fig. 3 Actual and natural log
return series of GNI, ELE, and
FDI in Pakistan

Table 2 Correlation analysis and descriptive statistics

Variables GNI ELE FDI

Correlation analysis

GNI 1

ELE 0.9909 1

FDI 0.6733 0.7073 1

Descriptive statistics

Mean 6.9166 11.1079 5.5446

Median 6.9643 11.1961 5.5917

Maximum 7.1621 11.4672 6.6528

Minimum 6.7030 10.6758 3.6296

Std. dev. 0.1498 0.2551 0.8504

Correlations and descriptive statistics are estimated using log data. GNI,
ELE, and FDI denote the per capita gross national income, electricity use,
and foreign direct investment (FDI) in the energy sector, respectively
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Okafor et al. (2015) empirically attempt to inspect the FDI
inflows to sub-Saharan African countries; results show that
trade openness, market size, capital returns, and human capital
have positive effect on the FDI; on the other hand, natural
resources, inflation, and fuel costs have negative impact on
the FDI. Likewise, as studied by Boateng et al. (2015), they
reported that trade openness exchange rate and economic
progression promote the FDI while money supply,
unemployment, interest rate, and inflation reduce the FDI in
Norway. Also, exploration has been conducted on a
comparative analysis of Malaysia and Kenya by Kinuthia and
Murshed (2015) who explored that inflation has positive effect
on FDI only in Malaysia. Currently, in energy sector, Pakistan
has been facing the central issue of energy unavailability due to
rising demand for economic activities and low supply of energy
(Aman et al., 2013; Baloch et al., 2016; Khalil and Zaidi, 2014).

Mahmud (2000) reported that energy shortages increase
costs of production but does not affect the investments. Tang
(2009) re-investigated the use of electricity function for
Malaysia. He employed a study time frame from 1970 to
2005. The variables for the study were the use of electricity,
income, FDI, population, and economic progression. He used
the ARDL bounds test to explore the long-term interactions
among variables. The study found a positive relationship be-
tween use of electricity and FDI and the study concluded that
foreign investors prefer countries with a large power generation

sector. A comparative study has been conducted for India and
Pakistan by Alam (2013) who investigated the nexus between
electric power consumption, FDI, and economic development.
The study utilized a time frame from 1975 to 2008. The vari-
ables for the study were consumption of electric power, FDI,
and economic progression. He applied a Granger causality test
for estimating both the short- and long-run associations be-
tween construed variables of the study. The outcomes of the
study revealed that the consumption of electric power leads to
economic development and FDI. In Pakistan, several empirical
studies have inspected the determinants of FDI (Aqeel and
Nishat, 2004; Hakro and Ghumro, 2011; Shah et al., 2016).
Hence, our study is different from previous studies. The present
study examines the nexus between electricity consumption,
FDI inflows in the energy sector, and per capita income in
Pakistan from 1997 to 2017.

Data and methodology

This empirical study uses the annual time series data on elec-
tricity consumption in (GWh), FDI in the energy sector in
(current USD millions), and per capita GNI in (constant
2010 US$) covering the time of 1997 to 2017. The detail of
data source is reported in Table 1. Table 2 demonstrates the
descriptive statistics and correlations of the studied variables.
Table 2 displays a positive and significant correlation between
electricity use, FDI in the energy sector, and per capita GNI.
The trend of per capita GNI, electricity use, and FDI in the
energy sector of Pakistan is depicted in Fig. 3.

Firstly, to check the stationarity of the time series data, we
employed the ADF, the PP, and the KPSS unit root tests in-
cluding with intercept and intercept with the trend. The equa-
tion of the ADF unit root test was formulated as follows:

Δzt ¼ ψt þ ηzt−1 þ ∑
k

i¼1
ϕiΔzt−1 þ εt ð1Þ

where zt stands for the time series, e.g., GNI, ELE, and
FDI; Δ represents the first difference; and εt represents the

Table 3 Results of unit root tests

ADF test PP test KPSS test DF-GLS test

Variables Ι Ι and τ Ι Ι and τ Ι Ι and τ Ι Ι and τ

GNI − 0.594505 − 1.950018 0.204462 − 1.999349 0.623377** 0.080021 − 0.658835 − 3.605173*
ELE − 0.379852 − 1.534903 − 0.751985 − 1.384012 0.616529** 0.130571* − 0.932060 − 1.512580
FDI − 2.473595 − 0.875316 − 2.473595 − 0.562537 0.417146* 0.191676** − 1.684011* − 1.328541
ΔGNI − 3.715612*** − 4.303534** − 3.081420** − 5.166458*** 0.099982 0.090023 − 2.185355** − 2.284299
ΔELE − 3.508219 *** − 3.401605* − 3.868543*** − 4.102741*** 0.114103 0.085902 − 3.265877*** − 3.905298***
ΔFDI − 4.308001*** − 4.956832*** − 4.308001*** − 5.260834*** 0.496314** 0.356226*** − 2.304170** − 4.955548***

Ι denotes the intercept, τ stands for the trend. ***, **, and * exhibit the significance levels at 1%, 5%, and 10%, respectively

Table 4 Results of Johansen cointegration testing

No. of CE(s) Eigen value Trace statistic Critical value Prob.

None 0.7455 50.4704** 42.9152 0.0074

At most 1 0.5854 24.4694 25.8721 0.0740

At most 2 0.3346 7.7403 12.5179 0.2736

Max-eigen statistic

None 0.7455 26.0009** 25.8232 0.0474

At most 1 0.5854 16.7290 19.3870 0.1168

At most 2 0.3346 7.7403 12.5179 0.2736

** indicates 5% significance level to reject the hypothesis
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error term. The general equation concerning to ELE, FDI, and
GNI is expressed as follows:

Ln GNItð Þ ¼ β0 þ β1Ln ELEtð Þ þ β2Ln FDItð Þ þ εt ð2Þ

In this paper, we used a multivariate framework to empir-
ically examine the linkages among electricity consumption,
FDI in the energy sector, and per capita GNI. Once the studied
variables found stationarity, then the next step is to inspect
whether the time series data are cointegrated. In order to check
the long-term cointegration among the series, we applied the
Johansen and Juselius cointegration (1990) technique. This
approach provides two different likelihood ratio tests, such
as trace statistic and maximum eigenvalue to determine the
number of cointegration equations. We used both tests for the
confirmation of long-term cointegration.

Empirical results and discussions

Unit root tests

In the “Empirical results and discussions” section, the present
study reports the estimated outcomes from different method-
ologies. Conversion of non-stationary time series data into a

stationary form is essential to avoid the problem of imitation
assessment, and the estimated outcomes of various unit root
tests are reported in Table 3. This study used the ADF and the
PP unit root tests with intercept as well as with intercept and
trend, and the outcomes of both unit root tests demonstrate
that per capita GNI, electricity used, and FDI in the energy
sector are non-stationary at their levels, but after taking first
difference the series became stationary or are integrated at I
(1). Further results of the KPSS and the DF-GLS tests support
the results of the ADF and the PP unit root tests.

Johansen cointegration testing

Before using the VECM-based Granger causality approach,
we performed the Johansen cointegration testing to investigate
the long-term cointegration among the study variables of the
model. The results of the Johansen cointegration testing are
exhibited in Table 4. Based on both tests trace and maximum
eigenvalue, the hypothesis of “none” cointegrating equation is
rejected at the 5%. Therefore, these results suggest that elec-
tricity consumption, FDI in the energy sector, and per capita
GNI have at least one cointegration equation, which demon-
strates the existence of long-term cointegration among the
study variables.

Table 5 Results of Granger causality approach based on the error correction model

Source of causality

Short-run Long-run

ΔGNI ΔFDI ΔELE εt − 1
Null hypotheses F-statistics t values

FDI in the energy sector and or electricity
consumption do not cause per capita GNI

0.9547 (0.6204) 1.9643 (0.3745) − 0.7639* (0.0900)

Per capita, GNI, and or electricity consumption
do not cause FDI in the energy sector

6.3045** (0.0428) 4.8892* (0.0868) − 0.3841*** (0.0009)

FDI in the energy sector and or per capita GNI
do not cause electricity consumption

0.9552 (0.6202) 0.5570 (0.7569) − 0.6631** (0.0586)

***, **, and * demonstrate the significance levels at 1%, 5%, and 10%, respectively

p values are in parentheses

Table 6 Long-run results of FMLOS, DOLS, and ARDL approaches

FMOLS DOLS ARDL
Variables Coefficient Coefficient Coefficient

ELE 1.6707*** (0.0000) 1.57969*** (0.000) 1.6548*** (0.000)

FDI 0.0101 (0.8567) 0.03420 (0.5401) 0.0714 (0.1060)

Constant − 11.8474*** (0.0000) − 10.8869*** (0.0003) − 11.8911*** (0.000)
R-squared 0.9376 0.9905 0.9968

Adjusted R-squared 0.9303 0.9821 0.9957

*** indicates the significance level at 1%

p values are in parentheses
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Results of the error correction model
and Granger causality test

The long-run connection among the variables validates
the use of the VECM-based causality test. The results of
the causal links among the variables are exhibited in
Table 5. The error correction terms of three variables are
negative significant, indicating that variables share long-
run causality. The short-run causality outcomes show that
values of FDI and electricity used are insignificant and
indicate no short-run association from both variables to
per capita income. However, there is a significant short-
run connection running from per capita income and elec-
tricity used to FDI. Finally, the causal link running from
FDI and per capita income to electricity used is not sig-
nificant. The findings are similar to the outcomes of
Mozumder and Marathe (2007), suggesting that without
reverse causality, there was unidirectional causality from
economic progress to electricity used. Moreover, the nex-
us between FDI, electr icity used, and economic
progression also in line with the results of Khan et al.
(2014) indicating that economic progression and FDI also
have positive impacts on energy consumption in low-
income countries.

As a robustness check of previous estimations, the long-run
association has estimated using the FMOLS, the DOLS, and
the ARDL approaches. The results are given in Table 6. The
outcomes of three approaches confirmed a significant long-
run connection between electricity used and per capita

income. These findings are consistent with the current work
of Dey (2019), Dey and Tareque (2019), Foon Tang (2009),
and Shahbaz and Feridun (2012). Using the different regres-
sion approaches such as the ARDL, DOLS, FMLOS, CCR,
and VECM, Dey (2019) explored the long-run interaction
between electricity used and economic progression in
Bangladesh over the period 1971 to 2014. Findings revealed
that in the long-run, electricity used has positive impacts on
economic progression in Bangladesh. Similarly, a recent study
was conducted in Pakistan by Chandio et al. (2019b) who
empirically attempted to investigate the effects of industrial
energy used and economic development for the period of
1983 to 2017 by employing the ARDL model and the
VECM technique. The findings showed that industrial energy
used (electricity and gas) has positive significant effects on
economic development in both the long- and short-run.
Furthermore, the connection of FDI and income is relatively
weak in the long-run. The significant and negative values of
coefficients as well as the higher R-squared values endorse the
reliability of estimations. However, multiple diagnostic tests
were used to assure the stability of models.

We used several diagnostic tests to confirm the con-
stancy of the VECM model. The outcomes are reported
in Table 7. The F-statistics and corresponding p values
indicate that the residuals are free from serial correlation
and heteroscedasticity. Furthermore, the Jarque-Bera test
confirmed that residuals are normally distributed.

The CUSUM and CUSUM squares’ graphs are within
given significance level showing that the model is stable,
and the outcomes are free from any technical issue (see
Fig. 4).

Besides, we applied the GIRF for the confirmation of the
outcomes of the study. The GIRF outcomes demonstrate a
profound understanding of shocks to electricity consump-
tion and foreign direct investment exaggerated per capita
GNI. Figure 5 reports the generalized impulse responses
for per capita GNI, electricity used, and FDI in the energy
sector.
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Fig. 4 CUSUM and CUSUMSQ tests for stability

Table 7 Results of diagnostic tests

Tests F-statistic Prob.

χ2SERIAL 0.6701 0.4278

χ2ARCH 0.0348 0.8541

χ2RESET 1.6422 0.2342

χ2NORMAL 0.3673 0.8321

Environ Sci Pollut Res (2020) 27:25664–2567425670



Impulse response and variance decomposition
analysis

We also applied impulse response analysis to describe random
innovations among the study variables. We employed the re-
sponse of GNI, ELE, and FDI to find out random innovations.
Figure 6 displays the impulse response of per capita GNI to
Cholesky One S.D. innovations to other study variables. The
results show that the response of per capita GNI to electricity
consumption is significant and steadily increases within 10-
period horizons. In contrast, the response of per capita GNI to

foreign direct investment is insignificant within 10-period ho-
rizons. Figure 7 displays the response of electricity consump-
tion and foreign direct investment to per capita GNI.

Table 8 illustrates the estimated outcomes of variance de-
composition method. The estimated outcomes demonstrated
that approximately 3.2% of the future fluctuations in GNI are
due to shocks in the ELE, and 2.3% of future fluctuations in
the GNI are due to shocks in FDI. Furthermore, Table 8 indi-
cates that approximately 70.2% of future fluctuations in ELE
are due to shocks in GNI, and 0.4% of future fluctuations in
ELE are due to shocks in FDI. Lastly, the evidence from the
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Fig. 5 Results of generalized impulse response functions
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Fig. 6 Impulse response of GNI to Cholesky One S.D.

Environ Sci Pollut Res (2020) 27:25664–25674 25671



Table 8 displays that approximately 8.6% of future fluctua-
tions in FDI is due to shocks in GNI and 84.5% of future
fluctuations in FDI is due to shocks in ELE, respectively.

Conclusion and policy implications

The present study aims to explore the long-run connection
between economic progress, electricity used, and FDI in the
energy sector for Pakistan. The annual time series data from
1997 to 2017 were used to estimate the possible association
among these variables. The unit root tests and cointegration
approach were used under the VECM causality method. The
robustness of outcomes has confirmed with the FMOLS,
ARDL, and DOLS techniques. Furthermore, the constancy
of the model and reliability of estimated results have checked
through various specification tests. The outcome of the
cointegration test indicated that there exists the long-run con-
nection economic progress, electricity consumption, and for-
eign direct investment. The long-run connection confirmation
led to apply the VECM causality test. The results confirmed
that the long-run causal associations of three variables as the
associated values of all variables are negative and significant.
The short-run results indicated that both economic develop-
ment and electricity used increase the FDI in Pakistan. Based
on economic theory, domestic market performance and stabil-
ity brings more capital from the international market and in
turn, enhances the overall development. The robustness out-
comes through the FMOLS, DOLS, and ARDL also con-
firmed the long-run association between electricity used and
economic development. Therefore, the study concluded that
both electricity used and FDI are vital factors to drive the
Pakistani economy; however, the impact of electricity used
is more significant.

The findings indicated that electricity consumption is vital
for the economic progress of Pakistan. Thus, the policies re-
garding electricity production and consumption should be giv-
en preferred consideration. Considering the capital constraints
and the crucial role of FDI in energy growth nexus, the

Table 8 Variance decomposition Cholesky ordering, GNI, ELE, and
FDI

Period S.E. GNI ELE FDI

Variance decomposition of GNI

1 0.0141 100.0000 0.0000 0.0000

2 0.0271 97.3109 2.3445 0.3445

3 0.0384 94.5509 3.9807 1.4683

4 0.0494 93.1768 4.9557 1.8674

5 0.0594 92.7878 5.3157 1.8963

6 0.0671 93.2046 4.8061 1.9891

7 0.0731 93.6185 4.2221 2.1593

8 0.0785 93.9398 3.7925 2.2676

9 0.0837 94.1811 3.5084 2.3104

10 0.0885 94.3715 3.2859 2.3425

Variance decomposition of ELE

1 0.0415 48.5764 51.4235 0.0000

2 0.0692 57.8652 41.9744 0.1603

3 0.0852 60.7120 39.0554 0.2325

4 0.0968 63.7948 35.8320 0.3730

5 0.1098 65.4890 34.1176 0.3932

6 0.1211 66.9935 32.6407 0.3657

7 0.1298 68.1610 31.4538 0.3851

8 0.1374 69.1219 30.4697 0.4083

9 0.1450 69.7667 29.8206 0.4125

10 0.1525 70.2694 29.3226 0.4079

Variance decomposition of FDI

1 0.2825 16.5986 36.4191 46.9822

2 0.6249 25.9515 62.3412 11.7071

3 0.8277 23.1463 66.3825 10.4710

4 1.0744 15.5193 75.9644 8.5162

5 1.2457 12.9660 78.7984 8.2355

6 1.3943 11.8798 80.5206 7.5994

7 1.5283 10.8448 81.8717 7.2834

8 1.6617 9.7576 83.2431 6.9991

9 1.7787 9.0894 84.0620 6.8484

10 1.8855 8.6997 84.5958 6.7044

Fig. 7 Impulse response of study variables to Cholesky One S.D. innovations in GNI

Environ Sci Pollut Res (2020) 27:25664–2567425672



government should develop a domestic market to attract more
international funds. Furthermore, both human and financial
development is necessary to optimize the available natural
resources and to promote sustainable development with ener-
gy consumption and foreign capital in Pakistan. Assessed out-
comes flagged that ecological degradation is the fundamental
root of economic progression so it is endorsed to reread strat-
egies those are associated to economic development in
Pakistan for monitoring the ecological deteriorations.
Equally, non-renewable track sources of energy are exploited
as a fueling and powering source for industrial manufacturing
and domestic house usage energy consumption in Pakistani
economy so it is suggested to espouse such energy bases that
root for smallest ecological deterioration. To govern the eco-
logical degradations in the long-run time span, the policy ar-
chitects are acclaimed to implement such guidelines that reas-
sure by luxuriating eco-friendly apparatus, equipment, instru-
ments, automobiles, services, and utilities to curtail the eco-
logical deterioration. This could be supplemented by financial
and economic advancement policies those hearten to increase
the consumption level of coal as another possibility font of
energy that is low-priced relatively. Ultimately, the path of
economic richness could be realized through suitable business
speculation of the earnings from the inborn and natural
sources of the state-run government. The régime policy drafts-
men should warrant that the proceeds from the innate endow-
ment is infused into the fruitful segment of the economy to
guarantee thoroughgoing yields that will surpass to economic
development.
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