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ABSTRACT

The aim of the chapter is to provide a more comprehensive vision of how machine 
learning (ML) and artificial intelligence (AI) technologies can be used together with 
geospatial analysis to help solve modern environmental problems. This study shows 
that spatial data, remote sensing, and powerful computational techniques can be used 
to transform environmental monitoring, prediction, and decision-​making processes 
using the power of ML/AI-​enhanced geospatial tools. Demonstrated via hands-​on 
case studies based on wind speed data of Lagos, Nigeria, it was shown how several 
ML algorithms, such as Random Forest (RF), Naïve Bayes (NB), XGBoost (XGB), 
Linear Regression (LR) and Neural Networks (NN), can be utilised to recognise and 
predict patterns in the environment. The models were validated using Root Mean 
Square Errors (RMSE) and Mean Absolute Error (MAE).
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INTRODUCTION

The rapid growth of coastal megacities in West Africa presents unprecedented 
challenges to environmental management and sustainable development. Several 
challenges can be observed by examining the case of Lagos, Nigeria's economic 
capital and one of the world's most rapidly developing urban centres, with a pop-
ulation of over 17 million people that grows by 3.5% per year (World Population 
Review). Local atmospheric dynamics, particularly wind patterns, have become 
increasingly important in renewable energy planning, air quality measures, urban 
climate control, and climate change adaptation measures (Oyewole & Aro, 2018).

Conventional methods in meteorological analysis may be part of the solution, 
though they usually fail to recognise the detailed interplay between urban mor-
phology, coastal effects, and the atmosphere that act to influence wind circulation 
patterns in tropical coastal metropolises (Odekanle et al, 2022). The combination of 
Geographic Information Systems (GIS), remote sensing, machine learning (ML), and 
artificial intelligence (AI) presents new opportunities to enhance various capabili-
ties for understanding environmental systems and inform evidence-​based decisions 
that promote sustainable urban development. AI and ML have taken centre stage in 
geospatial analysis to handle this complexity (Dristas & Trigka, 2025).

Remote sensing has entered the big data era thanks to the quick development 
of sensor technologies, lower satellite deployment costs, and broad IoT adoption. 
Massive volumes, high acquisition frequencies, format heterogeneity, and high di-
mensionality set modern geospatial data apart from traditional datasets. These traits 
present substantial storage, processing, and integration challenges in addition to 
opening doors for deeper insights. Deep learning algorithms, including convolutional 
neural networks (CNNs) to analyse images and recurrent neural networks (RNNs/
LSTMs) to learn time-​varying dynamics, have increased the capacity to identify more 
complex spatial and temporal behaviours. In addition, there are new developments 
in cloud computing (e.g., Google Earth Engine, AWS, Azure) and edge computing, 
which have democratised access to high-​performance analytics, making it possible 
to run near real-​time applications like disaster response and precision agriculture.

Despite these advances, several challenges remain. Concerns such as data quality, 
interoperability, algorithm bias, model interpretability, and ethical considerations must 
be addressed to achieve reliable and socially responsible results (Siddique, 2024). 
Furthermore, successful implementation involves interdisciplinary co-​operation, 
which involves data science, spatial analysis, and domain-​specific expertise. New 
opportunities have already arisen to provide secure, scalable, and real-​time geospatial 
intelligence through emerging technologies, such as deep learning, Internet of Things 
(IoT) sensors, and blockchain, which are likely to promote this integration further. 
Geospatial Artificial Intelligence (GeoAI) is a relatively recent paradigm that has 



 

 

26 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/integration-of-machine-learning-and-ai-

with-geospatial-analysis/393489

Related Content

Corporate Climate Adaptation Strategies and Their Implications for Human

Rights Protection in Vulnerable Philippine Sectors: An Analysis of

Environmental Crime, Illegal Mining, and Deforestation
Froilan Delute Moboand Jerielyn Reyes (2026). Climate Justice, Policy Reform, and

the Future of Environmental Law (pp. 147-166).

www.irma-international.org/chapter/corporate-climate-adaptation-strategies-and-their-

implications-for-human-rights-protection-in-vulnerable-philippine-sectors/410826

Streaming Remote Sensing Data Processing for the Future Smart Cities:

State of the Art and Future Challenges
Xihuang Sun, Peng Liu, Yan Ma, Dingsheng Liuand Yechao Sun (2019).

Environmental Information Systems: Concepts, Methodologies, Tools, and

Applications  (pp. 1711-1726).

www.irma-international.org/chapter/streaming-remote-sensing-data-processing-for-the-future-

smart-cities/213016

Carbon Pricing, Offsetting, and Emissions Trading Schemes: Global

Practices and Effectiveness
Varanasi Rahul, H. V. Sathyananda Swamy, V. K. Pavithra, B. N. Manoj, Manjari

Pandeyand Noor Zaiba (2026). Green Approaches and Environmental Stewardship

for Aviation Management (pp. 109-140).

www.irma-international.org/chapter/carbon-pricing-offsetting-and-emissions-trading-

schemes/403232

iTCLab Temperature Monitoring and Control System Based on PID and

Internet of Things (IoT)
Basuki Rahmat, Minto Waluyo, Tuhu Agung Rachmanto, Mohamad Irwan Afandi, Ni

Ketut Sari, Helmy Widyantaraand Harianto Harianto (2023). Food Sustainability,

Environmental Awareness, and Adaptation and Mitigation Strategies for Developing

Countries (pp. 199-210).

www.irma-international.org/chapter/itclab-temperature-monitoring-and-control-system-based-on-

pid-and-internet-of-things-iot/319461

http://www.igi-global.com/chapter/integration-of-machine-learning-and-ai-with-geospatial-analysis/393489
http://www.igi-global.com/chapter/integration-of-machine-learning-and-ai-with-geospatial-analysis/393489
http://www.igi-global.com/chapter/integration-of-machine-learning-and-ai-with-geospatial-analysis/393489
http://www.irma-international.org/chapter/corporate-climate-adaptation-strategies-and-their-implications-for-human-rights-protection-in-vulnerable-philippine-sectors/410826
http://www.irma-international.org/chapter/corporate-climate-adaptation-strategies-and-their-implications-for-human-rights-protection-in-vulnerable-philippine-sectors/410826
http://www.irma-international.org/chapter/streaming-remote-sensing-data-processing-for-the-future-smart-cities/213016
http://www.irma-international.org/chapter/streaming-remote-sensing-data-processing-for-the-future-smart-cities/213016
http://www.irma-international.org/chapter/carbon-pricing-offsetting-and-emissions-trading-schemes/403232
http://www.irma-international.org/chapter/carbon-pricing-offsetting-and-emissions-trading-schemes/403232
http://www.irma-international.org/chapter/itclab-temperature-monitoring-and-control-system-based-on-pid-and-internet-of-things-iot/319461
http://www.irma-international.org/chapter/itclab-temperature-monitoring-and-control-system-based-on-pid-and-internet-of-things-iot/319461


Cultivating a Culture of Sustainability in a Glaswegian Business School
Gulen Hashmiand Pramendra Singh (2026). Addressing Climate Change Through

Socially Responsible Business Transformation (pp. 1-20).

www.irma-international.org/chapter/cultivating-a-culture-of-sustainability-in-a-glaswegian-

business-school/400656

http://www.irma-international.org/chapter/cultivating-a-culture-of-sustainability-in-a-glaswegian-business-school/400656
http://www.irma-international.org/chapter/cultivating-a-culture-of-sustainability-in-a-glaswegian-business-school/400656

