Training Course on Causal Inference in Spatial Data
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Online / On-site
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Course Introduction

Causal inference is revolutionizing data science, enabling us to move beyond mere correlation to
understand true cause-and-effect relationships. In an increasingly interconnected world, where
geospatial data is abundant and critical, the ability to discern causal links within spatial contexts
is paramount. This course addresses the unique challenges and immense opportunities presented by
gpatial confounding, spatial autocorrelation, and spillover effects, equipping professionals with
the advanced analytical toolkit necessary to make evidence-based decisions and drive impactful
interventions.

Training Course on Causal Inference in Spatial Data delves into cutting-edge methodol ogies that
integrate spatial econometrics, machine learning for causal inference, and geogr aphical
information systems (GIS) to rigorously analyze spatial data. Participants will gain hands-on
experience with counter factuals, potential outcomes, and arange of quasi-experimental designs
tailored for spatial applications. By mastering these techniques, attendees will be empowered to
extract actionable insights from complex spatial datasets, leading to more effective policy design,
resource allocation, and strategic planning across diverse sectors.

Programme Curriculum

Training Course on Causal Inferencein Spatial Data

I ntroduction

Causal inference is revolutionizing data science, enabling us to move beyond mere correlation to
understand true cause-and-effect relationships. In an increasingly interconnected world, where
geospatial data is abundant and critical, the ability to discern causal linkswithin spatial contexts
Is paramount. This course addresses the unique challenges and immense opportunities presented by
spatial confounding, spatial autocorrelation, and spillover effects, equipping professionals with
the advanced analytical toolkit necessary to make evidence-based decisions and drive impactful
interventions.



Training Course on Causal Inference in Spatial Data delves into cutting-edge methodol ogies that
integrate spatial econometrics, machine learning for causal inference, and geogr aphical
information systems (GIS) to rigorously analyze spatial data. Participants will gain hands-on
experience with counter factuals, potential outcomes, and arange of quasi-experimental designs
taillored for spatial applications. By mastering these techniques, attendees will be empowered to
extract actionable insights from complex spatial datasets, |eading to more effective policy design,
resource allocation, and strategic planning across diverse sectors.

Course Duration

5 days

Course Objectives
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Comprehend core causal inference principles, counterfactuals, and the potential outcomes
framework in both traditional and spatial contexts.

Identify and mitigate biases arising from spatial confounding, spatial autocorrelation, and
interfer ence effectsin observational studies.

. Implement advanced spatial regression models, including spatial Durbin models and

gpatial error models, for causal analysis.
Construct and interpret causal DAGs to visualize assumptions and identify confounding
pathways in spatial systems.

. Apply spatial difference-in-differences, regression discontinuity designs (RDD) with

gpatial components, and synthetic control methods for robust causal estimation.

. Master Propensity Score Matching (PSM) and I nver se Probability Weighting (IPW)

adapted for spatial data to balance covariates.

. Understand and apply spatial instrumental variable (1V) techniques to address unmeasured

confounding and endogeneity.

. Discover how causal machine learning (CML), Causal Forests, and Double Machine

Learning (DM L) enhance causal inference in high-dimensional spatial data.

. Quantify and interpret spatial heter ogeneity in trestment effects to tailor interventions for

specific geographical areas.

Perform essential sensitivity analyses and robustness checksto validate causal clamsin
Spatial settings.

Develop compelling visualizations and narratives to clearly present spatial causal insightsto
diverse stakeholders.

Gain practical experience by analyzing real-worId spatial datasets and solving applied
causal problems across various domains.

Explore the latest advancements in spatiotemporal causal infer ence, geogr aphical causal
discovery, and big spatial data analytics.

Organizational Benefits

« Make data-driven decisions with confidence by understanding the true impact of spatially-

targeted policies and interventions.

» More efficiently allocate resources by identifying the causal factors driving outcomesin

specific geographical areas.

 Reduce the impact of spurious correlations and confounding factors, leading to more accurate

and reliable analytical results.

« Develop more robust predictive models by incorporating validated causal relationships,

moving beyond mere associations.



« Cultivate a sophisticated analytical environment capable of tackling complex spatial
challenges with rigorous causal methodologies.

« Leverage advanced causal insights for strategic planning, market analysis, and targeted
marketing in location-based services.

« Equip research teams with state-of-the-art tools for robust spatial epidemiology,
environmental science, and urban planning studies.

Target Audience

Data Scientists & Analysts

GIS Professionals.

Economists & Socia Scientists.

Public Health Researchers & Epidemiologists

Urban Planners & Policy Makers.

Environmental Scientists & Researchers.

Market Researchers & Business Intelligence Analysts.
Researchers & Academics.
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Course Modules
Module 1: Foundations of Causal Inference & Spatial Data

« Introduction to Causal Inference: Potential Outcomes Framework, Counterfactuals, and the
Fundamental Problem of Causal Inference.
« Characteristics of Spatial Data: Spatial Autocorrelation, Spatial Heterogeneity, and
Modifiable Areal Unit Problem (MAUP).
 Challenges of Causal Inferencein Spatial Contexts. Spatial Confounding, Spatial
Interference, and Spillovers.
« Distinguishing Correlation vs. Causation in Spatial Analysis.
« Introduction to Causal Diagrams:. Directed Acyclic Graphs (DAGs) for spatial confounding.
o Case Study 1: Analyzing the Causal Impact of a New Infrastructure Project (e.g.,
highway expansion) on Local Economic Development in a Region, accounting for pre-
existing spatial economic disparities.

Module 2: Spatial Data Preparation and Exploration for Causal Analysis

» Geospatial Data Sources and Formats: Vector, Raster, and Network Data.
« Data Cleaning and Preprocessing for Spatial Causal Studies: Geocoding, Projection Systems,
and Spatia Joins.
 Exploratory Spatial Data Analysis (ESDA): Visualizing spatial patterns and identifying
potential confounders.
» Measuring Spatial Dependence: Moran's |, Geary's C, and variograms.
« Introduction to GIS Software for Causal Data Management (e.g., QGIS, ArcGIS Pro).
o Case Study 2: Preparing and cleaning health facility location data and demographic
information to study the causal effect of facility accessibility on health outcomesin
rural aress.

Module 3: Regression-Based Approachesfor Spatial Causal I nference

» Review of OLS Regression and its Limitations in Spatial Settings.

« Spatial Regression Models: Spatial Lag Model (SAR) and Spatial Error Model (SEM) for
handling spatial autocorrelation.

« Addressing Endogeneity with Spatial Two-Stage Least Squares (2SLS).



» Generalized Method of Moments (GMM) for dynamic spatial panel data.
« Interpreting Coefficients and Causal Effectsin Spatial Regression Models.
o Case Study 3: Estimating the causal effect of neighborhood crime rates on property
values, controlling for spatial spillover effects using a spatial Durbin model.

Module 4: Matching and Propensity Score Methodsfor Spatial Data

« Propensity Score Theory: Balancing Covariates and the Ignorability Assumption.
 Propensity Score Matching (PSM) for Spatially Clustered Data.
« Inverse Probability Weighting (IPW) in Spatia Settings.
» Covariate Balancing Propensity Score (CBPS) for spatial covariates.
« Assessing Balance and Sensitivity Anaysisfor PSM and IPW.
o Case Study 4: Evaluating the causal impact of a conservation program on deforestation
rates in adjacent forest patches using Propensity Score Matching to create comparable
treatment and control groups based on spatial and environmental characteristics.

Module 5: Quasi-Experimental Designsin Spatial Contexts

« Difference-in-Differences (DiD) for Spatiotemporal Data: Panel Data approaches.
» Regression Discontinuity Designs (RDD) with Spatial Thresholds.
« Synthetic Control Method (SCM) for Single Treated Unitsin a Spatial Context.
« Interrupted Time Series Analysis (ITSA) for Spatialy-Defined Interventions.
o Combining Multiple Quasi-Experimental Designs for Robustness.
o Case Study 5: Assessing the causal effect of a new urban zoning policy on housing
prices using a spatial Regression Discontinuity Design around the policy boundary.

Module 6: Instrumental Variables and Advanced Causal M odels

o Instrumental Variables (IV) for Unmeasured Confounding: Identifying Valid Instrumentsin
Spatial Data.

» Spatia 1V Models: Dealing with Spatially Correlated Errorsin IV Regressions.

« Mediation Analysisin Spatial Contexts: Understanding Indirect Causal Paths.

 Causal Mediation Analysisfor Spatially Explicit Interventions.

« Introduction to Structural Causal Models (SCMs) and advanced graph-based methods.

o Case Study 6: Estimating the causal effect of air pollution on respiratory illnessesin a

city using an instrumental variable approach, leveraging wind direction as a natural
instrument.

Module 7: Machine Learning for Causal Inferencein Spatial Data

« The Role of Machine Learning in Causal Inference: Prediction vs. Causal Estimation.

« Double Machine Learning (DML) for Robust Causal Effect Estimation in High-Dimensional
Spatial Data.

 Causal Forests and Causal Trees for Estimating Heterogeneous Treatment Effects across
Space.

« Targeted Learning for Optimal Spatial Interventions.

« Ethical Considerations and Fairnessin Spatial Causal Al.

o Case Study 7: Identifying heterogeneous causal impacts of climate change policies on
agricultural yields across different climatic zones using Causal Forests.

Module 8: Application and Communication of Spatial Causal I nsights
 Best Practices for Reporting Spatial Causal Inference Results.



« Visualizing Causal Effects on Maps: Effective Cartographic Techniques.

« Communicating Complex Causal Findingsto Non-Technical Audiences.

« Practical Applications Across Sectors: Environmental Policy, Public Health, Urban Planning,

and Marketing.
 Future Directionsin Spatial Causal Inference: Big Data, Real-time Analytics, and Geo-Al.
o Case Study 8: Presenting a comprehensive spatial causal analysis of a public health

intervention (e.g., vaccination campaign) on disease incidence, including interactive
maps and policy recommendations.

Training M ethodology:

« Interactive Lectures.

« Hands-on Software Session

» Case Study Driven Learning.

 Group Discussions & Problem Solving.
o Guest Speakers (Optional.

e Q&A Sessions.

« Practical Assignments.

« Capstone Project

Register asa group from 3 participantsfor a Discount

Send us an email: info@fineskilltrainingcenter.com or call +254769199797

Certification

Upon successful completion of this training, participants will be issued with a globally- recognized
certificate.

Tailor-Made Course

We also offer tailor-made courses based on your needs.
Key Notes

a. The participant must be conversant with English.

b. Upon completion of training the participant will be issued with an Authorized Training
Certificate

c. Course duration is flexible and the contents can be modified to fit any number of days.

d. The course fee includes facilitation training materials, 2 coffee breaks, buffet lunch and A
Certificate upon successful completion of Training.

e. One-year post-training support Consultation and Coaching provided after the course.

f. Payment should be done at least a week before commence of the training, to FINESKILL
TRAINING CENTER account, as indicated in the invoice so as to enable us prepare better for you.


mailto:info@fineskilltrainingcenter.com

Upcoming Scheduled Sessions

Start Date

10 Aug 2026

17 Aug 2026

24 Aug 2026

31 Aug 2026

07 Sep 2026

14 Sep 2026

21 Sep 2026

28 Sep 2026

End Date Location
14 Aug 2026 Online
21 Aug 2026 Online
28 Aug 2026 Online
04 Sep 2026 Online
11 Sep 2026 Online
18 Sep 2026 Online
25 Sep 2026 Online
02 Oct 2026 Online

Ready to enroll or request a customized program? Book online or contact us:

Register Online Now

Price

$1,100

$1,100

$1,100

$1,100

$1,100

$1,100

$1,100

$1,100

Email: info@fineskilltrainingcenter.com | Website: www.fineskilltrainingcenter.com
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