Journal of Advanced Zoology

Qf ISSN: 0253-7214
&= Volume 45 Issue 1 Year 2024 Page 535:541

Al Technology Is Revolutionizing Climate Change Mitigation: An Overview

Pijush Kanti Tripathit, Hasibul Rahaman?”", Sangeeta Laxmanrao Jadhav-Chavan?, Saptarshi
Mukherjee?

!Associate Professor, Haldia Government College, Debhog, Purba Medinipur, W.B., India.
#*Associate Professor, Department of Sociology, Haldia Government College, Purba Medinipur, W.B., India.
$Assistant Professor, Indian Institute of Food Science & Technology, Aurangabad, Maharashtra, India.
*M.Tech., student, Department of Bioinformatics, Maulana Abul Kalam Azad University of Technology, West
Bengal, India.

*Corresponding author: Hasibul Rahaman
*Associate Professor, Department of Sociology, Haldia Government College, Purba Medinipur, W.B., India.
hasibulsociology@gmail.com

Abstract

Climate change is a global problem that has a significant impact on human
health and economic well-being. Artificial intelligence (AI) has been shown to
have great potential in reducing the effects of climate change. This article tries
to provide a basic overview of the relationship between Al and mitigating
climate change, highlighting Al's revolutionary potential in combating this
pressing global issue. In particular, this article looks at how big data is essential
to the success of climate action programs and how Al technologies may use
these enormous databases to help develop more efficient mitigation measures
for climate change and adapt to them. We have investigated novel methods for
comprehending climate dynamics, maximizing renewable energy systems,
enhancing climate resilience, and improving environmental justice via the use
of Al technology.
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Introduction to Al and Climate Change Mitigation

One of the most urgent issues facing mankind in the twenty-first century is climate change, a phenomenon
mostly caused by human activity such as the burning of fossil fuels and changes in land use (IPCC, 2021). Its
many effects include upsetting ecosystems, making severe weather events more frequent, and posing risks to
public health and global food security. It is essential that governments, corporations, civil society organizations,
and people everywhere take immediate and coordinated action to reduce the effects of climate change and
prepare for them.

In this regard, artificial intelligence (Al) has drawn interest as a powerful instrument that might completely
transform attempts to mitigate climate change (Schwalm et al., 2021). Artificial Intelligence (Al) technologies
include a wide range of instruments and methodologies, such as big data analytics, machine learning
algorithms, and remote sensing capabilities. These Al-driven methods provide fresh chances to improve our
comprehension of climatic dynamics, allocate resources optimally, and support evidence-based decision-
making in the interest of sustainability.
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This article tries to provide a basic overview of the relationship between artificial intelligence (Al) and
mitigating climate change, highlighting Al's revolutionary potential in tackling this pressing global issue. We
set the stage for more in-depth investigation in later chapters that concentrate on particular areas of Al-enabled
climate solutions by going over important ideas and uses of Al in the context of climate action.

As we begin our investigation, it becomes clear that using Al in conjunction with conventional methods is
crucial to expediting the transition to a more robust and sustainable future for everybody.

Harnessing Big Data for Climate Action

Innovative solutions are needed to reduce the effects of climate change and prepare for its repercussions, since
it poses a complex and pressing problem (IPCC, 2021). Recent years have seen an unparalleled opportunity to
improve our knowledge of climate dynamics and support evidence-based decision-making due to the explosion
of data from many sources, including as social media platforms, sensors, and satellites (Schwalm et al., 2021).
This review article looks at how big data is essential to the success of climate action programs and how Al
technologies may use these enormous databases to help develop more efficient mitigation measures for climate
change.

More opportunities than ever before exist for tracking, analyzing, and forecasting climate-related events with
higher precision and granularity because to the combination of Al and big data analytics (Murray et al., 2020).
In particular, machine learning algorithms have shown promise in gleaning meaningful insights from vast and
intricate datasets, enabling practitioners, academics, and politicians to recognize patterns, evaluate hazards, and
create focused actions to tackle climate change concerns.

The use of satellite imaging and remote sensing data to monitor land-use change and deforestation is a
noteworthy use of big data analytics in climate action (Gorelick et al., 2020). Artificial intelligence (Al)
systems may monitor illicit logging operations, identify hotspots for deforestation, and provide insights for
conservation initiatives that protect biodiversity and reduce carbon emissions by studying changes in forest
cover over time.

Furthermore, Tromble et al. (Tromble et al., 2020) noted that social media data has become an important
source of knowledge for comprehending public attitudes around climate change and guiding communication
plans to include and inspire communities. By analyzing online debate, identifying key players, and crafting
message that appeals to a range of audiences, sentiment analysis and network analysis tools may help raise
public awareness and support for climate change projects.

It is critical to address issues with data quality, privacy, and equality as we use big data and Al to solve the
climate disaster (Bojinski et al., 2021). Harnessing the full potential of big data and Al to advance climate
change agendas requires ensuring open access to environmental data, encouraging data openness and
interoperability, and cultivating stakeholder engagement.

In conclusion, big data and Al together provide previously unheard-of chances to improve our comprehension
of climate change and create creative ways to lessen its effects. We can get closer to a future that is more robust
and sustainable for future generations by making use of the enormous and varied datasets that are already
accessible.
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Figure: 1 Harnessing Big Data for Climate Action (Peters et al., 2014)
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Optimizing Renewable Energy Systems with Al

There is tremendous potential for lowering greenhouse gas emissions and decreasing dependency on fossil
fuels via the use of renewable energy sources including hydroelectric, solar, and wind power (IEA, 2021).
However, grid stability and the dependability of the energy supply are threatened by the intermittent nature of
renewable energy output. Artificial intelligence (Al) technologies have become useful instruments in recent
times for enhancing the integration and performance of renewable energy systems, making the implementation
of clean energy solutions more economical and efficient (Borkowski et al., 2020).

The optimization of solar photovoltaic (PV) systems is one field in which artificial intelligence has shown great
potential. Solar PV systems may achieve better energy yields and enhanced performance under different
weather circumstances by using Al algorithms to examine historical weather data, anticipate solar irradiance
levels, and adjust panel orientation and tilt angles (Gupta et al., 2020). Furthermore, to maximize system
lifetime and uptime, Al-based monitoring and predictive maintenance strategies may assist in identifying and
resolving any problems with solar PV arrays.

In a similar vein, Al has transformed the generation of wind energy by making sophisticated turbine control
schemes and predictive maintenance methods possible (Yang et al., 2021). In order to maximize energy
collection and reduce maintenance costs, machine learning algorithms can evaluate enormous volumes of
operational data from wind turbines to optimize rotor blade angles, yaw control, and turbine scheduling.
Moreover, proactive scheduling of maintenance tasks and the capacity to foresee equipment failures are
provided by Al-driven predictive maintenance models, which minimize downtime and improve overall
dependability.

Al-driven optimization approaches have the potential to boost hydroelectric power production as well. In order
to maximize power production and grid integration, artificial intelligence (Al) systems may evaluate real-time
data from hydroelectric facilities, including water flow rates, reservoir levels, and turbine performance (Hao
et al., 2020). Artificial intelligence enabled hydropower systems may minimize environmental consequences
while maximizing grid stability and flexibility by dynamically modifying turbine operation depending on
changing environmental conditions and energy demand.

Through sophisticated energy management and forecasting tools, Al technology may not only optimize
individual renewable energy systems but also make it easier to integrate varied energy sources into the grid
(Bakirtzis et al., 2021). Artificial intelligence (Al) algorithms can improve energy dispatch and storage
techniques, assuring effective usage of renewable energy resources while preserving grid stability and
dependability. These algorithms analyze past energy consumption patterns, weather predictions, and market
pricing.

Integrating Al technology offers great potential for improving the efficiency and scalability of clean energy
systems, as renewable energy continues to be a key component in the shift to a low-carbon energy future. We
can speed the worldwide transition to a sustainable and resilient energy system and realize the full potential of
renewable energy resources by using Al-driven optimization methodologies.
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Figure: 2 Optimizing Renewable Energy Systems with Al (Chen et al., 2021)
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Advancing Climate Resilience through Al

Protecting ecosystems and communities from the effects of climate change requires building climate resilience
(IPCC, 2021). Artificial intelligence technologies have become more potent instruments in recent times for
augmenting climate resilience via the provision of practical insights, risk prediction and mitigation, and
facilitation of adaptive management techniques (Zhang et al., 2021).

The creation of early warning systems for severe weather occurrences is one area in which Al has significantly
improved climate resilience. In order to predict the commencement and intensity of severe events like
hurricanes, floods, and heatwaves, machine learning algorithms may examine past meteorological data, satellite
images, and other pertinent characteristics (Wang et al., 2020). Artificial intelligence-enabled early warning
systems may lessen the possibility of property and human casualties by assisting authorities and communities
in anticipating and responding to impending threats.

Furthermore, essential infrastructure systems including electricity grids, water supply systems, and
transportation networks may be made more resilient to climate-related risks by using Al technology (Nguyen
et al., 2020). Al algorithms may prioritize investments in infrastructure improvements and adaptive measures
by identifying vulnerabilities via predictive modeling and risk assessment (Li et al., 2021). Furthermore, by
avoiding interruptions during severe weather events and boosting overall resilience, Al-driven optimization
strategies may increase the efficiency and dependability of infrastructure operations.

Effective climate resilience initiatives must include participatory decision-making and community participation
(Rosenzweig et al., 2020). By offering interactive tools for visualizing climate threats, investigating
possibilities for adaptation, and requesting input from a variety of stakeholders, artificial intelligence (Al)
technology may promote stakeholder involvement (Wang et al., 2021). Al-enabled platforms may help
communities to create context-specific resilience strategies that are aligned with local interests and values by
promoting cooperation and information exchange.

Additionally, ecosystem-based adaption measures like habitat restoration and conservation may benefit greatly
from Al (Feng et al., 2021). Priority locations for conservation and restoration activities may be determined
using machine learning algorithms by analyzing ecological data, species distributions, and climate forecasts
(Zhang et al., 2020). Al-driven ecosystem models may inspire adaptive management strategies that support
biodiversity conservation and increase ecosystem resilience in the face of climate change by combining
climatic and ecological data.

Itis critical that we use Al to enhance climate resilience as we deal with the growing effects of climate change.
By using artificial intelligence (Al) technology to improve early warning systems, fortify vital infrastructure,
encourage community involvement, and facilitate ecosystem-based adaptation, we may construct more resilient
and sustainable communities that can prosper in an evolving climate.

Addressing Environmental Justice with Al

Sustainable development requires environmental justice, which is the equitable treatment and meaningful
participation of all people in environmental decision-making and policy implementation, regardless of their
color, ethnicity, income, or other characteristics (Bullard et al., 2020). However, structural constraints often
prevent disadvantaged communities—especially those disproportionately impacted by pollution and the effects
of climate change—from accessing environmental resources and from taking part in decision-making processes
(Mohai et al., 2020). Artificial intelligence (Al) technologies have shown great promise in the last several
years for promoting environmental justice via supporting fair policy responses, empowering communities, and
making it easier to identify environmental imbalances (Eckstein et al., 2021).

The analysis of environmental data to locate and map pollution hotspots and environmental health inequities
is one way artificial intelligence (Al) may support environmental justice (Wilson et al., 2021). To identify
places with high pollution loads and susceptible people, machine learning algorithms can evaluate massive
datasets, such as air quality measurements, pollution emissions data, and demographic data (Chakraborty et
al., 2020). Al-driven analysis may help alleviate environmental injustices by informing targeted policy actions
and resource allocation methods by visualizing environmental imbalances and identifying populations most in
need of assistance.
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Furthermore, with improved data availability and community interaction, Al technology may enable grassroots
activists and advocacy organizations to promote environmental justice (Padgham et al., 2021). In order to
magnify the voices of frontline communities and promote collective action, Al-enabled platforms may provide
tools for crowdsourcing environmental data, tracking pollution levels, and recording community experiences
(Horne et al., 2021). Artificial Intelligence (Al) has the potential to enhance community resilience and advance
social equality in environmental decision-making by promoting cooperation and democratizing information
availability.

Additionally, fair policies for climate adaptation and mitigation that give priority to the needs of vulnerable
groups may be developed with the assistance of Al-driven analytics (Garcia et al., 2020). In order to detect
climate risks and create focused actions that improve community resilience and lessen inequities, machine
learning algorithms may evaluate socioeconomic data, climate forecasts, and vulnerability assessments (L ai et
al., 2021). Artificial Intelligence has the potential to guarantee that climate action benefits all communities,
especially those that have been historically disenfranchised and neglected, by incorporating environmental
justice issues into climate policy frameworks.

But it's critical to recognize the constraints and moral issues surrounding Al's use in environmental justice
(Kleinberg et al., 2020). If biases in algorithms and data inputs are not appropriately addressed, they may
exacerbate systemic injustices and maintain current disparities (Haklay et al., 2021). As a result, it is critical
to use open and inclusive methods for developing and implementing Al, incorporating a variety of stakeholders
and giving community views and values top priority.

To sum up, by recognizing and resolving environmental injustices, empowering communities, and guiding
appropriate policy responses, artificial intelligence has the potential to improve environmental justice. We can
strive toward a more equitable and sustainable future for everybody by using Al technology to democratize
access to environmental data, amplify community voices, and include equity concerns into decision-making
processes.

Recent studies have shown that artificial intelligence (Al) is remarkably capable of using large data to improve
our comprehension of the effects of climate change and support evidence-based decision-making (Schwalm et
al., 2021). Artificial intelligence (Al) algorithms may uncover patterns, trends, and correlations in large and
varied datasets that were previously invisible. This allows for the creation of efficient mitigation and adaptation
plans as well as insightful understandings of climate processes.

Additionally, the deployment and administration of renewable energy systems have been transformed by Al-
driven optimization algorithms, which maximize energy efficiency and grid integration while reducing
environmental consequences (Borkowski et al., 2020). Artificial intelligence (Al) technologies accelerate the
shift to low-carbon energy by enabling more dependable and economical operation of solar, wind, and
hydroelectric power projects via the use of predictive modeling and sophisticated control methods.

Furthermore, Al has become a vital instrument for advancing environmental justice and strengthening climate
resilience, especially in disadvantaged and vulnerable populations (Eckstein et al., 2021). Communities are
empowered by Al to confront environmental concerns and advocate for real change via the creation of equitable
adaption plans, community engagement platforms, and early warning systems. To avoid aggravating already-
existing injustices and inequalities, it is crucial to address biases and guarantee inclusion, transparency, and Al
applications (Haklay et al., 2021).

In the future, artificial intelligence (Al) will undoubtedly be crucial in determining how we respond to climate
change and advancing sustainable development. We can fully use Al to create a more resilient, just, and
sustainable future for everybody by encouraging multidisciplinary cooperation, making investments in research
and innovation, and giving ethical issues first priority.

Conclusion

In conclusion, there is great potential for resolving the intricate issues raised by global environmental change
via the use of artificial intelligence (Al) into efforts to mitigate the effects of climate change and adapt to them.
We have investigated novel methods for comprehending climate dynamics, maximizing renewable energy
systems, enhancing climate resilience, and improving environmental justice via the use of Al technology. To
ensure Al is used responsibly and fairly, it is important to understand that although Al gives many potentials,
it also poses serious problems and ethical issues that need to be resolved.
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