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technological  selected socioeconomic, energy, environmental, technological, financial,
demographic, and natural-resource indicators across Pakistan over the time
period 1990-2023. Secondary data was used annually from world
recognized data sources such as the World Bank, International Energy
Agency, Global Carbon Project, Our World in Data, International
Monetary Fund, and Financial Development Database. Descriptive time-
series trend analysis and Augmented Dickey—Fuller (ADF) unitroot test
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were performed on 13 variables. A significant long-term trend of increasing
COy emissions was found, with emissions around 66 Mt CO e in 1990,

Copyright @Author reaching 236 Mt CO e in 2022 and decreasing in 202 3. In general, energy
Corresponding Author: * consumption, GDP, wurbanization and technological development had
Omar Riaz positive trends while forest area had a negative one. The ADF test indicates

that three of the variables, namely GDP growth, urban population and
fossilfuel energy consumption, were stationary at level while ten were non-
stationary. Persistent trends were much less prominent after first-order
differencing and the fluctuations around zero were more stable. The findings
highlight the importance of stationarity testing and sustainable energy and
technological policies for improving Pakistan’s environmental sustainability.

1. INTRODUCTION

The energy demand for urbanization and
economic development has grown rapidly around
the globe, along with the environmental pressure.
Cities consume a significant portion of the world's
energy and are responsible for a significant share
of anthropogenic greenhouse gas emissions

(GHG:s) (IEA, 2021; IPCC, 2022). Pakistan is

undergoing the same process and its urban
population is growing steadily as are its
infrastructure, industry, transport and services.
These processes can lead to higher energy
consumption, increased waste production, air
pollution and pressure on natural resources, but
with the support of good planning and clean
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technologies, their impacts can be mitigated (Ali et
al., 2019; Khalid et al., 2021).

Tanveer et al. (2025) used the ARDL model to
study Pakistan's data (1990-2017) and
demonstrated the impact of urban expansion on
methane and nitrous oxide emissions. (Riaz et al.
2017; Zeb et al. 2025) used panel quantile
regression to study the relationship between
technological innovation and the ecological
footprint in South Asia, which found that the
impact of technological innovation is initially on
the environmental quality, but gradually has a
positive impact on it. Javed et al. (2025) and Sajid
et al. (2025) conducted studies on Pakistan using
ARDL and nonlinear ARDL model, which found
that technological innovation has impactful effect
to alleviate the pressures of ecological footprint
and improve environmental quality. Anas et al.
(2023) applied Cross-section ARDL approach for
the period of 2000 to 2018 for emerging
economies with green innovation and forest cover
enables environmental sustainability. Danish and
Hassan (2023), using a Dynamic ARDL approach
with Pakistani data, found that natural resource
rent, especially in urbanization, remains a driver of
carbon emissions, The dynamic relationship
between natural resources, TI and environmental
sustainability was studied by Chen et al. (2022)
based on annual data for the newly industrialized
countries from 1990 to 2019. The longrun
outcomes revealed that natural resource rent was a
constraint for environmental sustainability.

The major aim of this study is (1) Presentation and
analysis of urbanization and environmental
scenario of Pakistan over the time (2) to examine
the impacts of urbanization and other key
macroeconomic variables on CO2 emissions in
Pakistan in the short and long run (3) to identify
the causal relationship among the variables of
interest.

2. Materials and Methods

2.1. Study Area

The area of Pakistan is 796,096 km?’. It lies
between 23.35°-37.05° North and 60.50°-77°
East. To the east the country borders with India,
to the south with the Arabian Sea, and to the
north with China, with Afghanistan and Iran to
the West (Pakistan Bureau of Statistics, 2017). The
national population of 241,499,431, according to
the digital census of 2023. The average density is
about 261 people per square kilometer (Asian
Development Bank, 2022; Pakistan Bureau of
Statistics, 2017). The Himalayan, Karakoram and
Hindu Kush Mountains in the north. (Seto et al.,
2012; IPCC, 2022). Indus Plain in Punjab and
Sindh. (Hasan & Raza, 2015; Cervero, 1998).
Baluchistan Plateau in Baluchistan province.
Asian Development Bank, 2022; World Bank,
2021; Khan, 2022). Coastal Belt is the belt along
the Arabian sea, where Karachi and Gwadar are
located. (Revi, 2008; World Bank, 2021; IPCC,
2022). The clime of Pakistan is dry and semi-dry
(IPCC, 2022).
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2.2. Data Source energy-related indicators were mostly taken from

In this study, secondary annual time-series data
ranging from 1990 to 2023 for Pakistan is used.
Data obtained from internationally
recognized and reliable databases. These are
mainly the World Bank's World Development
Indicators (WDI), International Energy Agency
(IEA), Global Carbon Project (GCP), Our World
in Data (OWID), International Monetary Fund
(IMF) and Financial Development Database.
These databases
environmental and economic indicators, energy,
demographic, technological, financial and natural-
resource indicators. CO, emission data were taken
from internationally recognized carbon-emission
datasets, and GDP, GDP growth, urban
population, forest area, natural-resource rents and

were

contain uniform data on

the World Bank and other international databases
(Table 1). Technological innovation was captured
by the number of patent applications filed by
residents of the country and by non-residents
(counted as domestic) and financial development
by the Financial Development Index. The use of
internationally recognized secondary data adds
credibility and replicability to the research since
the data collection, validation, estimation and
reporting procedures these
institutions. A time series data set with consistent
observations was prepared for 1990 - 2023. The
obtained data was then subjected to time-series
trend analysis and Augmented Dickey-Fuller
(ADF) unitroot test to examine for time-series
trends and stationarity.

are uniform at

Table 1: The analysis includes thirteen variables representing environmental, economic, energy,
technological, demographic, financial, and natural-resource dimensions.

Category Variable
Environmental CO;, emissions
Economic GDP
Economic GDP growth
Energy Energy use
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Energy Fossil-fuel energy consumption
Energy Renewable-energy consumption
Environment Forest area

Natural resources
Financial
Demographic
Technology
Technology
Technology

Natural-resource rents

Financial Development Index
Urban population

Resident patent applications
Non-resident patent applications
Technological innovation

2.3. Data Analysis

2.3.1. Time-Series Analysis

The study utilizes annual time-series analysis to
decipher the temporal evolution of CO; emissions
and the selected socioeconomic, energy,
environmental, technological, financial and
demographic indicators in Pakistan, 1990-2023.
Longterm trends, short-term fluctuations, growth
and decline are detected with the time-series
analysis, as well as patterns of individual variables'
behavior over the course of the study (Gazi et al.,
2022). Every variable was organized on a
chronological basis (year) and analyzed graphically
and descriptively. To get a sense of the variables'
annual movements and to determine if there are
consistent upward and downward trends, line
graphs were used. The temporal analysis offers a
basic knowledge about the historical development
of the chosen indicators. CO, emissions, GDP,
energy  consumption, renewable  energy
consumption, urban population, technological
innovation, forest area, natural-resource rents and
financial development were specifically analyzed to
see their general direction and variability over time
(Makur, 2024). GDP growth and fossil-fuel energy
consumption were also analyzed individually since
they are growth rates or shares and not absolute
levels. The time-series analysis is descriptive (not
causal). Thus, when two variables go up or down
at the same time, the change in one variable is not
said to cause the change in the other (Prasetyani et
al., 2021). Rather, the analysis offers an historical
description of the evolution of each indicator over
1990-2023 and sets the stage for the subsequent
testing of stationarity.

2.3.2. Unit Root Test: Augmented Dickey-

Fuller (ADF)

The temporal trends have been examined and the

Augmented Dickey-Fuller (ADF) unitroot test

was conducted to ascertain the stationarity at level

of the time series selected. The stationarity of the

time-series is important because if a time-series is

stationary then the statistical characteristics of the

series remain relatively constant with time, while

if it is not stationary, then there may exist a

persistent trend or a unit root (Ishioro, 2022). The

ADF test was chosen because it tests the null

hypothesis that a time series is non-stationary (has

a unit root) against the alternative hypothesis that

the series is stationary (Roza et al., 2022;

Vasilopoulos et al., 2022; Yang et al., 2023). The

general ADF regression is Eq (1):

14

AY, =a+pt+yYe 1+ ) 8AY_; + &

i—-1

where:

o Y, = observed variable,

o AY; = first difference of the variable,

e (o = intercept,

e [t = deterministic trend,

e ¥ = coefficient of the lagged variable,

e p = number of lagged differences,

e & =random error term.

The hypotheses of the ADF test are:

Null Hypothesis (Ho):
The time series contains a unit root (non-
stationary).
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Alternative Hypothesis (H,):
The time series is stationary.

H :6<0
The decision rule adopted in this study was based
on the p-value obtained from the ADF test:
e pvalue < 0.05: Reject the null hypothesis; the
variable is stationary.
e p-value > 0.05: Fail to reject the null hypothesis;
the variable is non-stationary.
The Python implementation used the adfuller()
function from the Stats models package with
automatic lag selection based on the Akaike
Information Criterion (AIC). Automatic lag
selection helps eliminate serial correlation in the
residuals while avoiding over-parameterization. All
thirteen variables (CO, emissions, GDP, GDP
growth, non-resident patent applications, resident
patent applications, technological innovation,
energy use, renewable-energy consumption, forest
area, natural-resource rents, financial
development, urban population and fossil-fuel
energy consumption) were tested separately using
the ADF method. Variables found to be non-
stationary at level were taken to be candidates for
firstorder differencing for subsequent time-series
applications:

AV, =Y =Y
where:
. AY; = first-differenced series,
. Y; = current observation,
. Y;_, = previous observation.
In the Python implementation, first-order

differencing was performed using the diff()
function provided by the Pandas library. Since
differencing creates one missing observation at the

beginning of the series, the resulting missing value
was removed using the dropna() function. The
present study, however, does not use other
econometric techniques. It is important to note
that the analysis is limited to time-series trend
analysis and the ADF unitroot test, and first
differencing is only discussed as an implication of
the stationarity tests. This method allows
separating statistical characteristics of variables
from those that are permanently non-stationary

for the period 1990-2023.

3. Results

3.1. Time series Analysis

The annual trends of CO, emissions and selected
energy, environmental and
technological indicators are analyzed annually in
Pakistan from 1990 to 2023 using the time-series
analysis. The analysis is made using 13 variables
observed annually and the emphasis is on the long-
term movements, fluctuations and changes of the
variables during the study period. This way, one
can gain a general understanding of the variables'
change over time and serves as a foundation for
the next analysis using econometric approach. The
trend is clear and with time CO, emissions are
increasing: from the ~66 Mt COze in 1990, to
over 200 Mt CO,e from 2015 onwards, to ~ 236
Mt COye in 2022 (Figure). There was a short-term
shift in emissions dynamics in 2023, with a
decrease. The overall rise is consistent with the

socioeconomic,

growth  of  industrialization,  urbanization,
economic activity and the reliance on fossil fuel
energy.
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Figure 2: Trend of carbon dioxide (CO3) emissions (total) excluding land-use, land-use change, and
forestry (LULUCF) in Pakistan from 1990-2023.

The per-capita energy consumption also shows a
general trend of increasing. The energy use rose
from around 370 kg of oil equivalent per capita in
1990 to almost 457 kg in 2007 and about 470 kg
in 2022 (Figure 3). Consumption fell from 2008-
2012 but has bounced back since then. This trend
reflects the growing demand for energy with the
development of the industry,
infrastructure and urbanization. The Financial

economy,

Development  Index  showed  significant
fluctuations and was not of a continuous trend. It
rose from around 0.12-0.13 in the early 1990s to
around 0.37 in 2007, and decreased significantly
in 2008-2010. Financial development has been
relatively stable since 2011 and picked up slightly
in 2023 before dipping slightly in 2024. The
movements reflect shifts in financial-sector
development, credit conditions, financial markets
and overall economic conditions. In the study
period, fossil-fuel energy still

predominant. In 1990, it accounted for about

use was

52.5% and in 2007, it accounted for about 62%.
However, fossil fuels remained a significant part of
Pakistan's energy mix even after dropping to
around the 45% in 2015. This longstanding
reliance is crucial in understanding the trend of
growing CO, emissions. GDP also shows a robust
long-term growth trend, although dips in the trend
are linked to economic and world-shock events.
From the early 1990s GDP was under US$50
billion, but has increased to about US$375 billion
in 2021-2022, before dropping in 2023. The use
of renewable energy grew slowly and moderately,
while the number of urban populations grew
steadily during the period. The overall findings of
the time-series analysis show that Pakistan had
significant economic, energy, financial and urban
transformation between 1990 and 2023. Before
performing further econometric analysis, the
stationarity properties of these variables must be
examined, as a result of their simultaneous
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growth, in terms of GDP, energy consumption,
urbanization and CO, emissions.
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Figure 3: Time series analysis of socio-economics factors from 1990-2023.

3.2. Unit Root Test: Augmented Dickey-
Fuller (ADF)

A unit root test is a statistical test that can be
applied to a time-series variable to test whether it
is a stationary or non-stationary process.
Stationarity means there are no persistent changes
in the statistical characteristics of a series such as
its mean, and auto covariance.
Stationarity test is one of the key tests in time
series analysis, as regression models with non-
stationary variables might be misleading and lead
to spurious relationships. For this
determining the order of integration of each
variable is a significant first step before doing any
more econometric analysis. In this study, the
Augmented Dickey-Fuller (ADF) test is used to
study stationarity properties of the 13 variables
used in the analysis. The ADF test tests the null
hypothesis that a time series has a unit root, which
means that the series is non-stationary. The

alternative hypothesis is the stationarity of the

variance,

reason,

series. The level of significance is 0.05. Thus, a p-
value < 0.05 is considered to be statistically
significant and the data is stationary, and a p-value
> 0.05 is statistically non-significant and the data
is not stationary. The result of the ADF test for all
variables in level form is presented in Table 2. The
results show that out of thirteen variables, only 3
variables are stationary at level while 10 variables
are non-stationary. The p-values for GDP growth
(annual %), urban population (% of total
population) and fossil-fuel energy consumption
(% of total energy consumption) are 0.0060,
0.0426, and 0.0004, respectively. All three values
are less than 0.05, so the null hypothesis of a unit
root is rejected, and these variables are stationary
at level, which means that they can be used
without first differencing. CO, emissions, on the
other hand, are highly non-stationary at level with
an ADF p value of 0.9874. Similarly, GDP
(current US$) is also non-stationary (p-value:
0.2861). The p-values of the non-resident patent
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applications, resident patent applications, and
technological innovation variables are not enough
to reject the unitroot null hypothesis (0.4823,
0.3720, and 0.3075, respectively). The results
suggest that there were the persistent trends in
these variables during the study period. The
stationarity properties of the energy-related
variables also turn out to be mixed. The results of
the non-stationarity test show that energy use is
non-stationary at level with a p-value of 0.2549 and
renewable energy use is also non-stationary at level

with a p-value of 0.0657. The p-value for the

renewable energy is quite close to 0.05 but still
greater than the significance level. Likewise, the p-
values of the variables forest area, natural-resource
rents and Financial Development Index are
0.9846, 0.2884 and 0.2011 respectively, which are
also non-stationary. The overall results of the ADF
indicates that three variables are stationary at level
and ten are non-stationary. Hence, it is necessary
to apply first-order differencing to the non-
stationary variables to check if they are stationary
for further econometric analysis.

Table 2: Results of the Augmented Dickey-Fuller (ADF) Unit Root Test.

Variable ADF Statistic P-value Result

Carbon dioxide (CO2) emissions (total) excluding 0.592 0.9874 Non-Stationary
LULUCF (Mt CO2e)

GDP (current US$) -2.0012 0.2861 Non-Stationary
GDP growth (annual %) -3.5875 0.006 Stationary
Urban population (% of total population) -2.9246 0.0426 Stationary
Patent applications, nonresidents -1.6026 0.4823 Non-Stationary
Patent applications, residents -1.817 0.372 Non-Stationary
Fossil fuel energy consumption (% of total) -4.329 0.0004 Stationary
Energy use (kg of oil equivalent per capita) -2.0744 0.2549 Non-Stationary
Renewable energy consumption (% of total final -2.7503 0.0657 Non-Stationary
energy consumption)

Forest area (% of land area) 0.4926 0.9846 Non-Stationary
Total natural resources rents (% of GDP) -1.9959 0.2884 Non-Stationary
Financial Development Index -2.2144 0.2011 Non-Stationary
Technological Innovation -1.9532 0.3075 Non-Stationary

3.3. First Order Difference

The longterm trends in the non-stationary
variables were significantly decreased by the first
difference transformation and yielded relatively
stable series which are mainly affected by the
annual changes. CO, fluxes were quite variable
but mostly small, with some positive fluxes in the
2003-2007 period, near O in 2008-2010, and
higher variability around 2018-2021. First
differencing a similar pattern, removing the strong
upward trend in GDP, but with annual changes in
the range around zero with larger moves during
periods of economic expansion, contraction and
during the COVID-19 period. The transformed
growth rate for GDP, which is already expressed as

an annual growth rate, also bounced around the
zero. Innovation indicators were obtained by first
differencing to eliminate the long-term trends in
non-resident patent applications, resident patent
applications and  technological
measured by patents. A positive change was
observed in non-resident patent applications,
notably large in 2006, but which fell in 2007, after
which there was a more even pattern. Also,
following differencing, there were some more
significant fluctuations in energy use around 1999,
2004, and 2008-2011. Annual changes in
renewable energy use had also been positive and
negative, reflecting the slow and steady growth in
this energy use, but without an overall trend. Very

innovation

https://jssstudies.org

| Wagqas et al., 2026 |

Page 141



JOURNAL FOR SOCIAL SCIENCE STUDIES

An International Peer-Reviewed Open Access Journal

ISSN (Online): 3006-2071

ISSN (Print): 3006-2063

Volume 4 ¢ Issue 5 * September 2026

small differences in forest area was observed as
small changes in forest-cover was taking place but
relatively large change in area was observed during
2016-2018. The use of fossil-fuel energy showed
little annual fluctuation with a clear downward
trend around 2015 and an upturn in 2016.
Natural-resource rents began to reflect changes
related to the economic and market situation
rather than longterm changes. The Financial
Development Index remained in the vicinity of
zero and was rather stable after 2011. Finally,
urban population had relatively smooth annual
changes, which reflect the slow pace of
urbanization. Overall, the first differencing had a
significant effect on stabilizing the non-stationary
variables, and delivered suitable transformed series
for time-series analysis.

4. Discussion

The findings demonstrate substantial temporal
changes in Pakistan’s environmental, economic,
energy, technological, financial, and demographic
indicators  during 1990-2023. The  most
important result is that 10 of the 13 variables were
non-stationary at level, while only GDP growth,
urban  population, energy
consumption were stationary. This indicates that
most variables followed persistent long-term
trends rather than fluctuating around constant
statistical The  importance  of
distinguishing stationary and non-stationary
processes was established by Dickey and Fuller
(1979), who developed the statistical framework
for testing unit roots in autoregressive time series.
The strong non-stationarity of CO, emissions is
consistent with their substantial long-term
increase from approximately 66 Mt CO5e in 1990
to around 236 Mt COye in 2022. The ADF p-
value of 0.9874 provides strong evidence of a unit
root. Similarly, GDP and energy use were non-
stationary, reflecting  Pakistan’s  longterm
economic expansion and increasing energy
requirements. Previous research on Pakistan has
also applied ADF tests to CO, emissions, GDP,
energy consumption, and electricity-related
variables and found that several variables were

and  fossil-fuel

means.

non-stationary at level but became stationary after
first differencing (Khan et al., 2022). The non-
stationarity of renewable-energy consumption,
technological innovation, resident and non-
resident patent applications, natural-resource
rents, and financial development indicates that
these indicators also experienced persistent
changes during the study period. Such findings are
consistent with the broader literature showing that
environmental and energy-related indicators in
Pakistan often possess different orders of
integration and therefore require stationarity
testing before further econometric analysis (Khan
et al., 2022; Ullah et al., 2019). The first-order
difference results demonstrate that differencing
substantially reduced the persistent trends in the
non-stationary variables. The differenced series
generally fluctuated around indicating
greater temporal stability. This is consistent with
the theoretical basis of unit-root analysis, in which
a non-stationary series can become stationary after
differencing when it is integrated of order one
(Dickey & Fuller, 1979, 1981). Previous Pakistan-
focused research has similarly reported that
variables that were non-stationary at level became
stationary at first difference (Khan et al., 2022).
Overall, the findings emphasize the importance of
testing stationarity before undertaking further
time-series analysis. The results also demonstrate
that visual trends alone cannot determine
stationarity. The ADF test therefore provides an
essential distinguishing
persistent trends from stationary fluctuations in
Pakistan’s environmental and socioeconomic time
series. The extended ADF framework developed
by Dickey and Fuller (1981) further strengthened
the statistical testing of unitroot processes.

Zero,

statistical basis  for

5. Conclusion

The current study focused on the temporal
dynamics and stationarity of CO, emissions and
twelve socioeconomic, energy, environmental,
technological, financial, demographic and natural-
resource indicators within the time frame 1990-
2023 in Pakistan. The time-series analysis revealed
that there was significant structural differences

https://jssstudies.org

| Wagqas et al., 2026 |

Page 142



JOURNAL FOR SOCIAL SCIENCE STUDIES

An International Peer-Reviewed Open Access Journal

ISSN (Online): 3006-2071

ISSN (Print): 3006-2063

Volume 4 ¢ Issue 5 * September 2026

throughout the study period. The CO, emissions
rose significantly from around 66 Mt CO,e in
1990 to around 236 Mt COse in 2022, before
dropping in 2023. There was also strong long-term
growth in energy use and GDP which are
indicative =~ of  economic  activity = and
industrialization,  urbanization and energy
demand. Forest area showed a consistent decline,
renewable energy and technological innovation
grew at a slower pace. The ADF unit root test is
important as a piece of evidence about the
statistical properties of these indicators. The
results showed that only 3 out of 13 variables were
stationary at level with p values of 0.0060, 0.0426
and 0.0004 for GDP growth, urban population
and fossil-fuel energy consumption, respectively.
Ten other variables such as CO, emissions, GDP,
energy use, renewable energy use, forest area,
natural-resource rents, financial development,
technological innovation and patent applications
were non-stationary at level. Persistent trends in
the non-stationary series significantly
decreased by first-order differencing, and most of

were

the transformed series were seen to be closer to
zero and more temporally stable. These results
highlight that looking at visual trends is not
enough to decide stationarity and the need for
unitroot testing prior to further time-series
modelling. In total, Pakistan's growing carbon
emissions, growing energy demand, reliance on
fossil fuels and reducing forest cover are all
indicative of the need for better environmental
management. Increased investment in renewable
energy sources, energy efficiency, technological
innovations, forest protection and sustainable
development in cities can contribute to the
economic development and decrease the
environmental pressure. Future research could
extend this study by using causal and long run
econometric analysis to explore the relationships
descriptively reported here.

References

A, M., Zhang, W., Bakhsh, S., Ali, L., Isik, C,,
Han, J., ... & Huang, M. (2024). Moving
towards sustainable
development in emerging economies: The
role of green finance, green tech-
innovation, natural resource depletion, and
forested area in assessing the load capacity
factor. Sustainable Development, 32(4),
3004-3020.

Ali, R., Bakhsh, K., & Yasin, M. A. (2019). Impact
of urbanization on CO2 emissions in
emerging evidence  from
Pakistan. Sustainable Cities and Society, 48,
101553.

Asian Development Bank. (2022). Key indicators for
Asia  and the Pacific 2022. Asian
Development Bank.

Cervero, R. (1998). The transit metropolis: A global
inquiry. Island Press.

Chen, J., Huang, S., & Ajaz, T. (2022). Natural
resources management and technological
innovation under EKC framework: A
glimmer of hope for sustainable
environment in newly industrialized
countries. Resources Policy, 79, 103016.

Chen, M., Liu, W., & Lu, D. (2013). Challenges
and  opportunities  for  sustainable
urbanization in the developing world: A
case study of China. Environment
Urbanization, 25(2), 583-599.

Chen, N., & Usman, M. (2025, February). Energy
Use, Energy Depletion, and Environmental
Degradation: Exploitation of Natural
Resources. In Natural Resources Forum.
Oxford, UK: Blackwell Publishing Ltd.

Chen, Y., & Lubabu, M. M. (2025). Investigating
the interrelationship among renewable
energy consumption, green finance,
agriculture, green technology, industry, and
urbanization on CO2 Emissions: Evidence

environment

economy:

and

from BRICS-MA countries. Renewable
Energy, 124052.
https://jssstudies.org | Wagqas et al., 2026 | Page 143



JOURNAL FOR SOCIAL SCIENCE STUDIES

An International Peer-Reviewed Open Access Journal

ISSN (Online): 3006-2071

ISSN (Print): 3006-2063

Volume 4 ¢ Issue 5 * September 2026

Col beck, 1., Nasir, Z. A., & Ali, Z. (2010). The
state of ambient air quality in Pakistan—A
review. Environmental Science and Pollution
Research, 17(1), 49-63.

Danish, & Hassan, S. T. (2023). Investigating the
interaction effect of urbanization and
natural resources on environmental
sustainability in Pakistan. International
Journal of Environmental Science and
Technology, 20(8), 8477-8484.

Dickey, D. A.,, & Fuller, W. A. (1979).
Distribution of the estimators for
autoregressive time series with a unit root.

Journal of the American Statistical
Association, 74(3664), 427-431.
https://doi.org/10.1080,/01621459.1979.
10482531

Dickey, D. A., & Fuller, W. A. (1981). Likelihood
ratio statistics for autoregressive time series
with a unit root. Econometrica, 49(4),
1057-1072.
https://doi.org/10.2307/1912517

Gazi, M. A. 1., Nahiduzzaman, M., Shaturaey, J.,
Dhar, B. K., & Halim, M. A. (2022).
Dynamic Nexus between macroeconomic
factors and CO2 emissions: Evidence from
oil-producing countries. Frontiers in
Environmental Science, 10, 1005814.

Ghatak, T. K. (2021). Sustainable municipal waste
management in Indian cities. In
Environmental management: Issues and concerns
in developing countries (pp. 107-125).

of Pakistan. (2021). Updated
nationally ~determined contribution (NDC)
2021. Ministry of Climate Change.

Haq, F. ul, Naeem, U. A., Gabriel, H. F., Khan, N.
M., Ahmad, I., Rehman, H. U., & Zafar, M.
A. (2021). Impact of urbanization on
groundwater levels in Rawalpindi City,
Pakistan. Pure and Applied Geophysics, 178,
491-500.

Hasan, A., & Raza, M. (2015). Urbanization in
Pakistan: Challenges and opportunities. Ushba
Publishing International.

Government

Intergovernmental Panel on Climate Change.
(2022). Climate 2022:
adaptation and vulnerability (Contribution of
Working Group II to the Sixth Assessment
Report of the Intergovernmental Panel on
Climate Change). Cambridge University
Press.

Igbal, M. A., Shaheen, W. A., Shabir, S., Ullah,
U., Ionel-Alin, 1., Mihut, M. I, ... & Han,
H. (2025). Towards a green economy:
Investigating the impact of sustainable
finance,  green  technologies,  and
environmental policies on environmental
degradation. Journal of Environmental
Management, 374, 124047.

Ishioro, B. O. (2022). Unit root and stationarity
tests in expenditure on health and
economic growth series: maximizing the

change Impacts,

power of breakpoints. Himalayan Journal of
Community Medicine and Public Health, 3(6),
14-21.

Javed, A., Rapposelli, A., Adedoyin, F. F., &
Arshad, Z. (2025). Examining the Role of
Remittances, Technological Innovation,
and Foreign Direct Investment on
Environmental Quality in Pakistan: Fresh
Evidence from a Novel Dynamic ARDL
Simulation Approach. Social Indicators
Research, 1-29.

Khalid, H., Zulfigar, F., & Khan, A. (2021).
Challenges and prospects of green
urbanization in Pakistan. Journal of Cleaner
Production, 289, 125797.

Khan, I., Khan, A., Khan, M. S., Zafar, S,
Hameed, A., Badshah, S., Rehman, S. U.,
Ullah, H., & Yasmeen, G. (2018). Impact of
city effluents on water quality of Indus
River: Assessment of temporal and spatial
variations in the southern region of Khyber
Pakhtunkhwa, Pakistan.  Environmental
Monitoring and Assessment, 190, 267.

https://jssstudies.org

| Wagqas et al., 2026 |

Page 144



JOURNAL FOR SOCIAL SCIENCE STUDIES

An International Peer-Reviewed Open Access Journal

ISSN (Online): 3006-2071

ISSN (Print): 3006-2063

Volume 4 ¢ Issue 5 * September 2026

Khan, 1., Khan, L., Yaqub, A., & Sabir, M. (2019).
An  empirical investigation of the
determinants of CO, emissions: Evidence
from Pakistan. Environmental Science and
Pollution Research, 26, 1901-1912.

Khan, M. K., Teng, J. Z., & Khan, M. L. (2019).
Effect of energy consumption and economic
growth on carbon dioxide emissions in
Pakistan with dynamic ARDL simulations
approach. Environmental Science and Pollution
Research, 26, 23480-23490.

Khan, R. K., Zhuang, W., Najumddin, O., Butt,
R. S., Ahmad, 1., & Al-Faryan, M. A. S.
(2022). The impact of agricultural
intensification on carbon dioxide emissions
and energy consumption: A comparative
study of developing and developed nations.
Frontiers in Environmental Science, 10,
1036300.
https://doi.org/10.3389/fenvs.2022.1036
300

Khan, S. (2022). Urban planning reforms for
sustainable growth in Pakistan. Journal of
Urban Development Studies, 14(2), 45-59.

Khan, Y. A. (2022). Risk of mortality due to
COVID-19 and air pollution in Pakistan.

Environmental Science and Pollution Research,

29, 2063-2072.
https://doi.org/10.1007/511356-021-
15654z

Khan, Y. A., Iftikhar, M. N., Alij, S. H., & Khalid,
S. (2021). Cities and COVID-19: Navigating
the new normal. Global Sustainability, 4, 5.
https://doi.org/10.1017/5us.2021.1

Khawaja, K. (2020). Metropolitan governance and
urban sustainability in Pakistan. Pakistan
Development Review, 59(4), 567-590.

Makur, P. (2024). Do FDI Inflow, Forest Coverage
and CO2 Emission Stimulate Agriculture
Sector Productivity? Empirical Evidence
From ICU Economies.

Nasir, Z. A, & Ali, Z. (2020). Air quality
management in Pakistan: Current status
and future prospects.  Environmental

Monitoring and Assessment, 192(3), 1-15.

Newman, P., & Kenworthy, J. (1999). Sustainability
and cities: Overcoming automobile dependence.
Island Press.

Oprea, S. V., Bara, A., & Georgescu, 1. A. (2025).
Exploring the relationship between CO2
emissions, economic growth, urbanization,
renewables and foreign investment in
Iceland. Energy Strategy Reviews, 61,
101835.

Pakistan Bureau of Statistics. (2017). Population
and housing census 2017: Final
Pakistan Bureau of Statistics.

Pakistan Bureau of Statistics. (2023). 7th digital
population and housing census: National results.
Pakistan Bureau of Statistics.

Pakistan Bureau of Statistics. (2023). 7th population
and housing census 2023: National results.
Islamabad, Pakistan: Pakistan Bureau of
Statistics.

Pesaran, M. H., Shin, Y., & Smith, R. J. (2001).
Bounds testing approaches to the analysis of
level relationships. Journal of Applied
Econometrics, 16(3), 289-326.

Prasetyani, D., Putro, T. R., & Rosalia, A. C. T.
(2021, November). Impact of CO2
emissions on GDP per capita, FDI, forest
area and government spending on
education in Indonesia 1991-2020: The
GMM methods. In IOP Conference Series:
Earth and Environmental Science (Vol. 905,
No. 1, p. 012131). IOP Publishing.

Revi, A. (2008). Climate change risk: An

adaptation and mitigation agenda for

results.

Indian cities. Environment and Urbanization,
20(1), 207-229.

Riaz, O., Munawar, H., & Khalid, M. (2017).
Spatio temporal evaluation of vegetation
cover in Sargodha (Pakistan) for sustainable
urban future. European Journal of Sustainable

Development, 6(2), 33-33.

https://jssstudies.org

| Wagqas et al., 2026 |

Page 145


https://doi.org/10.1007/s11356-021-15654-z
https://doi.org/10.1007/s11356-021-15654-z
https://doi.org/10.1017/sus.2021.1

JOURNAL FOR SOCIAL SCIENCE STUDIES

An International Peer-Reviewed Open Access Journal

ISSN (Online): 3006-2071

ISSN (Print): 3006-2063

Volume 4 ¢ Issue 5 * September 2026

Roza, A., Violita, E. S., & Aktivani, S. (2022).
Study of inflation using stationary test with
augmented dickey fuller & phillips-peron
unit root test (Case in bukittinggi city
inflation  for  2014-2019). EKSAKTA:
Berkala Ilmiah Bidang MIPA, 23(02), 106-
116.

Sajid, M., Ansari, M. A. A., Tanveer, A., Safdar,
N., & Faheem, M. (2025). Do financial
inclusion and green growth matter for
environmental sustainability’ A fresh
insight through nonlinear model. Clean
Technologies and Environmental Policy, 1-
217.

Satterthwaite, D. (2008). Cities’ contribution to
global warming: Notes on the allocation of
greenhouse gas emissions. Environment and
Urbanization, 20(2), 539-549.

Seto, K. C., Giineralp, B., & Hutyra, L. R. (2012).
Global forecasts of urban expansion to 2030
and direct impacts on biodiversity and
carbon pools. Proceedings of the National
Academy of Sciences, 109(40), 16083-16088.

Shah, A., Ali, K., & Nizami, S. M. (2021). Four
decadal urban land degradation in Pakistan:
A case study of Capital City Islamabad
during 1979-2019. Environmental
Sustainability Indicators, 10, 100108.

Tanveer, A., Song, H., Faheem, M., & Daud, A.
(2025). Caring for the environment. How
do deforestation, agricultural land, and
urbanization degrade the environment?
Fresh insight through the ARDL approach.
Environment, Development and
Sustainability, 27(5), 11527-11562.

Tiwari, G. (2011). Key mobility challenges in
Indian cities. International Jowrnal of
Sustainable Transportation, 5(5), 276-293.

Ullah, S., Aperies, N., Usman, A., & Chishti, M.
Z. (2019). Asymmetric effects of
environmental degradation and energy
consumption on economic growth in

Pakistan: An ARDL approach. Energy, 186,
115014.

and

United Nations, Department of Economic and
Social Affairs, Population Division. (2019).
World urbanization prospects: The 2018
revision. New York, NY: United Nations.

United Nations, Department of Economic and
Social Affairs. (2019). World urbanization
prospects: The 2018 revision. United Nations.

United Nations. (2015). Transforming our world: The
2030 Agenda for Sustainable Development.
United Nations.

Vasilopoulos, K., Pavlidis, E., & MartinezGarcia,
E. (2022). exuber: Recursive right-tailed unit
root testing with R.Journal of Statistical
Software, 103, 1-26.

World Bank. (2021). Leveraging urbanization in
South Asia: Managing spatial transformation for
prosperity and livability. World Bank.

Yang, B., Liu, X., Long, W., & Peng, L. (2023). A
unified unit root test regardless of
intercept. Econometric Rewviews, 42(6), 540-
555.

York, R., Rosa, E. A, & Dietz, T. (2003).
STIRPAT, IPAT and Impact: Analytic tools
for unpacking the driving forces of
environmental impacts. Ecological Economics,
46(3), 351-365.

Yu, P., Abusamra, O. A., Usman, M. &
Makhdum, M. S. A. (2025). Leveraging
Technological ~ Innovation, Renewable
Energy, and Forest Management to
Overcome Barriers and Achieve Sustainable
Development Goal 13 (Climate Action) in
G-7 Countries. Sustainable Development.

Zeb, A., Shuhai, N., & Ullah, O. (2025).
Navigating sustainability and economic
growth: the dual of green

growth technological

innovation on environmental outcomes in

South Asia. Environment, Development

and Sustainability, 1-26.

influence

economic and

https://jssstudies.org

| Wagqas et al., 2026 |

Page 146




  ∆   Y  t = 𝛼 + 𝛽 t +   𝛾 Y  t − 1 +   ∑  i − 1    ∑      𝛿  i   ∆ Y  t − i +   𝜀  t 


    Y  t


  ∆   Y  t


  𝛼


  𝛽 t


  𝛾


  p


    𝜀  t


    H 0   :   𝛿 = 0


    H 1   :   𝛿 < 0


  ∆   Y  t =   Y  t −   Y  t − 1


  ∆   Y  t


    Y  t


    Y  t − 1

