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Course Introduction

Rapid urbanization presents complex challenges globally, from sustainable development to
resource allocation and infrastructure planning. Traditional urban planning methods often
struggle to keep pace with dynamic urban shifts, leading to inefficient resource utilization and
suboptimal policy decisions. This is where Machine Learning (ML) emerges as a transformative
force, offering data-driven solutions to analyze intricate urban patterns, predict future trends, and
support more intelligent urban planning. By leveraging advanced algorithms and vast datasets,
ML empowers planners to move beyond reactive approaches, fostering proactive decision-making
and the creation of truly smart cities.

Training Course on Machine Learning for Urban Growth Modeling provides a comprehensive
exploration of how ML can be applied to urban growth modeling. Participants will gain practical
skills in utilizing geospatial data, predictive analytics, and various machine learning techniques
to understand, simulate, and forecast urban expansion. From land-use change prediction to traffic
optimization and environmental monitoring, the curriculum focuses on equipping professionals
with the expertise to design more resilient and sustainable urban environments. The course
emphasizes hands-on projects and real-world case studies, ensuring that learners can immediately
apply their knowledge to address critical urban challenges and contribute to shaping the future of
our cities.
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Course Duration

10 days

Course Objectives

Upon completion of this training course, participants will be able to:

1. Understand the fundamental concepts of Machine Learning and its specific applications in
urban planning and urban growth modeling.

2. Identify and acquire relevant geospatial data and urban datasets for ML-driven analysis.
3. Master data preprocessing and feature engineering techniques essential for preparing urban

data for ML algorithms.
4. Apply various supervised learning algorithms (e.g., Regression, Classification) to predict

urban expansion and land-use change.
5. Utilize unsupervised learning methods (e.g., Clustering) to identify hidden patterns and urban

typologies.
6. Develop and evaluate predictive models for population growth, urban density, and

infrastructure demand.
7. Implement ML techniques for traffic flow optimization and transportation planning.
8. Leverage ML for environmental monitoring, including air quality prediction and green space

analysis.
9. Integrate ML models with Geographic Information Systems (GIS) for advanced spatial

analysis and visualization.
10. Assess the socio-economic impacts of urban growth using data-driven insights.
11. Design and propose sustainable urban development strategies based on ML predictions.
12. Address ethical considerations and potential biases in AI for urban planning.
13. Communicate complex ML findings effectively to stakeholders and decision-makers in urban

governance.

Organizational Benefits

Enable data-driven, evidence-based decisions for urban planning, leading to more effective
policies and resource allocation.
Automate complex analyses, optimize infrastructure projects, and predict maintenance needs,
leading to significant cost savings and operational efficiency.
Shift from reactive problem-solving to proactive forecasting of urban trends, mitigating
potential challenges before they escalate.



Foster the development of more resilient and environmentally friendly cities by leveraging
ML for sustainable land use and resource management.
Develop an in-house expert workforce capable of implementing cutting-edge AI and ML
solutions in urban development.
Identify and mitigate risks associated with rapid urbanization, such as traffic congestion,
resource scarcity, and environmental degradation.
Drive innovation by integrating advanced technologies into smart city frameworks, creating
intelligent and responsive urban environments.
Precisely allocate resources for public services, housing, and infrastructure based on
predictive models.

Target Audience

1. Urban Planners & Designers
2. Geographic Information System (GIS) Specialists
3. Data Scientists & Analysts
4. Environmental Scientists.
5. Civil Engineers & Infrastructure Developers
6. Government Officials & Policymakers.
7. Real Estate Developers & Consultants.
8. Researchers & Academics.

Course Outline

Module 1: Introduction to Urban Growth & Machine Learning Fundamentals

Understanding Urbanization Trends and their Global Impact.
Challenges in Traditional Urban Planning.
Introduction to Machine Learning (ML): Supervised, Unsupervised, and Reinforcement
Learning.
Role of Data Science and AI in Smart Cities.
Overview of ML applications in Urban Growth Modeling.
Case Study: Analyzing historical land-use change in a rapidly expanding megacity (e.g.,
Lagos, Nigeria) using satellite imagery and discussing how ML could have provided early
warnings for unsustainable sprawl.

Module 2: Data Acquisition and Preprocessing for Urban Modeling

Sources of Urban Data: Satellite Imagery, Census Data, IoT Sensors, Social Media Data.
Introduction to Geospatial Data Formats (Raster, Vector) and APIs.
Data Cleaning and Missing Value Imputation techniques.
Feature Engineering for Urban Datasets: Creating meaningful variables.
Data Normalization, Scaling, and Splitting for ML models.
Case Study: Preprocessing a heterogeneous dataset including demographic data, road
networks, and green spaces for a neighborhood development project in a European city,
highlighting challenges of data integration and cleaning.

Module 3: Exploratory Data Analysis (EDA) for Urban Insights

Descriptive Statistics for Urban Variables.
Data Visualization techniques for identifying urban patterns
Spatial Autocorrelation and its significance in urban data.
Identifying correlations and relationships between urban features.
Understanding data distributions and outliers in urban contexts.



Case Study: Visualizing population density and income distribution in a major urban area
(e.g., Mumbai, India) to identify underserved areas or potential growth corridors.

Module 4: Regression Techniques for Urban Prediction

Introduction to Linear Regression and Polynomial Regression.
Predicting Population Growth and Housing Demand.
Estimating Property Values based on urban characteristics.
Model evaluation metrics for regression (MAE, MSE, R-squared).
Feature selection for optimal regression models.
Case Study: Predicting future housing demand in a growing suburban area (e.g., outskirts of
Nairobi, Kenya) using demographic trends, infrastructure development plans, and economic
indicators.

Module 5: Classification for Land-Use Change Modeling

Introduction to Logistic Regression and Decision Trees.
Land-Use Classification from satellite imagery
Predicting Zoning Changes and Development Suitability.
Model evaluation metrics for classification
Handling imbalanced datasets in land-use classification.
Case Study: Classifying satellite images to detect and predict illegal urban encroachment
into protected natural areas

Module 6: Advanced Classification: Support Vector Machines & Random Forests

Understanding Support Vector Machines (SVMs) for complex urban boundaries.
Introduction to Random Forests for robust classification and feature importance.
Ensemble methods for improved predictive performance.
Applications in identifying urban blight and revitalization potential.
Predicting land conversion types
Case Study: Using Random Forests to identify areas prone to informal settlements based on
proximity to infrastructure, topography, and existing land use patterns in a developing
country city

Module 7: Clustering for Urban Pattern Recognition

Introduction to K-Means Clustering and Hierarchical Clustering.
Identifying Urban Typologies and Neighborhood Segmentation.
Grouping similar areas based on socio-economic indicators or built environment.
Anomaly detection in urban data
Determining optimal number of clusters using silhouette score.
Case Study: Segmenting a city (e.g., Tokyo, Japan) into distinct functional zones (e.g.,
commercial, residential, industrial) based on mobility data, building types, and points of
interest.

Module 8: Introduction to Deep Learning for Urban Systems

Fundamentals of Neural Networks and Deep Learning.
Applications of Convolutional Neural Networks (CNNs) for image analysis in urban
contexts.
Recurrent Neural Networks (RNNs) for time-series urban data.
Transfer learning in urban image recognition.
Computational requirements and frameworks



Case Study: Using CNNs to automatically identify building types and materials from street-
level imagery for urban inventory and energy efficiency assessments

Module 9: Time Series Analysis for Urban Dynamics

Introduction to Time Series Data in urban contexts
ARIMA, SARIMA, and Prophet Models for forecasting urban trends.
Predicting Short-Term Traffic Congestion and Air Quality Levels.
Analyzing seasonal and cyclical patterns in urban phenomena.
Evaluating time series forecasts.
Case Study: Forecasting daily traffic volumes on key arterial roads in a metropolitan area
(e.g., Mexico City) to inform intelligent traffic light systems and public transport scheduling.

Module 10: Geospatial Machine Learning & GIS Integration

Integrating ML outputs with GIS Platforms
Spatial Interpolation Techniques with ML
Geographically Weighted Regression (GWR) for spatial non-stationarity.
Creating interactive Web Maps and Dashboards for urban insights.
Leveraging Spatial Big Data for urban analysis.
Case Study: Developing an interactive GIS dashboard that visualizes predicted flood risk
areas in a coastal city (e.g., Miami, USA) based on sea-level rise projections and urban
impervious surfaces, with ML models estimating impact zones.

Module 11: Machine Learning for Traffic and Transportation Planning

Traffic Flow Prediction and Congestion Management.
Route Optimization and Public Transit Planning.
Analyzing Mobility Patterns from GPS and mobile data.
Predicting Commute Times and Mode Choice Behavior.
Impact assessment of new infrastructure on traffic patterns.
Case Study: Optimizing public bus routes in a developing city (e.g., Accra, Ghana) by
analyzing passenger demand patterns, road conditions, and predicted population shifts using
ML.

Module 12: Environmental Applications of ML in Urban Areas

Air Quality Prediction and Pollution Source Identification.
Urban Heat Island Effect Analysis and Mitigation.
Green Space Planning and Biodiversity Monitoring.
Waste Management Optimization using ML.
Predicting and managing Natural Disaster Impacts
Case Study: Developing a model to predict daily air pollution levels in a heavily
industrialized urban area (e.g., Beijing, China) using weather data, industrial activity, and
traffic patterns, informing public health advisories.

Module 13: Ethical AI and Bias in Urban Planning

Understanding Algorithmic Bias in ML models and urban data.
Fairness and Transparency in AI for urban decision-making.
Data Privacy and Security in handling sensitive urban datasets.
Accountability and responsible deployment of ML in public policy.
Case studies of ethical dilemmas and solutions in urban AI.



Case Study: Discussing potential biases in an ML model designed to allocate social housing,
ensuring the model doesn't inadvertently discriminate against certain demographic groups.

Module 14: Model Deployment, Monitoring, and MLOps in Urban Contexts

Strategies for deploying ML Models into production environments.
Model Monitoring and Performance Tracking.
MLOps Principles for continuous integration and delivery in urban analytics.
Scalability and maintainability of urban ML solutions.
Version control and collaboration for urban data science projects.
Upcoming Scheduled Sessions

Start Date End Date Location Price

10 Aug 2026 21 Aug 2026 Online $2,200

17 Aug 2026 28 Aug 2026 Online $2,200

24 Aug 2026 04 Sep 2026 Online $2,200

31 Aug 2026 11 Sep 2026 Online $2,200

07 Sep 2026 18 Sep 2026 Online $2,200

14 Sep 2026 25 Sep 2026 Online $2,200

21 Sep 2026 02 Oct 2026 Online $2,200

28 Sep 2026 09 Oct 2026 Online $2,200
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