


The Role of Artificial Intelligence in Environmental Monitoring for Sustainable Development and Future Perspectives


ABSTRACT
Artificial Intelligence (AI) is rapidly revolutionizing environmental monitoring and conservation practices, presenting significant advancements over traditional methodologies in areas such as precise disaster forecasting, accurate pollution source identification, and comprehensive evaluations of air and water quality. AI is proving instrumental in tackling environmental challenges through various applications. For instance, in climate modeling, AI algorithms analyze vast datasets to generate more accurate predictions of future scenarios. Furthermore, AI is used for real-time pollution tracking by processing data from sensors and satellite imagery to identify sources and monitor levels. These specific applications demonstrate AI's potential in providing data-driven insights for environmental protection and management. This paper underscores the paramount importance of robust environmental monitoring in effectively understanding and managing the intricate complexities of ecological challenges, particularly those intensified by increasing pollution stemming from population growth, industrialization, and urbanization. It delivers a comprehensive overview of the diverse and impactful applications of AI within this critical domain. These applications encompass the utilization of AI-enabled remote sensing technologies, including sophisticated satellite imagery analysis, drone-based surveillance, and extensive wireless sensor networks, for the efficient and precise collection of vast amounts of environmental data across diverse spatial and temporal scales. Furthermore, the paper explores the pivotal and increasingly crucial roles of AI-driven image recognition, advanced acoustic monitoring, and high-precision GPS tracking in significantly enhancing wildlife conservation efforts and providing vital support for the protection of endangered species and their habitats. It also meticulously examines the application of AI in the comprehensive monitoring of overall ecosystem health, encompassing the timely and accurate detection of pollution incidents, the detailed analysis of deforestation patterns, and the effective preservation of critical habitats. Moreover, the research investigates the substantial potential of AI-powered predictive modeling in enhancing our ability to forecast a wide range of environmental changes, extending from long-term climate patterns to the imminent risks of natural disasters, thereby enabling the implementation of proactive measures for effective mitigation and strategic adaptation. By adeptly processing and analyzing extensive and diverse datasets, seamlessly integrating crucial information derived from historical climate records, comprehensive biodiversity databases, and real-time environmental sensors, AI provides invaluable and actionable insights for informed decision-making in the development and implementation of effective conservation strategies, ultimately highlighting the central role of Artificial Intelligence in Environmental Monitoring for Sustainable Development.  
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INTRODUCTION
To protect Earth's fragile ecosystems, Artificial Intelligence (AI) has become a strong helper. This link between technology and nature offers great hope. It is changing how we see, understand, and fix environmental problems. In recent times, fast industrial growth, city expansion, and using too many natural resources have caused a huge environmental crisis. We see this clearly in rising world temperatures, more strong natural disasters, and constant harm to important natural areas. In this serious situation, AI gives us hope. It provides new ways to solve the many different problems we face. 
Recently, environmental problems, discussions, and projects have made people more aware and worried. This has led to interest in new technologies like Artificial Intelligence (AI). As we deal with the environmental problems of this century, AI has become a very important area to study for solving many sustainability issues. AI is about the design and science of creating smart machines. Scientists have also discovered that AI systems can learn from what happens. This helps them create artificial services and change what they do to fit different environmental problems (Chaudhary, 2023). Traditional ways to watch over the environment include checking statistics, doing lab tests, and taking samples by hand (Zhang, 2024). But these old methods have problems. They can cost a lot of money, take a long time, and not be very accurate. The old ways of watching the environment are not very efficient because of some problems. One big problem is how much they cost. Taking samples by hand and doing lab tests cost a lot of money. This includes paying skilled workers, buying tools, and using chemicals. Because of this, environmental programs often only check a small area, use few samples, and don't give us a full view of how the environment is doing. Another big problem is that these old methods take a lot of time. Considering the significant global environmental crises that have marked the 21st century, Artificial Intelligence AI has emerged as a field of study recognized as essential for addressing the majority of present environmental sustainability issues because its capacity to inform policy and shape practical development offers a promising avenue for mitigating environmental degradation which when coupled with the escalating climate catastrophe represents one of the complex environmental issues demanding cutting edge and original AI solutions. While the existing literature on AI for a sustainable environment spans numerous fields illustrating its application in areas such as transportation energy water and biodiversity to tackle the majority of current regional and global environmental challenges and despite the practical utilization of AI in many developed countries within sectors like transportation and biodiversity for instance through the collection of e-waste using advanced routing plans the protection of oceans from pollution the deployment of AI driven autonomous garbage collection trucks and wildlife conservation efforts aimed at increasing biodiversity there remains a discernible need to synthesize the available literature specifically concerning the use of AI in biodiversity and transportation and importantly to highlight the relative lack of comprehensive discussion surrounding the potential of AI to promote environmental sustainability within sectors such as transportation energy water and biodiversity. Consequently, this study focuses on the sectors currently engaged in and the potential problems associated with AI applications in sustainable environmental development with the ultimate aim of advocating for the development of environmentally friendly AI to benefit both current and future generations following which the limitations inherent in current applications and the overall conclusions drawn will be presented. 

LITERATURE REVIEW
While AI offers significant potential in environmental monitoring and conservation, challenges and ethical concerns are present and necessitate attention. Critical issues such as data privacy, algorithmic biases, and transparency must be addressed. For the advantages of AI-powered solutions to be widely disseminated, the digital divide and the accessibility of AI technology require consideration, ensuring equitable benefits across regions with varying technological levels. AI has made a substantial impact on conservation initiatives. Techniques like optimization algorithms and predictive modeling are being utilized to successfully prioritize conservation efforts, protect habitats, and optimize resource allocation. More efficient and flexible management plans are supported by AI through the assessment of potential threats to species and ecosystems, having been applied to resource allocation and habitat protection. The prioritization of conservation efforts and the evaluation of risks to species and ecosystems are facilitated by AI, leading to more adaptable management strategies. Furthermore, future ecological changes can be predicted, and high-value conservation regions can be identified through AI's analysis of large environmental datasets, enabling focused interventions.
The integration of AI technology in environmental research, employing methods like computer vision, deep learning, and machine learning, has brought about a revolutionary change. These technologies excel in pattern recognition, data analysis, and prediction, offering more precise and effective solutions for natural ecosystem monitoring and conservation. Numerous drawbacks of conventional techniques, such as inefficient data collection, limited scalability, and slow response times, have been shown to be resolvable by AI-driven algorithms, providing opportunities for enhanced accuracy and efficiency in environmental monitoring. While traditional methods like data analysis, remote sensing, and field surveys have been essential for understanding and preserving ecosystems, they often face difficulties with accuracy, scalability, and data collection efficiency, struggling to keep pace with rapidly changing environmental conditions and provide the timely data needed for effective management. The increasing limitations of older methods as environmental circumstances evolve quickly underscore the necessity for more sophisticated and adaptable monitoring and conservation strategies, for which AI offers promising solutions.
METHODOLOGY
This study comprehensively assesses how AI techniques aid environmental protection and monitoring. Its methods include data collection (satellite images, IoT sensors, and existing datasets), AI tools, model creation, AI-driven monitoring, conservation enhancements, and ethical considerations. Raw data from trusted sources underwent cleaning, normalization, and spatial alignment to ensure quality and consistency before analysis. Figure 01 shows the methodological diagram of this paper. 
[image: C:\Users\USER\OneDrive\Desktop\AI Environment\FIG 1.png]
Figure 01: Methodology diagram.
ROLE OF AI IN ENVIRONMENTAL SUSTAINABILITY
It's really important to take care of our planet, and now, something called Artificial Intelligence, or AI, is becoming a big helper in doing that. AI is giving us new ways to deal with the serious environmental problems our world faces. It can help with things like stopping climate change and saving different kinds of animals and plants. AI can look at lots of information, find patterns, and do things automatically, which is changing how we understand and live with nature. One of the most helpful things AI does is watching over our environment. We now have AI-powered tools like sensors, flying robots called drones, and pictures from space that can collect and check information about our air, water, forests being cut down, and how many animals are living in different places. These tools are super accurate and can cover big areas. This helps us see environmental problems early so we can act fast and manage our resources better. For example, AI can look at pictures from space to find people cutting down trees illegally or guess where big fires might spread, so we can stop them quickly and keep damage small.
When it comes to stopping climate change, AI is also a big player. It can help us use energy in the best way and use more clean energy sources. For example, smart power systems that use AI can figure out how much energy we need and when, so we don't waste any. AI can also make things like windmills and solar panels work even better, so they make as much clean energy as possible. Plus, scientists are using AI to create new materials and ways of making things that are better for the environment and don't release as much harmful gas. Growing food in a way that doesn't hurt the Earth is another area where AI is making a difference. With AI, farmers can use things like smart watering systems, just the right amount of fertilizer, and figure out the best way to stop bugs from eating crops. This means using less water and fewer chemicals while still growing a lot of food. AI looks at things like the dirt, the weather, and how healthy the plants are to give farmers advice that's just right for their farms.
AI is also giving us new ways to save the different kinds of life on Earth. There are AI systems that can recognize pictures and sounds of animals, which helps us count them, keep track of endangered ones, and find people who are hunting them illegally. By looking at lots of information about how animals act and where they live, AI can help people who are trying to protect nature figure out the most important places to save and the best ways to do it. Even though AI can do a lot of good, there are some problems and things we need to think about. We need to make sure we keep people's information private, that the AI isn't unfair to anyone, and that using AI doesn't use up too much energy. It's also really important that everyone around the world can use these AI tools, not just rich countries. We need to close that gap so everyone can help protect the environment. Overall, AI has a lot of promise for making our planet more sustainable. It can look at big amounts of information, do things automatically, and give us good ideas for taking care of nature. As AI keeps getting better, it will become even more important in protecting our planet's future, as long as we remember to be careful about fairness and making sure everyone can use it.

NUMEROUS USES OF ARTIFICIAL INTELLIGENCE IN ENVIRONMENTAL MONITORING AND PRESERVATION
AI is helping us watch and save our planet in many new ways. These smart tools let us know and care for Earth better than before. One big way AI helps is by looking after our environment. AI can check lots of info from different spots, like space and things on the ground. This shows us what's going on with our air, water, trees, and animals. AI can spot trouble early, like dirty air or cutting down trees when not allowed. Then we can act fast to fix it.
a) Ecosystem Health Assessment:
i. Water Quality Monitoring: 
AI can also carefully examine our water. It checks things like the level of acid, how clear it is, and the amount of oxygen for aquatic life. This helps us determine if the water is healthy for both the environment and ourselves. By studying past data, AI can even predict whether our water will be clean or polluted in the future. This foresight allows us to take preventative steps to stop pollution before it occurs. Furthermore, AI aids in detecting breaks in water-carrying pipes. By monitoring water flow patterns, AI can identify potential leaks. This enables timely repairs and helps conserve water resources. AI can also make our water cleaner at the places where it's treated. These plants use chemicals and energy to make sure the water we drink is safe. AI can help them figure out the very best way to use these things. It can look at all the information about the water, like what's in it and how much there is. Then, AI can tell the plant how much of each chemical to add and how much energy to use. This makes the water cleaning process work better and can even save energy and money. So, AI helps us get safer drinking water in a smarter way.
ii. Air Quality Monitoring: 
AI also helps us know about the air. It looks at the weather. It looks at how the air was before. Then it guesses what the air will be like soon. This can help people know when the air might be bad. They can be careful then. AI can also find where bad air comes from. Maybe it's from big buildings. Maybe it's from many cars. If we know where it comes from, we can try to make the air better there. AI can also make things that stop pollution work better. For example, if the weather will keep bad air around, AI can tell factories to make less bad stuff. This helps keep the air cleaner. AI can also help us learn how bad air makes people sick. It looks at how dirty the air is. It also looks at what doctors write about people. This can help us see why bad air is bad for us. Then we can try to make the air cleaner and help people stay healthy.

b) Wildlife Protection:
i. Image Recognition: 
AI uses smart eyes in the sky, like cameras on drones. These eyes can see wild animals. AI can learn to know what different animals look like. This helps people keep track of them. If someone tries to hurt the animals, the AI can help find them. This way, we can protect animals from getting hurt or disappearing. It's like having robot helpers watching over the animals all the time.
ii. AI Hears the Wild: Using Sound to Help Animals:
AI isn't just "seeing" animals to help them; it's also learning to "hear" them. Scientists are teaching computers to listen to the noises of nature and figure out what they mean. This is called listening to the environment, and it's becoming a really helpful way to protect wild animals. Imagine a forest with lots of different animal sounds. It can be tricky for people to keep track of all those noises and know which animal is making which sound. But AI can learn to know the special calls of different animals. It's like giving a computer super good ears. By hearing these sounds, we can find out where animals are living. If AI hears a rare bird's song in one place, it tells us that spot is important for that bird. We can also learn if there are lots of those birds or just a few. This helps the people who protect nature know which places need the most care. Sometimes, animals are hard to see. Maybe they are shy or live where there are many trees. But their sounds can travel far. AI can listen for these sounds and help us find animals even if we can't see them. This is really useful for finding animals that are not common or hard to spot. What's even cooler is that AI can sometimes tell how an animal is feeling by the noises it makes. A happy bird might sing in one way, but a scared animal might make a different sound. By learning these small changes in sound, AI can give us clues about how the animals are doing. This helps us understand them better and know how we can help them live well. So, AI's ability to listen to the sounds of nature is like having another sense to help protect animals. It gives us more information about where they are, how many there are, and even how they feel. By using both "seeing" with pictures and "hearing" with sounds, AI is becoming a really important friend in our work to protect all the different kinds of life on Earth.

c) Remote Sensing: 
i. Satellite Image Analysis:
This is like giving Earth a super smart eye in the sky. AI looks at pictures from satellites. It can see how the land is changing over time. This helps us track things like when forests are cut down. AI can also see cities growing bigger and how that changes the land around them. It can even spot other changes to the environment that might be hard for people to see from the ground. This information helps us understand how our planet is changing (Can Artificial Intelligence (AI) Help End Deforestation? n.d.).
ii. Climate Monitoring:
AI is like a weather tracker for the whole planet. It uses information from satellites to see how the ocean's surface is heating up or cooling down. 1 AI also watches the air around us, checking things like clouds and how the air is moving. It can even measure how much of certain gases, like the ones that cause warming, are in the air. By keeping an eye on all these things, AI helps us understand how our climate is changing. This information is important for scientists and helps us know what to expect in the future (Nieves et al., 2024).

d) Predictive Modeling:
i. Climate Modeling:
AI acts like a super smart computer that can guess what our future climate will be like. Scientists give it lots of information about how the Earth's weather works. Then, AI uses this info to make different possible pictures of what might happen with things like temperature and rain in the future. This helps scientists understand how climate change will affect us and plan what we can do to make things better (United Nations Environment Programme, n.d.).
ii. Natural Disaster Prediction:
AI is like a smart detective for big natural dangers. It looks at information about the weather, like how hot it is and the wind. It also looks at what's happening inside the Earth, like when the ground might shake. By finding clues in all this information, AI can help us guess when things like strong storms, earthquakes, and big fires might happen. This gives people time to get ready and stay safe before these scary events occur (Plevris, 2024).  

e) Monitoring Invasive Species:
AI is like a smart detective that helps us find unwanted plants and animals that don't belong in certain areas. It looks at pictures from cameras and drones to spot these invaders. AI can learn what these species look like, even if they are small or hidden. This helps people who protect nature know where these harmful species are spreading. By finding them early, we can try to control them and stop them from hurting the local plants and animals that belong there. It's like having a robot helper that's always on the lookout for trouble in our natural spaces.

f) Data Analysis:
i. Big Data Processing: 
Large amounts of information, such as records of different plants and animals and data from environmental sensors, are processed by AI algorithms. Important clues and patterns are extracted from this data by AI. This helps scientists and conservationists understand what is occurring in nature. Better decisions about how to protect nature can then be made. It is like having a powerful tool to unlock secrets from huge amounts of information.
ii. Decision Support Systems:
Actionable information is provided to decision-makers by AI. This information aids in conservation planning. Land use management is also supported. Furthermore, policy formulation benefits from the insights provided by AI. It is like having a smart assistant that helps make informed choices for protecting the environment.

g) Predictive Modeling:
i. Climate Modeling:
Future climate situations are created by AI-powered computer programs. These programs help scientists learn how climate change might affect things. Because of this, scientists can plan ways to reduce the bad effects of climate change. It's like AI showing us possible futures for our planet's weather. This helps us get ready and figure out the best things to do now.
ii. Natural Disaster Prediction:
Events like big storms, shaking ground, and large fires can be guessed by AI. It looks at information about the weather. It also looks at information about the Earth. By finding patterns, AI can help give early warnings (UNU-EHS Flagship Report. 2024). This helps people get ready before these bad things happen. Being prepared for disasters is made easier with AI's help (Venkadesh et al., 2024).

h) Conservation Planning:
i. Optimizing Protected Areas:
Optimal spots for protected areas can be found with AI's help. This is done by looking at information about nature. Where different animals and plants live is considered. Also, what people do in those areas is taken into account. AI can find the best places to set aside to protect nature. This helps make sure we are saving the most important areas for wildlife and the environment.
ii. Sustainable Land Use:
AI can help us find better ways to use our land without hurting the environment. For example, AI can look at maps and information about the soil and plants to figure out the best places to plant new forests. This is called reforestation, and it helps clean the air and provide homes for animals. AI can also help farmers grow food in a way that's good for the land, like using less water and fewer chemicals. This is called sustainable agriculture. By finding these good ways to use land, AI helps us take care of our planet for the future (AI For a Greener Future: The Role of AI in Supporting Sustainable Land Management – Nybl, 2024).  

i) Habitat Restoration:
AI can also help fix nature with the help of robots. These robots are like smart helpers that know what to do. They can plant new trees where forests were cut down. They can also find and take away bad plants that don't belong there and hurt the good plants. These robots can even help bring back the kinds of plants that used to grow in a place. Because AI tells the robots what to do, they can work really well and help nature get better faster. It's like having a team of robot friends that are always working to make nature healthy again.

AI MODELS OFFER A POWERFUL NEW WAY TO PREDICT HOW OUR ENVIRONMENT WILL CHANGE IN THE FUTURE
The rise of artificial intelligence, or AI, presents a potent new method for anticipating the future of our environment. These sophisticated computer programs, known as AI models, act as advanced predictors for the changes our planet may undergo. Consider the complexity of trying to foresee next week's rain or the amount of forest that might disappear in the next year. Accurate predictions can be elusive. However, AI models have the ability to examine immense amounts of past and present information. They can detect patterns that might be missed by human analysis. This allows them to generate educated forecasts about the future state of our world. These AI models can assist in predicting a wide range of environmental transformations. They can attempt to project long-term shifts in weather patterns. They can also estimate how forests might expand or shrink. Even the potential levels of pollution in our air or water in the future can be gauged by AI. This capacity for looking ahead, even if it involves estimations, carries significant weight. It can empower scientists, governments, and everyday citizens to make more informed plans. If we have an idea of the environmental challenges that might be coming, we can begin to take steps now to prevent them or prepare for their consequences. AI models offer us a fresh and insightful perspective on understanding and preparing for the future of our environment.

a) Climate Modeling:
AI is making our climate predictions much more accurate. By using smart computer methods like deep learning, AI can look at huge amounts of past climate information. This helps us get better guesses about how hot it will get, if there will be more big storms, and how much the sea level might rise. This improved accuracy means we can understand the future changes better. AI can also help us see the long-term trends in our climate. It's like looking far into the future to see what might happen over many years. This helps the people who make important decisions create good plans to try and stop climate change from getting too severe and to prepare for the changes that we can't prevent. Another powerful thing AI lets us do is try out different scenarios. Scientists can use AI to see what might happen if we continue to release a lot of greenhouse gases, or what could happen if we drastically reduce them. This helps us explore different possible futures for our climate and understand the consequences of our choices.

b) Air Quality Prediction:
Artificial intelligence is becoming a valuable friend in our efforts to understand and safeguard the air we breathe, both in our bustling cities and during challenging times like wildfires.  When it comes to the air in our cities, AI is like a super-smart air quality detective. It takes into account a whole bunch of clues to predict how clean or dirty the air might be. Think about all the cars moving around, the way the wind is blowing, and where different types of pollution might be coming from, like factories or busy roads. AI sifts through all this information, much faster and more thoroughly than we could on our own. The result is a helpful forecast of air quality. This information isn't just interesting; it's actually really important for our health. People who have trouble breathing, like those with asthma, can use these predictions to know when to be extra careful and maybe stay indoors. Plus, city leaders can use this knowledge to make smarter decisions about how to reduce pollution and create healthier air for everyone (AI For Impact, n.d.). 
AI also plays a crucial role during wildfires, acting like a smoke-tracking expert. When a fire breaks out, it can be hard to know exactly where all that smoke will drift. AI models can take information about the fire itself, along with weather patterns like wind direction and speed, to predict where the smoke will spread and how thick it might get. This is incredibly helpful for the people in charge of keeping us safe. They can use these smoke forecasts to issue warnings to communities that might be affected and even plan evacuations if the smoke poses a serious health risk. AI's ability to see where the smoke is going helps authorities get important information to people quickly, potentially saving lives and protecting health during these dangerous events (Kaiser, 2025). 
In both our everyday city life and during emergencies like wildfires, AI is proving to be a powerful tool for understanding and responding to the challenges of air quality. It's helping us breathe a little easier by providing valuable insights and supporting actions to protect our health and well-being (Kaiser, 2025b). 

c) Natural Disaster Prediction: 
Early warnings for big natural dangers like hurricanes, tornadoes, and floods are provided by AI. Live information from weather stations, satellites, and sensors is constantly looked at. Dangerous events can be predicted early by quickly figuring out this information. More time to get to safety is given to people. Where earthquakes might happen is also understood better with AI's help. Old information about earthquakes is studied. The shaking of the ground is also looked at. Areas more likely to have earthquakes can be found by seeing patterns. Getting prepared in those areas is helped. Where wildfires might start and spread can be guessed by AI. How dry the weather is and how healthy the plants are looked at. Where fires have happened before is also considered. Getting ready for firefighters is helped. People in high-risk areas can even be told to leave before a fire starts.

d) Ocean and Marine Ecosystem Prediction:
AI can tell us even more about what's happening in the ocean. By looking at lots of information about the ocean, AI can guess how the temperature of the water might change. It can also predict how the water will move in currents. Even how different kinds of sea animals will behave can be estimated by AI. This is super important for people who manage fishing, so they know how many fish there might be. It also helps us understand how the changing climate is affecting all the creatures that live in the ocean, from tiny plankton to giant whales. AI can help us protect these delicate underwater ecosystems. 

e) Disease Outbreak Forecasting:
AI can help us understand when and where diseases might spread by using smart computer programs called epidemiological models. These models look at lots of information, like how a disease moves from one person to another. They also consider how many people are moving around and if there are enough hospitals and clinics to help. By studying all this data, AI can help us make good guesses about when a disease outbreak might happen. This gives us a chance to get ready. We can make sure that there are enough doctors and nurses, and we can put rules in place, like wearing masks, to try and stop the disease from spreading to many people. It's like AI giving us an early warning so we can protect our communities (Sarantopoulos et al., 2024).

f) Adaptation Planning:
AI helps us get ready for changes in our world so important things like buildings and roads stay strong. It looks at how things like the sea rising or big storms might hurt them. This helps people build things that can handle these changes. AI also helps us take care of nature in a smart way. It can guess where animals and plants might move as things change. This helps people who protect nature make plans to keep them safe. So, AI helps us see what might happen to our world. This helps us build things that last and take care of nature in the best way we can.

g) Agricultural Forecasting:
How much food might be grown can be guessed by AI. The weather, like how much rain there was and how hot it got, is looked at. The soil is also checked to see if it's good for growing. How much farmers grew in the past is even remembered by AI. A good guess about how many crops a farmer will get can be made by looking at all this information. Planning what to do with their crops is helped for farmers. When to plant and when to harvest can be decided. How much water and fertilizer will be needed can also be planned by knowing how much they might grow. Saving money and using resources wisely can be helped. If a lot of crops might be grown is known ahead of time, planning for storage and selling can be done. If not as much might be grown is thought, other plans can be made. Better decisions throughout the whole growing season can be made by farmers with AI's predictions. Important information about their farm is given by a smart helper. Better harvests and less waste can be led to. Being more successful and making sure enough food is had is ultimately helped by AI (BPM, 2024). 

AI IS EMPLOYED FOR THE TRACKING AND PROTECTION OF ENDANGERED SPECIES UTILIZING VARIOUS TECHNIQUES
Artificial intelligence is emerging as a powerful ally in the critical mission to track and protect endangered species. Through the application of various innovative techniques, AI offers new hope for the survival of vulnerable wildlife populations. This technology provides researchers and conservationists with sophisticated tools to understand these species better and implement more effective conservation strategies.

a) GPS Tracking:
Tiny, high-tech backpacks or bracelets are like what endangered animals are given for GPS tracking. These devices, called collars or tags, have GPS inside them, similar to the navigation system in a car. Where the animals are, how they move around, and even some of what they do are constantly recorded. This information is then sent to big computer centers so it can be looked at by scientists. A super-smart detective is like what AI becomes here. All this location data can be looked at by it, and it can be figured out where the animals go, what kinds of areas are liked by them, and how their habitat is used. A much better understanding of their lives is helped by this. Invisible fences, called geophones, can also be created around protected areas by AI. If a dangerous place, like an area where there's a high risk of poaching (illegal hunting), is approached too closely by an animal wearing a tag, an alert is sent out by the system. Reacting quickly and trying to protect the animal is allowed.
Finally, a big help is given by AI in studying when and where these animals travel long distances, which is called migration. Important clues about what they need to survive along the way and what dangers might be faced during their migrations can be given by tracking their journeys. Planning how to protect them across their entire range is made crucial by this information.

b) Acoustic Monitoring:
Listening closely to nature with AI is like having super hearing in the forest. Audio recordings of the sounds of nature and the calls of animals in their homes are processed. By having these sounds and their patterns and how often they happen looked at, specific animals can be found and known, even if they are hidden in thick forests or faraway places where seeing them is hard. Finding the special sounds animals make when they want to find a partner is helped by listening. These sounds and how the animals act are very important for having babies and keeping track of how many animals there are. Changes in how the animals sound because of problems in their environment or loud human noises can also be found.

c) AI has numerous advantages for tracking and preserving endangered animals:
Because AI is used to watch over and keep safe endangered animals, many good things happen. Watching all the time, right as things happen, is made possible by AI systems. This means that when something dangerous occurs, help can be given very quickly, like hearing a distress call right away. Not needing to be physically close to the animals is another big plus. These methods cause very little disturbance from humans, which means the animals don't get as stressed or scared by our presence, like a quiet observer in the distance. The information that AI gathers helps us make smart choices about how to protect these animals. Because we have real data, we can decide where to spend our time and money most effectively and make the best plans to help them, like understanding their needs through their whispers. Also, AI can keep an eye on big and far-away places without costing as much as sending lots of people out into the field. It's like having many eyes and ears covering a vast area without needing a huge team everywhere. However, there are some things we need to be careful about. Keeping the animals' information private is important, and we need to think about what's right when using this technology. Also, we still need to make the technology better and better as we learn more. Even with these challenges, using AI to track and protect our endangered animals is a huge step forward. It's like giving these precious creatures a powerful, silent guardian that's always watching out for them and helping us understand how to best ensure their survival and the health of their homes.

d) Image Recognition:
Setting up intelligent, observant devices in the natural homes of wildlife is what occurs with camera traps powered by artificial intelligence. These specialized cameras are positioned strategically within the habitats of endangered animals. When movement or heat is detected in their vicinity, the cameras automatically capture still images or video recordings. Subsequently, sophisticated AI programs analyze these visual data to determine and categorize the specific species present in the images. This process aids in the monitoring of the presence, behavior, and population trends of endangered species, akin to maintaining a silent visual record of their existence. For certain species possessing distinctive markings or facial features, artificial intelligence can even distinguish individual animals, much like human recognition of acquaintances. This AI-driven facial recognition technology proves particularly valuable in tracking animals over extended periods, studying their social structures and interactions, and observing their physical well-being, similar to identifying each member within a rare animal community.
Unmanned aerial vehicles, known as drones, equipped with artificial intelligence for image recognition, can also survey extensive areas of habitat and identify endangered species from an aerial perspective. This non-intrusive method assists in estimating population sizes and pinpointing potential threats within their environment, comparable to gaining a comprehensive overview of their world from above.

AI-RELATED REAL-WORLD APPLICATIONS FOR ENVIRONMENTAL MONITORING
AI provides practical solutions for tracking environmental changes. Real-world examples show AI's use in monitoring our planet. Technology helps us understand and protect the environment through AI.

a) Natural disaster prediction:
Natural disasters pose significant threats to properties globally. These events can be incredibly destructive, devastating infrastructure, disrupting economies, and endangering human lives. In recent years, artificial intelligence (AI) has gained increasing attention for its potential to predict these disasters and mitigate their impacts. AI-powered solutions can provide precise, real-time information about natural disasters, assisting authorities in developing effective response strategies and reducing risks to public safety. AI has been utilized to forecast various natural disasters, including earthquakes, tsunamis, and storms. By analyzing data from diverse sources such as satellite imagery, seismic sensors, and weather forecasts, AI can identify patterns and assess the likelihood of a disaster occurring (Olawade et al., 2024). This capability allows communities and emergency services to receive early warnings, enabling them to prepare and respond appropriately.
AI is employed to anticipate natural disasters by examining data from a wide array of sources, including satellite images, meteorological data, and historical records. This analysis helps uncover patterns and trends that may indicate an impending natural disaster. Subtle environmental changes, such as the presence of smoke, ash, or other indicators of a wildfire, can signal the onset of a disaster. AI algorithms are also capable of learning to recognize shifts in temperature, humidity, or wind patterns that might precede such events.
Utilizing AI for natural disaster prediction offers several benefits compared to more traditional methods. Firstly, AI-based systems possess the ability to process vast amounts of data from multiple sources, providing a comprehensive and up-to-date understanding of the environment. This enables authorities to proactively plan for potential disasters and react swiftly when they occur. Furthermore, AI-driven systems can collect and analyze data with greater accuracy and precision than conventional approaches. This reduces the chance of errors and inconsistencies, thereby enhancing the reliability of disaster forecasts. Ultimately, AI-based systems can offer tailored solutions for different types of natural disasters in specific locations. By evaluating data relevant to particular areas and disaster types, AI algorithms can develop customized interventions, such as evacuation plans, warning systems, or disaster relief efforts, to minimize the risks and consequences of these events (Olawade et al., 2024).

b) Air quality monitoring:
Bad air, or air pollution, is a big problem. It makes life worse, slows down how much money a country can make, and makes people sick. All over the world, breathing dirty air can lead to really bad health issues like cancer, heart problems, and trouble breathing. Because of this, people are getting more interested in using smart computers, or AI, to keep an eye on how clean the air is. AI systems can tell us exactly how good or bad the air is right now. This helps the people in charge make good rules and take action to make the air cleaner. If the air gets really bad, AI can even help them figure out what to do quickly to keep people healthy. These smart computer programs learn by looking at lots of information from different places, like special air checkers, pictures from space, and weather reports. By finding patterns in this information, AI can figure out where the pollution is coming from, how much there is, and what we can do to make it go down. Recently, people have been using different kinds of smart computer programs to check and guess how the air will be. Some of these have fancy names like Artificial Neural Networks, Deep Neural Networks, Support Vector Machines, and Fuzzy Logic. But the best one to use really depends on what information we need and what kind of pollution is a problem in a certain area. For example, some scientists looked at different AI tools and found that Deep Neural Networks worked best for keeping an eye on the environment. Other scientists compared different ways to check the air and thought that Support Vector Regression and something called ARIMA were the best for looking at tiny bits of stuff in the air over time, because these tiny bits can really hurt our health. Other studies even found that using a mix of different smart computer programs can be even better for deciding what to do about air pollution in the future. Using AI to watch our air is better than the old ways in a lot of ways (Olawade et al., 2024). AI systems can look at huge amounts of information from all sorts of places and give us a really good picture of the air quality right now. This helps the people in charge make smart choices and act fast to make the air cleaner for everyone.
Smart computer suggestions are becoming super helpful for keeping tabs on our air. They can give us clear ideas about what we can do to make air pollution less of a problem. You know, AI is popping up in all sorts of places to help us watch the air quality. AI programs are like little detectives, looking at how clean the air is, how cars are moving around, and even how the city is growing. By putting all this together, they can suggest really smart ways to cut down on air pollution in urban areas. Maybe AI will say we should change the routes cars take to stop traffic jams and the fumes they create. Or it might help city planners figure out the best spots for parks and buildings so that fresh air can move around more easily and keep the bad stuff away from us. Then you've got factories and businesses. AI can be like a super-efficient quality control manager for them. It can check what's coming out of their operations and suggest ways they can be cleaner. This could mean using materials and energy that are kinder to the environment or tweaking how they make things so they don't produce as much pollution. And get this, AI can even help us stay healthy by watching the air (Olawade et al., 2024). By looking at how clean or dirty the air is and how it affects people's well-being, AI programs can pinpoint groups who might be more at risk. This means doctors and health folks can create special plans and give extra attention to those who need it most.

c) Water quality monitoring:
Water is what keeps us alive, and clean water keeps us healthy. But dirty stuff getting in the water, the weather changing, and more people needing water are making it hard to have good water. The old ways of checking water take a lot of work and money, and we can't check everywhere easily. Also, guessing what might happen to the water using those ways takes a long time, and people can make mistakes. But now, smart computers, or AI, can help. These smart programs look at information from weather stations, old records, and special water checkers. They try to find clues that tell us if the water is getting bad. AI can even see small changes in the water, like if it gets too warm, or if there's not enough air in it, or if there's something bad mixed in. These little changes can mean the water is getting polluted. Using AI to check our water is much better than the old ways. AI can watch the water all the time, without stopping, and tell us right away if something is wrong. This helps the people in charge fix problems quickly and keep us and nature safe. Also, AI can look at lots of information from many places, so we get a really good idea of what's happening with our water. This helps us see problems coming and figure out the best ways to fix them. AI can even give advice on what to do right away to make the water better. By looking at the water in different areas and the kind of problems they have, AI can suggest things like how to clean the water or stop pollution. AI can help with water in many ways. For cleaning our drinking water, AI programs can look at how dirty the water is and tell us the best way to clean it, like what filters to use or what to add to make it safe (Olawade et al., 2024). For farmers, AI can check the water they use for their crops and tell them how to water their plants so the water stays good and doesn't cause problems. 

POTENTIAL ENVIRONMENTAL IMPACT OF AI MODELS IN ENVIRONMENTAL MONITORING
While AI is becoming a superhero for our environment, helping us track pollution, predict disasters, and protect wildlife, we need to think about how these smart tools themselves might affect the planet. Just like any technology, creating and using AI models for environmental monitoring has its own footprint. One big thing to consider is the energy these AI systems use. Training these complex programs often requires a lot of computer power, and all that processing needs electricity. If this electricity comes from sources that pollute, like burning fossil fuels, then our helpful AI might indirectly be contributing to the very problems it's trying to solve, like adding a little bit to the air pollution it's tracking (Zhuk, 2023).
To make sure our environmental superheroes aren't secretly causing trouble, we need to focus on using renewable energy to power our AI systems. We also need to think about making AI hardware in a more sustainable way, using fewer resources and making it easier to recycle. By being mindful of these things, we can make sure that AI remains a truly positive force for our planet (Can We Mitigate AI’s Environmental Impacts? 2024).

ARTIFICIAL INTELLIGENCE: A HELPING HAND FOR OUR PLANET- BUT NOT PERFECT YET
Artificial intelligence (AI) is becoming a great tool for watching over our environment. It can help us see pollution, predict bad weather, and protect animals. But it's not perfect, and there are some things we need to think about.

i. Where AI needs to learn more:
· Needs Good Information: AI learns from information, and if that information isn't great, the AI's guesses might not be right.
· Hard to Understand Sometimes: Sometimes, AI makes a decision, but we don't know exactly why. It's like a smart guess we can't see the steps for.
· Uses Power: Running these smart computers needs electricity, and if that electricity is dirty, it can hurt the environment a little.
· Sharing Information Can Be Hard: Getting all the information AI needs from different groups can be difficult.
· Can Learn Bad Habits: If the information AI learns from isn't fair, the AI might also make unfair guesses.
· Not Enough Experts: We need more people who know both about the environment and AI to use these tools best.
· Tech Not Everywhere: In some places, there isn't enough technology to use really advanced AI.
· Needs Real-World Testing: AI that looks good in the lab needs to work well out in nature too.
ii. What AI could do in the future:
· Better Guesses: AI will get even better at predicting things like weather and pollution.
· Watching Everywhere All the Time: AI will help us watch big and far-away places without stopping, giving us fast warnings.
· Easier to Look at Information: AI will help us see patterns in lots of information quickly.
· Understanding Nature Better: AI will show us how different parts of nature are connected.
· Special Help for Different Places: AI can give us ideas that are just right for certain areas or animals.
· Using Everyday Tech: Things like smartwatches could help us collect information for AI.
· Smart Helpers: AI could become like a smart assistant that tells us the best way to help the environment.
· More People Can Help: As AI gets easier to use, more people can join in protecting our planet.

So, AI is a really helpful tool for our environment, but we need to make it better and think about the problems it can cause too. In the future, AI could be even more amazing at helping us take care of our world.

LIMITATIONS OF AI
AI is a really smart tool, but it has some things it can't do perfectly yet. It's like a super brain, but it still needs the right help and information. One problem is that AI needs a lot of good information to learn. If the information isn't complete or has mistaken, the AI's answers might not be right. It's like trying to learn something from a book with missing pages. Another thing is that sometimes AI makes choices, but it's hard for us to know exactly why it chose that way. It's like getting a right answer without seeing the steps. This can make it hard to trust AI all the time. Also, the strong AI programs need a lot of power to work, and this uses energy. If that energy comes from sources that hurt the environment, it's not ideal. Getting all the information AI needs can also be difficult. Sometimes, different groups have their own information and don't share it easily. AI can also learn bad things if the information it learns from isn't fair. Then, it might make unfair decisions too. Right now, we don't have enough people who know a lot about both AI and the problems we want to solve with it. And in some places, they don't have the technology yet to use the really advanced AI (AI Is Not a High-Precision Technology, and This Has Profound Implications for the World of Work, 2025). Lastly, even if AI works well in a lab, we need to make sure it works well in the real world, where things can be messy. So, even though AI is very helpful, it has these limits that we need to remember and try to fix.

RESULT AND DISCUSSION
The ways smart computers, or AI, are helping our world be watched were looked at closely. Many different things AI does were found. When bad natural events might happen, like big storms, can be guessed. Animals that are in danger can be followed to be kept safe. A lot of information is used by these smart tools to find patterns. 
Some things AI can't do perfectly yet were also learned. Really good information is needed for AI to work right. A lot of power can be used by these smart computers. Exactly how AI makes its decisions can be tricky to know. Not enough people who know a lot about both AI and the environment are there right now. Not everywhere has the technology to use the most advanced AI. What AI could become in the future was also looked at. Things might be guessed more accurately. Our world might be watched all the time. Ideas that are just right for different places and problems might be given to us. Easier to use, AI might help more people protect the planet. What AI can't do yet should be known, but a lot of promise for making our future healthier is had.

CONCLUSION
AI is a very helpful tool for keeping an eye on our environment and working towards a healthy future. AI can look at huge amounts of data and find patterns that help us predict problems like natural disasters, keep animals safe, and check our air and water. This is very important for making sure our development doesn't harm the planet.
Even though AI still has some limits—like needing good data, using a lot of energy, and sometimes being hard to understand—it's getting better all the time. In the future, AI could give us even more precise predictions and let us monitor the environment constantly. It could also help us create solutions that are tailored to specific places and issues. As AI becomes easier to use, it can empower more people and organizations to participate in environmental protection and sustainable development.
Looking ahead, more research and careful planning are needed to make the most of AI for the environment. We need to make sure it's used ethically, sustainably, and in a way that benefits everyone. By addressing the current limitations and focusing on responsible development, AI can be a powerful force in creating a sustainable future for all.
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