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Abstract:
This research presents a comprehensive bibliometric and in—depth analy-
sis of the applications of artificial intelligence (Al) and machine learning
(ML) in environmental monitoring, based on 4,762 publications from
1991 to 2024. The research highlights a significant increase in publications
and citations since 2010, with China, the United States, and India emerg-
ing as major contributors. Key research areas include air and water qual-
ity monitoring, climate change modeling, biodiversity assessment, and
disaster management. The integration of Al with emerging technologies,
such as the Internet of Things (IoT) and remote sensing, has significantly
expanded the capabilities of real-time environmental monitoring and
data—driven decision-making. The in—depth analysis reveals advances in
AI/ML methodologies, including new algorithms for soil mapping, land
cover classification, flood susceptibility modeling, and remote sensing im-
age analysis. Notable applications include improved air quality forecast—
ing, water quality assessments, climate impact prediction, and automated
wildlife monitoring using Al-based image recognition. It also addresses
challenges such as the «black box» nature of Al models, the need for high—
quality data in resource-limited areas, and the complexity of real-time
disaster management. The study highlights ongoing efforts to develop
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explainable AI (XAI) models, which aim to improve model transparency
and confidence in critical environmental applications. Future research di-
rections emphasize improving data quality and availability, fostering in—
terdisciplinary collaboration across environmental science and computer
science, and addressing ethical considerations in Al-based environmen-
tal management. These findings underscore the transformative potential
of Al and machine learning technologies for sustainable environmental
management, providing valuable insights for researchers and policymak-—
ers in addressing global environmental challenges.

.Keywords: Environmental monitoring, urban sustainability, smart cities !
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