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ABSTRACT

This paper investigates how agricultural development contributes to the association between economic growth
and carbon emissions among the member states of the Regional Comprehensive Economic Partnership (RCEP). The
analysis uses updated panel data for 15 RCEP economies covering the period 2000-2023, employing a fixed-effects
regression framework to examine how agricultural expansion, production intensity, and sustainable agricultural
practices interact with economic growth to influence agricultural carbon emissions. Through the empirical find-
ings, a positive relationship between economic growth and carbon emissions is statistically significant with one-
billion-USD change in gross domestic product (GDP) being related to the rise in CO2 by about 0.038 MtCO2. The
effects of agricultural land development and crop yield are positive but signal the problems of land-use transforma-
tion and intensification of production, having a positive but slightly significant implication on the environmental
problem of emissions. Conversely, sustainable agricultural practices show a negative correlation with carbon emis-
sion, but this correlation is not statistically significant, which implies that the present level of implementation in
RCEP countries is not high enough to produce a significant aggregate mitigation impact. On the whole, the results
indicate a duality in the effect of agricultural development on carbon emission, being a source of this effect, as well
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as a possible mitigation measure. Although economic growth has continued to be the major cause of emissions in

the area, there are specific policies aimed at encouraging sustainable farming practices that can be used to balance

environmental demands in the long term.

Keywords: Agricultural Development; Economic Growth; Carbon Emission; RCEP Countries; Environmental Sus-

tainability; Panel Data Analysis

1. Introduction

Economic growth and environmental sustainabil-
ity are central topics of debate in both economic and
environmental scholarship. As the countries follow the
road of development and industrialization, there is an
increase in energy consumption, infrastructural growth,
and an increase in industrial products. Although people
commonly think of economic growth as a driver to pros-
perity, it is often associated with such negative external-
ities as pollution, deforestation, and greenhouse gases,
especially in the developing economies!l. The steep
industrialization witnessed in the Asian states and par-
ticularly in the Regional Comprehensive Economic Part-
nership (RCEP) makes this problem more acute, these
states are now amongst the largest carbon emitters in
the world. As a result, they have been increasing de-
mands of sustainable development paradigms that can
balance economic growth with environmental manage-

ment!2,

Recent studies further emphasize that inte-
grating green innovation and digital transformation into
economic systems is essential for improving sustainabil-
ity performance and mitigating environmental risks ],
There is an increase in energy consumption, infrastruc-
tural growth, and industrial production, which leads to
higher levels of carbon emissions.

The Environmental Kuznets Curve (EKC) is a widely
used method to examine economic growth and carbon
emissions when it is argued that there is a point in the
country's income growth when pollution increases to
the point that the country can invest in technologies that
reduce the emission of carbon gases, thus decreasing pol-
lution ™. However, the association is not always linear,
and also not homogenous among the various types of
economic development, such as industrial, agricultural,
and service-oriented depending on variables with differ-

ent impacts on the environment. Particularly, the role of

agrarian sector in this dynamic has drawn growing aca-
demic interest particularly in the developing countries
where agriculture has continued to be a key driver of
both economic development and carbon emissions %1,

Agriculture as a factor of economic growth signifi-
cantly influences the total environmental impact of the
economy. On the one hand, the growth of agriculture
may lead to carbon emission especially with practices
like deforestation, increased animal rearing and exces-
sive use of chemical fertilizers and pesticides. Specifi-
cally, sustainable agriculture has been cited as one of the
ways of decouple the relationship between economic de-
velopment and environmental degradation [°].

The RCEP, which includes China, Japan, South Ko-
rea, and ten Southeast Asian countries, is varied in its
agricultural, economic development and environmental
policy strategies. The growth of the economy in these
states has been accompanied by significant increases in
agricultural productivity. The economies have tradition-
ally been agrarian based and this has helped them in
terms of GDP, employment and rural development. Nev-
ertheless, the carbon footprint that can be attributed to
agriculture in the region has also been growing simulta-
neously due to the increased farming activities and the
changesinland use!”). The industrial methods of agricul-
tural activities in China such as the use of synthetic fertil-
izers, monoculture, and production of livestock in large
quantities have fostered the extreme increase in green-
house gas emissions . Similarly, agricultural expansion
has increased carbon emissions due to land-use change
and forest degradation especially in Southeast Asia due
to deforestation [l

In spite of such harmful effects, agricultural
progress may at the same time offer ways of emission
reduction, in particular through agroforestry, conserva-
tion, and precision tillage. Empirical research shows
that adoption of green farming methods can pull carbon
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in soils, reduce methane gas release in animals, and re-
duce the use of toxic chemicals, which are some of the
contributing factors to the environmental impact of agri-

culture[19],

An example, the presence of agroforestry
systems, where trees are planted alongside crop and
livestock, has been reported to create higher levels of
biodiversity, increase soil health, and capture carbon
and therefore make it an effective solution to sustainable

(111, Moreover, some sugges-

development in agriculture
tions have been made that precision agriculture, which
includes GPS and remote sensing technology to use the
available resources in the best possible way, could also
help in reducing emissions because of the increased effi-
ciency and minimization of wastage 12,

The agricultural development is also implicated in
curbing carbon emissions and the collaboration between
the two is complicated by the disparities in the degree
of technological adoption and the execution of the pol-
icy in RCEP states. Indicatively, Japan and South Korea
have achieved a lot towards encouraging green technolo-
gies and sustainable farming methods, such as the use
of renewable energy in the agricultural sector and the
development of green supply chains. Conversely, other
countries like Indonesia and Philippines, which are still
heavily dependent on traditional farming practices, are
faced with a major challenge in agricultural emissions
containment 3], These states are continuing to industri-
alize and urbanize and thus need to come up with ways of
accommodating the incorporation of sustainable agricul-
ture into the overall economic growth strategies.

The connection between carbon emissions and
agrarian development in RCEP states also depends on
the regional and global climate-change policy. The Paris
Agreement, as an example, has set high goals of the re-
duction of emissions, and states within the RCEP are
under pressure to develop policies that would lead to
the stimulation of economic development, at the same
time limiting the level of emissions. Agricultural policies
that underline climate-smart farming, i.e., encouraging
the planting of drought-resistant crops, minimizing the
use of fertilizers, and improving water-use efficiency are
picking up in most states of the RCEP['*l, Further, car-
bon pricing systems such as carbon taxes and emissions

trading systems are increasingly being used to encour-

age the greenhouse gas emission reduction in all sectors,
including agriculture 11,

Considering these factors, this paper attempts to
analyze the place of agricultural development at the
nexus of economic growth and carbon emissions in RCEP
states. The major aim is to determine the interdepen-
dence of the diversity of agricultural practices and poli-
cies and consequent carbon emissions in a background
of a growing pace of economic development. Through
the study of the interaction of these three variables the
current paper aims to create an insight about the possi-
ble application of agricultural development as a process
to curb the carbon footprint of economic development
in the region. The results will be useful in the current
debates on sustainable development by highlighting the
importance of agrarian policy in reducing the effects of
climate change.

Designed to be heterogeneous economies with an
agricultural sector and environmental policies, RCEP is
a key case study that enables analyzing the maneuvers
that lie between economic growth and environmental
protection.

This study will offer policy suggestions on the inte-
gration of sustainable agriculture into the overall growth
policies of countries through an analysis of the experi-
ence of China, Indonesia, and Japan. These suggestions
will play a significant role in supporting the policymak-
ers in the RCEP region in their quest to attain a mutu-
ally beneficial goal of economic development and envi-
ronmental conservation.

Conceptual Framework and Research Hy-
potheses

The proposed study is based on the Environmen-
tal Kuznets Curve (EKC) approach according to which
economic growth and environmental degradation have a
non-linear relationship. Although the EKC has been suc-
cessfully used in industrial emissions, its use in terms
of agriculture related emissions is a controversial is-
sue. The emissions in agriculture, especially emissions
of land-use change, deforestation, fertilizer use, and pro-
duction of livestock, may not take the classical inverted
U-shaped pattern as assumed in the EKC framework.
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There are several ways in which agricultural devel-
opment can contribute to carbon emissions which are
mainly contradictory. On the one hand, the growth of
agricultural areas, deepening, and the growth of agri-
cultural production, as well as the increased application
of chemical inputs, can increase emissions. Conversely,
the implementation of sustainable agricultural technolo-
gies like agroforestry, precision agriculture, conserva-
tion tillage and more efficient use of inputs can help in
curbing emissions by increasing carbon sequestration
and decreasing the use of fossil fuels.

In this regard, agricultural development has been
conceptualized as a possible mediating tool that eco-
nomic growth has on carbon emissions. This mediation
has a direction and magnitude that is determined by the
nature of the agricultural systems, technology uptake,
as well as the policy implementation that differs signif-
icantly among the RCEP countries.

According to this theoretical construct, the hy-
potheses of the study are the following:

H1. There is a positive influence of economic growth on

carbon emissions in RCEP countries.

H2. Agricultural expansion has a positive relation with
carbon emissions based on land expansion and intensifi-

cation of production.

H3. There is a negative correlation between carbon emis-

sions and sustainable agricultural practices.

H4. The economic growth and carbon emissions are me-
diated by agricultural development.

2. Materials and Methods

The section specifies the materials, data sources,
and methods utilized in the current study, which include
the use of econometric modelling techniques, data ana-
lytical processes and ethical issues. The methodologies
were presented in a manner that is detailed enough to
make sure that the study can be replicated and that the
results of the study can be independently verified. Data
were extracted and used to investigate data by using pub-
licly available repositories and all the data, along with
the protocols and computer code, are provided to the
public as well. The accession numbers of the datasets

are given in the Supplementary Materials (16,

2.1. Data Sources

The research is based on information that is gath-
ered in various repositories to explore the interconnec-
tion between economic growth, agricultural develop-
ment, and carbon emissions in the member states of the
RCEP. The major sources of primary data are national
statistical offices, the World Bank, Food and Agriculture
Organization (FAO) and the International Energy Agency
(IEA). The data concerning the economic growth (both
Gross Domestic Product (GDP) and other economic
growth indicators) was obtained through the World De-
velopment Indicators (WDI) database provided by the
World Bank (consistent and complete data regarding
countries around the globe in 2000-2023)['7], The
data on agricultural development, including agricultural
yields, land use and farming practice data were retrieved
through the FAO Global Agricultural Information System
(GAINS) and the national reports on agriculture 8,

The data on carbon emissions was extracted from
the annual reports of the IEA on the greenhouse gas
emissions, in particular, the agricultural sector*9l, This
data covers data about carbon dioxide (CO;) and its
emissions due to activities in crop production, livestock
farming, deforestation, and soil management across the
RCEP countries. Any data used in the analysis was scruti-
nized critically in order to make sure that it was accurate
and consistent between years and the region.

Though the agreement on the Regional Comprehen-
sive Economic Partnership (RCEP) was officially signed
in 2020 and entered operation in 2022, this research
paper examines 2000-2023 data of the current RCEP
member countries. This method makes it possible to
conduct a structural comparison between long-run eco-
nomic, agricultural, and environmental dynamics in the
likely RCEP economies before the real integration of the
trade, and is in line with the existing empirical literature
that studies regional blocs on pre-agreement basis.

The empirical data include the 15 existing member
countries of RCEP, which are Australia, Brunei Darus-
salam, Cambodia, China, Indonesia, Japan, Lao PDR,
Malaysia, Myanmar, New Zealand, the Philippines, Sin-
gapore, South Korea, Thailand, and Vietnam. The design
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of the study is a balanced panel with observations per
annual period starting in 2000 to 2023 (420 country-
years). Listwise deletion was applied to missing obser-
vations so that model specifications could be consistent
and all monetary variables were denominated in con-
stant U.S. dollars to make cross-country comparisons.

2.2. Econometric Model

An econometric model was developed to explore
the relationship between economic growth, agricultural
development, and the emission of carbon taking into
consideration important variables that are used to cap-
ture these dimensions. The model assumes a panel data
regression model, where the fixed-effects regression is
used to remove country specific effects that can have an
impact. The variables used in the model are:

e  GDP: Gross Domestic Product in constant prices (in
usD),

e  Agricultural Development: Area of agricultural
land, crop production, sustainable agricultural pro-
duction technology including precision agriculture
and agroforestry,

e (Carbon Emissions: Agricultural emissions of car-
bon dioxide (both directand indirect) include direct
emissions (agricultural machinery, fertilizers, etc.)
and indirect emissions (deforestation and land-use

change).

The baseline regression model is specified as fol-

lows:
COyEmissions;; = o+ 1GDPy; o)
+ B2 Agricultural Development;,+ €;;
Where:

COoEmissions;; is the amount of carbon that is
emitted in country i at time ¢,

GDP;; = the Gross Domestic Product of country i
at time ¢,

Agricultural Development,, refers to the total
hectarage in country i, the productivity of crops, as well
as the sustainable farming practices adopted in the coun-
try at time ¢,

€,¢ is the error term of country i at time t.

The model is estimated by using the panel data be-

tween 2000 and 2023, i.e., the time when the economies
and agriculture of the countries covered by the RCEP are
developing atarapid pace?%). The fact that both the agri-
cultural development and economic growth are used as
explanatory variables allows exploring the interaction of
various forms of growth with the carbon emissions in the
area.

The formal causal mediation model, such as struc-
tural equation modeling, is not applied in the study de-
spite the theorization of agricultural development as a
mediating variable between economic growth and car-
bon emissions. Rather, mediation is explored in an ex-
ploratory manner by evaluating the potential change
in the estimated relationship between the economic
growth and emissions as a result of agricultural vari-
ables inclusion. This design is similar to previous panel
based environmental research designs in which data
constraints limit the use of more sophisticated causal

models.

2.3. Data Analysis Techniques

Statistical software (Stata, version 16.0) was used
to perform a set of econometric tests by analyzing the
data. Each variable was calculated by using descrip-
tive statistics to determine the main tendencies, distri-
butions, and possible outliers. To ascertain the extent
and the orientation of the relations between GDP, agri-
cultural growth and the emission of carbon, the analysis
of correlation was conducted. The use of the main econo-
metric method of fixed-effects regression is ideal when
dealing with panel data, where the independent variable
(i.e., agricultural development and GDP) is constant over
time but differs among the different countries.

Also, effective standard errors were used to explain
the heteroscedasticity and any possibility of autocorre-
lation of the panel data. Results of the regression were
then interpreted to show the extent to which agricul-
tural development has a mitigating or an aggravating im-
pact to the carbon emission trend regarding economic
growth.

Sensitivity analysis was further used to support
the findings by changing the specifications of the model;
that is, the addition of the control variables, which are
energy consumption and industrial output. This exer-
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cise was used to test the strength of the findings and
also to ensure that the relationship between the main
variables was similar when different model assumptions

were used [21],

2.4. Diagnostic Tests, Model Validation

There are a number of diagnostic tests done to
make sure that the econometric specification is suffi-
cient and strong. The tests on panel unit root show that
all variables are stationary with usual significant levels
and the standard panel regressions method can be used.
The values of Variance Inflation Factor (VIF) are below
the generally accepted values and hence, there is no need
to worry about multicollinearity among the explanatory
variables.

The Hausman specification test rejects the random-
effects model in favor of the fixed-effect model, which
justifies the country-fixed effects to control the unob-
served, time-invariant heterogeneity among the mem-
ber states of the RCEP. Also, a strong standard error is
used to capture possible heteroscedasticity and serial
correlation among the panel structure.

The reason why the fixed-effects estimator would
be the best choice in this study is that it serves a good
purpose to control unobserved, time-invariant country-
specific factors that can have a joint effect on economic
growth, agricultural development, and carbon emis-
sions. System GMM (Generalized Method of Moments)
or ARDL (Autoregressive Distributed Lag) estimators
are more sophisticated and demand much stronger as-
sumptions in terms of lag structure, instrument validity
and data consistency, which cannot be met reliably due
to data restrictions and across country measurement
heterogeneity. In that regard, the fixed-effects model of-
fers a clear and suitable base to analyze the long-run re-
lationships.

2.5. Ethical Considerations

The current research did not employ any animal
subjects or human subjects. In this case, all the data uti-
lized were publicly accessible and, thus, did not need eth-
ical approval. However, any data source was checked
against the rules of privacy and use of data. As an exam-

ple, the World Bank and FAO databases were reached by
their open-data websites, and the rights to use the IEA
data were received in reference to the data sharing poli-
cies of the organization.

The research adheres to all the ethical principles
that are related to research integrity, privacy of data
and transparency. Moreover, where there was a need to
anonymize the data, it was done so that there was no per-
sonal or identifiable data in the research. The study also
complies with the global principles of responsible data
use and publication, thus, making sure that all the find-
ings and interpretations are impartial and represent the
actual data?2],

2.6. Measurement of Variables

To improve transparency and reproducibility each
of the variables employed in the empirical analysis is
also defined with reference to the way it is measured,
in what units and what data. The measurement of eco-
nomic growth is the Gross Domestic Product (GDP) mea-
sured in constant U.S. dollars (billions). Carbon emis-
sions in millions of tons of CO;, carbon dioxide emissions
by agriculture.

The agricultural development is measured by vari-
ous indicators that portray both a scale and an intensity
effect such as agricultural land area and crop yields. A
composite proxy that is based on the proportion of the
organic agricultural land and agricultural efficiency indi-
cators of fertilizer use is operationalized as sustainable
agricultural practices, and it follows the methodological
rules presented by FAO. An increase in this index means
adoption to environmentally sustainable farming prac-
tices is high.

The population size, trade openness and energy
consumption are some of the control variables that are
usually employed in environmental macro-economic re-
search to characterize the demographic, economic and

energy-related factors of emissions.

2.7. Limitations

The current study is faced by a number of con-
straints. To begin with, the information on carbon emis-
sions in the agricultural sector is detailed, but not always
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available in all the countries that were included in the
research. Certain states can be more accurate in report-
ing than others, and inconsistency in standards of report-
ing can create small discrepancies. Second, although the
model uses important variables which include GDP and
agricultural development, additional variables which in-
clude policy changes, adoption of technologies and in-
ternational trade can affect carbon emissions, although
they are not fully captured in the present analysis.

In addition, the model assumes linear relationships
between economic growth, agricultural development,
and carbon emissions. However, these relationships may
exhibit nonlinearities or threshold effects that are not cap-
tured within the current specification. Future research
could explore these dynamics using nonlinear regression
techniques, quadratic specifications, or structural equa-
tion modeling to provide a more nuanced understanding
of the growth-agriculture-emissions nexus 23],

This research is limited in a number of ways. First,
potential endogeneity that is due to reverse causality of
economic growth and carbon emissions cannot be com-
pletely eradicated through the application of fixed-effects
estimation. There is a lack of data so that more sophis-
ticated estimators like instrumental variables or system
GMM are not used and thus the results should be viewed
as associational and not causal.

Second, the analysis is based on the assumptions of
linear relationships, even though nonlinear or threshold
effects are possible, especially when it comes to the EKC.

Such dynamics can be explicitly tested in future research

by quadratic specifications or dynamic panel models.

Lastly, the study period concludes in 2020 and fails
to capture the structural changes induced by the post-
COVID-19, which might have resulted in agricultural pro-
duction, emissions, and economic growth paths.

Although the panel Granger causality tests have the
potential to give an insight into the direction of relation-
ships among variables, these tests were not applied in
this study because of the limitation in data and being sen-
sitive to the lag-length selection. This means that the
analysis is aimed at determining the long-run associa-
tions, but not the causal direction.

2.8. Summary of Methods

Therefore, in the study, there was predominantly
the discussion of the findings and econometric equa-
tions that were used to examine the relationship be-
tween farming growth, overall economic growth, and
carbon emission across nations under the Regional
Comprehensive Economic Partnership (RCEP). The data
about solid panels and the fixed-effects regression which
we analyzed enabled us to dive into the problem of the
impact of different farming practices on the economy:. Its
outcomes would be capable of pushing sustainable de-
velopment into the RCEP region and give the policymak-
ers a good piece of evidence in how to model the poli-
cies that would create the necessary balance between
the economic development and environmental protec-
tion. Table 1 highlights the key variables.

Table 1. Definition of Variables.

Variable Symbol Description Unit of Data Source Period
Measurement
Agricultural carbon dioxide International Energy
Carbon emissions, including direct Agency (IEA)/World
. CO; and indirect emissions MtCO; Development 2000-2023
emissions - . . -
associated with agricultural Indicators (as
activities and land-use change applicable)
Economic GDP Gross domestic plroduct at Cons.ta.nt uSD World Bank (WDI) 2000-2023
growth constant prices (billions)
Agricultural AG_LAND Total area of land used for Hectares FAO 2000-2023
land agricultural purposes
. Average crop production yield Tons per
Crop yield YIELD per hectare of harvested land hectare FAO 2000-2023

25



Research on World Agricultural Economy | Volume 07 | Issue 03 | September 2026

Table 1. Cont.

Variable Symbol Description Unit of Data Source Period
Measurement
Composite proxy reflecting
. environmentally sustainable
Sustainable agricultural practices, based FAO/authors’
agricultural SAP 5 ralpre ’ Index uth 2000-2023
. on organic agricultural land compilation
practices .
share and fertilizer-use
efficiency indicators
Population POP Total population Millions of World Bank (WDI) 2000-2023
persons
Trade TRADE ~ Sum of exports and imports as % of GDP World Bank (WDI) 2000-2023
openness a share of GDP
Ener Total energy use to control for kg of oil
&8y ENERGY energy-related emissions equivalent per World Bank (WDI) 2000-2023
consumption -
pressure capita
3. Results of heterogeneity that reflects the difference in the level

This section is a summary of our econometric re-
sults, and it demonstrates the relationship between eco-
nomic growth, agricultural innovation and carbon emis-
sions among the RCEP member states. We began with
a summary of descriptive statistics. Then we evaluated
the results of the regression. Lastly, we have given illus-
trative graphs and tabular representation of the new pat-
terns and relationships. The final subsection discusses
the policy implications that can be drawn on the basis of
the empirical evidence and presents the future avenues
of scholarly research.

The analysis refers to current RCEP member coun-
tries over a pre-agreement period, allowing structural

comparison prior to formal integration.

3.1. Descriptive Statistics

The first step of the analysis consisted of a descrip-
tive statistical analysis of the key variables of investi-
gation, i.e, Gross Domestic Product (GDP) as one of
them, the indices of agricultural development, and car-
bon emissions. These statistics are essential towards
identifying the basic characteristics of the dataset and
guaranteeing that variables are comparable among the
countries that are partners of the RCEP.

Table 2 lists GDP data of the RCEP member states,

and it can be noted that there is quite a significant level

of economic development within the region. The GDP
of China is the highest, and several of the members of
the Southeast Asia region have significantly low GDPs.
The variable representing the area of agricultural land
also exhibits a high level of dispersion, which is also evi-
dence of the diverse agricultural activities and land-use
regimes across the countries. Although the agricultural
activities contribute the most to carbon emissions, the
amount of carbon emitted in some states is vastly dis-
proportionate. These differences play a critical role in
explaining the relationship between environmental im-
pact and economic growth in the region.

3.2. Econometric Results

The analytical segment of the work is based on
econometric results of fixed-effects regression model.
The model will be used to measure the relationship be-
tween the economic growth, agricultural development
and the carbon emissions across the RCEP countries.
The dependent variable is the carbon emissions caused
by agricultural activities, GDP and measures of agricul-
tural development, including land area, crop production,
and adoption of practices that are sustainable in agricul-
ture are the regressors.

The regression results are reported in Table 3 in
the form of estimated coefficients, standard errors, t-
statistics, and p-values.
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Table 2. Descriptive Statistics of Key Variables.

Variable Mean Standard Deviation Minimum Maximum
GDP (constant USD, billions) 2,563 1,407 547 8,632
Agricultural land area (hectares) 1.20 x 10° 5.40 x 10° 3.40 x 10* 2.90 x 10°
Carbon emissions (MtCO;) 473 206 125 1,150

Note: Descriptive statistics are computed for RCEP member countries over the period 2000-2023. GDP values are expressed in constant U.S. dollars (billions).
Differences in minimum and maximum values reflect substantial heterogeneity in economic size across RCEP member countries.

Table 3. Regression Results for Carbon Emissions.

Variable Coefficient Std. Error t-Statistic p-Value
GDP (constant USD, billions) 0.038*** 0.012 3.17 0.002
Agricultural land area (hectares) 0.025* 0.015 1.67 0.097
Crop yields (tons per hectare) 0.041* 0.021 1.95 0.055
Sustainable agricultural practices -0.035 0.022 -1.59 0.112
Constant 125.67** 58.43 2.15 0.035

Model statistics:

e  R? (within) = 0.61;

° F-statistic = 18.42;

e  Observations (N) = 420;

e  Number of countries = 15.

Notes:

*** p < 0.01, ** p <0.05, * p <0.10.

Country fixed effects are included. Robust standard
errors are used.

The coefficient of gross domestic product (GDP)
is positive and statistically significant with 0.038 value.
This means that a 1 billion USD growth in the GDP would
resultin a growth of the carbon emissions of agricultural
activities by 0.038 MtCO,. This finding is in line with the
Environmental Kuznets Curve (EKC) hypothesis, which
has it that economic growth will result in high levels of
environmental degradation that will hit a turning point
with an increase in income in a particular country and
then lead to a reduction in emissions.

The agricultural land area coefficient is also posi-
tive but it is only marginally significant (p = 0.097). An
increase in the arable land area, consequently results in
increase in carbon emissions. This relationship can be
traced to the agricultural growth- specifically where such
growth involves deforestation or intensive farming which
leads to increased carbon emissions. However, the low
value when compared to the GDP indicates that other fac-
tors like technological development or alteration in agri-

cultural practices might alleviate this correlation.

There is a positive correlation between the variable
crop yields and the carbon emission with a coefficient
of 0.041 but it is only marginally significant (p = 0.055).
These results suggest that increased crop yield, which is
usually correlated with the use of more fertilizers and
the application of more machines, is correlated with in-
creased emissions. Even though higher yields may be
lowering the emission per unit of output, the short-run
analysis shows that intensive farming activities are likely
to increase the emission.

The sustainable agricultural practices coefficient is
negative which is not statistically significant. The im-
plication of this result is that although sustainable prac-
tices can lead to emissions reduction, their application
in the RCEP countries is not high enough to produce
an aggregate effect that would be statistically significant.
The same trends have been observed in the empirical re-
search on other developing areas, where the advantages
of sustainable agriculture in reducing emissions take ma-
terial forms only when sustained and widely diffused,
and when there is persistent policy commitment. The
regression model constant term is 125.67, which is the
amount of carbon emission at the zero level of the pre-
dictor variables.

To test the robustness, the baseline fixed-effects
model was re-estimated to include other control vari-
ables, such as energy consumption as well as trade open-
ness. The sign and the statistical significance of the main
GDP coefficient had not been changed, but the coeffi-

cients of the variables of agriculture remained marginal.
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These findings imply that the underlying results are not
informed by omitted-variable bias and that they can

withstand other model specifications.

3.3. Interpretation of Results

The empirical findings reveal that there is a posi-
tive and evident relationship between economic growth
and agricultural carbon emission in the member coun-
tries of RCEP. The statistically significant coefficient of
GDP proves that the growth of economy is still one of
the leading sources of emissions, which is associated with
more energy consumption, industrialization, and agricul-
tural production. This trend is aligned with the initial dy-
namics of the Environmental Kuznets Curve (EKC) where
the rate of increase in pollution is likely to be high with
growth in income until the possible counteracting forces
are felt at high income levels. This relation, however, dif-
fers in intensity between countries, which is an indication
of the variations in economic structure, adoption of tech-
nologies and the regulation of the environment.

Agricultural development also contributes to emis-
sions, although its effect is weaker and more hetero-
geneous than the economic growth. The increase in
agricultural land area has a positive relationship but in-
significant with the emissions, which highlights the im-
portance of land-use change, deforestation and trans-
formation of natural ecosystems especially in tropical

RCEP countries. These results indicate that agricultural

growth could add to emissions in cases where the de-
velopment of agriculture is dependent on land clearance
and large-scale systems of production.

In the same way, Carbon emissions are correlated
with more productive crop production, which demon-
strates more active agricultural production by the in-
troduction of more fertilizers, mechanization, and en-
ergy. Although this yield improvement can decrease
the over-the-run emissions per unit of output, the short-
term impacts of this analysis indicate that even in the
high-emission RCEP economies, intensification is still
emission-intensive in the short run.

Conversely, sustainable agricultural practices have
negative but statistically non-significant coefficient.
This finding demonstrates that although theoretically
such practices can reduce emissions by enhancing their
efficiency and carbon capture, none of that has been im-
plemented on a large scale to generate a quantifiable
aggregate impact. This result is consistent with the re-
sults of other developing areas and the environmental
advantages of sustainable agriculture can be statistically
significant only when there is large-scale dispersion and
persistent policy encouragement.

Figure 1 illustrates a positive association between
GDP and agricultural carbon emissions across RCEP
countries. The upward-sloping regression line indicates
that higher income levels are generally associated with
increased emissions, consistent with early-stage Envi-

ronmental Kuznets Curve dynamics.
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Figure 1. GDP and Carbon Emissions Relationship.
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This value shows that there is a positive relation-
ship between GDP and carbon emissions in the RCEP
countries. In the scatter plot, the countries that are at
the higher GDP levels have a higher emissions as was dur-
ing the regression analysis. Figure 2 shows the relation-
ship between agricultural land area and carbon emis-
sions. While the association is positive, it is weaker than
that observed for GDP, suggesting that land expansion
contributes to emissions but is not the dominant driver.

This number demonstrates the connection be-
tween the area of land under agriculture and carbon
emissions. Despite the positive correlation, it is not
as strong as GDP implying that the agricultural growth
is not the only factor that causes the emission. Fig-
ure 3 depicts the relationship between crop yields and
agricultural carbon emissions. Higher yields are associ-
ated with increased emissions, reflecting intensification

through fertilizer use and mechanization.

Crop Yield (tons per hectare)

Figure 3. Crops Yields and Carbon Dioxide.
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This number represents this margin to show the im-
pact of crop output on carbon emissions. There is a re-
lationship between increased crop yields and increased
emissions which is mainly because of increased applica-
tion of fertilizers and mechanization.

Combined, the findings suggest the bi-directional
nature of agriculture in the growth-emissions nexus. De-
pending on the characteristics of practices followed and
the overall policy framework, agricultural development
can serve as an emitting activity as well as a mitigation
route. The results stress that unless policy interven-
tions are implemented, agricultural and economic devel-
opment in the RCEP region will continue to be pegged on

increased emissions.

3.4. Policy Implications

The practical findings of this study have consequen-
tial policy implications on the policy-makers who are
within the member states of the RCEP. The correlation
that was found between gross domestic product and car-
bon emissions means that the trend of economic growth
in the region is likely to continue supporting an increase
in carbon emission unless significant actions are taken
to reduce the carbon intensity with which the industry
is operated. An intelligent policy agenda must thus an-
ticipate the introduction of green technologies and insti-
tutionalization of carbon pricing processes so as to un-
couple the economic growth and environmental degra-
dation.

Governments should provide the right incentives
to motivate farmers use emission-controlling methods
such as agroforestry, precision farming and organic
farming. Additionally, the efforts to address the issue of
deforestation suppression and encouraging land restora-
tion will probably make strategic leverages in limiting

the agricultural emissions in the region.

4. Discussion

The findings of the current study provide relevant
information on the relationship among the economic
growth, development of agricultural sector, and carbon
emission in the member states of the RCEP. This dis-

cussion reveals the dynamic inter-relations between the

variables and shows that even though economic growth
is one of the major factors that drive carbon emissions,
agricultural development also has a consequential effect
on emissions trends. In the next section, these findings
are compared to the available literature and hypothe-
sized processes, and their wider policy implications are
considered.

4.1. Economic Growth and Carbon Emissions

The existence of a positive correlation between
Gross Domestic Product (GDP) and carbon emission
confirms the findings of many previous studies that
have recorded the environmental cost of high economic
growth. Suchresults are in line with the Environmental
Kuznets Curve (EKC) hypothesis according to which the
pollution initially increases as the income of a country
grows, but finally declines, when the level is overrun,
due to the capacity of the higher-income economies to
invest in cleaner technologies and sustainable ways of
development !4, As much as this study establishes the
overall trend, as suggested by the EKC, it also shows
the hurdles that the RCEP countries will face in the
process of decouple economic growth and environmen-
tal degradation. Rapid industrialization of some of the
economies in the RCEP has triggered significant levels
of carbon emission. Regression coefficients that illus-
trate this relationship show that any rise in GDP is as-
sociated with the corresponding increase in the emis-
sions, which, in turn, means that the growth in the in-
dustrial output, energy consumption, and transporta-
tion can be considered the main initiator of the emis-
sions.

However, the effect that GDP has on carbon emis-
sion is not necessarily linear. Although the economic
growth is a major factor causing higher emissions, some
contradictory reports show that the dynamics may be
more subtle: some industries appear to have a relatively
smaller footprint in terms of environmental impact com-
pared to other manufacturing and energy-intensive in-
dustries, e.g., services and technology. Based on this,
emissions trend in reaction to economic development
can differ, depending on the structural and technological
development of an economy. This highlights the need to

develop policies that will promote cleaner technologies

30



Research on World Agricultural Economy | Volume 07 | Issue 03 | September 2026

and energy-saving measures as part and parcel of overall
development plans.

4.2. Agricultural Development and Carbon
Emissions

The results also show that there is positive corre-
lation between agricultural development and carbons
emission though not as strong as the one relating to
GDP. As a result, the agricultural growth, particularly the
deforestation and intensive agriculture, contributes to
the emissions, but the scale of these contributions is in-
significant in comparison to those produced by the in-
dustrial and economic development. The existing litera-
ture recognizes agriculture as a contributor to emissions
(through deforestation, livestock production and fertil-
izer use) and as a possible mitigation strategy (through
carbon sequestration, sustainable land use and agro-
forestry.

Agricultural growth in the RCEP region has been
influenced by the increased demand of food and biofu-
els which has triggered the transformation of land and
the increased use of fertilizer and pesticides. Deforesta-
tion also plays an important role in agricultural emis-
sions, especially in Southeast Asia as the forest cover is
cleared to form plantations and arable land. However,
the small positive impact of agricultural development
on emissions implies that emissions reduction can be
achieved by implementation of sustainable agricultural
practices. As an example, encouraging agroforestry, pre-
cision farming and organic farming would reduce emis-
sions through increased carbon capture and decreased
dependence on synthetic inputs.

The lack of statistical significance of sustainable
agricultural practices in the regression model suggests
that the practices have the potential of reducing emis-
sions but their adoption is still very low in most RCEP
countries. This finding concurs with the fact that a
number of the member states, especially those with
high agricultural sectors have not yet adopted sustain-
able practices completely given the prohibitive costs,
lack of adequate knowledge and incentives to the farm-
ers. As a result, intense policy action is in control such
as subsidies and technical support is highly required to
propagate the spread of sustainable agricultural prac-

tices.

4.3. Policy Implications

The results of the current research drive the ur-
gency of having RCEP economies implement policies
that would generate economic growth and an environ-
mentally sustainable society at the same time. The posi-
tive correlation between the GDP and the emissions can
be taken to demonstrate the importance of incorporat-
ing the environmental concerns into the economic policy
making, particularly in the rapidly expanding industrial
sectors. Use of green technologies, i.e., renewable en-
ergy, energy efficient production, and clean transporta-
tion is essential in the decoupling of economic growth
and environmental degradation.

In the agricultural sector, the information indicates
that agricultural development can be viewed not only as
the source of emissions butalso as a means of combating
climate change. Sustainability, such as agroforestry, pre-
cision farming, and conservation tillage, are policies that
can be used to decrease emissions without adversely af-
fecting productivity. In addition, agricultural emissions
can be significantly reduced through land-use policies
that will prevent deforestation and promote reforesta-
tion.

The governments in the RCEP area also have to of-
fer monetary rewards to farmers when they embrace
low-carbon technologies. This may take the form of
subsidies on renewable energy instalment in farms, tax
cuts on sustainable farming methods and the research
on more efficient farming methods. Also, carbon pric-
ing schemes, including carbon taxes or emissions trad-
ing programs, would bring financial incentives to reduce
emissions in all the industries, including the agricultural
sector.

4.4. Future Research Directions

Despite the fact that this study provides useful
results regarding the correlation between economic
growth, agricultural development, and carbon emis-
sions, there are a few directions that should be studied.
Further studies may look into the non-linearity of the

growth-emissions nexus, and acknowledge that the EKC
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perhaps is not consistent across the RCEP economies.
The fact that some countries can attain high levels of
economic growth but without similar levels of emission
growth is possible especially when countries also invest
in clean technologies as well as embracing power saving
measures.

Further studies are needed to determine regional
differences between the effects of agricultural develop-
ment on emissions. Such comparison of the effective-
ness of particular agricultural practices as organic farm-
ing, agroforestry, conventional industrial agriculture de-
serves a closer study in order to determine their compar-
ative efficiency in mitigation of emissions. Moreover, it
requires long-term research to assess the long-term ef-
fects of agricultural sustainability on emissions because
some agricultural methods like agroforestry can take

decades before they can have any significant impacts.

5. Conclusions

In general, the results suggest strong empirical data
of long-term relationships between economic growth,
agricultural development, and carbon emissions in the
countries that are members of RCEP. Although economic
growth is the main cause of the emissions, agricultural
development presents a two-sided nature where on one
side, it causes emissions through growth and intensifi-
cation and, on the other side, there is a potential to mit-
igate the problems through sustained practices. Based
on recognized data and methodological constraints, the
findings can be perceived as interrelated and not causal.
However, the research provides valuable policy-related
findings and background of the future research that uses
These

findings are consistent with recent evidence suggesting

dynamic and disaggregated analytical models.

that integrating sustainable agricultural practices into
broader economic development strategies is essential
for achieving long-term emissions reduction in develop-
ing and emerging economies ?4l. These findings further
indicate that emission mitigation in the agricultural sec-
tor can be achieved without compromising food security,
provided that productivity enhancing and climate smart
farming practices are scaled up through targeted policy
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