Climate Change, Agriculture, and its Mitigation analysing using Artificial

Intelligence

Kamalkant Yadav?!, Somath Nayak!?, Radheshyam®?, Sandeep Gawdiya'?, Sahadeva
Singh?, Aakash Salar'?, Bulbul Ahmed*?*

1 School of Agriculture, Galgotias University, Greater Noida, UP - 201308
2 ICAR - Indian Agricultural Statistics Research Institute, New Delhi - 110012
3 ICAR - Indian Agricultural Research Institute, New Delhi - 110012
* Corresponding Author : anmedbulbul52@gmail.com

Introduction:

Climate change is a global phenomenon that is profoundly affecting ecosystems and human
livelihoods across the world. It poses the greatest challenge to sustainable development today.
One of the sectors most vulnerable to the impacts of climate change is agriculture, particularly
in countries like India, where agriculture is a primary source of livelihood for millions of
people. Human-caused greenhouse gas emissions, warned by the IPCC (2018), have led to
1.0°C global warming above pre-industrial levels, projected to reach 1.5°C by 2030-2052. This
fuels extreme weather and disrupts ecosystems. India's agriculture faces risks due to changing
temperatures and precipitation patterns, impacting crop yields (Kothawale et al., 2010; Mondal
etal., 2015). As the technological advancement taking rapidly, Artificial Intelligence (Al) plays
crucial role in agriculture sector from ploughing to harvesting to post harvest management in
order to reduce the emission of green-house gasses. Al plays a crucial role in enhancing climate
change resilience through risk identification and mitigation strategy development. This chapter
explores the implications of climate change on Indian agriculture and examines various
mitigation strategies that can help the country adapt to and build resilience against the

challenges posed by a changing climate through the application of Artificial Intelligence.
1. The Impact of Climate Change on Indian Agriculture:
1.1 Changing Monsoon Patterns:

The Indian monsoon is a lifeline for agriculture in the country, providing water for irrigation
and supporting crop growth. However, climate change has led to shifts in monsoon patterns,
resulting in increased variability and uncertainty. Regions that were once assured of sufficient

rainfall are experiencing droughts, while others are grappling with heavy and prolonged rainfall



leading to floods. These unpredictable monsoon patterns disrupt agricultural planning and

impact crop yields and food production.

1.2 Rising Temperatures and Heat Stress:

India has been experiencing a steady rise in temperatures over the past few decades. Extreme
heat events and prolonged heatwaves are becoming more frequent, affecting crop growth,
flowering, and fruiting. High temperatures during critical growth stages lead to reduced yields
and lower crop quality, especially for heat-sensitive crops like wheat and fruits.

1.3 Changing Pest and Disease Dynamics:

Climate change has also altered the distribution and prevalence of pests and diseases in
agricultural fields. Warmer temperatures and altered precipitation patterns create favourable
conditions for some pests to thrive while negatively impacting others. As a result, farmers are
facing new challenges in pest management and disease control, which can lead to crop losses

and economic hardships.

2. Mitigation Strategies for Climate Change in Indian Agriculture using Artificial
Intelligence:

2.1 Climate-Resilient Crop Varieties:

Developing and promoting climate-resilient crop varieties is vital for ensuring food security in
the face of changing climate conditions. Breeding programs that focus on drought-tolerant,
heat-resistant, and pest-resistant crops can help farmers adapt to the new challenges. Adoption
of genetically modified crops with enhanced resilience to climate stressors should be carefully
evaluated and regulated to ensure safety and environmental sustainability. Al refers to artificial
intelligence and advanced analytics, a process of analysing large amounts of data using
sophisticated data analysis techniques such as machine learning algorithms and data

engineering.

In order to understand potential future climate scenarios, machine learning algorithms can be
employed to enhance climate models and projections. Deep learning can examine satellite
pictures to track factors that contribute to climate change, such as land use changes,
urbanisation, and deforestation. Reinforcement learning can optimise energy utilisation in

structures and industrial processes, lowering greenhouse gas emissions. The layout and



positioning of renewable energy sources like solar cells and wind turbines can be improved via
genetic algorithms. Sustainable land-use strategies, agent-based models mimic interactions
between specific agents eg. farmers and their environment. Internet of Things (I0T) can gather
current information on crop health, temperature, and soil moisture. The use of resources and

irrigation can be improved via data analytics.
2.2 Improved Water Management:

Improvements in water management are essential for sustainable growth, particularly in light
of the growing water shortage and the effects of climate change. Artificial intelligence (Al) has
the potential to significantly improve current methods of water management. Smart Irrigation
helps in optimise irrigation scheduling, Al algorithms can examine real-time sensor data,
weather predictions, and soil moisture levels. By doing this, over-irrigation is avoided, water
waste is decreased, and crops are given the appropriate amount of water. For leak detection and
infrastructure monitoring, Al can process data from sensors installed in water distribution
networks. Early diagnosis reduces water losses and harm to infrastructure. Water Quality
Monitoring is one of the biggest challenges nowadays. Al-powered systems may analyse data
from sensors and remote sensing to detect and correct the pollutants, dangerous algal blooms,
and pollution.

2.3 Sustainable Farming Practices:

Promoting sustainable farming practices can contribute to climate change mitigation and
resilience. Organic farming, agroforestry, and crop rotation improve soil health, sequester
carbon, and reduce greenhouse gas emissions. Intercropping and cover cropping can help
preserve soil moisture and reduce erosion, enhancing the overall sustainability of agricultural

systems.
2.4 Technology Adoption:

Utilising Al methods to facilitate and enhance the adoption of various technologies across
multiple sectors is known as technology adoption using Al. It can be also useful in numerous
field such as Resource Allocation and Planning, Market Research and Trend Analysis,
Cybersecurity and Data Privacy, Education and Training, Supply Chain and Logistics
Optimization, Regulatory Compliance, and Continuous Improvement etc. Advancements in
agricultural technology offer valuable tools to mitigate climate change impacts. Precision

farming, enabled by sensors, drones, and data analytics, allows farmers to make informed



decisions, optimize resource use, and reduce input wastage. Weather forecasting technology
can assist in planning agricultural activities based on weather patterns, reducing climate-related

risks.
2.5 Climate-Adaptive Policies:

To support farmers in their efforts to adapt to climate change, the Indian government must
implement climate-adaptive policies. These policies should encompass financial incentives,
subsidies, and insurance schemes to encourage the adoption of climate-resilient practices.
Moreover, a comprehensive risk management strategy that covers extreme weather events and

crop failure is essential to protect farmers' livelihoods.

2.6 Research and Innovation:

Investment in research and innovation is crucial to finding innovative solutions to climate
change challenges in agriculture. Research institutions should focus on developing new
technologies, crop varieties, and sustainable practices that are tailored to the Indian agro-
climatic conditions. Collaboration between research institutions, the government, and private
sector stakeholders is vital to translating research findings into practical applications on the

ground.
3. Challenges and Opportunities:
3.1 Financial Constraints:

Small and marginal farmers, who constitute a significant proportion of the Indian agricultural
workforce, often lack the financial resources to invest in climate-resilient practices. Providing
access to affordable credit and offering financial support through government programs can

help bridge this gap and encourage sustainable farming.
3.2 Awareness and Education:

Awareness about climate change and its implications for agriculture is essential at both the
policymaker and farmer levels. Strengthening agricultural extension services can help
disseminate knowledge about climate-smart practices, ensuring that farmers are equipped to

make informed decisions.



3.3 Infrastructure Development:

Investments in rural infrastructure are crucial to supporting climate-resilient agriculture.
Upgrading irrigation systems, constructing water storage facilities, and improving

transportation networks can enhance productivity and reduce post-harvest losses.
3.4 Policy Coherence:

To effectively address climate change in the agricultural sector, policies related to agriculture,
environment, and climate change need to be coherent and coordinated. Cross-sectoral
collaboration is essential to avoid conflicting objectives and promote sustainable development.

4. Case Studies:

This section presents case studies of successful climate change mitigation and adaptation
initiatives in Indian agriculture. These case studies highlight the positive impact of specific
interventions, such as community-based water management projects, climate-resilient crop

adoption, and farmer-led agro-ecological practices.
Conclusion:

Climate change poses a significant threat to Indian agriculture, but it also presents an
opportunity for transformative change. By implementing appropriate mitigation and adaptation
strategies, India can build a climate-resilient agricultural sector that ensures food security,
protects livelihoods, and contributes to climate change mitigation. Multifaceted efforts,
including research and innovation, policy support, and capacity building for farmers, are
essential to navigate the challenges and seize the opportunities presented by climate change in

the Indian agricultural scenario.
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