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Abstract

Artificial Intelligence (Al) is viewed as a new paradigm shift
for resolving one of the most difficult global problems of
today which includes, global warming, environmental
pollution, and sustainable development. Review of the
selected topic explores various applications of Artificial
Intelligence including climate modeling, environmental
monitoring, renewable energy forecasting, sustainable
agriculture, and the proper use of Artificial Intelligence in a
way that will ensure its ethical use. Results show that
Artificial Intelligence techniques such as machine learning
and deep learning are significantly beneficial in addressing
environmental challenges. The application of Artificial
Intelligence enhances predictions accuracy and helps
monitor the environment in a timely manner and assist in
making  evidence-based  decision-making.  Artificial
Intelligence can play a vital role in ensuring the production
of food and mitigating the risk of disasters as well as
ecosystem protection. There are, however, challenges
associated with the use of Artificial Intelligence including
high energy consumption of Artificial Intelligence
techniques and their negative impact on the environment and
the complexity of Artificial Intelligence techniques and its
potential risks involved in their use. These barriers prevent
Artificial Intelligence from being used to solve world issues.
An analysis of Artificial Intelligence usage for climate
models shows that it is indeed useful.

Keywords - Artificial Intelligence (Al), Climate change,
Environmental monitoring, Sustainable development,
Machine learning, Forecasting of renewable energy
generation, Disaster risk management, Explainable Al

1. Introduction

1.1. Background and Importance of
Global Warming

Climate and global change is probably one of the most
complex and urgent issues facing the world now, posing
threats to the environment, the economy, and human health.
The increasing greenhouse gases emissions and the global
warming trend, combined with the increasing frequency of

extreme weather (flood, drought, heat waves, etc.) are
demand of the moment [2].The global change in
environment not only threaten the biodiversity and nature
resources, but also affect the agricultural production, human
health, and international supply chains. Consequently,
climate change has become a cross-cutting problem
requiring attention from the fields of science, technology,
and policy.

1.2. Limitations of Classical Climate
Theories. of climate models.

Traditional physical and numerical climate models have
been successful in describing the mechanisms of climate
change and the environmental behaviour in the long-term.
These weather models are based on stuff that science knows
is true. They tell us about the air, tell us how the oceans
move, tell us how carbon is used. These models have time
with big complicated data and that is why the forecasts are
not always right especially when we are talking about a small

area. The machines that run those models are very
powerful. They don't give us the answers immediately — and
that's what we need to have good decisions and be prepared
for bad things that might happen. 1.3. Applications of

Al in Climate Science.

We’ve got Artificial Intelligence in climate science, which
allowed us to make predictions about the weather, and then
take care of the planet.

Artificial Intelligence is great because it applies techniques
such as machine learning and deep learning to analyze vast
amounts of data, such as satellite images and historical
climate data.

This information is sourced from, among other things,
Internet of Things devices.

Artificial Intelligence enables us to predict and observe in
real time what’s happening so we can make smarter use of
our resources.

For instance Al models can identify patterns in climate data
that are difficult to detect with the naked eye. These patterns
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allow us to predict when it will rain. Artificial Intelligence
also helps us to prepare for weather-related eventualities.

This is very important because it helps us stay safe.

Artificial Intelligence, meanwhile, is increasingly being
applied to energy and smart agriculture and environmental
monitoring. It allows us to allocate resources in a more
environmentally friendly way. Artificial Intelligence allows
us to do more with less, and that’s a good thing for the planet
and us. Artificial Intelligence, in those areas, is very useful
Indeed. I am glad that we are using Artificial Intelligence, to
take care of the earth

1.4. Advances in Hybrid and Data-Driven
Models.

The new techniques that have recently been developed for
the hybridization of modeling paradigms are certainly very
interesting. Hybrid models are models that integrate Al
techniques with traditional physics-based modeling
approaches. The benefit of hybrid models is that their use
results in the diminution of uncertainties when predictions
are made.

The second element that makes Al so powerful is the fact
that multiple sources of data can be employed. That provides
an opportunity for running a comprehensive study of the
activity in a medium. Taken all together, this shows that Al
holds great promise for revolutionizing climate science.
Here, when climate science employs Al, concern will focus
on data rather than models.

1.5. Issues and limitations of Artificial
Intelligence in climate research.

Along with the benefits brought by the Artificial Intelligence
science, we should also take into account the new challenges
arising from it that will demand for a rational and rejoicing
attitude to their solution. It is the impact of provision
artificial intelligence systems on the environment and
includes energy usage, carbon footprint, and water usage for
operating data centers and training Al models. Thus, there is
a question whether Artificial Intelligence is sustainable and
if so to what extent, while further developing will increase
a negative environmental impact of Artificial Intelligence
systems and may overshadow beneficial effects associated
with mitigation of global warming.

There is, however, another problem with the current state of
Artificial Intelligence technology: transparency. In fact, "It
is basically impossible to explain how complex, cutting-edge
artificial intelligence models work, which undermines trust
in artificial intelligence technology when wused for
policymaking or disaster management."

1.6. Ethical and Socio-Political issues.

The Leverage of Artificial Intelligence in climate studies is
also challenged by socio-political issues. The justice and
responsibility issues related to Artificial Intelligence and the
global inequality of access to it must be addressed so that
every region and perhaps every community can benefit from
Artificial Intelligence technologies.

For instance, they can add more bias to the models, which
while they prioritize the ones from developed regions,
unintentionally marginalize the ones from underdeveloped
areas.

People’s autonomy and liberty are also challenged,due to
with Artificial Intelligence shaping behavior — including
sustainable behavior — through things like how we live and
how we care for the Earth.

1.7. Study and Its Purpose / Scope

When we talk climate, and eye sustainability, maybe we
ought to think big — and wonder about as many different
perspectives as possible in developing and using Artificial
Intelligence systems. In this essay, I will examine how
Artificial Intelligence has been applied to climate and
environmental solutions. It's going to talk about the bad
things about Artificial Intelligence and the what that means
for us all in some way. This research descries from the results
of the research implementation, based on the knowledge
attained from the related research conducted by others and
subject method analysis. It aims to contribute in the
development of Al-based solutions for a climate challenge
rather efficient and sustainable, as well as for one that is most
just to the environment, given the present climate crises.

2. Literature Review

The emergence of Artificial intelligence has been rapid and
it has transformed the way we do climate science and
environmental research. Artificial Intelligence has
introduced ways to examine intricate systems and larger
systems that are in a constant state of flux. Artificial
Intelligence is enabling us to probe these systems in a
fashion. The literature suggests that Al techniques in
general, and ML and DL in particular, can process
heterogeneous data at large scales to enable improved
climate modeling, prediction and decision making.
Nonlinearity, high computational cost, and low spatial
resolution are the bottleneck problems of traditional climate
models, although they are physically based. On the other
hand, AI methodology-driven models are more capable to
reveal hidden patterns from historical as well as current data,
thus leading to higher forecasting performance and less
uncertainty about climate predictions [1].

One of the key results in this area is the development of
hybrid modelling approaches based on AI and physics-
based climate models. These hybrid models exploit the
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strength of data-driven learning and scientific simulation to
enable more accurate modeling of atmospheric processes,
ocean dynamics, and land-atmosphere interactions [2]. With
the emergence of machine learning in Earth system models,
scientists have been afforded an unprecedented opportunity
to transcend the limitations imposed by incomplete physical
processes and computational inefficiencies. This fusion not
only renders the climate models predictive, but allows scale
them to as both regional and global models.

Beside climate modeling, Al has been a great tool for
addressing climate change and disaster management.
Several studies point that Al models can be effectively
applied to predict extreme weather events, including floods,
droughts, hurricanes, and heatwaves, by modeling complex
relationships among climatic variables [3][10]. Prediction
skills are even more essential for early warning system in the
sense that impacts of natural hazards could be substantially
reduced through prediction itself. By using sophisticated risk
assessment  methodologies  incorporating  artificial
intelligence one can utilize geospatial information, satellite
images and so much more to make predictions and analyse
uncertainty [19]. This makes the decision-making easier and
more proactive.

Al is also critical in the realm of renewable energy, as it
enables energy system optimization and the transition toward
sustainable energy sources. The grid system should be well
managed and renewable energy should be integrated into the
existing system, which can be achieved by forecasting solar
irradiation and energy consumption. The LSTM and GRU
model used in deep learning better captures the temporal
and nonlinear property of weather than the statistical
methods [17]. These algorithms provide better accuracy and
robustness in comparison to traditional methods, that will
lead to energy efficiency and less reliance on fossil-fuels.
Al-based algorithms have been applied in energy distribution
systems, for minimizing energy wastage and carbon
footprint [7].

The environmental monitoring has been another important
field which AI technology changed drastically. With the
advancement of Al algorithms, leading to the development
of Al-enabled remote sensing systems and IloT-based
sensors, an increasing number of data about environmental
surveillance, like air pollution, water pollution, land use, and
biodiversity, can be captured in real time [5][12]. They
produce streams of data in real time, which can then be
analysed with tools such as machine learning to identify
anomalous patterns in the environment. For instance, deep
learning approaches applied to satellite images have been
shown to be extremely precise in land cover classification
and ecosystem monitoring, which are pivotal for protecting
biodiversity and combating climate change [9].

An emerging trend for the use of Al technology in the
sustainable development theme is represented by the
interdisciplinary  application areas, spanning from

agriculture over manufacturing to healthcare and beyond. In
some publications, it can be found that Al can support
sustainable development through appropriate allocation of
resources, increased productivity and better decision-making
(4)(13). Among others, Al-based forecasting technology
contributes to understanding when crops are likely to be
harvested, analyzing soil quality, monitoring for pests and
watering needs, and more in agriculture. The application of
the technology helps to make the food system more reliable
and to reduce waste in areas vulnerable to climate change
[14]. In addition, supply chain optimization using Al
facilitates efficient food distribution.

Along with all these positive changes, there are also a few
constraints laid upon the current literature on application of
Al for climate and sustainable development. Explainability
is one of the most fundamental limitations of AI models,
including DL models. That is, these models have a tendency
to act as black box and it is not trivial to know how the model
moves to its final decisions. This is very troubling because
models like this simply cannot be trusted to decision makers
if they are to make critical decisions based upon those
models about the environment. There are some answers to
such problem - models as SHAP and LIME were introduced
to provide interpretability of machine learning models but
such models suffer from explanation-accuracy tradeoff[18].

Another relevant issue for discussion is the energy
consumption of implementing Al-based solutions. While the
technology is employed broadly to tackle the issue of global
warming, the computational power needed to train on Al
models means more energy use, higher carbon dioxide
emissions, and water consumption [15]. The data centers that
perform Al calculations are energy-intensive and require
cooling to run, leading to concerns about the sustainability
of this technology. Another thing is that some people have
done various studies to prove how much machine learning
impacts the level of greenhouse gases. [16].

Ethical consideration and socio-political interventions are at
least as critical as technical and environmental ones if Al is
to be mobilised for climate solutions. Applying Al brings
ethical, fairness, accountability, transparent, and democrat-
related questions in its real-world use. For instance, the
disparities in information and computation resources may
yield a method that favors the benefits of developed
countries and discriminates against the underprivileged
communities. Also, concerns about personal autonomy arise
from the use of Al-based tools to influence human behavior
by encouraging sustainable living and lower energy use [20].

ClimateGPT and its ilk in other domains (e.g., climate)
represent a new paradigm in climate science. They are
expected to act as specialist knowledge about climate issues
by leveraging the knowledge and big data of various fields
[11]. They can be used in expanding the availability of
climate information to help decision-making. Yet, once again
it’s necessary to stress that these models are still to evolve
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more to demonstrate their value! When considering all document Central
factors, it could be argued that the current literature solidly (Author primar§j Approa Contribut ||Limitation
supports the notion that Al use has the potential to change et al) emphasis | ch jon
the trajectory of climate science and sustainability through
precise prediction, resource management, and evidence- ) Hybrid Reduced
based decisions. To ensure that the mission is accomplished, Eyring et Climate Al ) + uncertaint .Comple.x
anumber of critical issues need to be considered, such as the al. Models physics Integration
trustworthiness of data, the exposability of models, the
env1ro¥1mental sustainability, and the 1.\1 goverpance. Alnajar et| Climate ML Disaster Limited
Potential areas of future work are to design explainable, L .. real-world
sustainable and scalable techniques for enabling their real al. Mitigation |models - prediction use
world applications.
Sustainable Resource .
3. Methodology Jones et al.||Developme Al optimizati lelte.d,
systems scalability
In this review, we employ a systematic and holistic nt on
perspective comprising of an array of cross-disciplinary Environme Real-time
journal articles. They are empirical research, reviews and Bianchi et ntal CNN, monitorin Data quality
theories. This strategy will aid in recognizing important Al al. Monitoring LSTM o issues
technologies, databases and/or approaches to related to
sustainability. Deep vbrid High High
Popular machine learning techniques for prediction are the Guo etal. |Learning Di accuracy  (|computatio
random forest method, the SVM, and the ensemble. Among Models prediction |n
the deep-learning techniques used to process complex
temporal and spatial data are convolutional neural networks Olawumi Ene.rgy AT CO, Black-box
(CNNs), LSTM and GRU networks [6][12]. Hybrid methods et al. Optimizati models |lreduction |lmodels
are with no doubt very promising for processing complex on
climatic data. - - -
Al-Raecei ||Climate ML Smart city|Implementa
Satellite images, meteorological data, IoT sensor data, et al. Resilience ||systems |[[solutions ||tion issues
historical climate are the data sets for these researches.
Normalization, feature extraction, noise reduction, are the Chowdhur|[Remote DL Ecos'yste':m Dataset
processing of data techniques that improve data quality and y et al. Sensing models monitorin dependency
model performance[5]. g
The models are evaluated by using some traditional Extreme ||AI Event Limited
performance measures such as root mean square error Valls et al. Weather  ||models |[prediction ||datasets
(RMSE), mean absolute error (MAE), and the coefficient of
T;ietermmatlon (R .2 ). .[7]. Also., recent methodologies Thulke etllClimateGP ILLM- Dorn.aln- Farly-stage
incorporate sustainability metrics, such as energy specific
. . . al. T based AI|[.” . research
consumption, carbon footprint and water consumption, as insights
metrics to evaluate the impact of Al systems over the
environment [15][16]. Environme Large-
Alotaibi et||ntal ML  +|scale Data
4. Analysis in comparison to reviewed papers al. Monitoring ||[loT monitorin ||availability
Table 1: Side-by-Side Review of All Study &
Research Documents A Mulii-
document Central Kulkov et " Review ||dimension |[Lack of]
. ity .
(Author prlmar)j Approa Contribut ||Limitation al. Framework study al Alllexperiments
emphasis ||ch . impact
et al.) ion
High- | Food .
Panda et||Climate ML resolution ||Data Dhal et al. Agriculturef ML+ §ecur1ty Beg.lor.nal
al. Modeling |jmodels |prediction ||dependency Al ToT improvem limitation
o ent
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development of Artificial Intelligence. We must increasingly
also take into account the problems associated with Artificial
Intelligence applications such as individual autonomy,
equality, and justice.

We also have to figure out how to merge Artificial
Intelligence with climate models. Most of the research is
theoretical at rosenthal time. We identified a potential area
for practical work to improve climate models through the use

document rimar Approa Central
(Author P y PP Contribut [|Limitation
emphasis ||ch .
et al.) ion
AL Highlights
. Analytic ||Al Limited
LIetal. |Footprint L .
al sustainabil ||solutions
Study o
1ty 1ssues
ML ML i t
Kaack et . Framew lmpac. Measureme
Emissions classificati .
al. ork nt difficulty
Study on
A t
Demir et||Solar DL ccura? Computatio
.. forecastin
al. Prediction |[models nal cost
Transpare
Cartolano ||Explainabl [|[XAI ncy Accuracy
et al. e Al methods |[improvem |[trade-off
ent
CFlmate Al Risk Model
Jones et al.Risk models |[prediction |[complexi
(Floods) P plexity
. Ethical &[N
Coeckelbe||Al  Ethics||Concept ,l(fa © )
political ||technical
rgh et al. |[Paper ual .
analysis  ||model

5. Open Questions and Future Research
Directions

The proofis in the pudding Surely there still are voids in the
researching of Artificial Intelligence for climate and
sustainability. We are beginning to see it. Much work
remains. One issue is that Artificial Intelligence models are
difficult to understand, which makes it difficult for
governments and policy-makers to trust them.

There are some answers to that to make Artificial
Intelligence models more interpretable. Well, they're still
very difficult to make them both accurate and interpretable
at the same time.

Availability and quality of the data is a concern too. We need
searing heat of data for those Artificial Intelligence models
to work well. Some countries we simply don’t know. This
can make the models biased which is a problem when using
them worldwide.

There is a debate around — can you actually link Artificial

Intelligence and  sustainability. Running  Artificial
Intelligence models consumes huge amounts of energy and
generates massive amounts of carbon and requires massive

amounts of water. So that brings us to sustainability in the
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Table 2: Paper-wise Research Gaps and Future

Directions
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aper (Author Research Gap Future Direction
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deployment world systems
e Devel lobal
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Bianchi et al. ata quality|[Improve sensor and
problems IoT data
Guo et al. High computation||Optimize  hybrid
cost models
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transparency
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challenges integration
howdh E
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al. sensing data
I
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event data collection
Develop mature
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i . Global data shari
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P Auth
aper (Author Research Gap Future Direction
et al.)
Dhal et al. Region-specific Construct  global
models agriculture models
LI et al. High resource||Greener Al
consumption development
Kaack et al. Measurement Established
complexity evaluation
measures
Demir et al. Computational cost ||Efficient DL
architecture design
Cartolano et al. [Accuracy  versus||Balanced XAl
interpretability models
Jones et al. Model complexity ||Simplified risk
models
Coeckelbergh et||Ethical ambiguity [|Governance of Al
al. systems

6. Conclusion

How fabulous it is that Artificial Intelligence can lend its aid
to solving the problems of a changing climate and
environment sustainability. In my opinion based on what a
number of different papers have shown, it seems Al has
made a significant contribution in a number of ways, from
better understanding the climate to monitoring it more
closely to predicting how much renewable energy we can
use. In addition to that, Al has been used to determine where
disasters might strike and how to get the most out of our food
production. And these things can be very useful in trying to
address the tough questions of climate and sustainable
solutions. In addition, as more new techniques for Al are
invented in the future due to the improvement of technology,
we are going to be challenged by new innovations and a new
environment. With Artificial Intelligence, we can know even
more about how to love our environment and know what to
do.

In terms of the efficiency side of things for AI, I'm amazed
at how much it has already helped us utilize our resources
by predicting and processing data on the fly. This could be
seen as a benefit, because many people have difficulty
processing information, and we wind up overusing or
underusing something that we might have had plenty of if
information was properly processed. Al can manipulate data
in this way because Deep learning and machine learning are
possible. employed to help the programs to run more
efficiently. This is what renders it so crucial as it allows us to

utilize our resources more effectively and make more
informed decisions.

While AI may transform many areas of life, there are biases
when it comes to applying Al to environmental
sustainability. There are many reasons why these aspects are
difficult to find, such as too little information about Al. The
other problems concerning Al was its expense, as the
majority of people/groups did not have the means to access
such cutting-edge technology. The third problem was the
very large gap between theory and practice in Al application.
Another significant disadvantage to consider is the impact of
Al on the environment. They are enormous energy
consumers in case of many tasks for artificial intelligence.
This is ironic as the resource is being used to save the planet
— but in the process, we’ll make even more pollution
because energy uses resources, that can be released into the
air, further exacerbating the problem. If the ratio of advanced
technology to human input/efficiency is not designed
properly, it could exacerbate the environmental problems
we are experiencing.

In our use of Al to address the problems of a changing
climate, we need also to be attentive to the sociotechnical
concerns of this new technological tool. We must ensure that
the uses of Al are not biased or unfair and have a fair impact
on humans in their daily lives. Ethics research suggests that
there is more significance in Al governance than technology
in artificial intelligence. And so, let's take care that the
advance of Artificial Intelligence is not carried out in such a
way as to cause further harm to human beings. By
introducing a high-level policy, we can utilize all the
applications of Artificial Intelligence, considering human
rights, and thus enabling Artificial Intelligence to be helpful,
not harmful. Hence, we allow Al to be a good thing, not a
bad thing.

It is clear that Al will be significant in climate science. To
realize these benefits in the field of climate science, we must
ensure that the software we develop is very transparent and
that using it will not consume a great deal of energy; it should
also be able to function in real-world situations. This will be
realized only by collaborating with experts in the field to
integrate Al with legacy climate science programs,
improving both. And it will be necessary to follow Green
Artificial Intelligence principles, so that the computer
resources that are used to have as little impact on the
environment as possible. from a high level perspective so
that when we relay all of these down to them to intuitively
understand how all of these concepts can work together to
extract more from the field of artificial intelligence
investigation.

Much like the potential for Al to help analyze climate data,
Al holds the potential for great good in relation to climate
change issues; however, just as with any other technology, it
brought certain downsides and ethical concerns to be
considered. As we strive to correct the variations of the
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climate we be faced with, we must take caution to ensure that
we are balancing out that which is good for us with the
effects that good is going to cause to Earth's environment,
and then, are going to be balancing that with an ethical stand
point, and are going to be balancing that with team work
(World) considerations. Utilizing ongoing research and
policy from the world of Al, we can contribute to forging a
brighter future, where such technologies may enable us to
surmount any global challenges we encounter; still, also by
considering these thoughts we can use Artificial Intelligence
to make the world a better place.
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