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Abstract

Climate change is one of the most pressing challenges facing humanity today. As global temperatures rise,
ecosystems are disrupted, natural disasters become more frequent, and human societies face increasing risks.
Tackling climate change requires innovative solutions, and artificial intelligence (Al) has emerged as a
powerful tool in this effort. Al offers advanced analytical capabilities, enabling more precise climate modeling,
optimization of renewable energy systems, and improved monitoring of environmental changes. This review
explores the role of Al in climate change mitigation, highlighting key strategies, challenges, and future
prospects.

Introduction

Climate change is a global crisis characterized by rising temperatures, changing weather patterns, and
increasing frequency of extreme events such as hurricanes, droughts, and wildfires. Human activities, primarily
the burning of fossil fuels, deforestation, and industrial processes, have led to a rapid increase in greenhouse gas
(GHG) emissions, contributing to the warming of the Earth's atmosphere. To address this challenge, the
international community has called for urgent and concerted action to reduce emissions and mitigate the
impacts of climate change.

Artificial intelligence, defined as the development of computer systems capable of performing tasks that
typically require human intelligence, such as learning, reasoning, and problem-solving, has the potential to play
a significant role in addressing climate change. Al-driven technologies can help optimize energy systems,
monitor environmental changes, improve resource management, and enhance climate prediction models. This
review provides an overview of how Al is being applied to climate change mitigation and discusses the
opportunities and challenges of implementing Al-driven solutions.

Al in Climate Change Mitigation

1. Climate Modeling and Prediction

One of the most critical applications of Al in climate change mitigation is improving climate models and
predictions. Climate models are essential tools for understanding future climate scenarios and assessing the
potential impacts of climate change. Traditional climate models rely on complex equations to simulate
interactions between the atmosphere, oceans, land, and ice. However, these models are computationally
expensive and may lack the precision needed for localized predictions.
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Al-driven techniques, such as machine learning (ML) and deep learning (DL), offer a solution to this challenge
by processing vast amounts of climate data and identifying patterns that might be missed by traditional models.
Al can also reduce the time required to generate predictions by approximating the results of complex climate
simulations. This improved efficiency enables more frequent updates to climate forecasts, allowing
policymakers to make more informed decisions regarding mitigation and adaptation strategies.

Notable Applications:

o Downscaling Climate Models: Al techniques are used to enhance the spatial resolution of global
climate models, enabling more accurate regional forecasts.

o Extreme Weather Event Prediction: Al can help predict extreme weather events such as hurricanes,
floods, and heat waves by analyzing historical data and identifying trends that signal their occurrence.

2. Optimization of Renewable Energy Systems

Transitioning to renewable energy sources is a cornerstone of climate change mitigation. Wind, solar,
hydropower, and other renewable energy sources offer the potential to significantly reduce GHG emissions.
However, integrating these sources into existing energy grids presents challenges, such as managing
intermittency and optimizing energy distribution.

Al plays a crucial role in addressing these challenges by optimizing the operation and maintenance of renewable
energy systems. Through predictive analytics and real-time monitoring, Al algorithms can forecast energy
generation from renewable sources, improve grid stability, and ensure efficient energy storage and distribution.
This results in more reliable renewable energy systems and reduced dependence on fossil fuels.

Notable Applications:

e Smart Grids: Al-driven smart grids optimize energy flow by balancing supply and demand in real-time,
reducing energy waste, and ensuring a more efficient use of renewable resources.

e Predictive Maintenance: Al algorithms predict potential equipment failures in wind turbines and solar
panels, allowing for timely maintenance and minimizing downtime.

3. Carbon Capture and Sequestration (CCS)

Carbon capture and sequestration (CCS) is a technology aimed at capturing carbon dioxide (CO2) emissions
from industrial sources and storing them in underground reservoirs. While CCS has the potential to significantly
reduce emissions, its deployment is hindered by high costs and the complexity of identifying suitable storage
sites.

Al can improve the efficiency of CCS by optimizing the capture process, identifying suitable geological
formations for carbon storage, and monitoring the long-term stability of storage sites. Machine learning
algorithms can analyze geological data to assess the suitability of storage locations and predict potential leakage
risks, improving the overall safety and effectiveness of CCS projects.

4. Monitoring Deforestation and Land Use Change

Deforestation and land use change are major contributors to climate change, accounting for approximately 10%
of global GHG emissions. Monitoring deforestation and land use is crucial for developing strategies to protect
forests and promote reforestation efforts. Al-driven technologies, particularly satellite imagery analysis and
remote sensing, play a vital role in this area.

JETIRGV06085 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 605


http://www.jetir.org/

© 2025 JETIR May 2025, Volume 12, Issue 5 www.jetir.org (ISSN-2349-5162)
Al algorithms can process satellite data to detect changes in land cover, identify deforestation hotspots, and
track illegal logging activities. By providing real-time information, Al enables governments and organizations
to take swift action to prevent deforestation and promote sustainable land management practices.

Notable Applications:

o Forest Monitoring: Al-powered tools like Global Forest Watch use satellite data and machine learning
to monitor forest loss and degradation.

e Agricultural Land Management: Al can optimize land use by analyzing crop vyields, soil health, and
climate conditions, promoting sustainable agricultural practices that reduce deforestation pressures.

5. Enhancing Carbon Markets and Climate Finance

Carbon markets and climate finance mechanisms play a critical role in incentivizing emission reductions and
funding climate change mitigation projects. Al can enhance the efficiency and transparency of carbon markets
by automating the monitoring, reporting, and verification (MRV) of emissions reductions.

Block chain-based Al platforms are being developed to ensure the accurate tracking of carbon credits,
preventing fraud and double-counting. Al can also optimize investment decisions by analyzing the
environmental, social, and economic impacts of climate projects, ensuring that financial resources are allocated
to the most effective mitigation strategies.

6. Urban Planning and Smart Cities

Urbanization is a significant driver of climate change, as cities account for over 70% of global GHG emissions.
Al can contribute to climate-friendly urban planning by optimizing transportation systems, energy use, and
waste management. Smart cities, powered by Al and the Internet of Things (IOT), can reduce emissions by
improving energy efficiency, promoting public transportation, and managing resources more sustainably.

Notable Applications:

« Smart Traffic Management: Al algorithms optimize traffic flow, reducing congestion and emissions
from vehicles.

o Energy-Efficient Buildings: Al can monitor and control energy use in buildings, ensuring efficient
heating, cooling, and lighting, thus reducing energy consumption.

Challenges and Limitations

While Al offers significant potential for climate change mitigation, there are several challenges and limitations
to its widespread adoption:

o Data Availability and Quality: Al models require large datasets for training, and in some regions, the
availability of reliable climate and environmental data is limited. In addition, data from different sources
may be inconsistent or incomplete, affecting the accuracy of Al models.

e Computational Costs: Training complex Al models can be computationally expensive, requiring
significant energy resources. Efforts to reduce the carbon footprint of Al systems are crucial to ensuring
that Al itself does not contribute to the problem it seeks to solve.

o Ethical Considerations: The use of Al in climate change mitigation raises ethical questions,
particularly regarding the distribution of benefits and risks. Developing countries may lack access to Al
technologies, potentially exacerbating existing inequalities.
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Future Prospects

The integration of Al into climate change mitigation strategies is still in its early stages, but the potential for
growth is vast. Future advancements in Al, such as the development of more efficient algorithms and the
integration of Al with other emerging technologies like quantum computing and block chain, could further
enhance the effectiveness of climate solutions.

Governments, businesses, and research institutions must collaborate to ensure that Al-driven climate solutions
are accessible, equitable, and sustainable. Investments in Al research, data infrastructure, and capacity building
are essential to unlocking the full potential of Al in combating climate change.

Conclusion

Al-driven technologies offer innovative solutions to some of the most pressing challenges associated with
climate change mitigation. From improving climate models and optimizing renewable energy systems to
monitoring deforestation and enhancing carbon markets, Al has the potential to accelerate the global transition
to a low-carbon economy. However, realizing this potential requires overcoming challenges related to data
availability, computational costs, and ethical considerations. It also provide broad spectrum of perspectives on
how Al is contributing to climate change mitigation. By addressing these challenges and fostering collaboration
across sectors, Al can become a powerful tool in the fight against climate change.
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