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Environment, Artificial Intelligence and Sustainability: An Overview 

Abstract
Artificial Intelligence (AI) is a redefining tool in addressing global environmental challenges and promising higher-quality 
decision-making, predictions and modelling. Its early application in weather forecasting, AI has advanced from Machine 
Learning to deep learning and Neural Networks supporting climate change modelling, hydrology, renewable energy, pollution 
control, biodiversity, waste management and smart agriculture. However, ethical and Ecological concerns are raised, such as 
transparency, bias, energy demand, water consumption and electronic waste from large-scale infrastructure. This overview 
highlights the dual role of AI to advance sustainability whilst generating new environmental challenges. 
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1. Introduction   
The term "Artificial Intelligence" was coined by John McCarthy 
in 1956. However, the year 1984 marks the inception of the 
Artificial Intelligence Research in the Environmental Sciences 
(AIRES) workshops, which pioneered Artificial Intelligence (AI) 
applications in environmental studies, with a primary focus on 
extreme weather forecasting, such as cyclones, hail, and tornadoes 
[1].   

Subsequently, the fundamental transformation occurred with the 
advent of new AI technologies, namely machine learning and deep 
learning (ML/DL), which supported the transition from analytic 
processing to visual pattern recognition, aided by the rise of 
supercomputers capable of storing and analysing large amounts 
of data for forecasting extreme weather events. Hydrology was 
another area that benefited from the development of AI applications 
(water supply, hydropower generation, drought/flood, landslide 
risks, precipitation impact on surface water). AI technology has 
helped develop climate applications to support decision-making, 
predict future climate patterns, and enhance forecasting [1].  

The learning ability of AI systems has paved the way for this 
technology to adapt and improve over time, as evidenced by 
innovative new applications that support professionals in addressing 
environmental challenges and mitigating risks. However, the role 

of AI in ecological sciences is a work in progress to harness its full 
potential [2]. Moreover,  Machine Learning (ML), Deep Learning 
(DL), Neural Network (NN), rapidly emerged as powerful tools 
in many fields, including image,  speech recognition, natural 
language processing, medicine and indeed environment, represent 
two distinct branches of  Artificial Intelligence (AI) is well-
positioned to process vast amounts of data efficiently, making it 
a popular tool deployed in many fields of environmental studies 
to enhance decision-making and predictions to a level previously 
unavailable to scientists and policymakers. The progression into 
supercomputer hardware facilitates this, as noted by Koosha S et 
al. (2023).   

Not surprisingly, Artificial intelligence applications are becoming 
increasingly popular and taking the lead as essential tools among 
environmental scientists and engineers, ushering in new horizons 
for research, innovation, and a better understanding of complex 
environmental challenges through the efficient use of vast and 
complex data sets in varied formats and from different sources. 
These datasets can be Numeric (air quality index measurements 
or water quality values), categorical (types of land use or disease 
categories), or Text-based (social media posts or scientific 
abstracts), or Image-based (such as satellite photos or medical 
scans). AI experts are developing deep learning algorithms that 
can comprehend information, leading to significant progress in 
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environmental research, such as modelling, simulation predictions, 
and reaching more effective solutions for mitigating and adapting 
to climate change, among other applications [1]. Some researchers 
argue that AI algorithms have begun to surpass humans in an 
increasing number of tasks, with a new culture of collaboration 

between environmental scientists, AI engineers, and experts 
evolving rapidly. At the same time, this has introduced associated 
issues, such as ethical aspects and ecological consequences of AI. 
The following is an attempt to highlight some AI applications in 
the field of environmental science studies. 

1.1 Climate Change

This domain represents a major global environmental challenge 
that attracted worldwide attention because of the vast impact on 
the plant due to Extreme weather events like floods, droughts, 
and heatwaves becoming more frequent and intense, threatening 
homes, food supplies, and lives, Rising sea levels pose a significant 
threat to coastal cities and island nations, displacing millions of 
people over time and endangering the habitats of wildlife. These 
habitats are shrinking or shifting, causing a loss of Biodiversity 
and weakening ecosystems that provide us with clean air, water, 
and food [3]. AI technology is steadily taking the lead in climate 
change studies, analysing satellite imagery as a dataset for 
monitoring and identifying illegal  Deforestation, tracking glacier 
melt, and plastic waste in oceans. Recognises patterns that humans 
require years to find manually.    

Furthermore, AI algorithms are revolutionising climate modelling 
by enhancing predictive accuracy and improving climate risk 
assessment, resource optimisation, and infrastructure resilience 
through the processing of diverse datasets from satellites, ground-
based sensors, and atmospheric monitoring systems. These AI-

driven enhancements contribute to what is known as "AI-driven 
climate resilience," where AI-enhanced climate models inform 
data-driven policy decisions, shaping sustainable development [4]. 
Thus, researchers employed AI applications in research related to 
greenhouse gas (GHG) emissions and carbon footprint.  

Furthermore, experts predicted that AI would drive the process 
of transforming scientific understanding of climate change 
management with a rise in the speed of problem-solving using AI 
applications that offer more efficient approaches to understand the 
causes of climate change, respond to its impacts, and formulate 
solutions, including measures to mitigate and adapt to its effects. 
For example, using AI tools could improve the accuracy of climate 
system modelling, estimate emissions inventories, refine climate 
scenario projections, and climate impact assessments, as well as 
develop applications for low-carbon technology use in the power 
industry, transportation, and construction.  
 
 Already, AI simulations and machine learning are being integrated 
into weather and climate modelling, enabling the forecasting of 
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weather patterns and climate processes with greater consistency, 
data efficiency, and improved generalisation [5]. Indeed, AI is 
currently deployed in many climate change-related applications, 
such as flood risk modelling frameworks to increase the performance 
and accuracy of prediction methods or by using neural networks 
for weather and climate modelling to improve agriculture and crop 
production predictions under a range of climate scenarios, or in 
monitoring soil quality, or pest outbreaks.  

 Lobo S, et al. [6]. This study combines AI, deep learning, and 
statistical techniques to examine the impact of deforestation 
and population growth on carbon footprints in Indian cities. 
Additionally, AI is a powerful tool for assessing and developing 
carbon markets, as well as generating more accurate carbon price 
models, including dynamic carbon pricing mechanisms and more 
robust comparison models for carbon price forecasting. Such 
methods have been applied by scientists in studying emissions 
trading schemes in many countries, including the UK [7, 8]. 

 Within this context, the application of AI tools has raised social 
and ethical issues, including transparency regarding the trade-
off between the GHG emissions generated by AI research and 
the energy and resource efficiency gains that AI can offer in 
understanding and combating climate change, while reducing its 
environmental impact [9-11].

1.2 Hydrology
Received ample AI attention, reflecting the importance of water 
as a crucial resource, as evidenced by the wide range of published 
studies utilising ML. For example, forecasting precipitation 
requires the processing of large amounts of data, which is well-
suited for machine learning to facilitate effective planning, crisis 
management, and the reduction of losses to life and property [12]. 
In an earlier study conducted in 1994, Karunanithi, N. W., focused 
on the use of neural networks as a tool to develop an adaptive 
model synthesiser and predictor of the Huron River at the Dexter 
sampling station, near Ann Arbour [13]. Within the hydrology 
subdomain, rainfall is one of the most challenging fields to predict 
accurately. It requires thorough knowledge of the atmospheric 
moisture and vertical motion fields to forecast the location and 
amount of rainfall, which are challenging quantities to predict 
accurately.   

Krasnopolsky, V. M et al., Took a novel approach based on 
learning from data using the neural network (NN) technique for 
improving 24-hour precipitation forecasts over the continental 
US [14]. Using AINN tools was superior to Numerical Weather 
Prediction (NWP), which relies on mathematical modelling of 
the atmosphere and oceans to forecast precipitation, due to the 
limitations in representing cloud dynamics and the microphysical 
processes involved in rainfall generation. Chun Zhou et al.,  
published a comprehensive review outlining recent advancements 
in the application of artificial intelligence to satellite precipitation 
data fusion, including the integration of information from multiple 
sources for improved data accuracy and reliability, as well as 

downscaling techniques and flood forecasting[15]. They concluded 
that AI deep learning techniques have surpassed the limitations of 
traditional forecasting methods.  

Drought prediction is increasingly significant in the field of 
hydrology. Scientists in drought assessment, monitoring, 
management and forecasting use Artificial Intelligence techniques 
[16]. Maier, H. R., and Dandy, G. C. noted that AI is increasingly 
used to predict water resource variables [17]. The study outlined 
steps for developing water resource prediction models using 
Neural Networks technology, which outperform traditional 
statistical approaches.    

1.3 Meteorology and Weather
 Researchers have utilised AI tools in a wide range of meteorology 
applications, including cloud classification, tornado prediction 
and detection, wind damage assessment, hail size determination, 
precipitation classification, and storm tracking, as well as in 
rainfall-runoff modelling and flood forecasting [18]. Researchers 
repeatedly observe the limitations of numerical weather prediction 
(NWP) models [19]. Kumler-Bonfanti, C. J. echoed these 
limitations in detecting significant differences between human 
and AI/ML techniques, which are effective in identifying complex 
and ambiguous phenomena, and can be trained to perform object 
recognition tasks at superhuman levels [20]. Particularly effective 
for image analysis, as it can recognise essential features within the 
image.   

A major extreme weather event in the USA is hail, which causes 
billions of dollars in property and crop destruction and is a 
significant liability for insurance companies. Gagne, D. J., et al.  
and the 2019 studies applied deep learning models to predict the 
likelihood of severe hailstorms by investigating upper-air dynamic 
and thermodynamic fields [21, 22].  
  
 1.4 Renewable Energy
AI has also been applied to renewable energy as part of the global 
shift from fossil fuels to green sources, such as solar and wind, 
to meet the carbon reduction targets set by the Paris Climate 
Accord (2015). However, constructing a renewable electricity site 
must account for many variables that impact the energy output. 
Moreover, since the power production infrastructure is expected to 
last decades, it is imperative to consider future changes in the power 
prediction potential and other variables related to climate change. 
As a case study, Haupt, S. E., et al. discussed topics related to the 
Kuwait Renewable Energy Prediction System (KREPS), which 
the United States developed [22]. The system aims to achieve a 
combined wind and solar generation capacity of approximately 
4 GW. The park contains wind turbines, photovoltaic panels, 
and concentrated solar renewable energy technologies with 
storage capabilities. For short-term prediction, AI methods utilise 
historical observations to train algorithms that predict future states. 
The system also includes extreme event alerting capabilities for 
high wind speeds and high temperatures that could cause wind 
turbine derating or cut-out.  Al-Othman reported that AI techniques 
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are being utilised in the deployment of data-integrated renewable 
energy networks, in estimating and forecasting solar radiation and 
wind energy resources, and in micro-grid management [23].  

A significant challenge for installing solar energy systems is 
Clouds as they move over the solar power site, which represents 
one of the most essential variables in forecasting shortrange 
solar-energy power generation, as they cause near-instantaneous 
changes in power generation, by using an artificial neural network 
(RD-ANN) system trained to classify cloud regimes with a specific 

algorithm based on a combination of surface weather observations, 
irradiance observations, and satellite data to predict the irradiance 
variability more accurately compared to less efficient techniques 
[24]. Furthermore, Di Sabatino, M et al, approached renewable 
energy provision from another angle by exploring the adoption of 
AI ML in the manufacturing of silicon-based solar cells, driven by 
the heightened demand for solar panels [25]. AI technology has 
advanced cell designs that improve the quality of the silicon solar 
cell in producing electricity.   

Pollution Control and Management

 Environmental scientists recognise air, water, and soil pollution as 
global concerns. Numerous countries are implementing sustainable 
economic strategies, including the adoption of a green circular 
economy, to preserve a safer environment for future generations.  

AI is effective for future pollution control and environmental 
management (Hoang, 2022). Artificial intelligence is increasingly 
used to monitor and manage air, water, and soil, including industrial 
toxic waste, to enhance sustainability [26]. Ye Z, discussed several 
AI approaches, which start with the reliable mapping of nonlinear 
behaviour between inputs and outputs in chemical and biological 
processes in terms of prediction models [27].  

Air pollution is one of the leading contributors to the global 
environmental burden of disease and poor health (WHO, 2017), 
which has attracted environmental scientists to apply an AI/ML 
approach [28]. A comparative review found that deep neural 
networks outperform other AI methods in air pollution forecasting 
[29]. Within this context, accurate air quality forecasting is crucial 

for effective pollution control, as well as for maintaining public 
health and wellness.  

Moreover, AI has emerged as a vital tool for improving efficiency, 
accuracy, and sustainability in managing polluted air, water, 
and soil. AI techniques, particularly machine learning and deep 
learning, have been successfully employed to forecast pollution 
trends, enhance management and control approaches, and 
assess the ecological effects of contaminants. AI's real-time data 
processing enables quick responses to environmental hazards, 
improves decision-making, and advances remediation efforts 
for a cleaner, safer, and more sustainable environment [27, 30]. 
Machine learning plays a crucial role in managing air pollution 
and greenhouse gas emissions, thereby supporting progress toward 
a low-carbon society.   

1.5 Biodiversity and Conservation
Nature conservation projects can benefit from Machine Learning 
AI/ML technology to map habitats, model species distributions, 
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and monitor vegetation and tree growth. They could aid decisions 
on establishing protected zones and preserving local Biodiversity 
[31]. AI technology is leading the way in Automated Species 
Identification in real-time, using AI-powered camera traps 
and drones that can identify animals through computer vision 
pattern recognition, enabling the tracking of individual animals. 
AI/ML could also assist by using data from audio recordings to 
detect species by their calls and distress signals or changes in 
vocal behaviour linked to environmental stress. In the Amazon, 
Satellite imagery combined with AI can monitor Habitat and 
Deforestation to detect illegal logging, land-use changes, and 
habitat fragmentation.    
 Furthermore, AI/ML can assist in Predictive Modelling that 
forecasts migration patterns, breeding cycles, or ecosystem 
disruptions by analysing historical and real-time data. AI 
technology has also democratised data collection by integrating 
AI tools into mobile apps, allowing the public to contribute 
observations. These innovations have enhanced species protection 
and introduced additional measures to protect endangered species. 
[32, 33].  
1.6 Waste Management and Recycling
The use of AI tools in solid wate management is a has been 
evolving as shown by systemic literature review that identified 
85 research studies, published between 2004 and 2019, Abdallah, 
M, that showed AI/ML can assist with forecasting solid waste 
characteristics, waste bin level detection, process parameters 
prediction, vehicle routing, and planning [34]. Furthermore, ML 
technologies can detect and identify illegal landfills from unmanned 
aerial vehicle (UAV) images and videos, which is a more efficient 
and cost-effective approach [35]. AI innovations have transformed 
recycling by utilising sensors and cameras to identify waste types 
in bins, categorising them into paper, cardboard, glass, metal, 
plastic, and other categories, supported by AI robotics [34].
 1.7 Smart Agriculture
The role of AI/ML extends beyond efficiency to encompass 
resilience, sustainability, and adaptation to a changing climate, 
thereby ensuring food security. Smart agriculture, also known as 
precision farming, is reshaping agriculture industry by integrating 
advanced technologies like AI, IoT (The Internet of Things is a 
network of physical objects "things", equipped with sensors, 
software, and communication tech that collect and exchange data 
with other devices like environmental sensors over the internet), 
robotics, and big data into every stage of the agricultural cycle 
[36, 37]. The outcome is Precision Crop Management, utilising 
sensors in the soil and drones to monitor moisture, nutrient 
levels, and plant health in real-time. AI analyses this data to guide 
irrigation, fertilisation, and pest control, minimising waste and 
maximising crop yield. This method enables the use of autonomous 
machinery—such as self-driving tractors, robotic harvesters, and 
drone sprayers—that operate around the clock and adjust to field 
conditions, thereby decreasing reliance on manual labour. Another 
benefit is that Climate-Smart Forecasting technology can predict 
weather patterns, disease outbreaks, and crop performance under 
various climate scenarios, enabling farmers to make informed 
decisions and reduce losses from extreme events. AI tools 

can support Livestock Monitoring by tracking animal health, 
behaviour, and productivity. AI helps detect early illness or 
stress, boosting welfare and reducing antibiotic use. Vertical and 
controlled environment farming, especially in climate-stressed 
urban areas, uses AI to manage light, temperature, and nutrients 
in indoor farms. This enables continuous production throughout 
the year while requiring relatively low amounts of water and land 
[38, 39]. 
In another study, Hoang, T.D., et al., proposed an interactive 
AI-based crop and pest management system integrated into a 
mobile application, designed to enhance sustainable agricultural 
productivity by adopting advanced deep learning techniques, 
which can classify insects and pests efficiently and monitor 
macronutrient levels, Nitrogen, Phosphorus, Potassium, soil pH, 
and climatic parameters (Temperature, Humidity, Rainfall) [26]. 
The Pest Detection module uses real-time field data to support pest 
identification and treatment decisions. 
    
1.9 Sustainability and SDGs
On September 25, 2015, the United Nations adopted the 2030 
Sustainable Development Agenda, which lists 17 Sustainable 
Development Goals SDGs and 169 targets to support planetary, 
human, and economic well-being [40].  According to Vinuesa, 
experts report that AI technologies can contribute to achieving 
at least 134 of the 169 targets (about 79%) related to the SDGs 
by 2030. Furthermore, the SDGs for the environment group are 
related to climate action, life below water and life on land (SDGs 
13, 14, and 15) [41].   
Environmental policy and decision-making are increasingly data-
driven, using the Environmental Performance Index (EPI) as a 
measure to assess sustainability. Effective governance is crucial 
for balancing the various aspects of sustainability. EPI is also used 
as a guide to the level of progress on sustainability management 
and pollution control [42]. Baig, M. A. A., et al. discussed AI 
as a significant technology that could accelerate progress in 
meeting the environmental, social, and economic aspects of the 
SDGs, provided it is deployed with an ethical approach [43]. AI 
algorithms have the indisputable potential to accelerate innovation 
that maximises sustainability [44].  
2. Ethics, Trade-Offs, and Laws
Despite overwhelming views that AI can help improve and 
expand current understanding and management of environmental 
challenges, two sets of problems have been recognised. Firstly, the 
social and ethical impacts of AI, and secondly, the contribution 
to climate change of the greenhouse gases emitted by training 
data and computation-intensive AI systems [45]. These emerging 
issues are referred to as AI, a double-edged tool. In AI-driven 
climate modelling, scientists must address ethical issues related 
to bias in training data, lack of transparency, and potential 
inequities in climate adaptation strategies to ensure fair and 
responsible AI implementation. Indeed, fairness and transparency 
are crucial in AI-driven climate modelling. Biased datasets skew 
projections, harming vulnerable regions by underestimating risks 
and misallocating resources. Fairness depends on diverse datasets 
and frequent bias audits to achieve equity. Bartmann, M., thus 
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supporting the view that AI systems are only as good as the data 
they learn from [46]. David De Cremer & Garry Kasparov argued 
for continuing the push towards AI innovation, with use supported 
by a sense of moral awareness and responsibility and promoting 
training efforts to establish more responsible leadership [47].  

 Another pertinent issue is related to the impact of AI technology on 
the environment. For example, the carbon footprint of AI research 
is very significant. It highlights the need for more evidence 
concerning the trade-off between the GHG emissions generated 
by AI research and the energy and resource efficiency gains that 
AI can offer.   

On the other hand, training and running large AI models demand 
massive Energy consumption, due to their complexity, which 
requires substantial computational power, particularly during the 
training phase. AI models, for instance, are more energy-intensive 
than simpler classification models. Indeed, the significant energy 
required for powering AI systems will lead to considerable GHG 
emissions, primarily if the energy source is from non-renewable 
power plants.   

Another environmental impact is linked to the high water 
consumption required by large data centres. These centres require 
cooling systems that consume vast amounts of water to prevent 
overheating and sustain performance. This usage can exacerbate 
water scarcity in regions already vulnerable to such stress. 
Moreover, the hardware underlying AI, including servers and other 
specialised equipment, also has an environmental impact (e-waste), 
as rapid turnover of hardware contributes to the growing problem 
of electronic waste, much of which is not recycled correctly [48-
50].  

2. Conclusion  
AI, ML, DL and NN technologies are shaping every aspect of 
the human experience, including environmental management 
and control. It is an evolving and rapidly developing experience 
that may usher in the dawn of a new, brave world dominated by 
an AI-driven environment that is green, safe, and healthy, with 
attention paid to the environmental consequences of even greater 
AI infrastructure and more challenging ethical and social issues.   
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