
Vol:.(1234567890)

Environment, Development and Sustainability (2022) 24:13786–13816
https://doi.org/10.1007/s10668-021-02013-8

1 3

Socio‑economic impact assessment of environmental 
degradation in Pakistan: fresh evidence from the Markov 
switching equilibrium correction model

Syed Ale Raza Shah1 · Syed Asif Ali Naqvi2   · Sofia Anwar2 · Ashfaq Ahmad Shah3 · 
Abdul Majeed Nadeem2

Received: 8 January 2020 / Accepted: 25 November 2021 / Published online: 11 January 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract
Environmental degradation is a severe problem for all nations, especially for developing 
ones like Pakistan. For analysis purpose, this study employed two proxies of environmental 
degradation, i.e., carbon emission and ecological footprint as the explained variables dur-
ing 1980–2017. In contrast, real GDP per capita, electricity consumption, financial devel-
opment, urbanization, life expectancy rate, and fertility rate are used as independent vari-
ables. For the empirical analysis, Johnson co-integration, Markov switching equilibrium 
correction model (MS-ECM), and other second-generation econometric models have been 
used. Granger causality is also used to quantify the causal association among concern vari-
ables. MS-ECM results showed that there is U-shaped behaviour that holds for the case of 
ecological footprint and real GDP; on the other hand, inverted U-shaped behaviour has 
been seen between CO2 and real GDP. Study found negative association between electricity 
consumption and environmental degradation to save the environment. Study suggests that 
electricity production sector should be shifted from non-renewable to renewable energy 
(solar and wind) sources for sustainable future.
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ADF	� Augmented Dickey–Fuller
FMOLS	� Fully modified ordinary least square
MS-ECM	� Markov switching equilibrium correction model
AIC	� Akaike information criteria
EKC	� Environment Kuznets curve

1  Introduction

Global warming exerts significant extortions to the attainment of sustainable development 
goals (SDGs) and requires a comprehensive rejoinder. The United Nations laid down a sev-
enteen point agenda for the fulfilment of these goals by 2030; among these access to the 
reasonable and decent energy and combating overtime climate variation are two (Assem-
bly, 2015). The populations are facing rising temperature worldwide due to greenhouse 
gasses effect, and one of the key reason behind these gasses accumulation is electricity 
production, as over one-third of human-induced gasses emissions are from the burning of 
non-renewable energy sources to produce electricity (Holbrook and Johnson, 2014). Dif-
ferent studies have quantified diverse scopes of the environmental damages by employing 
different proxies such as carbon emission (CO2) and ecological footprints (EFP). However, 
the CO2 denotes a specific segment of the total outcome coming from large-scale human 
activities by energy usage (Al-Mulali et al., 2015).

The developed economies have observed a decrease in several contaminants per unit of 
production because of technological advancement and increasingly strict green protocols 
(Stern, 2014). Another explanation for the deterioration is the transition of the mixture of 
waste from sulphur dioxide to solid, which results in high aggregate waste that could not 
have minimized per capita pollution (Bello et  al., 2018). This indicates that a particular 
environmental degradation (ED), which involves carbon dioxide, should be followed by an 
aggregate measure. The EFP also acts as a quantitative indicator of ED to assess the effect 
of human demand on the natural capital. It is the synthesis of anthropogenic environmental 
pressures, and this indicator was firstly used by Rees (1992).

The EFP is an impending instrument that can be utilized to assess human undertakings 
within planetary limits. This measure includes knowledge about environmental issues that 
include restrictions on the use of energy, global natural resource allocation, and sustain-
ability of resource uses worldwide. The ED is resulting from the fundamental economic 
output-consumption process because nations are using their resources to improve output 
and become more competitive. Growth in terms of development and competitiveness is 
at the risk of ED. The theory of the Kuznets has been approved from his seminal research 
on economic development and income inequality that argued that there exists an inverted 
U-shaped association between ED and gross domestic product (GDP) (Grossman, 1995). 
It means at starting phase of economic development, environment quality go down, and 
at a later stage of development, the environmental quality enhances, i.e. per capita income 
touches a turning point. Thus, it suggests that ED first increases and later on, it drops with 
an upsurge in the development level.

Likewise, out of total production, residential sector requires about 33 per cent electric-
ity consumption globally (Boonyasana, 2013). The rising emphasis on the environmental 
concerns of electricity intake and production has led to a discussion on how to develop new 
technologies, strategies and business solutions those encourage more effective and sus-
tainable production, distribution and consumption of energy (Farhangi, 2009). Similarly, 
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demand-side management should also be focused. Efficiency of the energy consump-
tion can be encouraged by decreasing consumption during the critical peak hours, or by 
adjusting consumption pattern by moving consumption from peak hours to peak-off that is 
referred to as load shift and such program are known as demand response (Strbac, 2008).

This article also uses financial development (FD) as a determinant of ED and influences 
ED in two ways. With FD, energy can be consumed more efficiently through advanced 
technologies, and environment security regulation those can be decreed with enlarged 
funds and less cost (Tamazian et al., 2009). Through this, the adverse impact of ED brought 
about by FD can be abridged. Nevertheless, compact cost, augmented investment and 
energy consumption triggered by FD can lead to more GDP (Dasgupta et al., 2001). Such 
growth may adversely affect the efficiency of the economic climate. A growing population 
of urban areas along with increased use of energy (electricity use) and natural resources 
contribute to more ED. Worldwide, more than two-thirds of the global energy consumption 
constitutes 70% of the environmental harm that is caused by ED (IRENA, 2016).

Taking into account the existing information about the environment–development rela-
tionship, current study would help understanding the EKC-hypothesis in Pakistan from the 
EFP and CO2 viewpoints. The research adds in the body of knowledge in the following 
ways. Firstly, as compared to existing literature, our model explores the effect of socio-eco-
nomic factors, i.e. economic development, electricity consumption, FD, urbanization, life 
expectancy, and fertility rate on ED variables within the same context for Pakistan. Count-
ing socio-economic factors enable us to interact with likely omitted variable bias prevailing 
in the relevant framework. Secondly, in addition to the CO2 proxy that has been extensively 
considered previously, we also use per capita EFP to cover the diverse features of ED like 
cropland footprint, carbon footprint, grazing land footprint, build-up footprint, fishing 
ground. Through this, EKC association and its pollution dependency is clarified. Thirdly, 
our econometric technique controls the numerous factors that can cause the spurious infer-
ences if ignored. Therefore, current study has employed a series of statistic and econo-
metric methods to obtain the robust outcomes. Initially, we have employed the unit root 
tests with and without structural breaks i.e. augmented Dickey–Fuller (ADF) and Zivot 
Andrews. Furthermore, this study has employed Johnson co-integration and confirmed 
the long-term co-integration for both models via Bayer and Hank co-integration test. For 
the regression analysis, we have used the fully modified ordinary least square (FMOLS) 
and Markov Switching regression test. Moreover, this study has employed the stability test 
with impulse response function (IRF). In the last, Pairwise Granger causality test has been 
applied to validate the causal association among variables.

Furthermore, the inspiration of this article is that the existing literature often assumes 
the traditional quantification of ED (CO2) and unfortunately offers few comprehensions 
for Pakistan regarding EKC-hypothesis by using latest ED proxy, i.e. EFP. As the rising 
trend of environmental damages, Pakistan deserves detailed examination, which inspires to 
focus on Pakistan economy. Further, the focus on the Pakistan economy is relevant because 
selected economy has set a number of targets to attain the sustainable economic develop-
ment while preserving environment through endorsing green economy.

The rest of this manuscript is systematized as follows: Sect.  2 discusses the empiri-
cal literature explaining the EKC theory with per capita income, electricity consumption, 
FD, urbanization, life expectancy, and fertility rate. Section 3 elucidates the data, model 
specifications, and empirical methodology. Section 4 presents and discourses the empiri-
cal outcomes of time series unit root tests, Bayer and Hanck co-integration, FMOLS, MS-
ECM and the causality findings in last, and Sect. 5 concludes the paper and suggests policy 
options.
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2 � Literature review

The effects of economic development, energy consumption, FD and other macro indicators 
on different proxies of ED have been investigated in various case studies of the past. This 
section is separated into two parts to differentiate the impacts of concerning indicators on 
carbon emissions and EFP.

2.1 � Long‑run association between macro‑economic indicators and CO2 
(EKC‑hypothesis)

Dogan and Seker (2016) suggested that in topmost renewable energy consuming nations, 
renewable energy intake, FD, and trade openness play a substantial role in decreasing the 
emission and encourage the EKC-hypothesis. For a time series of UAE economy, Charf-
eddine and Khediri (2016) recommended that there exists EKC-hypothesis. Further, they 
found the inverted U-shaped relation between FD and CO2. Ali et  al. (2016) suggested 
that for a time series of Nigeria economy, urbanization leads a non-significant influence on 
the CO2. In the long run, GDP and energy consumption positively contribute to the level 
of environmental damages, while trade openness has an adverse effect on carbon emis-
sion. Similarly, number of case studies also supported the existence of EKC phenomenon 
[Refers: Al-Mulali et al. (2016); Apergis (2016); Kang et al. (2016)].

Later on, the association between per capita income with other macro-economic indi-
cators and environment has been broadly studied. For the case of Turkey, Ozatac et  al. 
(2017) considered the Autoregressive Distributive Lag (ARDL) bound test to quantify 
the incidence of EKC over the period of 1963–2013. The outcomes exposed that the EKC 
phenomenon is valid for Turkey. Solarin et al. (2017) calculated the impact of hydroelec-
tricity consumption, growth, and EFP for the case of China and India. Empirical confirma-
tion illustrates the EKC-hypothesis for selected economies. They also found the negative 
impact of hydroelectricity consumption on emissions. Zhang et al. (2017) used the ARDL 
method to quantify the link between economic development and emission for Pakistan. The 
long-run outcomes supported the evidence of U-shaped EKC-hypothesis for Pakistan. Fur-
thermore, they found non-renewable energy consumption, trade openness and FD as the 
leading accelerators of CO2 discharge. Likewise, a bulk of past literature claimed the pres-
ence of EKC phenomenon such as for G-7 nations by Shahbaz et al. (2017); a study related 
to China by Dong et al. (2017); and a study of USA by Apergis et al. (2017).

Using the dynamic time series model based on FMOLS and CCR techniques, Pata 
(2018) examined the determinants of CO2 in Turkey from 1974 to 2016. The outcomes 
demonstrate that urbanization and FD have a significant influence on CO2. In addition, 
long-run outcomes support the presence of U-shaped EKC-hypothesis. Amri (2018) 
employed the ARDL model for the Tunisia economy over the period of 1975–2014. Their 
findings revealed the presence of EKC-hypothesis. Various case studies used economic 
development and CO2 and validated the EKC during the same year (Balado-Naves et al., 
2018; Dong et al., 2018; Sinha & Shahbaz, 2018). For the panel data set of selected OECD 
region, Zafar et  al. (2019) employed the Cup-FM and Cup-BC estimations. The results 
revealed that energy use enhances the level of carbon emission. Further, they found the evi-
dence of EKC for the selected economies. Similarly, a case study about USA by Işık et al. 
(2019) also supported this phenomenon. Another case study pertaining to BRI countries 
also endorsed the presence of EKC (Khan et al., 2019). Likewise in the continuous year, 
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some other studies also found the same phenomena such as Zhang et al. (2019), Usman 
et al. (2019) and Chen et al. (2019).

Cetin and Bakirtas (2020) quantified the influence of GDP, FD, and energy consump-
tion on emission in emerging economies using an econometric panel technique. The results 
proved the FD as the main contributor to CO2 emissions. They saw the EKC phenomenon 
in the case of emerging economies. In the same year, several other studies supported this 
hypothesis [refer to: Murshed et al. (2020); Kim et al. (2020); Shah et al. (2020); Ng et al. 
(2020)]. Later on, Genç et al. (2021) investigated the association of income per capita with 
carbon emissions in Turkey during 1980–2015. They used ARDL model and found the 
inverted U-shaped EKC. Jiang et al. (2021) investigated the association of real per capita 
GDP with CO2 in China during 1985–2018. The outcomes of ARDL technique proved 
inverted U-shaped EKC for China. Jun et al. (2021) demonstrated the linkage of income 
with CO2 emissions in South Asian economies from 1985 to 2018. Study used FMOLS 
technique and found the inverted U-shaped EKC phenomenon for selected economies.

2.2 � Long‑run association between macro‑economic indicators and EFP 
(EKC‑hypothesis)

Researchers have conducted extensive research to find the link between different types of 
energy use and EFP by using cross country and panel analyses. Charfeddine et al. (2017) 
explained the dynamic relation between economic development and EFP with other socio-
political factors in the selected MENA economies and found the occurrence of EKC phe-
nomenon for the whole region as well as for oil-exporting economies. Similarly, another 
case study of Qatar also supported the evidence of U-shaped association of economic 
development with an EFP (Charfeddine, 2017). Mrabet and Alsamara (2017) explained 
the linear affiliation between economic development, and EFP for the case of Qatar. Con-
cluding remarks explained the U-shaped EKC-hypothesis for the EFP. Later on, a study 
about income groups used the Cup-FM and Cup-BC panel technique to quantify the 
long-run association between EFP and economic development. The concluding remarks 
found U-shaped long-run association between selected indicators. Another study related 
to Malaysia emerging economy by Bello et  al. (2018) supported the U-shaped relation 
between economic development and EFP. This outcome is validated by other studies for 
the numerous nations and regions, containing EU economies by Destek et al. (2018), ten 
tourist destinations by Katircioglu et al. (2018), EU nations by Destek et al. (2018), and a 
study of China by Hao et al. (2018).

Afterward, Destek and Sarkodie (2019) examined the linkage between economic devel-
opment, EFP, FD and renewable energy use to validate the EKC-hypothesis and conclud-
ing remarks proved the concerned phenomena. Results found the bidirectional causality 
between growth and EFP. Alola et  al. (2019) analysed the long-run connection among 
GDP, fertility rate, energy use, and EFP in EU nations over the time of 1997–2014. The 
study validated the incidence of EKC phenomenon in concerned economies. They used 
pooled mean group ARDL regression and found that renewable energy consumption has an 
adverse sway on the environmental damages (EFP). Likewise, other relevant literature also 
supported the same (Fakher, 2019; Sabir & Gorus, 2019).

In the recent year, a case study associated with BRICS economies by Ulucak and Khan 
(2020) quantified the association between urbanization, energy use, growth and EFP. The 
long-run findings validated the incidence of EKC-hypothesis for selected economies. Further, 
they observed that the natural resources, renewable energy consumption, and urbanization 
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are eco-friendly indicators. Sharif et al. (2020) examined the association of renewable, non-
renewable energy use, growth with EFP for Turkey during 1965–2017. Concluding remarks 
explained the existence of EKC-phenomena and found renewable energy as an environment-
friendly indicator. Moreover, bidirectional causality was also quantified among energy use, 
GDP, and EFP. Similarly, other studies also supported this direction of economic growth and 
EFP such as case study of Turkey by Bulut (2020), Central-and East Asian by Ansari et al. 
(2020) and ASEAN region by Nathaniel and Khan (2020). Pata and Aydin (2020) studied the 
influence of economic development on emissions, while results did not express the occurrence 
of EKC-hypothesis. Similarly, another case study related to Pakistan by Abbas et al. (2020) 
investigated linkage between GDP, FDI, industrialization and total population, while the out-
comes ignored the concept of EKC-hypothesis. Later on the case study related to Turkey tried 
to check out the connection of real income with EFP during 1970–2016, and outcomes of 
ARDL method supported the existence of EKC (Bulut, 2021). Similarly, Lee and Chen (2021) 
demonstrated the association of GDP per capita with EFP across 123 economies over the 
period of 1992–2016. Findings under the quantile regression validated the EKC-hypothesis. 
Caglar et al. (2021) claimed the presence of EKC for the USA by using the non-linear ARDL 
technique. They validated the presence of inverted u-shaped EKC.

3 � Data and methodology

This paper studies the long-run and short-run association between the economic development, 
electricity consumption, FD, urbanization, fertility rate and life expectancy rate with ED (EFP 
and carbon emissions) for the case of Pakistan. The data for electricity consumption, real eco-
nomic output and other concerned variables except EFP are retrieved from World Develop-
ment Indicators, while data on EFP have been taken from Knoema data bank. The annual data 
employed for the econometric investigation span from 1980 to 2017. The data description, 
units of measurements and sources are given in Table 1. The variables comprise EFP and CO2 
emissions as a proxy of environment quality, income per capita estimated in US current dol-
lar to the ratio of the GDP and total population, electricity consumption is calculated in kWh/
capita, FD is measured in % of GDP, and urbanization is estimated as the % of the total popu-
lation. Likewise, life expectancy is measured as total births per woman. The fertility rate is a 
portion of the birth, total in years. This article is dissimilar from the preceding studies in terms 
of choice or variables and data selection. The stimulus of data choice is based on the SDGs, 
i.e. 3, 7, 8, 11 and 13. Goal 3 outlines the pivotal role of access to suitable health facilities for 
sustainable growth and the environment. Goal 7 represents access to energy use to access sus-
tainable growth. The involvement of goal 8 is informed by access to financial services. Goal 
11 is focused on the well sustainable cities with well-organized urbanization. Last on, 13 SDG 
is related to environmental quality and also discusses the attainment of a sustainable environ-
ment. Conceptual framework of the study is presented in Fig. 1. 

By following work of Dogan and Turkekul (2016), Mrabet and Alsamara (2017), Charfed-
dine and Mrabet (2017), and Kahouli (2018), the model that we are going to use is (Eq. 1).

Selected parameters are transformed into their logarithm arrangements to achieve 
reliable empirical confirmation. It is widely recognized that log-linear equation mod-
erate’s sharpness in the overall data and allows better results than control variance as 

(1)ED = f
[

GDP�1,
(

GDP2
)�2

, ELEC�3, FD�4, URB�5, LEXP�6, FR�7
]
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compared to simple specification (Shahbaz et  al., 2012). The log-linear description of 
the empirical equation is modelled and can be written as (Eq. 2),

where lnEDt, lnGDPt, ln GDPt
2, lnELECt, lnFDt, lnURBt, lnLEXPt, and lnFRt are the natu-

ral log of the ED, which could be either the EFP or the carbon emission, natural log of 
RGDP, its square, natural log of electricity consumption, natural log of FD, natural log of 
urbanization, natural log of life expectancy and the natural log of fertility rate. µt is an error 
term, which has normally distributed with zero mean and constant variance. And, βi (i = 1, 
2,….,5) shows the long-run elasticities of EDt, GDPt,, GDPt

2, ELECt, FDt, URBt, LEXPt, 
and FRt, respectively. The EKC theory that describes U-shape or inverted U-shape of the 
curve is usable in the quadratic function, and several other potential forms can be fore-
casted following the sign of the examined coefficient β1 and β2. The coefficient of urbaniza-
tion < 0 implies that the well-established urbanization lowers ED; otherwise, urbanization 
degrades the environment quality. This study assumes the positive or negative impact of 
FD on ED. The effect of FD on ED is prejudiced by the loans shifted the clean or dirty pro-
ject to the concerned economies.

3.1 � Unit root tests

This paper uses the ADF test by Dickey and Fuller (1979) and the Zivot–Andrews test 
with one structural break (Zivot & Andrews, 2002). The ADF test is used to check the 
integration level of the datasets. The potential misunderstanding of procedural viola-
tions in a collection of facts of not stationary origin is one of the key deficiencies of 
this technique. Alternatively, if the sequence under analysis has a structural split, it can-
not support the null hypothesis of unit origin. The Zivot–Andrews root test making one 
structural break is used to manage this issue.

(2)
lnEDit=�0+�1lnGDPit+�2lnGDP

2
it
+�3lnELECit+�4lnFDit+�5lnURBit+�6lnLEXPit+�7lnFRit+�it

Fig. 1   Conceptual framework of the study
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3.2 � Bayer and Hanck co‑integration test

There are number of co-integration techniques documented in the econometric literature 
for testing co-integration link among the variables. The long-run association prevails 
between a number of series if there is some sort of linear stationary arrangement among 
them as suggested by the past literature, i.e. Johansen (1991), Gregory and Hansen 
(1996) and Carrion‐i‐Silvestre and Sansó (2006). In addition, all concerned co-inte-
gration tests reduced diverse conclusions of co-integration and non-cointegration null 
hypothesis. Similarly, more robust results can be obtained by findings the individual 
test statistics (Banerjee et al., 1998; Bayer & Hanck, 2013; Boswijk, 1995). This study 
has used Bayer and Hanck co-integration approach and its general mathematical form is 
given below (Eqs. 3 and 4),

Likewise, Prob.EG, Prob.JOH, Prob.BO, and ProbBDM is denoted with individual probabili-
ties of each test.

3.3 � FMOLS

This quantification technique is distinct in its ability to produce optimal co-integration 
regression estimates among series integrated of order one (Pedroni, 2000). The method 
also addresses the issue of endogeneity and auto-correlation without compromising the 
robustness of the variables. Also, it allows the serial correlation and existence of the 
endogeneity problem (Eq. 5).

It also permits co-integration of Yi and Xi with the slope of βi, where βi may or may 
not be homogenous across i, so the equation can be written as Eq. 6,

Similarly, t = 1, 2, ….., T and i = 1, ……., N. The simultaneous covariance is showed 
as Ω0

1, while the weighted sum of auto-covariance is Γi. Thus, FMOLS equation can be 
written as Eq. 7

(3)EG - JOH = −2
[

log
(

Prob.EG
)

+
(

Prob.JOH
)]

(4)EG-JOH-BO-BDM = −2
[

log
(

Prob.EG
)

+
(

Prob.JOH
)

+
(

Prob.BO
)

+
(

Prob.BDM
)]

(5)Yi,t =�i+�i,t Xi,t+�i,t, where t = 1,… .., t and i = 1,…… , N

(6)Yi,t=�i+�i,tXi,t +

Ki
∑

K

= −Ki �i,k ΔXit−k + �i,t

(7)𝛽∗
FMOLS

=
1

N

N
∑

i=1

⌊(

T
∑

i=1

(

Xi − barXi

)

)⌋
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3.4 � MS‑ECM approach

To validate the hypothesis of EKC, this study used the FMOLS and the MS-ECM tech-
niques. This methodology has many benefits to co-integration estimation technique. 
Universal form of this model can be transcribed as (Eq. 8),

where

where β measure the rapidity of the adjustment on the way to the long-run equilibrium, Xt 
is independent variables, and Yt is the explained variable. And Δ is the first difference oper-
ator. The MS-ECM has numerous benefits equated to the other error correction models. 
This methodology does not provide previous details on the number of regimes, the number 
of breaks and the date of breaks, all of which are endogenously quantified and defined.

3.5 � Error correction‑based granger causality analysis

As the both econometric techniques applied by study i.e. FMOLS and MS-ECM are unable 
to track the causality association among the variables so we move towards Granger causality. 
If no evidence is provided for co-integration of the variables, the vector autoregression test 
in the first differences is defined for the Granger causality test. However, if we find signs of 
co-integration, we must add a one-period lag error correction term for the granger causal test 
mode (ECT-1). If the results prove the long-run relationship among the specified indicators of 
environmental quality, the next step is to quantify the vector error correction model (VECM) 
as given in Eqs. 10–15 by succeeding Engle and Granger (1987).

(8)ΔYt = �ECMt−1 +

n
∑

i = 1

�jΔXt−1 +

m
∑

i = 1

�jΔYt−1 + �t

(9)ECMt−1 =
(

Yt−1 − �0st−1Xt−1 − �st−1
)

(10)

ΔEDt = �0 +

n1
∑
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�1kΔEDt−k +

n2
∑
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�2kΔGDPt−k +

n3
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�3kΔGDP
2
t−k

+

n4
∑

k=1

�4kΔELECt−k +

n5
∑

k=1

�5kΔURBt−k +

n6
∑

k=1

�6kΔLEXPt−k

+

n7
∑

k=1

�7kΔFRt−k + �ECTt−1 + �t

(11)

ΔGDPt = �0 +

n1
∑

k=1

�1kΔEDt−k +

n2
∑

k=1

�2kΔGDPt−k +

n3
∑

k=1

�3kΔGDP
2
t−k

+

n4
∑

k=1

�4kΔELECt−k +

n5
∑

k=1

�5kΔURBt−k +

n6
∑

k=1

�6kΔLEXPt−k

+

n7
∑

k=1

�7kΔFRt−k + �ECTt−1 + �t
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Here, τ measure the speed of amendment to find equilibrium in the event of shock (S) 
to the system, and ECT-1 is lagged error correction tool accomplished from the long-run 
Granger causality.

4 � Results and discussion

Before moving towards the long-run analysis, descriptive statistics and pairwise correla-
tion matrix are estimated to check out the behaviour of variables through mean, median 
and expected signs. These help in shaping the pathway of investigation for accurate 

(12)

ΔELECt = �0 +

n1
∑

k=1

�1kΔEDt−k +

n2
∑

k=1

�2kΔGDPt−k +

n3
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�3kΔGDP
2
t−k

+

n4
∑

k=1

�4kΔELECt−k +

n5
∑

k=1

�5kΔURBt−k +

n6
∑

k=1

�6kΔLEXPt−k

+

n7
∑

k=1

�7kΔFRt−k + �ECTt−1 + �t

(13)
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∑
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2
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+

n4
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k=1

�4kΔELECt−k +
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∑

k=1

�5kΔURBt−k +

n6
∑

k=1
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+

n7
∑
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�7kΔFRt−k + �ECTt−1 + �t
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findings. Table 2 discourses the descriptive statistics of variables and validates the nor-
mal distribution of all selected variables. Moreover, given Table  2 offers the descrip-
tive statistics in terms of mean, median, maximum, minimum, standard deviation and 
Jarque–Bera statistics. According to the calculated values, life expectancy has the high-
est value and urbanization has the lowest value in explanatory variables. Similarly, the 
value or Kutosis and J-B tests confirm that all variables are normally distributed. This 
study focuses on ED with two different proxies (CO2 and EFP) and outcomes show 
that there is not a significant difference between the mean and median of the selected 
variable.

Table 3 shows the pairwise correlation coefficient—the correlation among concerned 
variables. According to the given results, FD, urbanization and fertility rate have nega-
tive correlation with both proxies of ED at a 1% level of significance. Likewise, ELEC, 
per capita income and life expectancy rate have positive correlation with emissions and 
EFP (1% statistical significance).

This study continues to observe the stationarity attributes of the variables of interest 
by applying the set of unit root stationarity tests. This is an essential step to decide the 
accuracy of the outcomes to find the required policy insights. The findings of both unit 
root tests are presented in Table 4. The ADF findings are integrated of order I. Further-
more, ZA structural break unit root test outcomes are also reported in the same table. 
These recognized break dates match with noteworthy economic and political occasions 
for Pakistan’s economy.

Table 2   Descriptive statistics of selected variables

LEFP LCO2 LELEC LFD LGDP LLEXP LURB LFR

Mean  − 0.115 7.956 1.627 1.364 10.886 62.242 0.503 5.159
Median  − 0.103 7.986 1.641 1.384 10.800 62.433 0.485 5.240
Maxima  − 0.041 8.213 1.980 1.474 11.484 66.947 0.655 6.534
Minima  − 0.202 7.506 1.007 1.187 10.374 56.860 0.403 3.564
St. dev 0.044 0.220 0.258 0.080 0.339 2.991 0.083 3.562
Skewness  − 0.483  − 0.516  − 0.629  − 0.955 0.323  − 0.134 0.404 1.053
Kurtosis 2.245 2.049 2.631 2.929 1.795 1.883 1.626  − 0.130
J.B 2.371 3.118 2.717 5.780 2.957 2.088 4.023 3.806

Table 3   Pairwise correlation

Here * and ** depict the significance at one and five per cent

LEFP LCO2 LELEC LFD LGDP LLEXP LURB LFR

LEFP 1 –
LCO2 – 1
LELEC 0.8419** 0.9882* 1
LFD  − 0.146*  − 0.4839*  − 0.4945* 1
LGDP 0.7412** 0.9433* 0.9374*  − 0.6516** 1
LLEXP 0.8129** 0.9841* 0.9788*  − 0.6050* 0.9784** 1
LURB  − 0.887**  − 09,797**  − 0.9608* 0.4432*  − 0.9153**  − 0.9655* 1
LFR  − 0.772**  − 0.9530*  − 0.9372* 0.5951*  − 0.9835**  − 0.9807** 0.9531* 1
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The maximum lag length choice criteria are provided in Table 5. On the behalf of lag 
length criteria, we can take splurging model. From Table 5, it is clear that the most suitable 
criteria for selection are Akaike information criteria (AIC) which can accommodate sam-
ple size and appropriate for the nature and structure of the study (Lütkepohl, 2006).

The next step of analysis is about long-run equilibrium association that includes a set 
of co-integration techniques, i.e. Johnson co-integration, Bayer and Hanck with FMOLS 
and MS-ECM co-integration tests. All concerned co-integration tests are in agreement of a 
co-integration relationship between EFP, emissions, income per capita, its square, ELEC, 
FD, urbanization, life expectancy rate and fertility rate over the investigated period. Bayer 
and Hank co-integration test outcomes are presented in Table 6, authorizing the occurrence 
of an equilibrium relationship among both series (Model 1 and 2) at one per cent level of 
significance, thereby inferring a long-run link between the selected variables.

Table  7 shows the Johnson co-integration results about the co-integration and no co-
integration on the base of trace statistics values. So, according to a given table, at seven 
co-integration value, calculated trace value is more significant as compared to the critical 
value at five per cent statistical significance, i.e. at none* (320.9974 > 125.615). Likewise, 
‘At most 1*’ to ‘At most 6*’ trace statistics is greater than the critical value, which provides 
evidence about the presence of co-integration.

Further, in Table 7; maximum Eigenvalue is larger than the table value at five per cent 
level that shows the existence of co-integration among the variables. Each level max-Eigen 
value is more than the table value, which is confirmation of co-integration. The same 
theme can be seen in Table 7 for the case of carbon emission.

Table 5   Lag length selection 
criteria

Here *shows the significance at one per cent

Lag AIC SC HQ

LCO2 = f(LGDP, LGDP2, LELEC, LFD, LURB, LLEXP, LFR)
0  − 22.48518  − 22.19557  − 22.37903
1  − 43.60591  − 41.28902  − 42.75668
2  − 50.97469  − 46.63052  − 49.38238
3  − 53.25055*  − 46.87909*  − 50.91516*
LEFP = f(LGDP, LGDP2, LELEC, LFD, LURB, LLEXP, LFR)
0  − 22.55987  − 22.27026  − 22.45371
1  − 43.44367  − 41.12677  − 42.59443
2  − 51.00134  − 46.65716  − 49.40902
3  − 53.20871*  − 46.83725*  − 50.87332*

Table 6   Bayer and Hank co-integration tests

**Shows the significant level at 5%

Quantified specifications EG-JOH EG-JOH-BOBDM Co-integration

LCO2 = f(LGDP, LGDP2, LELEC, 
LFD, LURB, LLEXP, LFR)

8.2348** 18.5698** Yes

LEFP = f(LGDP, LGDP2, LELEC, 
LFD, LURB, LLEXP, LFR)

26.842** 54.7513** Yes
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Table 7   Johnson co-integration results

**Shows the significant level at 5%

Trace statistic (Model 1)

Hypothesized
no. of CE (s)

Eigenvalue Trace
statistic

0.05
critical value

Prob.**

None * 0.915 320.974 125.615 0.000
At most 1 * 0.883 234.855 95.754 0.000
At most 2 * 0.789 159.831 69.819 0.000
At most 3 * 0.763 105.309 47.856 0.000
At most 4 * 0.534 54.887 29.797 0.000
At most 5 * 0.420 28.167 15.495 0.000
At most 6 * 0.229 9.118 3.841 0.003
Maximum eigenvalue statistic (Model 1)
Hypothesized
no. of CE (s)

Eigenvalue Max-Eigen
statistic

0.05
critical value

Prob.**

None * 0.915 86.119 46.231 0.000
At most 1 * 0.883 75.024 40.078 0.000
At most 2 * 0.789 54.522 33.877 0.000
At most 3 * 0.763 50.421 27.584 0.000
At most 4 * 0.534 26.720 21.132 0.007
At most 5 * 0.420 19.049 14.265 0.008
At most 6 * 0.229 9.118 3.841 0.003

Trace statistic (Model 2)

Hypothesized no. of CE (s) Eigenvalue Trace statistic 0.05 critical value Prob.**

None * 0.951 319.98 125.615 0.000
Atmost1 ∗ 0.796 213.99 95.753 0.000
Atmost2 ∗ 0.781 158.35 69.818 0.000
Atmost3 ∗ 0.673 105.07 47.856 0.000
Atmost4 ∗ 0.613 65.897 29.797 0.000
Atmost5 ∗ 0.431 32.657 15.494 0.000
Atmost6 ∗ 0.308 12.926 3.841 0.000
Maximum eigenvalue statistic (Model 2)
Hypothesized
no. of CE (s)

Eigenvalue Max-Eigen
statistic

0.05
critical value

Prob.**

None * 0.952 105.986 46.231 0.000
At most 1 * 0.796 55.641 40.078 0.000
At most 2 * 0.782 53.282 33.877 0.000
At most 3 * 0.673 39.175 27.584 0.001
At most 4 * 0.613 33.240 21.132 0.001
At most 5 * 0.431 19.730 14.265 0.006
At most 6 * 0.309 12.927 3.841 0.000
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Similarly, for second model, trace value, as well as Maximum Eigenvalue, showed the 
number of co-integrated equations. Results given in Table 7 depict that there are seven co-
integrated equations for the EFP as an explained variable.

4.1 � The long‑run impact of socio‑economic and demographic variables 
on environment quality (CO2)

Table 8 reports the FMOLS and MS-ECM regression findings for the first and second mod-
els. The first panel of Table 8 describes the results for both regression techniques when car-
bon emissions (CO2) are used as an explained variable. For an understanding of EKC, the 
quadratic term of per capita income (LGDP) is introduced for the emissions. For FMOLS 
and MS-ECM, the coefficient of LGDP (β1 > 0) and LGDP2 (β2 < 0) advocated that 1% rise 
in this factor leads to an upsurge of 0.163% in emission, while the per  capita income’s 

Table 8   Findings of regression 
analyses for selected models

Variable FMOLS Markov switching 
regression

Coefficients Prob. Coefficients Prob.

LCO2 = f(LGDP, LGDP2, LELEC, LFD, LURB, LLEXP, LFR)
LGDP 0.163 0.001 0.207 0.000
LGDP2  − 0.565 0.009  − 0.084 0.000
LELEC  − 0.075 0.059  − 0.010 0.752
LFD 0.403 0.000 0.094 0.000
LURB 0.824 0.000 0.183 0.000
LLEXP 0.089 0.000 0.421 0.002
FR 0.127 0.000  − 0.565 0.009
C 0.409 0.000 0.204 0.443
LOG (SIGMA)  − 5.013 0.000
R2 = 0.87 Adjusted R2 = 0.85
Transition matrix Parameters
P11-C 2.529 1.053 2.401 0.016
P21-C  − 2.138 1.152  − 1.856 0.064
LEFP = f(LGDP, LGDP2, LELEC, LFD, LURB, LLEXP, LFR)
LGDP  − 0.162 0.001  − 0.124 0.000
LGDP2 0.072 0.026 0.072 0.226
LELEC  − 0.282 0.000  − 0.203 0.000
LFD 0.336 0.000 0.241 0.000
LURB 0.775 0.000 0.593 0.000
LLEXP 0.039 0.000 0.023 0.000
FR 0.106 0.000 0.057 0.000
C  − 4.432 0.000  − 2.900 0.000
LOG (SIGMA)  − 5.103 0.078
R2 = 0.92 Adjusted R2 = 0.90
Transition matrix parameters
P11-C 1.6000 0.9080 1.7622 0.0780
P21-C  − 1.4690 0.8207  − 1.7900 0.0735
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square causes to decrease equivalent to 0.565% in an explained variable. Results approved 
the inverse U-shaped EKC-hypothesis for Pakistan’s economy. The EKC-hypothesis posits 
that income per capita increases the ED during the industrialization. Precisely, industri-
alization requires a widespread consumption of energy sources, which in response causes 
ED. As any country grows economically, a post-industrialization phase takes place during 
which a country experiences a decline in its emissions due to economic structure and strict 
laws and protocols of environmental protection (Cheng et al., 2019).

Developing economies often consume inexpensive energy and natural resources 
excessively for their industrialization and economic growth. They develop huge infra-
structures to encourage economic growth which involves a wide consumption of energy 
sources and ultimately causes ED. Pakistan is leading example that has reported suf-
ficient economic growth during current years. Such economic growth would not have 
been realized if Pakistan has engrossed on pollution during the first phase of its devel-
opment. The Pakistan’s economic model is energy extensive that is intensely focused on 
industrialization and investment, and same is being followed by several other develop-
ing nations. These nations place their economic growth and energy security goals over 
their environment protection (Omoju 2014). Moreover, our findings are concurrent with 
the available literature, like a study about 31 provinces of China (Li et  al., 2016), a 
study related to the USA also supports the incidence of inverted u-shaped EKC (Aslan 
et al., 2018), and same results are suggested by Shahbaz et al. (2019) and a case study 
by Fethi and Senyucel (2020) for 50 top tourist economies.

Under the highlighted specifications, it can be observed that the link between ELEC 
and emissions is negative. This shows that a 1% rise in LELEC would decrease ED by 
0.075% under the FMOLS specification, while the result of MS-ECM has no significant 
influence on the emissions due to insignificant p-value (0.752). Based on the conclu-
sions of this study, it is clear that Pakistan would have significant challenges in pursuing 
an energy conservation programme in the face of rapidly increasing energy demand. 
To fulfil the expanding energy demand, electricity is largely generated from fossil fuel 
sources; hence, Pakistan urgently needs to discover alternate forms of power generation, 
as well as other viable actions to prevent ED. Pakistan has the ability to cut emissions 
through a range of approaches, particularly by improving the efficiency of energy gen-
eration. These results are concurrent with the study of Bello et al. (2018) for emerging 
economies and contrast with the results of Middle Eastern countries by Al-Mulali and 
Che Sab (2018), and same is found by Rahman (2020).

Regarding the other determinant of emission, the coefficient of FD is positive and 
statistically significant. The possible explanation is that the share of the loan to the pri-
vate sector for environmentally dirty projects increases the pollution, and by extension, 
it depletes the environment quality. In other words, FMOLS and MS-ECM explain that 
a 1% rise in this variable (LFD) will enhance the environment pollution by 0.403% and 
0.094%, respectively. These outcomes are coherent with a case study of Nigeria by Ali 
et  al. (2019) and a study related to income groups by Ehigiamusoe and Lean (2019). 
The possible logic behind the positive trend of environment damages due to FD can be 
explained. A country with the less developed financial system cannot provide the oppor-
tunities to the industries for the adoption and utilization of advance state-of-the-art tech-
nology which produce fewer emissions. Similarly, the development of the financial sec-
tor does not enhance the enforcement of regulations that are environment friendly in 
Pakistan. The policy implication in this regards is that Pakistan should strive to develop 
the financial sector to mitigate emissions.
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Likewise, urbanization as a percentage of the total population is being used another 
factor which can be responsible for disturbing environment situation. Thus, 1% prolif-
eration in this variable would rise environment pollution by 0.824% and 0.183% under 
the both econometric specifications. These results authenticate the previous case studies 
(Sarwar et al., 2019; Shah et al. 2020). As suggested by Shah et al. (2020), constant rise 
in Pakistan’s urbanization would upsurge energy demand and emissions due to fossil 
fuel burning. Further, they explained, the transportation system, building construction 
and demand for electricity machines have augmented the CO2 emission over time. It 
means electricity demand is rising day by day due to an upsurge of urbanized sector.

The positive association between the life expectancy rate and carbon emission under the 
both specifications has been seen here. Investigated outcomes depict that life expectancy 
has noteworthy effect on the emissions as the value of its coefficient is highly significant 
and an increase in the level of environment pollution by 0.089% and 0.421% due to 1% 
increase in life expectancy rate in Pakistan. These results are against the study about 15 
MENA economies by Charfeddine and Mrabet (2017). The result of the quantified coef-
ficient of life expectancy at birth has an inverse effect on environment pollution. These 
results are consistent with our expectations for Pakistan, so as life expectancy rate at birth 
increases, there will be more ED in terms of emissions. The possible explanation may be 
that people in that Pakistan are engaged more in agriculture sector activities relative to 
industrial activities, which is more injurious. This outcome is align with a study of 154 
countries by Wang and Li (2021) pointed out that the increase in life expectancy plays an 
important role in boosting carbon emissions.

Lastly, an increase in the level of fertility rate causes an expansion and contraction in 
the level of environmental pollution for the case of Pakistan, i.e. 1% increase in fertility 
rate can cause an increase and a decline by 0.127% and 0.565% under FMOLS and MS-
ECM specification. This rising trend is based on the income availability. The increase in 
household income may rise in fertility rate. An increase in domestic population by increas-
ing the fertility rate and boosting the income that cause improving the child’s care sup-
port. However, boosting the household income and household size are likely to increase in 
household consumption in turn leading to increase in greenhouse gas emissions.

4.2 � The long‑run impact of socio‑economic and demographic factors 
on environment quality (EFP)

The second panel of Table  8 reports FMOLS and MS-ECM regressions findings. This 
panel refer to the effect of socio-economic and demographic variables on the EFP for 
the case of Pakistan. The result obtained from Table 8 showed that GDP and its square 
have a negative and positive effect on the EFP under the FMOLS and MS-ECM speci-
fications, respectively. The coefficient of GDP (β1 < 0), the GDP2 (β2 > 0) advocated that 
1% increase in this factor would lead to decline in environmental damages by 0.162% and 
0.124%, while GDP2 can rise ED by 0.072%. However, there is U-shaped EKC-hypothesis 
that exists under the specification of FMOLS, while MS-ECM has not supported this phe-
nomenon due to the insignificant impact of GDP2 on the dependent variable. These ver-
dicts are consistent with the various available case studies (Dogan & Turkekul, 2016; Aung 
et al., 2017; Shah et al. 2020). Thus Pakistan is recently at the period of industrial growth 
as its energy demand is proliferating. Though the outline of traditional energy consump-
tion appears to keep no modification in the uninterrupted span, and it may still need a long 
time for Pakistan to range the day when the quantity of EFP would decrease. Moreover, 
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the inverted U-shaped EKC is not valid for Pakistan economy as it is in the early stage of 
industrialization and overall development. Therefore, at its threshold level (β2 > 0) the envi-
ronmental damages deteriorates as domestic economic growth tends to further increase. 
With the rise in income, carbon emissions can decline, but this type of association only 
happens when technologies are existing that advance energy efficiency, energy saving and 
green energies, which are inaccessible for because of high cost.

Regarding the determinants of EFP, as one would expect, the coefficient of ELEC is 
negative and statistically significant, which shows electricity use has a decreasing effect 
on the environmental damages under the concerned specification (FMOLS and MS-ECM). 
These findings are coherent with a study of Nigeria by Belaid and Youssef (2017) and a 
case study of 5 EU nations by Balsalobre-Lorente et  al. (2018). It shows that a one per 
cent increase in this variable would decline ED by 0.282% and 0.203% under specified 
specifications. Study urges Pakistani policy makers to devise policies for finding and uti-
lizing the green energy sources. So sustained quick economic growth necessitates higher 
and more efficient consumption of electricity. Besides, the results recommend that Pakistan 
economy should adopt the multi-pronged strategy of enhancing investment in energy infra-
structure and putting in place energy conservation to advance delivery efficiency. Addition-
ally, the current situation of regional initiatives to ensure the energy security is inefficient 
and ex-governments of Pakistan have not taken necessary steps to bolster energy inputs 
and improve energy efficiency. For example, Pakistan has not slackened its electricity mar-
kets to permit full competition in the retail electricity markets and taken steps to progress 
energy efficiency.

In addition, FD variable (0.336 and 0.241) showed that there is a positive linkage 
between FD and EFP over time. Alternatively, a 1% rise in this factor will lead to a rise 
in EFP by 0.336% and 0.241%, respectively. The FD stimulated the markets to include a 
low-interest rate loan that argues for investment activity across a strong financial system. 
The resulting growth in the procurement of large-scale energy incentives raises conven-
tional energy needs and environmental impact. Cumulative environmental deterioration is 
increasing due to the insufficient availability of financial resources to eco-sustainable pro-
jects and expansion of the heavy energy use scheme and these results are concurrent with 
the available relevant literature (Charfeddine, 2017; Saud et al., 2020).

However, urbanization is positively linked with EFP. These results are occupied with 
the prior proxy of environment quality, i.e. carbon emission. There can be a rise in the level 
environment damages by 0.775% and 0.593%, respectively, due to 1% upsurge in the level 
of urbanization in Pakistan. The scale of the urban population makes the equilibrium of 
urban accumulation more difficult and also contributes to increased urban property costs, 
pollution and disruption to the environment (Shen et al. 2017). In order to achieve sustain-
able urbanization market, further strengthening of environmental investment and govern-
ance is essential (Mutisya and Yarime 2014). Further, it is also now needed of time to 
encourage the transformation and optimization of chemical industries, upgradation of the 
industrial structure, with joint prevention and controlling the environment pollution. As 
proposed, the degree of environmental destruction will be decreased in the growth of urban 
areas and the creation of a sustainable civilisation that will guarantee a green future.

In the last, life expectancy rate at birth and fertility rate are positively associated with 
ED. This suggested that a 1% rise in life expectancy rate and fertility rate would cause to 
enhance EFP by 0.039% and 0.023% for LEXP, and, 0.106% and 0.057% for FR, under 
both specifications, respectively. The findings of the quantified coefficient about life expec-
tancy and fertility rate show that rise in level of population has a harmful impact on ecol-
ogy. These outcomes are in line with our expectations for selected region. The logic is 
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that as life expectancy and fertility rate increase, there will be more ED. We can explain 
this connection by fact that people in Pakistan economy are engaged more in agriculture 
activities relative to industrial activities. The policies proposed by policymakers for these 
two indicators are well defined and need more investment especially in health and resident 
cognizance to improve the fertility rate and life expectancy and secure the environment 
quality. Such outcomes are in contrast with Charfeddine and Mrabet (2017). A compari-
son of selected variables in context of existing research findings is presented in Appendix 
Table 12.

4.3 � Model stability test

Table 9 displays the outcomes of short-run diagnostic tests. Findings depict that all these 
analyses appear effective for short-term models, which mean that they are free from serial 
correlations between variables and autoregressive conditional homoscedasticity.

4.4 � Result robustness and stability test

We tested the consistency of residuals from short-term effects prior to assessing the causal-
ity among the concern variables. We also examined the robustness of the results by consid-
ering emissions and EFP as explained variables in both models.

4.5 � CUSUM and RS‑CUSUM test

CUSUM and RS-CUSUM are tested after selection of the required definition of each con-
tingent residual stability. Results are defined in Fig. 2 for mean stabilization and variance 
(CUSUM and RS-CUSUM).

This diagram depicts that cumulative sum of a square and square residual do not deviate 
from the critical bounds at the conventional five per cent significant level. Thus selected 
specification are plausible for telling the evolution of both proxies of ED. On behalf of 
the stability of selected models, this scenario can move forward to causality quantification 
among variables.

4.6 � VECM Granger causality test

The VECM Granger is applied to detect the causality interaction between the variables 
being considered as well as to break down the course of the interaction in the short and 
long term, as shown in Table 10. The track of the selected variables’ causality is important 

Table 9   Short-run diagnostic 
tests

Models χ2SERIAL χ2ARCH χ2WHITE χ2REMSAY
F-statistics
[P-value]

F-statistics
[P-value]

F-statistics
[P-value]

F-statistics
[P-value]

Model 1 5.54731
[0.7982]

0.25241
[0.6180]

1.13835
[0.3819]

0.40617
[0.5278]

Model 2 4.60098
[0.1665]

0.29190
[0.5919]

0.659811
[0.8365]

0.40775
[0.5270]
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Fig. 2   Stability of the residuals for selected models

Table 10   Outcomes of granger causality (Model 1)

DV Type of granger causality

Short run (lag) Long run

ΔLCO2 ΔLELEC ΔLFD ΔLGDP ΔLLEXP ΔLURB ΔLFR ECT-1

F-statistics [P-values] t-stat

ΔLCO2 – 1.59311
[0.2195]

1.84913
[0.1743]

1.94781
[0.1596]

16.8902
[0.0009]

1.14054
[0.3327]

27.3706
[0.0005]

 − 0.38189
[− 3.3228]

ΔLELEC 1.64491
[0.2094]

– 2.06264
[0.1442]

2.30624
[0.1165]

3.39027
[0.0466]

3.69579
[0.0363]

20.2453
[0.000]

 − 0.65931
[− 3.2162]

ΔLFD 2.2316
[0.1243]

0.93180
[0.4046]

– 1.13993
[0.3329]

58.4848
[0.0000]

0.60393
[0.5530]

4.48602
[0.0194]

 − 0.56370
[− 1.5183]

ΔLGDP 0.4453
[0.6446]

4.08723
[0.0266]

4.30425
[0.0224]

– 0.96776
[0.3911]

0.04381
[0.9572]

31.8818
[0.0000]

0.191829
[0.5716]

ΔLLEXP 5.8349
[0.0071]

10.2379
[0.0004]

10.4373
[0.0003]

1.67412
[0.2040]

– 2.45834
[0.1021]

108.374
[0.0011]

 − 0.08243
[− 4.3505]

ΔLURB 1.1196
[0.3392]

3.84573
[0.0322]

1.02598
[0.3703]

2.27545
[0.1197]

13.2805
[0.0000]

– 1.09492
[0.3472]

 − 0.06279
[− 1.2473]

ΔLFR 2.7697
[0.0792]

9.69760
[0.0005]

2.63619
[0.0876]

3.03482
[0.0526]

5.75579
[0.0075]

4.01058
[0.0282]

–  − 0.02575
[− 1.7693]
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to establish right policies related to energy, environment and economic systems to make an 
informed decision. On behalf of this analysis, we observed short- and long-run associations 
between the selected indicators with both proxies of ED.

The results expose the bidirectional causality feedback existing between carbon emis-
sions and life expectancy rate. The direction of causality shows that the emission causes 
life expectancy rate and any progress in life expectancy rate causes Granger to environment 
pollution. The findings validate the feedback hypothesis, i.e. the life expectancy rate for 
the selected region is in strong correlation with emissions. In addition, any increase in the 
LEXP will affect the level of environmental pollution in Pakistan and vice versa positively. 
Likewise, the results also support bidirectional causality between life expectancy rate and 
EFP, when EFP is considered as a dependent variable in the scenario of the EFP model. 
This means that any fluctuation in life expectancy rate reflects the environmental dam-
ages immediately, while EFP stimulates the life expectancy rate in the long run. No one 
study has been conducted in the past literature, which estimates this exciting association 
between the concerning indicator of environment. Further, findings of Granger causality 
recommend a two-way causal linkage between ELEC and life expectancy rate, i.e. policies 
related to these indicators are working jointly. Thus all procedures related to LEXP and 
ELEC should be efficient for the attainment of long-run support.

In the same way, two-way causality relationship exists between ELEC and urbanization. 
The results expose that any change in ELEC causes a shift in urbanization development. In 
addition, the feedback relation from urbanization to ELEC shows that variation in urbani-
zation sector can also have a considerable effect on ELEC. In other words, ELEC and URB 
are interconnected, and an upsurge in the ELEC will enhance the level of urbanization, 
while fluctuation in the progress of urbanization will positively affect the level of ELEC 
demand. Similarly, the results indicate that ELEC can significantly cause variation in fertil-
ity rate in Pakistan, while the feedback relationship from FR to ELEC demonstrations that 

Table 11   Outcomes of granger causality (Model 2)

DV Type of granger causality

Short run (lag) Long run

ΔLEFP ΔLELEC ΔLFD ΔLGDP ΔLLEXP ΔLURB ΔLFR ECT-1

F-statistics [P-values] t-stat

ΔLEFP – 0.4450
[0.6448]

2.9483
[0.0673]

0.2818
[0.7563]

19.2038
[0.000]

0.0971
[0.9077]

1.4149
[0.2582]

 − 0.3564
[− 2.261]

ΔLELEC 1.64491
[0.2094]

– 2.06264
[0.1442]

2.30624
[0.1165]

3.39027
[0.0466]

3.69579
[0.0363]

20.2453
[0.000]

 − 0.5565
[− 2.410]

ΔLFD 2.2316
[0.1243]

0.93180
[0.4046]

– 1.13993
[0.3329]

58.4848
[0.0000]

0.60393
[0.5530]

4.48602
[0.0194]

 − 0.8136
[− 2.364]

ΔLGDP 0.4453
[0.6446]

4.08723
[0.0266]

4.30425
[0.0224]

– 0.96776
[0.3911]

0.04381
[0.9572]

31.8818
[0.0000]

 − 0.0899
[− 0.243]

ΔLLEXP 5.8349
[0.0071]

10.2379
[0.0004]

10.4373
[0.0003]

1.67412
[0.2040]

– 2.45834
[0.1021]

108.374
[0.0011]

 − 0.1037
[− 5.239]

ΔLURB 1.1196
[0.3392]

3.84573
[0.0322]

1.02598
[0.3703]

2.27545
[0.1197]

13.2805
[0.0000]

– 1.09492
[0.3472]

 − 0.0276
[− 0.481]

ΔLFR 2.7697
[0.0792]

9.69760
[0.0005]

2.63619
[0.0876]

3.03482
[0.0626]

5.75579
[0.0075]

4.01058
[0.0282]

–  − 0.0050
[− 0.271]
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any variation in FR will positively distress the level of electricity usage. Moreover, the 
results show that FD can cause Granger link to life expectancy rate, and feedback hypothe-
sis have also been observed from LEXP to FD. In the last, bidirectional casual relationship 
has been found from life expectancy to fertility rate, and per capita income to fertility rate.

Above and beyond in the first model, unidirectional causality is detected running from 
trade openness and urbanization to human development index, from carbon emissions to 
fertility rate, while in the second model from EFP to FD (Table 11). Similarly, one-way 
causality has been found among the explanatory variables in the light of both models, 
whereas, the one-way causality is running from FD to fertility rate, GDP–ELEC and FD, 
from urbanization to lifer expectancy rate and from fertility rate to urbanization. Further, 
the graphical representation of these causal links is presented in Appendix Fig. 3. Also, 
the results of the impulse response function (IRF) are presented in Appendix Figs. 4 and 
5 by assuming the responses of both environment proxies to shock applied to the selected 
explanatory variables.

5 � Conclusions and limitations

The primary emphasis of this paper is on the determinants of ED with two well-known 
proxies, i.e. CO2 emissions and EFP in Pakistan for the time of 1980–2017 with annual 
data. This research article uses FMOLS and MS-ECM for finding  long-run links among 
the selected variables. To summarize the findings, an inverted U-shaped EKC is confirmed 
for the CO2 with per capita income for the case of Pakistan economy. Also, FD, urbaniza-
tion, life expectancy rate and fertility rate enhance the emission under the FMOLS, while 
life expectancy rate and fertility rate reduces the CO2 emissions under the MS-ECM. 
Likewise, electricity has a negative association with emissions. Moreover, in the case of 
the second model when the EFP is taken as dependent variable, we found U-shaped EKC 
between per capita income and EFP. Likewise, all selected indicators augment the level of 
ED under both econometric techniques, while ELEC reduces the level of environmental 
damages under the MS-ECM.

In the last step of empirical analysis, a pairwise causality test discloses the nature of the 
association among study variables. Consequently, there occurs two-way causality from car-
bon emission to life expectancy rate (model 1) and from EFP to LEXP (model 2). Besides, 
remaining explanatory variables showed Granger links with each other as described in the 
following. ELEC and life expectancy rate have causal link with each other. Likewise, the 
feedback hypothesis is found between ELEC to urbanization and fertility rate. Similarly, 
bidirectional causality has also been seen running between FD and life expectancy rate, 
LEXP and fertility rate, urbanization and ELEC, and per capita income and FR. However, 
unidirectional causality is running from emission to fertility rate (model 1) and EFP to FD 
(Model 2). Finally, FD Granger causes fertility rate, GDP Granger causes ELEC and FD, 
urbanization granger causes life expectancy and fertility rate causes urbanization.

The results of the scientific analysis yield certain valuable conclusions which can have 
significant policy consequences. High urbanization rate in any economy needs to speed 
up growth to achieve the optimum income level. The inclusion of electricity consumption 
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at a higher rate may be harmful for the environment situation, so Pakistan economy’s 
production and consumption side should diverge to clean energy for gaining sustainable 
environment. More budget should be dedicated to renewable energy initiatives with grow-
ing energy demands. Furthermore, income alone cannot regulate environmental damage 
without posing constraints on environmental policies to make natural resources more 
sustainable.

On the other hand, the policymakers in the rest of the selected region are suggested to 
adopt new clean and green projects to minimize the usage of electricity consumption from 
fossil fuels. Similarly, there is a need to manage the financial sector, which creates loans 
only for those projects which are eco-friendly with the environment. In addition, there is a 
need to control urbanization pattern in a similar way to the current implication in order to 
launch a sustainable future. As indicated by the investigated findings, life expectancy rate 
and fertility rate show the ambiguous results with positive as well as the negative effect 
on the environmental damages proxies. We need more investment on both indicators since 
these are directly related to environmental pollution.

In the last, this study has some shortcoming as well. The study employs the data for the 
Pakistan to estimate the exciting association with environmental quality, so similar pattern 
can be run in different regions. Secondly, pragmatic strategy follows the FMOLS and MS-
ECM estimators with some constrained assumption, but alternative time series methods 
may produce additional output. Thirdly, this study explores elements of two different prox-
ies of ED, but alternative environment indicators such as GHG emissions, SO2, NOX may 
react to study variables differently. Consequently, new studies should be carried out with 
the follow-up of various data across regions with a broader duration and more compre-
hensive measurement to analyse the findings obtained and to spread how ED responds to 
alternative determinants.

Appendix A

A1: Graphical representation of Granger Causality test

See Figs. 3, 4 and 5.

Unidirectional causality               , Bi-directional causality  

Fig. 3   Graphical representation of causality linkages (model 1 and 2)
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Fig. 4   Graphs of the results of the IFR of the emission variable against the selected dependent variables

Fig. 5   Graphs of the results of the IFR of EFP variable against the selected dependent variables
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See Table 12.
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