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Abstract
Agriculture significantly contributes to the economic growth of many developing nations, while energy policies
aimed at combating climate change play a crucial role in bolstering this growth. This paper examines the
relationship between agriculture, renewable energy, trade openness, and economic growth on carbon dioxide (CO2)
emissions in India from 1965 to 2022. The unit root tests confirmed the stationarity of the data, and the
autoregressive distributed lag (ARDL) bound testing confirmed a long-run relationship among variables. The
results of the ARDL long-run elasticities indicate that a 1% increase in agriculture productivity and trade
openness led to a respective increase in CO2 emissions of 0.42% and 0.20%, respectively. In addition, a slight
increase in usage of renewable energy was found to have a positive impact on reducing CO2 emissions, while
economic growth also contributed to a small decrease in emissions. The findings confirmed the validity of the
environment Kuznets curve (EKC) alongside the pollution haven hypothesis in the context of India. The findings
suggest that implementing renewable energy usage, low-carbon economy, and trade reforms, along with robust
environmental policies that minimize CO2 emissions, can contribute to the development of the agriculture sector
and green economy.
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Introduction
Environmental degradation seems a prominent subject of study for researchers in the last century, as a result of
the increase in the emission of greenhouse gases (GHGs), particularly CO2 [1]. In 2022, the world's total
emissions of GHGs grew by 1.7 percent, obtaining a new peak of 53.8 billion metric tons of atmospheric carbon
dioxide equivalent. Worldwide released greenhouse gases have grown by a factor of over sixty since 1990 [2].
Global warming remains a pressing concern that has garnered focus among nations worldwide [3,4]. The 13th
Sustainable Development Goal (SDG) focuses on addressing the effects of global warming. Ever since the UN
introduced the SDGs, there has been a global increase in initiatives to address global warming by implementing
emission reduction strategies primarily specializing in the factories and power industries [5].
Main energy sources trigger air pollution is caused by the use of oil and gas along with additional resources that
are not renewable. These factors have detrimental consequences regarding public welfare and the surroundings [6].
Air pollutants have the ability to enter wetland ecosystems and freshwater sources, causing harm to marine life
and contaminating clean water [7]. The expansion regarding the economy within nations that are developing as
well as developed is closely linked to air pollution, as various economic activities across different sectors
contribute to this issue [8]. Electricity is crucial for driving business growth by contributing to revenue generation,
growth, job creation, and production [9]. Moreover, various studies indicate that climate is primarily driven by the
factors related to financial expansion and resource utilization [10].
Furthermore, trade openness is having a substantial and favorable consequence for the growth of the economy
[11]. Previous studies examined the comparative advantage for resource transfers between nations and debated
examining the implications of trade accessibility upon the environment [12]. A theoretical perspective regarding
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the influence of trade openness upon environmental effects implies the potential pollutants refuge implications
may be better understood through the lens of environmental control laws [13]. Examining the influence of
environmental regulation upon establish positioning decisions alongside trade patterns is heavily influenced by
the degree of openness [14]. Enforcing environmental regulations in developed countries promotes cleaner
production practices. As a result, many large enterprises priorities investing in merchandise with more pollutants
in newly industrialized countries that have effective safeguards against pollution [15]. This strategy allows them
to generate significant profits in their home countries. On the contrary, this argument lacks persuasiveness as
stringent environmental regulations have minimal effect on trade and investment flows. Many academic works
explore different countries, but the findings remain inconclusive. Dauda et al. [16] found evidence supporting The
Pollution Haven hypothesis. The assumption via demonstrating that CO2 emissions tend to increase with greater
openness to trade. On the other hand, alternative literature argues that trade openness actually reduces CO2

emissions and supports the reliability of the assumption regarding the existence of halo heaven [17].
In addition, emissions from Activities related to cultivation, including burning hedges, utilizing nutrients, using
substances forest destruction, insufficient hunting, alongside converting grasslands towards cultivable land during
cultivation, contribute to the rise in GHG emissions [18]. Around 20%-24% of a significant portion of global
greenhouse gas emissions come from AFOLU, which refers to farming, forestry, and additional activities
involving land [19]. Throughout the final decade of the last century, there came to be a notable rise in global
agricultural production, paralleling the increase in population. The rapid growth of the global population delivers
a substantial danger to the sustainability of agriculture and the health of the planet is of utmost importance, as it
results in a significant increase in the world's need for nutrition [20]. The agriculture sector was officially
recognized just like a major source of the release of greenhouse gases since it is inefficient farming methods used
to boost productivity and ensure food security [21]. Utilizing fossil fuel-powered farm machinery, implementing
irrigation systems, practicing confined animal rearing, and applying nitrogen-rich nutrients contribute to
emissions in the agriculture sector [22]. By implementing measures such as preventing deforestation, promoting
woodland regeneration, improving plant and animal care, and investing in green energy production, the
agricultural sector could potentially achieve a 20% reduction in total emissions by 2050.
India's economic growth is significantly boosted by the agriculture sector. In 2021, agriculture contributed to
approximately 45.5% of the labor force constituted a significant portion and contributed approximately 20%
towards India's GDP. Located in India, around 60 percent of the country's land is dedicated to agriculture. India
has become a major exporter of agricultural products such as We offer a wide range of products including grain,
herbs, fiber, crude oil snack frosting, oil of castor, coffee, the nuts, tea, seasonal produce, and fructose. In 2022,
India's agricultural and allied product exports exceeded $50 billion. Nevertheless, the agriculture sector in India
holds a major part in contributing to emissions of greenhouse gases, making up 20% of all emissions in the
country. India ranks as the third-largest contributor to GHG emissions globally. In 2021, India's CO2 emissions
reached 3.9 billion metric tons, accounting for approximately 7% of the global total.
The agricultural sector performs a critical part within driving the development of a nation's economy alongside
progress. Multiple studies have been conducted to analyze CO2 emission, but only a limited number have
considered agricultural variables. Nevertheless, the findings have been varied. There exists a lack regarding
research on the investigation examines the correlation among agriculture, trade transparency, renewable energy,
and the release of carbon dioxide in India. In addition, India has demonstrated a firm affiliation to decrease its
GHG emissions. To 45% of its 2005 level in relation to its GDP through 2030, India’s goal is to attain emissions
reductions of net zero in 2070. Many academic studies on Indian emissions have primarily focused on the
environmental aspects, often overlooking the country's trade openness and its impact on emissions. India, being a
growing economy, is projected to generate emissions due to its robust economic performance and commitment to
international trade, the country has experienced significant expansion. It is crucial to analyze the country's
emissions with regard to its growth by employing a methodology that emphasizes transparency in trade. This
investigation aims to analyze the association among agriculture, renewable energy, exports, as well as economic
growth on emissions of carbon dioxide through India.
This investigation adds to the current body of literature on environmental sustainability via examining the
association across parameters using a systematic approach. This study investigates the nexus between agriculture
and environmental quality in light of the economy, trade, and renewable energy. Since India ranks second in
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agricultural productivity and third in GHG emissions, the nation is selected as a sample. Moreover, a wide range
of datasets from 1965 to 2022 is utilized for the investigation. The ARDL approach has a virtue regarding
capturing each the short-run and long-run relationship simultaneously. Additionally, several unit root tests and
diagnostic tests are used to confirm the accuracy of the results. In addition, the paper offers new theoretical and
empirical perspectives that are especially valuable for decision makers. This research would assist to the
execution of procedures focused on achieving zero hunger (SDG 2), Ensuring access to affordable and clean
energy (SDG 7), promoting sustainable economic growth (SDG 8), encouraging responsible consumption and
production (SDG 12), and taking action on climate change (SDG 13) This study is notable for employing a
pollution-based examine that evolved in accordance with the ecological oasis hypothesis. The study's importance
is apparent in India's global position regarding geography, finance, politics, and farming. Nevertheless, the
research findings of the investigation have important consequences for other developing countries across different
regions.

Literature Review
Extensive research has been conducted in the literature that examines the effects regarding transparency in trade,
farming, energy efficiency, as well as CO2 emissions [23]. The following work explores different countries, with
varying strategies alongside observations that are influenced by the financial framework of each country being
studied. There are studies that examine the impact of agricultural practices regarding environmental quality, there
is a concept known as agriculture-induced environmental Kuznets curve (EKC). There is a limited amount of
literature available on the growing phenomenon of agriculture-induced EKC. Ali et al. [24] executed an in-depth
study to explore the link between agricultural ecosystem as well as CO2 emissions across Pakistan compared to
1972 to 2014. By employing the Granger causality test and ARDL model, the researchers were able to identify
several factors that assist to the rise through CO2 emissions. These factors include the expertise lies in the field of
cropping equipment transforming farm waste into the plant matter, raising grains, managing animals, and
cultivating multiple crops. Balsalobre-Lorente et al. [25] applied the FMOLS and DOLS methods to assess the
influence of agriculture on CO2 emissions within BRICS countries. The study uncovered a clear link between
agriculture and the release of CO2 into the atmosphere. Atasel et al. [26] employed the AMG method and it has
been discovered that farming plays a crucial role in the reduction of CO2 emissions in the highest ten agricultural
countries.
In the present day, multiple facets of the financial system contribute to the release of CO2. Thus, the assessment of
examining the link among growth and energy in relation to ecological contamination, and emissions has
successfully examined the link within environmental damage and economic prosperity. Increased use of energy
and economic growth have found to trigger increased emissions of CO2 in different countries around the world.
Alternative forms of energy are widely acknowledged over their capacity of lowering CO2 emissions as well as
promote a sustainable environment. Countries need to enhance environmental quality and establish
environmentally-friendly guidelines that encourage the widespread use of clean energy sources. Multiple studies
examined the influence of green electricity on carbon dioxide pollutants in multiple nations. Nevertheless, the
outcomes differ based on the percentage of green energy in the total power use of these countries.
There is ongoing debate surrounding the relationship between trade openness as well as CO2 emissions. It is a
notable amount of literature that discusses the consequences of scale, composition, and technique. Expanding the
rise in revenue growth is directly linked to a subsequent increase in CO2 emissions. as a result of openness to
trade and the scale effect. As trading expands, the GDP also increases, leading in response to a boost in release
of GHG emanating from industrial sector. Through careful analysis of the composition effect, it has been found
that commerce has a small but detrimental influence on society. Ultimately, when examining the technique's
impact; it becomes evident that the manufacturing sector has an enormous effect upon the environment as a result
of the growing demand for more environmentally friendly production methods. The consequences of transparency
in trade are actually categorized into three main categories: scale, composition, and technique. The pollution
haven hypothesis and pollution halo hypothesis propose two different ways in which trade openness impacts the
environment. According to the pollution haven hypothesis, companies that seek refuge in areas with lenient
environmental regulations tend to contribute to higher levels of CO2 emissions. As an illustration, Dauda et al. [16]
highlighted the presence associated with the pollutants haven hypothesis within African countries during the
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period of 1990-2016. In addition, Mahmood et al. [27] reported the pollution haven hypothesis in Tunisia through
the ARDL method.
However, when the host nation benefits from trade-related innovations that promote environmental sustainability,
it encourages a positive impact on our planet. This phenomenon is known as the pollution halo effect. Essandoh et
al. [28] verified the validity of the pollution halo effect in 52 developed and developing countries from 1991 to
2014. It revealed openness to trade encompasses a negative impact upon CO2 emissions through developed
countries. It was revealed that sharing trade-related knowledge encounters a beneficial effect on reducing the
release of CO2 across countries. By leveraging human capital and other resources, countries can maximize the
benefits of economic spillover.
Nevertheless, a bit of a dearth of research investigating pollution haven hypothesis in relation to India,
specifically focusing on agriculture and renewable energy. This study seeks to address the current void in
scholarly research; this study investigates the influence regarding agriculture, clean energy, trade, as well as
economic growth on India's CO2 emissions.

Methodology
Data
This study analyzed the effects of green energy, agriculture, and trade openness on CO2 emissions in India. The
research utilized the ARDL method and covered the time span from 1965 to 2022. Variables were chosen based
on prior research. Data on CO2 emissions and renewable energy were collected from the Our World in Data
(OWD) database, while data on agricultural value added, trade, and GDP were retrieved from the World
Development Indicators (WDI) database. Figure 1 illustrates the visual representation of the yearly patterns of the
variables. Variables were transformed into natural logarithms to ensure data normality.

Figure 1. Annual trends of the variables.
Empirical model and analysis procedures
The framework analyses the consequences of farming, openness to trade, and renewable energy on CO2 emissions
in India. We have derived from the following formula:

Ct = f (At; Rt; Yt; Tt)
(1)
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where, Ct, At, Rt, Yt, and Tt are CO2 emissions, agricultural value-added, renewable energy, economic growth, and
trade at time t.
Once the variables are assumed to have a relationship and a logarithmic form. A proposed empirical model is as
follows:

LCt = τ0 +τ1LAt + τ2LRt + τ3LYt + τ4LTt + εt
(2)

Nevertheless, using non-stationary variables in regression can lead to inaccurate outcomes. Therefore,
subsequently ought to verify that all factors are stationary before making any adjustments. Three unit root tests
were used to evaluate the stationary of the data set in this investigation. These tests consist of the Augmented
Dickey-Fuller (ADF) test [29], the Dickey-Fuller generalized least squares (DF-GLS) test [30], and the Phillips-
Perron (P-P) test [31].
This research utilized the ARDL model [32] to analyse the relationship across each of the variables. The ARDL
model was chosen for its many advantages. One of its key benefits is the capacity to assess both short-run and
long-run parameters simultaneously. Additionally, this framework is able to apply whatever that these time series
variables tend to be frictionally integrated, I (0), or I (1). Using proper variables is essential to ensure accurate
regression or ARDL procedure results.
A bounds test was used to evaluate whether there is a long-term relationship between the variables. According to
Pesaran et al. [32] critical value table, if the F test result exceeds the maximum essential cherish limit, the null
hypothesis of no co-integration between research variables is rejected. If the F test value falls within the range of
the critical boundaries, it indicates a biased result. The analysis suggests that the null hypothesis is supported,
indicating that there is no cooperation within the variables. Fortunately, the estimated result of the F test falls
below the lower critical limit. Furthermore, the long-term coefficient is established when there exists a long-run
relationship between the variables under investigation. Here is the formula for the long-run estimation model:

ΔLCt = τ0 +τ1LCt−1 + τ2LAt +τ3LRt +τ4LYt +τ5LTt +
i=1

q
α1� ΔLCt−i +

i=1

q
α2� ΔLAt−i

+
i=1

q
α3� ΔLRt−i +

i=1

q
α4� ΔLYt−i +

i=1

q
α5� ΔLTt−i + εt

(3)

Once a long-term association among the research a parameter has been recognized, a prediction for the short-term
model can be made. Equation (4) represents the short-run model, also known as the error correction model (ECM).

ΔLCt = τ0 +τ1LCt−1 + τ2LAt +τ3LRt +τ4LYt +τ5LTt +
i=1

q
α1� ΔLCt−i +

i=1

q
α2� ΔLAt−i

+
i=1

q
α3� ΔLRt−i +

i=1

q
α4� ΔLYt−i +

i=1

q
α5� ΔLTt−i +θECMt−1 + εt

(4)

Where, θ the error correction coefficient is an essential aspect in the model being estimated. The given value
illustrates the parameter for adjustment speed, indicating the velocity at which the series converges to a long-term
equilibrium.

Results and Discussion
The initial Table 1 which displays the descriptive and correlation statistical results of variables within our study.
The results indicate that the CO2 emission exhibits a negative skewness, whereas the remaining variables
demonstrate a positive skewness. The sleekness values, which are near zero, indicate most of those factors adhere
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to a normal distribution. All the series demonstrate platykurtic characteristics, with kurtosis values that are less
than 3. According to the Jarque-Bera probability, it can ensure that each of the variables adhere to a normal
distribution. The correlation matrix shows that trade openness and GDP are positively and significantly correlated
with CO2 emissions. On the other hand, agriculture and green energy have an adverse association with CO2

emissions.

Table 1. Descriptive and correlation statistics
Variables LC LA LR LY LT
Mean 20.310 3.2280 2.1759 26.686 3.0509
Median 20.360 3.2850 2.1523 26.504 2.9889
Maximum 21.763 3.7554 2.6959 28.860 4.0217
Minimum 18.851 2.7746 1.7271 24.549 2.0362
Skewness -0.0169 0.0311 0.2155 0.1041 0.0548
Kurtosis 1.6913 1.5436 2.1292 1.9272 1.6529
Jarque-Bera 2.1419 3.1352 2.2816 2.8864 2.4143
Probability 0.2161 0.1767 0.3196 0.2362 0.1111
Observations 58 58 58 58 58

Correlation between the variables
LC LA LR LY LT

LC 1.0000
LA -0.9789 1.0000
LR -0.6734 0.7159 1.0000
LY 0.9876 -0.9679 -0.5892 1.0000
LT 0.9560 -0.9757 -0.6621 0.9507 1.0000

The results of unit root testing using ADF, DF-GLS, and P-P tests are displayed in Table 2. The results indicate
that the variables were not stationary in their original form but became stationary when their first differences were
considered in all three unit root tests. The results of the unit root tests proceed us to conduct the analysis within
the ARDL framework.

Table 2. Results of unit root testing

Variables
ADF DF-GLS P-P

Log
levels

Log first
difference Log levels Log first

difference Log levels Log first
difference

LC -0.1611 -7.6776*** -0.7176 -7.3295*** -0.1624 -7.6752***
LA -0.6015 -8.1213*** -0.7708 -4.2033*** -0.6015 -8.1213***
LR -1.2927 -7.7088*** -1.3187 -7.6031*** -1.3395 -7.7076***
LY -0.5072 -8.5875*** -0.8952 -7.1057*** -0.5063 -8.5106***
LT -0.6676 -6.1753*** -0.6964 -5.2563*** -0.7140 -6.2548***

***P<0.01

The study utilized the ARDL-bound testing procedure for a comprehensive and concise long-run cointegration
within the variables (Table 3). The result indicates the presence of co-integration, which signifies a long-term
association with variables. This is supported by the F statistic (26.14) for this model, which exceeds the upper
critical values.

Table 3. The outcome of the ARDL bounds test
Test statistic Value Significance I(0) I(1)
F-statistic 26.141 At 10% 1.99 2.94
K 4 At 5% 2.27 3.28

At 2.5% 2.55 3.61
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At 1% 2.88 3.99

Table 4 displays the estimated findings of the long- and short-run results obtained through the ARDL approach.
The outcome suggests that over time, there is a notable increase in CO2 emissions due to agriculture and trade
openness, whereas energy efficiency and GDP have the opposite effect, leading to a decrease in CO2 emissions.
Utilizing renewable energy sources in the immediate future has been shown to lower emissions, while factors
such as GDP, agriculture, Trade openness and professional expertise play a crucial role in the rise of CO2

emissions. The estimated coefficients for agriculture show a clear positive relationship with CO2 emissions. This
implies that a 1% increase in agriculture productivity culminates in a 0.42% rise in CO2 emissions in the long run,
and a 0.15% increase in the short run. One possible reason for this could be the continued dependence on fossil
fuel energy in India's agricultural sector. The agricultural sector heavily relies on fossil fuels for various processes
such includes thawing, watering, warmth, wrapping, water delivery, along with conveyance of crop-related
merchandise. Unfortunately, The transportation of petroleum and gas leads to the increased emissions of CO2. It
appears that the promotion of the agricultural sector in India does not lead to improvements in the field of energy
optimization or the implementation of sources of clean energy. Considering the significant magnitude of the
farming industry and the widespread use of fossil fuels in India, it can reasonably conclude that the expansion of
farming processes brings about a rapid increase in CO2 emissions. Preceding empirical results support the
foregoing conclusion [33,34]. It has been stated that farming leads to an upsurge in CO2 emissions. On the other
hand, these findings challenge other scientific evidence that argue farming diminishes CO2 emissions [35,36].

Table 4. ARDL long and short-run results
Variables Long-run Short-run

Coefficient t-Statistic p-value Coefficient t-Statistic p-value
LA 0.4192** 3.3508 0.0232 0.1509** 3.6397 0.0342
LR -1.7613*** -5.1815 0.0001 -1.036*** -5.8351 0.0000
LY -0.0236* -1.8467 0.0693 1.9819*** 3.6085 0.0002
LT 0.1984** 2.5014 0.0176 0.6061*** 4.9516 0.0009
C 15.720 1.8319 0.1047 - - -
ECM (-1) - - - -0.5417*** -3.3119 0.0000
R2 0.9883
Adjusted R2 0.9821

***P<0.01, **p<0.05, *p<0.1

The findings indicate that a 1% increase in renewable power consumption decreases CO2 emission by 1.76% in
the long run whereas 1.04% in the short-run. In this context, it is imperative to prioritize the embrace of
renewable power sources in order to effectively reduce CO2 emissions in India. Prior results from experiments
further support this outcome [37-41]. The shift from fossil fuels to clean energy uses aids in reducing the negative
impact on the environment in the context of India. Renewable energy uses improve environmental quality through
the mitigation of CO2 emissions [42-46]. The Indian government established specific objectives aimed at
mitigating its overall anticipated carbon emissions by 1 billion metric tons by the year 2030. India aims through
the year 2030; the goal is to generate 50% of the total electricity from non-fossil fuel sources. India has adopted
wind, solar, bio, and hydro energy in its total electricity production. As it is gradually adopting clean energy in the
national energy production, the consequences are working in accordance. National-wide adoption of clean energy
is aiding India in the achievement of sustainability in the environment and development.
The estimated coefficient of GDP shows that in the short-run, a 1% rise in GDP boosts CO2 emissions by 1.98%.
However, in the long run, the negative coefficient indicates that a 1% increase in GDP would decrease CO2

emissions by 0.02%. Our research discovered an association among economic growth and CO2 emissions,
following an inverse U shape pattern. This indicates that the association among revenue growth and CO2

emissions in India can be reversed as the country’s GDP continues to rise. The outcomes support the EKC
hypothesis within the Indian context. This result was reinforced by previous empirical findings [47-53] that
revealed an inverse U shape relationship between economic growth and CO2 emission in India. Economic growth



Journal of Environmental and Energy Economics

44

is measured by the GDP. Increase in the GDP, or economic growth, assessments in a spike in emissions of CO2 in
India. As economic growth increases, several demands related to economic growth also increase. To meet the
direct and indirect increasing demand of people, waste and garbage are produced more. Fossil fuel burning also
increases in the industry, including manufacturing and transportation, to support the increasing economic growth.
This suggests that environmental risk should be minimized by adopting environmentally friendly technology in
the Indian industry as well as shifting from fossil fuel energy production to renewable energy in India. Indian
expanded economic growth should be supported through environmentally friendly activities that will assure the
mitigation of CO2 and lead to sustainable development. Through sustainable economic development, Indian
competitive capacity will increase globally.
In terms of trade openness, the positively significant coefficients indicate that a 1% increase in trade openness
increases CO2 emission by 0.20% (long-run) and 0.61% (short run). The results confirmed the pollution haven
hypothesis in the context of India. Prior findings from experiments further supported this outcome [34,38,39,54].
When the degree of trade increases in a nation, it means production as well as consumption increases, which is
supported by the higher use of natural resources and enhanced pollution. Industries usually stress their priority on
production efficiency over environmental sustainability. When industries prioritize production, it results in
environmental degradation through air pollution, water pollution, deforestation, and habitual destruction in India.
Moreover, expanded trade resulted in an upsurge in the utilization of transportation that required the use of fossil
fuels, thereby increasing CO2 emissions. Trade openness in India may provide economic benefits, but in the long
run, to achieve sustainable development, it is required to adopt environmentally friendly activities through the use
of new technology.
The ECM estimate of the significance threshold at the 1% level, along with the negative trend, suggests that the
departure from long-run equilibrium in the current year is corrected at a speed of 54% through various channels
such as the farming industry, openness to trade, economic expansion, and green power. Moreover, the R2 and
adjusted R2 values for long-run estimation are 0.9883 as well as 0.9821, respectively, indicating a high level of
accuracy for the calculated regression model. It is evident that the independent factors account for 98% of the
discrepancy in the change of the variable that is dependent.
The model’s reliability was implemented using the cumulative sum (CUSUM) and cumulative sum of the square
(CUSUMSQ) analyses, based on the recursive regression residuals (Figure 2). The estimated coefficients of the
ARDL model are considered stable as the statistical line falls within the critical boundaries with a significance
level of 5%.

Figure 2. The results of CUSUM and CUSUMSQ tests

In addition, we performed extra diagnostic tests to verify the reliability of the ARDL model used in this study.
The diagnostic tests in Table 5 include the serial correlation test alongside the heteroscedasticity test. The
diagnostic inspection indicates that the residuals follow a normal distribution, and the model is correctly specified.
In addition, there is no evidence of serial correlation or heteroscedasticity.

Table 5. The results of diagnostic tests
Diagnostic tests Coefficient p-value Decision
Jarque-Bera test 2.2346 0.3271 Normal residual distribution
Ramsey RESET test 0.9833 0.3461 The model is properly specified
Breusch-Godfrey LM test 1.8445 0.1738 No serial correlation exists
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Breusch-Pagan-Godfrey test 0.7687 0.2783 No heteroscedasticity exists

Conclusions
India's economy is significantly driven by the agriculture and trade sectors, which play a crucial role to encourage
the expansion of the marketplace. On the other hand, there is a dearth of scientific and philosophical information
about the influence that farming, the utilization of clean energy and trade accessibility has on carbon dioxide
emissions. Additionally, the association among independent variables and CO2 emissions has yielded mixed
theoretical and empirical findings. This study addresses to what extent carbon emissions are affected by
agricultural practices, renewable energy sources, economic expansion, and trade liberalization from 1965 to 2022.
This study is built upon a strong analytical framework that is provided by the scientific basis underlying pollutant
haven and environment Kuznets curves. We utilized ARDL as our chosen method of analysis. The co-integration
tests confirm the presence of a co-integrating relationship among the variables in India. In addition, when
examining the long-term data, it becomes evident that both the GDP and the utilization of renewable energy are
associated with a reduction within CO2 emissions. Conversely, the agricultural sector and international trade show
there has been rising in CO2 emissions. On the other hand, the analysis of the short-term reveals that GDP,
agriculture, and international trade contribute to a rise in CO2 emissions, but renewable energy is effective in
lowering them. The adverse influence of agriculture, trade across borders, and economic expansion upon
environmental sustainability suggests a lack of sufficient environmental regulations and the role of trade
improvements in contributing to environmental degradation.

Fossil fuel usage in the agricultural sector results in a significant spike in CO2 emissions. Renewable energy is
crucial for the agriculture industry. Implementing it is highly recommended to incorporate rooftop solar power
mechanisms, offshore wind electricity, effectiveness watering techniques, training programmers, and financial
support in the agriculture sector to promote environmental sustainability. Policymakers should prioritize
emphasizing the success of transitioning from fossil fuel energy to clean energy. This can be achieved through
increased Securing financing for advancement and research initiatives, while also enhancing regulations and
legislation. In order to mitigate the effects of trade openness and the impact of economic expansion on ecological
sustainability, it is essential to promote the development of environmentally friendly industries that can facilitate
the transfer of clean technology knowledge across all sectors of the economy. In order to facilitate an effective
and streamlined method for knowledge transfer, it is crucial for receiving countries to enhance their capacity for
absorbing new information.
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