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ARTICLE INFO ABSTRACT
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This study explores the impact of agricultural support policies on greenhouse gas emissions in BRICS-T countries
(Brazil, Russia, India, China, South Africa, and Tiirkiye), emphasizing the role of financial development, market
structures, and institutions. Using annual data from 2000 to 2021, the research employs advanced panel time-
series econometric techniques, including the Augmented Mean Group (AMG) estimator and, the Westerlund
and Edgerton cointegration test, to assess long-term relationships. Findings indicate that economic growth
significantly contributes to rising agricultural emissions, while the influence of financial development varies
across countries. In Tiirkiye and South Africa, financial institutions play a crucial role in promoting sustainable
agricultural investments, thereby helping to mitigate emissions. Policy recommendations include redesigning
subsidy mechanisms to support eco-friendly farming, integrating carbon pricing into agricultural strategies, and
strengthening financial institutions’ role in green investments. By examining the intersection of agriculture,
emissions, and finance, this study offers valuable insights for sustainable policy development in emerging

economies.

1. Introduction

Agriculture, while being a vital sector for global food security, also
exerts both direct and indirect impacts on environmental quality. In
recent years, the environmental consequences of agricultural production
processes have been increasingly discussed, bringing sustainable
farming methods to the forefront (Appiah et al., 2018). One of the most
critical concerns is the contribution of agricultural activities to carbon
emissions, which plays a significant role in the fight against climate
change. The agricultural sector is responsible for approximately 18-30
% of global greenhouse gas (GHG) emissions, notably releasing methane
and nitrous oxide (Iyke-Ofoedu et al., 2024). The use of fossil fuels,
fertilizers, and pesticides in farming not only intensifies atmospheric
carbon accumulation but also leads to soil and water pollution (Pata,
2021). Therefore, adopting eco-friendly agricultural practices and
incorporating innovative technologies hold the potential to minimize

these environmental impacts. The environmental impact of agriculture,
however, extends beyond carbon emissions. The overuse and contami-
nation of water resources remain pressing issues. Intensive agricultural
irrigation and heavy reliance on chemical fertilizers contribute to the
depletion and pollution of water bodies (Balogh, 2022). Excessive
extraction of groundwater can lead to long-term water scarcity,
adversely affecting agricultural productivity. Implementing sustainable
water management practices is crucial in addressing these challenges
(Tongwane et al., 2020). Technologies such as drip irrigation and ag-
roecological approaches can play a pivotal role in conserving water re-
sources. Additionally, promoting eco-friendly practices like the use of
organic fertilizers and biological pest control is essential to reduce water
contamination caused by agricultural activities (Raihan & Tuspekova,
2022).

Biodiversity loss is another significant environmental consequence of
agricultural activities. Industrial farming practices that promote
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monoculture cultivation lead to ecosystem degradation and a reduction
in genetic diversity (Balogh & Jambor, 2020). This decline in biodi-
versity poses risks to both ecosystem health and long-term agricultural
productivity. Agroecological farming methods and the conservation of
local seed varieties are critical for preserving biodiversity. Moreover,
protecting natural habitats and implementing environmentally friendly
farming techniques are essential for ensuring sustainability (Lacombe
et al., 2018). Environmental taxes and policies serve as vital tools for
mitigating the adverse effects of agriculture on environmental quality.
By imposing such taxes, harmful agricultural practices can be reduced,
while encouraging the adoption of sustainable methods (Dogan, 2019).
Integrating technological innovations into farming can also facilitate the
development of low-carbon production processes, enhancing overall
environmental quality. For instance, precision agriculture technologies,
soil analysis systems, and biotechnological solutions can significantly
contribute to reducing carbon emissions and strengthening sustainable
farming practices (Cillis et al., 2018). In conclusion, adopting sustain-
able agricultural practices is essential to minimize the negative impacts
of agriculture on environmental quality. Developing and implementing
more conscious policies within the agricultural sector is vital to
balancing global food security with environmental sustainability
(Iyke-Ofoedu et al., 2024). Looking ahead, the integration of techno-
logical innovations, sustainable water management,
biodiversity-supporting practices, and environmental taxation policies
can substantially reduce agriculture’s environmental footprint. Raising
farmer awareness, providing government support, and fostering inter-
national cooperation will further enhance the effectiveness of these ef-
forts. To reduce agriculture’s ecological footprint and build a sustainable
future, collaboration among all stakeholders is imperative (Sun et al.,
2024).

The intricate link between financial development and environmental
quality has attracted significant attention in recent years, especially as
the global community faces the pressing challenges of climate change
and environmental degradation. Financial development, which encom-
passes the expansion of financial institutions, markets, and instruments,
plays a dual role in this complex dynamic. On one hand, it can stimulate
economic growth and encourage technological innovations that support
environmental sustainability. On the other hand, it can contribute to
environmental degradation by financing industries that heavily rely on
natural resources and carbon-intensive energy sources (Usman et al.,
2022). The industrialization process, driven by economic expansion and
financial development, has historically been associated with rising GHG
emissions and ecological harm. A notable example is the increase in
carbon dioxide (CO,) emissions, which accounts for roughly 75 % of
global GHG emissions, directly linked to intensive industrial activities
fueled by financial growth (Shahbaz et al., 2021). Financial institutions
and markets, by providing easier access to capital, often enable in-
dustries to expand operations without adequately considering their
environmental impact (Aytun et al., 2024). This issue is particularly
evident in developing economies where environmental regulations may
be less stringent. However, financial development also has the potential
to alleviate environmental harm. Well-structured financial systems can
support green investments and renewable energy projects, promoting a
transition toward a low-carbon economy (Kirikkaleli & Adebayo, 2021).
Empirical studies show that, in the long run, global financial develop-
ment positively impacts environmental sustainability by boosting
renewable energy consumption and fostering technological innovation
(Habiba & Xinbang, 2022). This dual effect underscores the importance
of implementing financial policies that prioritize sustainable develop-
ment goals.

Technological innovation, often accelerated by financial develop-
ment, plays a crucial role in shaping environmental outcomes. In-
vestments in research and development, supported by robust financial
systems, can lead to breakthroughs in energy efficiency and the adoption
of cleaner production methods (Fatima et al., 2025). For instance, in
Sub-Saharan Africa, green technological innovations have been shown
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to improve environmental quality when backed by stringent environ-
mental policies and sufficient financial resources (Fatima et al., 2025).
Another important dimension of this discussion is the impact of financial
inclusion and remittance flows on environmental quality. Studies sug-
gest that remittances can influence environmental outcomes by altering
consumption and investment patterns in recipient countries (Aljadani
et al.,, 2023). While remittances can stimulate economic growth and
improve household welfare, they may also lead to increased energy
consumption and higher CO, emissions if not directed toward sustain-
able projects. In conclusion, the interaction between financial develop-
ment and environmental quality is multifaceted and context-dependent.
Financial growth can drive environmental degradation through indus-
trial expansion and resource exploitation, but it also holds the potential
to promote sustainability via green investments and technological ad-
vancements (Oanh, 2024). Therefore, policymakers must design finan-
cial frameworks that balance economic growth with environmental
preservation, ensuring that financial development serves as a catalyst for
achieving global sustainability goals.

The connection between economic growth and environmental
quality has been a central topic in academic and policy debates for de-
cades. Economic growth, typically measured by increases in Gross Do-
mestic Product (GDP), is often regarded as a primary goal for nations
aiming to improve living standards, reduce poverty, and promote
technological advancement. However, this pursuit has frequently come
at the expense of environmental sustainability, raising significant con-
cerns about global warming, pollution, and resource depletion
(Alakbarov et al., 2024). One of the most pressing challenges of the
modern era is finding a balance between economic expansion and the
need to protect environmental quality. Rapid industrialization, urbani-
zation, and rising energy consumption (hallmarks of economic growth)
have contributed to escalating GHG emissions, deforestation, and
pollution (Xiong et al., 2016). Sectors such as agriculture and heavy
industry are particularly significant contributors to environmental
degradation due to their high resource demands and carbon-intensive
processes. Research has demonstrated that agricultural activities,
through land-use changes, deforestation, and energy-intensive practices,
significantly increase CO; emissions, thereby worsening climate change
(Adebayo et al., 2024; Xiong et al., 2016). The complexity of the eco-
nomic growth-environment nexus is further influenced by financial
development and support mechanisms. Financial systems play a dual
role in this dynamic. On one hand, well-structured financial markets can
facilitate investments in sustainable technologies, renewable energy,
and environmentally friendly infrastructure (Fakher et al., 2022). On the
other hand, in the absence of adequate regulation, they can promote
capital-intensive industries that contribute to environmental degrada-
tion (Xuezhou, Manu, & Akowuah, 2022). Agriculture, which remains a
vital component of economic growth in many developing countries,
presents a paradox in terms of environmental sustainability. While it is
essential for food security and rural development, agricultural practices
often lead to significant environmental challenges, including soil
degradation, water pollution, and high levels of GHG emissions
(Adebayo et al., 2024). Financial support in the form of subsidies and
incentives can influence agricultural practices in both positive and
negative ways. Targeted subsidies that promote sustainable farming
methods can reduce environmental harm, whereas indiscriminate
financial support may lead to overproduction and environmentally
harmful practices (Aziz et al., 2024). The relationship between eco-
nomic growth and environmental quality is inherently multifaceted.
Achieving a balance requires comprehensive policies that integrate
economic, environmental, and social objectives (Wahab et al., 2024).
Financial development, agricultural practices, and trade policies must
be aligned to support sustainable growth. Policymakers need to imple-
ment regulations and incentives that promote environmentally friendly
practices while simultaneously encouraging economic development.
Only through such integrated approaches can societies achieve
long-term sustainability and build resilience against environmental
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challenges.

This study makes a significant contribution to the existing literature
by addressing critical gaps in the relationship between agricultural
support policies, financial development, economic growth, and envi-
ronmental sustainability in BRICS-T countries. The key motivations and
contributions of this research are as follows: i) BRICS-T countries (Brazil,
Russia, India, China, South Africa, and Tiirkiye) play a crucial role in
global agricultural production while also being among the largest
emitters of agricultural GHG emissions. Together, they account for a
significant share of the global food supply, yet their agricultural support
policies and environmental impact remain underexplored in a compar-
ative framework. Understanding how agricultural policies influence
emissions in these economies is essential for designing effective climate
mitigation strategies. ii) Unlike developed economies where agricultural
subsidies are primarily structured around environmental sustainability,
BRICS-T countries exhibit heterogeneous and evolving subsidy policies.
While Brazil and Tiirkiye have implemented some sustainability-focused
incentives, China, India, and Russia continue to provide high-emission
subsidies that encourage resource-intensive agricultural expansion.
This study fills a gap in the literature by investigating how different
policy structures within BRICS-T shape environmental outcomes. iii)
The role of financial institutions and markets in shaping agricultural
sustainability remains an underexplored area, particularly in emerging
economies. This study distinguishes between financial institutions and
financial markets, providing novel insights into how different financial
structures influence the effectiveness of agricultural subsidies in
reducing or exacerbating GHG emissions. Given that BRICS-T countries
are experiencing rapid financial sector transformations, examining their
role in mitigating environmental degradation is highly relevant. iv) The
study employs advanced panel time-series econometric techniques,
including the Breitung and Das (2005) unit root test, the Westerlund and
Edgerton (2007) LM bootstrap panel cointegration method, and the
Augmented Mean Group (AMG) estimator. These methods ensure
robustness against cross-sectional dependence and slope heterogeneity,
allowing for reliable long-term policy insights that account for
country-specific differences within BRICS-T. v) Unlike previous studies
that examine agricultural policies and environmental impact in isola-
tion, this research explores the interactive effects of economic growth
and financial development on agricultural emissions. The findings
reveal that while economic expansion intensifies emissions,
well-structured financial institutions can counterbalance environmental
harm by promoting green agricultural investments. This highlights the
need for integrated policy frameworks that balance economic growth,
food security, and climate commitments in emerging economies. The
remainder of this paper is structured as follows: Section 2 reviews the
existing literature on the relationship between agricultural policies,
financial development, and environmental sustainability. Section 3 de-
scribes the dataset and outlines the econometric methodology. Section 4
presents the empirical findings and discusses their implications. Finally,
Section 5 concludes the study by summarizing key policy recommen-
dations and outlining directions for future research.

2. Literature review

This section provides a general overview of the existing literature on
the impact of agriculture, financial development, and economic growth
on environmental quality. Studies in the field have produced diverse
results based on different methods, time periods, and country contexts.
While some findings align across various research, others present con-
trasting or even conflicting outcomes. This variability highlights the
complexity of the factors influencing environmental quality and un-
derscores the importance of context-specific dynamics. The aim of this
review is to outline key trends in the literature and offer a comprehen-
sive framework on the subject.
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2.1. Literature evaluation and research gap

The existing literature encompasses a wide range of studies exam-
ining the effects of agriculture, financial development, and economic
growth on environmental quality from various perspectives. Most
research exploring the relationship between agriculture and environ-
mental quality highlights that agricultural activities tend to increase
CO emissions. Studies by Rehman et al. (2022), Xiong et al. (2016),
Appiah et al. (2018), Yurtkuran (2021), and Iyke-Ofoedu et al. (2024)
emphasize the adverse environmental impacts of agricultural practices.
Conversely, some studies, such as those by Bas et al. (2021), Pata (2021)
and Balogh (2022), suggest that agriculture can positively influence
environmental quality under certain conditions (see Table 1). The
relationship between financial development and environmental quality
presents more complex findings. While Kirikkaleli and Adebayo (2021)
and Anwar et al. (2022) report that financial development increases CO5
emissions, other studies, including those by Khan and Ozturk (2021) and
Habiba and Xinbang (2022), argue that it can enhance environmental
quality. Additionally, research by Xu et al. (2022) and Oanh (2024)
presents mixed results, indicating that the environmental impact of
financial development may vary depending on specific contexts (see
Table 2). Studies examining the relationship between economic growth
and environmental quality also yield diverse outcomes. Zhang et al.
(2017) and Alakbarov et al. (2024) find that economic growth con-
tributes to higher CO5 emissions, whereas Fan et al. (2022) and Bozatli
and Akca (2024) suggest that economic expansion can lead to im-
provements in environmental quality. Some studies, such as those by
Aydin et al. (2023), Sogut et al. (2025) and Nordin et al. (2025), support

Table 1
The relationship between agriculture and environmental quality.
Authors Countries Periods Method Result
Rehman et al. Bhutan 1980-2020 ARDL increases CO,
(2022)
Xiong et al. China 1999-2013 decoupling increases CO,
(2016) (Hotan) relationship
analysis
Appiah et al. Selected 1971-2013  FMOLS and increases CO,
(2018) Emerging DOLS
Economies
Kara et al. Tiirkiye 1988-2019  ARDL Mixed Results
(2021)

Pata (2021) BRIC 1971-2016 Fourier ADL Positive impact
on
environmental
quality

Yurtkuran Tiirkiye 1970-2017 ARDL increases CO2

(2021)
Bas et al. Tiirkiye 1991-2019 FMOLS and increases
(2021) CCR environmental
quality
Balogh 152 non-EU 2000-2018 FMOLS and lowers CO,
(2022) countries DOLS
Raihan and Brazil 1990-2019 ARDL-DOLS increases CO5
Tuspekova
(2022)
Raihan Vietnam 1984-2020 ARDL-VECM lowers CO,
(2023)
Iyke-Ofoedu South Africa 1992-2021 ARDL increases CO2
et al.
(2024)
Ma et al. top eight 1990-2020 PMG-ARDL, Increases
(2024) agricultural SC-ARDL environmental
emitters degradation
countries

Shahbazetal.  Netherlands 1995-2019 Fourier Insignificant

(2024) Augmented impact on
ARDL environmental
quality

Li et al. 214 countries ~ 1990-2021 structural Mixed Results

(2025) and equation
territories modeling
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Table 2 Table 3
The relationship between financial development and environmental quality. The relationship between economic growth and environmental quality.
Authors Countries Periods Method Result Authors Countries Periods Method  Result
Kirikkaleli developed and 1985-2017 FMOLS, increases COy Moshiri and Iran 1976-2014  ARDL No impact on
and emerging DOLS and Daneshmand environmental
Adebayo countries CCR (2020) quality
(2021) Zhang et al. Pakistan 1985-2018 DARDL increases CO,
Anwar 15 Asian 1990-2014 FMOLS and increases CO5 (2017)
et al. economies DOLS Fan et al. 286 Cities in 2007-2017 GMM Environmental
(2022) (2022) China quality increases
Akca Tiirkiye 1965-2018 Augmented Insignificant Aydin et al. European 1995-2018  Cs- Mixed Results
(2021) ARDL impact on CO, (2023) Union ARDL
Khan and 88 developing 2000-2014 Sys-GMM lowers CO, Ahmad et al. G-11 2000- Cs- Lowers EFP
Ozturk countries (2023) 2018 ARDL
(2021) Alakbarov G-20 1992- ARDL increases CO5
Habiba and developed and 2000-2018 Sys-GMM lowers CO, et al. (2024) 2014
Xinbang emerging Nguyen (2024) Southeast 1990-2019 ARDL Lowers CO,
(2022) countries Asian
Xu et al. G7 countries 1986-2019  NARDL Mixed Results countries
(2022) Bozatli and Netherlands 1996-2021 ARDL Environmental
Aljadani top ten 1980-2018 Panel Environmental Akca (2024) quality degrades
et al. countries quantile degradation Sogut et al. European 1996-2020 RCCE- Economic growth
(2023) receiving regression increases (2025) Union CCE initially degrades
remittances (PQR) environmental
method quality. Later it
Oanh 16 low financial ~ 2015-2020 PVAR Mixed Results improves
(2024) development environmental
countries quality
(LFDCs) and 29 Nordin et al. ASEAN 1995-2019 CCEMG  Economic growth
high financial (2025) initially degrades
development environmental
countries quality. Later it
(HFDCs) improves
Aytun et al. 19 middle- 1980-2016 CS-ARDL Environmental environmental
(2024) income quality quality
countries increases
Fatima Sub-Saharan 1990-2020 FMOLS, Environmental
et al. Africa DOLS and quality
(2025) CCR increases Table 4
Description of variables.
the Environmental Kuznets Curve hypothesis, which proposes that Variables Abbreviation _ Description Source
economic growth initially leads to environmental degradation but Greenhouse Gas Emissions GHG Per Capita Our World
eventually results in improvements in environmental quality after from Agriculture in Data
Gross Domestic Product GDP Per Capita (2015$  WDI
reaching a certain income threshold (see Table 3). Despite the extensive constant
body of research, significant gaps remain in the literature: I) Insufficient Prices)
examination of country- and region-specific heterogeneities, particu- Total Budgetary Support TBS %GDP OECD
larly a lack of in-depth studies on the environmental effects of agricul- Estimate for Agriculture
. . . . L. Financial Development FD Index IMF
tural subsidies in developing economies, II) Limited research on the Financial Institutions - Index IMF
distinct impacts of financial development subcomponents (financial Financial Markets FM Index IMF
institutions and markets) on environmental quality, III) Inadequate
analysis of the interaction between agricultural policies and economic
growth, especially regarding the environmental impacts of agricultural Table 4. . o .
subsidies within the context of economic expansion, IV) A lack of studies The model considered within the scope of the research is as follows:

distinguishing the environmental effects of different types of agricul-
tural support, such as direct income subsidies, production incentives,
and environmentally-friendly agricultural policies, V) A scarcity of
research exploring the intricate interactions among financial develop-
ment, agricultural policies, and environmental quality using compre-
hensive econometric models. Addressing these gaps would significantly
contribute to the literature and provide policymakers with more effec-
tive strategies. Understanding context-specific dynamics is crucial for
designing policies tailored to local conditions, ultimately supporting the
achievement of environmental sustainability goals.

3. Data and methodology

This study analyses the impact of agricultural support policies on
agricultural GHG emissions in the BRICS-T sample using annual data for
the period 2000-2021. In doing so, the role of economic growth and
financial development is also investigated. Accordingly, explanations
about the data used in the study and their sources are reported in
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The dependent variable in the research models is agricultural GHG
emissions. f, and ¢; denote constant and error term, respectively. The
analysis process is carried out by taking the logarithm of all variables. In
the model, the role of financial development is analyzed on the basis of
agricultural policies and economic growth. Thus, it is aimed to reveal
the extent to which financial development dynamics are effective in
reducing GHG emissions, which are theoretically expected to increase
due to agricultural support policies and economic growth.

In order to analyses these relationships, the up-to-date panel time
series methodology will be used. Accordingly, the first step involves
diagnostic tests for cross-section dependence (CSD) and slope homoge-
neity. Because, if there is CSD and heterogeneity of slope coefficients, it
is important to select appropriate methods in terms of reliable results. In
this context, CSD on the model basis is investigated using Breusch and
Pagan’s (1980) CDLM1 and Pesaran’s (2015) CDLM2 and CD tests.
Then, the Pesaran and Yamagata (2008) delta test based on the Swamy

GHG;; :ﬁo + 5 TBS;; + ﬁzGDPi‘t + ﬂ3FDi.t + €
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(1970) test is used to investigate whether the slope coefficients are
homogeneous.

In the second stage, the degree of cointegration of the series will be
determined with the Breitung and Das (2005) unit root test, which is
based on robust standard errors in the presence of CSD and produces
reliable results for small samples. In the third stage, the validity of the
long-run relationship is investigated with the Westerlund and Edgerton
(2007) LM bootstrap panel cointegration method, which extends the
McCoskey and Kao (1998) methodology using a bootstrap scheme. This
test, which uses LM statistics, produces reliable results both under CSD
in the models and in small samples thanks to the bootstrap method. In
the last stage, the AMG estimator developed by Eberhardt and Bond
(2009) and Eberhardt and Teal (2010) is used to calculate long-run
coefficients on both panel and country basis. In this method, it is
possible to model unobservable common factors by using the common
dynamic effect parameter in unit-specific regressions. In addition, its
robustness to CSD and parameter heterogeneity makes the estimator
reliable (Bozatli & Akca, 2023).

Finally, the impact of the components of financial development is
also controlled in order to obtain robust results. This is because financial
development is divided into two subcomponents: financial institutions
and financial markets. These two sub-components are calculated ac-
cording to the depth, access and efficiency criteria and ultimately
constitute the financial development index. Therefore, since each
country has its own financial institutions and markets, it is likely to have
different effects. In this context, by including financial institutions and
financial markets variables instead of financial development in the
model in equation (1), it is planned to reveal the extent to which
financial development dynamics are effective and to obtain robustness
results.

4. Empirical results

In the first step of the empirical analysis, CSD and homogeneity of the
coefficients are tested and the findings are reported in Table 5.

The findings in Table 5 imply the existence of CSD and heterogeneity
of slope coefficients within the scope of the model considered. Accord-
ingly, taking these conditions into account in the following stages of the
empirical analysis process is essential for reliable results. Table 6 pre-
sents the results of the Breitung and Das (2005) unit root test that takes
into account CSD.

The results of the unit root test by Breitung and Das (2005) show that
all variables are stationary at first difference. Therefore, since analyses
with the level values of the series would lead to spurious regression
results, cointegration methodology can be used. According to the unit

Table 5
Cross-section dependency and homogeneity checks.
Cross-Section CDrvn CDrm2 CcDb
Dependency
GHG = f (TBS, GDP, FD) 194.559* 32.782* 13.724*
(0.000) (0.000) (0.000)
GHG = f (TBS, GDP, FI) 229.929* 39.240* 15.004*
(0.000) (0.000) (0.000)
GHG = f (TBS, GDP, FM) 108.314* 17.036* 2.372%*
(0.000) (0.000) (0.017)
Slope Homogeneity Test Test Statistics P-value
GHG = f (TBS, GDP, FD) A 7.090* 0.000
Rug 8.065* 0.000
GHG = f (TBS, GDP, FI) A 7.809* 0.000
Rag 8.884* 0.000
GHG = f (TBS, GDP, FM) A 5.777* 0.000
Reg 6.572* 0.000

Note: * and ** implies that the null hypothesis is rejected at the 1% and 5%
significance levels, respectively. Values in parentheses indicate probability
values.
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Table 6

Unit root results.
Variables 1(0) (1)
GHG 0.4616 (0.6678) —2.4818 (0.0065)*
TBS 0.4968 (0.6903) —3.0790 (0.0010)*
GDP 1.4242 (0.9228) —3.2717 (0.0005)*
FD 1.3071 (0.9044) —3.0419 (0.0012)*
FI 0.7414 (0.7708) —3.2688 (0.0005)*
FM 0.1861 (0.5738) —3.0089 (0.0013)*

Note: * denote rejection of the null hypothesis at 1% significance level. Prob-
abilities are in parentheses.

root test results, the a priori condition of Westerlund and Edgerton
(2007) LM bootstrap panel cointegration methodology, that all variables
are I (1), is satisfied. In addition, given that it produces effective results
under CSD and in small samples, this method is utilized to question the
validity of the long-run relationship. Findings regarding cointegration
test results are reported in Table 7.

The presence of CSD is an important criterion in evaluating the re-
sults of the LM Bootstrap cointegration test. If there is no CSD, asymp-
totic probability values are taken into account; otherwise, bootstrap
critical values are relied upon. Accordingly, the null hypothesis implying
cointegration relationship cannot be rejected for the related models. In
other words, the cointegration relationship is valid for the relevant
models and there is no obstacle in calculating the long-run coefficients.
In this context, the long-run coefficients for the model presented in
equation (1) are reported in Table 8 using the AMG estimator.

Regarding the findings in Tables 8 and it is possible to say that only
economic growth increases agricultural GHG emissions on a panel basis.
Financial development and agricultural support policies do not have a
statistically significant effect on a panel basis. However, when country-
based results are analyzed, it is noteworthy that there are different re-
sults. Contrary to the panel-based results, agricultural support policies
increase agricultural GHG emissions in China and Tiirkiye. On the other
hand, similar to the panel-based results, financial development does not
have a significant effect in most countries. However, financial devel-
opment policies have a decreasing role on agricultural GHG emissions in
South Africa and Tiirkiye. Finally, in terms of economic growth, in all
countries except Brazil and Russia, economic growth or an increase in
economic welfare encourages agricultural GHG. Such results reveal the
importance of country-specific dynamics in the assessment of agricul-
tural policies and GHG emissions.

4.1. Robustness check

Tables 9 and 10 show the effects of financial institutions and finan-
cial markets on agricultural GHG, respectively.

The findings in Table 9 show that financial institutions, which are
components of financial development, mostly lead to similar effects to
financial development. While none of the variables have a statistically
significant effect on a panel basis, heterogeneous country-specific results
are noteworthy. For example, while financial institutions have an
increasing effect on agricultural GHG in Brazil and India, the opposite
result is observed in South Africa and Tiirkiye. Again, economic growth
has a positive effect on agricultural GHG in China, South Africa and

Table 7
Results of the LM bootstrap cointegration test.

Model Test Asymptotic p-value Bootstrap p-value
Statistic

GHG = f (TBS, GDP, FD) 2.049 0.020 0.907*

GHG = f (TBS, GDP, FI) 2.034 0.021 0.925%

GHG = f (TBS, GDP, FM) 2.418 0.008 0.815*

Notes: * implies that the null hypothesis cannot be rejected at the 1% signifi-
cance level. The bootstrap is based on 1000 replications.
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Table 8

AMG estimation results.
Countries TBS GDP FD
Brazil 0.034 —0.070 0.521*
China 0.148* 0.263* —0.008
India 0.050 0.063* 0.054
Russia 0.019 0.028 —0.038
South Africa —0.138 0.345%** —0.815*
Tiirkiye 0.124* 0.857* —0.537**
Panel 0.039 0.247%** —0.137

Note: *, ** and *** imply statistical significance at the 1%, 5%, and 10% levels,
respectively.

Table 9

Impact of financial institutions.
Countries TBS GDP FI
Brazil —0.048 —0.273 0.801*
China 0.136%* 0.218* —0.034
India 0.008 —0.096%* 0.311*
Russia 0.016 —0.017 0.055
South Africa —0.046 0.819* —0.963*
Tiirkiye 0.073%** 0.807* —0.241*
Panel 0.023 0.243 —0.011

Note: *, ** and *** imply statistical significance at the 1%, 5%, and 10% levels,

respectively.

Table 10

Impact of financial markets.
Countries TBS GDP FM
Brazil 0.024 0.230 0.165
China 0.155* 0.209 0.019
India 0.057*** 0.048* 0.005
Russia 0.016 0.003 —0.028
South Africa 0.005 —0.087 —0.292%**
Tiirkiye 0.117** 0.544* 0.472
Panel 0.062** 0.157%%* 0.057

Note: *, ** and *** imply statistical significance at the 1%, 5%, and 10% levels,
respectively.

Tiirkiye, while it has a negative effect in India. Finally, agricultural
support policies have an increasing effect on agricultural GHG only in
China and Tiirkiye. Such results are mostly consistent with and confirm
the effects of financial development obtained in Table 8.

When the results in Table 10, which take into account the role of
financial markets, are analyzed, it is noteworthy that there are some
different relationships. On a panel basis, both economic growth and
agricultural supports have a favorable effect on GHG. In terms of the
impact of financial markets, only in South Africa, there is a mitigating
effect on agricultural GHG. Regarding both agricultural subsidies and
economic growth, a positive relationship is found only in Tiirkiye and
India. There is no statistically significant relationship for other
countries.

Considering all together, it is possible to draw the following in-
ferences relatively: Agricultural supports have a GHG-boosting effect in
China and Tiirkiye. No statistically significant effect was found for other
countries and panel-basis in terms of agricultural supports. Regarding
economic growth, a positive relationship was found both on a panel
basis and on a country basis (Tiirkiye, South Africa, India and China). In
fact, at least two model estimation results support this argument.
Finally, the agricultural GHG-reducing effect of financial development is
confirmed only for Tiirkiye and South Africa. On the contrary, in Brazil,
financial development plays an improving role in agricultural GHG. For
the remaining countries, statistically significant and sufficient evidence
could not be obtained.
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4.2. Discussion of key findings

This study examines the impact of agricultural budgetary support,
economic growth, and financial development on agricultural GHG
emissions in BRICS-T countries for the period 2000-2021. The results of
the main model indicate that agricultural subsidies have increased
emissions in China and Tiirkiye. Additionally, GDP has contributed to
higher emissions in China, India, South Africa, Tiirkiye, and across the
panel, whereas financial development has led to increased emissions in
Brazil but has played a mitigating role in Tiirkiye and South Africa.

The increase in emissions due to agricultural subsidies in China and
Tiirkiye suggests that these support mechanisms have facilitated inten-
sive agricultural expansion without sufficiently integrating environ-
mental considerations. In China, large-scale mechanization and
industrialized farming practices have likely contributed to this trend.
Similarly, in Tiirkiye, the rapid urbanization process and shifting rural
demographics have led to agricultural support being directed towards
productivity-enhancing measures, which, while beneficial for food se-
curity, may have unintended environmental consequences. However,
Tiirkiye presents a unique case within the BRICS-T group, as financial
institutions have played a role in offsetting the negative environmental
effects of agricultural expansion. Tiirkiye has increasingly emphasized
sustainable agricultural practices through financial regulations and
incentive programs, including green financing mechanisms and targeted
subsidies for eco-friendly farming. These developments indicate that
financial institutions in Tiirkiye have facilitated access to sustainable
agricultural investments, thereby helping to counteract some of the
adverse environmental impacts associated with traditional agricultural
subsidies.

Regarding financial development, the findings indicate a divergent
impact across BRICS-T countries. In Brazil, financial development has
exacerbated agricultural emissions, potentially due to increased access
to capital for resource-intensive agricultural activities. In contrast,
Tiirkiye and South Africa have benefitted from financial development in
mitigating emissions, particularly through the role of financial in-
stitutions. Robustness checks reveal that in Tiirkiye, the emission-
reducing effect of financial development is primarily driven by finan-
cial institutions rather than financial markets. This suggests that finan-
cial institutions in Tiirkiye have successfully facilitated investments in
sustainable agricultural practices, supporting the adoption of eco-
friendly farming technologies and improved resource management.
Strengthening such institutional mechanisms in other BRICS-T countries
could offer a viable pathway toward reducing agricultural emissions
without compromising economic development.

5. Conclusion and policy recommendation

Agriculture is both a significant contributor to and a victim of
climate change. As agricultural activities expand to meet the growing
global food demand, they also drive considerable CO, emissions through
land-use changes, deforestation, and energy-intensive farming practices
(Zhang et al., 2025). Governments have implemented various agricul-
tural support policies to mitigate these environmental externalities
while ensuring food security and rural development. However, these
public policies may cause an unbalanced increase in agricultural pro-
duction and environmental pollution (Stamoulis & Zezza, 2003). In
addition, agricultural support policies can shape the environmental
consequences of economic growth, and financial development (financial
markets and financial institutions) that have the potential to directly
affect agricultural production.

Theoretical frameworks suggest multiple channels through which
agricultural support policies can impact CO, emissions. On one hand,
subsidies and financial incentives may encourage the adoption of
modern, low-carbon technologies, leading to increased efficiency and
reduced emissions. On the other hand, excessive subsidies, particularly
in fossil-fuel-dependent agricultural practices, may exacerbate carbon
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emissions by reinforcing environmentally unsustainable production
methods (Biffi et al., 2021; Ke & Huang, 2024; Saman, 2021). Financial
development can further influence this complex relationship by facili-
tating investment in sustainable technologies or encouraging
capital-intensive, high-emission agricultural expansion. Similarly, mar-
kets can promote efficiency and sustainability, whereas market failures
may lead to resource misallocation.

Considering these theoretical foundations, this study investigates the
impact of agricultural support policies on agricultural GHG emissions in
BRICS-T countries, explicitly considering the moderating roles of
financial development, markets, and institutions. To obtain robust
findings, we first used a main model that included the FD variable and
then a second model that included the sub-indicators of FD separately.
This multi-model approach allows us to discern whether a given factor
independently influences emissions or whether its effect emerges only
when interacting with other variables. In this context, this study aims to
determine the real drivers of agricultural GHG emissions and make
concrete policy recommendations by considering the interdependencies
among these factors. Various models have been used in the literature to
examine the relationship between these factors and environmental in-
dicators (ecological footprint, emissions, etc.). However, no study has
been found to determine the environmental effects of these factors in the
agricultural field. In addition, these studies have not examined these
dimensions comprehensively, especially in the context of emerging
economies such as the BRICS-T countries, where rapid agricultural
expansion and institutional diversification pose several challenges and
opportunities. Our study fills this gap, providing empirical evidence on
the conditions under which support mechanisms can effectively reduce
or increase agricultural GHG emissions, providing implications for sus-
tainable agricultural policy.

5.1. Policy recommendation

Given the heterogeneity in findings across BRICS-T countries, policy
recommendations should be tailored to the specific economic and
institutional contexts of each nation. In China and Tiirkiye, where
agricultural subsidies have contributed to increased emissions, it is
imperative to redesign subsidy mechanisms to prioritize environmen-
tally sustainable agricultural practices. Instead of broadly supporting
agricultural expansion, subsidies should be allocated toward precision
agriculture technologies, soil conservation programs, and low-emission
farming techniques. Moreover, stricter environmental conditions should
be attached to agricultural financial support to ensure that subsidies do
not inadvertently contribute to further environmental degradation.

The finding that GDP has led to increased agricultural emissions
across China, India, South Africa, Tiirkiye, and the panel suggests that
BRICS-T countries should integrate sustainability into their economic
growth strategies. Given their historical focus on rapid economic
expansion, these countries should transition towards policies that
emphasize green economic transformation. Integrating carbon pricing
mechanisms into agricultural production could help mitigate the envi-
ronmental impact of economic growth. Additionally, international
cooperation within BRICS-T could facilitate the exchange of best prac-
tices and technological innovations in sustainable farming, fostering a
coordinated approach to agricultural emissions reduction.

Tiirkiye and South Africa stand out as cases where financial devel-
opment, particularly through financial institutions, has played a role in
reducing agricultural emissions. Expanding financial products such as
green bonds and loans could further enhance the role of financial in-
stitutions in promoting sustainable agriculture. On the other hand, the
results regarding FD show that banks and other financial institutions
should also consider environmental risks when providing agricultural
loans. In this way, FD can continue to contribute positively to agricul-
tural emission reduction. Overall, the findings suggest that a policy
approach that includes agricultural subsidies, economic growth strate-
gies, and financial development in a way that prioritizes environmental
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sustainability is needed. By aligning financial incentives, regulatory
mechanisms, and international cooperation, BRICS-T countries can
work toward reducing agricultural emissions while maintaining eco-
nomic development and food security.

5.2. Limitations and future studies

This study provides important findings on the relationship between
agricultural policies, financial development, and GHG emissions in
BRICS-T countries. However, some limitations should be acknowledged.
The availability and consistency of agricultural emissions data vary
across countries, potentially affecting the precision of the results. Our
study considered GHG data, including seven critical pollutants. Empir-
ical results may change when considering specific pollutants such as
CO2 or methane. In addition, this study examines aggregate agricultural
GHG emissions, but different agricultural subsectors (e.g., crop pro-
duction) may exhibit varying emissions. Further research should
investigate sector-specific effects to develop more specific policy rec-
ommendations. Finally, our study does not take into account the inter-
action of all variables. Therefore, the same variable may have different
effects in another model. Future studies can obtain methodologically
robust results by including different methods.
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