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Introduction

Agriculture encompasses about half of the Earth's land area and plays a significant role
in global greenhouse gas (GHG) emissions, contributing approximately one-third of the total.
Farming also heavily influences global resource consumption, accounting for roughly 70% of
freshwater usage and approximately 31% of GHG emissions (Rodriguez-Espinosa et al., 2023).
This positions agriculture as one of the top three sectors contributing to environmental impact,
after transportation and housing (The Circularity Gap Report, 2019). According to India's Third
Biennial Update Report to the United Nations Framework Convention on Climate Change
(UNFCCC) in 2021, the agriculture sector in India contributes 14% to the nation's overall GHG
emissions. Additionally, when considering both the agriculture and food sectors combined,
they constitute the second-largest material footprint globally, totaling 21.3 billion tons, with a
carbon footprint amounting to 10 billion tons of CO equivalent. The main sources of
agricultural emissions include the livestock sector, which accounts for over half (54.6%) of
total emissions, and the use of nitrogenous fertilizers, contributing 19% to the overall emissions
(Hussain et al., 2015; FAO, 2018). Rice cultivation is widely practiced across many countries
and has a significant impact on GHG emissions, responsible for about 30% of global
agricultural methane (CHa) emissions and 11% of nitrous oxide (N20) emissions (FAO, 2018).
Analysts have observed an increase in GHG emissions from rice production, rising from 71.32
million tonnes CO> equivalent in 2016 to 72.329 million tonnes CO equivalent in 2018-19. In
most soils worldwide, which are typically well-aerated, carbon dioxide (COy) is the primary
respiratory product.
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Carbon farming (CF) represents a strategy for managing carbon that involves
sequestering greenhouse gases in the land rather than releasing them into the atmosphere
(Barbato and Strong, 2023). This approach encompasses a variety of sustainable agricultural
practices, including agroforestry, cover cropping, rotational grazing, reduced chemical
fertilizer use, and minimal tillage (Leifeld and Menichetti, 2018; Sollen-Norrlin et al., 2020).
These practices help capture CO from the atmosphere, storing it in soils or plants, while also
providing additional benefits such as improving soil quality, resilience against diseases, erosion
control, and enhancing productivity (Holka et al., 2022; Denny et al., 2023).

Carbon monetization in agriculture refers to practices and initiatives aimed at sequestering
carbon dioxide (CO>) from the atmosphere and storing it in soils or biomass, thereby mitigating
climate change while potentially generating economic benefits for farmers. Farmers adopting
sustainable farming practices can generate income by selling carbon credits and improving soil
health, crop yield, land productivity, and profitability.

1. Current Initiatives and Programs: There are several current initiatives and programs
focused on carbon monetization in agriculture around the world. These initiatives aim
to reduce greenhouse gas emissions from agricultural activities and/or sequester carbon
dioxide from the atmosphere, often providing financial incentives or benefits to farmers
and stakeholders. Here are some key examples:

Carbon Credits and Markets:

a. Cap-and-Trade Systems: Regions like California in the United States and the
European Union have established cap-and-trade systems where industries, including
agriculture, can buy and sell carbon credits based on their emissions.

b. Voluntary Carbon Markets: These markets allow companies and individuals to
voluntarily offset their emissions by purchasing carbon credits generated from
agricultural practices that sequester carbon.

Soil Carbon Sequestration:

d. Conservation Agriculture: Practices such as reduced tillage, cover cropping, and crop
rotation help build soil organic carbon, thereby sequestering carbon dioxide from the
atmosphere.

e. Regenerative Agriculture: Focuses on improving soil health and biodiversity while
reducing carbon emissions through practices like no-till farming, agroforestry, and
integrated crop-livestock systems.
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Renewable Energy Integration:

+ On-Farm Renewable Energy: Farmers are increasingly integrating renewable energy
sources such as solar panels and wind turbines to power their operations, reducing
reliance on fossil fuels and associated carbon emissions.

+ Carbon Farming and Payment for Ecosystem Services (PES):

a. Carbon Farming: Incentivizes farmers to adopt practices that sequester carbon, often
through government programs or private initiatives.

b. Payment for Ecosystem Services: Programs where farmers receive payments for
implementing practices that provide environmental benefits, including carbon
sequestration.

Afforestation and Reforestation:

a. Afforestation: Planting trees on agricultural land to increase carbon storage and
biodiversity.

b. Reforestation: Restoring degraded forests or converting marginal agricultural land back
to forest to enhance carbon sequestration.

Technological Innovations:

a. Precision Agriculture: Utilizing technology like GPS-guided machinery and drones to
optimize inputs and reduce emissions per unit of agricultural output.

b. Digital Monitoring and Verification: Tools and platforms for accurately measuring and
verifying carbon sequestration and emissions reductions on farms.

3. Global Initiatives, Regional Variances and Leading Countries in carbon monetization

in agriculture Global Initiatives

International Efforts:

e Paris Agreement: Encourages countries to mitigate greenhouse gas emissions and
enhance carbon sinks, including agricultural practices.

e UN Framework Convention on Climate Change (UNFCCC): Supports global efforts
to address climate change, including through agriculture-related initiatives and policies.

On August 8, 2022, the Energy Conservation (Amendment) Bill was enacted with the aim

of promoting growth in the domestic carbon market, particularly in renewable energy. This
legislative move reflects a response to the growing unpredictability and variability of natural

conditions, encouraging the adoption of innovative agricultural practices.
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Regional variances in carbon monetization in agriculture reflect diverse approaches,
priorities, and levels of implementation across different countries and regions. Several
countries are leading in adopting carbon monetization strategies in agriculture, each with
unique policies, programs, and challenges:

India:

¢ India has been actively pursuing initiatives and policies related to carbon monetization
in agriculture to mitigate climate change impacts and promote sustainable agricultural
practices. Here are some key actions, policies, frameworks, and programs:

Government Measures to Promote Carbon Market in Agriculture Sector

e The Energy Conservation (Amendment) Act of 2022 was implemented in India to foster
the growth of domestic carbon markets, mitigate carbon debt risks, and establish the
country as a leading exporter of carbon credits globally.

e In April 2023, the Uttar Pradesh Government launched an agroforestry project in
partnership with The Energy and Resources Institute (TERI).

e This initiative aims to incorporate nature-based solutions into agriculture, utilizing
carbon sequestration to combat climate change while creating new income streams for
farmers.

Policies and Frameworks

a. National Action Plan on Climate Change (NAPCC): Includes the National Mission
for Sustainable Agriculture (NMSA), which promotes climate-resilient agriculture
practices including carbon sequestration.

b. National Policy on Agriculture (NPA): Encourages sustainable agricultural
practices, including measures to enhance soil health and reduce greenhouse gas
emissions.

c. Intended Nationally Determined Contributions (INDC): India's commitment under
the Paris Agreement includes reducing the emissions intensity of its GDP and
increasing carbon sinks, which can involve agricultural practices

Programs and Initiatives

a. Paramparagat Krishi Vikas Yojana (PKVY): Promotes organic farming practices

among farmers, which can contribute to reducing chemical inputs and enhancing soil

carbon sequestration.
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b. Soil Health Card Scheme: Aims to promote balanced use of fertilizers and improve
soil health, indirectly impacting carbon levels in soils.

c. Pradhan Mantri Krishi Sinchayee Yojana (PMKSY): Includes components for
efficient water use through micro-irrigation techniques, which can reduce energy use
and associated carbon emissions.

d. National Mission on Oilseeds and Oil Palm (NMOOP) and National Food Security
Mission (NFSM): Promote sustainable cultivation practices that can potentially
enhance carbon sequestration in soils.

e. National Mission on Sustainable Agriculture (NMSA): Promoting Climate-Smart
Agriculture. NMSA supports farmers in adopting climate-smart agricultural practices
such as conservation agriculture, agroforestry, and integrated nutrient management.
These practices enhance soil carbon sequestration and reduce greenhouse gas emissions
from agricultural activities.

f. Forest Conservation and Afforestation Efforts: Compensatory Afforestation Fund
Management and Planning Authority (CAMPA) funds are used for afforestation and
reforestation projects, contributing to carbon sequestration and biodiversity
conservation.

Significant reductions in methane emissions, totaling 22 kilograms per hectare, have
been observed. In Meghalaya, India, there are ongoing efforts to develop a framework for
a "carbon farming" act aimed at promoting sustainable agricultural practices (Jackson et
al., 2005). The northeastern region of India has shown notable progress in adopting organic
and sustainable farming methods. Cultyvate, an agri-tech startup, is facilitating the
transition of smallholder rice farmers in Punjab from traditional flood irrigation to the
alternate wetting and drying (AWD) method (Yadav et al., 2017). This method not only
reduces water usage by 40% but also cuts methane emissions from submerged rice fields
by 50%. Additionally, the implementation of the System of Rice Intensification (SRI)
practices has led to a significant decrease in methane (CH4) emissions, reducing them by
more than fourfold compared to conventional methods (Searchinger et al., 2015).

United States:

e California Cap-and-Trade: California's cap-and-trade system includes agriculture,
where farmers can earn credits for adopting practices that reduce emissions or sequester
carbon.
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e Conservation Programs: Federal programs like the Conservation Reserve Program
(CRP) incentivize farmers to adopt conservation practices that enhance carbon
sequestration.

European Union (EU):

e Common Agricultural Policy (CAP): Includes provisions for supporting sustainable
practices that reduce emissions and enhance carbon storage in soils.

e Green Deal: Aims to make EU agriculture more sustainable, including measures to
promote carbon sequestration through agroecological practices.

Australia:

e Carbon Farming Initiative: Encourages farmers to participate in carbon offset
schemes through activities like reforestation, revegetation, and soil carbon
sequestration.

e Emissions Reduction Fund: Provides financial incentives for projects that reduce
emissions across the economy, including agriculture.

New Zealand:

e Emissions Trading Scheme: Includes agriculture and allows farmers to earn credits

for reducing emissions or sequestering carbon.
Brazil:

e Low Carbon Agriculture Program (ABC): Supports practices like no-till farming,
reforestation, and agroforestry to reduce emissions and enhance carbon storage.

e Forest Code: Regulates land use to promote conservation and restoration of native
vegetation.

Africa:

e Climate-Smart Agriculture: Promotes practices that increase productivity, build
resilience to climate change, and reduce emissions, including carbon sequestration in
soils.

Status of Voluntary Carbon Market
e Rapid Expansion: The global voluntary carbon market has been expanding fast due to
the increasing demand for carbon credits from business organisations to meet their

obligations to climate change mitigation.
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e As per the 2022 Report of the Ecosystem Marketplace, about 500 million carbon
credits, valued at $1.98 billion, were traded globally in the voluntary carbon market
in 2021.

e However, the share of agriculture-based carbon credits was only one million worth
$8.7 million.

Challenges and Barriers

Measurement and Verification: Accurately measuring carbon sequestration and
emissions reductions can be complex and costly. There is a need for standardized
methodologies and reliable monitoring systems to verify carbon offsets and credits.
Costs and Economic Viability: Implementing carbon monetization practices often
requires upfront investments in technology, infrastructure, and training. Farmers may be
reluctant to adopt these practices without clear economic incentives or financial support.
Market Access and Pricing: Access to carbon markets or buyers for carbon credits can
be limited, especially for small-scale farmers or those in developing countries. Fluctuations
in carbon credit prices and market uncertainty can also deter participation.

Technological Constraints: Some carbon sequestration practices, such as soil carbon
sequestration or agroforestry, rely on specific technologies or management practices that
may not be widely accessible or applicable in all agricultural settings.

Policy and Regulatory Frameworks: Inconsistent or unclear policies related to carbon
pricing, emissions trading, land use regulations, and agricultural subsidies can create
uncertainty for farmers and investors interested in carbon monetization.

Knowledge and Awareness: Many farmers may lack awareness or understanding of
carbon monetization opportunities and the potential benefits of adopting climate-smart
agricultural practices.

Risk and Long-Term Commitment: Climate variability and agricultural risks, such as
droughts, floods, and pest outbreaks, can affect the effectiveness of carbon sequestration
practices over time. Farmers may perceive these practices as risky or uncertain.

Land Tenure and Ownership: Issues related to land tenure, ownership rights, and access
to resources can complicate the implementation of long-term carbon sequestration

projects, particularly in communal or marginalized farming communities.
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e Social and Cultural Factors: Local traditions, cultural practices, and social norms may
influence farmers' willingness or ability to adopt new agricultural practices, including
those aimed at carbon monetization.

Advantages

Carbon monetization in agriculture has demonstrated several success stories and
impactful outcomes globally, showcasing the potential of sustainable farming practices to
mitigate climate change and improve agricultural resilience. Here are some notable success
stories and impacts:

i. Enhanced Soil Health and Productivity
a. Increased Soil Organic Carbon: Practices like conservation tillage, cover cropping,

and agroforestry have improved soil health by increasing organic matter content. This

not only sequesters carbon but also enhances soil fertility and water retention, leading
to higher crop yields and reduced dependency on synthetic fertilizers.

b. Improved Water Management: Adoption of water-efficient irrigation techniques,
such as drip irrigation or precision irrigation systems, reduces water use and energy
consumption, thereby lowering greenhouse gas emissions associated with irrigation
practices.

ii. Economic Benefits for Farmers
a. Income Diversification: Participation in carbon markets or carbon offset programs

provides additional revenue streams for farmers. This includes earning carbon credits

for implementing practices that sequester carbon or reduce emissions, such as
reforestation, soil carbon sequestration, or methane capture technologies in livestock
farming.

b. Cost Savings: Practices like reduced tillage and integrated pest management not only
sequester carbon but also reduce input costs for farmers, such as fuel and pesticide
expenses, improving overall farm profitability.

iii. Climate Change Mitigation and Adaptation
a. Greenhouse Gas Emissions Reduction: By adopting climate-smart agricultural

practices, such as agroforestry, rotational grazing, and nutrient management, farmers

contribute to reducing greenhouse gas emissions from agriculture. This helps in

meeting national emission reduction targets and global climate commitments.
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b. Adaptation to Climate Variability: Practices that enhance soil resilience and water
efficiency help farmers adapt to climate change impacts like droughts, floods, and
extreme weather events, thereby ensuring food security and livelihood sustainability.

iv. Environmental Conservation and Biodiversity

a. Habitat Restoration: Reforestation and afforestation projects undertaken as part of
carbon monetization efforts restore degraded lands, conserve biodiversity, and enhance
ecosystem services such as watershed protection and soil erosion control.

b. Preservation of Natural Resources: Sustainable land management practices reduce
soil erosion, improve water quality, and protect natural habitats, contributing to the
conservation of biodiversity and ecosystem health.

v. Community and Stakeholder Engagement
a. Capacity Building and Empowerment: Programs that educate and train farmers on
climate-smart practices build local capacity and empower communities to participate
in sustainable agriculture initiatives.
b. Partnerships and Collaboration: Successful carbon monetization projects often
involve collaboration between governments, NGOs, research institutions, and private
sector entities, fostering multi-stakeholder partnerships for scalable and impactful
outcomes.
Future Outlook and Opportunities

The future outlook for carbon monetization in agriculture presents significant
opportunities for advancing sustainable farming practices and mitigating climate change
impacts. Here are key aspects shaping the future of carbon monetization in agriculture:
Advancements in Technology and Innovation

e Precision Agriculture: Continued advancements in technologies such as remote
sensing, drones, and 10T (Internet of Things) devices will enable farmers to monitor
and manage their land more efficiently, optimizing inputs and reducing emissions.

e Digital Solutions: Integration of blockchain technology for transparent carbon
accounting and verification, enhancing trust and efficiency in carbon markets.

Expansion of Carbon Markets and Policy Support

e Market Expansion: Growth of voluntary and compliance carbon markets, providing

farmers with more opportunities to earn revenue from carbon credits generated through

sustainable practices.
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e Policy Incentives: Continued development and strengthening of national and
international policies that incentivize carbon sequestration and emission reduction in
agriculture, aligning with global climate targets.

Scaling Climate-Smart Agricultural Practices

e Climate-Resilient Agriculture: Adoption of practices like conservation agriculture,
agroforestry, cover cropping, and improved water management systems to enhance soil
carbon sequestration and resilience to climate variability.

e Integrated Farming Systems: Promotion of integrated farming systems that optimize
resource use, diversify income streams, and mitigate environmental impacts.

Collaboration and Partnerships

e Multi-Stakeholder Engagement: Enhanced collaboration between governments,
research institutions, NGOs, private sector entities, and farmers to co-develop and
implement effective carbon monetization strategies.

e Knowledge Sharing: Platforms and networks for sharing best practices, lessons
learned, and technical expertise in carbon accounting, soil health management, and
sustainable agriculture.

Conclusion
The future of carbon monetization in agriculture holds promise for transforming the
sector towards sustainability, resilience, and climate change mitigation. Continued innovation,
policy support, financial incentives, and collaborative efforts will be essential in unlocking the
full potential of carbon markets and advancing global climate goals while securing food
security and rural livelihoods. India’s efforts in carbon monetization in agriculture are evolving
with a focus on integrating climate-smart practices into mainstream agricultural policies and
programs. Continued support through policy incentives, capacity building, and technology
transfer will be crucial in achieving sustainable development goals while addressing climate
change challenges in the agriculture sector.
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