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ABSTRACT: The introduction of artificial intelligence (Al) and machine learning opens a window to a world of
new opportunities and challenges in the fight against climate change. This paper explores various aspects of the
application of Al and machine learning in the context of climate strategies, identifying the underlying dynamics
and trends affecting the stability of the Earth system. Through the analysis of various machine learning
techniques, such as supervised, unsupervised, semi-supervised learning and deep reinforcement learning, new
approaches and tools for analyzing climate change data and developing sustainable mitigation strategies are
revealed. Approaches like deep learning make it possible to identify complex patterns and structures in climate
change data, while supervised learning techniques make it possible to predict future scenarios and adapt
strategies according to changing circumstances. Also, the combination of different learning techniques, such as
semi-supervised learning, provides new opportunities for efficient analysis of large amounts of data and
identification of key factors contributing to climate change. Through the integration of Al into research
processes, new perspectives for understanding and mitigating climate change are opening up, offering hope for
a sustainable future for our planet.
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I. INTRODUCTION

Artificial intelligence (Al) and machine learning are increasingly being applied in different areas of
society, opening a window to a world of new opportunities, but also challenges. In response to the need for a
comprehensive and operational understanding of the impact of machine learning on climate action, it is
necessary to design strategies that will enable the comprehensive integration of these technologies into long-
term climate and energy change projects.

However, with the growing application of machine learning comes the challenge of assessing the actual
impact of climate strategies. The impacts that are easiest to measure may not be the most significant, which can
lead to an underestimation of the overall effects. In this context, recognition of basic dynamics and trends
becomes crucial for making informed decisions, i.e. decisions made after the analysis of relevant information
and data on climate change, machine learning technologies and their impact on climate strategies, as well as the
prioritization of actions that will enable the alignment of machine learning with climate strategies. Given the
above, it is necessary to carefully consider the implications of machine learning for climate strategies, with a
special focus on identifying basic dynamics and trends [1].

According to Staffen and others, scientists have identified nine processes and systems that regulate the
stability and resilience of the Earth system, and among them four are particularly prominent: climate change,
loss of biosphere integrity, changes in the terrestrial system, and altered cycles in the chemistry of the globe.
These factors constitute the most pressing critical planetary boundaries, Fig. 1 [2].
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Regarding climate change, we can say that due to the human factor, we have reached the limit line of
the deterioration of the globe [4].

As planet Earth continues to warm, the effects of climate change are becoming more visible. In the past
20 years, the number of natural disasters has increased dramatically. From floods to forest fires, natural disasters
are becoming more frequent and more intense, leaving behind destruction and human suffering. These events
not only threaten infrastructure and the economy, but also have profound consequences for the environment and
biodiversity. Many species are facing extinction, and the trend is only getting worse. If effective measures are
not taken, by the end of this century, even half of all species on the planet could be wiped off the face of the
Earth [2].

In the context of increasingly pronounced climate changes, the need for innovative approaches and
technologies is becoming more and more obvious. Al and machine learning are key tools in combating these
challenges, allowing us to better understand, predict and manage climate-induced changes.

Through efficient analysis of large amounts of data, Al and machine learning enable identification of
the causes and effects of climate change with greater precision and speed than ever before. These technological
solutions not only allow us to see the current state, but also provide us with tools to predict future scenarios and
adapt strategies according to changing circumstances [5].

In this paper, we will explore how Al and machine learning can contribute to the development of
sustainable climate strategies, as well as the challenges and opportunities that arise in this area. By analyzing the
application of these technologies in the context of climate change, we strive to understand how we can use them
most effectively to protect the environment and build a more resilient society. In addition, we will focus on the
description of Al methods in climate change mitigation strategy, in particular the study of the application of
machine learning techniques in the prediction of climate change and its effects at the global level.

Il. ARTIFICIAL INTELLIGENCE METHODS FOR CLIMATE CHANGE MITIGATION
Artificial intelligence plays a major role in the field of computing that aims to create systems capable
of performing demanding human intelligence tasks, such as image recognition, natural language processing or
real-time decision making. These tasks require the analysis and interpretation of complex data [6].
Climate change is a serious threat, already causing damage to urban and natural systems and causing
global economic losses. In solving these problems, Al can serve as a useful tool, integrating Internet resources
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to provide rapid suggestions based on accurate climate change predictions [7]. The integration of Al into climate
change mitigation strategies enables the application of various Al learning methods, including deep learning,
machine learning, supervised learning, unsupervised learning, semi-supervised learning, and deep reinforcement
learning.

- Machine learning

Machine learning is a broader concept that encompasses various techniques for learning models from
data. This includes deep, supervised, unsupervised, semi-supervised and deep reinforcement learning.

Machine learning is applied in climate change data analysis, prediction of extreme weather events,
optimization of energy management systems and many other areas [8].

- Deep learning

Deep learning uses multi-layer neural networks to progressively extract features from input data,
making it a key method for learning from data. These algorithms can effectively solve problems such as damage
assessment, motion detection, face recognition, transportation prediction, and natural language processing in
support of disaster management. Although it requires a longer training time, deep learning allows models to
independently learn data representations and solve complex tasks. In addition to being flexible and scalable,
deep learning is also an ongoing area of research, where new techniques and methods are constantly being
developed to improve model performance and expand application possibilities [9].

Deep learning uses neural networks with multiple layers to learn complex patterns and structures from
data. These models can analyse vast amounts of climate change data and predict future trends with high
accuracy. Deep learning is often used to process images, time series and other types of data related to climate
change.

Overall, deep learning is a powerful tool that allows models to autonomously learn complex patterns
from data and solve various real-world problems. Its increasing popularity and application contribute daily to
the transformation of the way we process data and make decisions in various areas of life [6].

- Supervised learning

Supervised learning in machine learning is a key paradigm that allows models to learn implicit patterns
from labelled data. This technique is often used to solve prediction or classification problems. Supervised
learning allows models to generalize their knowledge to new situations, which is key to adaptability. Through
this approach, intelligent systems are developed that can make precise decisions in different contexts [10].

In supervised learning, models learn from labelled data, where the correct answers are known. This
technique is often used to predict future values based on historical climate change data, identify trends, and
understand cause and effect relationships.

- Unsupervised learning

Unsupervised learning, a key branch of machine learning, allows models to autonomously explore
patterns in unlabelled data, which is essential in situations where labelled data is missing or where inherent
characteristics of information need to be explored. One of the significant examples of the application of
unsupervised learning is clustering, where the model independently identifies similarities between data and
groups them into clusters, enabling the automatic discovery of essential structures and contributing to a deeper
understanding of the data [10].

Unsupervised learning is a research challenge because it allows models to discover essential structures
on their own, contributing to a broader understanding of information, which is becoming an indispensable
component in a world of ever-increasing amounts of data. Also, it finds application in the reduction of
dimensionality, facilitating the analysis and interpretation of data, as well as in the analysis of anomalies,
essential for the detection of fraud, technical failures, and the identification of irregularities in medical data.
Generative models, as part of unsupervised learning, have the ability to generate new instances of data similar to
those used for training, being used in various fields such as image generation, natural language processing, and
data synthesis [11].

Unsupervised learning allows models to automatically discover patterns in unlabelled data. This
technique is used to identify hidden structures in climate change data, as well as to segment data and group
similar patterns.

- Semi-supervised learning

Semi-supervised learning is an important branch of machine learning that innovatively combines
labelled and unlabelled data to efficiently solve various learning tasks. This technique is vital because it allows
the exploitation of large amounts of unlabelled data, often abundantly available in real-world scenarios, with
smaller sets of labelled data.

This technique, as a key branch of machine learning, can have a significant impact on analysing and
solving problems related to climate change. By combining labelled and unlabelled data, semi-supervised
learning enables efficient modeling of complex climate systems and prediction of their future changes. For
example, by analyzing large amounts of meteorological data, we can use this technique to identify patterns of
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climate change and understand their dynamics. Also, semi-supervised learning can be useful in identifying key
factors contributing to climate change, providing a basis for developing more effective mitigation and adaptation
strategies [12].

- Deep reinforcement learning

Deep reinforcement learning combines reinforcement learning with deep neural networks to create
autonomous systems capable of learning and developing long-term strategies. This excels in solving complex
sequential problems like computer vision, robotics and finance. However, it requires extensive data and training
time, which can be computationally challenging. Precise tuning of hyperparameters is key to achieving optimal
performance, and the need for model interpretation is increasingly pronounced. In addition, the continuous
research of new regulation and optimization techniques further emphasizes the need for continuous
improvement in this area [13].

Deep reinforcement learning can also effectively contribute to the fight against climate change,
providing tools for optimizing resources, managing energy systems and maintaining ecosystems. This use of
deep reinforcement learning supports sustainable decision-making and strategies to reduce the impact of climate
change, creating a need to integrate these technologies into comprehensive environmental protection plans [14].

11l. MACHINE LEARNING IN THE SERVICE OF CLIMATE STABILITY. IMPACT OF MACHINE
LEARNING ON CLIMATE CHANGES

Machine learning is becoming a key technology in the fight against climate change, providing
innovative approaches in data analysis, climate model development and local predictions. Through the
integration of Al into research processes, new perspectives are opened for understanding and mitigating this
global challenge.

Predictive maintenance approaches using machine learning can help mitigate climate change if applied
to low-carbon systems, where they can improve efficiency, reduce costs, and build resilience. These approaches
enable the identification of the most efficient ways to maintain and manage resources to reduce emissions and
protect the environment [8].

According to research in [15], deep neural networks can be combined with already existing knowledge
of thermodynamics to resolve the largest uncertainty in current cloud climate models. This opens new
perspectives for solving cloud problems that are crucial to the accuracy of predictions in climate models.

Machine learning models offer new approaches for efficiently solving the complex systems present in
climate models. These technological solutions can improve the accuracy and speed of predictions, there by
contributing to a better understanding of climate change and more correct decision-making. Neural networks
trained on scientific models produce similar prediction results to traditional climate models but offer a
completely new approach in terms of training cost, production cost, and accuracy. This opens new possibilities
for improving climate models through the application of supervised learning techniques [8].

Each of the learning mechanisms provides unique opportunities and tools for analysing climate change
data, developing sustainable technological solutions, and effectively managing resources to mitigate climate
change. Ways in which Al can contribute to climate change mitigation are: improving climate change prediction
through the use of machine learning techniques in data analysis, improving climate models through the
application of deep learning in combination with existing knowledge of thermodynamics, identifying
relationships between climate variables for more effective climate forecasts and local forecasts that enable more
precise management of flood and temperature risks in certain regions. Together, these approaches can contribute
to a more effective understanding and mitigation of climate change, offering new perspectives and tools to
combat this global challenge. By integrating Al into research processes, climatologists can leverage the wealth
of data and technological innovation to advance our understanding and response to climate change, offering
hope for a sustainable future for our planet [8], [15], [16].

Together, these approaches can contribute to a more effective understanding and mitigation of climate
change, offering new perspectives and tools to combat this global challenge. By integrating Al into research
processes, climatologists can leverage the wealth of data and technological innovation to advance our
understanding and response to climate change, offering hope for a sustainable future for our planet.

Google is among the leading companies actively working to mitigate climate change. Namely, Google
uses Al as a key tool in the fight against the climate crisis. Their efforts include creating tools that use Al to
predict floods, fires, calculate emissions and detect changes in biodiversity. The application of Al is also seen in
optimizing company operations to reduce energy consumption and emissions in their data centres. Google has
developed several tools, such as the Nest Thermostat and the Freshwater Ecosystems Explorer, that use machine
learning to improve sustainability and resource efficiency. In addition, Google Maps provides environmentally
friendly routes for drivers, while the Flood Hub platform provides flood forecasts up to seven days in advance.
Google also uses Al to optimize its own operations, reducing energy consumption and emissions in its data
centres. These Google’s efforts are an example of how technology, especially Al, can contribute to solving the
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climate crisis and preserving the environment [17]. In addition to Google, many other companies are also
engaged in the fight against climate change. Among them are Tesla, Apple, Microsoft, Amazon, and many other
technology companies, as well as numerous companies from the energy, transportation, food production and
other industries.

IV. CONCLUSION

The role of artificial intelligence (Al) and machine learning in the fight against climate change is
becoming increasingly important, providing new perspectives and tools to effectively understand, predict and
manage changes in the climate system. Through the analysis of different learning techniques, such as deep
learning, supervised, unsupervised, semi-supervised learning and deep reinforcement learning, opportunities are
opened for improving climate models, optimizing resources, and more accurately predicting extreme weather
events.

The paper presents an overview of the implications of Al and machine learning on climate strategies,
with a focus on the identification of basic dynamics and trends. Only through informed decisions and
prioritization of actions can the alignment of these technologies with the goals of sustainability and
environmental protection be achieved.

Advances in these technologies make it possible to effectively manage large amounts of data on
climate change, identify the causes and effects of those changes, and predict future scenarios with greater
accuracy and speed. The integration of Al and machine learning into climate strategies enables the development
of more sustainable approaches to climate change mitigation and adaptation to emerging circumstances. Future
research and development of technological solutions will certainly contribute to a more effective response to the
global challenges of climate change, providing hope for a sustainable future for our planet.
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