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ABSTRACT

Environmental quality and climate change have become popular topics in all scientific
disciplines in recent decades due to their effect on human wellbeing and economic
growth. This paper investigates the effect of urbanization, physical capital, financial
development and renewable energy consumption on environmental quality in
Bangladesh over the period 1990 to 2020 by utilizing the ARDL Bounds Test. This
research employs secondary data sourced from the World Bank. The expected outcomes
have been decided by multiple quantitative time-series evaluation techniques, including
the Augmented Dickey-Fuller assessment, ARDL (Autoregressive Distributed Lag)
bound test, and the Granger Causality analysis. The Augmented Dickey-Fuller test has
verified that none of the series is integrated of the second order. The F-bounds test
results verified the presence of a sustained connection among the analyzed variables.
Empirical research demonstrates that urbanization, together with physical capital
and financial development, exacerbates environmental degradation, but renewable
energy usage mitigates it over the long term. The short-term findings indicate that
urbanization and physical capital correlates favorably with environmental damage,
while financial development and renewable energy consumption correlates negatively
with the environmental damage. The Granger causality test outcomes indicate that
catbon dioxide emissions and urbanization, as well as carbon dioxide emissions and
renewable energy usage, mutually Granger cause each other in a bidirectional manner.
All outcomes are logically coherent, and the policy recommendations are derived from
our study.

1. INTRODUCTION

because of urbanization and economic development. Due

Bangladesh, in conjunction with all other United Nations
participating countries, has overwhelmingly adopted
the 2030 agenda for the achievement of Sustainable
Development (Saha, 2025. This agenda prioritizes
fostering harmonious relations between nations to
achieve future goals that enhance human well-being while
also safeguarding the environment.

Nestled amidst the fertile Ganges Delta, Bangladesh, a
nation teeming with life and resilience, grapples with a
burgeoning challenge: environmental pollution (Akter et
al,, 2024). As the 8th most populous country and among
those most susceptible to climate change, Bangladesh
faces the daunting task of curbing its CO, emissions
while simultaneously propelling its economic and social
development (Akhi et al.,, 2024). The country has seen
both economic growth and environmental challenges

to rising industrialization and urbanization in the country
over the past few decades, there has been significant
growth in financial systems, expansion of infrastructure,
and an increase in energy demand (Dey et al., 2025).
Simultaneously, there has been a significant increase in
concern regarding environmental damage. The swift rate
of urbanization, combined with the increasing need for
physical capital and energy, has exerted significant strain
on its environment (Saha, 2023; Saha, 2024).

It is imperative to comprehend the intricate interaction
between urbanization, accumulation of physical capital,
development of financial systems, and utilization of
energy from renewable sources in influencing the
environmental condition of the country (Lubna et al.,
2024). Comprehending these connections is essential
for developing well-designed strategies that harmonize
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economic advancement with ecological sustainability.

The phenomenon of urbanization, characterized by
the progressive concentration of a population in urban
areas, has been a prominent and defining characteristic
of the contemporary period. Bangladesh has experienced
accelerated urbanization in current decades, with the
urban population growing from 23.3% in 2000 to 37.4%
in 2020 (World Bank, 2021). Although urbanization has
provided favorable economic prospects and enhanced
quality of life for several individuals, it has also resulted
in escalated energy usage, production of trash, and
pollution (Saha & Saha, 2023). The dense population and
intensive economic operations, and industrial activities
in metropolitan regions places significant pressure on
natural resources and ecosystems. Urban growth and
sprawl at the local level invade and diminish green
spaces and habitats (Irwin & Bockstael, 2007; Saha &
Jeong, 2019). Urban regions exhibit greater temperatures
because of the urban heat island phenomenon (Oke,
1982). Azam & Khan (2016) reveals that the expansion
of urbanization exerts a significantly adverse influence on
the environment in Bangladesh and India, but a negligible
positive effect in Pakistan and a substantial advantage in
Sri Lanka.

Bangladesh has undergone substantial economic growth
and developmentin recent decades, mostly by emphasizing
the expansion of its physical capital (Saha, 2020; Saha,
2025). Physical capital encompasses the tangible assets
such as structures, machines, instruments, and industries
that are utilized in the process of manufacturing.
The production and use of physical capital often
involve resource extraction, energy consumption, and
emissions. However, investments in more efficient and
environmentally friendly capital can also lead to reduced
environmental impact over time (Poly et al., 2025).

The growth of physical capital is a fundamental
characteristic of economic progress (Solow, 1950).
this

unforeseen repercussions on the environment, resulting

Nevertheless, swift growth has resulted in
in heightened levels of environmental deterioration.
This essay examines the diverse influence of physical
capital on environmental deterioration in Bangladesh and
emphasizes its significance for sustainable development.

In addition, the development of infrastructure, including
the construction of roads, highways, and power plants,
has resulted in deforestation, the destruction of habitats,
and the decline of biodiversity. The rapid expansion of
metropolitan areas and industries has led to widespread

the

ecosystems and the endangerment of wildlife species. In

deforestation, causing destruction of crucial
addition, the discharge of wastewater from power plants
and industrial activity has polluted water bodies, causing
harm to aquatic organisms, and worsening environmental
deterioration. The utilization of fossil fuel-driven

machinery, automobiles, and electricity production

has resulted in a rise in emission of greenhouse gases
(Intergovernmental Panel on Climate Change, 2014).The
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process of deforestation (clearing forests for croplands)
and industrial pollution harm ecosystem significantly.
These activities lead to a decline in biodiversity, meaning
the variety of plant and animal species in an area is
reduced. This reduction can destabilize ecosystems,
affecting their health and resilience (Czech, 2008).

Financial development, shown by the expansion and

complexity of financial markets and institutions,
significantly influences environmental results. On the
one hand, it can enable investments in environmentally
friendly

Conversely, technology can also facilitate heightened

technologies and  sustainable  solutions.
consumption and manufacturing activities that, if not
adequately controlled, might have detrimental effects on
the environment. Saud et al., (2019) shows environmental
quality is enhanced by financial development, foreign
direct investment, and trade openness; conversely,

degraded by electricity
consumption and economic expansion. Shoaib et al.,

environmental quality is
(2020) demonstrate that financial development exerts a
favorable and statistically substantial long-term impact on
carbon emissions at a level of significance of 1% in both
panels. In the D8 and G8 nations, the results of financial
growth and energy use are notably more substantial.
Utilization of energy and openness in trade positively
influence carbon emissions, but a 1% statistical reduction
in carbon emissions is significantly attributed to GDP.
Utilization of renewable energy has become essential in
alleviating environmental damage. A plethora of countries
is transitioning from fossil fuels to clean energy resources
including solar, wind, and hydropower, geothermal
energy, and biodiesel. Renewable energy sources possess
the capacity to offer environmentally friendly and
sustainable energy, with much reduced negative effects
on the environment compared to fossil fuels (Jacobson
& Delucchi, 2011). To attain the sustainable development
goals (SDGs) of 2030 and emerge as a developed country
by 2041, the nation must increase energy consumption
while lowering CO, emissions. The country is most
vulnerable to climate change. In this case, renewable
energy might be extremely important for maintaining
environmental protection while also supporting economic
growth. However, increased efforts are required to
diminish carbon dioxide releases and mitigate the impacts
of climate change.

While a consistent energy supply is commonly considered
essential for promoting overall growth, there is sometimes
a trade-off between increased economic success and
decreased environmental well-being (Murshed et al.,
2021) .This is mostly because of the dominating use
of fossil fuels to fulfill the global energy demand. The
burning of these energy supplies leads to significant
environmental problems. For example, when people
choose to consume fossil fuels, it leads to the release of
pollutants into the atmosphere, which in turn causes a
decline in environmental quality. On the other hand, it has
been suggested that using renewable energy resources as a
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substitute could enhance the condition of environmental
characteristics (Murshed et al., 2021a; Shoron et al., 2025).
Therefore, it is crucial to discover the potential methods
by which the reliance on fossil fuels worldwide might
be reduced to attain a state of equilibrium by effectively
reconciling economic expansion with the conservation of
the environment.

Figure 1: Pattern of CO, emission

Source: World development indicators.

Figure 1 shows that, with sporadic minor variations, CO,
emissions increased gradually between 1990 and 2020.
This suggests that industtial activity and our reliance on
fossil fuels are growing, which is causing climate change.

Figure 2:Pattern of Urbanization

i o

Source: World development indicators.

As seen in figure 2, the rate of urbanization increased
steadily from 19.81% in 1990 to 38.17% in 2020.Because
of infrastructural development and industrialization,
more people are relocating to cities, which frequently
results in higher energy emissions and consumption.

Figure 3:Pattern of Physical Capital

Source: World development indicators.

Figure 3 illustrates the steady rise in gross capital
formation, or investments in tangible assets like
infrastructure, between 1990 and 2020.Investments

and economic growth are increasing, which probably
increases productivity but also puts more burden on the
environment.

Figure 4: Pattern of Financial Development

Source: World development indicators.

Figure 3 illustrates the steady rise in gross capital
formation, or investments in tangible assets like
between 1990 and 2020.Investments
and economic growth are increasing, which probably

infrastructure,

increases productivity but also puts more burden on the
environment.

Figure 5: Pattern of Renewable Energy Consumption

Source: World development indicators.

Renewable energy consumption dropped sharply from
about 71.68% in 1990 to roughly 28% by 2020, as shown
in Figure 5, and then stabilized at this lower level. This
trend highlights a lack of transition to sustainable energy
sources despite the growing need to reduce fossil fuel
reliance.

Keeping the above background and significance in mind
the objectives are as follows:

1. To assess the short-term and long-term connection
between the relevant variable and its overall effect on
carbon dioxide emissions.

2. To show the causal relationship among urbanization,
physical capital, financial development, renewable energy
consumption for CO, emission in Bangladesh.

1.1 LITERATURE REVIEW

Satterthwaite (2008) shows urbanization has significant
impacts on climate, biogeochemistry, and biodiversity,
particularly at larger scales. Urban energy use and
garbage creation are significant factors in the production
of greenhouse gas emissions. According to Glaeser &
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Kahn (2008),urbanization on the other hand, offers the
chance to achieve economies of scale in transportation
and energy-efficient structures, which can help reduce
emissions.

Azam & Khan (2016) reveals that the expansion of
urbanization exerts a significantly adverse influence on
the environment in Bangladesh and India, but a negligible
positive effect in Pakistan and a substantial advantage
in Sri Lanka. Ghosh & Kanjilal (2014) investigates the
cointegrating relationship among economic activity,
urbanization, and energy consumption in India by
employing threshold cointegration tests in conjunction
with ARDL.

Alom et al, (2017)illustrates
between energy use, CO, emissions, urbanization, and

the interrelationship

financial development in Bangladesh with a Vector
Error Cotrection Model. The causality test indicates
that unidirectional causality exists among the variables.
Boutabba, (2014) indicates that the financial system in
India should take environment into consideration in its
present activity. Financial development causes carbon
emission and energy use in India.

Ali Bekhet et al, (2017) analyze the interconnections
between  financial dioxide
pollutants, the expansion of urban areas, the utilization

development, carbon
of energy, gross domestic product (GDP), and internal
capital investment. The correlation between urbanization
and CO, elasticity is originally positively elastic but then
transitions to negatively inelastic as urbanization advances.

Rahman & Ahmad (2019) examines the correlation
between carbon dioxide (CO,) emissions and gross
capital formation (GCF) in the context of Pakistan using
NARDL model. The result validates the existence of an
immediate and sustained asymmetry in the effect of GCF
disturbances on CO, emissions. The results also indicate
that the utilization of coal and oil contributes substantially
to carbon dioxide (CO,) emissions, both in the immediate
and extended periods. Additionally, the findings provide
substantial proof for the EKC hypothesis’s existence in
both the immediate and long term.

Adebayo & Kirikkaleli (2021) shows evidence gathered
from wavelet modeling demonstrate that in Japan,
advances in technology, growth in the economy, and
modernization contribute to increased CO, emissions.
However, the utilization of renewable energy sources
effectively reduces CO, emissions in the short- and
medium-term.

Sahoo & Sahoo (2022) suggests that hydro energy
consumption promotes CO, emissions; however, this
effect is not statistically significant. However, it is evident
that the implementation of nuclear energy has an adverse
effect on carbon dioxide emissions. Adebayo & Rjoub
et al., (2022)examine the significant connection between
emissions of carbon and sustainable energy use, openness
to trade and economic expansion in Sweden using QQ
approach. It is found that all variables have a negative
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influence on CO, levels at various quintiles.

1.2 Research Gap

Upon reviewing the literature, it is obvious that
numerous scholars have conducted substantial research
on the effects of various variables, including economic
expansion, impact of industrialization, population volume
and trade liberalization on environmental conditions. In
Bangladesh, there is insufficient research that delineates
the connections between urbanization, physical capital,
financial development, renewable energy consumption,
and emissions of carbon dioxide.

In terms of our research, we have examined the causal
connections between urbanization, physical capital,
financial development, renewable energy use, and
environmental degradation in Bangladesh for first
time. The correlation between the variables has been
established using yearly data over a period of 31 years
(1990-2020).

2. METHODOLOGY

2.1 SOURCES AND DESCRIPTION OF DATA
This analysis utilized secondary data from the World
Development Indicators encompassing the years 1990 to
2020. CO, emission (Kt) is used as a dependent variable
and urbanization (total population), physical capital
(gross fixed capital formation), financial development
(domestic credit to private sector) and renewable energy
consumption (total energy consumption) are included as
independent variables.

The study employs the Auto-Regressive Distributed Lag
(ARDL) methodology, initially developed by Pesaran et
al. (2001), to examine co-integration relationships among
variables. This approach is preferred over conventional
methods such as those proposed by Engle and Granger
(1987) and Johansen and Juselius (1990) due to its ability
to simultaneously estimate both long- and short-run
parameters while addressing issues related to endogeneity,
omitted variables, and autocorrelation. A key advantage
of the ARDL model is that it does not require pre-testing
for unit roots or determining the order of integration for
variables. Instead, it allows for stationarity at levels (I(0)),
first differences (I(1)), or fractional integration. However,
ensuring that the dependent variable is first-difference
stationary is crucial for maintaining co-integration
validity. One of the strengths of the ARDL model is its
flexibility, as it can be applied to data series with mixed
integration orders—whether 1(0), I(1), or fractionally co-
integrated (Pesaran & Pesaran, 1997).

Pesaran et al. (2001) emphasized that the dependent
variable should exhibit first-difference stationarity to
uphold the co-integrating relationship. Additionally,
Rahman and Islam (2020) caution that the presence of
I(2) variables could destabilize the system, necessitating
robust unit root tests to confirm their absence. According
to Pesaran et al. (2001), the ARDL model provides reliable
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and efficient parameter estimates, particularly in studies
with small sample sizes. In contrast, traditional techniques
like those by Engle and Granger, as well as Johansen and
Juselius, often yield inconsistent and inefficient results in
such cases. Nguyen (2020) also highlights that the ARDL
bounds testing approach performs significantly better
when sample sizes are limited. Another key benefit of
this methodology is its ability to incorporate an optimal
number of lags within a general-to-specific modeling
framework, as noted by Laurenceson and Chai (2003). This
feature mitigates endogeneity concerns, as it enables the
inclusion of both dependent and independent variables
through lagged values. Nonetheless, the inclusion of 1(2)
variables should be avoided to prevent system instability,
making efficient unit root testing essential.

Pesaran et al. (2001) assert that the ARDL technique
remains reliable and effective, especially for small-
sample studies. Nguyen (2020) further supports the
ARDL bounds testing method as superior to traditional
multivariate co-integration techniques when working
with limited observations. Additionally, the model’s
adaptability allows researchers to incorporate various
explanatory variables and different lag structures, making
it more advantageous than vector autoregressive (VAR)
models.

To analyze the impact of the refugee crisis on economic
growth, this study employs the Engle-Granger causality
test within the ARDL framework. Furthermore,
diagnostic tests, including the CUSUM and CUSUMQ
tests, are conducted to assess model stability by verifying
coefficient constancy and detecting potential structural
breakpoints. These measures enhance the robustness and
reliability of the findings.

2.2 MODEL SPECIFICATION

The purpose of this study is to examine the impact
of urbanization, renewable energy, physical capital,
and financial development on deterioration of the
environment in Bangladesh. Environmental degradation
frequently manifests in the following manner:

LnCO, = f (LnUR, LaPC, LnFD, LnREC)

LnCO, =B, + B LaUR+ B, LaPC+ B, LaFD+ B,
LoREC + et

Where, LnCO,=Natural log of carbon emission as a
proxy for environmental degradation, LnUR= Natural log
of urban population as a proxy for urbanization, LnPC=
Natural log of gross fixed capital formation as a proxy of
physical capital, LnFD= Natural log of domestic credit
to private sector as a proxy for financial development,
LnREC=Natural log of renewable energy consumption,
B, B> By B, B,=parameters to be estimated, t = 1,2,3,
....31(Time Period from 1990-2020), e= Stochastic term.

2.3 UNIT ROOT TEST

A non-stationary series of times is a random phenomenon
characterized by unit roots or structural breakdowns.
In contrast, roots of units predominantly induce non-

stationary behavior. The existence of a unit root denotes
that the investigated time series is non-stationary, whereas
its absence shows stationarity (Nkoro & Uko, 2016).
Nelson and Plooser (1982) assert that many economic
time series necessitate differencing to attain stationarity.
Numerous economic factors show a pattern they are
usually not stagnant. Therefore, it was crucial to verify the
stationarity of the parameters before moving further with
any analysis. The Augmented Dickey-Fuller (ADF) test for
unit root was used in this investigation appraisal (Dicky
and fuller,1979,1981). Autocorrelation is eliminated via
the ADF test by adding more lagged components to
the independent and dependent variables, specifically
carbon emissions, urbanization, physical capital, financial
development, and renewable energy use.

2.4 ARDL MODEL SPECIFICATION

The ARDL (Autoregressive Distributed Lag) method is
appropriate for investigating the nexus between economic
growth, environmental quality, and renewable energy
in Bangladesh due to several key advantages. First, it
accommodates variables with mixed orders of integration
(I(0) and I(1)), which is common in macroeconomic time
series, making it suitable even when variables like GDP,
CO, emissions, and renewable energy consumption are
not uniformly stationary. Second, ARDL performs well
with small sample sizes, a typical feature in single-country
studies using annual data. Third, it enables simultaneous
estimation of both short-run dynamics and long-run
equilibrium relationships, providing a comprehensive view
of the interactions among the variables. Additionally, the
model includes an error correction term (ECT) to capture
the speed of adjustment toward long-run equilibrium
following short-run shocks. Its flexibility in selecting
optimal lag lengths for each variable enhances model
accuracy and reduces bias. Overall, ARDL’s robustness
and clarity in distinguishing short- and long-run effects
make it a suitable empirical approach for policy-relevant
research on the environmental and economic implications
of renewable energy in Bangladesh.

The cointegration evaluation technique assesses whether
the endogenous variable affects the cointegration of the
model’s key parameters. The main benefit of this model
lies in its capacity to identify long-term correlations
between variables, irrespective of their stationarity at first
difference, level, or a combination thereof, given that no
factor may remain stationary at the second difference.
The ideal latency for each model was determined
utilizing the Akaike Information Criterion, or AIC. The
study encompasses the development of the subsequent
instance.

Dependent variable: LnCO,;:
Independent vatiable: LnUR, LnPC, LaFD, LnREC

D q q 9q
ALnCO,, =a,+ Y B,ALnCO,,_ + Y B,ALnUR_ + Y B, ALnPC,_ + Y B, ALnFD, ,
i=1 i=i

i=l i=l

g
+Z P ALnREC, , +y,LnCO,,_, +y,LnUR,_ +y,LnPC_ +y,LnFD,  +y,LnREC,  +¢,
i=]
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The F-bounds test (Pesaran et al., 2001) was employed
with the ARDL model to validate a long-term correlation
between the variables. Long-term associations among
the variables are confirmed by F-statistics exceeding the
critical values of both the top and bottom boundaries.
The F-bound approach was employed to obtain long-
run values. The model for error correction exhibited the
short-run coefficients, and the error correction term as
follows:

3. RESULT ANALYSIS AND DISCUSSION
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4 q
ALnCO2t =ao+Y)." 5,LnCO,, .+ " 5, ALnUR,,
+y. ! S ALnPC, ,+ Y " 8,LnFD, , +Y ' 8 ALnREC, , +6,ECT,_, + ut

Short-term causality is confirmed by the considerable
coefficients of the other explanatory variables, while
permanent causality is evidenced by the substantial
coefficient of the error correction term (ECT) 0.

Table 1: Result of Augmented Dicky Fuller Test

With Intercept
At Level At First Difference Remarks
Variables t-statistics | 5% critical | P- value t-statistics | 5% critical | P- value I(d)
value value
LnCO2 -1.522 -1.706 0.0700 -2.625 -1.708 0.0073%** 1(1)
LaUR 0.178 -1.706 0.5700 -2.139 -1.708 0.0212%** I(1)
LaPC -2.358 -1.706 0.0131** -2.940 -1.708 0.0035%** 1(0)
LnFD -1.401 -1.706 0.0865 -3.932 -1.708 0.0003%** I(1)
LnREC -0.384 -1.706 0.3519 -3.116 -1.708 0.0023%** I(1)

Source: Authors Estimation.

Symbols (**), and (***) denote statistical significance at the 5% and 1% levels, respectively.
Table (1) illustrates that not all variables display stationarity in their original form. This denotes that the variables
LnC02, LnUR, LnFD, and LnREC are integrated of order one, I (1), but LnPC is integrated of order zero, I (0).

Table 2: Estimated ARDL Model Dependent
Variable: Lnco2, ARDL (1,2,0,2,0)

This lag structure is often determined by statistical criteria
like Akaike Information Criterion (AIC) or Schwarz
Bayesian Criterion (SBC) during the ARDL model

Variables | Coefficients | Standard t P estimation.
error statistic | value
LnCO2(-1) | 02249468 | 0.1495316 | -150 | 0.149 | Table 3: Result of Bound F-Test
LnUR(-1) |-17.56787 6.392708 -2.75 0.013 Model: LnCO2=F ARDL (1,2,0,2,0)
LnUR(-2) |6.033046  [3225378 |1.87 0077 | [ (UR,PC, FD, REC)
LoPC 0.6720991 F-statistics =27.776 Numb\.er of mdipendent
variables. K=4
0.1562951 4.30 0.000
LnFD(-1) |0.0395988 0.0831569 | 0.48 0.639 Critical values Lower bounds, I(0) Upper
LnFD(-2) | 0.1567826 | 0.696736 | 2.25 0.036 bounds, I(1)
LnREC -1.093842 0.1223627 |-8.94 0.000 10% 2.45 3.52
Constant | 10.10752 1.134467 8.91 0.000
5% 2.86 4.01
Source: Authors Estimation. 2.5% 325 449
The table shows the results of an ARDL (Autoregressive
1% 3.74 5.06

Distributed Lag) model with the dependent variable
being. The lag structure for the model is specified as
ARDL (1, 2, 0, 2, 0) which indicates how many past
values of the dependent and independent variables are
considered in the model. The lags are important in ARDL
models for capturing dynamic relationships between
the variables. Specifically,] means one past value of the
dependent variableL.nCO, is included means two lags of
independent variables (UR, FD) are included.0 means
PC, REC has no lag (only current values are included).

Source: Authors Estimation.

H,: No levels relationship.

The ARDL bounds test tresults indicate the value of
the f-statistic is 27.776. At the 1% significance level, the
calculated F-statistic of our model exceeds the maximum
bound. Consequently, the null hypothesis may be rejected,
and the results indicate a persistent correlation between
the variables in our study.
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Table 4: Estimated Long Run Coefficient of the
ARDL model

Dependent variable: LnCO2, ARDL (1,2,0,2,0)
Variables | Coefficients | Standard | t- p-value
error statistics

LaUR 0.7589247 | 0.2537318 2.99 0.008***
LaPC 0.5486761 0.0867146 6.33 0.000+**
LaFD 0.3731069 | 0.0619029 6.03 0.000%F*
LaREC [ -0.8929709 |[0.1155805 -7.73 0.000%**
R-squared=0.9060, Adj R-squared=0.8614

Source: Authors Estimation.Note: (¥), (**), and (***)

denote significantlevels of 10%, 5%, and 1%, respectively.

Again, AlnUR(-1) shows that a 1% increase in lagged
urbanization reduces CO2 emissions by approximately
6.03%. As noted by LnPC, there is a 0.67% increase in
CO2 emissions for every 1% increase in physical capital.
AlnFD suggests that there is a 0.20% reduction in CO2
emissions for every 1% growth in financial development.
CO2 emissions are reduced by 0.16% for every 1%
increase in lagged financial development (AInFD(-1)). As
stated by LaREC, CO2 emissions are reduced by roughly
1.09% for every 1% increase in the use of renewable
energy in the short run.

Table 6: Granger causality between variables
(Lnco2,LnUR,LnPC,LnFD,LnREC)

Equati Excluded | chi2 df b>chi2
The results demonstrate that a 1% increase in urbanization quation xeucec e prob7chl
is connected to a long-term growth in CO, emissions of LnCO2 LaUR 6.5279 2 0.038
0.75%. Thus, urbanization, which results in heightened LnCO2 LnPC 3.9625 2 0.138
CO, emissions, contributes to the degradation of our LnCO2 LnFD 22.065 2 0
ecosystem. Gross fixed capital formation, an essential LaCO?2 LaREC 45.363 8 0
rr.letric of physlic.al capital., c.lemons.trates a stati.sti?a]ly IaCO2 ALL 12317 > 0.002
significant positive association with CO, emissions ToUR LoCO2 12521 > 0,002
in Bangladesh. Our tesearch determined that a 1% 0 n ; i
augmentation in gross fixed capital formation leads to LaUR LaPC 0.29452 2 0.863
a 0.54% increase in CO, emissions over the long term. LaUR LaFD 0.40959 2 0.815
Our analysis indicates that a 1% increase in the ratio IaUR IaREC 80.855 8 0
(F)lf doglle;tic 1credit to thleJl pr.ivati: sectot, a Amea;tgreﬁoo/f I.aUR ALL 8.0927 2 0.017
t t! -t .
i nancia e.ve‘ opment, res s.m.a ong-term rise o 0 LaPC LaCO2 49079 > 0,086
in CO, emissions. Moreover, it illustrates that a mere 1%
increase in the utilization of renewable energy sources LnPC LoUR 8.5931 | 2 0.014
will result in a persistent reduction of 0.89% in catbon LaPC LaFD 0.57198 | 2 0.751
dioxide emissions, a critical indicator of environmental LnPC LnEEC 5.7413 2 0.057
degradation. The data indicates a robust statistical LaPC ALL 32.706 8 0
association b.et\ye.en he1ghtened.ut1.hzat101.1 O,f renewable LoD I0CO2 46541 5 0,098
energy and diminished carbon dioxide emissions.
LaFD LnUR 5.4022 2 0.067

Table 5: Short Run Estimation from ECM LoFD LaPC 1.8075 | 2 0.405

Dependent Variable: LnCO2, ARDL (1,2,0,2,0) LaFD LnREC 16.527 2 0
Variables | Coefficients | Standard error | t-statistic | p-value ILaFD ALL 35.819 8 0
ALnUR 11.53482 3.430731 3.36 0.003##* LaREC LaCO2 19.23 2 0
ALnUR(-1) | -6.033046 3.225378 -1.87 0.077*
LaPC 0.6720991 0.1562951 430 0.0007+ LnREC LaUR 94117 [ 2 0.009
ALnFD -0.1963813 0.830813 236 0.029%* LaREC LaPC 22224 2 0
ALnFD(-1) | -0.1567826 0.0696736 -2.25 0.036**
Ln REC -1.093824 0.1223627 8.94 0.000%+* LnREC LoFD 2091 2 0
ECT (-1) -1.224947 0.1495316 -8.19 0.000%++ LnREC ALL 54.801 2 0
Constant 10.10752 1.134467 8.91 0.000%+* o
R-squared=0.9060 Adj R-squared=0.8614 Source: Authors Estimation.

Source: Authors Estimation. Note: (¥), (*¥), (***) indicates
significance for 10%, 5% and 1% respectively.

The estimation indicates that the resulting coefficient
of the lagged error correction term (ECT) in short-run
patterns with relationships over time is negative and highly
significant at the 1% level. The value is -1.224947. The
statistics demonstrate a consistent relationship among our
variables, and the annual error of 122.5% will be corrected
or realigned with the long-term equilibrium. Here AlnUR
indicate that a 1% increase in urbanization increases CO2
emissions by approximately 11.53% in the short run.

The Granger causality analysis indicates that, holding
other variables constant, carbon dioxide emission and
urbanization, carbon dioxide emission and renewable
energy consumption, urbanization and physical capital,
as well as renewable energy consumption and financial
development, exhibit bidirectional causality with one
another. But there is no causal link between Carbon
emission and financial development, urbanization and
financial development, as well as financial development
and physical capital. From the estimated table 6 we
can see that physical capital Granger-causes carbon
emission, but carbon emission does not Granger-cause
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physical capital. Urbanization Granger-causes renewable
energy consumption but renewable energy consumption
does not Granger-cause urbanization. Again, physical
capital Granger-causes renewable energy consumption
but renewable energy consumption does not Granger-
cause physical capital. This indicates the existence of
unidirectional causality among the variables.

Table7: Residual Diagnostic Test

Test Name Test statistic | Value P value Remarks
obtained
Jarque-Bera Test JB-statistic 0.0626 0.9692 Normally
distributed
Serial correlation F-statistic 0.181 0.6709 No serial
test (Brusch correlation
-Godfrey Serial
Correlation LM
tests)
Heteroscedasticity chi”2 0.24Test | 0.6259 | Homoscedastic
test (Breusch Pagan
Godfrey test)

Source: Authors Estimation.

Table 7 indicates that our prediction has a normal
distribution and is free from autocorrelation
and heteroscedasticity concerns. The rationale for this is
that the p-values of all tests surpass the 5% significance
threshold. The null hypothesis is affirmed under these

conditions.

Fig 6: Plot of CUSUM test

o 1]

-

Figure 7: Plot of CUSUM Square Test, source:
Authors Estimation.

Shakil

The empirical findings demonstrate that both evaluation
diagrams fall within the critical range at a five percent
significance level. This indicates the stability of both
immediate and distant factors.

4. CONCLUSION AND POLICY SUGGESIONS
The the identified
cointegration, short-term  dynamics

present research  examines

long-term  and
and causal relationships among urbanization, physical
capital, sustainable energy consumption, and financial
development and CO2 emissions within the framework
of Bangladesh. The cointegration was assessed utilizing
the ARDL Bound Test methodology, and the Error
Correction Model (ECM) to examine both long-term
and short-term dynamics. The actual data illustrate the
correlation, both in the short and long term, among the
factors we have employed.

The data from the study undergo stationarity testing using
the Augmented Dickey-Fuller tests. The study's findings
indicate that the series, consisting of I (0) and I (1),
exhibit a mixed order and are not stationary at I (2). The
ARDL model is more convenient to employ due to the
presence of time series properties with a combination of
integrating orders. The research employs many diagnostic
techniques to demonstrate the absence of issues related
to heteroscedasticity, abnormality and autocorrelation.
The results indicate that the proportion of urbanization
as shown in our study is positively correlated with
environmental degradation. This correlation holds true
bothin the long term and in the short term, with elasticities
of 0.75% and 11.53% respectively. Additionally, our study
reveals a positive correlation between gross fixed capital
formation and environmental degradation both short run
and long run. This association has an elasticity of around
0.67% 0.54% respectively. Financial development in the
study, has a favorable long-term effect on CO, emissions.
However, in the short term, it has a negative effect due
to investments in cleaner technologies that help reduce
emissions. The elasticity of these impacts is measured at
0.37% and 0.20% respectively. Moreover, the investigation
indicates a short term and long-term negative correlation
between renewable energy consumption and CO,
emissions and the value is 1.09% 0.89% respectively. We
must be aware to reduce the CO, emission in Bangladesh.
The empirical investigation's conclusions have significant
policy implications for developing countries such as
Bangladesh.

1. Our findings suggest that urbanization leads to an
extension of environmental degradation, both in the
short term and long term. To mitigate the ill effects of
urbanization, it is imperative to implement sustainable
urbanization planning through the implementation
of integrated urban planning strategies that prioritize
sustainable and

transportation, —energy

ecological spaces. Establish and enforce stringent building

efficiency

codes that require the use of energy-efficient materials
and designs. Invest in the improvement of informal
settlements by implementing appropriate sanitation,
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refuse management and green infrastructure.

2. CO, emissions in Bangladesh are generated by all
equipment acquisitions, machinery, land enhancements
and governmental investments which are categorized
as gross fixed capital or physical capital. There is a need
for increased investment in Research and Development
(R&D) initiatives, specifically focusing on eco-friendly
technologies, within this country. This country should
actively implement capital formation oversight,
specifically by adopting state-of-the-art technology that

mitigates CO, emissions.

3. The results of our study indicate a strong and significant
correlation between the level of financial development
and the amount of CO, emissions per person. This
suggests that as financial development increases, it also
leads to an increase in environmental deterioration. Our
policy recommendation is for the financial industry
to incorporate environmental considerations into its
ongoing activities. By providing interest rate concessions
and implementing restrictions related to carbon emissions
in their financial offers, such as term loans for commercial
vehicles and real estate, the banking system's conventional
practices can encourage investment in environmentally
friendly technologies. Establishing a system of effective
regulation and incentives that promote increased finance
for low carbon emissions is essential for the development
of Bangladesh's resource-conserving society.

4. According to the study using renewable energy
sources helps to minimize the amount of carbon dioxide
emission into the environment does it is strongly advised
that effective regulations to promote renewable energy
sources like a solar hydrogel nuclear power must be
in placed by decision makers to address the increasing
demand for energy by diminishing reliance on traditional
energy sources such as oil, gas, and coal. Therefore,
it is imperative for the government to enforce these
restrictions to significantly enhance the environment.
To increase the use of renewable energy, it is necessary
to provide subsidies and tax breaks for household and
business investing in renewable energy system. Therefore,
it is imperative for the government to enforce these
restrictions to significantly enhance the environment.

5. To mitigate the detrimental impact of urbanization,
physical capital, and financial development on the
environment, it is imperative to implement a nationwide
environmental awareness campaign that emphasizes
sustainable practices.

The absence of data that is also associated with the
factors of interest is one of the limitations of this
investigation. The environment can be influenced by a
variety of factors. Although it analyses urbanization,
physical capital, financial development, and renewable
energy consumption, it neglects to consider other critical
variables, including economic growth, population, FDI
inflows, and trade openness.

REFERENCES

Adebayo, T. S., & Kirikkaleli, D. (2021). Impact of
renewable energy consumption, globalization, and
technological innovation on environmental degradation
in Japan: application of wavelet tools. Environment,
Development and Sustainability, 23(11), 16057-16082.
https://doi.otg/10.1007/510668-021-01322-2

Adebayo, T. S., Rjoub, H., Akinsola, G. D., & Oladipupo,
S. D. (2022). The asymmetric effects of renewable
energy consumption and trade openness on carbon
emissions in Sweden: new evidence from quantile-on-
quantile regression approach. Environmental Science
and Pollution Research, 29(2), 1875-1886. https://doi.
org/10.1007/s11356-021-15706-4

Akhi, A. A, Dey, S., & Saha, S. K. (2024). Do Foreign
Direct Investment, Urban Population, Trade Openness,
CO2 and GDP Influence the Renewable Energy
Consumption? Case of Bangladesh Using the ARDL
Approach. Journal of International Cooperation and
Development, 7(3), 20. https://doi.org/10.36941/
jicd-2024-0015

Akter, S., Dey, S., Islam, M. A., & Saha, S. K. (2024).
Environmental Degradation and its Effects on Health
in Bangladesh. MBSTU Journal of Science and
Technology, 10(1), 28-43. https://doi.otg/10.69728/
jst.v10.29

Ali Bekhet, H., & Salwati Othman, N. (2017). Impact of
Utrbanization Growth on Malaysia CO2 Emissions:
Evidence from the Dynamic Relationship. https://
www.elsevier.com/open-access/usetlicense/1.0/

Alam, M.M., Sadekin, M.N., and Saha, S. K. (2020), “The
impact of macroeconomic variables on the budget
deficit in Bangladesh: an econometric analysis”, South
Asian Journal of Business Studies, Emerald

Alom, K., Meshquat Uddin, A. N. M., & Islam, N. (2017).
Energy Consumption, CO2 Emissions, Urbanization
and Financial Development in Bangladesh: Vector
Error Correlation Model. In Management
Business Research (Vol. 9, Issue 4). https://sstn.com/
abstract=4381658

and

Amine Boutabba, M. (n.d.). The impact of financial
development, income, energy and trade on carbon
emissions: Evidence from the Indian economy. www.
univ-evry.fr/EPEE

Azam, M., & Khan, A. Q. (2016). Urbanization and
environmental degradation: Evidence from four
SAARC Countries—Bangladesh, India, Pakistan, and
Sri Lanka. Environmental Progress and Sustainable
Energy, 35(3), 823-832. https://doi.org/10.1002/
ep.12282

Czech, B. (2008). Prospects for Reconciling the



37

Conflict between Economic Growth and Biodiversity
Conservation with Technological Progress (Vol. 22,
Issue 0).

Dey, S. & Saha. S.K (2025). Analyzing the Anti-Corruption
Potential of ICT in SAARC Countties, Crime Law
and Social Change, 83, 34. https://doi.otg/10.1007/
s10611-025-10215-8

Ghosh, S., & Kanjilal, K. (2014). Long-term equilibrium
relationship between urbanization, energy consumption
and economic activity: Empirical evidence from India.
Energy, 66, 324-331. https://doi.org/10.1016/j.
energy.2013.12.052

Glaeser, E. L., & Kahn, M. E. (2008). The Greenness
of Cities: Catbon Dioxide Emissions and Urban
Development. http://www.nber.org/papers/w14238

Intergovernmental Panel on Climate Change. (2014).
Climate change 2014 : synthesis report : longer report.

Irwin, E. G., & Bockstael, N. E. (2007). The Evolution of
Urban Sprawl: Evidence of Spatial Heterogeneity and
Increasing Land Fragmentation (Vol. 104, Issue 52).

Jacobson, M. Z., & Delucchi, M. A. (2011). Providing
all global energy with wind, water, and solar power,
Part I: Technologies, energy resources, quantities
and areas of infrastructure, and materials. Energy
Policy, 39(3), 1154-1169. https://doi.org/10.1016/].
enpol.2010.11.040

Lubna, M. M., & Saha, S. K. (2024). Justification of the
Twin Deficit Hypothesis in Bangladesh. International
Trade, Politics and Development. https://doi.
org/10.1108/itpd-04-2023-0009.

Murshed, M., Ahmed, R., Kumpamool, C., Bassim,
M., & Elheddad, M. (2021). The effects of regional
trade integration and renewable energy transition on
environmental quality: Evidence from South Asian
neighbors. Business Strategy and the Environment,
30(8), 4154-4170. https://doi.org/10.1002/bse.2862

Nkoro, E., & Uko, A. K. (2016). Autoregressive
Distributed Lag (ARDL) cointegration technique:
application and interpretation. Journal of Statistical
and Econometric Methods, 5(4), 63-91.

Oke, T. R. (1982). The energetic basis of the urban heat
island. In Quart. J. R. Met. Soc (Vol. 108, Issue 455).

Pesaran, M. H., Shin, Y., & Smith, R. ]. (2001). Bounds
testing approaches to the analysis of level relationships.
Journal of Applied Econometrics, 16(3), 289-326.
https://doi.otg/10.1002/jae.616

Poly, R.J., Khan, A., Dey, S., Shaon, S. M., & Saha, S.K.
(2025). Beyond the Immediate Crisis: The Economic
Costs of Hosting Rohingya Refugees in Bangladesh,

Shakil

Journal of Economic Cooperation and Development,
Vol 46 No. 2.

Rahman, Z. U, & Ahmad, M. (2019). Modeling the
relationship between gross capital formation and CO2
asymmetrically in the case of Pakistan: an empirical
analysis through NARDL approach. Environmental
Science and Pollution Research, 26(8), 8111-8124.
https://doi.otg/10.1007/5s11356-019-04254-7

Saha, S. K. (2025). Empowering Rural South Asia:
Off-Grid Solar PV, FElectricity Accessibility, and
Sustainable Agriculture, Applied Energy, Volume
377, Part C,124639,https://doi.otg/10.1016/].
apenergy.2024.124639. Elsevier.

Saha, S. K. (2024). Assessing the impact of rural
electrification on economic growth: a comprehensive
analysis considering informal economy and income
inequality in Bangladesh. Asia-Pacific Journal of
Regional Science. https://doi.org/10.1007/s41685-
024-00336-8. Spinget.

Saha, S. K., Sadekin, M. N., & Saha, S. K. (2022). Effects
of institutional quality on foreign direct investment
inflow in lower-middle income countries. Heliyon,
8(10), ¢10828. https://doi.otg/10.1016/j.heliyon.2022.
€10828. Elsevier.

Saha, S. K. (2023), Does the Impact of the Foreign Direct
Investment on Labor Productivity Change Depending
on Productive Capacity? Journal of the Knowledge
Economy. https://doi.otg/10.1007/5s13132-023-
01444-0. Spinger.

Saha, S., & Saha, S.K. (2023). Informal Economy and
Agricultural Productivity in Bangladesh: A Time Series
Analysis. Problems of Agricultural Economics, 376(3)
2023, 91-113. https://doi.otg/10.30858/zer /171498

Saha. SK. (2022), Sources of productivity in South
Asia, Review of Market Integration, 13(2-3), 154-176,
SAGE.

Saha, S. K. and Jeong, S. (2019), “The Impact of FDI
on Wage Differential in Bangladesh”, Journal of
International Trade & Commerce. 15(5), 185-203.
http://dx.doi.org/10.16980/jitc.15.5.201910.185

Sahoo, M., & Sahoo, J. (2022). Effects of renewable and
non-renewable energy consumption on CO2 emissions
in India: Empirical evidence from disaggregated data
analysis. Journal of Public Affairs, 22(1). https://doi.
org/10.1002/pa.2307

Satterthwaite, D. (2008). Cities’ contribution to global
warming: Notes on the allocation of greenhouse gas
emissions. Environment and Utrbanization, 20(2), 539—
549. https://doi.org/10.1177/0956247808096127

Saud, S., Chen, S., Danish, & Haseeb, A. (2019). Impact



Investigating the Nexus between Economic Growth and Environmental Quality in Bangladesh:

of financial development and economic growth on
environmental quality: an empirical analysis from Belt
and Road Initiative (BRI) countries. Environmental
Science and Pollution Research, 26(3), 2253-2269.
https://doi.otg/10.1007/s11356-018-3688-1

Shoaib, H. M., Rafique, M. Z., Nadeem, A. M., & Huang,
S. (2020). Impact of financial development on CO2
emissions: A comparative analysis of developing
countries (D8) and developed countries (GS8).
Environmental Science and Pollution Research, 27(11),
12461-12475.  https://doi.org/10.1007/s11356-019-
06680-z

Shoron, M. N., Shaon, S. M., Islam, M. A., Hasan, M.,
& Saha, S. K. (2025). Understanding the roots of
child labor in Tangail: A Socioeconomic perspective.
MBSTU Journal of Science and Technology, 11(1),
51-66. https://doi.org/10.69728 /jst.v11.65

Solow, R. M. (1956). A Contribution to the Theory of
Economic Growth. In Source: The Quarterly Journal
of Economics (Vol. 70, Issue 1). https://www,jstot.
org/stable/1884513



