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What do we know about
human mobility?
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Survey-based human mobility

European Labour Force Surveys

ESPANA - NUTS level 3
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Source: https://ec.europa.eu/eurostat/web/microdata/european-union-labour-force-survey
Image source: https://ec.europa.eu/eurostat/documents/345175/17780010/2021-NUTS-3-map-ES.pdf
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Survey-based human mobility
German Mobility Survey
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Source: https://www.mobilitaet-in-deutschland.de/
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Census-based human mobility
UK Census

DataShine Commute S+ O oy e N e

Data: ONS, 2011 Census. More information about the map. Any comments?

Join our announcement list for future visualisations, or see our blog, v
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Source: https://commute.datashine.org.uk/
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Census-based human mobility
UK Census

DataShine Commute
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Register-based human mobility
Netherlands Register Data

O FlowmapBlue =

Commuters in the Netherlands
Commuters in the Netherlands in 2016
Original data source: Statistics Netherlands

Data behind this map is in this spreadsheet.
You can publish your own map too.

4,371,400 trips

% Open in Flowmap City

Source: https://www.flowmap.blue/10e3zM219uSfJ3sjdRTI90SAK2kU3xIvzdcCW6cwTsAuc
Data: https://opendata.cbs.nl/#/CBS/nl/dataset/83628NED/table?dI=F076
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OT GPS Data
The Volkswagen leak

D wispia.cce.os 08¢0

Wir wissen wo dein Auto steht ﬁz

Volksdaten von Volkswagen

& Michael Kreil and Fliipke

Wer arbeitet im Bankenviertel in Frankfurt?

Source: https://media.ccc.de/v/38c3-wir-wissen-wo-dein-auto-steht-volksdaten-von-volkswagen
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Mobile Apps + Mobile Network GPS Data

App usage by Orange customers in France

500 x 500 m Low traffic High traffic
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(a) Netflix (b) LinkedIn (c) Apple iCloud (d) Uber

Figure 8: Spatial traffic generated by four applications in Paris, on Mondays (top) and Sundays (bottom).

Image source: Martinez-Durive et al. (2023)
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Mobile phone data

Flowminder

FLUWMINDER.URG Gzout \D‘Pynt We mie We anﬁ We Work News Resources Q

Applications & Case Studies

Disaster Management Public Health Mobile data for official
Read how we use de-identified data from Read how we integrate data from mobile statistics
mobile operators to predict and monitor operators, satellite imagery and

Read how we're working with Vodafone
Ghana and Ghana Statistical Service to
integrate mobile operator data into
official statistics.

b

population displacements post-disasters. household surveys to predict and
monitor mobility behaviours to support
outbreak responses.

Mobile phone data for humanitarian and development efforts in low- and
middle-income countries

Source: https://www.flowminder.org/what-we-do/population-distribution-and-mobility-analysis#data-applications
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Flowminder Example

Effects of gang violence in Haiti

Significant Change in the Count of Digicel Residents Relocating out of the Affected
Area

Relocations: active Digicel SIM cards with a change of home location
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Data source: Digicel Haiti

© ©9M Soigicet FLOWMINDER.ORG
Source: https://unstats.un.org/bigdata/events/2022/conference/presentations/day2/panelic/5.%20Thomas%20-%20Flowminder%20-

%20UNSD%20Conference%200n%20Big%20Data%20Panel%20%E2%80%93%202022.pdf
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Flowminder Software

FlowKit - privacy preserving mobile phone data aggregation

FLOWMINDER.ORG oo™ - o™ -~ W~ Wit News  Resources .

The API (Application Programming Interface) provides a restricted, audited and secure
access to the algorithms and methods built within FlowKit that are designed to
efficiently compute outputs from the CDR data. Data analysts can then interact with the
aggregated data to carry out their analyses. By providing a trusted, secure method for
data access, FlowKit simplifies the challenge of facilitating compliant access to this

sensitive data.

FlowKit is in active development: the toolkit is continuously evolving as techniques and learnings derived from
research and the wider community are incorporated back into the core tools. Visit our github website to get a

sense about upcoming developments:

FlowKit GitHub  —

Learn more: https://github.com/Flowminder/FlowKit,
https://www.flowminder.org/what-we-do/mobile-data-partnerships/flowkit
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Spanish Open Mobility Big
Data
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Spanish Open Mobility Big Data

3500+ zones across Spain and beyond

Data by Ministerio de
Transportes 'y
Movilidad Sostenible

(MITMS) (2024)

Based on 13 million
customers of Orange
Spain, expanded to full
population of Spain

Data interface
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Spanish Open Mobility Big Data
~ 5 years of daily hourly flows

Data by Ministerio de
Transportes 'y
Movilidad Sostenible
(MITMS) (2024)

Based on 13 million
customers of Orange
Spain, expanded to full
population of Spain

Data interface

spanishoddata

.ﬁ’/
%

Data visusalization

{flowmapblue}



https://ropenspain.github.io/spanishoddata/
https://ropenspain.github.io/spanishoddata/
https://flowmapblue.github.io/flowmapblue.R/
https://flowmapblue.github.io/flowmapblue.R/
https://www.ekotov.pro/geomob-berlin-2025/
https://www.ekotov.pro/geomob-berlin-2025/

Spanish Open Mobility Big Data
~ 5 years of daily hourly flows
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Spanish Open Mobility Big Data

~ 5 years of daily hourly flows
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Spanish Open Mobility Big Data
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View the dashboard at https.//data.transportes.gob.es/public/mov-diaria-mensual
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Spanish Open Mobility Big Data

Evolucion de la movilidad diaria
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View the dashboard at https.//data.transportes.gob.es/public/mov-provincial
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Spanish Open Mobility Big Data
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View the dashboard at https://mapas-movilidad.transportes.gob.es/?date=2025-04-16T22
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Spanish Open Mobility Big Data
Academic research

Article Topics

epidemiology e 18
covid-19 e 18
transportation *8
human mobility prediction * 6

daily mobility behaviour — 4
weather and climate —e 2
twitter —e 2
telework —e 2
human mobility —e 2
displacement —e?
air pollution —e 2
wildlife—vehicle collisions —e 1
traffic accidents —e 1
psychological wellfbeing —e 1
parking availability prediction —e 1
noise pollution —e 1
network science —e 1
mpox —e 1
graph theory —e 1
data integration —e 1
covid-19 wastewater detection —e 1

0 20 40 60
Share (%)
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Share (on x axis) and Number (on plot) of Articles by Article Topic

Source: https://github.com/e-kotov/spanishoddata-paper-supplement
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Spanish Open Mobility Big Data

Effects of human mobility on dispersal of disease-transmitting mosquitoes

www.nature.com/scientificreports

scientific reports
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Multiple invasions, Wolbachia
and human-aided transport drive
the genetic variability of Aedes
albopictus in the Iberian Peninsula

Federica Lucati**™, Sarah Delacour?, John R.B. Palmer?, Jenny Caner?, Aitana Oltra’,
Claudia Paredes-Esquivel’, Simone Mariani?, Santi Escartin®*, David Roiz®,

Francisco Collantes’, Mikel Bengoa®, Tomas Montalvo®'’, Juan Antonio Delgado’,
Roger Eritja“*?, Javier Lucientes®, Andreu Albé Timor?, Frederic Bartumeus%'2 &
Marc Ventura®

The Asian tiger mosquito, Aedes albapictus, is one of the most invasive species in the world. Native

to the tropical forests of Southeast Asia, over the past 30 years it has rapidly spread throughout
tropical and temperate regions of the world. Its dramatic expansion has resulted in public health
concerns as a consequence of its vector competence for at least 16 viruses. Previous studies showed
that Ae. albopictus spread has been facili by human it transportation, but much remains
unknown about how this has affected its genetic attributes. Here we examined the factors that
contributed to shaping the current genetic constitution of Ae. albopictus in the Iberian Peninsula,
where the species was first found in 2004, by combining population genetics and Bayesian modelling.
We found that both mitochondrial and nuclear DNA markers showed a lack of genetic structure and
the presence of worldwide do mil hapl ing regular introductions from abroad.
Mitochondrial DNA showed little genetic diversity compared to nuclear DNA, likely explained by
infection with maternally transmitted bacteria of the genus Wolbachia. Multilevel models revealed
that greater mosquito fluxes (estimated from commuting patterns and tiger mosquito population
distribution) and spatial proximity between ling sites were i ‘with lower nuclear genetic
distance, suggesting that rapid short- and medium-dist dispersal is facili d by humans through
vehicular traffic. This study highlights the significant role of human transportation in shaping the
genetic attributes of Ae. albopictus and promoting regional gene flow, and underscores the need fora
territorially integrated surveillance across scales of this disease-carrying mosquito.

Uses Labour Force Survey data
(Lucati et al. 2022)
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Effects of Human Mobility on the Spread of Disease-Transmitting
Mosquitoes in Spain: Insights from Mobile Phone Data
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Abstract:

Motivation and Objective. Using mobile phone data in Spain, this study aims to (1) better define the association between
human mobility and the dispersal of tiger itoes (Aedes ictus); and (2) build a predictive model that can forecast
Ae. albopictus spreading into previously unaffected municipalities. This will enable more effective mosquito control
measures and more accurate projections of possible disease spread.

Mosquito-borne diseases such as Zika, dengue, and chikungunya are not yet widespread in the EU, but local outbreaks are
becoming more frequent, as highlighted by the European Centre for Disease Prevention and Control', and are triggered
by imported cases in areas where vector mosquitoes are present(Trojanek et al., 2023). For most of these outbreaks, the
primary vector (disease transmitter) is the tiger mosquito (Ae. albopi Without i the ission rates
between humans would be much lower.

Tiger mosquitoes are an invasive species that has been present in Spain for more than a decade and continues to spread.

The habitat conditions for these itoes in Europe, further exacerbated by climate change, highlight the
need for a deeper understanding of their dispersal mechanisms (Oliveira et al., 2021). This study aims to bridge the
existing knowledge gap in mosquito dispersal models that traditi focus on envi habitat suitability but often

overlook the critical role of human mobility. Recent evidence suggests the potential for mosquitoes to be transported by
cars (Eritja et al., 2017); however, research on the influence of human mobility on mosquito dispersal is still in its nascent
stages and relies on province-level survey data (Lucati et al., 2022) rather than high-resolution digital trace data at the
municipality level.

Builds on previous research using mobile phone based data

(Kotov, Bartumeus, and Palmer 2024)
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spanishoddata
access Spanish Open Mobility Big Data from R

2.1. Origin-Destination data

The origin-destination data contain the number of trips and distance travelled between
districts or municipalities in Spain for every hour of every day between 2020-02-14 and
2021-05-09. Each flow also has attributes such as the trip purpose (composed of the type of
activity ( home / work_or _study / other ) at both the origin and destination), province of residence Install the package
of individuals making this trip, distance covered while making the trip. See the detailed attributes

below in a table. Figure 2 shows an example of total flows in the province of Barcelona on Feb
14th, 2020. Overall approach to

accessing the data

On this page

Set the data directory

1. Spatial data with zoning
boundaries

2. Mobility data

2.1. Origin-Destination
data

2.2. Population by trip
count data

Advanced use

Figure 2: Origin destination flows in Barcelona on 2020-02-14

Source: https://ropenspain.github.io/spanishoddata/articles/v1-2020-2021-mitma-data-codebook.html
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spanishoddata - access open human mobility data

A package with many companions

Detailed documentation

spanishoddata

ff".‘\i?e B flowmapper

© spanishoddata o110 E

MAKING INTERACTIVE FLOW
MAPS

Source: vignettes/flowmaps-interactive.qmd

This tutorial shows how to make interactive ‘flow maps’ with data from
spanishoddata and the flowmapblue (Boyandin 2024) data visualisation
package. We cover two examples. First, we only visualise the total flows

for a single day. In the second more advanced example we also use the
time component that allows you to interactively filter flows by time of

DU CKDB day. For both examples, make sure you first go though the initial setup
steps. To make static flow maps, please see the static flow maps tutori-
al.

1 Setup™

For the basemap in the final visualisation you will need a free Mapbox
access token. You can get one at account.mapbox.com/access-tokens/
(you need to have a Mapbox account, which is free). You may skip this
step, but in this case your interative flowmap will have no basemap, and
the flows will just flow on solid colour background.

Once you got the access token, you can set it in the MAPBOX_TOKEN envi-
ronment variable like so:

Sys.setenv(MAPBOX_TOKEN = "YOUR_MAPBOX_ACCESS_TOKEN")

Logos are the property of their respective owners.
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spanishoddata use cases

Split work and non-work trips
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spanishoddata

Source: https://github.com/e-kotov/2024-30DayMapChallenge
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spanishoddata use cases

Split work and non-work trips
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Source: https://github.com/e-kotov/2024-30DayMapChallenge
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spanishoddata use cases
Split into different trip types

A: B: C:
Home <-> Work/Study Home/Work/Study <-> Frequent activity = Home/Work/Study <-> Infrequent activity
Morning (7-11) trips Morning (7-11) trips Morning (7-11) trips

|

161K 322k
L —— -

Source: https://github.com/e-kotov/spanishoddata-paper-supplement, https://doi.org/10.5281/zenodo.15207374
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spanishoddata use cases
Split into different trip types

D: E: F:
Home <-> Work/Study Home/Work/Study <-> Frequent activity Home/Work/Study <-> Infrequent activity
Evening (17-21) trips Evening (17-21) trips Evening (17-21) trips

/ / i\

A\ ¢ i\ A “;\ A >
301K 783 275 151k . 30tk 152 88;»2!('/‘\\“ 176k

_ \

Source: https://github.com/e-kotov/spanishoddata-paper-supplement, https://doi.org/10.5281/zenodo.15207374
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spanishoddata use cases
Valencia flood (DANA) in October 2024
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En solidaridad con las victii y sus familias

Autor: Egor Kotov | #30DayMapChallenge | Dia 12: Tiempo y espacio

Paquete R para acceder a los datos: ropenspain.github.io/spanishoddata/

Fuentes de datos: Ministerio de Transportes 'y Movilidad Sostenible (MITMS); Nommon;
Departamento de Geografia, Universitat de Valencia; Instituto Getﬁraﬁco Nacional
Basado en los datos de movilidad del MITMS/Nommon

28-30 de octubre de 2024

Source: https://github.com/e-kotov/2024-30DayMapChallenge
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spanishoddata use cases
Valencia flood (DANA) in October 2024

2023-10-25 g o

como de costumbre La [')ANA a_fec':a Ia rEdp!!'l(-)Vll después de la DANA
y podria reflejar desplazamientos ...
residenciales en areas afectadas

% de personas
que posiblemente
no permanecieron
en su lugar de
residencia

spanishoddata

En solidaridad con las victimas y sus familias

Autor: Egor Kotov | #30DayMapChallenge | Dia 16: Mapa Coroplético

Paquete R para acceder a los datos: ropenspain.github.io/spanishoddata/
Visualizacion del mapa realizada con mapgl: walker-data.com/mapgl/

Fuentes de datos: Ministerio de Transportes y Movilidad Sostenible (MITMS); Nommon

The share of people who have not spent the night at home.
Source: https://github.com/e-kotov/2024-30DayMapChallenge


https://github.com/e-kotov/2024-30DayMapChallenge
https://www.ekotov.pro/geomob-berlin-2025/
https://www.ekotov.pro/geomob-berlin-2025/

spanishoddata use cases
Valencia flood (DANA) in October 2024
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enlared. spanishoddata
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En solidaridad con las victimas y sus familias

Autor: Egor I(tov | #30DayMapChallenge | Dia 16: Mapa Coroplético

Paquete R pata acceder a los datos: ropenspain.github.io/spanishoddata/
Visualizacion|del mapa realizada con mapgl: walker-data.com/mapgl/

Fuentes de ddtos: Ministerio de Transportes y Movilidad Sostenible (MITMS); Nommon

The share of people who have not spent the night at home.
Source: https://github.com/e-kotov/2024-30DayMapChallenge
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spanishoddata use cases

Anntennas were offline - Facebook shows a slightly different picture

Source: https://population-europe.eu/research/policy-insights/harnessing-digital-data-strengthen-disaster-response-valencias-2024-floods
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Multi-MNO Project
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Multi-MNQO Project

Eurostat CROS

Home Research & Innovation v Tools & Methods v  Groups & Communities v Learning & Development v Support v All resources

CROS archives WIH v

Source: https://cros.ec.europa.eu/landing-page/multi-mno-project
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Multi-MNQO Project

Mobility data aggregation using unified methodology

eurostat/::]

Reusing Mobile Network
for Offici

r
Statistical System
2023 edition

Source: https://cros.ec.europa.eu/system/files/2023-12/20231109_dimeitdg_mnoposition_paper_ricciato_ho%20%281%29.pdf
Learn more: https://ec.europa.eu/eurostat/web/products-statistical-reports/w/ks-ft-23-001
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Multi-MNQO Project

How it works
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Source https://cros.ec.europa.eu/system/files/2024-02/20240226_MultiMNO_2021-0400-internal-meeting-MNQs-ricciato.pdf
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Multi-MNO Software

https.//github.com/eurostat/multimno
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Source https://cros.ec.europa.eu/system/files/2024-02/20240226_MultiMNO_2021-0400-internal-meeting-MNQs-ricciato.pdf
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Multi-MNO Outputs

What to expect?
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Source https://cros.ec.europa.eu/system/files/2024-02/20240226_MultiMNO_2021-0400-internal-meeting-MNQs-ricciato.pdf
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