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Abstract
Economic structural changes are a major factor that has a big impact on most of a coun-
try or region’s economic systems and operations, as well as the environment. This study 
looks at how conventional energy-based power use affects carbon emissions in Pakistan 
through a structural change analysis of the country from 1971 to 2018. It uses the autore-
gressive distributed lags (ARDL) method and covers the period from 1971 to 2018. The 
long-term findings from the ARDL suggest that economic expansion, growth and develop-
ment, and agro production lead to declining carbon emissions and in turn, will improve the 
state of the environment. Precisely, an increase in 1% of economic expansion and agricul-
tural production will reduce carbon emissions by 1.26% and 0.53%, respectively. However, 
the current use of conventional energy to make electricity is causing carbon dioxide to be 
released into the air. People who live in cities use more conventional energy, which means 
that the amount of carbon dioxide they produce will go up by 1.53% for every 1% change 
in conventional energy use. This means that there are strong links between urbanzation 
and carbon emissions. Government and industry policymakers should encourage people to 
use renewable and conventional energy sources, encourage them to invest more in green-
related businesses, and provide more social amenities and better infrastructure in Pakistan’s 
rural areas, to name a few things. Doing so will help to reduce the continuing and uncon-
trolled influx of people to the country’s cities, which simply further endangers the natural 
environment.
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1 Introduction

The nexus among the 3Es, i.e. Energy, Economy, and Environment, is receiving much 
scholarly attention and is the subject of keen interest shown by international environmental 
agencies and policymakers globally (Winfield & Dolter, 2014). The main goal of every 
country is to grow their economy. To do this, countries used to rely on a lot of traditional 
energy, which led to environmental damage or pollution (Rauf et al., 2018). Early on, most 
economies rely on fossil fuel or conventional energy sources, like coal and oil, for their 
electricity (Nehrenheim, 2013). People and businesses can get an idea of how well a coun-
try is using and developing its conventional energy-based power resources over time, which 
gives them a sense of how things are going (Akpan & Akpan, 2012). Economic growth and 
climate change are two other important issues that a country needs to think about when it 
comes to its economic policies (e.g. Mohsin et al., 2021; Sharma et al., 2021).

The International Energy Agency (2019) stated  CO2 emissions from the world’s energy 
sources rose by 1.7% in 2018. There were a lot of these emissions coming from countries 
that were just starting to become more wealthy (de Vries & Ferrarini, 2017). Figures from 
the World Bank (2018) show that between 1970 and 2016, the level of emissions rose by 
1440%. Consequently, energy-based power use is expected to increase significantly from 
now through 2040. There are ways to keep global warming below 2 °C, like cutting back 
on greenhouse gas emissions from all industries, like land use and food production. Those 
countries can keep global warming in the 1.5–2 °C range if they cut  CO2 in all parts of 
their economies.

In addition, most Asian countries are still in the early stages of development, which 
means that all governments are trying to make the best use of their conventional energy-
based power sources in order to grow their economies and businesses (Weimin et al., 2021). 
In Pakistan, oil and gas are the main sources of conventional energy-based power (54% 
of conventional energy-based power). This means that a lot of  CO2 is released. In fact, a 
major source of pollution in Pakistan comes from the unregulated production and use of 
conventional energy-based power (Hussain et al., 2012). There were more  CO2 emissions 
in Pakistan in 2015–2016 than there were in 2014–2015, according to data from the World 
Bank (2019). This is even though the emissions were 34.04 Gt in 2014–2015. However, 
since 2000, the total emissions have gone up by about 40%. Carbon dioxide emissions have 
risen because of structural changes in every sector, more economic growth, industrializa-
tion, and a lot of urbanzation (Nejat et al., 2015). In addition, there were only a few studies 
that looked at how industrialization in Pakistan affected carbon  (CO2) emissions. To find 
out the answer to this question, this study looks into how macroeconomic factors affect 
environmental quality. In Pakistan, there aren’t any studies yet that show what will happen 
to the country’s economy when it comes to carbon emissions.

At the national level, Pakistan has looked at things like conventional energy-based 
power growth and use, as well as changes in the environment (Ali et al., 2020a, 2020b). 
Some other forecasts have also been used to make it easier for people to make decisions. 
These include urbanzation and industrial development (Saleem et al., 2020). It’s still not 
clear how much total conventional energy use, environmental problems, and structural 
change in the Pakistani economy can be measured. However, there is a big difference in the 
research that is available. All in all, previous research hasn’t categorized important vari-
ables in terms of conventional energy-based power use, structural change, and environmen-
tal degradation. People in Pakistan are going to have to make structural changes to the 
country’s economy, like changing how farming, service, and industry work. However, the 
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role structural change in  CO2 emissions plays in the economy, economic growth, conven-
tional energy-based power use, industrialization, and urbanzation is still unknown.

These three structural sectors (agriculture, service sector, and industry) make up the 
foundation of any society, but now they need to be improved to cut  CO2 emissions, so they 
need to be changed. Slow structural changes in Pakistan’s economy, on the other hand, 
could be another way to help keep the climate stable. In the past, people didn’t pay attention 
to the connection between economic growth and development, conventional energy-based 
power use, urbanzation, and industrialization, as well as their impact on the environment 
(e.g.  CO2 emissions) caused by the focus on economic progress. Structural transformation 
is a term that encompasses everything that needs to be done for Pakistan to have a well-bal-
anced economy. Aside from that, using the ARDL method to look at and check Pakistan’s 
carbon emissions from 1971 to 2018 is new and has important policy implications.

The aim of this study is to find out how Pakistan’s structural changes and traditional 
energy use affect  CO2 emissions in the country. Pakistan is a good place to look at this 
because the use of conventional energy-based power rose 61.4% between 1971 and 2016. 
At the same time, Pakistan is getting a lot of conventional energy from other countries 
to meet its growing needs (Nayyar et  al., 2014). Pakistan doesn’t have enough conven-
tional energy-based power to meet its needs. Though Pakistan is a developing country, the 
demand for conventional energy-based power has skyrocketed because of industrial devel-
opment and population growth. Conventional energy-based power production hasn’t kept 
up with the demand, though (Zhang et  al., 2018). It was found that the country’s level 
of carbon dioxide, methane, and nitrous oxides rose, respectively, by 33.2%, 44.5%, and 
97.4%. Carbon emissions from industrial and production sectors made up 23.84% of the 
country’s overall combustion in 2016. Developing countries around the world are very 
concerned about climate change because they rely on heavy industry and already warm 
weather. Rising Asian countries, on the other hand, have very different climatic changes 
than they did a few decades ago. If individuals live in Pakistan, this is a big deal because 
it’s still growing and becoming more industrial and urban. To keep the pace of economic 
development and growth high takes a lot of resources. The government of Pakistan would 
never risk economic growth and development to try to solve the climate change problem. 
In addition, this paper focuses on a single period, from 1971 to 2018. The autoregressive 
distributed lags (ARDL) bound test is also used in this study. Johansen and Julius coin-
tegration as well as Granger causality tests were used to confirm the results of this study. 
This means that the way the study is done is very careful. This study, on the other hand, 
aims to help government and industry policymakers control emissions at the sectoral level 
and then set a goal that can be reached at the aggregate level.

There are four sections in the rest of the study: Sect. 2 talks about the literature review; 
Sect. 3 talks about the data sources and methodology; Sect. 4 talks about the results, and 
the last section talks about the conclusion and policy implications.

2  Literature review

2.1  Economic growth and  CO2 emissions

In terms of the energy consumption-growth nexus, the empirical literature gives ambig-
uous and contradictory findings. The researcher used different econometric techniques, 
different time periods, and chose a different country to study. This led to mixed results. 
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Nearly 30 years ago, many studies looked into the link between economic growth and 
the use of conventional energy-based power, as well as carbon emissions around the 
world. A lot of people saw that  SO2 was linked to  NO2 in the early 1990s, like Gross-
man and Krueger (1993) and Panayotou (1993). They found that there were no signifi-
cant connections between deforestation, trade intensity, per capita GDP, and popula-
tion. Study: Wu et  al. (2018) looked at how economic growth and  CO2 emissions are 
linked in both developed and developing countries. They looked at both. They use the 
decoupling method to find out how they feel about each other. Found that decoupling is 
more stable in developed countries like the UK and Germany. Decoupling in the United 
States is less stable. However, in developing countries, decoupling changes a lot and 
isn’t always stable. Selden and Song (1994) looked at Turkey and looked at different 
GHGs like  SO2,  NO2, and  CO2. They also looked at how these GHGs and GDP per 
person were linked. The authors found that there was a strong connection between the 
variables. Heil and Selden (1999) looked into the relationship between foreign exchange 
and carbon emissions by using econometric methods to look at carbon emissions from 
1950 to 1992. They looked at 132 countries in their study. There is more industrial 
activity in lower-income countries, which causes more carbon emissions and fewer car-
bon emissions from more wealthy countries. A study by Cole (2004) looked at devel-
oped countries and said that trade openness and pollution have a strong connection. 
Also, using ARDL, Johansen Cointegration, and Granger relationship tests, a study by 
Ghosh (2010) in India found that income and carbon dioxide  (CO2) emissions go both 
ways. Many studies have found that economic growth and  CO2 emissions don’t always 
go hand in hand (Aktar et al., 2021; Alam & Murad, 2020; Murad et al., 2019; Paramati 
et al., 2017; Umar et al., 2021).

A study by Hussain et al. (2012) looked at time-series data from 1971 to 2006 that was 
based on the environmental Kuznets curve (EKC). They used the Johansen Co-integration 
VECM and Granger relationship tests to look at issues. They found that economic growth 
and  CO2 emissions go hand in hand. Khan et al. (2020a, 2020b) used the ARDL method 
to study  CO2. They found that when the economy grows,  CO2 levels go down. Khan et al., 
(2019a, 2019b), on the other hand, used the same method and found that economic growth 
in Pakistan during 1971–2016 led to less  CO2. Because the effects of economic growth 
and  CO2 in different countries can also be different, this is also true. This could be because 
of the addition of other variables and the use of different sample times. The link between 
economic growth and  CO2 has been looked at by many people, and they found conflicting 
success (Bakhsh et al., 2017; Khan et al., 2019a, 2019b; Lahiani, 2018; Mirza & Kanwal, 
2017; Siddique, 2017).

A lot of studies have looked into how carbon emissions and different macroeconomic 
variables don’t always work well together. For example, Wang et al. (2016a, 2016b) found 
that urbanzation, carbon emissions, and conventional energy-based power use are all linked 
and have a positive effect on each other. Economic growth and growth, development and 
expansion, use of conventional energy-based power, and  CO2 emissions were all linked in 
OECD countries for a long time (Mercan & Karakaya, 2015). Once  CO2 emissions and 
other things change, the relationship between the two changes as well (Ahmad & Du, 2017; 
Danish et  al., 2017). Environmental problems can arise as a result of the first regime’s 
growth, development, and expansion (Heidari et al., 2015). In Pakistan, for example, there 
is a two-way relationship between economic growth, development, and  CO2 emissions, as 
well as conventional energy-based power use (Mirza & Kanwal, 2017). In the long run, 
carbon  (CO2) emissions and conventional energy-based power use both have a direct effect 
on each other (Danish et al., 2017). Indeed, the results from these studies have been mixed 
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or ambiguous. Therefore, the links between these variables are being questioned and open 
to controversy.

2.2  Energy consumption and  CO2 emissions

The relationship between energy use and  CO2 emissions has been studied a lot. Chen et al. 
(2016) looked at 188 countries to see how energy use and  CO2 emissions affected them. 
They found that there is only one way that energy use and  CO2 go together. They conclude 
that energy efficiency can be one of the best ways to cut down on emissions in both devel-
oped and developing countries. Ramanathan (2002) did a cross-country study of energy 
use and  CO2. There are a lot more emissions coming from the country that relies mostly on 
heavy industries than there are from small and medium-sized industries. In 2016, a study 
by Wang et al. looked at  CO2 emissions in China. They found that the shock from energy 
consumption to  CO2 emissions isn’t very strong. They also looked at Granger causality and 
found that there was only one way that energy use and  CO2 were linked. Research that was 
done in both developed and developing countries are many (Jan et al., 2021; Khan et al., 
2021; Petrovic & Lobanov, 2021; Rahman et al., 2021; Raza & Shah, 2020; Villanthenko-
dath et al., 2021; Yasin et al., 2021).

Zhang et al., (2018) examined a time series data from 1971 to 2006 in Pakistan con-
firming a long-term two-way relationship between carbon emissions/per capita and con-
ventional energy-based power utilization/ per capita. Another study by Aye and Prosper 
(2017) explored the effects of economic growth, growth, and conventional energy-based 
power utilization and documented mixed findings such as less economic growth leads to 
lower carbon  (CO2) emissions and vice versa. Additionally, dynamic causality was dis-
covered between economic growth, electricity use, and carbon  (CO2) emissions (Mirza & 
Kanwal, 2017). Their analysis revealed that in both the short- and long-term, strong causal 
outcomes of Granger testing are suggested to exist between carbon  (CO2) emissions, con-
ventional energy-based power use and economic development, growth, and progress in 
the presence of bidirectional causality. They did suggest that in the overall conventional 
energy-based power mix, the government should concentrate on building resources to 
guarantee enough conventional energy-based power for the economy by increasing renew-
able gradually conventional energy-based power resources. Javid and Sharif (2016) indi-
cate that a unidirectional source of growth and conventional energy-based power has been 
found, yet contrary to this, Aqeel and Butt (2001) detected no cointegration between these 
variables for Pakistan. In another recent analysis, Zaidi et al. (2018) found that Pakistan’s 
carbon  (CO2) emissions are based on non-renewable conventional energy-based power 
rather than renewable conventional energy-based power. Very recently, Khan et al. (2019a, 
2019b) using the ARDL approach for a study on Pakistan covering the period 1971–2016, 
measured the globalization effects, environmental conditions and electricity use on the car-
bon  (CO2) emissions. They find that the impact on carbon  (CO2) emissions is significant, 
such as conventional energy-based power use, foreign direct investments, financial growth, 
trade, and international political, and social globalization. Conversely, economic expansion 
and growth, urbanization, and innovation have reduced carbon emissions.

2.3  Financial development and  CO2 emissions

There has been debate about the inter-link between financial development and  CO2 emis-
sions. Many researchers also highlighted that due to advancement of technology and 
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energy efficiency in the financial sector, leads to reduce carbon emission (Nasrollahi et al., 
2020; Taghvaee et al., 2017). The researcher argued that financial openness and financial 
development attract more foreign investment in the domestic financial sectors, which leads 
to the improvement of R&D in this sector and reduces carbon emissions (Alam et al., 2016; 
Murad et al., 2018). A study by Zaidi et al. (2019) investigated the effects of globalization 
and financial development in the case of Asia–Pacific countries during 1990–2016. They 
have used the continuously updated fully modified (CUFM) model to analyse the results. 
They found financial development bring down  CO2 emissions in the sample period. Bayar 
and Maxim (2020) examined the relationship between the roles of financial development, 
energy consumption on  CO2 emissions in 11 European countries. They found that some 
of the EU countries have shown, financial development and energy consumption have a 
positive effect on carbon emissions. They suggested that firms choose to grow their output 
through financing rather than adopt energy-saving solutions. Similarly, Abbasi and Riaz 
(2016) examined the effect of financial development and economic growth on carbon emis-
sions in emerging country cases. They apply the ARDL approach to find out the results. 
They found financial liberalization plays an important role in mitigating emissions. They 
also highlighted that the magnitude of financial development is less than the economic 
growth on carbon emissions. A recent study by Bui (2020) examined the transmission 
channel of financial development on environmental quality. They found that income had a 
positive effect on the quality of the environment. The growth of the financial sector means 
that more energy is used and, as a result, more pollution is released. The financial develop-
ment and macroeconomic variables of  CO2 emissions are looked at in a lot of studies (Ali 
et al., 2020, 2020b; Anwar et al., 2021).

A study by Muhammad and Ghulam Fatima (2013) examined the impact of financial 
development, economic growth, and energy consumption on  CO2 emissions in Pakistan 
during 1971–2011. They employ the ARDL bounds testing approach to analyse the results. 
They found financial development has shown considerable positive signs on environmental 
quality. It indicates that financial sectors growing at the expense of environmental quality. 
Similarly, a recent study on Pakistan Khan et al. (2020a, 2020b) investigated the impact of 
financial development and other macroeconomic variables. They have applied novel meth-
odology like the dynamic ARDL approach to get the results. It reveals that financial devel-
opment and economic growth show a positive impact on  CO2 emissions.

2.4  Structure of the economy and  CO2 emissions

Sohag et al. (2017) surveyed the effects of shifts in industries on environmental sustainabil-
ity in middle-income countries. According to them, the use of conventional energy-based 
power and expansion of the manufacturing and utility industries strongly describe carbon 
emissions in these economies. Meanwhile, the increase in population has no significant 
impact on carbon emissions. Ge et al. (2016) identify the giving and taking roles played 
by various industry sectors on greenhouse gas (GHG) emissions for China. The outcomes 
specify that services were the largest emitters of total (indirect and direct) emissions in 
that country. For instance, industries including agriculture, conventional energy-based 
power utilization, service, and trade openness damage the environment in both short and 
long-term periods though the growth of urbanization leads to a better environment (Rauf 
et al., 2018). Bidirectional causality between conventional energy-based power utilization 
and carbon emissions was found from the perspective of EKC (Ali et al., 2017a, 2017b). 
Gokmenoglu and Sadeghieh (2019) used data from 1960 to 2011 to test the association 
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between financial development and environmental impacts in Turkey and showed that 
financial growth has major effects on GHG emissions. As determinants of environmental 
degradation, they employed a multivariate paradigm that focuses on economic expansion 
and growth and development, growth, expansion, and conventional energy-based power 
utilization. An earlier study that applied the Granger causality test by Gokmenoglu et al. 
(2015) confirmed a one-way correlation between financial growth and GHG emissions.

Likewise, Shahbaz et al. (2013a, 2013b) found financial growth exerts negative effects 
on GHG emissions. In contrast, other studies showed that economic expansion and growth 
and development, growth, expansion, and conventional energy-based power utilization 
increased carbon emissions. For example, in West African countries, Zhang (2011) states 
that only domestic credits provided by the financial sector resulted in a significant rise in 
carbon emissions. Similarly, with an application of a panel error-correction model, Xing 
et al. (2017) tested the effects of fiscal expansion on GHG emissions. Their empirical out-
comes confirmed that financial growth leads to more carbon emissions, and such an effect 
not only highlights the importance of regional difference but also reflects various stages of 
economic expansion, growth and development. As per the best of the author’s knowledge, 
there are very few studies found in the case of Pakistan investigating the sectoral effects on 
environmental quality. Hence, this paper would be contributed to the existing studies on the 
environmental issue.

2.5  Urbanization and  CO2 emissions

The relationship between urbanization and environmental pollutions has been discussed 
by many researchers. Though urbanization is not directly linked with the environment, it 
has many indirect channels to associate with environmental issues (Abbas et  al., 2021). 
Sadorsky (2014) used advanced econometrics techniques to gauge the relationship between 
urbanization and  CO2 emissions in emerging countries. They found ignoring the urban-
ization variables from the model leads to a reduction of environmental emissions. They 
also show that urbanization has a positive relationship with  CO2 emissions. Zhu et  al. 
(2012) examine the nexus between urbanization and  CO2 emissions in 20 emerging coun-
tries. They found that there is no evidence of the EKC hypothesis existence in the model. 
Shahbaz et al. (2016) use the STIRPAT model to examine the long-run and short-run rela-
tionship between urbanization and  CO2 emissions. They found that at the initial stage of 
economic development urbanization reduces emission, whereas, at the subsequent devel-
opment of urban areas and installation of industries, the pollution level increases at an 
increasing rate. They indicate U shape relationship exists between urbanization and  CO2 
emissions in Malaysia in the sample period. A study by Salahuddin et  al. (2019) exam-
ines the inter-link between globalization, urbanization, and  CO2 emissions in South Africa 
using structural break analysis in the ARDL model. They found that urbanization increases 
 CO2 emissions in these countries. Suggest that it must pursue other options for reducing 
emissions, the most promising of which is unquestionably redoubling its efforts to promote 
the use of renewables in its energy production, gradually shifting from a mostly coal-fired 
generation of energy to solar and wind power energy supply methods.

This is how Ali et al. (2019) look at the link between urbanzation and  CO2 emissions 
in Pakistan from 1972 to 2014. They use the ARDL method. The results show that all of 
the variables are linked together, and the long and short-term results show that urbanzation 
led to more carbon emissions in these counties during the study period. A new study by 
Abbasi et al. (2021) used a new dynamic ARDL method to look at the relationship between 
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urbanzation and  CO2 emissions in Pakistan. They found that urbanzation has a positive 
effect on both economic growth and the environment. In the same way, Anser (2019) looks 
at how urbanzation and the environment in Pakistan are affected by factors like human 
capital and energy use. They found that urbanzation isn’t being as good for the environ-
ment as it should be.

There were a lot of mixed results from the empirical types of literature when it came to 
economic growth, energy use, financial development, the structure of the economy, urban-
zation, and  CO2 emissions. Many studies have been done on this at the aggregate level, but 
very little has been done at the sectoral level, especially in Pakistan. One important study 
to fill in the gaps about environmental issues at the sectoral level is this one.

3  Methodology

3.1  Econometric models

The main objective as shown in Eq. (1) is to empirically examine the impact of the inde-
pendent variables (EG, EC, FD, IND, SER, AGR, URB) on carbon dioxide emissions in 
Pakistan. The simple form of the proposed model is as follows:

Furthermore, to form specified the ARDL modelling form of the vector error correction 
model (VECM), this study followed the work of earlier scholars (Ali et al. 2016, 2017a, 
2017b; Fosu & Magnus, 2006) and the model is re-written in full form:

where ln CO2 = the natural logarithm of carbon  (CO2) emissions, ln EG = the natural loga-
rithm of economic expansion and growth, ln EC = the natural logarithm of conventional 
energy utilization, ln SER = the natural logarithm of services, lnAGR = the natural loga-
rithm of agriculture, ln FD = the natural logarithm of financial development, ln IND = the 
natural logarithm of industry, lnURB = the natural logarithm of urbanization, and subscript 
t = time period. The notations/symbols p, q, l, m, i, j, n, t, and k serve as a descriptor of 
each individual variable in the model. There are two stages followed and the first stage 
seeks to estimate Eq.  (2) based on OLS calculated in the first stage, and in the second 
stage, the Wald test and F-test evaluated. The second test evaluates the lagged variables by 
using the joint significance of the coefficients. Doing so will make it possible to observe if 
there is a long-run correlation among the variables.

After establishing the long-term relationship, the subsequent task is to test the 
null hypothesis H0 = �1 = �2 = �3 = �4 = �5 = �6 = �7 = �8 = 0, which states there is no 

(1)CO2 = f (EG, EC, FD, IND, SER,AGR,URB)

(2)

Δ ln CO2t = �0 + �1 ln CO2t−1 + �2 ln EGt−1 + �3 ln ECt−1 + �4 ln FDt−1 + �5 ln INDt−1

+ �6 ln SERt−1 + �7 lnAGRt−1 + �8 lnURBt−1 +

p
∑

i

�iΔ ln CO2t−1

+

q
∑

j

�jΔ ln EGt−j +

p
∑

l

�lΔ ln ECt−l +

p
∑

l

�kΔ ln FDt−m +

q
∑

m

�mΔ ln INDt−n

+

q
∑

m

�mΔ ln SERt−o +

q
∑

m

�mΔ lnAGRt−p +

q
∑

m

�mΔ lnURBt−p + �t
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long-run relationship contrary to the alternative hypothesis Ha ≠ �1 ≠ �2 ≠ �3 ≠ �4 ≠ �5 ≠ 
�6 ≠ �7 ≠ �8 ≠ 0. The latter signifies the presence of such a relationship among constructs.

If the estimated F-test value is bigger than the critical value (upper bound) this indicates 
that the null hypothesis on cointegration (Pesaran et al., 2001) is rejected. Specifically, it 
confirms the long-run association between the variables is present. Nevertheless, the null 
hypothesis cannot be denied if the calculated F-test is lower than the critical value (upper 
bound). Precisely, it indicates no long-run relationships among variables exist. Addition-
ally, outcomes will be undecided if the calculated F-test values fall between the lower and 
upper critical values (Pesaran & Pesaran, 1997). Equation (3) follows the identified ARDL 
long-run coefficients and is written as:

Schwarz Bayesian Criterion (SBC) is applied to choose the lag length of the model and 
use the error correction model to conclude the variables’ short-term correlation:

Then to check the ARDL model fit, this study considered the regular diagnostic tests 
like serial correlation, Ramsey’s misspecification, Lagrange multiplier, and heteroscedas-
ticity, etc. To assess the long-run coefficients’ stability and short-run dynamics, this study 
estimated the cumulative sum of squares of recursive residuals (CUSUMSQ) and cumula-
tive sum of recursive residuals (CUSUM) as recommended by Pesaran (1997). Further-
more, the robustness of the main findings is checked through Johansen and Juselius (1990) 
cointegration test as well as Granger (1969) causality test.

3.2  Data

World Development Indicators and the World Bank are the two main sources for this 
study’s data obtained, specifically for the years 1971–2018. Economic expansion, growth 
and development, and carbon emissions both are estimated by carbon emissions in kilo-
gram (kg) per 2010 US$ of GDP with GDP price based. Conventional energy-based power 
use (kilogram of oil equivalent/capita) measures the level of conventional energy-based 
power utilization. Domestic credit given to the private sector (as % of GDP) is consid-
ered to be financial growth, while the industry is measured by the GDP ratio based on 
the value-added by the industry. Moreover, services are measured by the GDP ratio of the 
value of the service added, and agriculture is measured by the GDP ratio of agricultural 
value-addition. In this study, we used urban population/total population (ratio) to represent 
urbanization.

(3)
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+

q5
∑

n=0
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∑
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�n ln AGRt−p +

q7
∑

m=0

∈n ln URBt−q + +�ecmt−1 + �t
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Figure 1 highlights the nature and movements of the variables during the study period. 
For example, a steady decline in  CO2 emissions from around 2008 up to 2018 may have 
been due to better and enforceable environmental protection policies in Pakistan. Con-
ventional energy-based power utilization steadily increases, and the country’s GDP shows 
much promise as it consistently improves from 1970 to 2018. Moreover, the service sector 
is gaining traction and despite the fluctuations, it did register a slight increase from 2010 
to the present day. Urbanization has also steadily risen since the graph indicates a direct 
upward trend from 1970 to 2018. This means the issue of rural to urban migration is still 
prevalent in the country, possibly due to a shortage of basic amenities and infrastructure in 
rural areas.

4  Empirical results and discussion

4.1  Descriptive statistics

The descriptive statistics including Jarque–Bera, mean, maximum, and skewness, etc. are 
presented in Table 1. As expected, it is evident that significant structural changes occurred 
in all areas including conventional energy-based power utilization, urbanization, carbon 
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Fig. 1  Time series plots of the variables 1975: 2015
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 (CO2) emissions, and economic expansion and growth and development. Moreover, the 
degree of inequality of data information was evaluated through skewness. The skewness 
value of zero (0) indicates ‘regular’; extended rightward tails represent the positive, and 
extended leftward tails refer to the negative. Besides, kurtosis calculates the uniformity 
to identify whether data are dispersed. Mesokurtic indicates the natural dispersion of data 
where the kurtosis value is 3. The leptokurtic hypothesizes peaked arc which means the 
kurtosis value is greater than 3. The negative value of kurtosis is less than 3 and it refers 
to the platykurtic of the flattened arc. The Jarque–Bera test (JB test) makes it possible to 
relate the normality of the series to the data investigated in this study.

4.2  Correlation test

A quantified analysis is reported in Table 2 which highlights the interrelationships among 
the variables. The correlation among these variables reveals that the relationship is satis-
factory, considering the values obtained are vividly interrelated with  CO2 (carbon emis-
sions) to nearly 80% during the study period. Unquestionably, conventional energy-based 
power utilization, agriculture, services, industry, economic expansion and growth, urbani-
zation, and financial development produce  CO2 emissions and their respective amounts are 
71.8%, 69.5%, 58.5%, 53.2%, 42.1%, 40.9%, and 19.5%.

4.3  Unit root test

The main intention of the traditional model is to observe the order of the variables’ inte-
gration before assessing the main empirical model. Hence, the unit root test is performed 
applying two popular methods, these being the Phillips Perron (PP) and Augmented 
Dickey–Fuller (ADF) tests. The results from the unit root tests (Table  3) indicated that 
carbon emissions, growth and economic structure, financial development, conventional 
energy-based power utilization, services, and agriculture are non-stationary at level form. 
Although the variables in this study become stationary at the first differential-difference, 
meaning that these six variables are all I (1) variables following the PP and ADF unit root 

Table 2  Correlation matrix of the variables

IND industrial sector value-added ratio of GDP, SER service sector value-added ratio of GDP, AGR  agricul-
ture value-added ratio of GDP, URB urban population percentage of total population

Variables 1 2 3 4 5 6 7 8

1. Carbon dioxide 1.0000
2. Conventional energy-based 

power growth
0.409 1.0000

3. Conventional energy-based 
power utilization

0.718 0.855 1.0000

4. Financial development 0.195 0.517 0.205 1.0000
5. IND 0.421 0.303 0.058 0.417 1.0000
6. SER 0.532 0.951 0.895 0.399 0.255 1.0000
7. AGR 0.695 0.672 0.866 0.049 0.245 0.753 1.0000
8. URB 0.585 0.960 0.949 0.410 − 0.131 0.958 0.819 1.0000



2431Structural transformations and conventional energy‑based…

1 3

Ta
bl

e 
3 

 O
ut

co
m

es
 fr

om
 P

P 
an

d 
A

D
F 

an
d 

un
it 

ro
ot

 te
sts

 fo
r t

he
 y

ea
rs

 1
97

1 
to

 2
01

8

Th
e 

PP
 a

nd
 A

D
F 

te
st 

eq
ua

tio
ns

 in
cl

ud
e 

bo
th

 tr
en

d 
an

d 
co

ns
ta

nt
 te

rm
s. 

Sc
hw

ar
z 

in
fo

rm
at

io
n 

cr
ite

rio
n 

(S
IC

) i
s 

ut
ili

ze
d 

to
 fi

nd
 th

e 
op

tim
al

 la
g 

or
de

r f
ro

m
 th

e 
A

D
F.

 T
he

 v
al

ue
s 

in
 p

ar
en

th
es

es
 a

re
 c

on
si

ste
nt

 p
 v

al
ue

s
**

*  ,*
* 

an
d 

*R
ep

re
se

nt
 si

gn
ifi

ca
nc

e 
at

 th
e 

1%
, 5

%
, a

nd
 1

0%
 le

ve
ls

, r
es

pe
ct

iv
el

y

Va
ria

bl
es

A
D

F
PP

O
rd

er
 o

f 
in

te
gr

a-
tio

n
C

on
st

an
t w

ith
ou

t t
re

nd
C

on
st

an
t w

ith
 tr

en
d

C
on

st
an

t w
ith

ou
t t

re
nd

C
on

st
an

t w
ith

 tr
en

d

Le
ve

l
ln
C
O

2
t

−
 2.

21
7

−
 2.

02
7

−
 2.

22
9

−
 2.

02
9

–
ln
E
G

t
3.

14
9

−
 2.

19
2

5.
66

8
−

 2.
31

7
–

ln
E
C
t

5.
16

8
0.

49
9

4.
99

2
0.

40
6

–
ln
F
D

t
−

 1.
52

8
−

 3.
18

2
−

 1.
35

9
−

 1.
66

5
–

ln
IN

D
t

−
 3.

78
5*

**
−

 3.
28

5*
−

 2.
19

2
−

 1.
43

0
I(

0)
ln
S
E
R
t

−
 0.

16
3

−
 2.

99
4

0.
07

3
−

 2.
99

4
–

ln
A
G
R
t

−
 0.

15
4

−
 2.

39
5

−
 0.

06
0

−
 2.

80
1

–
ln
U
R
B
t

0.
55

8
−

 3.
37

5*
−

 1.
47

2
−

 2.
87

0
I(

0)
Fi

rs
t d

iff
er

en
ce

ln
C
O

2
t

−
 7.

18
4*

**
−

 7.
15

5*
**

−
 7.

17
6*

**
−

 7.
15

2*
**

I(
1)

ln
E
G

t
−

 7.
09

1*
**

−
 8.

58
5*

**
−

 7.
08

3*
**

−
 14

.0
65

**
*

I(
1)

ln
E
C
t

−
 4.

48
4*

**
−

 6.
30

0*
**

−
 4.

63
8*

**
−

 6.
35

3*
**

I(
1)

ln
F
D

t
−

 3.
33

5*
*

−
 3.

42
6*

−
 5.

89
7*

*
−

 5.
95

0*
**

I(
1)

ln
IN

D
t

−
 3.

38
2*

*
−

 4.
08

0*
*

−
 6.

86
5*

**
−

 7.
23

6*
**

–
ln
S
E
R
t

−
 6.

98
8*

**
−

 6.
91

2*
**

−
 7.

63
3*

**
−

 7.
22

9*
**

I(
1)

ln
A
G
R
t

−
 8.

15
2*

**
−

 8.
06

2*
**

−
 8.

22
7*

**
−

 8.
12

5*
**

I(
1)

ln
U
R
B
t

−
 2.

06
9

−
 1.

05
8

−
 1.

86
5

−
 1.

21
5

–



2432 H. S. Ali et al.

1 3

tests. Nonetheless, the two variables are I (0) variables or stationary at level form includes 
‘industry’ and ‘urbanization’. One of the important aspects of the motivation to apply 
ARDL and examine this relationship is because this model accepts both I (0) and I (1) vari-
ables (Pesaran et al., 2001).

4.4  Long‑run and short‑run cointegration test

All results from ARDL cointegration tests are shown in Table  4. It is found that the 
assessed F-statistics (7.47) in the study findings are higher than the critical values (upper 
bound) as reported in the Narayan critical bound tables. This confirms that the variables 
have long-run relationships (e.g. they are cointegrated by ARDL), so the null hypothesis-
no cointegration is rejected at the significance levels of 1%, 5%, and 10%, respectively.

Since the cointegrating correlation is established, the next step is to evaluate Eq. (2) to 
find the long-run coefficient outcomes (Table 5). Findings showed that economic expan-
sion, growth, and development have a substantial negative influence on carbon emissions. 
Precisely, an increase of 1% of economic expansion and growth reduced carbon emis-
sions by 1.26% in Pakistan. It indicates that economic expansion and growth of the coun-
try lead to positive environmental impacts by reducing carbon emissions. In other words, 
the growth of the country’s economy enhances the quality of the environment at the same 
time. This finding agrees with that of Aye and Prosper (2017), who analysed developing 
countries, and Rauf et  al. (2018) in the case of China. Likewise, the agricultural sector 
has a negative significant effect on carbon emissions. More specifically, and 1% change in 

Table 4  ARDL bound test estimation results

*** ,** and *Denote significance at the 1%, 5%, and 10% levels, respectively. All the critical values (both 
upper bound and lower bound) are attained from Narayan’s (2005) table (e.g. Case III: Unrestricted inter-
cept and no trend, p. 1988)

Model estimation Lag length F-statistics Significance 
level (%)

Critical (values) bound, 
F-statistics I(0) and I(1)

FCO2
(EG|EC|FD|IND|SER|AGR|UR) 2 7.47 1 4.42 and 6.25

5 3.20 and 4.54
10 2.66 and 3.83

Table 5  Estimated long-run 
coefficients following on SBC

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

Regressors Coefficients t-ratio (p values)

Constant 5.767* 1.783 (0.085)
ln EG

t
− 1.257*** − 4.419 (0.000)

ln EC
t

1.531*** 6.176 (0.000)
ln FD

t
− 0.005 − 0.088 (0.930)

ln IND
t

− 0.270 − 1.249 (0.221)
ln SER

t
0.432* 1.909 (0.066)

lnAGR
t

− 0.528** − 2.242 (0.033)
lnURB

t
5.061* − 3.420 (0.002)
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agriculture reduce  CO2 emissions by 0.53%. This might be linked to improved and more 
efficient agricultural operations throughout the country and have made possible environ-
mental sustainability. However, carbon emissions are positively and significantly impacted 
by the variables of conventional energy-based power utilization. It further emphasizes the 
point that a 1% change in conventional energy-based power utilization could increase car-
bon emissions by 1.53%. This finding mirrors that of Mirza and Kanwal (2017), who also 
undertook a study in Pakistan.

Services industries and urbanization have a substantial effect on carbon emissions. Pre-
cisely, the results suggested that services and urbanization could raise carbon emissions 
by 0.43% and 5.06%, respectively. This finding confirmed that of Sohag et al. (2017) and 
it means these variables have detrimental effects on environmental conditions in Pakistan. 
However, two variables (industry and financial development) wield no significant impact 
on carbon emissions. Thus, financial development and industry are not among the key 
determinants of carbon emissions. The short-run relationship of the variables emerges that 
economic expansion and growth lead to a negative significant effect on carbon emissions, 
thus confirming the main finding of the long-run period (Table 6). Financial development 
also reduces carbon emissions in the short-term, although the significance is very low so 
consequently the null hypothesis is refuted at the 10% significance level. However, as doc-
umented in the preceding long-run results, both conventional energy-based power utiliza-
tion and urbanization have a substantial effect on carbon emissions even on a short-term 
basis. As theoretically expected, the error correction model (ECM) is found to be negative, 
less than 1, and statistically significant.

According to Banerjee et al. (1998), the ECM also reveals an element of convergence 
from both short-run and long-run contexts. Subsequently, the value of ECM validates the 
presence of a cointegrating correlation among variables. The coefficients from the error 
correction are 0.56 or 56% and the rate has occurred annually. In effect, it means that when 
there is a deviation from equilibrium, the variables would take about 56% annually to con-
verge to their original equilibrium level.

4.5  Model diagnostic test

Model consistency and efficiency using a diagnostic test (Table  7) confirmed that the 
model has maintained all theoretical requirements such as serial correlation, Ramsey’s 

Table 6  Estimated short-run 
coefficients following on SBC

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

Regressors Coefficients t-ratio (p values)

Δ ln CO2t−1 − 0.293** − 2.322 (0.027)
Δ ln EG

t
− 0.704*** − 5.883 (0.000)

Δ ln EC
t

0.858*** 4.923 (0.000)
Δ ln FD

t
− 0.081* − 1.765 (0.087)

Δ ln IND
t

0.118 1.297 (0.204)
Δ ln SER

t
0.242 1.629 (0.113)

Δ lnAGR
t

− 0.048 − 0.467 (0.644)
Δ lnURB

t
2.836** 4.149 (0.018)

ECM(− 1) − 0.560*** − 4.006 (0.000)
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misspecification, Lagrange multiplier, and heteroscedasticity, etc. This is since we can-
not reject any hypothesis, and this validates our model’s efficiency and consistency.

Also, the model’s stability is established by some popular test methods (Figs.  2 
and 3), such as a cumulative sum of squares of recursive residuals (CUSUMSQ) and 
a cumulative sum of recursive residuals (CUSUM). The model remains highly stable 
over the sample period as the blue lines fall within the critical (values) bounds for both 
CUSUMSQ and CUSUM at the 5% significance level.

Table 7  The results from ARDL diagnostic test

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

Test statistics LM version F-version

1: Langrange multiplier test of residual serial correla-
tion

CHSQ(1) = 3.508 [0.061] F(1, 29) = 2.576 [0.119]

2: Ramsey’s misspecification test CHSQ(1) = 4.577 [0.032] F(1, 29) = 3.454 [0.073]
3: Jacque-Bera test for normality CHSQ(2) = 2.377 [0.305] N/A
4: Autoregressive conditional heteroscedasticity CHSQ(1) = 0.013 [0.906] F(1, 41) = 0.013 [0.909]

Fig. 2  Plot of cumulative sum of recursive residuals (CUSUM)

Fig. 3  Plot of cumulative sum of square of recursive residuals (CUSUMSQ)
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4.6  Model robustness check

To confirm the existence of the variables’ long-term relationships, a different alternative 
cointegration test of Johansen and Juselius (1990) is estimated (Table  8). The variables 
have a long-run correlation because the values of trace statistics and max-eigen are greater 
than the critical value of both statistics at the 5% significance level. Hence, the Johansen 
and Juselius cointegration test ratifies the earlier ARDL long-run correlation among study 
variables, and subsequently, the main findings’ consistency is validated.

A pairwise Granger causality test (Granger, 1969) was applied to validate the results 
were more robust and reliable and specifically about the short-run relationship (Table 9). 
The Granger causality outcomes disclose the existence of unidirectional causation between 
economic expansion and growth and development, growth, financial development, 

Table 8  Results for the Johansen and Juselius cointegration test

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

Null hypothesis Test statistics Critical values (5%)

Trace Max-Eigen Trace Max-Eigen

None 296.1756*** 82.34419*** 159.5297 52.36261
At most 1 213.8314*** 56.57106*** 125.6154 46.23142
At most 2 157.2604*** 50.53950*** 95.75366 40.07757
At most 3 106.7209*** 37.82133** 69.81889 33.87687
At most 4 68.89955*** 36.01907*** 47.85613 27.58434
At most 5 32.88047** 23.02725** 29.79707 21.13162
At most 6 9.853221 7.133442 15.49471 14.26460
At most 7 2.719779 2.719779 3.841466 3.841466

Table 9  Pairwise Granger causality test

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

Null hypothesis Observations F-Statistics p value

EG does not Granger cause carbon emissions 48 5.761*** 0.006
Carbon emissions do not Granger cause EG 48 1.427 0.251
EC does not Granger cause carbon emissions 48 4.813** 0.013
Carbon emissions do not Granger cause EC 48 2.471* 0.097
FD does not Granger cause carbon emissions 48 5.071*** 0.010
Carbon emissions do not Granger cause FD 48 1.086 0.347
IND does not Granger cause Carbon emissions 48 5.460*** 0.007
Carbon emissions do not Granger cause IND 48 2.187 0.125
SER does not Granger cause carbon emissions 48 5.875*** 0.005
Carbon emissions do not Granger cause SER 48 0.642 0.531
AGR does not Granger cause carbon emissions 48 0.332 0.791
Carbon emissions do not Granger cause AGR 48 0.140 0.869
URB does not Granger cause carbon emissions 48 3.376** 0.043
Carbon emissions do not Granger cause URB 48 3.277** 0.047
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industry, services, conventional energy-based power utilization, and carbon missions. This 
means that these variables cause carbon missions in the long run, as we rejected the null 
hypothesis of no causality since all the variables’ p values are less than 5% as theoreti-
cally expected. However, the causality between urbanization and carbon missions emerges 
as bidirectional, which means both variables cause each other since the p values of the 
two hypotheses are less than 5. On this basis, the hypothesis of no causal relationship is 
rejected at the 5% significance level.

5  Policy recommendations

This study looks at how economic growth and expansion, agriculture, services, financial 
development, conventional energy-based power use, industry, urbanzation, and carbon 
emissions all work together in Pakistan. Cointegration results (F-test) show that there are 
long-term relationships between the variables or that they are linked together. The long-
term coefficient results show that both agriculture and economic growth have a big impact 
on carbon emissions. Liu et al. have done a similar study recently, and these findings are 
very similar to what they found (2017). However, several earlier studies (Sadorsky, 2014; 
Sheng & Guo, 2016; Wang et al., 2014; Zhang et al., 2017) found that conventional energy-
based power use, services, and urbanzation have a big impact on  CO2 emissions. The 
short-term relationship between economic growth and carbon emissions shows how impor-
tant and harmful it is. This is in line with what Bekun et al. said about the previous findings 
(2019).

There are three main things that are causing carbon emissions in Pakistan: conven-
tional energy-based power, urbanzation, and financial development. Structural changes are 
usually the most important things that happen in different economies, and Pakistan is no 
exception. Changes in the structure of the economy can help to solve the problem between 
the environment and the economy. Pakistan’s government wants to improve the country’s 
industrial, service, and agricultural sectors, but it also wants to improve the country as a 
whole. This includes things like improving the country’s social well-being. It would be 
better for the country’s policymakers to encourage the development of renewable forms of 
conventional energy-based power, which are thought to be the key to reducing  CO2. People 
who have more money and people who grow food could make less carbon dioxide, but 
people who use renewable conventional energy-based power can also help the environment 
or at least cause less damage to it.

Pakistan’s policymakers need to start working on effective environmental policies and 
conventional energy-based power-friendly techniques right away. These techniques could 
help improve the environment by looking into other conventional energy-based power 
sources. These include solar, nuclear, wind, natural gas exploration, water and hydro-
gen-based conventional energy-based power, and green growth, as well as other types of 
energy. A lot of people in the country need to pay attention to this. Carbon tax policies, 
subsidies, trading structures, consolidating and helping existing businesses, and encour-
aging new investors to put their money into competent conventional energy-based power 
sources could help the government avoid or prevent financial and fiscal disasters.

These things could help the government avoid or prevent financial and fiscal problems. 
This is an important part of changing economic policy to make the world a better place to live 
in the future. Pakistan’s future will be bright if it switches to clean or renewable sources of 
power and has the right policies in place to cut down on carbon emissions. The government 
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of Pakistan should also try to get more people to invest in green-related products and services, 
because the service sector is hurting the environment by releasing more carbon dioxide into 
the air. Furthermore, it’s important to make it easier for people in rural areas to live their lives. 
If more people move to cities without being checked, it will cause chaos and just make more 
carbon dioxide. Population growth is thought to be good for an economy because it boosts 
both skilled and non-skilled human capital. The key is to keep the number of people living in 
cities under control. No species can keep growing if it runs out of the resources it needs to do 
so.

It’s well known that conventional energy-based power can help the economy grow, but 
this is where the hub is. The environmental damage that comes from this nexus needs to be 
taken care of. This study looks at how traditional energy-based power use affects carbon emis-
sions in Pakistan through a structural change analysis of the country. The findings of this study 
show how to change the way Pakistan uses traditional energy to make electricity. The car-
bon emission side of the study found that using carbon-rich energy resources and moving to 
cities will, by and large, make the environment worse by increasing carbon emissions to the 
maximum extent of 5.06%. However, in the long run, structural changes could make it easier 
to reduce carbon emissions. This would show how Pakistan’s economy and agricultural pro-
duction could help reduce carbon emissions. As the environment in Pakistan gets worse, this 
will help to fix it. However, in order to cut down on carbon emissions, policymakers should 
invest in renewable conventional energy sources and green-related or environmentally-friendly 
service-type businesses. This will help offset the emissions over the long run. Better and more 
effective policies should also help Pakistan’s rural areas get more social amenities and infra-
structure so that more people don’t move to the cities, which will have less clean air and water.

6  Conclusion

This study’s findings suggest structural changes in Pakistan’s conventional energy-based 
power use. The findings on carbon emissions show that using carbon-rich energy resources 
and urbanzation will deteriorate the environment by increasing carbon emissions by up to 
5.06%. However, structural modifications can improve carbon emission efficiency, allowing 
for long-term carbon emission optimization in Pakistan through economic growth and agricul-
tural production. This will assist improve Pakistan’s deteriorating environment. To offset long-
term carbon emissions, policymakers should invest in renewable conventional energy sources 
and green-related or environmentally friendly service companies. The country’s rural areas 
need better policies and infrastructure to avoid a population shift to urban areas, where envi-
ronmental standards will be compromized.
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