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PROJECT SUMMARY 

Since its identification in China in January 2020, the 2019 novel coronavirus disease (COVID-19) epidemic 
rapidly spread worldwide reaching all continents within a few months. Mobility flows were shown to drive spatio-
temporal distribution of COVID-19 cases in China in the early phase of the outbreak. Social distancing and 
mobility restrictions are currently the core policy response to COVID-19, but the relation between imposed 
interventions, individual response and compliance, and epidemic spread is still unclear. Using aggregated travel 
flow data from mobile phone trajectories in France, this project will assess the relation between changes in travel 
patterns and mobility flows, behavioral adaptation and epidemic activity, throughout the course of COVID-19 
epidemic.  

CONTEXT AND NOVELTY BEYOND THE STATE-OF-THE-ART 

Since its identification in China in January 2020, the 2019 novel coronavirus disease (COVID-19) epidemic 
rapidly spread worldwide reaching all continents within a few months. The early stage of the epidemic was 
characterized by a geographical spread from the epicenter of the outbreak in Wuhan to other regions in China, 
alongside with the international seeding. Several studies showed that mobility flows out of the city of Wuhan 
drove the spread to other prefectures in China in the early phase of the epidemic, before travel restrictions and 
substantial control measures were put in place [1,2,3]. Extensive lockdown resulted then to be very effective in 
several countries in reducing the epidemic spread, including in France [4,5,6]. 

In absence of pharmaceutical measures, social distancing and mobility restrictions remain at the core of policy 
response to COVID-19 in several countries worldwide. The relation between imposed interventions, individual 
response and compliance, and epidemic spread is however still unclear. Several studies have evaluated the 
changes in mobility recorded during lockdown outside China [7-18], but few addressed their public health 
implications [19]. In particular, with evolving recommendations on social distancing and preventive measures, 
changing travel patterns and mobility flows may have different impact on COVID-19 epidemic throughout its 
course. Understanding the relation between mobility and disease spread becomes even more important after 
lifting lockdown, with countries progressively phasing out the rigid measures imposed to curb the initial increase 
of cases.  

OBJECTIVES 

Using aggregated travel flow data from mobile phone trajectories in France, this project aims to assess the 
relation between imposed restrictions on mobility, behavioral adaptations, and disease spread, throughout the 
course of COVID-19 epidemic.   

METHODS 

Mobile phone data are provided by the Orange Business Service Flux Vision. They comprise origin-destination 
travel volumes among ~1,500 geographic areas of mainland France, which group municipalities at the 2018 



EPCI (Établissements Publics de Coopération Intercommunale) level. The average distance between the 
centroids of two adjacent areas is 22 km. Travel volumes are computed on-the-fly from signals exchanged 
between mobile phones and the mobile network, which contain information about the identifiers of the mobile 
phone and of the antenna handling the communication. Knowing the spatial localization of the antennas allows 
reconstructing the approximate position of the device in communication. This is then used to compute 
aggregated travel volumes among locations, with no residual information tracing back to the individual users. 
Data provide the number of displacements (or trips) observed between any two consecutive locations where 
the user spent at least 1 hour. For each pair of locations and any given day, data are provided stratified by age 
class and are adjusted to be representative of the general population. Data are provided in almost real-time 
(~4 days delay) from January 1, 2020. A first study tracking the changes in population flows in France during 
lockdown and how they relate to compliance, socio-economic drivers, and risk aversion behavior has already 
been conducted [19].  

Data from Google Trends (by region, department, major cities) on searches linked to COVID-19 [20] will be 
used as a proxy for interest and awareness over time [21].   

We will use data describing the epidemic trajectories per department and per region from the SIVIC database, 
accessed through an ongoing collaboration with Sante publique France. In particular: number of hospital 
admissions per day; number of admissions to ICU per day; number of occupied beds in ICU service; number 
of deaths at the hospital per day.  

In the proposal we plan to: 

1) Monitor over time whether if and to what extent social distancing measures (e.g. increasing telework, 
reducing school attendance, keeping Universities closed) and explicit mobility restrictions (e.g. limits on 
displacement distance) translate into documented changes in travel patterns and mobility flows. This has been 
done so far only for the transition from before to after the implementation of lockdown [19]. How this relation 
will play out in the next months when phasing out lockdown remains unclear, as non-pharmaceutical 
interventions may have a direct (e.g. mobility restrictions) or indirect (reducing school attendance, limiting the 
use of public transport) impact on mobility. Moreover, they are mediated by individual response and adaptation 
that may vary geographically and over time (e.g. induced by different levels of information or awareness).     

2) Identify associations between changes in mobility and changes in the spreading potential of the epidemic. 
This will be done at different resolution levels (regions; departments with higher epidemic activity to reduce 
effects of noise in the data) and across time to uncover synchronous or delayed impacts of mobility reduction 
on epidemic activity, and the effective magnitude of the impact. We will use the epidemic trajectories to define 
levels of epidemic activities and to estimate the reproductive number over time in each given area. Moreover, 
the associations will be studied across different phases of the epidemic, to capture changes in compliance and 
effectiveness of interventions over time (see (1)). 

3) Identify associations between mobility flows and spatial spread of the epidemic. While the first 2 subprojects 
deal with the impact of mobility changes on the epidemic activity of a given area, this subproject focuses on 
mobility between pairs of areas (e.g. regions) as a mean for spatial dissemination of the disease, as observed 
in China.  

The project will use tools of time series analysis, spatial analysis, network science, statistics. Subprojects (1) 
and (2) will be repeated during different phases of COVID-19 epidemic (e.g. exiting lockdown, summer 
vacation, start of the school calendar and academic year, winter period, etc.). The study will be performed at 
regional or departmental level. Papers may be focused on specific areas of interest depending on the 
evolution of the pandemic (see also the Risk Analysis section). Depending on the results of (2), the findings of 
the project may be used to provide an additional indicator to monitor the epidemic activity in real-time that can 
act as an alert system guiding interventions up to the availability of a vaccine.  

 

SCHEDULE 

Year 1 
Analysis of the relation between social distancing interventions, mobility, behavioral adaptations, and epidemic 
spread during summer and fall 2020.  
Writing and submission of paper #1. Revisions of paper #1.  
Year 2 
Analysis of the spatial spread of COVID-19 epidemic in France and its relation to population mobility flows.  
Writing and submission of paper #2. Revisions of paper #2.  
Year 3 



If COVID-19 epidemic unfolding allows, the study of Year 1 can be repeated (possibly leading to the writing of 
a draft of paper #3).  
Writing of the PhD thesis. Revisions of the PhD thesis; PhD jury composition; evaluation of the PhD thesis by 
the reviewers; preparation of the PhD defense; defense. 

 

EXPECTED ARTICLES 

Tentative title of paper #1: “Impact of changes in travel patterns and human mobility on COVID-19 epidemic in 
France in the first 6 months following lockdown” 
Tentative title of paper #2: “Population flows and spatio-temporal spread of COVID-19 epidemic in France” 
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