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Digital traces



Why (also) digital trace data ?

As an example, stocks of migrants by country of birth in Spain (sources Eurostat,
OECD, UNDESA, and ) highlight temporal gaps the different datasets

[produced using JRC’s Dynamic Data Hub]
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Pros & Cons of Digital trace data

Non-traditional data for demography, migration and human mobility
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30907 EN, Publications Office of the European Union, Luxembourg, 2022, ISBN 978-92-76-46702-1, doi:10.2760/958409, JRC127369.
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https://publications.jrc.ec.europa.eu/repository/handle/JRC127369

How the literature on demography, migration and human mobility uses digital trace data

Literacy Conflict data

Mortality

Intention to migrate
Disaster maps

Displacement maps

Fertility ——= . Data4aGood at Meta
JRC SCIENCE FOR POLICY REPORT
Population maps
P e = CDR
Migration flows - S - - . XD

I Air passengers data

. Twitter

. FB Adv Platform

Data Innovation

in Demography, Migrants stocks
Migration

and Human

Human mobility

= Instagram
s Google Location History

I Flickr

s Reddit

Highly skilled migrants I Payment apps
Remittances "as — . e Linkedin

Migrants integration

Migration mood

Bosco, C., Grubanov-Boskovic, S., Iacus, S., Minora, U., Sermi, F. and Spyratos, S., Data Innovation in
Demography, Migration and Human Mobility, EUR 30907 EN, Publications Office of the European Union, o

Luxembourg, 2022, ISBN 978-92-76-46702-1, do0i:10.2760/958409, JRC127369.
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https://publications.jrc.ec.europa.eu/repository/handle/JRC127369

Application of innovative data and digital traces

Can be used to:
o fill in the gaps in traditional statistics
o obtain estimates at multiple temporal and spatial scales
o overcome measurement errors in survey data

Current competitive advantages

 greater geographic and temporal granularity

* (near-) real time availability

 extensive coverage (which makes more immediate international comparisons
possible).

IQSS



Facebook Advertizing Platform Data

ppppppp

Allows to estimate a target population in terms of
age, gender, education, region, interests, etc

Only see Facebook accounts, therefore biased

Available over time, not retrospectively

Not all usage of these data are permitted! Check
the latest API documentation.

In our toy example for Uganda we show the
extraction of these data for one given date only
(Nov 9th 2019) but data collection can be done on
a weekly basis

1QSS



Nowcasting human mobility during humanitarian crisis ﬂ
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Venezuelans in Spain: latest EU official statistics,
Facebook Network data (improved frequency update & timeliness)

Reference: “Quantifying international human mobility patterns using Facebook Network data”, S. Spyratos, M. Vespe, F.
Natale, I. Weber, E. Zagheni, M. Rango, PlosOne, 2019, https://doi.org/10.1371/journal.pone.0224134
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Migrants’ integration I

Pollacci (2019), Pollacci et al 2021 and
Sirbu et al. (2021) introduced the notion of
Superdiversity based on Twitter data.

By superdiversity is intended a new level of
cultural diversity due to immigration and
cultural differences among immigrants
themselves (Vertovec, 2007).

The authors create the superdiversity index
(SI) from Twitter data based on the idea
that "different cultures assign different
emotional valence to different words"

0.234 0.250 0.315 3.55% 10.09% 42.66%

Superdiversity index (left) and immigration levels
(right) across UK regions at NUTS2 level.
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Migrants’ integration 11

Top 3 Cities / Cluster according to Power of Integration 1.0
Lamanna et al (2018) e P i
proposed_ a metrlc to a_ssess CH1 8;491 k/IO;ndc?‘mr:aster Cc2 ggz Egiliz;delphia _ 06
the spat|a| segregation of o 0.52 Los Angeles 0.32 Singapore =0
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C|t|eS |n the W0r|d. 5‘3’, =- 0.12 Toronto Normalized Vector Length
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on languages spoken on iR =

Twitter. The immigrant

community is considered to be Power of Integration. In (a), three groups of cities show similar

well-integrated into the city if behavior in the number of communities detected and in their levels
also large portion of native of integration. The height of the bars represents the number of
residents live in the same languages (communities) detected in each city.

neighborhoods. —
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Mobile Phone Data for crisis management

17 Mobile Network Operators, covering 22 EU Member States (AT, BE, BG, CZ, DE, DK, EE, ES, FI, FR, GR, HR,
HU, IE, IT, LT, LV, PT, RO, SE, SI, SK) + NO

— except CY, MT, PL, LU and NL

Challenges: privacy, fundamental rights, security, commercial sensitivity, communication challenges

Harmonisation: common denominator to de-sensitise and reduce heterogeneity at the price of further aggregation

and normalisation

Differences in:
* Granularity
* Frequency
* Definitions

= Anonymisation,

* Extrapolation

Secure platform to
store and analyze data
Restricted access

Comparable
georeferenced

mobility products

= Updated daily

Almost real time

MNOs

JRC SPEAR

‘J‘RC Big Data Platform

Epidemiological
models

Economic impact
analysis

Impact of interventions on
mobility

Mobility Visualisation
Platform

Mobility Change Tool

JRC COVID Scenario
Analysis Toolbox

MSs & Commission
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Mobility Functional Areas (MFA) - Mobile Phone Data

Mobility Functional Areas (MFA) are data-driven concepts of territorial units
forming clusters identified through the inbound and outbound movements
between territorial units looking at mobile phone traces.

2020-01-13

MFA'’s often spread across
multiple administrative areas
and/or cover only part of them.

The MFA’s change with time
and are cyclical, like mobility

There is not necessarily a
central node for the MFA’s
(compared, e.qg., to FUA _ MFA across :
Functional Urban Areas). depariments
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Mobility Functional Areas and Epidemiology

VIRUS Auf SARS-CoV-2 positiv getestete Personen der vergangenen 7
at/las Tage pro 100 000 Einwohner

08.10.2020 14:00

. | sARs-cov-2-Fille 3
Pro 100 000 Einwohner / \f\

EEm > 100
E=9 > 50 bis 100 e
== >25 bis 50 T
= <25 ’

Quelle: Bundesministerium f. Soziales, Gesundheit, Pflege und Konsumentenschutz, https://www.data.gv.at/covid-19 = 25 100 km
Methodik: Darstellung auf Basis der des Daus

Herausgeber: © 2020 Universitat Wien, Institut far und g, Kar phie und Geoinformation

i
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Mobility Functional Areas and Epidemiology

Cases 31-03-2020
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T2 Country boudaries

MFAs versus administrative borders MFAs versus COVID-19 cases (31-03-2020)
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Mobility Functional Areas and Epidemiology

Vi =« + /- mfa,Indi + y - population,, (simple regression model)
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Relative impact of MFA wrt population MFAs versus COVID-19 cases (31-03-2020)
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Pros & Cons of Digital Traces

innovative traditional
Purpose of data collection commercial and other pur- | administrative/statistical
poses purposes

Collected by

mobile devices, sensors,
users of internet applica-
tions

trained professionals

Transparent methodology rarely always
Data heterogeneity high low
Demographic representa- | can be low high
tiveness

Spatial and temporal com- | varies harmonized
pleteness

Reference area

user/device location

administrative areas

Reference time period

undefined, continuous, can
be real-time

defined

Timeliness high low
QC/QA mechanism unknown present
Data cost varies but can be low high
Stability/Sustainability of | low high

the data source

1QSS



(Why) Harvard Dataverse



“The

management of data through its
lifecycle of interest and usefulness
to scholarship, science, and

et
p e

education.”
Dataverse‘g
. o
& HARVARD A
e Depositing data in a Dataverse - k_/
e Choosing data Y ety
e Applying to published more
e  Write good documentation so shared is actually

e Steward shared data over its




What is Dataverse?

An open-source platform that provides a generalist repository to publish, cite, and archive research data

Built to support multiple types of data,
users, and workflows

Supports FAIR principles and

Signposting.

Developed mainly at Harvard's Institute
for Quantitative Social Science (IQSS)

since 2006 + key contributors from our reuse

large community

Supports knowledge
discovery and innovation

Supports and promotes
inter- and cross-
disciplinary data and

The FAIR Guiding Principles (Wilkinson et al. 2016)

Increases visibility,
citations, and impact of
research

Streamlines and maximizes
ability to build upon previous
research results

Attracts partnerships with
researchers and business in
allied disciplines

Promotes use and reuse of data
allowing resources to be allocated
wisely

Improves reproducibility and
reliability of research results

Started as a data sharing platform for
the social science now covers a wide

range of disciplines.

Agricultural Sciences 4,904

Arts and Humanities 36,716
Astronomy and Astrophysics 1,350
Business and Management 2,341

Chemistry 955

Computer and Information Science 3,798
Earth and Environmental Sciences 9,554
Engineering 2,292

Law 5,849

Mathematical Sciences 722

Medicine, Health and Life Sciences 10,548
Physics 1,760

Social Sciences 64,287
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What is Dataverse?

An open-source platform that provides a generalist repository to publish, cite, and archive research data

Built to support multiple types of data,
users, and workflows

140
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Dataverse installations

Supports FAIR principles and 105
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What is Dataverse?

An open-source platform that provides a generalist repository to publish, cite, and archive research data

Built to support multiple types of data,
users, and workflows

Supports FAIR principles and
Signposting.

Developed mainly at Harvard's Institute
for Quantitative Social Science (IQSS)
since 2006 + key contributors from our
large community

Started as a data sharing platform for
the social science now covers a wide
range of disciplines.

DATAVERSE REPOSITORIES - A WORLD VIEW
120 Installations

Harvard Dataverse

Share, archive, and get credit for your data. Find and
cite data across all research fields.

Advertised harvesting sets: IQSS

Launched in 2008

Project board

®) Global Dataverse Community, Consortium member

Included in dataverse.org/metrics

»
AMERICA '..'5.

° Q
O
° °
® L]
L] (]
®
° AFRICA
°
o °
+ @ SOUTH
AMERIC/S

o ©° Y

Computer and Information Science 3,798

Agricultural Sciences 4,904
Arts and Humanities 36,716 Earth and Environmental Sciences 9,554

Astronomy and Astrophysics 1,350 Engineering 2,292

Business and Management 2,341 849
matical Sciences 722

Chemistry 955

Medicine, Health and Life Sciences 10,548

Physics 1,760

Social Sciences 64,287

ASIA °

OCEAN
Leaflet | © OpenStreetMap contributors © CARTO
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What is Dataverse?

An open-source platform that provides a generalist repository to publish, cite, and archive research data

Built to support multiple types of data,
users, and workflows

Supports FAIR principles and
Signposting.

Developed mainly at Harvard's Institute
for Quantitative Social Science (IQSS)
since 2006 + key contributors from our
large community

Started as a data sharing platform for
the social science now covers a wide
range of disciplines.

datasets
o 177 K Harvard DV
o [426 K whole DV network]

files
o 1.8 M Harvard DV
o [6.02 M whole DV network]

downloads
o  63.1M (1.3M/month) Harvard DV
o [86.5M whole DV network]

storage
o <70 TB Harvard DV [as of end 2023]

Contributed by 70K users overall [Harvard DV]
o 53 Kunique users depositing data in 2023
o 4.0 Kunique users downloading data in 2023
o 8.3 Kunique active users in 2023

Agricultural Sciences 4,904 Computer and Information Science 3,798
Arts and Humanities 36,716 Earth and Environmental Sciences 9,554
Astronomy and Astrophysics 1,350 Engineering 2,292
Business and Management 2,341 Law 5,849

Mathematical Sciences 722

Chemistry 955

Medicine, Health and Life Sciences 10,548

Physics 1,760

Social Sciences 64,287

1QSS



Deluge of Large Data

2004 - 2023: <70TB
Gen - Apr ‘24: + 35 TB (+50%)
June ‘24: +420 TB (a single project)

Sustainability model: -@
data owner contributes to storage costs

Moving to MOC (Mass Open Cloud):
® NO egress costs
e 30% (storage/computing) cost wrt
external cloud solutions

~— —
Y ' -
-

1QSS



The concept of “collection”

Datasets with standardized metadata

Upload data files/documentation, with metadata
Publish and share capabilities

Link your datasets to coauthors and other data
Persistent identifiers: (DOIls, ORCID, etc)
Dataset and file level citations

Set “terms of access” and licenses

Export metadata
Export data citation

Private URL to share your dataset in draft
format

Data Analysis, File Previewer, Al integration
File folder hierarchy preservation
Restrict/Open files for access/request access
Workflows for data deposit and publishing

Custom metadata blocks

1QSS



1.

Citation Metadata: any metadata that would be needed for
generating a data citation and other general metadata that could be
applied to any dataset;

Domain Specific Metadata: with specific support currently for
Social Science, Life Science, Geospatial, and Astronomy datasets;

File-level Metadata: varies depending on the type of data file and
include options like file tags, descriptions, variable names, and
hierarchy preservation.

1QSS



Ability to create Dataverse
collections to organize datasets
according to your needs
Dataverses collections can also
contain other collections, enabling
any hierarchical structure
Different rules can be applied for
different Dataverse collections,
e.g. for Metadata, Permissions,
etc.

Schematic Diagram of a Collection in Dataverse Software 5.0

(ETsta]

Dataset #1

Container for your Datasets and/or Collections*

* Collections can contain other Collections

1QSS



e Metadata is defined
dynamically at the database
level, allowing for modularly
adding new Metadata blocks

e Supports:

single or multiple values
simple or compound values
controlled vocabularies
external vocabularies

O O O O

Choose the metadata fields to use in dataset templates and when adding a dataset to this dataverse.

Citation Metadata (Required)
() Geospatial Metadata
(] Social Science and Humanities Metadata
[J Astronomy and Astrophysics Metadata
(] Life Sciences Metadata
(] Journal Metadata

Citation Metadata A

Title *

[+] View fields

[+] View fields

[+] View fields

Add "Replication Data for" to Title

Name *

Admin, Dataverse

Identifier Scheme

Select...

This field supports only certain HTML tags.

Text *

Date

[+] View fields + set as hidden, required, or optional

[+] View fields

[+] View fields

Affiliation

Dataverse.org +
Identifier
Affiliation
Dataverse.org +
+

1QSS



CroissantML: Al/ML-Ready Datasets Simplified

Create Croissant™
via GUlor CLI ',

METADATA dataset name and provenance
RESOURCES files and where to download them
STRUCTURE how to convert files to tables

SEMANTICS decoding columns to appropriate types

5 Support for
P >400k datasets by '
major data repositories :
incl. Kaggle, HuggingFace 1
and OpenML H

=| I‘a(lV > ¢s > arXiv:2403.19546v1

Computer Science > Machine Learning

CREATE
[Submitted on 28 Mar 2024 (this version), latest version 30 May 2024 (v2)]

Croissant: A Metadata Format for ML-Ready Datasets

Mubashara Akhtar, Omar Benjelloun, Costanza Conforti, Joan Giner-Miguelez, Nitisha Jain,
Michael Kuchnik, Quentin Lhoest, Pierre Marcenac, Manil Maskey, Peter Mattson, Luis Oala,
Pierre Ruyssen, Rajat Shinde, Elena Simperl, Goeffry Thomas, Slava Tykhonov, Joaquin
Vanschoren, Steffen Vogler, Carole-Jean Wu

T

TensorFlow

Data is a critical resource for Machine Learning (ML), yet working with data remains a key friction point.
This paper introduces Croissant, a metadata format for datasets that simplifies how data is used by ML

SEARCH &

; ’ : DOWNLOAD
tools and frameworks. Croissant makes datasets more discoverable, portable and interoperable, LT
thereby addressing significant challenges in ML data management and responsible Al. Croissant is .
already supported by several popular dataset repositories, spanning hundreds of thousands of Vigid \

data to your

favourite ML '

framework ‘
/

datasets, ready to be loaded into the most popular ML frameworks.

https://arxiv.org/abs/2403.19546v 1 Y

IQSS/DV contributed to definition of this standard for ML/Al workflows. HDV exposes

CroissantML metadata to crawlers to increase discoverability of this type of data and
—

has a built-in exporter.
1QSS
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Supports multiple workflows
by controlling who can add to
your Dataverse collection,
what they can do, and what
role they have on and created
Datasets

Roles are defined as a set of
permissions to grant to users
or to groups

Groups can be defined
statically or dynamically
(e.g. users logging in from the
same institution)

Edit Access

Who can add to this dataverse?

Anyone adding to this dataverse needs to be given access
Anyone with a Dataverse account can add sub dataverses
Anyone with a Dataverse account can add datasets
® Anyone with a Dataverse account can add sub dataverses and datasets

When a user adds a new dataset to this dataverse, which role should be automatically assigned to them on that dataset?

® Contributor - Edit metadata, upload files, and edit files, edit Terms, Guestbook, Submit datasets for review

Curator - Edit metadata, upload files, and edit files, edit Terms, Guestbook, File Restrictions (Files Access + Use), Edit
Permissions/Assign Roles + Publish

Save Changes Cancel

2 Users/Groups

User/Group Name (Affiliation) ¢ ID ¢ Role ¢
Dataverse Admin (Dataverse.org) @dataverseAdmin Admin
Anyone with a Dataverse account :authenticated-users Dataverse + Dataset Creator

1QSS



% Dataverse Search ~ User Guide Support Sign Up Log In

Dataverse MOC Proof of Concept Demo

Dataverse MOC Proof of Concept Demo >

GEOS-Chem Demo Dataset, Cluster Computing Demo
[ vorson 11

E

Chem, GEOS, 2024, "GEOS-Chem Demo Dataset, Cluster Computing Demo", https://doi.org/10.5072/FK2/QFQR Access Dataset ~

N3, Dataverse MOC Proof of Concept Demo, V1

Contact Owner

Cite Dataset ~ Learn about Data Citation Standards.

Dataset Metrics

71 Downlga€s

If Dataverse sees a (python) notebook,
the new menu item “Compute on
data” appears in the Access Dataset
drop down menu

Description Sample dataset for the cluster computing demo

Subject Earth and Environmental Sciences

License/Data Use ol cco 1.0
Agreement
Files = Metadata = Terms  Versions
Change View Table  Tree
» @ 14.2.0-1c2

» @ 14.3.0-1c.0

~ @ sondes_2010-2019
[ allozonesondes_2010-2019.csv (1.1 MB)

@ allozone _ito-olowosv-{566.8

@ ipynb_checkpoints

[3 ozone_sonde_benchmark_v3-checkpoint.ipynb (19.1 KB)

Copyright © 2024

poweredby Dataverse O%v o

Search ~ User Guide Support Sign Up Log In

of Concept Demo

incept Demo >

>m Demo Dataset, Cluster Computing Demo

Access Dataset ~

Cont;

BEOS, 2024, "GEOS-Chem Demo Dataset, Cluster Computing Demo", https://doi.org/10.5072/FK2/QFQR
Bverse MOC Proof of Concept Demo, V1

Download Options & |

Download ZIP (4.7 GB)

Compute on data

aset v Learn about Data Citation Standards.

Dataset

71 Do

Sample dataset for the cluster computing demo

License/Data Use
Agreement

Earth and Environmental Sciences

PUBLIC
DOMAIN

CCo 1.0

This menu will launch the JupyterLab VM with

the pre-loaded notebook taken from the dataset.

All files in this collection are seen as local to the Jupyter instance. Python will simply load them

into memory for computing purposes.

—

"

N’
IQSS




Dataverse O%

SIQSS

The Insitute for Quantitative Social Science

[TGHARVARD

Dataverse

Hay

Dataverse

Search

Why insurgents Kill civilians in capital cities: A disaggregated
analysis of mechanisms and trends

D\ Koren, Ore, 2017, "Why insurgents kill civillans in capit
of mechanisms and trends”, http

Description

Subject
Keyword

License/Data Use
Agreement
Files

Change View

| cities: A disaggregated analysis
WN/PHHZI7, Harvard Dataverse,

ion Standards.

Research into the causes of violence against cvilians has increased
significantly In recent years, yet the mechanisms governing spatlal pattems of
victimization remain poorly understood. My investigation explores if and why
one specific locality, capital cities, experiences a higher fraquency of violence
against civillans perpetrated by armed insurgent organizations. | argue that the
pottical value associated with capitals allows these groups to asymmetrically
impose higher costs on the regime by targeting civilians In these localfties. | lay
out and vaidate three specific mechanisms to explain this pattern: elite
coercion, popuiar intimidation, and intemational persuasion. In the first
scenario insurgents aim to influence domestic eltes drectly. In the second
they aim Is to affect domestic civillans' resolve. In the third, they seek to
Influence International audiences. Using nex global atrocities data
for the years 1996-2009, | evaluate this linkage by employing different

ical and for potential reporting biases.
hnan, 1 show that ethric and secessionist wars are more likety to experience
atrocities In the capital compared with other confiicts. The findings Bustrate
potential benefits from expiaining the temporal and spatial variation in violence
by insurgents, with a focus on strategic conditions and power asymmetries.
(2017-08-21)

Soclal Sclences

Political violence; Civilian victimization; Conflict; Spatial analysis

Tabie Tree

Contact

Owner S

Dataset Metrics
1,797 Downloads

11 sort-

&, Download -

® -

® o L.

This chatbot only sees the
tabular data but is clueless
about the metadata

1QSS




& HARVARD

Dataverse

Dataset Citation

Add Data ~

Search -~

About User Guide

Paolucci, Matteo, 2020, "Stroke and COVID-19 cases in March 2020 compared to March 2019 in the Italian provinces of Forli-
Cesena and Rimini", https://doi.org/10.7910/DVN/EVHWSB, Harvard Dataverse, V2, UNF:6:Cs2UBASEs+8UI/3980A+GA==

[fileUNF]

Cite Dataset ~

File Tools Metadata

File Tools ~

Tell me what you want to know

Versions

Learn about Data Citation Standards.

2 Open in New Window

create a regression model that

explains the number of strokes as a
function of covid cases (show me the
exact variable names you used). Show
me the coefficients and predict the
number of strokes when covid cases =

50

N\

Answer please

Support

Sign Up Log In

Simple statistical reasoning

The regression model used the variable "COVID-19FCcuminc’ to explain the number of strokes (‘(FCstrokecuminc207). The coefficients of the model

are as follows: - Constant: 1.205324 - COVID-19FCcuminc: 5.159673 When the number of COVID cases is 50, the predicted number of strokes is

approximately 259.189.
March2020 COVID-19FCcuminc

-

0.25
0.25
0.25
0.51
1.01
1.01
17T
3.8

00 N O U A W N

AN

COVID-19RNcuminc
4.7

5:59

7.06

9:7

19.99

27.34

30.58

33.22

AR DD

COVID-19FC+RNcuminc E
2.31

272

3.4

4.76

9.8

13.2

15.11

17.42

2A g
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Tall me what yorwant to know Tell me what you want to know

¢Cuantas personas fuman en este

) hvor mange reykere er det i dette
conjunto de datos? I — ge roykere

4 ltes datasettet?

| "data" seems to be the only tabli
Answer please * a person smokes or not.

60 personas fuman en este conjunto de datos.

Answer please

TADLE uaila |
WAS 4 (JADFUAD

There are 60 smokers in this dataset.
Tell me what you want to know

combien y a-t-il de fumeurs dans cet
ensemble de données ?
No EIHV?

Answer please
.e has a "Smoke" column which indig

Il'y a 60 fumeurs dans cet ensemble de données. this table.

Tell me what you want to know

Smoke

No COTF—5 1ty kICITERIESEHE AL

Yes

on: sqi_aw_query_cnecker
Action Input: “SELECT COUNT(x) FROM data WHERE Smoke = '
Observation: The original query seems to be correct as i Answer p|ease

s'. There are no joins, unions, between statements, or fi
CDT—9 1ty LICIX0OADBRESZMNNET,

correct as well, assuming 'Smoke' is a text column. The

Here is the reproduced query:

for some reasons SELECT COUNT(x) FROM data WHERE Smoke = 'Yes' = N
Thought:The query seems to be correct. Now I can execute it to get the number of people ZDT—F Y FLCL;6OA@”¥@%7IJW\§_9F°
German does not Action: sql_db_query
. Action Input: "SELECT COUNT (%) FROM data WHERE Smoke = 'Yes'"
WOI’k fOI’ T_hlS data Observation: [(60,)]
Thought:I now know the final answer
Final Answer: 60 personas fuman en este conjunto de datos. UBECD) 22/5,000

Kono détasetto ni wa 60-ri no kitsuen-sha ga imasu.

Eintshedichatn. There are 60 smokers in this dataset.



Thank you!
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