
ENV-444

Exploratory data analysis in 
environmental health

Stéphane Joost & Mayssam Nehme

Introduction

Environmental sciences and engineering (SIE) – ENV-444 – Exploratory data analysis in environmental health

Moodle: https://go.epfl.ch/edenv

https://go.epfl.ch/edenv


ENV-444

Exploratory spatial data analysis 
in environmental health

Stéphane Joost & Mayssam Nehme

Introduction

Environmental sciences and engineering (SIE) – ENV-444 – Exploratory data analysis in environmental health

Moodle: https://go.epfl.ch/edenv

https://go.epfl.ch/edenv


In summary
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•This course presents how to apply exploratory methods to health data 

with a geospatial component 

•Application to georeferenced health data, comparison with 

environmental information

•Theoretical part: ex-cathedra lecture(s) 

•Practical part: 

• Individual exercises on your computers

•Collective work to elaborate a semester project

(scientific article writing)



Teachers

• Dr Stéphane Joost, Dr Mayssam Nehme

• Assistant: Noé Fellay

• Teaching assistant: Vacat

• Dr Nehme is the head of the Unit of Population Epidemiology (UEP), Service of 
Primary Care Medicine (SMPR), Geneva University Hospitals (HUG)
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Outline for today
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1. Different components of the course and their articulation

2. Situate exploratory spatial data analysis between spatial analysis, 

data analysis, environmental engineering and statistics

3. John Tukey: exploratory and confirmatory analysis in statistics

4. Organization of the course, requirements

This document is a reference as regards requirements! 



Different components of the course
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1. Exploratory (Spatial) Data Analysis (EDA - ESDA)

Appropriate statistics

2. Cognitive aspects for geodata exploration

3. Population epidemiology

Medical cohorts

4. Effects of environmental conditions on health

Approach not necessarily geospatial (metabolic syndrome)

5. Spatial epidemiology

Exploratory Spatial Data Analysis (ESDA) in

Environmental health

6. Scientific paper writing

Statistics

Cognition

Environment x

health

Investigate health

& place relation-

ship

Population

health



Type and content of teaching
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• ENV-444 is not a technical course in statistics

• It is about a particular sub-domain of statistics: exploratory 

data analysis and it use in a geospatial context

• It is more on the GIS/mapping/visualization than on the 

statistical side

• It is about how to combine interactively and dynamically 

geospatial and statistical tools

• It is also about how to use human cognitive capacities to 

detect signals
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• Formulation of a single hypothesis 

• To be verified by means of statistical tools 

(e.g. ANOVA)

• Focused investigation (only one goal)

• Works with theories and methods that are 

firmly established

Data analysis “Procedures for analyzing data, 

techniques for interpreting the results of 

such procedures, ways of planning the 

gathering of data to make its analysis 

easier, more precise or more accurate, 

and all the machinery and results of 

(mathematical) statistics which apply to 

analyzing data.” (Tukey, 1961)

• No single a priori research question

• The data alone formulate questions…

• …by means of descriptive statistics, exploratory tools

• Favors the formulation of many working hypotheses



Exploratory analysis
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Data clustering 

techniques

(e.g. K-means)



Interactive visualization to 

explore a spatial data set

Exploratory spatial data analysis
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ESDA and/or
Geovisualization

Brushing



We need both exploratory and confirmatory
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Tukey, J. W. (1980). We Need Both Exploratory and Confirmatory.

The American Statistician, 34(1), 23–25. doi:10.2307/2682991



What is exploratory data analysis?
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Morgenthaler, S. (2009). Exploratory data analysis. WIREs Computational Statistics, 1(1), 33–44. 
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Example

Brushing

chivago.community.areas.gda
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Application to environmental health (exploratory)

Parkinson Register, Geneva



Application to 
environmental health
(confirmatory)

AAA1 autoantibody x
cadmium in urine

Sébeillon 
marshalling yard

Lausanne main SBB 
station

Chandieu 
marshalling yard and 
train repair 
warehouses

Local Student’s T

(local significance)
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• Potential sources of cadmium

• Friction with catenaries

• Brake systems

• Local industrial activities

• Altogether

• Rail transport increases 
cadmium levels in soil along 
railroad lines (Wilkomirski 2001; Ma 
et al. 2009)

Sébeillon

Chandieu
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Organization and requirements
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Moodle: https://go.epfl.ch/edenv
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Theoretical lectures
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Components mentioned earlier are gradually addressed

1. What is exploratory data analysis (brushing), how to use this approach, 

statistical tools specific to EDA (order statistics, rate smoothing)

2. How can human cognitive skills be used in ESDA

3. Relationship between health and place (historic background)

4. Population health, population epidemiology (medical cohorts) and then spatial 

epidemiology

5. Specific exploratory approaches in ESDA: typology, classification, Principal 

Component Analysis (PCA)

6. Confirmatory statistics: spatial regression, geographically weighted regression



Exercises

• Exercise in the classrooms on your laptops (computer room also available)

• Open-Source software (Geoda, QGIS, R Studio)

• Exercises will be made available simultaneously with lectures

• Solutions will be made available on Moodle

• Short reports (compte-rendu), 1-2 pages free text to describe the exercise 
(sometimes to answer questions), 8/10 required: to be uploaded on Moodle

• Deadlines for short reports: assignment available each week with a 
deadline 11 days later, i.e. at the end of the next week, on Friday at 23h59.

• ed Forum for questions

Environmental sciences and engineering (SIE) – ENV-444 – Exploratory data analysis in environmental health 19



Semester project

• Collective work

• Composition of groups on week 5 (currently 9 groups of 5)

• Groups will have to produce:

1. A description of the semester project proposal (containing the research idea, 
the working hypotheses) - instructions will follow (Week 6)

2. An oral presentation of the research (last lecture of the class, Week 13)

3. A scientific article (~10 pages) as semester project (instructions about 
scientific paper writing on Week 6 also)
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Data

• The main data (dependent variables) to elaborate the semester projects are the 

same for all groups:

• 24 variables you will produce in the context of exercise 3 (open dataset of reference)

• The health data - Body Mass Index (BMI) and frequency intake of sugar sweetened 

beverages (SSB)

• You can also download more explanatory data on the SITG website according to 

the research hypotheses developed (dependent variables are health data)

• The main open geodata source is the Système d'Information du Territoire

Genevois (SITG)

• https://ge.ch/sitg/donnees/conditions-d-utilisation/open-data
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https://ge.ch/sitg/donnees/conditions-d-utilisation/open-data


List of methods taught (or already known*)

• Order statistics (box plots, box maps, descriptive statistics)

• Confounding factors and variable adjustment

• Spatial statistics, spatial dependence (Global and Local Moran’s I*)

• Thematic mapping*

• Geographically Weighted Regression (GWR)

• Spatial regression

• Hierarchical Ascendant Classification (CAH) 

• Principal Component Analysis (PCA)

• Spatial Relative Risk (SPARR)
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High anxiety = high STAI score

2,5 C° more in STAI 
hotspots (high anxiety) 
than in STAI coldspots 
(people going well)

Spatial dependence of anxiety in Lausanne (2018-2021) 

Spatial dependence (Getis-Ord Gi) 23
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Income psqi pred_psqi adj_psqi

45357 24.290592 26.0824925 23.4325795

40228 30.739416 26.34080248 29.62590952

73575 22.968384 24.66516142 23.52770258

65562 23.224413 25.06871111 23.38299789

56627 17.048376 25.51717464 16.76131336

43420 33.732502 26.17919629 32.78542821

43880 33.464035 26.15427369 32.53987331

50031 21.612812 25.84621886 20.99388914

56627 31.304895 25.51844091 31.01656609

56768 30.986309 25.51017701 30.70342799

44167 16.205019 26.1379469 15.2915521

56070 19.511112 25.54472585 19.19368215

39876 32.449974 26.35536755 31.32471845

adj_psqi = psqi – pred_psqi + median(psqi)

Sleep troubles in Geneva

psqi

pred_psqi
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Health Territorial Diagnostic, Onex, Geneva
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Spatial Relative Risk (SPARR)

~400 individuals with CRD

Population at risk = 10’000 participants 

(not shown)
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RZ1

RZ2

RZ3

Spatial Relative Risk (SPARR)
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Documentation

1.Geoda Workbook

2.Slides of the theoretical lectures

3.Scientific articles distributed during the course
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https://geodacenter.github.io/documentation.html


Evaluation

• Continuous control during the semester and final oral exam

• Exercises (individual) = 20% (8/10 short reports submitted and 
accepted)
Short reports are not graded. I check that the work was correctly 
carried out. Report is ok (1) or not (0).

• A scientific article (semester project, group work, graded) = 30%

• Oral exam (individual) = 50%
• Questions about the theoretical content of the course

• Questions about the scientific paper written
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Moodle 
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Moodle: https://go.epfl.ch/edenv

• The introduction contains the information presented here

• New versions of the programme may be made available in this 
introductory section

• Follow the ed Forum 

• We have no TA: share your questions and answers on ed F

https://go.epfl.ch/edenv
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Why to write short reports ? 
Why to write an article ?

“Writing helps you think because it gives you 
nowhere to hide”

“If you can’t clearly and simply define the 
words and terms you are using, you don’t 
really know what you’re talking about”

Richard Feynman

“I never teach my students; I only provide the 
conditions in which they can learn.”

Albert Einstein

36



Exercise 1 – Two readings 
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Morgenthaler Anselin



Exercise 1 – First short report
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• Answer the questions 

• Submit your answers as a PDF on Moodle (assignment each week)

• No immediate deadline. I take short reports into account until
Friday, September 20, at 23h59



Thank you for your attention!
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