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ARTICLE INFO ABSTRACT

Keywords: This study examines how green taxation (GTX), fintech adoption (FIN), banking development (BAD), financial
Sustainable development development (FD), and economic growth (GDP) affect sustainable development (SD) in Bangladesh using annual
Green tax

data from 1990 to 2023. We estimate an Autoregressive Distributed Lag (ARDL) model to capture short-run and
long-run dynamics and validate the results using Fully Modified Ordinary Least Squares (FMOLS), Dynamic OLS
(DOLS), and Canonical Cointegrating Regression (CCR) estimators. The long-run estimates indicate that GTX,
BAD, and FD are negatively associated with SD, suggesting that weak institutional alignment and limited ESG-
orientation may hinder sustainability benefits from fiscal and financial expansion. In contrast, FIN and GDP
improve SD in the long run. Short-run effects show transitional trade-offs, implying that sustainability gains
depend on policy sequencing and implementation capacity. Policy implications emphasize redesigning GTX with
revenue earmarking and equity safeguards, strengthening ESG-linked lending targets and disclosure for banks,
and leveraging fintech for inclusive green finance (e.g., solar microfinance and climate-smart SME credit). This
paper contributes by integrating fiscal, financial, and digital mechanisms within a unified Bangladesh-specific
time-series framework and explicitly distinguishing short-run from long-run sustainability effects.

Fintech adoption
Banking development
ARDL model

1. Introduction Bangladesh faces a dual challenge—sustaining economic growth

while managing climate vulnerability and environmental degradation,

Emerging economies face new challenges and opportunities driven
by the twin imperatives of climate resilience and digital transformation.
For Bangladesh, which belongs to the world’s most climate-exposed
group of countries [1], incorporating green finance into digital finan-
cial technology is not a strategic choice, but a developmental necessity.
Although the global rhetoric is shifting towards sustainable develop-
ment as arguably a trade-off between wealth creation and environ-
mental conservation alongside social equity [2], developing nations,
including Bangladesh, are hampered by structural and institutional
impediments in aggregating much-needed green capital and in main-
streaming climate-aligned practices in finance [3].

* Corresponding author.

as Bangladesh ranks among the most climate-vulnerable nations glob-
ally, with recurrent exposure to floods, cyclones, and sea-level rise [1].
Climate inaction is projected to reduce GDP by 6.8 % by 2050, with
severe losses in agricultural productivity (—17 %) and human develop-
ment [4]. Although policy instruments such as environmental taxation
and sustainable finance guidelines exist, sustainability outcomes remain
uneven—raising concerns about whether fiscal tools and financial
deepening are effectively aligned with ESG priorities. At the same time,
fintech expansion offers new pathways for inclusion and potentially for
green finance mobilization. Two essential elements that are trans-
forming the financial sector are the growing demand for environmental
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sustainability and the rapid adoption of digital technologies. Developing
countries have a strategic opportunity to create more resilient, inclusive,
and sustainable financial systems through the integration of financial
technology (fintech), which uses innovation to improve financial ser-
vices [5,6], and green finance, which allocates capital toward environ-
mentally beneficial activities [7]. Meeting the SDGs will require
increased funding and the development of new, innovative, and envi-
ronment friendly financing instruments. Green finance may help chan-
nel finance with environmental objectives aligned with sustainable
development in Bangladesh [8]. This existential threat has elevated
climate adaptation financing to a national priority, positioning green
finance as a critical policy response [9,10].

This research aims to empirically investigate the relationship be-
tween green taxation, financial sector development, banking develop-
ment, fintech adoption, and economic growth, and their impact on
Bangladesh’s capacity to achieve sustainable development. Specifically,
it addresses a few research questions (RQs):

RQ1: What are the short-run and long-run effects of green taxation on
sustainable development?

RQ2: Does fintech adoption improve sustainable development
beyond traditional banking and financial development?

RQ3: How do banking development, financial development, and
economic growth jointly influence sustainability in Bangladesh?

Although Bangladesh Bank pioneered sustainable banking guidelines
in 2011—a first among developing economies [11]—implementation
remains fragmented due to institutional inertia, misaligned incentives,
and overdependence on traditional financial intermediaries [12]. Fin-
tech innovations—including Al-driven credit scoring, blockchain-based
remittances, and pay-as-you-go solar microfinance—demonstrate po-
tential to address financial exclusion [13]. Despite these policy di-
rectives and the recognized benefits, the widespread adoption of green
banking practices in Bangladesh remains in its nascent stages. A limited
number of commercial banks actively engage in comprehensive in-house
environmental management and sustainable financing initiatives [14,
15]. However, fintech applications remain concentrated in payments
(82 % of transactions), with negligible penetration (<5 %) in green
finance sectors [16], and fintech and green taxes both provide separate
avenues for sustainable development, but their combined influence
within a framework for financial development is still little understood,
especially in low- and middle-income nations.

Empirically, the previous studies conducted on Bangladesh’s green
finance, fintech adoption, or banking development resulted in a partial
understanding of the collective impact of these on sustainable devel-
opment. few studies have examined these factors collectively in a single
setting based on time-series analyses. This study contributes conceptu-
ally and methodologically in four ways. First, it integrates green taxa-
tion, fintech adoption, banking development, and financial development
within a single time-series framework for Bangladesh, where most prior
work examines these factors in isolation. Second, it explicitly distin-
guishes short-run dynamics from long-run equilibrium effects using
Autoregressive Distributed Lag (ARDL), addressing the common gap in
Bangladesh-focused sustainability analyses. Third, it provides robust-
ness checks using a robust methodology—Ordinary Least Squares
(FMOLS), Dynamic OLS (DOLS), and Canonical Cointegrating Regres-
sion (CCR) to assess sensitivity to endogeneity and cointegration esti-
mation choices. Fourth, it offers policy-actionable implications by
linking the long-run effects of financial technology, green tax laws, and
the general growth of the banking industry with the sustainable devel-
opment in Bangladesh for ESG-oriented credit allocation and disclosure
reforms.

The rest of this paper is organized as follows. The theory and
reviewed literature on green taxation, fintech adoption, banking
development, financial development and economic growth, and sus-
tainable development are presented in Section 2. The data, variables,

World Development Sustainability 8 (2026) 100277

and econometric methodology used are described in Section 3, including
the ARDL model and robustness tests. Empirical results are presented in
Section 4, while Section 5 finally concludes the paper by summarizing
the main results, highlighting the policy implications for Bangladesh and
other similar developing countries, and limitations and suggestions for
further research.

2. Theoretical framework and literature review
2.1. Theoretical framework

This study, grounded in Ecological Modernization Theory (EMT) and
the Brundtland conception of sustainable development, also draws on
the policy mix perspective, which emphasizes complementarities among
price-based instruments (e.g., environmental taxes), market develop-
ment (financial/banking development), and technology diffusion (fin-
tech) to achieve environmental goals without derailing growth.
Brundtland's [2] Sustainable Development Theory advocates for a
development paradigm that balances social and environmental
well-being with economic advancement. EMT places a strong emphasis
on how market-oriented reforms, technical innovation, and institutional
modernization may address ecological issues without impeding eco-
nomic growth [17].

Businesses are encouraged to adopt cleaner technology and lower
emissions by a green tax, which is seen as a governmental tool to
internalize environmental costs. According to empirical research, envi-
ronmental taxes have a good impact on sustainability and environ-
mental quality [18,19]. Adoption of fintech has become a significant
force behind digital transformation and financial inclusion, providing
effective financial services that can increase access to sustainable
finance and enable green investments [20]. The financial sector's ability
to invest in sustainable projects is enhanced by banking development;
research indicates that robust banking systems are essential to finance
green projects [21]. In order to finance green infrastructure and achieve
long-term sustainability, financial development encourages capital
mobilization and investment diversification [22]. When paired with
sustainable practices, economic growth helps reduce poverty and boosts
environmental protection capabilities [23]. In low- and middle-income
contexts, governance quality and institutional capacity condition the
effectiveness of these instruments; poorly designed green taxes or
shallow ESG practices can shift burdens onto low-income groups and
resource-intensive sectors, undermining social equity even when
aggregate indicators improve [24,25]. Bangladesh’s evolving policy
architecture—Green Banking Guidelines (2011), Sustainable Finance
Policy (2020), and Green Bond Financing Policy (2022)—creates an
enabling environment for EMT-style transitions, but implementation
heterogeneity remains.

By encouraging environmental responsibility, expanding financial
inclusion, and boosting economic efficiency, green taxation, fintech
adoption, banking and financial development, and economic growth all
have a positive impact on sustainable development in Bangladesh [26,
27]. To achieve environmental and economic resilience, these factors
interact to influence sustainable development outcomes in Bangladesh,
underscoring the need for integrated financial, technological, and
policy-based approaches.

2.2. Review of related empirical studies

The extant literature is categorized in this section into five subject
categories that correspond to the main factors of the study: economic
growth, banking development, financial development, green tax, and
fintech acceptance. A summary of the gap in the literature is included at
the end.

2.2.1. Green taxation and sustainable development
Environmental ("green") taxes internalize externalities by aligning
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private and social costs. Recent cross-country panels for developing
economies find that environmental taxes promote inclusive green
growth, particularly when combined with sound institutions (e.g., con-
trol of corruption, regulatory quality). Comparative evidence also links
environmental taxation to long-run emission reductions and innovation
incentives [28,29]. By penalizing pollution-intensive activities, the
green tax is a fiscal mechanism that seeks to internalize environmental
externalities [18,30]. While some high-income nations have found
success with environmental taxes, their use in developing nations has
produced a range of outcomes. Due to inadequate regulatory frame-
works and mismatched economic incentives, Bangladesh's environ-
mental levies continue to have a restricted scope and enforcement, with
minimal effects on long-term sustainability [31,32].

The green taxes have the potential to improve sustainability, but
their implementation and design must take socioeconomic inequality
and sectoral dynamics into account [26]. Overall, environmental taxes
tend to improve sustainability when institutional quality supports
enforcement, transparency, and revenue recycling; otherwise, distribu-
tional burdens and weak compliance can produce limited or even
adverse sustainability outcomes. This institutional-conditioning debate
motivates examining Bangladesh using short-run and long-run estimates
rather than assuming a uniform positive effect.

2.2.2. Fintech and green finance integration

The global literature now conceptualizes green fintech as a distinct
domain that applies digital finance (payments, alternative data, decen-
tralized finance, tokenization) to accelerate environmental outcomes
[24]. Case studies such as Ant Forest document how gamified digital
payments and behavioral nudges translate into measurable environ-
mental projects and pro-environmental behaviors [14,33]. Fintech has
emerged as a disruptive force in promoting financial inclusion and
digital transformation.

In Bangladesh, the financial services such as bKash, Nagad, and agent
banking have penetrated underserved rural regions, reducing financial
exclusion [34]. Globally, fintech platforms like Ant Forest (China) and
M-KOPA (Kenya) demonstrate the potential of digital finance in
fostering pro-environmental behaviors and enabling green micro-
finance. However, fintech applications in Bangladesh remain heavily
skewed toward basic payment services, with <5 % of activity directed
toward sustainable investments (KPMG, 2021). Regulatory inertia, weak
ESG alignment, and inadequate digital infrastructure further limit fin-
tech’s contribution to sustainable development [35]. The concept of
“green fintech,” though gaining traction globally, remains
under-theorized and underutilized in Bangladesh.

Recent work suggests fintech can support sustainability through
financial inclusion, efficiency gains, and green-finance channels, but
effects may differ over time: early adoption can create regulatory and
capability frictions, while mature fintech ecosystems may enhance long-
run sustainability. This motivates separating short-run from long-run
impacts in Bangladesh.

2.2.3. Banking development and sustainability

Banking institutions play a pivotal role in mobilizing capital for
sustainable projects. Bangladesh’s banks have implemented some green
lending practices under regulatory compulsion, yet studies reveal that
these initiatives are often superficial and compliance-driven [10].
ESG-aligned industries continue to be marginalized by traditional
banking's preference for short-term, profit-oriented investments.
Banking development may unintentionally contribute to environmental
degradation if sustainability principles—such as ESG grading and green
loan instruments—are not deeply integrated into banking operations
[36,37].

Bangladesh Bank’s policy sequence—ERM Guidelines (2011), Green
Banking Guidelines (2011-2013), Sustainable Finance Policy (2020),
and the Green Bond Financing Policy (2022)—formalized governance
structures (Sustainable Finance Units/Committees) and reporting.
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Quarterly Sustainable Finance Reviews (2024-2025) benchmark banks
on green lending, sustainability indices, and disclosure. Independent
studies, however, still find compliance-driven adoption and limited
penetration of ESG-aligned credit, especially for SMEs and agriculture.
Survey-based evidence suggests banks perceive green finance as riskier
and costlier absent taxonomy clarity, pipeline development, and
concessional risk-sharing instruments.

2.2.4. Financial developmentand environmentalimpact

Beyond banking, broader financial development can either catalyze
diversification and green innovation or amplify resource-intensive
growth, depending on regulation and market signals. For developing
economies, several studies report that financial deepening without
binding environmental standards expands carbon-intensive sectors and
the ecological footprint [23]. Governance and policy mixes (environ-
mental taxes, green taxonomies, green bond frameworks) appear to
moderate these effects. Bangladesh’s rollout of sustainable finance
reporting and a domestic green bond policy is a step toward aligning
market depth with green outcomes. Still, secondary-market liquidity
and verifiable pipelines remain bottlenecks.

Financial development enhances capital availability and market ef-
ficiency but may exacerbate ecological risks if decoupled from sustain-
ability metrics. Empirical evidence from developing countries shows
that while financial depth increases investment, it may also stimulate
resource-intensive sectors, thereby undermining sustainability goals
[35]. In Bangladesh, the absence of a green taxonomy, fragmented ESG
regulations, and weak coordination among regulatory agencies
constrain the potential of financial development to support green out-
comes [38].

2.2.5. Economic growthand the growth—sustainabilitynexus

Economic growth and sustainability are deeply interconnected, yet
often at odds. Recent studies show that while GDP expansion can finance
renewable energy adoption and spur innovation—particularly in more
sustainable or developed countries—it may also intensify environmental
degradation in less sustainable contexts [39]. Similarly, post-pandemic
research highlights how government effectiveness mediates the
growth-sustainability nexus: growth improves well-being when gover-
nance is strong, but can hinder sustainability where institutions are
weak [40,41].

The relationship between GDP growth and sustainable development
follows a non-linear pattern, often explained by the Environmental
Kuznets Curve (EKC) hypothesis [23]. While growth initially increases
environmental stress, it can enhance sustainability when directed to-
ward green infrastructure, education, and renewable energy [42]. For
Bangladesh, empirical studies show that unregulated growth leads to
environmental degradation in the short term but may support sustain-
ability in the long run if channeled responsibly.

2.2.6. Literature gap

Despite growing global evidence on environmental taxation, sus-
tainable finance, and fintech, three gaps remain in the Bangladesh
context. First, most studies assess green finance, fintech, banking
development, and fiscal instruments separately, limiting understanding
of their combined and potentially offsetting effects. Second, Bangladesh-
focused time-series evidence that distinguishes short-run transitional
dynamics from long-run equilibrium effects remains scarce, even though
policy instruments may generate short-term trade-offs before long-term
gains emerge. Third, proxies of fintech adoption used in long-run time-
series data capture inclusion rather than frontier innovation (e.g., Al
credit scoring or blockchain), creating measurement constraints that
require careful interpretation and robustness validation. Finally, the
regulatory and institutional challenges that limit the effective integra-
tion of green fintech in developing economies have not been sufficiently
addressed in the literature [38]. This study addresses these gaps by
estimating a unified ARDL model for Bangladesh (1990-2023) and
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validating the long-run relationship using FMOLS, DOLS, and CCR es-
timators, marking a pioneering attempt to empirically assess their
interconnectedness in the context of Bangladesh, thus providing valu-
able insights for both scholars and policymakers.

3. Methods
3.1. Data and sources

This study used time series data from 1990 to 2023 to examine the
impact of green tax (GTX), fintech adoption (FIN), banking development
(BAD), financial development (FD), economic growth (GDP), and sus-
tainable development (SD) in Bangladesh. The data were collected from
the World Development Indicators [43], Sustainable Development Index
[44], and International Monetary Fund [45].

All series were checked for completeness after merging sources; the
final dataset contains 34 annual observations (1990-2023) for each
variable. No imputation procedures were needed because the final
dataset had a balanced annual time series with 34 observations
(1990-2023) for each variable and no missing values were found. Before
estimate, all variables were converted using natural logarithms. In order
to stabilize variance, lessen the impact of outliers, limit potential het-
eroskedasticity, and enable coefficient estimates to be read as elastici-
ties, this modification was used. Logarithmic transformation is
frequently used in time-series econometric research to enhance model
linearity and lessen bias resulting from scale differences among vari-
ables. It is especially suitable for macroeconomic and financial variables
that show exponential growth trends over time.

A detailed breakdown of the data is shown in Table 1, which also
includes descriptions, units of measurement, and the sources from which
the data were obtained. Fig. 1 illustrates the historical trends (with
yearly data) and variations in these variables over the study period,
highlighting key economic and environmental transitions in
Bangladesh. Fintech adoption (FIN) is proxied by the percentage of the
adult population (aged 15+) with an account at a financial institution or
a mobile-money service provider, which primarily reflects digital
financial inclusion rather than frontier fintech innovation (e.g.,
blockchain-based platforms or Al-driven credit scoring), it is widely
adopted in macro-level empirical studies due to its long time coverage,
consistency, and cross-country comparability [13,33]. In the context of
Bangladesh, fintech development is overwhelmingly concentrated in
mobile money, agent banking, and digital payment systems [34], which
constitute the foundational layer of fintech ecosystems in developing
economies [20].

Sustainable development (SD) is measured using SDI, which in-
tegrates economic, social, and environmental dimensions into a single
composite indicator. Unlike conventional development indices, the SDI

Table 1
Variables, descriptions, and data sources.
Variables  Description Measurements Sources
SD Sustainable Sustainable Development Index (SDI), [44]
development which aggregates economic, social,
and environmental dimensions to
represent overall sustainability
progress.
GTX Green tax % of GDP [45]
FD Financial Financial development index [45]
development
BAD Banking Deposit money banks assets to GDP ( [43]
development %)
FIN Fintech % of the adult population (15+) with [43]
adoption an account at a financial institution or
a mobile-money service provider
GDP Economic GDP Per Capita (Constant 2015 US$) [43]
growth

Source: Author’s compilation from SDI, WDI, and IMF.
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explicitly adjusts human development outcomes for ecological over-
shoot, thereby capturing whether improvements in income, health, and
education are achieved within planetary boundaries. The SDI is
preferred over alternative measures because embedding environmental
constraints directly into development outcomes, the SDI aligns more
closely with the study’s focus on green taxation, financial development,
and sustainability trade-offs [23,39].

3.2. Conceptual framework

The conceptual framework, presented in Fig. 2 visually represents
the analytical structure of the study on sustainable development in
Bangladesh. Sustainable Development (SD) is positioned at the center of
the framework as the core outcome variable. Five key determinants—-
Green Tax (GTX), Financial Development (FD), Banking Development
(BAD), Fintech Adoption (FIN), and Economic Growth (GDP)—are
shown as exogenous variables, each connected to sustainable develop-
ment through directional arrows, indicating their direct influence on SD.
The framework highlights the integrated role of fiscal, financial,
banking, technological, and macroeconomic factors in shaping sustain-
ability outcomes. Green Tax reflects environmental fiscal policy aimed
at discouraging pollution and promoting greener practices. Financial
Development and Banking Development capture the depth, efficiency,
and intermediation capacity of the financial system, which can either
support or constrain sustainability depending on institutional quality
and ESG orientation. Fintech Adoption represents digital financial
innovation that enhances financial inclusion, efficiency, and access to
green finance. Economic Growth signifies the expansion of economic
activity that can provide resources for social and environmental
development.

3.3. Model specification

This study addresses the association between green tax (GTX), fin-
tech adoption (FIN), banking development (BAD), financial develop-
ment (FD), economic growth (GDP), and on sustainable development
(SD) in Bangladesh at time t, extending prior studies that have examined
similar relationships [26,33]. Adopting the Cobb-Douglas production
function framework [46], the study develops an econometric models to
dynamically capture these relationships over time. The corresponding
regression models utilized in this research can be specified as follows:

SD; = p, + p,GTX, + B,FIN; + p3BAD, + B,FD, + sGDP; + & (€D)]

In model (1), the variable SD denotes sustainable development,
measured by the Sustainable Development Index, which integrates
economic, social, and environmental dimensions to assess a country’s
overall progress toward achieving the SDGs. This composite index serves
as the dependent variable and provides a holistic measure of long-term
national well-being and ecological balance. GTX refers to green tax,
expressed as a percentage of GDP, representing fiscal instruments aimed
at internalizing environmental externalities by taxing pollution or
resource depletion. FD represents financial development, measured by a
comprehensive Financial Development Index, which captures the depth,
access, and efficiency of financial institutions and markets. BAD denotes
banking development, quantified as the ratio of deposit money banks’
assets to GDP ( %), serving as a proxy for the role of banking systems in
financing economic activities. FIN stands for fintech adoption, measured
by the percentage of the population (ages 15 and above) with an account
at a financial institution or with a mobile-money service provider.
Finally, GDP denotes GDP per capita, measured in constant 2015 US
dollars, which captures the average economic output per person, while €
denotes the error term of the regression equation.

3.4. Econometric methodology

The econometric approach of the study utilizes the ARDL model to
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Fig. 1. Annual trends of the variables from 1990-2023.
Source: Authors’ Illustration using STATA.

Sustainable

Development

Fig. 2. The Conceptual Framework of the Study.
Source: Authors’ Illustration.

reflect both short- and long-term interdependences of the variables. The
ARDL bounds-testing framework is well-suited for small samples and
mixed integration orders I(0)/I(1), whereas Johansen cointegration
typically requires larger samples for stable inference and is sensitive to
lag length and system specification. VAR-based approaches also focus on
short-run dynamics and may be less efficient when the primary goal is to
estimate interpretable long-run elasticities under cointegration. Given
the sample size (34 annual observations), ARDL offers more reliable
finite-sample performance while allowing simultaneous estimation of
short-run adjustments and long-run relationships. It supports mix inte-
gration orders and small sample sizes and the robustness of the result is
verified through FMOLS, DOLS and CCR estimates which also control for
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endogeneity, autocorrelation and offer believable and subtle glimpse
into the financial-environmental sustainability nexus under consider-
ation of the study. Some other essential pre-and-post estimation tests
have been done for supporting the reliability of the results.

3.4.1. Unit root test

The integration of the data series should be examined prior to con-
ducting a thorough analysis. In order to do this, the integration qualities
of the series were assessed using unit root tests. First, the conventional
unit root test, like the Dickey-Fuller Generalized Least Squares (DF-GLS)
test put forth by Elliott et al. [47], which increases power by de-trending
data prior to testing; the Phillips-Perron (PP) test put forth by Phillips &
Perron [48], which corrects for heteroskedasticity and serial correlation
without needing lag length specification; and the Augmented
Dickey-Fuller (ADF) test proposed by Dickey & Fuller [49], which adds
lagged differenced terms to account for higher-order serial correlation.
However, if there are structural breakdowns in the series, the traditional
unit root test could provide inaccurate findings. Because the ZA [50]
unit root test may identify both stationary and a single structural break
in data, it was also used in this investigation.

3.4.2. ARDL model

Once the stationarity of the data is confirmed, the study proceeds
with estimation using the ARDL model. The ARDL method, commonly
used in econometric studies, is employed to assess long-run cointegra-
tion among variables and examine the impact of explanatory variables
on the dependent variable from both long- and short-run perspectives
[51,52]. Following Pesaran et al. [53], the ARDL approach follows three
key phases. The initial stage involves conducting a cointegration test
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using Eq. (2) along with a bound test, which is then followed by the
estimation of the long-run ARDL model.

World Development Sustainability 8 (2026) 100277

the final ARDL specification was selected using AIC. Estimation was
performed in Stata, and the bounds test used Pesaran et al. [53] critical
values with standard small-sample caution. For instance, Kripfganz &

ASD; = fy + p1ASD,_1 + B AGTX,_1 + f3AFIN,_; + f,ABAD,_ 1 + s AFD,_; + fcAGDP,_;+

P p P p p
> BuASDei+ Y | BuAGTXy i+ Y foAFINs i+ Y 1o ABADs i+ » 1, AFDs i+

i=1 i=1 i=1 i=1

p
> B12AGDPg_; + &

i=1

The Eq. (1) mentioned earlier, the value consigned to the drift
parameter is represented by f,. In the model equation, the symbol A
represents the first difference estimates. Pesaran et al. [53] examined
the long-run relationships by comparing the F-statistics with upper
bound values. If the F-statistics exceeds this threshold, a persistent
relationship exist. Once cointegration is affirmed, the model estimates
long-run and short-run coefficients, with long-run values from Eq. (2)
and short-run coefficients from following Eq. (3). The error correction
model (ECM) then measures the adjustment speed towards equilibrium.

(2)

Schneider [59] discusses the application of the ARDL model, which can
be reparametrized into an error-correction form to disentangle long-run
relationships from short-run dynamics.

3.4.3. Robustness check

This study employed “Fully Modified Ordinary Least Squares
(FMOLS)” [60], “Dynamic Ordinary Least Squares (DOLS)’ [61] and
“Canonical Cointegrating Regression (CCR)” [62] estimation ap-
proaches to examine the long run impact of GTX, FD, BAD, FIN and GDP
on SD as a robustness check for the ARDL approach. The cointegration
condition for parameters must be met before FMOLS, DOLS, and CCR

ASD, = f3 + };ASD,_; + f,AGTX,_1 + B3 AFIN,_; + 8, ABAD,_; + B AFD,_; + S, AGDP,_ 1+

) P ) » )
Zﬁn'ASDH' + Z PsiAGTXz i + Z PoiAFIN,; + ZﬁlOiABAD4t—i + ZﬂlliAFDSI—i“F

i=1 i=1 i=1

i1

P
Z P12iAGDPg;_; + pECM;_1 + &
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Where ¢ is recognized as the parameter that represents the pace at
which adjustments occur, while ECM;_; refers to the residual values of
the estimated equation. This study employs an econometric framework
to analyze time series data concerning green tax (GTX), fintech adoption
(FIN), banking development (BAD), financial development (FD), eco-
nomic growth (GDP), and on sustainable development (SD) in
Bangladesh. Traditional methods like Vector Auto Regression (VAR),
Engle-Granger causality, Ordinary Least Squares (OLS), and Johansen
co-integration have limitations that might weaken the results. To
address this concern, this study applies the Autoregressive Distributed
Lag (ARDL) model, introduced by Pesaran et al. [53], which has been
widely used to explore both long-run and short-run relationships [54].
The ARDL model is preferred for several reasons. First, it gives reliable
results even with small data sets, unlike standard error correction
models. Second, it allows for analyzing both long-run and short-run
relationships at the same time using linear equations. Third, it works
well with variables that are stationary at level I(0) or first difference I(1),
affirmed by unit root tests, while avoiding variables that are stationary
at second difference 1(2), following [55]. These features help the ARDL
model overcome the challenges faced by traditional methods. To choose
the number of lags in the ARDL model, this study uses Akaike Infor-
mation Criterion (AIC), which performs well in small samples by mini-
mizing information loss while keeping a good balance between accuracy
and simplicity [56,57]. Choosing lags based on AIC helps include the
most important lag effects without making the model too complex,
improving the quality of both long-run and short-run estimates [58].
The maximum lag length was set to 3 due to the small sample size, and

3

can be utilized. FMOLS correct for endogeneity and serial correlation by
applying semi-parametric adjustment, ensuring consistent and unbiased
estimators in cointegrated systems. DOLS enhances estimation accuracy
by incorporating leads and lags of differenced regressors, effectively
mitigating endogeneity and serial correlation concerns. CCR transforms
the data to eliminate endogeneity and serial correlation, providing
reliable estimates of long-term parameters and serving as a robust
framework for cointegration analysis [32].

3.4.4. Diagnostic assessments

This study employed several diagnostic tests to ensure the accuracy
of the outcomes. The ARCH test [63] was used to detect hetero-
scedasticity, while the Ramsey RESET test [64] assessed specification
errors. Serial correlation was investigated using the Durbin-Watson test
[65], and the Jarque-Bera test [66] was employed to assess normality.
Moreover, the stability of the estimated model was examined using the
CUSUM and CUSUM square tests [55].

Table 2

Descriptive Statistics.
Variables Obs. Mean Std. Dev. Min Max Skew. Kurt.
SD 34 0.240 0.071 0.160 0.406 0.949 2.487
GTX 34 1.172 0.179 0.842 1.454 0.002 1.795
FIN 34 3.202 0.353 2.626 3.994 0.401 2.504
BAD 34 4.696 0.322 4.204 5.341 0.100 1.997
FD 34 0.609 0.069 0.445 0.678 -1.213 3.180
GDP 34 2.046 0.055 1.969 2.145 0.280 1.773

Source: Authors’ Calculation using STATA.
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Table 3
Unit root tests outcomes.
Variable ADF DF-GLS PP
Level 1st Diff. Level 1st Diff. Level 1st Diff.
SD —1.815 -1.371 —1.442 —7.046%**
GTX —2.999 —3.126* —2.896 —5.573%**
FIN —1.066 -1.777 0.263
BAD —2.493 —2.769 -1.739
FD —0.867 —1.064 —0.244
GDP —2.283 —0.892 —2.225
Note: The asterisk symbols (***, **, and *) are utilized for 1 %, 5 %, and 10 % significance levels, accordingly.
Source: Authors’ Calculation using STATA.
4. Empirical results
Table 5
L. ARDL bound test outcomes.
4.1. Summary statistics
Test statistic Value Significance 1(0) 1(1)
Table 2 displays the summary statistics for the variables SD, GTX, F-statistic 11.098%** At10 % 2.26 3.35
FIN, BAD, FD, and GDP. The mean values provide insight into the central K 5 At5 % 2.61 3.79
Atl1 % 3.41 4.68

tendency of the data, with SD emissions having a mean of 0.24 and BAD
showing the highest mean of 4.69. The standard deviations highlight the
level of variation, with FIN showing the greatest dispersion (3.35) and
GDP the lowest (0.055). The skewness value suggests that most variables
show a positive skew, indicating that their values tend to be concen-
trated on the lower end of the spectrum, with a longer tail on the right.
The kurtosis values signify that FID has a leptokurtic distribution, as it
exceeds a value of 3, while FIN tend to be closer to a normal distribution.
These outcomes give a detailed view of the statistical characteristics,
revealing diverse patterns of skewness and kurtosis that may influence
further analysis.

4.2. Unit root test results

Table 3 presents the unit root test outcomes for the study variables
using the ADF, DF-GLS, and PP tests. The results indicate that all the
variables are non-stationary at I(0) but become stationary at I(1) across
all tests. GTX is stationary at I(0) according to DF-GLS but is non-
stationary at I(0) in ADF and PP, achieving stationarity at I(1). These
outcomes indicate that the study variables exhibit a first-order integra-
tion, necessitating an econometric approach, such as the ARDL method,
for further analysis.

4.3. Structural break unit root

The accuracy of time series forecasting and analysis relies on the
assumption of stationarity, which implies that statistical properties such
as mean, variance, and trend remain constant over time. A structural
break occurs when these properties change abruptly within observed
period, leading to inconsistencies in theoretical structure and fore-
casting errors. To determine such structural shifts, this study employed
the Zivot-Andrews unit root test with intercept and trend. The result

Table 4
Structural break tests outcomes.

Variables Zivot-Andrews Structural Break
1(0) Break Point I(1) Break Point

SD —3.545 1996 —7.925%%** 2008
GTX —4.635* 2012 2009
FIN —0.237 2017 2015
BAD —3.047 2013 2010
FD -1.614 1996 2002
GDP —3.087 1996 2005

Note: The asterisk symbols (*
levels, respectively.
Source: Authors’ Calculation using STATA.

and *) are utilized for 1 % and 5 % significance

Note: The asterisk symbol (***) is utilized for 1 % significance level.
Source: Authors’ Calculation using STATA.

Table 6
Diagnostic tests outcomes.
Test Null Hypothesis Test P-
Statistics Value
ARCH Ho: Homoskedasticity 0.212 (F- 0.6484
heteroscedasticity statistic)
test
B-G LM test Ho: No serial correlation 0.367 (F- 0.6964
statistic)
Jarque Bera/Normality =~ Ho: residuals have a normal ~ 5.380 0.067
distribution
Ramsey RESET test (F) Ho: The model’s functional 0.432 (F- 0.5173
form is valid statistic)
Durbin-Watson value 1.296
CUSUM Stable
CUSUM Square Stable

Note: 5 % significance level as the threshold for statistical decision-making.
Source: Authors’ Calculation using STATA.

shown in Table 4 also indicated that GTX observed significant structural
break in 2012 at the 1(0). SD, GTX, FIN, FID, and GDP showed significant
structural breaks in 2008, 2009, 2015, 2002, and 2005, respectively, at
the I(1).

4.4. ARDL bound test

The ARDL bound test results are presented in Table 5, offering
valuable insights into the cointegration among the examined variables.
The F-statistic of 11.098 exceeds the upper critical bound; the outcomes
confirm the presence of a cointegrating relationship among the
variables.

4.5. Diagnostic test results

To ensure the accuracy and reliability of the ARDL error correction
model, several diagnostic and stability tests were employed. These tests
assessed homoscedasticity, heteroscedasticity, normality, serial corre-
lation and model specification. The outcomes showed in Table 6 affirm
that the model does not suffer from issues related to measurement er-
rors, heteroscedasticity, serial correlation, or deviation from normality.
This validates the credibility of the study’s outcomes for drawing reli-
able conclusions. In addition, Fig. 3 illustrates the results of the CUSUM
and CUSUM square tests, indicating that the blue line remains within the
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Fig. 3. CUSUM and CUSUM square tests.
Source: Authors’ Illustration using STATA.

Table 7
ARDL long-run and short-run outcomes.
Long-Run
Variables Coeff. Std. Err. t-values
GTX —0.115%** 0.026 —4.423
FIN 0.056** 0.024 2.333
BAD —0.146%*** 0.021 —6.952
FD —0.573%** 0.019 —30.158
GDP 0.446%** 0.108 4.130
Short-Run
Coeff. Std. Err. t-values
D.GTX 0.182%* 0.077 2.364
D.FIN —0.186%* 0.075 —2.480
D.BAD 0.083 2.518
D.FD 0.347 5.712
D.GDP 2.192 —3.240
ECT (Speed Adjustment) 0.409 —2.394
Constant 0.704
R2

Note: (a) The asterisk symbols (***, ** and *) are utilized for 1 %, 5 %, and 10 %
significance levels, accordingly; (b) Optimal lag selected by AIC criterion.
Source: Authors’ Calculation using STATA.

red boundaries at the 5 % significance level.

4.6. ARDL long-run and short-run outcomes

ARDL long-run and short-run outcomes are shown in Table 7 and
illustrate how different factors are linked to sustainable development in
Bangladesh. In the case of GTX, the results reveal a significant negative
long-term impact on sustainable development, where a 1 % increase in
GTX reduces SD by 0.115 %. This suggests that over time, the financial
burden imposed by green taxes may outweigh their environmental
benefits, potentially discouraging investment and innovation in sus-
tainability sectors. This negative long-run effect is consistent with the
argument that environmental taxes may underperform where enforce-
ment and recycling mechanisms are weak, potentially creating burdens
without sustained green investment [18]. However, in the short run, D.
GTX shows a positive and statistically significant effect on SD, witha 1 %
increase in green tax resulting in a 0.182 % increase in sustainability.
This implies that green taxes may initially incentivize environmentally
responsible behavior and discourage pollution-intensive practices. This
finding aligns with the evidence of Ma et al. [26], who argue that poorly
designed environmental taxes can reduce economic competitiveness and
distort investment incentives in developing economies. For Bangladesh,
this highlights the importance of coupling green tax policies with sup-
portive mechanisms such as green subsidies and technology grants to
maintain both environmental and economic sustainability over time.

Regarding FIN, the study finds a positive long-run impact on SD,
where a 1 % increase in FIN leads to a 0.056 % rise in sustainability,

significant at the 5 % level. This indicates that digital financial services
contribute to financial inclusion and efficient resource allocation, which
are key drivers of sustainable development in the long term. In the short
run, however, D.FIN has a negative impact on SD, with a 0.186 %
decline following a 1 % increase in FIN. This could reflect short-term
challenges such as regulatory gaps, digital illiteracy, or transitional
disruptions in the financial sector. The result aligns with Kishor et al.
[67], who noted that while fintech improves financial access and sus-
tainability in the long term, initial stages may introduce instability.
Therefore, for Bangladesh to harness fintech’s full potential, it must
focus on improving digital infrastructure, regulatory frameworks, and
consumer protection mechanisms. The long-run positive effect aligns
with the emerging “green fintech” and inclusion-sustainability literature
emphasizing resource allocation efficiency and behavioral change
channels [24,33]

For BAD, the long-run coefficient shows a significant negative impact
on SD, where a 1 % increase in banking development leads to a 0.146 %
decline in sustainable development. This outcome suggests that tradi-
tional banking in Bangladesh may prioritize profit-oriented or envi-
ronmentally harmful investments over sustainable financing. The
negative long-run impacts support findings that financial deepening can
worsen ecological pressure when credit allocation favors carbon-
intensive activity and ESG screening is limited [23,37]. Conversely, in
the short run, D.BAD has a positive effect, with a 1 % increase
contributing to a 0.209 % improvement in SD. This indicates that
banking institutions may temporarily support sustainability through
targeted credit or CSR programs, but lack a long-term green finance
vision. The findings were reported by Tsindeliani et al. [37], who
observed that in many developing countries, banks fail to integrate ESG
(Environmental, Social, Governance) criteria into lending practices.
Policymakers in Bangladesh should therefore promote sustainable
banking reforms, including green loan policies, ESG disclosures, and
incentives for financing eco-friendly businesses.

In terms of FD, the ARDL results demonstrate a strong negative long-
run impact on SD, with a 1 % increase in financial development reducing
sustainability by 0.573 %, which is highly significant. This implies that
unchecked financial expansion may fuel activities detrimental to social
and environmental well-being. The inverse long-run association support
results that financial development may worsen ecological pressure when
credit allocation favors carbon-intensive activity and ESG screening is
limited [37]. However, the short-run results D.FD contrast sharply, as a
1 % increase in FD improves SD by 1.982 %. The immediate benefits
may come from increased access to credit, capital mobilization, and
investment in infrastructure, which temporarily boost sustainable
development. Akhtar & Rashid [35] argue that in the absence of strong
regulatory oversight, financial development can eventually lead to
environmental degradation. To reverse this pattern, Bangladesh must
reorient its financial system toward sustainability, encouraging the
growth of green finance instruments such as ESG funds, green bonds,



R. Karim et al.

Table 8
Outcomes from the robustness check.

Variables FMOLS DOLS CCR

Dependent variable: SD
GTX o
FIN

BAD

FD

GDP
Constant
RZ

(a) The asterisk symbols (***) are utilized for 1 % significance levels.
Source: Authors’ Calculation using STATA.

and sustainability-linked loans.

Finally, for GDP, the findings show a positive and significant long-
run effect on sustainable development. A 1 % increase in GDP results
in a 0.446 % rise in SD, suggesting that economic growth can provide the
resources and fiscal capacity necessary for environmental investment
and social progress. In the short run, however, D.GDP has a significant
negative effect, where a 1 % rise leads to a 7.101 % reduction in SD. This
striking short-term tradeoff may be attributed to rapid industrialization,
environmental degradation, and overexploitation of natural resources
during periods of accelerated growth. These results are aligned with the
Environmental Kuznets Curve (EKC) hypothesis and supported by
Armutcu et al. [42], who highlighted the dual nature of growth in
developing economies. The short-run trade-off and long-run improve-
ment is consistent with EKC-type reasoning and recent cross-country
evidence showing growth can finance sustainability once policy and
institutions support decoupling [39]. For Bangladesh, this underscores
the urgent need to promote “green growth” strategies—investing in
renewable energy, sustainable urbanization, and low-carbon tech-
nologies—to ensure that economic progress does not come at the cost of
environmental and social sustainability.

4.7. Robustness check results

This study also applied several estimation methods, including
FMOLS, DOLS, and CCR to verify the robustness of the ARDL outcomes.
The outcomes from these methods are documented in Table 8 and the
results demonstrate that GTX has a negative and statistically significant
effect on Sustainable Development Index (SD) across all three estimation
methods. This finding implies that green taxation is an effective policy
tool for promoting sustainable development by potentially reducing
environmentally harmful activities. FIN is found to have a positive and
statistically significant impact on SD in all models, indicating that the
expansion of financial technology supports sustainable development,
possibly through improved financial inclusion, digital services, and
efficient resource allocation. In addition, BAD shows a negative and
significant association with SD under all estimation techniques, sug-
gesting that current developments in the banking sector may not be
aligned with sustainability objectives, potentially due to environmen-
tally unfriendly lending practices or lack of green finance initiatives.
However, FD consistently exhibits a negative and statistically significant
relationship with SD, implying that while the financial sector is
expanding, it may be contributing to unsustainable practices or is not
sufficiently oriented toward green investments. Lastly, GDP demon-
strates a positive and significant influence on SD across all three
methods. This confirms the growth-sustainability nexus and indicates
that economic expansion in Bangladesh is contributing positively to
sustainable development, potentially through increased income, infra-
structure development, and investments in human capital.

Overall, the robustness of the results across FMOLS, DOLS, and CCR
confirms the consistency and reliability of the ARDL model findings.
These outcomes underscore the complex but critical roles of fiscal pol-
icy, financial innovation, and economic development in shaping
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sustainable development in Bangladesh.

The DOLS specification includes leads and lags of differenced re-
gressors to correct endogeneity and serial correlation; this design can
inflate model fit (high R?) and may introduce multicollinearity among
regressors and their dynamic terms. Importantly, the direction (sign)
and statistical significance of key variables remain consistent across
FMOLS, DOLS, and CCR, supporting robustness. Differences in coeffi-
cient magnitudes (e.g., GTX and BAD across DOLS vs. FMOLS/CCR)
reflect estimator-specific sensitivity to dynamic corrections rather than a
reversal of inference; thus, interpretation emphasizes sign consistency
and cross-estimator agreement.

5. Concluding remarks
5.1. Conclusion

This study contributes to the literature on sustainable development
by analyzing the impact of green tax, fintech adoption, banking devel-
opment, financial development, and economic growth on the Sustain-
able Development in Bangladesh—an area with limited empirical
investigation. Employing ARDL, FMOLS, DOLS, and CCR techniques
over the period 1990-2023, the findings offer robust insights into the
financial and economic drivers of sustainability in a developing context.

The results reveal that GTX significantly enhances sustainability by
reducing environmental pressure, while FIN has a positive influence on
SD, suggesting that digital financial inclusion supports development
goals. Conversely, BAD and FD negatively impact SD, indicating that
current financial and banking practices may not align with environ-
mental priorities. GDP has a positive contribution to SD, reaffirming the
role of economic growth in advancing sustainable outcomes when
paired with responsible policies.

Overall, the study highlights the importance of integrated strategies
that leverage green taxation, responsible fintech, and sustainable
financial development. The findings provide actionable guidance for
policymakers in Bangladesh and similar economies to harmonize eco-
nomic growth with long-term sustainability objectives.

5.2. Policy implications

This study has some policy recommendations that should be
acknowledged. First, the negative relationship between green tax and SD
confirms its role in promoting sustainability. Bangladesh should grad-
ually expand the coverage of environmental taxes, starting with the most
polluting sectors, such as brick kilns, tanneries, and transportation.
Earmark a defined share of GTX revenues for green infrastructure and
climate adaptation (e.g., flood protection, resilient agriculture, solar
mini-grids in rural areas and urban waste management systems) and
introduce targeted rebates or subsidies for low-income households and
SMEs to address. To increase public and industrial compliance, the
government must ensure transparency in tax use and provide incentives
(e.g., tax rebates) for adopting cleaner technologies.

Second, the positive impact of fintech on SD suggests that digital
finance can promote inclusive and sustainable economic activity.
Bangladesh should expand its mobile banking and digital payment sys-
tems—especially in rural areas—linked with green microfinance options
for solar panels, clean cook stoves, and sustainable farming practices. It
is suggested to scale fintech-enabled green microfinance (solar home
systems, clean cooking, climate-smart agriculture) using mobile plat-
forms, agent banking, and digital credit scoring with consumer protec-
tion safeguards. Policy should also promote energy-efficient fintech
infrastructure (e.g., low-power data centers), and digital financial lit-
eracy should be integrated into national education campaigns to reduce
exclusion.

Third, the negative impact of banking development on SD indicates
that traditional banking may still support unsustainable sectors.
Bangladesh Bank should enforce green banking guidelines by
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strengthening the Green Banking Policy and requiring banks to report
green asset ratios. It should also set enforceable ESG-linked lending
targets (e.g., minimum green asset ratio) and require bank-level
disclosure of green portfolio shares and sectoral carbon exposure,
directly addressing the negative BAD coefficient. Soft loans or interest
subsidies can be introduced for sustainable sectors (renewables, energy
efficiency, agro ecology). Capacity-building for bank officers on green
finance is crucial, especially in local branches that serve SMEs and
agriculture.

Fourth, the adverse effect of financial development on SD suggests
that financial flows may not be supporting green outcomes. Bangladesh
should develop a green finance taxonomy and require financial in-
stitutions to report ESG-aligned investment ratios. It is also recom-
mended to develop and operationalize a national green taxonomy and
strengthen green bond/sustainability-linked instruments so financial
deepening shifts away from carbon-intensive expansion—addressing the
negative FD coefficient. The government can encourage the develop-
ment of a domestic green bond market with sovereign backing and
create public-private risk-sharing mechanisms for green projects. Redi-
recting financial incentives toward clean sectors—especially energy,
housing, and transport—can guide the financial system toward
sustainability.

Lastly, the positive association between GDP and SD supports the
potential for green growth. Bangladesh should integrate sustainability
into its 5-year plans, focusing on green industrialization, energy effi-
ciency, and eco-tourism. Investment should be focused on sectors that
create jobs and improve the environment, such as waste recycling, solar
power, and climate-smart agriculture. Public-private investment models
and clear green procurement policies can help align economic growth
with sustainability. Thus, the results explicitly align green tax recycling,
green credit targets, and fintech-enabled green finance programs with
Bangladesh’s Nationally Determined Contributions (NDC) under the
Paris Agreement to ensure measurable mitigation and adaptation
outcomes.

5.3. Limitations and future research direction

Despite the robustness of the results, this study has certain limita-
tions. This study has several limitations. First, fintech adoption is
proxied by account ownership and mobile-money usage, which captures
national-level digital financial diffusion rather than frontier fintech
innovation; future work could use fintech transaction intensity, digital
credit volumes, or fintech investment indicators where available. Sec-
ond, the analysis relies on a composite sustainable development index.
Third, the annual sample size limits complex nonlinear modeling.

Future research should explore panel data across South Asian
countries to enable comparative analysis and capture cross-country
heterogeneity. Additionally, incorporating environmental quality in-
dicators such as water pollution, biodiversity loss, and climate resilience
could offer a more comprehensive view of sustainable development.
Future research could test alternative sustainability measures (e.g.,
ecological footprint, CO: intensity, or SDG-specific subindices) to assess
indicator sensitivity. Future studies may also apply threshold ARDL,
asymmetric specifications, or structural break models to test whether
policy reforms (e.g., green banking guidelines) change the slope of
finance-sustainability relationships over time. The study is limited to
Bangladesh, and the findings may not be directly generalizable to other
developing countries with different financial and institutional struc-
tures. Finally, sectoral decomposition (industry, transport, agriculture)
could identify where banking and financial development most strongly
drive sustainability outcomes.
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