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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 World Bank) highlight temporal gaps the different datasets
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Pros & Cons of Digital trace data
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Application of innovative data and digital traces

Can be used to:
○  fill in the gaps in traditional statistics
○ obtain estimates at multiple temporal and spatial scales 
○ 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).



Facebook Advertizing Platform Data

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



Venezuelans in Spain: latest EU official statistics, Spanish Statistical Office, 
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

Nowcasting human mobility during humanitarian crisis



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"

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

Migrants' integration I



Migrants' integration II

Lamanna et al (2018) 
proposed a metric to assess 
the spatial segregation of 
immigrant communities in a 
subset of 53 most populated 
cities in the world.

The spatial integration 
measure (Power of 
Integration) is based on the 
concept of Shannon entropy 
on languages spoken on 
Twitter. The immigrant 
community is considered to be 
well-integrated into the city if 
also large portion of native 
residents live in the same 
neighborhoods.

Power of Integration. In (a), three groups of cities show similar 
behavior in the number of communities detected and in their levels 
of integration. The height of the bars represents the number of 
languages (communities) detected in each city.



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

Secure platform to 
store and analyze data
Restricted access



Mobility Functional Areas (MFA)  -  Mobile Phone Data

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.g., to FUA _ 
Functional Urban Areas).

MFA across 
departments

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.



Mobility Functional Areas and Epidemiology



MFAs versus administrative borders MFAs versus COVID-19 cases (31-03-2020)

Mobility Functional Areas and Epidemiology



Relative impact of MFA wrt population MFAs versus COVID-19 cases (31-03-2020)

Mobility Functional Areas and Epidemiology
(simple regression model)



Pros & Cons of Digital Traces



(Why) Harvard Dataverse



“The active and ongoing 
management of data through its 
lifecycle of interest and usefulness 
to scholarship, science, and 
education.” 

Research Data Management

Data Sharing
● Depositing data in a repository

● Choosing data licenses

● Applying metadata to make published data more 
findable (FAIR)

● Write good documentation so shared data is actually 
reusable

● Steward shared data over its useful term



What is Dataverse?

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.

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



What is Dataverse?

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.

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



What is Dataverse?

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.

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



What is Dataverse?

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.

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



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
● 30% (storage/computing) cost wrt 

external cloud solutions 



What is special about Dataverse?

Export metadata 

Export data citation 

Private URL to share your dataset in draft 
format

Data Analysis, File Previewer, AI integration

File folder hierarchy preservation

Restrict/Open files for access/request access

Workflows for data deposit and publishing

Custom metadata blocks

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: (DOIs, ORCID, etc)

Dataset and file level citations

Set “terms of access” and licenses



Metadata Types
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;

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

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

● 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.



Dynamic Metadata

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

● Supports: 
○ single or multiple values
○ simple or compound values
○ controlled vocabularies
○ external vocabularies



CroissantML: AI/ML-Ready Datasets Simplified

https://arxiv.org/abs/2403.19546v1

IQSS/DV contributed to definition of this standard for ML/AI workflows. HDV exposes 
CroissantML metadata to crawlers to increase discoverability of this type of data and 
has a built-in exporter.

https://arxiv.org/abs/2403.19546v1


Flexible Permission System

● 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)



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.

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



“Ask the data” 
DV chatbot

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



Simple statistical reasoning



for some reasons 
German does not 
work for this data



Thank you!

Contact: siacus@iq.harvard.edu


