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Abstract: In this paper we examined the interaction between greenhouse gas emissions, nuclear
energy, coal energy, urban agglomeration, and economic growth in Pakistan by utilizing time series
data during 1972–2019. The stationarity of the variables was tested through unit root tests, while
the ARDL (autoregressive distributed lag) method with long and short-run estimations was applied
to reveal the linkages between variables. A unidirectional association between all variables was
revealed by performing a Granger causality test under the vector error correction model (VECM) that
was extracted during the short-run estimate. Furthermore, the stepwise least squares technique was
also utilized to check the robustness of the variables. The findings of long-run estimations showed
that GHG emissions, coal energy, and urban agglomeration have an adversative association with
economic growth in Pakistan, while nuclear energy showed a dynamic association with the economic
growth. The outcomes of short-run estimations also show that nuclear energy has a constructive
association with economic growth, while the remaining variables exposed an adversative linkage to
economic growth in Pakistan. Similarly, the Granger causality test under the vector error correction
model (VECM) outcomes exposes that all variables have unidirectional association. Furthermore, the
outcomes of the stepwise least squares technique reveals that GHG emissions and coal energy have an
adverse association with economic growth, and variables nuclear energy and urban agglomeration
have a productive linkage to the economic growth in Pakistan. GHG emissions are no doubt
an emerging issue globally; therefore, conservative policies and financial support are needed to
tackle this issue. Despite the fact that Pakistan contributes less to greenhouse gas emissions than
industrialized countries, the government must implement new policies to address this problem in
order to contribute to environmental sustainability while also enhancing economic development.

Keywords: GHG emissions; energy consumption; nuclear energy; economic growth; carbon emission;
environment

1. Introduction

The consumption of energy has risen dramatically during the past century as a result
of many breakthroughs and everyday improvements. As a result, almost every aspect
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of human life is becoming increasingly reliant on energy. Unquestionably, cheap and
dependable energy is essential for all nations, but this is especially true for the developing
countries. Demand for energy has risen in many nations as a result of increasing indus-
trialization, agricultural modernization, globalization, and better transportation. In the
absence of investment in domestic resources such as water power, natural gas, and lignite,
Pakistan remains reliant on energy imports. The biggest source of energy is biomass. The
government has decided to halt the construction of new coal-fired power plants due to
environmental concerns. Public oil and gas companies are considering privatization for a
number of reasons [1]. Pakistan is 43.5% reliant on imported oil for its entire energy mix.
The reliance on oil has decreased from 32% in 2017 to 31.2% in 2018. Hydropower had
a 13.1% market share in 2018–2019, up from a 7.7% share compared to the previous year.
This decrease in oil’s share is good news, but the fall in hydropower’s share indicates that
the policy is short-sighted and that successive administrations are unable to carry out such
capital-intensive projects in a timely way. Pakistan’s energy system is 50.4 percent reliant
on natural gas, the highest level ever. The country’s reliance on natural gas had dwindled
to 34.6% in 2018. The decrease in natural gas reserves and limitations on transportation
sector natural gas use, as well as the introduction of LNG (liquefied natural gas) since 2015,
all contributed to the fall in the contribution of natural gas to the energy structure. From
2015 to 2018, the percentage of LNG imports increased from 0.7% to 8.7%. The position of
coal in the energy mix has been static for the last two decades, at about 10%, but, on the
other hand, its share in the energy mix, grew to 12.7% in 2018 [2–4].

The country’s energy mix shows a reduction in Pakistan’s reliance on thermal energy,
such as local and imported coal, RLNG (re-gasified liquefied natural gas), and natural gas.
Due to decreasing natural gas reserves and the introduction of liquefied natural gas (LNG),
Pakistan’s dependence on natural gas is waning throughout its whole energy structure.
The availability of renewable energy has risen steadily over time. The administration
has also taken efforts to increase the country’s usage of hydro and nuclear energy. The
energy systems of the globe are experiencing a fast transition, resulting in significant
shifts in how we fuel vehicles, heat homes, and generate electricity. Over the next several
decades, companies, governments, and people will be impacted by these developments [1].
Countries all around the globe have been working hard over the last two decades to
decrease global warming and prevent the harmful effects of global warming. CO2 emissions
from fossil fuel combustion has received a large amount of attention, since they are the
primary cause of climate change. As a result, the goal is to enhance the energy supply sector
while decreasing greenhouse gas emissions, in order to provide safer and cheaper energy.
Any effort must include the investigation of fossil fuel substitutes. Nuclear energy, as well
as renewable energy sources such as solar, hydropower, biomass, wind, and geothermal
power, may provide solutions for energy security and climate change [5–7]. However, the
link between greenhouse gas emissions and the utilization of renewable and nuclear energy
may not be as simple as it seems. Furthermore, even if the construction of new nuclear or
renewable energy facilities leads to the closure of coal-fired power plants, the price of coal
may fall, encouraging other energy consumers to use coal instead of clean energy, thus
increasing overall CO2 emissions [8].

Excessive use of fossil fuels, which results in greenhouse gases emissions, has recently
risen to the top of the environmental priority list, particularly in developing economies.
As a consequence of their fast economic development and huge populations, the energy
consumption and production patterns of these nations may have an impact on global issues
such as global warming. As previously said, energy is critical to economic progress, but
it is vital to address the environmental consequences of rising energy use, particularly
in the early phases, if sustainable development objectives are to be achieved [9–11]. In
the circular economy, production and consumption are intertwined in an effort to reduce
pollution. Since its conception, this paradigm has been developed and affected by many
areas of evidence, allowing it to be systematized and somewhat re-adapted to meet today’s
concerns [12]. To combat environmental problems, the circular economy is becoming more
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prominent. Economic, environmental, and social advantages all come together in a circular
economy. Nevertheless, the global economy has a relatively low degree of circularity, and
opponents point out that existing theories have not delivered the promised effects on a
societal level that is sustainable. Resource reserves and energy flow are largely dependent
on human progress and development as important system components. Human activities
must be coordinated with the earth’s biosphere in order to alleviate pressure from the
technological circle, which we have provided a conceptual framework to achieve [13,14].

In the circular economy, resources are better used, natural systems are rejuvenated, and
waste is reduced while goods and materials are maintained in use. However, the circular
economy’s social implications are non-existent. Furthermore, there is no comprehensive
framework for choosing social indicators to assess whether circular economy methods
have a beneficial or negative effect [15]. Furthermore, environmental awareness and
sustainable development are inseparable from the contemporary supply chain’s image.
The quest for sustainable supply chain management may be attributed to the contemporary
world’s demands. Improving a company’s image while simultaneously reducing waste,
innovating, creating revenues, and gaining a competitive edge are all possible with efficient
use and proper management of natural resources. The high intensity of the circular
economy is linked to accreditation of environmental management systems and strategic
decisions for environmental performance improvement and sustainable business models.
However, managing distributed energy has enhanced the generation and delivery of
more scattered energy [16–18]. Issues in energy policy, high power generating prices,
old infrastructure, and inadequate power transmission have all contributed to the severe
energy crisis. In addition to transmission loss and distribution theft, Pakistan’s power
corporations have a bureaucratic culture of inadequate management and planning. The
notion of energy efficiency is still underappreciated, in part because many feel that energy
efficiency is a tool to decrease consumption and output rather than increase it. Due to
the country’s perception that economic progress is essential to its future, energy efficiency
has been seen as a euphemism for slowing growth. The current study makes a unique
contribution to the existing literature and supports Pakistan’s future development plans
by identifying long-term connections between energy production, activities, fuel use, and
technical advancements. The findings of this research are relevant to the growing demand
of energy, including coal and nuclear energy, in Pakistan in order to foster economic
growth. With this motive, the current study’s major aim was to examine the interaction
between greenhouse gas emissions, nuclear energy, coal energy, urban agglomeration,
and economic growth in Pakistan by utilizing time series data during 1972–2019. Three-
unit root tests were utilized to rectify the stationarity of the variables, while the ARDL
(autoregressive distributed lag) method with long and short-run estimations was employed
to reveal the linkages between variables. The Granger causality test under the vector
error correction model was also employed to show a unidirectional relationship among all
variables. Furthermore, the stepwise least square technique was also utilized to check the
robustness of the variables.

2. Literature Review

The increasing usage of polluting energy sources has contributed to climate change,
which is a consequence of fossil fuels. This shift has had an effect on both people and
the environment. If greenhouse gas (GHG) emissions continue to rise, the climate system
as a whole will warm up and undergo long-term alterations. In terms of population
health and environmental quality, CO2 emissions are increasing at an alarming pace [19,20].
Governments, international organizations, and other parties are increasingly concerned
with sustainable development as a means of achieving both stable economic growth and
long-term environmental quality. This is due to theses groups realizing the connection
between growing carbon emissions and the damage to environmental and human health
caused by the increased usage of energy in economic development, particularly energy
derived from carbon-related sources. As a consequence, developing countries believe that
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boosting funding for global warming efforts, which are mostly led by industrial economies,
is critical if their economies are to continue growing while using less carbon-intensive
energy [21–23].

The challenge of balancing economic growth with environmental preservation is now
being widely debated across the world. Because of the global economy’s rapid expansion,
climate change has placed the lives of humans and other species in jeopardy [24]. This
requires improving energy efficiency, which should result in lower energy demand per unit
of GDP in the economy as well as lower greenhouse gas emissions, while also identifying
long-term sustainable alternatives to fossil fuels. The growing cost of energy, as well as
global strategic goals for reducing air pollution, need a deeper investigation into the link
between renewable energy consumption and economic development [25,26]. Individuals,
corporations, and governments have all shown interest in tackling these environmental
challenges as they become more aware of the environmental impact of carbon emissions
and global warming. Carbon emissions are calculated using numerous parameters, the
most significant of which is the total amount of greenhouse gases released. Today’s world
recognizes the importance of these emissions in terms of economy, society, and politics,
as well as the necessity of reducing them in order to combat climate change. People
also assume that environmental changes are caused by economic growth, rather than
the other way around. However, the direction and type of causality may differ among
countries [27–29].

The fast rise in energy use has resulted in serious environmental problems, such as
huge emissions of greenhouse gases such as carbon dioxide, which is the primary driver
of global warming. Clean energy, such as renewable energy, has replaced conventional
fossil fuels as a result of growing environmental and public health concerns over carbon
dioxide emissions. Reducing carbon dioxide emissions and combating climate change
may be achieved by using renewable energy sources. Energy policy across the world has
shifted to emphasize using more renewable energy sources [30,31]. In developed nations,
environmental deterioration is the most difficult issue to solve. Stopping the degradation of
the environment is futile in a particular economy. High levels of greenhouse gas emissions
are having an impact on industrialization throughout the world, especially in economies
that are not held accountable. Increased greenhouse gas emissions result from countries’
use of energy and other natural resources to maximize economic development. Carbon
dioxide emissions are a significant contributor to the deterioration of the environment
caused by greenhouse gases [32–34].

Increased worldwide temperatures, unpredictability in weather patterns, and air pol-
lution have all been linked to environmental pollution. Other threats to human health and
well-being have come as a result of these and other negative environmental consequences.
The use of fossil fuels is mostly responsible for global warming. Carbon dioxide (CO2)
emissions are the primary source of greenhouse gas pollution. As carbon dioxide emissions
grow in intensity and complexity, it is more critical than ever to pay attention to alternative
energy production alternatives. Furthermore, the general public and policymakers are be-
coming increasingly concerned about fossil fuel use and energy security problems, as well
as greenhouse gas emissions. Nuclear and renewable sources of energy have appeared as
viable alternatives to cope with climate change’s threats, particularly sea level rise [35–38].
Energy, which is a key component in manufacturing, drives economic development and
advancement. A better quality of life is prevalent in countries with greater energy usage.
The consumption of energy also leads to the production of different greenhouse gases, such
as carbon dioxide, which degrade the environment. This means that even after 30 years,
energy consumption and its role in carbon dioxide emissions remains the most contentious
and divisive topic among environmental economists and policymakers [39–41].

Non-renewable energy dependence has raised significant concerns and difficulties
across the globe. These include concerns about non-renewable energy depletion, as well as
concerns about energy security and environmental issues in general. Since these significant
problems and concerns have emerged in the last several decades, governments across the
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world have focused on renewable energy and investments related to renewable energy
technology. The management and planning of energy resources is increasingly intimately
linked to sustainable development and is an essential component of economic progress.
There is a huge demand–supply discrepancy, fossil fuel import costs are increasing, and air
pollution is worsening. The search for affordable, efficient, and environmentally friendly
energy sources is essential right now. It is little wonder that renewable energy has lately
garnered a lot of attention. Renewable energy is essential to combating global warming,
since energy is regarded as the cornerstone of economic prosperity and social well-being.
There is always a conventional output factor for energy status. As a result of the reliance on
oil for development, there is also a pressing need for continuous and abundant economic
expansion [42–46]. Economic development and growth are inextricably tied to the health
of a country’s energy sector. Pakistan has faced serious issues in recent decades as a result
of the country’s continuous energy shortage. Because of the rapid increase in demand,
the electricity sector has received a lot of attention recently. Similar to this, the nation has
additional problems such as inadequate availability of water, pollution in the water and air,
and deterioration of pasturelands. Electricity, as a source of energy, is critical for a country’s
overall economic development, not only for the manufacturing sector. The generation of
sustainable energy may enhance quality of life and societal well-being [47,48].

CO2 emissions from urban and industrial fossil fuel usage are becoming increasingly
recognized as an unknown contribution to global warming, especially in the industrialized
economies, which are among the world’s largest energy consumers. As a consequence,
sustainable development strategies are increasingly focused on energy-saving and low-
carbon economic growth. The impact of nuclear energy consumption on economic growth
is scarcely analyzed in the literature and the results are very mixed. Magazzino et al. [49]
found an adverse effect of nuclear energy use on economic growth in Switzerland using an
AI and machine learning approach during 1970–2018. Saidi and Mbarek [50] investigated
a panel of developed countries during 1990–2013 using a dynamic panel regression and
found no causality between nuclear energy and economic growth [50]. Christoforidis
et al. [51] found a positive impact of nuclear energy consumption on economic growth
in 18 top nuclear-energy consuming countries during 1995–2017 using PM and PMG
estimators. Mbarek et al. [52] investigated the dynamic link between economic growth
and nuclear energy production in France based on a VECM model during 1990–2011
and found bi-directional causality and a positive effect of nuclear energy production on
economic growth.

Urban agglomerations have also emerged as the most active and promising regional
entities, in charge of guiding both the modernization of the industrial structure and the
future expansion of the regional economy. Due to their large energy use, the resulting
urban agglomerations will face significant pressure to reduce emissions [53,54]. Because
of the global population increase, particularly in emerging countries, governments and
policymakers in various nations face a variety of problems. Most of the population is
supplied with new facilities every year, increasing the overall population and putting
further strain on limited natural resources. Khan and Awan [55] proved in their study for
Pakistan that the urban agglomeration positively and significantly impacted economic
growth, especially in the urban area. Ahrend et al. [56] also proved a positive relationship
between urban agglomeration and economic growth for OECD regions. Asowga et al. [57]
found a positive association between urban agglomeration and economic growth for a panel
of sub-Saharan African countries during 1970–2019. Jayasooriya [58] also demonstrated
a positive association between urban agglomeration and economic growth for regions in
China using a GMM method during 2004–2015. The same results were achieved by Liu
and Du [59] for China.

Today’s fundamental demand fulfillment depends on the energy sector’s contribution
both directly and indirectly. Proper use and management of the energy sector may thus be
a solution for feeding and protecting the people of the globe [60,61]. A low-carbon energy
transition helps mitigate climate change, reduce air pollution, and slow the depletion of
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fossil fuels. Uncontrolled economic expansion threatens global ecology due to the limited
structure of natural resources. No economic activity may take place unless energy is
provided as an input [62,63].

3. Methods and Study Data

The major aim of the current study was to determine the interaction between GHG
emissions, nuclear energy, coal energy, and urban agglomeration to economic progress
in Pakistan by using annual data which is taken from the two key sources: the Economic
Survey of Pakistan (https://www.finance.gov.pk/, accessed on 14 September 2021) and the
World Development Indicators (https://data.worldbank.org/country/pakistan, accessed
on 14 September 2021). The explanation of all variables utilized in this study is illustrated
in Figure 1, which reveals the upward and downward tendencies from 1972–2019. Further-
more, Figure 2 shows the methodological approach of this study. First, we checked the
variables’ summary analysis and correlation, then their stationarity through the unit root
tests (DF-GLS, P-P, KPSS). After, the bounds were tested for the confirmation of cointegra-
tion with the Johansen cointegration test, and short and long-run estimations using ARDL
technique including stability and diagnostic tests were used. A unidirectional association
between all variables was revealed by performing a Granger causality test under the vector
error correction model (VECM). Finally, we employed the stepwise least squares technique
to enhance the robustness of the findings.

3.1. Econometric Model Demonstration

For demonstrating the interaction among GHG emissions, nuclear energy, coal energy,
urban agglomeration, and economic growth in Pakistan, we have utilized the following
model, which can be stated as:

ECGt = f (GHGet, NUENt, COENt, URAGt) (1)

For further explanation of variables, we can expand Equation (1) further as:

LnECGt = π0 + π1LnGHGet + π2LnNUENt + π3LnCOENt + π4LnURAGt + εt (2)

where in Equation (2), ECGt signifies economic growth, GHGet reflects greenhouse gas
emissions, NUENt displays nuclear energy, COENt indicates coal energy, and URAGt
presents urban agglomeration. The coefficients from π1 to π4 show the model dynamics.

https://www.finance.gov.pk/
https://data.worldbank.org/country/pakistan
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3.2. Specification of ARDL Technique

This study has followed the technique of ARDL bounds testing, which was presented
by Pesaran and Shin [64] and Pesaran et al. [65]. Long-term and short-term connections
between variables like economic growth and all others are shown by the integrated order
I(0) and I(1), but not at I(2). The variables’ interaction with the unrestricted error correction
model (UECM) may be summarized as follows:
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∆LnECGt = τ0 +
b
∑

b=1
τ1b∆LnECGt−r +

b
∑

b=1
τ2b∆LnGHGet−r

+
b
∑

b=1
τ3b∆LnNUENt−r +

b
∑

b=1
τ4b∆LnCOENt−r

+
b
∑

b=1
τ5b∆LnURAGt−r + τ6LnECGt−1 + τ7LnGHGet−1

+τ8LnNUENt−1 + τ9LnCOENt−1 + τ10LnURAGt−1 + ε1t

(3)

∆LnGHGet = θ0 +
g
∑

g=1
θ1g∆LnGHGet−l +

g
∑

g=1
θ2g∆LnECGt−l

+
g
∑

g=1
θ3g∆LnNUENt−l +

g
∑

g=1
θ4g∆LnCOENt−l

+
g
∑

g=1
θ5g∆LnURAGt−l + θ6LnGHGet−1 + θ7LnECGt−1

+θ8LnNUENt−1 + θ9LnCOENt−1 + θ10LnURAGt−1 + ε2t

(4)

∆LnNUENt = α0 +
u
∑

u=1
α1u∆LnNUENt−m +

u
∑

u=1
α2u∆LnGHGet−m

+
u
∑

u=1
α3u∆LnECGt−m +

u
∑

u=1
α4u∆LnCOENt−m

+
u
∑

u=1
α5u∆LnURAGt−l + α6LnNUENt−1 + α7LnGHGet−1

+α8LnECGt−1 + α9LnCOENt−1 + α10LnURAGt−1 + ε3t

(5)

∆LnCOENt = η0 +
w
∑

w=1
η1w∆LnCOENt−j +

w
∑

w=1
η2w∆LnNUENt−j

+
w
∑

w=1
η3w∆LnGHGet−j +

w
∑

w=1
η4w∆LnECGt−j

+
w
∑

w=1
η5w∆LnURAGt−l + η6LnCOENt−1 + η7LnNUENt−1

+η8LnGHGet−1 + η9LnECGt−1 + η10LnURAGt−1 + ε4t

(6)

∆LnURAGt = ω0 +
p
∑

p=1
ω1p∆LnURAGt− f +

p
∑

p=1
ω2p∆LnCOENt− f

+
p
∑

p=1
ω3p∆LnNUENt− f +

p
∑

p=1
ω4p∆LnGHGet− f

+
p
∑

p=1
ω5p∆LnECGt− f + ω6LnURAGt−1 + ω7LnCOENt−1

+ω8LnNUENt−1 + ω9LnGHGet−1 + ω10LnECGt−1 + ε6t

(7)

The difference from Equations (3)–(7) is explored via ∆, and error terms are illustrating
via ε1t-ε6t. Similarly, the parameters used in these equations are: τ1-τ5, θ1-θ5, α1-α5, η1-η5,
β1-β5, and ω1-ω5, showing the short-run coefficients, while τ6-τ10, θ6-θ10, α6-α10, η6-η10, β6-
β10, and ω6-ω10 uncover the long-run coefficients in the model. With the ARDL technique,
it is possible to confirm the dynamic linkage between the analyzed variables. The null
hypothesis has been rejected, which implies there are linkages and interactions between
invaders, and reliance on the interlopers’ ingenuity.

3.3. Causality Association among Variables via VECM (Vector Error Correction Model)

The cointegration consistency of the model has been evaluated by long- and short-run
successes among specified variables under the ARDL model. The results demonstrate a
pattern of correlation between variables that cannot be defined. The vector error correction
model’s causal check additionally tracks variable sources by proving their importance
across current values. Engle and Granger (1987) [66] established the VECM model for
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categorizing and determining the direction of causal link. A short-run test with an error
correction term (ECT) in the provided model is performed in the long-run analysis if the
variables are merged using the autoregressive distributed lag (ARDL) technique or the
vector error correction model (VECM). If the variables being studied are not cointegrated,
the short-term investigation focuses on a typical vector-autoregressive (VAR) model. The
vector error correction model is interpreted as follows in Equation (8):

∆LnECGt
∆LnGHGet
∆LnNUENt
∆LnCOENt
∆LnURAGt

 =


τ1
τ2
τ3
τ4
τ5

+


τ11, 1τ12,1τ13,1τ14, 1τ15,1
τ21,1τ22,1τ23,1τ24,1τ25,1

τ31,1τ32,1τ33,1τ34, 1 τ35,1
τ41,1τ42,1τ43,1τ44, 1τ45,1
τ51,1τ52,1τ53,1τ54, 1τ55,1




∆LnECGt−1
∆LnGHGet−1
∆LnNUENt−1
∆LnCOENt−1
∆LnURAGt−1

+ . . .+


τ11, kτ12, kτ13, kτ14, kτ15, k
τ21,kτ22, kτ23, kτ24, kτ25, k
τ31,kτ32, kτ33, kτ34, kτ35, k
τ41,kτ42, kτ43, kτ44, kτ45, k
τ51,kτ52, kτ53, kτ54, kτ55, k

 (8)


∆LnECGt−k

∆LnGHGet−k
∆LnNUENt−k
∆LnCOENt−k
∆LnURAGt−k

+


φ1
φ2
φ3
φ4
φ5

ECTt−1 +


ϑ1
ϑ2
ϑ3
ϑ4
ϑ5


where ∆ indicates the operator which exposes the difference in Equation (8), ϑ demonstrates
the classification of error term, and “φ” exposes the error term (ECTt−1) coefficient.

4. Outcomes and Discussion
4.1. Summary Analysis

Table 1 shows the results of the summary statistics with probability values of the
variables economic growth, greenhouse gas emissions, nuclear energy, coal energy, and
urban agglomeration.

Table 1. Summary statistics results.

LnECG LnGHGe LnNUEN LnCOEN LnURAG

Mean 1.439 12.232 1.124 8.163 16.828
Median 1.576 12.276 1.138 8.059 16.855

Maximum 2.323 12.888 1.394 9.931 17.567
Minimum −0.206 11.400 0.674 6.970 15.971
Std. Dev. 0.568 0.475 0.175 0.766 0.463
Skewness −1.220 −0.184 −0.550 0.328 −0.163
Kurtosis 4.147 1.689 2.841 2.255 1.887

Jarque-Bera 14.543 3.705 2.476 1.971 2.686
Probability 0.000 0.156 0.289 0.373 0.260

4.2. Correlation among Variables

The correlations among variables are reported in Table 2 and results show that all
variables, including economic growth, greenhouse gas emissions, nuclear energy, coal
energy, and urban agglomeration, are correlated.
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Table 2. Results of correlation.

LnECG LnGHGe LnNUEN LnCOEN LnURAG

LnECG 1.000 −0.218 0.355 −0.251 −0.196
LnGHGe −0.218 1.000 0.330 0.956 0.995
LnNUEN 0.355 0.330 1.000 0.362 0.362
LnCOEN −0.251 0.956 0.362 1.000 0.958
LnURAG −0.196 0.995 0.362 0.958 1.000

4.3. Unit Root Testing

We investigated the integration order of each variable such as economic growth,
greenhouse gas emissions, nuclear energy, coal energy, and urban agglomeration by using
the Dickey Fuller (DF-GLS) [67], Philips-Perron (PP) [68], and KPSS [69] unit root tests.
Table 3 shows the findings for local clusters as well. The test statistics and probability
values of the variables show whether a series is stationary or not. It turns out that the
variables of the model are non-stationary at this level, but they become stationary when
the integration order is changed by a single step at I(1).

Table 3. Results of unit root test.

Dickey-Fuller GLS Tests (At Level)

LnECG LnGHGe LnNUEN LnCOEN LnURAG

T-S (p-values *) −2.492 ** (0.016) −0.266 (0.791) −1.428 (0.159) 1.886 * (0.065) 1.603 (0.115)
At First Difference

T-S (p-values *) −0.139 ** (0.016) −6.125 *** (0.000) −1.312 (0.196) −3.290 *** (0.002) −0.473 (0.638)
P-P Test (At Level)

T-S (p-values *) −5.881 *** (0.000) −2.202 (0.208) −3.125 * (0.031) 0.685 (0.990) −5.973 *** (0.000)
At First Difference

T-S (p-values *) −16.385 *** (0.000) −6.140 *** (0.000) −7.862 *** (0.000) −6.329 *** (0.000) −2.485 (0.125)
KPSS Test (At Level)

T-S (p-values *) 0.258 *** (0.000) 0.901 (0.000) 0.201 *** (0.000) 0.889 *** (0.000) 0.909 *** (0.000)
At First Difference

T-S (p-values *) 0.396 (0.966) 0.455 *** (0.000) 0.143 (0.454) 0.168 *** (0.005) 0.715 *** (0.000)

Note: *, **, *** indicate the level of significance at 1%, 5%, and 10%.

4.4. Bounds Testing to Cointegration

Table 4 displays the results of bounds testing for the validation of cointegration. In
this case, the meaning range is 10%, 5%, 2.5%, and 1.0%, and cointegration determination
is achieved at the top and lower limits (F-statistic value: 10.27825). This technique demon-
strates the long-term interactions of variables and their connections by utilizing bonds
testing to establish integration.

Furthermore, to investigate cointegration in model variables, the Johansen cointegra-
tion method [70] was used. Table 5 displays the outcomes of this approach. The frequency
of lags is calculated using the Akaike Information Criteria (AIC). The hypothesis of the
no cointegration in the model is rejected at a 5% significance level based on tracing and
maximum eigenvalue testing. Cointegration demonstrates a long-term connection between
the analyzed variables. As a result, certain variable pairs may be placed together, because
the majority of variables suggest that the null hypothesis can be rejected and the variables
have a long-term relationship.
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Table 4. Results of bounds testing.

F-Bounds Test N-Hypothesis (No Levels Relationship)

T-Statistic Value Signif. I(0) I(1)

[Asymptotic: n = 1000]
F-Statistic [10.27825] [10%] [2.2] [3.09]

K 4 [5%] [2.56] [3.49]
[2.5%] [2.88] [3.87]
[1%] [3.29] [4.37]

Actual Sample Size 47 [Finite Sample: n = 50]
[10%] [2.372] [3.32]
[5%] [2.823] [3.872]
[1%] [3.845] [5.15]

[Finite Sample: n = 45]
[10%] [2.402] [3.345]
[5%] [2.85] [3.905]
[1%] [3.892] [5.173]

Table 5. Results of J-cointegration.

Trace Test Statistics

No. of Hypo. CE(s) E-Value T-Statistic C-Value at 5% Prob. **

None * 0.641 *** 87.494 69.818 0.001
Maximum at 1 * 0.415 40.278 47.856 0.212
Maximum at 2 0.151 15.539 29.797 0.744
Maximum at 3 0.139 7.970 15.494 0.468
Maximum at 4 0.023 1.073 3.841 0.300

Max-Eigenvalue Test Statistics

No. of Hypo. CE(s) E-Value T-Statistic C-Value at 5% Prob. **

None * 0.641 *** 47.215 33.876 0.000
Maximum at 1 * 0.415 24.739 27.584 0.110
Maximum at 2 0.151 7.568 21.131 0.928
Maximum at 3 0.139 6.897 14.264 0.501
Maximum at 4 0.023 1.073 3.841 0.300

Note: *, *** show the denial of the hypothesis at the level of 5% and 10%; ** indicates the probability values of
(MacKinnon-Haug-Michelis 1999).

4.5. Long-Run and Short-Run Dynamics

The autoregressive distributed lag approach was utilized to investigate the interaction
between variables via short and long-run estimates. The results of the short and long-run
analysis are shown in Table 6.

The short-run results in Table 6 show that the variable of nuclear energy consumption
has a positive coefficient (1.852) with probability value (0.003), which exposes a constructive
linkage to economic growth, while the variables greenhouse gas emissions, coal energy
usage, and urban agglomeration have an adversative association to economic progress in
Pakistan. Moving to the consequences of the long-run estimations, the variable of nuclear
energy has a positive coefficient (1.781) with probability value (0.001), which uncovers a
constructive association to economic growth. The variables greenhouse gas emissions, coal
energy usage, and urban agglomeration show an adverse linkage to economic growth in
Pakistan. Oil supplanted coal because it was more efficient. As the world’s population
grows, cities expand, and new goods are developed, the need for oil rises. Oil is necessary
for transportation as well as for the production of electric power. Because of its availability
and cheap cost in comparison to other energy sources, oil became the primary option for
meeting global energy and economic requirements [71]. Because of expanding problems
such as environmental degradation, global warming, and the need for energy fairness,
human dignity has grown in relevance. Energy is essential in the production process
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since it acts as both capital and labor. Energy consumption, on the other hand, supports
economic growth in many countries, but this consumption also contributes considerably to
the rising trend of pollution. As a result, concerns about the environmental consequences
of economic expansion are prominent. Measures to encourage energy innovation may help
in the attempt to reduce pollution. However, fossil fuels are currently the predominant
source of energy for the generation of electricity. Increased nuclear energy output may
help to halt global warming. Nuclear energy may be used to create electricity. The
most important responsibility is to address environmental concerns. Nuclear energy
also supports the achievement and protection of environmental sturdiness through its
use. Low-carbon outflows may arise by using nuclear energy, which is a reliable and
well-known source of energy [72–75]. It is important to remember that the connection
between energy use and economic development includes both consumer problems and
environmental considerations as well. Since conventional energy sources such as coal
pollute the environment, their usage reflects current local environmental pressure to some
extent, to say nothing of global pressure [76,77].

Table 6. Results of short and long-run analysis.

Short-Run Results

Variables Coefficients S-Error t-Stat. Prob.

C −1.523 2.444 −0.623 0.536
LnECG(-1) −1.039 *** 0.147 −7.070 0.000

LnGHGE(-1) −1.070 2.230 −0.478 0.634
LnNUEN(-1) 1.852 *** 0.598 3.094 0.003
LnCOEN(-1) −0.000 *** 0.000 −2.755 0.009
LnURAG(-1) −1.850 3.390 −0.547 0.587

D(GHGE) 6.090 4.530 1.345 0.186
D(NUEN) 2.957 *** 0.885 3.342 0.001
D(COEN) 0.000 * 0.000 1.857 0.071
D(URAG) 1.205 7.736 1.555 0.128
ECM(-1) −1.039 *** 0.124 −8.366 0.000

Long-Run Results

Variables Coefficients S-Error t-Stat. Prob.

LnGHGE −1.035 2.135 −0.482 0.632
LnNUEN 1.781 *** 0.524 3.395 0.001
LnCOEN −0.000 ** 0.000 −2.507 0.016
LnURAG −1.787 3.280 −0.543 0.589

C −1.465 2.385 −0.614 0.542

R2 0.661 M-Dependent
var 0.003

Adj-R2 0.629 S.D.D var 2.493
S.E-regression 1.518 AIC 3.773

S-S resid 96.848 SC 3.970
Log-likelihood −83.680 HQC 3.847

D-W stat 2.114
Note: *, **, *** indicate the level of significance at 1%, 5%, and 10%.

Global civilization has experienced a significant transformation in urbanization and
the growth of the construction sector during the last several decades. The building indus-
try’s transition from a developing society to a civilized one and high-level development
are intertwined issues. Massive energy expenditures are the driving force for urbanization,
building sector expansion, and strong economic performance [78,79]. Globalization, urban-
ization, and regional economic integration have all increased, making urban agglomeration
an increasingly significant element of spatial organization and a worldwide problem. This
has increased the importance of regional collaboration and communication. To some
degree, urban agglomeration has been transformed and promoted due to globalization.
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Urban agglomeration is widely regarded as a tool for managing regionalization in a region,
and urban research has increasingly focused on it [80,81]. Demand for energy and other
associated services have risen in recent decades to satisfy the demands of global society
and economic growth. Diverse economies encourage investment and financial output
by participating in international resource exchanges where many businesses engage. As
energy resources have increased in value, environmental deterioration and greenhouse gas
emissions have risen sharply as well [82,83].

As a result of global warming, humanity as a species and the growth of the global
economy are in grave danger. It also puts stability, natural life, and development at jeopardy.
The rise in greenhouse gas emissions is mostly to blame for climate change. Human actions,
like the extraction of nonrenewable resources, are also responsible for greenhouse gas
emissions. Global warming occurs as a result of this. Increased carbon dioxide emissions
are accelerating global warming, which is resulting in more severe weather events, such
as more frequent floods, storms, glacier melt, droughts, and rising sea levels. When fossil
fuels are used, carbon dioxide is released into the atmosphere, which causes climate change.
Environmental pollution, mostly as a result of greenhouse gas emissions from economic
activity, is posing an increasing number of challenges for the global economy, leading many
decision-makers to spend substantial amounts of money to minimize the dangers [84–86].
The mix of energy growth elements demonstrates the model’s unique character even more.
As a result of advances in energy efficiency, industrialized and developing nations alike are
shifting to cleaner forms of energy use. There is also a new focus on energy and economic
development based on current research, although the findings are unclear. When it comes
to promoting global economic development, attempts to reduce energy consumption,
particularly from conventional energy sources, have an environmental effect. However, the
economic impact of energy usage continues to dominate the narrative of contemporary
research [87–89]. Another issue is the widespread reliance on fossil fuels in the emerging
economies like Pakistan. Considering that these energy sources are not renewable or
nuclear, they will run out in a matter of decades. While fossil fuels have a great influence
on the environment, renewable and nuclear energy have less impact. Furthermore, nuclear
and renewable energy may decrease CO2 emissions, aid in environmental protection, and
lessen reliance on imports from other economies. The use of the nuclear energy with the
renewable sources seems to be the answer to addressing energy security concerns while
also helping to slow down the rate of the global warming [50,90]. The burning of fossil fuels
emits greenhouse gases (GHGs) such as carbon dioxide (CO2), which is usually recognized
as the principal causes of global warming and climate change. Nuclear power, in particular,
is expected to help countries reduce carbon dioxide emissions while expanding their
economies. As a result, experts are now looking at the consequences of nuclear power
production on carbon dioxide emissions, which is under-investigated by other prior studies.
Nuclear power is seen as a feasible alternative to fossil fuels or hydrocarbon-based energy.
Nuclear energy is a better alternative for transportation than fossil fuels, since it is more
efficient. Nuclear energy might potentially be used to power vehicles such as trucks and
trains. Nuclear energy has the potential to replace fossil fuel-burning power facilities in
both mature and emerging economies [91,92]. The stability and diagnostics test results are
included in the Table 7.

Table 7. Outcomes of stability and diagnostic tests.

Statistics of Test F-Stat p-Values

Breusch-Godfrey serial correlation LM test 0.393 0.677

Heteroskedasticity test (Breusch-Pagan-Godfrey) 0.718 0.688

CUSUM Stable

CUSUM of squares Stable
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The plots of the CUSUM and its squares at the 5% level of significance are illustrated in
Figure 3. Similarly, the long-term interaction among variables is expressed in the Figure 4.
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The plot of Figure 4 reveals that all variables, including GHG emissions, nuclear
energy consumption, coal energy consumption, and urban agglomeration, display either a
positive or negative influence on the economic progress of Pakistan.

4.6. Granger Causality Test

Table 8 depicts the consequences of Granger’s short-run causality test findings, and the
addition of cointegration gives the relationship of variables used to analyze the directional
causality through regressors. The ARDL method demonstrates a long-term relationship
between research variables. Furthermore, the short-run Granger linkages indicate crucial
implications for directing final conclusions, and indicators revealed a unidirectional re-
lationship between economic growth and all other variables, including greenhouse gas
emissions, nuclear energy, coal energy, urban agglomeration, and economic growth in
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Pakistan. As a result, Granger’s VECM indicates a strong link between the variables under
consideration.

Table 8. Causality results.

Dependent
Variables

Independent Variables

∆LnECG ∆LnGHGe ∆LnNUEN ∆LnCOEN ∆LnURAG

∆LnECG — 0.010 ** 0.021 ** 0.048 0.000 ***
∆LnGHGe 6.847 — 0.632 1.460 0.022 **
∆LnNUEN 1.203 0.053 * — 0.256 0.003 ***
∆LnCOEN 1.269 0.056 * 0.117 — 0.004 ***
∆LnURAG 4.186 3.854 5.042 4.498 —

Note: *, **, *** demonstrate the level of significance at 1%, 5%, and 10%.

Figure 5 demonstrates the impulse response function and variance decomposition
analysis showing up to 60 periods among all variables, including greenhouse gas emissions,
nuclear energy, coal energy, urban agglomeration, and economic growth in Pakistan.
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4.7. Stepwise Least Squares Technique

This study also utilized the stepwise least squares technique to uncover the linkage of
variables to the economic growth; outcomes are depicted in Table 9.

Table 9. Results of stepwise least square.

Variables Coefficients S-Error T-Stat. Prob.

LnGHGE −2.640 2.000 −1.316 0.195
LnNUEN 1.734 *** 0.554 3.128 0.003
LnCOEN −0.000 0.000 −0.813 0.420
LnURAG 2.140 2.270 0.941 0.351

C 1.117 1.677 0.666 0.508
R2 0.299 MD- var 4.790

Adj-R2 0.233 S.D. dependent var 2.095
S.E. of regression 1.834 AIC 4.149

S-S resid 144.722 SC 4.344
Log-likelihood −94.595 HQC 4.223

F-statistic 4.586 D-Watson stat 1.815
Prob(F-statistic) 0.003

Note: *** indicates the level of significance at 10%.
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Table 9 findings show that the variables nuclear energy consumption and urban
agglomeration have positive coefficients that demonstrate a productive linkage to economic
growth, while the other variables GHG emissions and coal energy consumption have
adverse associations with economic growth in Pakistan. The value R2, adj-R2, F-statistic,
AIC, SC, and DW are (0.299), (0.233), (4.586), (4.149), (4.344), and (1.815), correspondingly.

5. Conclusions and Policy Recommendations

In this analysis, we have examined the interaction between GHG emissions, nuclear
energy, coal energy, urban agglomeration, and economic growth in Pakistan by utilizing
annual sequence data series during 1972–2019. To ensure that the variables remained
stationary, three different unit root tests were performed. An ARDL (autoregressive
distributed lag) technique with short and long-run estimations was applied to uncover
the interaction amid variables. A unidirectional connection between all variables was
revealed by performing a Granger causality test under the vector error correction model
(VECM). Furthermore, this analysis also utilized the stepwise least squares technique to
reveal the association of the variables. The outcomes of long-run estimations show that
GHG emissions, coal energy, and urban agglomeration reveal an adversative linkage to
economic growth in Pakistan, while nuclear energy showed a productive association to
economic growth. The findings of short-run analysis also show that nuclear energy has a
constructive association to economic growth, while other variables exposed an adversative
linkage to economic progress in Pakistan. Outcomes of the Granger causality test under the
vector error correction model (VECM) show that all variables have unidirectional linkages.
Moreover, the outcomes of the stepwise least squares technique reveal that GHG emissions
and coal energy have a negative association with economic growth, and nuclear energy
and urban agglomeration have a productive linkage to economic growth in Pakistan.

The increase of power production and transmission capacity are helping Pakistan
overcome its current energy crisis, with positive effects seen throughout the economy as
a whole. Now that energy has to be improved, it is necessary to provide it at a reduced
cost and address other energy-related issues. Apart from the major hydroelectric projects
currently underway, the present administration is also searching for renewable energy
sources that may save money, in order to enhance the country’s existing energy system. Fol-
lowing this study’s findings, new possible steps are required from the Pakistan government
to introduce fresh policies regarding environmental sustainability in order to reduce the
carbon emissions. GHG emissions are unquestionably a growing global concern, requiring
prudent policies and financial assistance to address this issue. Pakistan contributes fewer
GHG emissions than industrialized countries; however, the government must take new
steps to address this issue and help to contribute to environmental sustainability as a way
to boost economic development. There has been an enormous rise in energy consumption
over the past century as a result of different breakthroughs and everyday usage. Because
of this, almost every aspect of human life has become more reliant on energy. Reliable
and cheap energy is critical for all economies, but it is especially critical for developing
countries. Increased industrialization, modernization, commerce, and better transportation
have all contributed to a rise in energy consumption in these economies. It is imperative
that Pakistan’s chaotic and inefficient energy industry be brought under control and made
more efficient. Energy sector coordination and integration may be improved by bringing
together many national energy agencies under one ministry. Pakistan’s energy industry
may better coordinate planning, decision-making, and execution with stricter institutional
frameworks. The energy system needs to be more diverse. Importing clean coal may be
used as a starting point since it is less expensive than importing crude oil or natural gas.
In the absence of investment in domestic resources such as water power, natural gas, and
lignite, Pakistan remains reliant on energy imports. The biggest source of energy is biomass.
The government has decided to halt the construction of new coal-fired power plants due to
environmental concerns. Future research can be conducted because this study does not
have any limitations. Pakistan can obtain benefits from paying attention to cheaper energy
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resources including solar, wind, and hydropower, instead of using oil, coal, and gas, which
cause pollution and disturb the environment.
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