
 Introduction
to GSA 



Geospatial Analytics 
The science of extracting insights from data with a geographic 
dimension. It develops methods to model spatial relationships, 
detect patterns, and support decision-making in urban planning, 
transportation, environment, health.

Human Mobility
The study of how individuals and populations move through 
space and time, uncovering the mechanisms, patterns, and 
impacts of movements on society.

geography

movements



Geospatial Analytics

● How are spatial phenomena distributed across a region?

● What spatial patterns (clusters, hotspots) can be detected?

● How do environmental, socioeconomic variables correlate 
geographically?

● How do spatial networks (roads, rivers, utilities) structure 
connectivity and flows?

● How do land-use and spatial distributions change over time (urban 
growth, deforestation, climate impacts)?



Human Mobility

● How, why, and when do individuals move through space and time?

● What statistical regularities (e.g., trip length distributions) 
characterize mobility?

● How do people choose routes and destinations?

● How does urban form shape movement patterns?

● How do mobility patterns impact congestion or inequality?

● How can we model, predict, or simulate mobility at different scales 
(commutes, tourism, migration)?



Geospatial analytics is about spatial data and 
patterns.

Human mobility zooms in on movement 
behaviors and their consequences.



Historical Examples
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interactive map

The Odyssey is the story of…a trajectory

“A man who has been 
through bitter experiences 
and travelled far enjoys 
even his sufferings after a 
time”

Homer, Odyssey

https://mapmakerclassic.nationalgeographic.org/eSOBu2XqFTYXOBXJf9anCd/


interactive map

The Odyssey is the story of…a trajectory

“ma misi me per l’alto mare aperto 
sol con un legno e con quella compagna 

picciola da la qual non fui diserto.  
L’un lito e l’altro vidi infin la Spagna,
fin nel Morrocco, e l’isola d’i Sardi, 

e l’altre che quel mare intorno bagna.”

Dante’s Inferno, Canto XXVI

https://mapmakerclassic.nationalgeographic.org/eSOBu2XqFTYXOBXJf9anCd/


French army in the Russian campaign (1812-1813)
Charles Minard, 1869 

https://www.esri.com/content/dam/esrisites/en-us/esri-press/pdfs/mapping-time-illustrated-minards-map-napoleons-russian-campaign-1812-sample-chapter.pdf


Number of 
passengers 

between 
Dijon and 
Mulhouse

Charles Minard, 1845 



The Spread of the Black (1346–1353)
Spread 
of the 
Black Death 
(1346–1353)

https://www.jstage.jst.go.jp/article/ase/125/1/125_161011/_html/-char/en


John Snow and the 
Broad Street 

cholera outbreak
(1854)

https://archive.org/details/b28985266/page/n5/mode/2up?view=theater

https://upload.wikimedia.org/wikipedia/commons/thumb/2/27/Snow-cholera-map-1.jpg/1280px-Snow-cholera-map-1.jpg
https://www.youtube.com/watch?v=lNjrAXGRda4
https://www.youtube.com/watch?v=lNjrAXGRda4
https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak
https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak


John Snow and the 
Broad Street 

cholera outbreak
(1854)
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CC BY-SA 4.0
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https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak


Predicting criminals’ trajectory
1930s

Bonny & Clyde



The Bonny & Clyde task force

Predicting criminals’ trajectory
1930s







Tracking the movements of dissidents
1970s-1980s

● Stasi sprayed a radioactive solution on the floors 
of the rooms where suspected dissidents met

● The solution adhered to dissidents’ shoes, 
allowing agents to track who attended a meeting 
there

● Agents wore portable Geiger counters that 
activate when a suspected dissident was nearby 



The Big Data era
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Digital Footprints of Human Activity

Shopping 
patterns
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Digital Footprints of Human Activity

● Volume: the incredible amounts of data generated each 
second

● Velocity: speed at which vast amounts of data are being 
generated, collected and analyzed 

● Variety: the different types of data we can now use

● Veracity: quality or trustworthiness of the data

● Value: the worth of the data being extracted



Pappalardo et al., Returners and Explorers dichotomy in Human Mobility, Nature Communications 6, 8166 (2015). 
https://doi.org/10.1038/ncomms9166 

https://www.nature.com/articles/ncomms9166
https://doi.org/10.1038/ncomms9166


http://www.youtube.com/watch?v=jcQAbP2CJ0Y


Ships trajectories: https://www.shipmap.org/ 

https://www.shipmap.org/
https://www.shipmap.org/


International migration flows
2005-2010

● number of migrants 
(inflows and outflows) in 
millions between and 
within world regions

● (only flows containing at 
least 170,000 migrants)

Abel and Sander, Quantifying global international 
migration flows, Science 343.6178 (2014): 

1520-1522.

https://www.science.org/doi/pdf/10.1126/science.1248676




Lucchini et al., Living in a pandemic: changes in mobility routines, social activity and adherence to COVID-19 
protective measures. Scientific Reports 11, 24452 (2021). https://doi.org/10.1038/s41598-021-04139-1   

https://www.nature.com/articles/s41598-021-04139-1
https://doi.org/10.1038/s41598-021-04139-1




CO2 emissions on roads

Böhm et al. Gross polluters and vehicle emissions reduction. Nature Sustainability 5, 699–707 (2022). 
https://doi.org/10.1038/s41893-022-00903-x 

https://www.nature.com/articles/s41893-022-00903-x
https://doi.org/10.1038/s41893-022-00903-x


Material 
● [book] Human Mobility: an Introduction, Nanni and 

Pappalardo (draft)

○ Chapter 1

● [book] Introduction to geographic information systems, 
Kang-Tsung Chang, McGraw-Hill 

○ Chapter 1

● [paper] Human Mobility: Models and Applications, Barbosa 
et al., Physics Reports 

○ Section 1 (Introduction)

to study for the exam

https://www.amazon.it/Introduction-geographic-information-systems-Kang-Tsung/dp/0078095131
https://www.amazon.it/Introduction-geographic-information-systems-Kang-Tsung/dp/0078095131
https://arxiv.org/pdf/1710.00004.pdf


Quiz

Which of the following best describes geospatial analytics?

a) The study of daily commuting patterns in cities
b) The analysis of any data with a geographic component
c) The design of transportation policies for urban areas
d) The simulation of human decision-making in mobility



Quiz

Which of the following best describes human mobility?

a) The collection of spatial datasets
b) The visualization of satellite imagery
c) The movement of individuals and populations through space 
and time
d) The optimization of supply chains across regions



Quiz: GSA or HM?
1. Mapping air pollution hotspots in a city.

2. Analyzing why commuters prefer one route over another.

3. Measuring accessibility of hospitals across neighborhoods.

4. Modeling how people evacuate during a natural disaster.

5. Studying the distribution of trip lengths in a population. 

6. Optimizing the placement of public bike-sharing stations.

7. Identifying spatial correlation between income and housing prices. 

8. Examining how highways shape route choices.

GSA

HM

GSA

HM

HM

both

GSA

HM


