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Abstract

The primary endeavor of this research is to empirically explore the implication of agriculture, economic
growth, and energy usage on the ecosystem damage in Bangladesh from 1971 to 2022. In light of this, we
tested the agriculture-induced environmental Kuznets curve (EKC) hypothesis incorporating ecological
footprint (EF) rather than emissions because EF better illustrates environmental degradation. Our findings
from the dynamic ordinary least squares (DOLS) estimation confirm the validity of the EKC framework
for Bangladesh. Consequently, ecological damage intensifies with economic development and is
enhanced by an elevated gross domestic product (GDP). Moreover, a boost in both the agricultural value
added and power consumption upsurges EF. To put it another way, utilization of energy and crop
production are significant factors that affect the state of the planet. Consequently, the government ought
to formulate strategies that foster long-term prosperity by promoting renewable power usage and climate-
smart agriculture.

Keywords: Environmental degradation, ecological footprint, agriculture, economic growth, energy use,
sustainability.

Introduction

Concerns around rising energy prices and volatility (energy security), as well as pollution and/or loss of
biodiversity, have grown to be global issues recently [1]. Subsequent to the agricultural and industrial
explosions, nations have intensified economic operations across several sectors (e.g., manufacturing,
energy, transportation, and agriculture) to attain economic growth and advancement [2]. Nevertheless,
these actions require significantly greater energy and exert strain on the ecosystem. International
initiatives to address rising greenhouse gas (GHG) emissions include the Kyoto Protocol, which was
established in 1987, and the Paris Agreement, which was enacted in 2015. By 2050, we anticipate a
doubling of the world's economy, with robust GDP and population growth driving an almost 50%
increase in energy demand [3]. Furthermore, with the exception of the COVID-19-related decline in 2020,
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worldwide pollutants have risen annually since 2015, the year of the Paris Conference of Parties. Energy
conservation and alternative power resources serve as options to alleviate biodiversity loss and promote a
green economy [2]. Within such structure, numerous governments have enacted incentive strategies,
including feed-in tariffs, subsidies, mortgages, tenders, and taxes, to expedite the integration of clean
energy supplies into their energy consumption.

Similar to energy, the demand for crop products has escalated to satisfy the requirements of the expanding
world population. Figures recommend that the global population will attain 9 billion by 2050, a 34%
increase from current figures, with 70% of individuals living in urban areas, approximately 49% more
than currently [4]. Projections indicate that food production must rise by around 70% to satisfy the
demands of the global population by 2050 [5]. Nevertheless, the global community views agriculture as a
significant contributor to ecosystem pollution and deterioration. The augmentation of crop production
results in heightened use of energy (particularly fossil fuels), fertilizers, and pesticides, which in turn
generate CO2 emissions and/or pollutants that contribute to environmental issues [6]. Furthermore,
progressive agricultural practices necessitate the expansion of arable land, resulting in deforestation [7].
Agricultural practices, including the application of pesticides and herbicides, land reclamation, and bush
burning, can lead to substantial environmental issues such as water and soil contamination, excessive
water resource utilization, habitat destruction, GHG emissions, acid rain, and ozone depletion [8].
Approximately 25% of the released GHGs originate from agriculture, making it the second largest
contributor to GHG emissions [7]. Moreover, agricultural activities, including growing crops, raising
animals, irrigation, and the transportation of harvests, utilize over 70% of freshwater and account for
around 5% of global energy consumption [9]. The increasing global need for food extends the
agribusiness area, degrades the soil's regenerative capacity, and adversely impacts the sustainability of the
next generation [6]. The United Nations (UN) devised 17 sustainable development goals (SDGs) to direct
national policies towards sustainable development. The accomplishments of no poverty (SDG 1), zero
hunger (SDG 2), positive health and well-being (SDG 3), gender equality (SDG 5), clean water and
sanitation (SDG 6), affordable and clean energy (SDG 7), decent work and economic growth (SDG 8),
sustainable cities and communities (SDG 11), responsible consumption and production (SDG 12), climate
action (SDG 13), and life on land (SDG 15) are completely or in part interrelated with the connection
between agricultural production and environmental quality [10]. The goal of zero hunger (SDG 2) has a
direct link with agricultural efficiency.

Moreover, technology innovations like blockchain provide a safe means for enhancing agricultural
productivity and food security by creating online personas and facilitating effective collaboration and
ownership rights in farming operations [11]. Blockchain technology has the capacity to enhance
sustainable agriculture, augment the role of women in the agricultural system, facilitate their
empowerment, and improve their educational and health status [12]. Consequently, the agriculture
industry, increasingly utilizing blockchain and information and communication technologies (ICTs), has
emerged as a pivotal domain in forging the connection between technologies and the social aspect of
long-term viability, as outlined by SDG 5. Consequently, the interplay among the agricultural sector,
economy, energy consumption, and ecosystem has garnered the attention of scholars and policymakers to
attain sustainable economic development [8].

The environmental Kuznets Curve (EKC) concept serves as the theoretical foundation for the economy-
environment relationship, based on the seminal research of Grossman and Krueger [13], which offers
viable remedies for environmental degradation. If the EKC holds true, then ecological issues will decrease
as living standards rise. The EKC hypothesis posits that income growth has inverse consequences during
the early phases of economic expansion, as the production framework predominantly relies on polluting
technology. The EKC theory posits that environmental deterioration initially intensifies with rising
affluence before subsequently improving with economic advancement, forming an inverted U-shaped
correlation. The EKC relationship between GDP growth and the quality of the environment arises from
the effects of size, technology, and composition. Numerous studies have examined the validation of the
EKC and explored the relationship between GDP development and environmental damage, incorporating
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various control variables such as energy usage, renewable and fossil energy utilization, foreign direct
investment (FDI), urbanization, industrialization, globalization, trade, financial growth, inequality in
income, cost of electricity, ICT, and economic complexity [14-16].

In prior research, ecological damage has predominantly been characterized by CO: emissions.
Consequently, as greenhouse gas emissions represent the sole atmospheric component of the destruction
of the ecosystem, this methodology faces significant criticism within the fields of energy and
environmental economics. Few EKC studies have adopted the ecological footprint (EF), a more
comprehensive metric of environmental deterioration compared to emissions [17,18]. The EF is a
comprehensive environmental metric that aggregates the effects of human behavior on air, water, and soil.
We assess the impacts using six components: carbon, farmland, pastures, built-up land, fishing grounds,
and forest footprints [19]. Consequently, researchers regard EF as a more potent predictor of
sustainability. Nevertheless, a handful of research papers have investigated the implication of agricultural
activity on ecological variables within the EKC literature, especially concerning rising nations such as
Bangladesh. Figure 1 presents a categorization of EF by land type in Bangladesh.

Bangladesh Ecological Footprint by Land Type
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Figure 1. Ecological footprint by land type in Bangladesh [20].

The farming sector is crucial to Bangladesh in both financial and societal dimensions [6]. The agriculture
industry represented 11% of Bangladesh's GDP and employed 37% of the entire labor force. The
agriculture and energy sectors exhibit significant inter-industrial connections, with agriculture being the
primary income-generating sector in Bangladesh's economy [6]. Energy consumption in Bangladesh's
agriculture industry has risen markedly during the past 30 years, corresponding with the growth in
agricultural production and exports. In 1990, the energy use in Bangladesh's agricultural industry was 11
petajoules (PJ), escalating to 52 PJ by 2018, indicating a significant reliance on energy within this sector
[6]. Furthermore, the application of herbicides and fertilizers has escalated significantly during the past 50
years. In Bangladesh, fertilizer consumption rose from 13 kg per hectare of cultivable land in 1971 to 382
kg/hectare in 2021 [21].

Agriculture is the leading contributor of GHG emissions in Bangladesh, representing over 30% of total
pollutants [6]. Despite the potential adverse effects of the agriculture sector on the country's
environmental quality, both directly and indirectly, there have been limited studies investigating its
influence on CO; emissions under the EKC framework in Bangladesh. These studies, however,
concentrate solely on CO: emissions and neglect the effects of agricultural practices on EF. Moreover,
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these inquiries disclose contentious findings about the legitimacy of the EKC theory and the interaction
between agriculture and the natural world. Furthermore, prior research offers less insight into the link
between GDP growth, the agricultural sector, and environmental health, as it predominantly concentrates
on air pollution. Using DOLS methodology and EF, this study is the first to assess the reliability of the
agriculture-induced EKC hypothesis in Bangladesh from 1971 to 2022.

This study's contributions are as follows: Initially, the researchers employed the EF, a robust and
comprehensive metric for assessing ecosystem health and sustainability in green economics, to analyze
agriculture's impact on the planet. Secondly, we concentrate on Bangladesh, as there is no empirical study
examining the role of agriculture on the EF in the country. Third, we utilized a multivariate model
incorporating energy as an endogenous factor, as a bivariate model may yield biased outcomes. The
exclusion of energy from the EKC modeling, given its strategic importance in the inverted U-shaped
connection, results in conflicting outcomes. Fourth, we utilized a comprehensive and contemporary array
of datasets covering the period from 1971 to 2022 (52 years). Fifth, our findings yielded significant
results for the formulation of effective policies in the agriculture and power industries aimed at
continuous prosperity in Bangladesh. Moreover, the examination of EF in agri-food production holds
significant relevance for sustainable farming and long-term food safety.

Literature Review

The EKC literature has given rise to two primary study strands that examine the relationship between
GDP, agriculture, and the state of the planet. The initial strand examines the relationship among GHG
emissions (specifically CO» emissions), agriculture, and GDP. Although GHGs include CO,, methane,
nitrous oxide, and fluorinated gases, EKC modeling studies often use CO., as it accounts for
approximately 76% of total GHG emissions. The second aspect of the EKC hypothesis examines the
connection among agriculture, GDP, and EF, as EF serves as a more holistic indication than air pollution.

Agriculture and carbon emission

Despite numerous EKC evaluations incorporating various independent factors since the seminal work of
Grossman and Krueger [13], the exploration of the link between farming and the planet commenced in the
2000s. Agboola and Bekun [22] used data from 1981 to 2014 and cointegration techniques in Nigeria to
check the existence of an agriculture-induced EKC and look at how agriculture, FDI, trade liberalization,
and electricity use affect CO, emissions. Their findings validated the presence of the EKC theory in
Nigeria. Furthermore, the study revealed that, although agriculture and consumption of energy elevate
pollutants, FDI inflow alleviates the release of CO2. Moreover, Cetin et al. [8] used dynamic panel data
with DOLS and FMOLS estimates to test the idea that farming caused EKC in 47 countries from 1976 to
2017. Their research confirmed the validity of the EKC concept in relation to GDP and CO» emissions, as
well as the detrimental impacts of agriculture on the environment.

Dogan [23] looked at the influence of agriculture and GDP on CO; releases, supporting the inverted U-
shaped relationship and the negative impacts of farming output on the natural world in China. Volkan et
al. [24] examined the consequences of monetary sectors, including agriculture, electricity, waste, and
manufacturing, on pollution in Turkey within the context of the EKC concept utilizing the ARDL
approach. The analysis found no proof to support the EKC hypothesis or a significant correlation between
CO; emissions in the farming and industrial sectors. Vlontzos et al. [25] employed the Eco-efficiency
Index for agriculture and data from 1999 to 2002 to explore the inverted U-shaped link among EU regions.
The analysis identified an N-shaped association between variables, indicating that agriculture is
significantly unsustainable. Using the ARDL model and data from 1971 to 2014, Gokmenoglu et al. [26]
proved that the EKC hypothesis was correct and found that agriculture, GDP, and energy use all have
negative effects on China's GHG emissions.

Selcuk et al. [27] looked into how farming affects the release of CO; and tested the EKC hypothesis. They
did this by looking at control variables like FDI, commerce, and power adoption for the Next Eleven (N-
11) countries. The study, employing the panel cointegration approach and data from 1991 to 2019,
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yielded conflicting results. For instance, the agricultural sector reduces CO; emissions in Bangladesh and
Turkey, whereas it exacerbates air pollution in Mexico. Furthermore, only Bangladesh, Mexico, Nigeria,
and Turkey have validated the EKC. Parajuli et al. [28] conducted an analysis utilizing dynamic panel
data from 1990 to 2014 to examine the influence of agriculture and forest areas on CO- outputs across 86
nations. Their findings indicated that an expansion of forested regions reduces emissions, whereas the
agricultural sector exacerbates CO» pollution. Kara et al. [29] assessed the impact of agricultural land use
on several agricultural goods in Turkey from 1988 to 2019. The research indicated that applying farmland
for olive cultivation and fallow land elevates emissions while engaging farmland for fruits, drinks, and
vineyards reduces CO; emissions in this country.

Ehigiamusoe et al. [30] examined the influence of three primary sectors on the ecology in Malaysia. The
study, employing the ARDL technique, revealed that the banking sector reduces CO, emissions, but
agriculture, industry, and other financial industries exacerbate them. Khan et al. [31] used panel quantile
regression to look into the role of the agriculture sector, which included feed crops, along with control
variables such as manufacturing capacity, green power, GNP, and foreign trade in thirteen developed
countries and nine emerging countries. The research revealed that agricultural practices increase CO>
emissions, and only high-quantile states confirm the EKC.

In contrast, certain research identified a beneficial effect of agriculture on the condition of the air. Gurbuz
et al. [32] employed the ARDL technique and analyzed data from 1992 to 2014 to explore the influence
of agriculture, energy usage, and GDP on the release of CO in Azerbaijan. The findings validated the
EKC hypothesis and reduced the influence of the farming industry on air quality in this nation. Ridzuan et
al. [33] used the ARDL method to look at how agriculture, clean energy, urbanization, and GDP affected
CO; emissions in Malaysia from 1978 to 2016. They found that the agricultural sector had a moderating
effect on CO; emissions. Liu et al. [34] analyzed the impact of agriculture, green electricity, and GDP on
CO: releases in four ASEAN nations from 1970 to 2013. Their findings did not corroborate the EKC
hypothesis but highlighted the beneficial effect of agriculture on pollutants. Bas et al. [35] investigated
the relationship between farm value-added, merchandise value-added, and export value-added concerning
pollutants in Turkey from 1991 to 2019. The results corroborated the EKC concept and the reduction of
CO; emissions from farming.

Agriculture and ecological footprint

Usman and Makhdum [36] employed dynamic panel data to examine the influence of agriculture, both
sustainable and non-sustainable electricity, forest area, monetary growth, and GDP on environmental
footprint in BRICS-T nations from 1990 to 2018. The research indicated that a rise in agricultural value
adds to the EF. Furthermore, the results demonstrated the reciprocal influence of agricultural, financial
expansion, and environmental factors in these nations. Alvarado et al. [37] examined the relationship
among economic factors, research and development, agriculture, and global trade across 77 nations from
various areas throughout the period from 1996 to 2016, employing the FMOLS methodology. The results
demonstrated that agricultural value-added and trade openness contribute to elevated environmental
degradation, as measured by the EF, across North America, Europe, and Central Asia. The research
identified a causal link between agriculture and liberalization in commerce in these nations.

From 1975 to 2016, Udemba [38] used linear and nonlinear ARDL to examine the effects of FDI,
agriculture, energy use, population, and GDP on India's ecology. The research identified unidirectional
causal links among agriculture, FDI, electricity usage, and people with respect to EF. Moreover,
Olanipekun et al. [39] substantiated the negative effects of agricultural practices on EF across 11 Central
and West African nations. Muoneke et al. [9] examined the effects of farming and globalization on the
environment, utilizing two distinct indicators (EF and CO») alongside control variables like fossil energy
use, GDP, urban residents, and financial growth in the Philippines. The study provided evidence
supporting the agriculture-induced EKC, positing that ecosystem damage initially escalates before
subsequently improving as farming advances. Pata [19] examined the interplay between clean energy,
globalization, and agriculture in relation to environmental harm, as evidenced by both EF and CO»
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emissions in the BRIC nations. The empirical data indicated that crop production is a significant
contributor to ecological issues in these economies.

Soltani et al. [40] conducted an assessment and comparison of the resource footprints of various
agricultural products using the "system for combined evaluation for water, land, food, and environment-
SEA model" and data from 31 Iranian provinces over the 2013-2017 time frame. The study revealed that
the generation of oilseeds had the biggest energy footprint compared to others. Furthermore, although
cattle and poultry production exhibit the highest environmental footprint, wheat production represents the
greatest consumption of water, energy, and other resources. Salari et al. [41] examined the influence of
clean energy utilization, globalization, agriculture, and trade liberalization on the EF in 21 rising nations,
utilizing a panel fixed-effect quantile regression model. The analysis revealed that, with the exception of
globalization, several independent factors adversely affect the ecological condition in these 21 growing
nations.

In contrast, some studies have identified a beneficial consequence of agriculture on economic growth.
Aziz et al. [42] analyzed the effects of farming, both green and fossil-fuel power, forestry, and GDP on
the Economic Growth Chain (EF) in Pakistan from 1990 to 2018. The findings corroborated the EKC
hypothesis and demonstrated the decreasing influence of green power, forestry, and agriculture on EF.
Haq et al. [43] employed ARDL to examine the consequences of agricultural exports and financial
transparency on the environment in Pakistan, concluding that agricultural products enhance the
surroundings.

The empirical work predominantly addresses CO. emissions and presents inconclusive conclusions.
Furthermore, research concerning the adverse effects of AGR on EF lacks a theoretical foundation, as it
typically presumes a linear correlation between the two. Consequently, given the scarcity of research on
the influence of agriculture on ecological footprints (EF), our study aims to address this deficiency and
enhance comprehension of the relationship among agriculture, GDP, energy, and EF in Bangladesh.

Methodology

Data and model

The literature allows for the analysis of a long-term link among EF, GDP, energy consumption, and
agriculture in a quadratic functional manner. In order to assess the accuracy of the EKC hypothesis, we
have established the following formula.

EF=f(Y, Y% E, A) (1)

The endogenous variable EF shows the ecological footprint in global hectares per capita. The variables
"Y" shows GDP per capita (in current USD) as a measure of economic growth, "Y2" shows the square of
Y, "E" shows energy consumption in kilograms of oil equivalent per capita, and "A" shows the
agricultural value added as a percentage of GDP. We sourced the EF information from the Global
Footprint Network (GFN) [20] and acquired the agriculture, GDP, and power usage statistics for
Bangladesh from the World Development Indicators (WDI) [21] for the period from 1971 to 2022. The
author converted the parameters into their natural logarithms to determine the growth rates of the factors
of concern and the coefficients of elasticity. Equation (1) reformulated and transformed the model into the
linear-logarithmic format.

LEF, = Tg + T1LY; + ToLY? + T5LE, + T4LA; + &, 2)

According to the EKC framework, the coefficients of T; and T, are anticipated to have positive and
negative signs, respectively. It indicates that ecological damage increases as income levels rise, but as
earnings rise above a certain threshold, this decline gradually decreases. The projected signals of T3 and
T4 are positive, as larger power adoption and other earth assets, including land and water, exert a strain on
the state of the planet.
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Econometric methods

Employing a unit root examination is essential for avoiding flawed regression analysis. This method
isolates the parameters in a regression to assure their stationarity, utilizing only stationary procedures to
calculate the formula of concern. To fully comprehend cointegration across factors, empirical research
emphasizes the necessity of first articulating the order of integration. Studies show that because unit root
tests work differently depending on the size of the sample, it is important to use more than one when
looking at the integration sequence of the series [44]. The Augmented Dickey-Fuller (ADF) [45], the
Dickey-Fuller generalized least squares (DF-GLS) [46], and the Phillips-Perron (P-P) [47] tests were
applied to detect the autoregressive unit root. Unit root tests have been carried out to make sure that no
variables deviated from the amalgamation pattern and to support the DOLS system above traditional
cointegration frameworks.

The dynamic ordinary least squares (DOLS) technique [48] was employed to assess the time series
statistics. The DOLS cointegration process combines descriptive parameters and the leads and lags of the
initial variance phase into the error covariance matrix, which then aligns endogeneity with the standard
deviation calculations. The incorporation of the initial and final terms from the various parts demonstrates
the orthogonalization of the error term. The DOLS estimator's standard deviations have a typical
asymptotic distribution, making it an accurate proxy for testing statistical validity. Moreover, it can
accurately approximate the dependent variable on illustrative factors at different levels, leads, and lags
when there is a combined integration arrangement. This makes it easier to include certain factors in the
cointegrated framework. Several additional factors in the regression were I(1) parameters, representing
the leads (p) and lags (-p) of the initial variance, while other variables remained 1(0) parameters with a
constant term. The evaluation eliminates issues of small-sample bias, endogeneity, and autocorrelation by
aggregating both leads and lags across representative variables [49]. Subsequently, the researcher
deployed Equation (3) to estimate the long-run coefficient using the DOLS procedure.

q
ALEF, = Tg + T1LEF,_7 + ToLY,_q + ToLYZ | + T4LE,_; + TsLA_; + 3 y; ALEF,_;
i=1

q q q q
+ 3 V2 ALY i+ Y vaLYZ 4+ 3 V4 ALE i+ 3 V5 ALA + &
i=1 i=1 i=1 i=1
(3)

Results and discussion

Table 1 highlights the statistical description of the parameters for the time span 1971-2022. Skewness
projections near 0 demonstrate that the parameters have a normal distribution. Additionally, the kurtosis
data indicates that each dataset is platykurtic, with values below 3. Also, the Jarque-Bera probability
evaluations suggest that each factor exhibits a normal distribution.

We conducted unit root assessments to demonstrate the superiority of the DOLS approximation model
over mere cointegration, ensuring that no component exceeds the assimilation process. Unit root analyses
are incorporated on parameters at logarithmic levels and logarithmic first differences. The null hypothesis
for these tests posits that the series has a unit root. Table 2 showcases the outcome of unit root analysis
with the ADF, DF-GLS, and P-P examinations. It demonstrates that all factors are non-stationary at levels
(I(0)) but attains stationarity at the first difference (I(1)).

The DOLS assessment outcomes are shown in Table 3. The DOLS test findings indicate a substantial
correlation between EF and other variables. It indicates that a 1% upsurge in GDP results in a 0.86% rise
in EF at the 1% significance level, while a 1% surge in the square of GDP leads to a 0.29% drop in EF in
Bangladesh. Notably, there is a strong negative coefficient in the square of GDP and EF, even though EF
and GDP have a positive relationship. This shows that economic growth and EF are connected in a
nonlinear, inverted U-shaped way. Consequently, those findings corroborate the accuracy of the EKC for
Bangladesh [50-55]. Our outcomes align with previous studies that confirmed the agriculture-induced
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EKC for different countries [8,9,22,26,27,32,35,42]. This hypothesis suggests that countries prioritize
economic growth over environmental concerns during the transition from an agricultural to an industrial
economy. However, at high-income levels, the demand for environmental protection increases.

Table 1. Descriptive statistics

Variables LEF LY LE LA

Mean -0.76 6.04 4.96 321
Median -0.85 5.97 491 3.15
Maximum -0.31 7.89 5.62 4.13
Minimum -1.04 4.51 4.42 2.42
Std. dev. 0.23 0.87 0.37 0.49
Skewness 0.66 0.56 0.33 0.28
Kurtosis 1.98 2.49 1.80 2.12
Jarque-Bera 5.14 3.27 4.07 2.15
Probability 0.15 0.21 0.13 0.34
Observations 52 52 52 52

Note: LEF = ecological footprint, LY = economic growth, LE = energy USE, LA = agricultural value
added, *** indicates significance at a 1% level.

Table 2. Results of unit root test

Variables ADF DF-GLS P-p

1(0) I(1) 1(0) I(1) 1(0) I(1)
LEF -0.96 -7.42% %% -0.92 -6.38%*%* -0.96 -7.23 %%k
LY -0.34 -6.84%** -0.30 -6.48%** -0.38 -6.6] ¥**
LE -0.38 -4.68%** -0.36 -3.85%%%* -0.39 -4, 3% %%
LA -0.99 -6.64%** -0.75 -5.70%** -0.95 S7.73Fk

Note: ADF = Augmented Dickey-Fuller test, DF-GLS = Dickey-Fuller generalized least squares test, P-P
= Phillips-Perron test, LEF = ecological footprint, LY = economic growth, LE = energy use, LA =
agricultural value added, *** indicates significance at a 1% level.

Table 3. DOLS test results.

Variables Coefficient  Standard error  t-statistic p-value
LY 0.86%** 0.20 4.23 0.00
LY? -0.29%** 0.07 -3.87 0.00
LE 0.61%** 0.11 5.61 0.00
LA 0.69%** 0.10 6.83 0.00
C 9.82 7.27 1.35 0.00
R? 0.97

Adjusted R? 0.96

F-statistic 72.41 0.00
RMSE 0.02

MAE 0.02

Note: LY = economic growth, LY? = square of economic growth, LE = energy USE, LA = agricultural
value added, RMSE = root mean square error, MAE = mean absolute error, *** indicates significance at a
1% level.

The LE factor is statistically significant at 1%, indicating that an additional 1% in energy consumption
results in about a 0.61% spike in EF. The finding is supported by previous studies [56-61]. The ecological
issues associated with the generation and use of power encompass air quality, global warming, water
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contamination, thermal emissions, and garbage disposal. The utilization of energy amplifies the
ecological footprint as it exacerbates different environmental problems. The release of greenhouse gases
from burning fossil fuels is the primary contributor to residential air contaminants. The demand for
energy resources such as coal and oil increases Bangladesh's ecological footprint.

At the 1% threshold, agricultural value production has a favorable and statistically significant implication
on the ecological footprint. A 1% boost in agricultural value-added leads to a 0.69% spike in EF. The
estimated conclusions reveal that agricultural output in Bangladesh degrades its ecological integrity.
Previous studies elucidate that farming methods necessitate the utilization of fossil fuels (such as diesel or
oil) and amplified usage of nitrogen-rich fertilizers to safeguard crop harvests. Furthermore, methane and
nitrogen oxide released through animal and farm operations are major contributors to air pollution.
Consequently, crop cultivation may culminate in loss of resources (water, soil) and deforestation at a rate
that exceeds the regrowth rate, particularly in emerging economies such as Bangladesh. These results
prove that agriculture and energy usage harm the surroundings [18,19,37,38,39,41,62], aligning with
some studies while contradicting a select few [42,43].

Moreover, the patterns of the projected coefficients are coherent from both a conceptual and a practical
perspective. Additionally, multiple diagnostic methods were utilized to evaluate the adequacy of the
calculated simulation. The regression model that was created fits the data well, with R? = 0.97 and
modified R? = 0.96. This means that the explanatory parameters explain 96% of the variation in the
predictor factors. Both the endogenous and exogenous parameters confirm the DOLS paradigm, as
demonstrated by the F-value. The regression model is statistically significant, with an F-test p-value of
0.00. The RMSE and MAE were effectively utilized to determine the precision of the model's predictions.
The DOLS procedure delivered outcomes that closely align with the statistics, as evidenced by the RMSE
and MAE values being almost zero and non-negative.

To assess the adequacy of the DOLS model, we conducted the Breusch—Godfrey LM test for serial
correlation, the Breusch—Pagan—Godfrey evaluation for heteroscedasticity, the Jarque—Bera test for the
normality of residuals, and the Ramsey RESET test for model specification, outlined in Table 4. The
marginal probability values for the Breusch-Godfrey LM test, Breusch—Pagan—Godfrey
heteroscedasticity test, Jarque—Bera test, and Ramsey RESET analyses exceed 0.10. Diagnostic tests
indicate a thorough distribution of residuals and the absence of problems such as serial correlation and
heteroskedasticity in our estimation.

Table 4. Results of diagnostic test.

Diagnostic tests Coefficient p-value  Decision

Breusch-Godfrey LM test 0.75 0.41 No serial correlation
Breusch-Pagan-Godfrey test 1.03 0.35 No heteroscedasticity
Jarque-Bera test 1.58 0.89 Normal residual distribution
Ramsey RESET test 1.49 0.76 The model is properly specified

Note: LM = lagrange multiplier, RESET = regression equation specification error test.

Conclusions and policy recommendations

Prior agriculture-induced EKC investigations have a significant drawback in that they predominantly rely
on CO; emissions to validate the EKC concept. However, pollutants alone cannot fully capture the
entirety of ecological damage. This research, in addition to previous work, empirically analyzes the
implications of agricultural output on EF, leveraging data from 1971 to 2022 and the DOLS technique. It
also evaluates the agriculture-induced EKC for Bangladesh, considering energy as a control factor. It
seeks to formulate strategies for long-term growth in this nation.

We can describe the principal conclusions of this inquiry as such. At first, the DOLS simulation results
back up the idea that agriculture causes an inverted U-shaped connection between Bangladesh's GDP and
EF. This underscores that expansion in GDP allows Bangladesh to mitigate loss of biodiversity and
enhance environmental sustainability. The EF illustrates that ecosystem damage initially escalates with
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financial growth and subsequently develops as the economy expands. Secondly, energy consumption
appears to degrade the natural world within the country. A 1% rise in energy usage elevates Bangladesh's
EF threshold by 0.61%. Third, our statistics suggest that agricultural output in Bangladesh intensifies the
nation's EF. A 1% boost in agricultural value added lifts Bangladesh's EF level by 0.69%. This outcome
aligns with data reflecting a major increase in power and/or usage of electricity within Bangladesh's
farming industry. The comparative analysis reveals that agriculture's adverse consequences for ecological
health in Bangladesh surpass those of energy use. This is not surprising, considering that agriculture
contributes to air pollution and depletes the earth's resources through the constant use of chemicals and
herbicides. Our findings have several legislative consequences. Given that electricity utilization degrades
the surroundings, Bangladesh must expedite the shift from fossil fuels to sustainable energy technology.
Despite significant advancements in the adoption of clean power in Bangladesh, it is unable to maximize
its green energy possibilities. So, more innovations in renewable energy, more incentives for
incorporating alternative energy sources, and stricter environmental laws will all help Bangladesh cut
down on pollution and grow its economy. Given that agriculture significantly impacts the state of the
planet, the government should develop laws that encourage the use of greener alternatives such as solar,
wind, biomass, biogas, and geothermal in crop cultivation while simultaneously reducing the exploitation
of agricultural land. Furthermore, it is crucial to capitalize on the latest innovations in the agricultural
sector to boost production while avoiding the application of fertilizers, power sources, and pesticides, thus
averting further environmental damage. Moreover, ICT and modern technology may lessen emissions and
resource utilization in the agricultural sector. Therefore, we must implement the green farming industry
and smart crop cultivation solutions (Agriculture 4.0) to promote long-term prosperity. In this regard, as
blockchain solutions promote the attainment of all SDGs, not only farming companies but all businesses
ought to harness the benefits of this innovation to create strategies based on the blockchain platform.

This inquiry has certain drawbacks. Our research did not adjust for all the elements driving the EF in the
country. Future studies might cover additional variables such as ICT, R&D, human capital, green energy,
trade, and FDI that impact EF. Furthermore, future investigations could apply sophisticated econometric
methods to explore the link between EF and its factors. Subsequently, future studies can discuss the
connection within the context of various nations or groups of states, allowing us to compare the results
with those of the present inquiry.
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