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Abstract

We present spanishoddata, an R package that enables fast and efficient access to Spain’s open, high-resolution origin- / Y
destination human mobility datasets, derived from anonymised mobile-phone records and released by the Ministry of | -
Transport and Sustainable Mobility. The package directly addresses challenges of data accessibility, reproducibility, and
efficient processing identified in prior studies. spanishoddata automates retrieval from the official source, performs file and
schema validation, and converts the data to efficient, analysis-ready formats (DuckDB and Parquet) that enable multi-month
and multi-year analysis on consumer-grade hardware. The interface handles complexities associated with these datasets, g@o"
enabling a wide range of people — from data science beginners to experienced practitioners with domain expertise —to start
using the data with just a few lines of code. We demonstrate the utility of the package with example applications in urban
transport planning, such as assessing cycling potential or understanding mobility patterns by activity type. By simplifying data

access and promoting reproducible workflows, spanishoddata lowers the barrier to entry for researchers, policymakers,

Kotov, E., Vidal-Tortosa, E., Cantu-Ros, O. G., Burrieza-Galan, J., Herranz, R., Gullon Murioz-Repiso, T., & Lovelace, R. (2026).
spanishoddata: A package for accessing and working with Spanish Open Mobility Big Data. Environment and Planning B: Urban
Analvtics and Citv Science. DO/I:10 1177/23998083251415040
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SPANISH OPEN MOBILITY BIG DATA

Buscar Q
MINISTERIO
DE TRANSPORTES
Y MOVILIDAD SOSTENIBLE

Ministerio Transporte Terrestre Carreteras Ferroviario Aéreo Maritimo Geo-informacién Movilidad Sostenible

ﬁ Ministerio - Proyectos singulares = Estudio de la movilidad con Big Data

Open Data Movilidad

En este espacio compartido estan disponibles los datos de movilidad en Espaia para el periodo desde
enero de 2022 en adelante. El Ministerio de Transportes apuesta por los datos abiertos con el objetivo
de fomentar la transparencia, la eficiencia, la participacién ciudadana y el desarrollo econémico, ya que

los datos pueden consultarse, ser enriquecidos con nuevos datos, aplicaciones y servicios y generar
nuevos negocios.

* Se ha utilizado como fuente principal de datos el posicionamiento de los teléfonos méviles, siendo
una condicién indispensable el cumplimiento de la Ley Orgdanica 3/2018, de 5 de diciembre, de
Proteccién de Datos Personales y garantia de los derechos digitales.

* El contenido estd estructurado en carpetas segln el tipo de estudio y en subcarpetas por
zonificacién (municipal, distritos y GAUS). Para cada zonificacién hay una carpeta por tipo de
producto y otra para los metadatos referidos a la calidad del dato. Asimismo, se dispone de otra
carpeta con la zonificacién empleada y su informacién asociada.

El proyecto se divide en 3 tipos de estudios:

1. Estudios basicos, donde se analiza diariamente la movilidad de los residentes en Espana a nivel de distrito censal. Como resultados se dispone de las matrices de
viajes, pernoctaciones y personas.
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TOPICS EXPLORED WITH MITMS DATA

Article Topics

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

daily mobility behaviour —o 4
weather and climate —e 2
twitter —e 2
telework —e 2
human mobility —e 2
displacement —e 2
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
mMpOoX —e 1
graph theory —e 1
data integration —e 1
covid-19 wastewater detection —e 1

0 20 40 60
Share (%)

May not sum to 100%
Share (on x axis) and Number (on plot) of Articles by Article Topic
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POTENTIAL OF 2022+ DATA IS STILL UNTAPPED
Year of MITMS data used

2020 e 28
2021 e 14
2017 * 6
2022 —e 2
unknown —e 1
2024 —e 1
2023 —e 1
0 25 50 75 100

Share (%)

May not sum to 100%
Share (on x axis) and Number (on plot) of Articles by Years of MITMS data

AN

(H #7772

(€4
Gy



upf.

DAILY TIME RESOLUTION IS MOST POPULAR

MITMS data time resolution

daily o 27
hourly * 6
unknown —e 2
quarterly —e 1
0 25 50 75 100

Share (%)

May not sum to 100%
Share (on x axis) and Number (on plot) of Articles by MITMS Time Resolution
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FINEST DISTRICT SPATIAL RESOLUTION IS MOST POPULAR
MITMS data spatial resolution

district * 19
province *9
unknown —e 4
municipality —e 4
autonomous community — 1
0 o5 50 75 100

Share (%)

May not sum to 100%
Share (on x axis) and Number (on plot) of Articles by MITMS Spatial Resolution
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PRE-PROCESSING CODE IS USUALLY NOT SHARED
MITMS data pre—processing code

not available o 27
available 7/
not yet available (preprint) —e 2
0 25 50 75 100

Share (%)

Share (on x axis) and Number (on plot) of Articles by Data Pre—Processing Reproducibility



PRE-PROCESSED DATA IS USUALLY NOT SHARED

not available e 30
available —— 3
on request —e 2
no available —e 1
0 25 50 75 100

Share (%)
Share (on x axis) and Number (on plot) of Articles by Shared Pre—processed MITMS Data
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NOBODY PROVIDES THE CODE HOW TO
ACQUIRE THE DATA




upf. j\

FEW PROVIDE ANALYSIS CODE

Data analysis code

not available e 20
available e 13
not yet available (preprint) —e 2
on request —e 1
0 25 50 75 100

Share (%)
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VERY LITTLE VALUE IN ANALYSIS CODE WITHOUT
ACQUISITION AND PROCESSING

acquisition processing EWAES




VERY LITTLE VALUE IN ANALYSIS CODE WITHOUT

ACQUISITION AND PROCESSING

How to get the
data 7?7

\

upf.

How to
preprocess it?




INCONSISTENT CITATION

cites web link with current page title at the time
of access

provides footnote with web link

cites technical report or data methodology
document without web link

provides web link in article body

cites technical report or data methodology
document with web link

provides web link to the Ministry homepage in
article body

provides web link to secondary data
https://github.com/bsc—flowmaps/ in article body

cites web link

cites secondary data :
https://flowmaps.life.bsc.es/flowboard/

cites secondary data : 10.5281/zenodo.4634895

Citation approaches
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DATA ACCESS

mitma-movilidad-v2 / estudios_basicos / por-municipios

W R e W

W

Mostrar 50 4 registros
Archivo
4 [volverala carpeta padre]

20220101 _Viajes_municipios.csv.gz
20220102_Viajes_municipios.csv.gz
20220103_Viajes_municipios.csv.gz
20220104 _Viajes_municipios.csv.gz
20220105_Viajes_municipios.csv.gz

20220106_Viajes_municipios.csv.gz

viajes

ficheros-diarios / 2022-01

Buscar:

2023-06-29 16:19:58

2023-06-29 16:20:45

2023-06-29 16:21:35

2023-06-29 16:22:33

2023-06-29 16:23:33

2023-06-29 16:24:19

Tamaino

94 MB
100 MB
115 MB
115 MB
114 MB

92 MB
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DATA ACCESS

AT e e

<ttl>60</ttl>
v<item>
v<title>
<![CDATA[ 20250502 distritos descartados.csv ]]>
</title>
wv<link>
https://movilidad-
opendata.mitma.es/estudios basicos/calidad/ficheros-diarios/2025-
05/20250502 distritos descartados.csv
</link>
v<guid isPermaLink="true">
https://movilidad-
opendata.mitma.es/estudios _basicos/calidad/ficheros-diarios/2025-
05/20250502 distritos descartados.csv
</guid>
<pubDate>Tue, 06 May 2025 08:16:22 GMT</pubDate>
</item>
v<item>
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DATA ACCESS

mitma-movilidad-v2 | estudios_basicos ' por-municipios / viajes / ficheros-diarios / 2022-01

Mostrar = 50 4 registros Buscar:
Archivo 1= Fecha Tamafo
i [Volver a la carpeta padre]
82 20220101_Viajes_municipios.csv.gz 2023-06-29 16:19:58 94 MB
82 20220102_Viajes_municipios.csv.gz 2023-06-29 16:20:45 100 MB
82 20220103_Viajes_municipios.csv.gz 2023-06-29 16:21:35 115 MB
82 20220104_Viajes_municipios.csv.gz 2023-06-29 16:22:33 115 MB
82 20220105_Viajes_municipios.csv.gz 2023-06-29 16:23:33 114 MB
82 20220106_Viajes_municipios.csv.gz 2023-06-29 16:24:19 92 MB
~/runguayo-
<ttl>60</ttl>
v<item>
v<title>
<![CDATA[ 20250502_distritos_descartados.csv ]]>
</title>
v<link>
https://movilidad-

opendata.mitma.es/estudios_basicos/calidad/ficheros-diarios/2025-
05/20250502_distritos_descartados.csv
</link>
v<guid isPermaLink="true">
https://movilidad-
opendata.mitma.es/estudios_basicos/calidad/ficheros-diarios/2025-
05/20250502_distritos_descartados.csv
</guid>
<pubDate>Tue, 06 May 2025 08:16:22 GMT</pubDate>
</item>
v<item>
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Custom code to download and
Import multiple days

Variable names in Spanish

No guarantee of consistent
variable types
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Slow data processing
raw csv data
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SPANISHODDATA R PACKAGE

Ao

*C/ spanishoddata oz1sc0  REFERENCE ARTICLES~ CHANGELOG Search for () > span ishod data .

Links
View on CRAN

SPANISHODDATA: GET SPANISH ORIGIN-  srowsesource code

Part of ’ rOpenSpain

DESTINATION DATA bibponiaiong "
About . rOpenSpain
spanishoddata is an R package that provides functions for downloading and formatting Spanish License
open mobility data released by the Spanish government (Ministerio de Transportes y Movilidad Full license . "\‘_“‘7 S
Sostenible MITMS 2024). '
MIT + file LICENSE © N s &.@
It supports the two versions of the Spanish mobility data. The first version (2020 to 2021), 5 w\é‘& p
covering the period of the COVID-19 pandemic, contains tables detailing trip numbers and Citation s?"\“@
distances, broken down by origin, destination, activity, residence province, time interval, distance Citi ishodd e @V‘“ r
; i e ) i iting spanishoddata ‘ co“\\
interval, and date. It also provides tables of individual counts by location and trip frequency. The o \“\“\,.7
second version (2022 onwards) improves spatial resolution, adds trips to and from Portugal and Developers 9 .
France, and introduces new fields for study-related activities and sociodemographic factors
Egor Kotov

(income, age, and sex) in the origin-destination tables, along with additional tables showing

individual counts by overnight stay location, residence, and date. See the package website and

vignettes for v1 and v2 data for more details. Robin Lovelace
Author ®

Author, maintainer @

spanishoddata is designed to save time by providing the data in analysis-ready formats.
Automating the process of downloading, cleaning, and importing the data can also reduce the risk
of errors in the laborious process of data preparation. It also reduces computational resources by

More about authors...

using computationally efficient packages behind the scenes. To effectively work with multiple Dev status
data files, it's recommended you set up a data directory where the package can search for the
data and download only the files that are not already present.

X CRAN |0.2.1 )

https.//ropenspain.github.io/spanishoddata/ || Logos are the property of their respective owners.
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SPANISHODDATA R PACKAGE

) Platform ~ Solutions © Resources v Open Source - Enterprise ~ Pricing Search or jump to signin [ Signup | |

[sH]

spanishoddat

& rOpenSpain / spanishoddata Public 4 Notifications ¥ Fork 5 ¢y Star 42
<> Code O Issues 14 11 Pull requests 1 ® Actions f Projects © Security |~ Insights Vi o
A 5,
% 5
p main - P 6Branches © 5 Tags Q Go to file About P }
Access national high-quality and
@ e-kotov dev version v bf6965 - 2 months ago © 639 Commits  open-access datasets on
movement patterns derived from
= github disable ubuntu r devel workflow, as duck... 2 months ago mobile telephone datasets / o e
mR cleanup the docs regarding the spod_set... 2 months ago ACcede y usa datos nacionales <
abiertos sobre movimientos S
= inst update metadata 2 months ago  basados en teléfonos méviles.
= man cleanup the docs regarding the spod_set... 2 months ago & ropenspain.github.io/spanis...
= pkgdown add v2 data quality evaluation auto trans... 9 months a90  gata  rstats
™ tests cleanup the docs regarding the spod_set... 2months ago ~ data-package cdr
™ tools cleanup the docs regarding the spod_set.. 2 months agg  mobllity” Corigin-destination 3 /
mobile-telephone-data -
= vignettes quick get works again 4 months aga 7
O .Rbuildignore submitted to CRAN 9monthsagg 1 Readme 3 &a"
@ Unknown, MIT licenses found e
O .gitignore ignore .Rprofile 10 months ag N
@ Cite this repository « s?°
O CITATION.cff update metadata 2 months ago . Q\\“
A Activity ¥
(3 DESCRIPTION dev version 2months ago = Custom properties \&Qf"\
[ LICENSE Tidy up lastyear & 42 stars ‘o°°“‘
oY
O LICENSE.md Add get_metadata() lastyear ~ © 3watching 96\‘
5 fork
3 NAMESPACE $3 metadata and file size checks (#165) 3 monthsaga © > O'KS
Report repository
0 NEWS.md dev version 2 months ago
0 README.md update md 3months ago  Releases 4
(3 README.qmd move ref to py module 3months a0 © spanishoddata 0.2.1 (Latest)
O _pkgdown.yml $3 metadata and file size checks (#165) 3 monthsago N Jul 29
O codemeta.json update metadata 2 months ago  + 3 releases
O cran-comments.md update metadata before submit to CRAN 3 months ago ;
Contributors 7
0O spanishoddata.Rproj rephrase paragraph and add level 8 months aga =
QO@IE = o
M README @ License i MIT license =
Languages
spanishoddata: Get Spanish Origin-Destination Data © R97.0% o TeX18%
Other 1.2%
Zoenishoddats
REE
DOI 10.5281/zenodo.14516104 " /

https.//ropenspain.github.io/spanishoddata/ || Logos are the property of their respective owners.
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DATA ACCESS

z
mitma-movilidad-v2 | estudios_basicos ' por-municipios / viajes / ficheros-diarios / 2022-01 Ise { S p a n I S h Od d a l a }

opendata.mitma.es/estudios_basicos/calidad/ficheros-diarios/2025-
05/20250502_distritos_descartados.csv

</guid>

<pubDate>Tue, 06 May 2025 08:16:22 GMT</pubDate>

</item> 1 @
v<item>

Mostrar = 50 4 registros Buscar:
Archivo l& Fecha Tamafio
i [Volver a la carpeta padre] D a C a g E E
82 20220101_Viajes_municipios.csv.gz 2023-06-29 16:19:58 94 MB
82 20220102_Viajes_municipios.csv.gz 2023-06-29 16:20:45 100 MB
82 20220103_Viajes_municipios.csv.gz 2023-06-29 16:21:35 115 MB 1 'L i b ra ry ( S pa n is h Od d a t a )
82 20220104_Viajes_municipios.csv.gz 2023-06-29 16:22:33 115 MB
82 20220105_Viajes_municipios.csv.gz 2023-06-29 16:23:33 114 MB 2 S pod S et d a 't a d i r ( 1 d a t a 1 )
82 20220106_Viajes_municipios.csv.gz 2023-06-29 16:24:19 92 MB et . e
A - e —-— —
<ttl>60</ttl> 1 . . . . 1
veiten 5 type = "origin-destination",
v<title>
<![CDATA[ 20250502_distritos_descartados.csv ]]> 1] . . T
</eitle> 6 zones = "districts",
v<link>
https://movilidad-
opendata.mitma.es/estudios_basicos/calidad/ficheros-diarios/2025- 7 d a t e s e C (
05/20250502_distritos_descartados.csv
</link>
v<guid isPermalLink="true"> 8 St a r‘t ] n 2@22_@3_0 1"
https://movilidad- ’

end = "2022-03-07"

11 )
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ACCESS TO TABULAR DATA

1 library(dplyr)
2 glimpse(od_data)
& 3
Use {spanishoddata} + Rows: 77
5 Columns: 20
:)Ei()L(Einga 6 Database: DuckDB v1.2.1 [root@Darwin 24.4.0:R 4.5.0/
7 $ date <date> 2022-01-04, 202
8 $ hour <int>=0, 90, 9, 1, 1, 3
1 library(spanishoddata) 9 4 %d_orig%n . <fct> 01001, 01001, 01
10 $ id_destination <fct> 01009_AM, 01009_
2 spod_set_data_dir("data") 11 ¢ distance <fct> 2-10, 2-10, 2-10
3 12 $ activity_origin <fct> home, frequent_a
13 $ activity_destination <fct> frequent_activit
4 od_data <- spod_get( 14 $ study_possible_origin <1lgl> FALSE, FALSE, FA
5 type - "orlgln_destlnatlon"' 15 $ study_possible_destination <lgl> FALSE, FALSE, FA
i : i 16 $ residence_province_ine_code <fct> 01, 01, 01, 01,
6 zones = "districts ’ 17 $ residence_province_name <fct> "Araba/Alava", "
7 dates = C( 18 $ income <fct> 10-15, >15, >15,
19 $ age <fct> NA, NA, NA, NA,
8 start = "2022-03-01", 20 $ sex <fct> NA, NA, NA, NA,
0 end = "2022-03-07" 21 $ n_trips <dbl> 4.894, 1.779, 1.
22 $ trips_total_length_km <dbl> 27.966, 5.997, 4
10 ) 23 $ year <int> 2022, 2022, 2022
11 ) 24 $ month eiptes 1 B 1o 1o 1: 71
$

N
U

day <int> 4, 4, 4, 4, 4, 4
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EASE OF USE - FAMILIAR TO R USERS

Summary over multiple groups on full data set

Filter and summary
1 library(dplyr)
1 library(dplyr) G 2
2 3 od_data |>
3 od_data |> 4 group_by(
4 filter( 5 year,
D year == 2022, : month,
6 month %in% c(2, 3, 4) ! day,
- ) > 8 %d_orlg+n, |
. 9 id_destination
8 summarise( 10 )
9 n_trips = mean(n_trips) 11 summarise(
10 ) |> 12 n_trips = mean(n_trips)
11  collect() 13 ) |>
14 collect()




ACCESS TO SPATIAL DATA

O 0O NO U H WIN B

zones <- spod_get_zones
zones = "districts",
ver = 2 # for 2022 data onwards

zones |>
sf::st_geometry() |>
ggplot2::ggplot() +
ggplot2::geom_sf()

S0°N -

45°N -

40°N -

35°N -

30°N -

] &
v’va -ﬂ

15°W

10°W

5°W
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DATA CITATION

spod_cite()

%% To cite the Ministry's mobility study website
@isc{mitms_mobility_web,
title = {Estudio de la movilidad con Big Data (Study of mobility with Big Data)},
author = {{Ministerio de Transportes y Movilidad Sostenible (MITMS)}},
year = {2024},
url = {https://www.transportes.gob.es/ministerio/proyectos-singulares/estudio—-de-movilidad-con-
big-data},
}

%% To cite the methodology for 2020-2021 data
@anual{mitma_methodology_2020_v3,

title = {Andlisis de la movilidad en Espafia con tecnologia Big Data durante el estado de alarma
para la gestidén de la crisis del COVID-19 (Analysis of mobility in Spain with Big Data technology
during the state of alarm for COVID-19 crisis management)},

author = {{Ministerio de Transportes, Movilidad y Agenda Urbana (MITMA)}},

year = {2021},

url = {https://cdn.mitma.gob.es/portal-web-drupal/covid-19/bigdata/mitma_-

_estudio_movilidad_covid-19_informe_metodologico_v3.pdf},
|




SPANISHODDATA R PACKAGE

‘rOpenSpain PAQUETES DOCUMENTACION BLOG FAQ  CONTACTO

ROPENSPAIN

COMUNIDAD
SOFTWARE LIBRE
DATOS ABIERTOS

ROPENSCI IS OUR FORM,
SPANISH PUBLIC DATA OUR MATTER

SOFTWARE DOCUMENTACION COMUNIDAD

https.//ropenspain.es
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https.://ropenspain.github.io/spanishoddata/

2. Mobility data

All mobility data is referenced via id_origin, id_destination, or other location identifiers
(mostly labelled as id ) with the two sets of zones described above.

2.1. Origin-destination data

The origin-destination data contain the number of trips between districts, municipalities, or
large urban areas (LUAs) in Spain for every hour of every day between 2022-02-01 and
whichever currently available latest data (2024-06-30 at the time of writing). Each flow also has
attributes such as the trip purpose (composed of the type of activity

(home / work_or_study / frequent_activity / infrequent_activity ) at both the origin and
destination, but also age, sex, and income of each group of individuals traveling between the
origin and destination), province of residence of individuals making this trip, distance covered
while making the trip. See the detailed attributes below in a table.

Here are the variables you can find in the district, municipality and large urban area level
data:

English Variable Name Original Variable Name Type Description

The date of the
recorded data,
formatted as YYYY-
DD.

date fecha Date

hour periodo integer The time slot during
which the trips
occurred. Note: this
column used to be
called time_slot,
still going to be
available in the outy

SPANISHODDATA R PACKAGE - CODEBOOKS

On this page
Install the package
Set the data directory

Overall approach to
accessing the data

1. Spatial data with zoning
boundaries

2. Mobility data
2.1. Origin-destination data

2.2. Population by trip
count data

2.3. Population by
overnight stay data

Advanced use

|| Logos are the property of their respective owners.
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SPANISHODDATA R PACKAGE - USER MANUAL

m\j spanishoddata o210 m ARTICLES ~ CHANGELOG Search for o

On this page

Analysing up to 1 week of
data

Analysing long time periods

PACKAGE INDEX

Analysing up to 1 week of data (months or even years)
Quickly download and analyse just a few days of mobility data Analysing up to 1 day of
trips with no extra variables
d ilable_d
Spef-guat. e e até(’)' =3 Helper functions
Get available data list
spod_get_zones() ()
Get zones

spod_get(). (EXI9

Get tabular mobility data

spod_disconnect (). m

Safely disconnect from data and free memory

Analysing long time periods (months or even years)

Download data for longer periods, convert them into analysis ready format such as DuckDB or
Parquet for out-of-memory analysis of this large data

spod_available_data(). m
Get available data list

spod_get_zones() m

Get zones

upf.

spod_download() (I3

- . I P " ey Lo

https.://ropenspain.github.io/spanishoddata/ || Logos are the property of their respective owners.




SPANISHODDATA R PACKAGE - USER GUIDES

outline_col = "grey80",

)

flows_plot <- flows_plot +
guides(fill = "none") +

flows_plot

® spanishoddata ozism  REFERENCE
k_node = 10 # play around with this parameter to '
# customise colours and remove legend, as we need a cI

scale_fill gradient(low = "#FABB29", high = "#AB061!

¢ CHANGELOG Search for o)

CODEBOOK AND COOKBOOK FOR V1 (2020-2021) SPANISH MOBILITY DATA
CODEBOOK AND COOKBOOK FOR V2 (2022 ONWARDS) SPANISH MOBILITY D
QUICKY GET DAILY DATA

DOWNLOAD AND CONVERT MOBILITY DATASETS
OD DATA DISAGGREGATION

I MAKING STATIC FLOW MAPS

MAKING INTERACTIVE FLOW MAPS

L - - — =

aggregate flows for

{spanishoddata} logo
4.1 Get data
4.2 Flows aggregation

4.3 Reshape flows for
visualization

4.4 Plot the flows

4.5 Make the sticker

https.://ropenspain.github.io/spanishoddata/

|| Logos are the property of their respective owners.
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TUTORIALS TO CREATE INTERACTIVE FLOW MAPS
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ECOSYSTEM OF R PACKAGES

A package with many companions

spanishoddata

.“g- _ flowmapper eJohMast

’L% e-kotov Egor Kotov

ilyabo Ilya Boyandin

hansmib Hans

E7"BE9O
PHOOCO®
a8

+ 570 contributors

upf. j\l

Detailed documentation

spanishoddata

MAKING INTERACTIVE FLOW
MAPS

This tutorial shows how to make interactive ‘flow maps’ with data from

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 nd more advanced example we also use the
time component that allows you to interactively filter flows by time of

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

a

1 Setup

For the basemap in the final visualisation you will need a free Mapbox
access token. You can getoneat a

you need to have a Map hich is free). You may skip this
step, but in this case you terative 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

etenv(MAPBOX_TOKEN = “YOUR_MAPBOX_ACCESS_TOKEN
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ECOSYSTEM OF R PACKAGES

A package with many companions Kyle Walker 0 ‘) @ & 9
QDO 8
<
% e-kotov Egor Kotov

‘ ilvabo llva B di ’ ilyabo Ilya Boyandin
1Hyabo llya boyandin > .

- ¥ Flowmap.g| |

hansmib Hans @ igorDykhta Igor Dykhta

. % AlexGodbehere Alex Godbehere
O puckos New version of
Contributors 584 mapgl ﬂowmaps

EEPEDO support coming

BPHOCO@ soon!
a8

+ 570 contributors

spanishoddata

O

flowmapper e JohMast
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BIG DATA ON CONSUMER-GRADE LAPTOP WITH DUCKDB

DuckDB
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BIG DATA ON CONSUMER-GRADE LAPTOP WITH DUCKDB

o

DuckDB

OS/APPS

16 GB

OS/APPS

256 GB
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BIG DATA ON CONSUMER-GRADE LAPTOP WITH DUCKDB

SUMMARY

OS/APPS

16 GB

o

DuckDB

}/ \{

DATA
DATA

OS/APPS

256 GB
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BIG DATA ON CONSUMER-GRADE LAPTOP WITH DUCKDB

SUMMARY
COMPUTE

OS/APPS

16 GB

o

DuckDB

1\

DATA
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OS/APPS
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BIG DATA ON CONSUMER-GRADE LAPTOP WITH DUCKDB

: DATA

suMMARY 222 DuckDB S
COMPUTE / A DATA
COMPUTE DATA
COMPUTE DATA

OS/APPS OS/APPS

&

16 GB 512 GB
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EASE OF USE - FAMILIAR TO R USERS

Summary over multiple groups on full data set

Filter and summary
1 library(dplyr)
1 library(dplyr) G 2
2 3 od_data |>
3 od_data |> 4 group_by(
4 filter( 5 year,
D year == 2022, : month,
6 month %in% c(2, 3, 4) ! day,
- ) > 8 %d_orlg+n, |
. 9 id_destination
8 summarise( 10 )
9 n_trips = mean(n_trips) 11 summarise(
10 ) |> 12 n_trips = mean(n_trips)
11  collect() 13 ) |>
14 collect()




] AN|@
BIG DATA ON CONSUMER-GRADE LAPTOP WITH DUCKDB

Processing Speed Comparison
mean houlry trips by weekday over 18 months for each OD pair

parquet

128

Memory (GB)

Elapsed Time (minutes)
2 4 816243264 2 4 816243264 2 4 816243264

40

30

20

10
Number of Threads

Data processing speed comparison: DuckDB engine running on CSV.gz files
vs DuckDB database vs a folder of Parquet files

https.//github.com/e-kotov/spanishoddata-paper-supplement/blob/main/plots/supplement-plots/12 _analysis-speed.pdf
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BIG DATA ON CONSUMER-GRADE LAPTOP WITH DUCKDB

Processing Speed Comparison
mean houlry trips by &eekﬁy over 18 months for each OD pair

csv duckdb parquet

128

40
)
g 32 30
>
g
o 16 20
=
8 10
4

2 4 816243264 2 4 816243264 2 4 816243264
Number of Threads

Data processing speed comparison: DuckDB engine running on CSV.gz files
vs DuckDB database vs a folder of Parquet files

Elapsed Time (minutes)

N

https.//github.com/e-kotov/spanishoddata-paper-supplement/blob/main/plots/supplement-plots/12 _analysis-speed.pdf
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BIG DATA ON CONSUMER-GRADE LAPTOP WITH DUCKDB

Processing Speed Comparison
mean houlry trips by weekday over 18 months for each OD pair

csv duckdb parquet

II Elapsed Time (minutes)
. ] 3-4 year old laptop

aggregates 18 months of data
2 4 816243264 2 4 816243264 2 4 816243264

Number of Threads in ~ 10 minutes

128

64

w
N

Memory (GB)
>

Data processing speed comparison: DuckDB engine running on CSV.gz files
vs DuckDB database vs a folder of Parquet files

https.//github.com/e-kotov/spanishoddata-paper-supplement/blob/main/plots/supplement-plots/12 _analysis-speed.pdf



INTERACTIVE PLAYGROUND IN WEB BROWSER

o Platform Solutions Resources Open Source

Enterprise

H e-kotov [ ic2s2-2025-spanishoddata-playground  pubiic

<> Code

© Issues 11 Pullrequests () Actions [ Projects @ Security

¥ main ~ ¥ 1Branch © 0 Tags

g e-kotov initial commit
M media

[ Dockerfile

[ LICENSE

[ README.md

[ ic2s2-2025-spanishoddata.Rproj

0 README  &f8 CCO-1.0 license

initial commit

initial commit

Initial commit

initial commit

initial commit

Pricing

|~ Insights

Q Go to file

2c99750 - 2 months ago

Search or jump to... Sign in

<> Code ~

O 2 Commits

2 months ago
2 months ago
2 months ago
2 months ago

2 months ago

This repository is part of the workshop and tutorial "Mobility Flows and Accessibility Using R and Big Open
Data" workshop at IC2S2 2025 conference https://www.ic2s2-2025.0rg/ in Norrkdping.

Run this repository in RStudio with just your web browser using Binder.

Push the button >>

Mobility Flows and
Accessibility Using R
and Big Open Data

tutorial / workshop

O Notifications % Fork 0

About

Computational environment for
"Mobility Flows and Accessibility Using
R and Big Open Data" workshop at
IC2S2 2025 conference in Norrkoping.

@ www.ekotov.pro/spanish-open-mobil...

Readme
CCO0-1.0 license
Activity

0 stars

0 watching

€ O %<+ B

0 forks

Report repository

Languages

® Dockerfile 100.0%

Sign up

upf.




INTERACTIVE PLAYGROUND IN WEB BROWSER

upf.

Thanks to and for supporting us! &
mybinder.org has updated the base image to Ubuntu 22.04! See the for details.

binder

Launching your Binder...

The Binder team has that talks about what it is like to run a BinderHub.

Build Logs

Found built image, launching...
Launching server...
Server requested

2025-09-16T21:25:27.614448Z [Normal] Successfully assigned hetzner-gesis/ju
pyter-e-kotov-ic2s2-2-data-playground-puogn90c to svhz-css-mybinder-01
2025-09-16T21:25:28Z [ "jupyterhub/mybinder.org-tc-i




INTERACTIVE PLAYGROUND IN WEB BROWSER

upf.

@0®@® M 1Tab < O & & @ & https://hub.gesis.mybinder.org/user/e-kotov-ic2s2-2-data-pl- ¢, +  ¥¢ ® b O O ®© ©
e RStudio Server
File Edit Code View Plots Session Build Debug Profile Tools Help jovyan [» @
O -0 e~ =] A Go to file/functior £ ~ Addins - R Project: (None) ~
Console Terminal Background Jobs = Environment History Connections Tutorial —
R ~R45.0 - ~/ &9 [-) o7 Import Dataset -~ | 9 863 MiB - List - | @ -
i “time_slot® column in origin destination data is now called “hour’. Rz {{ils Global Environment s
“time_slot™ will be available in addition to “hour® and contain the same Data
data in the outputs of “spod_get()" and “spod_convert()" until the end of O x List of 2
2025.
This warning is displayed once every 8 hours.
Call “lifecycle::last_lifecycle_warnings()" to see where this warning was
generated.
B
Fil Plot: Pack; Hel Vi P tati
# Source: table<od_csv_clean_filtered> [?? x 20] o2 i) - i i S aphat o ED
# Database: DuckDB v1.3.0 [unknown@Linux 6.8.0-63-generic:R 4.5.0/:memory:] O] Folder | @ File - © |Upload © Delete ) Rename | {3k -
date hour id_origin id_destination distance activity_origin ] &) Home
<date> <int> <fct> <fct> <fct> <fct> A Name Size Modified
1 2022-01-01 0 01001 01009_AM 2-10 home = "
a :
2 2022-01-01  © 01001  ©1009_AM 2-10  infrequent_activity 2 Renviron 288 Jun 18, 2025, 1:15 PM
3 2022-01-01 0 01001 01009_AM 2-10 frequent_activity #] Dockerfile 335B Jul 20, 2025, 1:38 PM
4 2022-01-01 0 01001 01009_AM 2-10 frequent_activity ][R ic2s2-2025-spanishoddata.Rproj ~ 258 B Jul 20, 2025, 1:38 PM
5 2022-01-01 0 01001 01009_AM 2-10 frequent_activity ‘
6 2022-01-01 0 01001  01009_AM 2-10  work_or_study LJ LICENSE b:2.KD Jul:20,:2025; 1:38 FM
7 2022-01-01 0 01001 01058_AM 10-50 work_or_study L) ) media
8 2022-01-01 0 01001 0105901 10-50 infrequent_activity ") wo] README.md 685 B Jul 20, 2025, 1:38 PM
9 2022-01-01 0 01001 0105901 10-50 infrequent_activity a8
10 2022-01-01 0 01001 0105901 10-50 frequent_activity WOTK
# i more rows 1 2 mitms

# i 14 more variables: activity_destination <fct>,

#  study_possible_origin <lgl>, study_possible_destination <lgl>,
residence_province_ine_code <fct>, residence_province_name <fct>,
income <fct>, age <fct>, sex <fct>, n_trips <dbl>,
trips_total_length_km <dbl>, year <int>, month <int>, day <int>,
time_slot <int>

i Use “print(n = ...)" to see more rows

A2 R RS

https.//github.com/e-kotov/ic2s2-2025-spanishoddata-playground
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library (dplyr)

github.com/e-kotov/spanishoddata-playground?tab=readme-ov G ¢

O Platform v  Solutions v Resources ¥ Open Source v Enterprise - Pricing \Q Sign in

library (spanishoddata)

spod set data dir ("data")
& e-kotov [ spanishoddata-playground ' pubiic L\ Notifications % Fork 0 7¢ Star 0

x <- spod get(

<> Code () Issues 9 Pullrequests (» Actions [ Projects (O Security |~ Insights

"od"
¥ main ~ ¥ 1Branch © 0 Tags Q Goto file About 4

No description, website, or topics

-— " = = "
§ e-kotov update build container def k 1d3fada - 3 months ago ) 10 Commits provided. Z one S - dl S tr 1 C ts 14
Dockerbuild update build container def 3 months ago 00 Readme
-— " "
&8 CCO0-1.0 license dates - 2 0 2 2 - 0 1 - 0 1 )
3 .gitignore Initial commit 10 months ago
A~ Activity
[ Dockerfile rebuild with latest 3 months ago ¥ O stars x 9 >9
® 1 watching ° °
[ LICENSE Initial commit 10 months ago
% 0 forks
[ README.md add binder linke to readme 10 months ago Report repository group by ( age , sex ) 6 >6

0 README &3 CCO0-1.0 license

iii

Releases

summarize (

No releases published

spanishoddata-playground

Packages 1 4 trips = sum(n_trips,

na.rm TRUE) )



#30DayMapChallenge 2024

Hasta el 2% de la Movilidad Diaria
Nacional Interrumpida por la DANA

Tamaiio del municipio escalado segiin
el nimero de viajes potencialmente afectados

_Dominance of Commuters
in Urban Destinations Across Spain ,

Legend

Country Borders

f s
spanishoddata
L) ' 3 Municig
o b population

Commuters S =

- =

g 2 =]

More Male Trips B
Daily Home-Work-Home Daily Other Trips
Trips (thoudand: P X Montornes thoudand: A
— rips (thoudands) SABADELL TN X ‘\!mm (thoudands) (olaL!rrlps
| sa |

spanisho 2. 61 /i o 61 —

A R — o T 3}.
e P de il como de costumbre La DANA a_fec CRC red movil después de la DAN
. y podria reflejar desplazamientos
& . . Martorell  pamiEe b5 residenciales en areas afectadas
et R
2 o - Montgat
i Yo »
S u e personas
: SADALONA
Author Ego Kotov | #30DayMapChalenge | Day 1: Points : ’ 4 due P"ﬂ:‘;’r"i:‘l:':toﬁ
e to get the T pel p
Onglml data source: Mmﬂryvaransporl and Sushmable Mobility of Spain; Nommon @ S iopodt spanishoddata s:slsgu?dgl:r e
y 2 b o
= ul v
7 7
Shoddzta ‘
&n[j 0 a é ) St Fall o 57/ W cLONA A
Simaca :

@l Pratd® Liobregat

Viladc

Gava

Casablanca

En solidaridad con las victimas y sus familias
Autor: Egor Kotov | #30DayMapChallenge | Dia 16: Mapa Coroplético

Paquete R para acceder a los datos: ro github.io/spanishoddata/
Visualizacién del mapa realizada con mapgl: walker-data.com/mapgl/
Fuentes de datos: Ministerio de Transportes y Movilidad Sostenible (MITMS); Nommon

n‘ WZ coml A’(ppen g/)il M/
slozn/g}q oddgta
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SUMMER 2025 WORKSHOPS

Analysing
massive open
human mobility
data in R using
spanishoddata,
duckdb and
flowmaps © @

Q

&Y Intro
¢ Software setup

@@ Slides

1l Tutorial: Get &

Aggregate Mobility Data

~ Tutorial: Flowmaps

{J Workshop Introduction

AUTHOR AFFILIATIONS
Egor Kotov ®@F Max Planck Institute for Demographic
Research?
Universitat Pompeu Fabra™&@

CONFERENCE ~  DATES  REGISTRATION  SUBMISSIONS  CONTACT S
ARCHIVE v - UNIVERSITY

SALZBURG

DOl
10.5281/zen0do.15794849 1

agit2025

Analysing massive open human
mobility data in R using
spanishoddata, duckdb "¢ 4 ¥
and flowmaps S

tutorial / workshop y 7§/ .
k% Egor Kotov i .V

AGIT Conference - July 3rd, 2025 - Salzburg

This website provides supporting materials for the workshop Analysing i
open human mobility data in R using spanishoddata, duckdb and flowm
which is part of the AGIT & 2025 conference held in Salzburg, Austria on
3, 2025. This tutorial is licensed under CC BY 4.0 4.

18 | S e g 2
LI 8 e g8 : 00| et NS

S h oy SR

AGIT Conference for Geoinformatics July 2-3, 2025 | Salzburg

Shaping Geospatial Futures

Large-scale human mobility datasets provide unprecedented opportunitie
analyze and gain insights into movement patterns. Such insights are critic
fields ranging from transport planning and epidemiology to socio-spatial

inequality research and climate-change mitigation. Until recently, access

human mobility data was a privilege of a few researchers. Thanks to cour

AGIT 2025

We are happy to announce that AGIT is back in 2025. It will take place from the 2nd to 3rd of July 2025 at the Faculty of Natural and Life Sciences in Salzburg.

d_A n h ad Arum fo

mAatice itanac 2 h

https.//www.ekotov.pro/agit-2025-spanishoddata/

hut alea an -



SUMMER 2025 WORKSHOPS

Analysing
massive open
human mobility
data in R using
spanishoddata,
duckdb and
flowmaps © @

Q

&Y Intro
* Software setup
@@ Slides

1l Tutorial: Get &
Aggregate Mobility Data

~ Tutorial: Flowmaps

\ human mobiliti data was a irivileie of a few researchers. Thanks to countries /

{J Workshop Introduction

AUTHOR AFFILIATIONS
Egor Kotov ®F Max Planck Institute for Demographic
Research?

Universitat Pompeu Fabra @

DOI
10.5281/zen0do.15794849 1

Analysing massive open human
mobility data in R using
spanishoddata, duckdb
and flowmaps

tutorial / workshop

‘ Egor Kotov

AGIT Conference - July 3rd, 2025 - Salzburg

This website provides supporting materials for the workshop Analysing massive
open human mobility data in R using spanishoddata, duckdb and flowmaps
which is part of the AGIT 7 2025 conference held in Salzburg, Austria on July 1-
3, 2025. This tutorial is licensed under CC BY 4.07.

Large-scale human mobility datasets provide unprecedented opportunities to
analyze and gain insights into movement patterns. Such insights are critical for
fields ranging from transport planning and epidemiology to socio-spatial
inequality research and climate-change mitigation. Until recently, access to

https.//www.ekotov.pro/agit-2025-spanishoddata/

upf.
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SUMMER 2025 WORKSHOPS

On this page
i Ny H : —_—
Mobility F|OWS \S‘\/‘ WorKShop IntrOductlon Projected Timeline
and Accessibility
Using R and Bi AUTHORS AFFILIATIONS
9 9 Egor Kotov ®F Max Planck Institute for Demographic
Open Data 0o Researchf
Universitat Pompeu Fabra™@
Johannes MastZ ® The German Aerospace Center (Deuts|
Zentrum flr Luft- und Raumfahrt, DLR;
¢ J Workshop Julius-Maximilians-Universitat Wirzb SUBM'T} Sl RGR A M PRCERLZERS
Introduction (UMU) 7
|
#¢ Software Setup DOl

7
o @ Slides: Getting 10.5281/zen0d0.16238597

and aggregating the data

1b. gl Tutorial: Getting

and aggregating the data Mobility Flows and

Accessibility Using R

2a. 4§ Slides: Flows and Big Open Data ey i
Visualisation \\ 20
tutorial / workshop A /
2b. | Tutorial: Flows / \
Visualisation “% Egor Kotov f/.
3a. g€ Slides: i
Accessibility vs Mobility @ Johannes Mast RRKOPING 2025
3b. i Tutorial: 1C2S2 Conference - July 21, 2025 - Norrképing y

Accessibility vs Mobility

This website provides supporting materials for the workshop Mobility Flows
Accessibility Using R and Big Open Data which is part of the 11th Internatior

Conference on Computational Social Science 7 held in Norrképing, Sweden| th 3 5 % :
July 21-24, 2025. This tutorial is licensed under CC BY SA 4.0 7. 11*" International Conference on Computational Social Science

1 1o L [ I Py 4+ HR] PPN Pgr| ST
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Sk+ DOWNLOADS OVER PAST 18 MONTHS

spapishoddata

CRAN Downloads of spanishoddata
Weekly downloads from 2024-12-18 to 2026-06-07

250 -
'\e\‘*&‘
200 - @\mﬁ,@
150-
Downloads repo status ive
weekl
( Y) 100 - lifecycle 'stable
CRAN ' 0.2.6
50 -
downloads 5394
0- downloads 680/month
R-CMD-check 'passing
5‘0
DOI 10.32614/CRAN.package.spanishoddata
DOI 10.5281/zenodo.14516104



MAPSPAIN DOWNLOADS OVER LAST 18 MONTHS

CRAN Downloads: spanishoddata vs mapSpain
Weekly downloads from 2024-12-18 to 2026-06-07

mapSpain

1,000 -

750 -
* mapSpain is aninterface to

Downloads Spanish spatial data such as
(weekly) ° ) L
province, municipality and
census boundaries.

W spanishodde® With 32k downloads, only 6
times more popular than

mapSpain
250 -

R T T - TEK - S S S R iali
LSS much. more speqlallzed
NS &* SR S ¢ @ @ N spanishoddata in the same
period.
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BSC FLOW-MAPS

O Platform Solutions Resources Open Source Enterprise Pricing Q Signin

BSC Flow-Maps

Geographical Information System for monitoring COVID-19 outbreaks, from Barcelona Supercomputing Center

A 2 followers @ Barcelona Supercomputing Center ... @ https:/[flowmaps.life.bsc.es/flowbo... 3 flowmaps@bsc.es

() Overview [l Repositories 9 [ Projects @ Packages R People

Popular repositories People
g T Thi ization h. li

flowmaps-data Public fm-daily-mobility Public is/organization has no public

members. You must be a member to
A set of scripts to retive COVID-19 Flow-Maps data records see who's a part of this organization.
@Python 5 %1 Shell  ¥¥2

Top languages
fm-covid-19 Public fm-population Public

Bop Shell @ Python @ Vue
Shell ¥ 2 Shell  ¥¥1 @ Jupyter Notebook

fm-observatori-web Public fm-mobility-associated-risk Public

COVID-19 dashboard with predictions

@Vue W1 Shell

[ Repositories




PYSPAINMOBILITY

pySpainMobility
0.1.0
documentation

Q

API REFERENCE
Mobility

Zones

pySpainMobility Documentation

Standardized access to Spain’s official mobility datasets

Welcome to the documentation for pySpainMobility - an open-source Python package developed by
the research community to access, download, and standardize mobility data published by the
Spanish Ministry of Transportation and Sustainable Mobility.

/" Note

This is a FIRST release (both library and documentation). Please report any issues or suggestions via our GitHub
repository.

Key Features

o ( Access daily mobility datasets (versions 1 & 2) covering:

o Municipalities and districts

o Greater urban areas

o Time periods from February 2020 to 2021 and from 2022 to present
» B Standardized data structures for consistent analysis
o ({3 Built-in spatial tessellation handling

« ./ Designed for research reproducibility and policy applications

Getting Started

Installation

# Using conda
conda install -c conda-forge pyspainmobility

upf.




SPANISHODDATA R PACKAGE

https://ropenspain.github.io/spanishoddata/

Use {spanishoddata}

package

1
Z
3
4
5
6
4
8
9

10
11

library(spanishoddata)
spod_set_data_dir("data")

od_data <- spod_get(

type = "origin-destination", e
zones = "districts",
dates = c(

start = "2022-03-01",
end = "2022-03-07"

Logos are the property of their respective owners.

spanishoddata

upf.

CRAN 1 0.2.1

downloads 2282
downloads 107/month
R-CMD-check ‘passing

DOI 10.32614/CRAN.package.spanishoddata

DOl 10.5281/zenodo.14516104




MAPGL WITH FLOWS SUPPORT COMING SOON

mapgl 0.4.9.9000 ] Reference Articles ¥ Changelog

Getting started with mapgl

Source: vignettes/getting-started.Rmd

Using Mapbox GL JS

Your gateway to Mapbox GL JS v3 in R is the mapboxgl() function. Run the function with no
arguments to get an interactive globe using Mapbox’s Standard style:

library(mapgl)

mapboxg1()

Search for

On this page
Using Mapbox GL JS
Using Maplibre GL JS

Quick data visualization
with view functions

Comparing map views

upf.




MAPGL WITH FLOWS SUPPORT COMING SOON

LONGUEUIL

Town of
Mount-Royal

Saint-Lambert

Dollard-des- Westmount
Ormeaux

Cote Saint-Luc ™

Pointe-Claire Brossard

Montreal West

) Il BIXI Montréal Rides 2019-07-03 23:35 — 2019-07-04 23:29

2019-07-03 23:35 — 2019-07-04 23:28

La Prairie

Sainte-Catherine

Carignan

ap contributors
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DUCKSPATIAL R PACKAGE - SAME ENGINE AS IN
SPANISHODDATA

duckspatial 111 & GetStarted Reference Articles~ News O %~

Benchmark On this page
[ TL;DR
2026-06-13
Prepare data

Source: vignettes/benchmark.qgmd Spatial join
This vignette benchmarks {duckspatial} against {sf} across several spatial operations, Sl
comparing computation time and memory usage as dataset size grows. We plan to extend it Spatial distances
with additional operation types in future releases. Versions of packages used in this vignette: Dissolving geometries

e duckspatial : v10.0 Geometry predicates

e duckdb: V151
e sf:vllO

TL;DR

{duckspatial} is substantially faster and allocates far less memory than {sf} in almost all cases,
with the advantage becoming more pronounced on larger datasets. The one exception is

pairwise distance calculation, where {sf} retains a memory advantage for Euclidean distances.

Prepare data

We are going to test the speed of a a bunch of functions using simulated data. We use the
make_points() function to generate n random points within the globe, and 10,000 random

rectangles.

» Set-up




DUCKSPATIAL R PACKAGE - SAME ENGINE AS IN

SPANISHODDATA

60

N
(=)

Computation time

N
o

A) Normal scale

100.000

1.000.000
Data size (rows)

Benchmark Comparison for ddbs_join()

3.000.000

Execution time vs. data size

Package

-®- duckspatial

o sf

Memory allocated

400 MB
800 MB

Computation time

30s

10s

3s

300ms

B) Log scale

100.000

1.000.000
Data size (rows)

3.000.000
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Human mobility researcher

Fsor Kotov R package developer

&) ekotov.pro
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