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Course Introduction

Spatio-Temporal Data Management in Open-Source Environments Training Course delves into the
critical domain of Spatio-Temporal Data Management within accessible Open-Source
Environments. In an era defined by data proliferation, understanding and leveraging data with both
spatial (location) and temporal (time) dimensions is paramount for insightful decision-making and
advanced analytics. This course provides participants with the theoretical foundations and practical
skills to effectively acquire, store, process, analyze, and visualize spatio-temporal data using
powerful and cost-effective open-source tools. We'll explore core concepts like geospatial
databases, time-series analysis, real-time data streams, and distributed processing, equipping
learners to tackle complex challenges across diverse sectors.

The increasing volume and velocity of big data, particularly that with a geographical and temporal
footprint, necessitate robust and scalable management solutions. Proprietary software often comes
with prohibitive licensing costs and limited customization options. This course champions the
open-source ecosystem, providing a pathway to build sophisticated spatio-temporal data
infrastructure with tools like PostGIS, GeoServer, QGIS, Python libraries (e.g., GeoPandas,
Rasterio, SciPy), and Apache Kafka. Participants will gain hands-on experience in data modeling
, query optimization, geospatial analysis techniques, and interactive visualization, preparing
them to contribute to cutting-edge projects in urban planning, environmental monitoring,
logistics, disaster management, and smart cities initiatives.

Programme Curriculum

Spatio-Temporal Data Management in Open-Source Environments Training Course

Introduction

Spatio-Temporal Data Management in Open-Source Environments Training Course delves into the
critical domain of Spatio-Temporal Data Management within accessible Open-Source



Environments. In an era defined by data proliferation, understanding and leveraging data with both
spatial (location) and temporal (time) dimensions is paramount for insightful decision-making and
advanced analytics. This course provides participants with the theoretical foundations and practical
skills to effectively acquire, store, process, analyze, and visualize spatio-temporal data using
powerful and cost-effective open-source tools. We'll explore core concepts like geospatial
databases, time-series analysis, real-time data streams, and distributed processing, equipping
learners to tackle complex challenges across diverse sectors.

The increasing volume and velocity of big data, particularly that with a geographical and temporal
footprint, necessitate robust and scalable management solutions. Proprietary software often comes
with prohibitive licensing costs and limited customization options. This course champions the
open-source ecosystem, providing a pathway to build sophisticated spatio-temporal data
infrastructure with tools like PostGIS, GeoServer, QGIS, Python libraries (e.g., GeoPandas,
Rasterio, SciPy), and Apache Kafka. Participants will gain hands-on experience in data modeling
, query optimization, geospatial analysis techniques, and interactive visualization, preparing
them to contribute to cutting-edge projects in urban planning, environmental monitoring,
logistics, disaster management, and smart cities initiatives.

Course Duration

10 days

Course Objectives

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

1. Master the fundamental concepts of Spatio-Temporal Data Modeling and Database Design.
2. Implement efficient Geospatial Databases using PostGIS within PostgreSQL.
3. Perform advanced Spatial Querying and Analysis using SQL and open-source GIS tools.
4. Process and Manage diverse Time-Series Data from various IoT sensors and remote sensing

platforms.
5. Utilize Python for Spatio-Temporal Data Manipulation and Geospatial Analytics
6. Develop robust workflows for Real-Time Spatio-Temporal Data Streaming and Processing

with Apache Kafka.
7. Visualize complex Spatio-Temporal Patterns and Trends using interactive mapping libraries
8. Apply Machine Learning techniques for Spatio-Temporal Prediction and Anomaly Detection.
9. Understand and mitigate challenges associated with Big Spatio-Temporal Data volumes and

velocity.
10. Integrate various Open-Source GIS and Database tools for comprehensive spatio-temporal

solutions.
11. Design and Implement scalable Data Architectures for Cloud-Native Spatio-Temporal

Applications.
12. Contribute effectively to Open-Source Geospatial Projects and communities.
13. Address Data Quality, Metadata Management, and Data Governance in spatio-temporal

contexts.

Organizational Benefits

Leverage powerful open-source tools, eliminating expensive proprietary software licenses
and reducing overall IT expenditure.
Equip teams with the ability to extract critical insights from location-time data, leading to
more informed strategic and operational decisions.



Optimize logistics, resource allocation, and real-time monitoring processes through advanced
spatio-temporal analytics.
Foster an environment of data-driven innovation, enabling the development of novel
products, services, and solutions.
Empower a broader range of employees, from analysts to managers, to interact with and
utilize complex spatio-temporal data.
Build adaptable and scalable data infrastructure capable of handling growing data volumes
and evolving analytical needs.
Proactively identify and respond to spatially and temporally correlated risks, such as natural
disasters, infrastructure failures, or disease outbreaks.
Upskill existing workforce with highly sought-after expertise in cutting-edge data
management and analysis techniques.

Target Audience

1. GIS Analysts and Specialists.
2. Data Scientists and Analysts.
3. Software Developers and Engineers.
4. Environmental Scientists and Researchers.
5. Urban Planners and Policy Makers.
6. Logistics and Supply Chain Managers.
7. Public Health Professionals.
8. Students and Academics.

Course Outline

Module 1: Introduction to Spatio-Temporal Data Concepts

Definition and characteristics of spatio-temporal data.
Understanding the importance of space and time in data analysis.
Overview of common spatio-temporal data types: points, trajectories, events, fields.
Challenges in managing and analyzing spatio-temporal data
Introduction to the open-source ecosystem for spatio-temporal data.
Case Study: Analyzing GPS trajectories of delivery vehicles to identify common routes and
congestion points.

Module 2: Fundamentals of Relational Databases and SQL

Relational database concepts: tables, columns, rows, keys.
Introduction to SQL for data definition and manipulation.
Basic querying: SELECT, INSERT, UPDATE, DELETE.
Joining tables and aggregate functions.
Database normalization principles.
Case Study: Designing a simple relational database schema for tracking sensor readings
from weather stations with timestamps.

Module 3: Introduction to PostGIS and Spatial Databases

What is PostGIS? Extending PostgreSQL for spatial data.
Installation and configuration of PostgreSQL with PostGIS.
Spatial data types in PostGIS: POINT, LINESTRING, POLYGON, MULTI-geometry.
Loading spatial data into PostGIS using shp2pgsql and ogr2ogr.
Basic spatial queries with ST_Contains, ST_Intersects, ST_Distance.



Case Study: Storing and querying property boundaries and their attributes in a PostGIS
database for urban planning.

Module 4: Advanced PostGIS for Spatio-Temporal Analysis

Indexing spatial data for performance
Geospatial functions for analysis: buffering, union, intersection.
Network analysis concepts and functions in PostGIS.
Working with raster data in PostGIS.
Combining spatial and non-spatial attributes for complex queries.
Case Study: Identifying all emergency service vehicles within a 5km radius of an incident
location within a specific 15-minute window

Module 5: Time-Series Data Management and Analysis

Characteristics of time-series data.
Storing time-series data efficiently in relational databases.
Date and time functions in SQL.
Window functions for time-series aggregation.
Introduction to time-series databases
Case Study: Analyzing hourly air quality data from monitoring stations to detect pollution
peaks and trends over a month.

Module 6: Python for Spatio-Temporal Data Handling (Part 1)

Setting up a Python environment for geospatial development (conda, pip).
Introduction to GeoPandas for vector data manipulation.
Reading and writing various spatial data formats
Shapely for geometric operations.
Basic spatial plotting with matplotlib and GeoPandas.
Case Study: Cleaning and transforming crime incident data with latitude, longitude, and
timestamps for spatial analysis.

Module 7: Python for Spatio-Temporal Data Handling (Part 2)

Working with raster data using Rasterio and GDAL.
Performing raster analysis
Introduction to xarray for multi-dimensional array data.
Integrating PostGIS with Python using psycopg2 or SQLAlchemy.
Handling large datasets with Dask-GeoPandas.
Case Study: Overlaying satellite imagery with land-use polygons to assess deforestation
over time.

Module 8: Real-Time Spatio-Temporal Data Streams with Apache Kafka

Introduction to Apache Kafka for real-time data streaming.
Core Kafka concepts: producers, consumers, topics, brokers.
Designing data schemas for spatio-temporal events in Kafka.
Implementing Kafka Connect for data ingestion from various sources.
Processing streamed spatio-temporal data.
Case Study: Setting up a Kafka pipeline to ingest and process live traffic sensor data for
urban mobility monitoring.

Module 9: Geospatial Visualization and Web Mapping



Principles of effective geospatial visualization.
Creating interactive web maps with Folium and Leaflet.
Introduction to GeoServer for publishing spatial data as web services
Styling spatial data with SLD
Building basic web mapping applications.
Case Study: Developing an interactive web map to visualize public transport routes and
real-time bus locations.

Module 10: Spatio-Temporal Data Analysis Techniques

Spatial autocorrelation (Moran's I) and hotspot analysis
Cluster analysis for spatio-temporal patterns.
Regression analysis with spatial and temporal components.
Interpolation techniques for continuous spatial data
Identifying change detection in spatio-temporal datasets.
Case Study: Identifying areas with significant clusters of disease outbreaks over a specific
period.

Module 11: Machine Learning for Spatio-Temporal Prediction

Introduction to time-series forecasting models
Spatio-temporal regression models.
Deep learning for spatio-temporal data
Feature engineering for spatio-temporal predictive models.
Evaluating predictive model performance.
Case Study: Predicting future air pollution levels at specific locations based on historical
spatio-temporal data and meteorological factors.

Module 12: Big Spatio-Temporal Data and Distributed Computing

Challenges of Big Spatio-Temporal Data
Introduction to distributed computing concepts
Using geospatial big data frameworks
Scalable data storage strategies for spatio-temporal data.
Cloud computing platforms for geospatial analytics.
Case Study: Processing terabytes of satellite imagery to monitor global land cover change
using a distributed computing framework.

Module 13: Spatio-Temporal Data Ethics and Governance

Data privacy and anonymization in spatio-temporal datasets.
Ethical considerations in collecting and using location data.
Metadata standards for spatio-temporal data (ISO 19115).
Data quality assessment and validation.
Data governance frameworks for spatio-temporal information.
Case Study: Discussing privacy implications when analyzing mobile phone location data
for urban mobility studies.

Module 14: Case Studies and Practical Applications

Environmental Monitoring: Tracking climate change indicators, pollution dispersion,
wildfire detection.
Urban Planning: Analyzing population density, infrastructure development, traffic patterns.
Logistics & Transportation: Route optimization, fleet management, supply chain visibility.



Public Safety & Disaster Response: Emergency resource allocation, flood plain mapping,
crime analysis.
Agriculture: Crop yield prediction, precision farming, pest monitoring.
Case StudyUpcoming 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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