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Population counts
Applied research and implementation 

group

40+ staff and students based at 
University of Southampton

Mapping small area demographics and 
health/development metrics for low 

and middle income countries

Open data, open peer-reviewed 
statistical methods, user engagement, 

capacity strengthening

Multiple partnerships with National 
Statistical Agencies, Ministries of 

Health, UN agencies

Population characteristics

Population mobility
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Air travel networks in 21st century

People don’t stay still….



Data sources for measuring population mobility



Sources of data for measuring population mobility
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New sources

Tatem, Int Health 2015; Ruktanonchai et al, IJHG 2018; Lai et al, JTM 2019; Tatem et al, IOM Practitioners Handbook 2023 

Infrastructure
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New sources

Infrastructure

Tatem, Int Health 2015; Ruktanonchai et al, IJHG 2018; Lai et al, JTM 2019; Tatem et al, IOM Practitioners Handbook 2023 
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New sources

Infrastructure

Tatem, Int Health 2015; Ruktanonchai et al, IJHG 2018; Lai et al, JTM 2019; Tatem et al, IOM Practitioners Handbook 2023 
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Mobile phone call detail records (CDRs)

13

User makes a call 
from location X

User travels to Y 
and makes a call

X

Y

Call routed through 
nearest tower

Network operator records time 
and tower of call for billing





Sources of data for measuring population mobility
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Tatem, Int Health 2015; Ruktanonchai et al, IJHG 2018; Lai et al, JTM 2019; Tatem et al, IOM Practitioners Handbook 2023 



Ruktanonchai et al (2018) IJHG

Smartphone/app location histories



Case studies: mobile phone data-based 
population and mobility mapping
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Mobile phone-derived 
home locations

Deville et al (2014); zu Erbach-Schoenberg et al (2016); Lai et al (2019)

Signal towers/locations
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Deville et al (2014) PNAS



Deville et al (2014) PNAS
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Changes in populations 
during the summer 



Internal 
displacements 
observed from CDRs

Following the Haiti 
earthquake (2010)

About 40% of displaced phone users
left Port-au-Prince and the areas
affected by the earthquake to stay at
many different destinations across
Haiti (up to 100km away) in the week
following the earthquake.

And about 60% of displaced phone
users remained within 10 km of their
home (not shown).
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Understanding mobility patterns in climate 
stressed regions 
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Lu X et al. Global Environmental Change 2016.

Before During cyclone 

Bangladesh



Mobile phone data for migration statistics

Lai S et al. Nature Palgrave Communications 2019 

Mobile phone data:
• Dataset of 72 billion anonimized CDRs 

between October 2010 and April 2014 
from MTC, the leading network operator 
in Namibia with a 76% market share. 

• Processed to match as closely as possible 
time period and categories/geography of 
census questions in 2011



CDR-derived user locations

• Location of a mobile/SIM user was defined by 
the location of the routing mobile phone 
tower, spatially aggregated to regional level to 
match the census migration data.

• Home location: defined as the region where 
the user was observed most frequently during 
12 months at nighttime

• Migrant user: A mobile phone user changed 
home locations between two years.

12 mo.12 mo.



Highly correlation between CDR and census-derived 
migrations

Census CDR-model

Note: The Zambezi region as an outliner is excluded.



The Zambezi region as an outliner is excluded.

Migrants departing and arriving in 2012 compared to 2011   

Updating migration statistics across years

Outflow Inflow



Identifying counter-urbanisation using Facebook's user counts
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In Belgium and Thailand, rural residents (night-time user 
counts) increased by 1.80% and 2.14%, respectively, 
from March 2020 to May 2022, while urban residents 
decreased by 3.08% and 5.04%. However, the counter-
urbanisation in Thailand appears to be transitory. 

Duan et al. Habitat Int 2024 



Seasonal movements



Ruktanonchai et al (2021) Nature Sci Reports; Lai et al (2021) Nature Sci Data



Change in mobility for 
district i in month t

Spatial autocorrelation 
component

Temporal fixed effects 
component

Spatial and temporal 
interactions

Spatially and 
temporally varying 

covariates

Ruktanonchai et al (2021) Nature Sci Reports; Lai et al (2021) Nature Sci Data
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% incidence difference by district

Seasonal mobility’s health impacts: 
Health metrics



Seasonal mobility’s health impacts: 
Intervention/Healthcare demands

Erbach-Schoenberg et al (2016) Pop Health Metrics; Alegana et al (2012) IJHG



Case studies: Assessing the spread risk and 
intervention effects for emerging infectious diseases



Host

Agent

Environment

Spread of infectious diseases



https://dataforgood.fb.com/

https://www.google.com/covid19/mobility/https://covid19.apple.com/mobility





How has COVID-19 spread within China and between continents?



COVID-19：
Domestic destinations of 5 million travellers from Wuhan

Historical patterns of daily human movement by county 
in Wuhan City and Hubei Province before COVID-19
Green/Red colour: 2 weeks before/since LNY’s Day

Risk of cities in mainland China receiving travellers with 
COVID-19 infections from Wuhan during the LNY migration
based on the population movement data 

Lai et al. DSM



International destinations of travellers from China

Top 50 ranked cities receiving airline travellers from 18 cities in mainland China over a period of 
three months, representing 15 days before LNY’s Day and 2 and half months following LNY’s Day.
Based on air travel data from February to April 2018, obtained from the International Air Travel Association



Li & Lai , et al. Nature 2021

Data sources: WHO, as of 14 Dec 2021

Variants of concern (VOCs)





10 European countries
• Google aggregated mobility data
• ~4000 genomes sampled from GISAID 

datasets between 29 Jan and 31 Oct 2020

Google mobility in the 10 countries 
during 2-week intervals

weekly genome sampling by country



Estimated introductions between the countries for different time 
intervals throughout the SARS-CoV-2 evolutionary history

15 June 2020: many EU and Schengen-area countries opened their borders to other countries 
15 August 2020: before which the majority of holiday return travel is expected for many countries



Estimated geographical origin of viral 
influx of lineage B.1.177 over the 
summer in Europe

15 June–15 August 2020



Domestic mobility changes during the first wave of pandemic

Mainland China used Baidu data, taking Jan 5 – 22, 2020 as a baseline. 
All other 134 countries/territories/areas used Google data, taking Jan 5 – Feb 15, 2020 as a baseline Lai S et al. Engineering 2021.

The effects of non-pharmaceutical interventions (NPIs) in 
containing COVID-19 at the early stage







Integrating mobility data and covariates for assessing 
intervention effects
• Mechanistic transmission models

• Compartmental model
• Agent-based model
• …

• Statistical models
• Generalised linear model
• Generalised additive model
• …

• Geospatial/spatiotemporal model
• Age/gender-stratified model
• Travel network-based model
• Bayesian inference
• Machine learning
• …

Mobility data helps define rates of movement 
within and between patches



NPI effectiveness + Coordinated strategies?



Mobile phone-derived contact patterns in the form of spatiotemporal co-presence

mHealth for COVID-19 interventions

Change in total social contact index (TSCI) in Wuhan



Mobility-based spatial sampling improves detection of 
emerging infections

Zhang D, et al. JAG. 2024



Mobility-based spatial sampling improves detection of emerging 
infections in testing



Limitations & challenges



Operators Call Detail Records’ (CDRs) 
including low-resolution location data 
(nearest tower location) anonymized on 
separate server hosted by operator. 

We conduct analyses under operator 
supervision, anonymous raw data 
always behind operator firewall

Raw data never leaves mobile operator’s system to avoid any privacy, commercial concerns.

Aggregated mobility estimates are 
exported and made open access - can be 
used with other mobility estimates, 
epidemiological dataMobile operator firewall
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Preserving confidentiality



Smartphone/App-based data for measuring mobility



Smartphone/App-based data for measuring mobility

• Penetration of smartphone/internet etc.

• Local history data/APP – Android Phone

• Lack of demographical information

• Privacy protection policy/algorithms – 

aggregated/relative mobility metrics

• …

Natalya Kostandova, et al (submitted) 

Comparing mobility datasets for measles outbreak 
modelling in Zambia



Bias introduced by data processing

Yabe, T et al.  Nature Comput Sci (2024). 

The need for fit-for-purpose and standardised benchmark datasets 
for reproducible, fair and inclusive mobility research. 



Wrap-up
• Mobile device-based geolocation data, 

covering a wide range of spatial scales and 
temporal frequencies, are increasingly useful 
and available for measuring human mobility 
and population dynamics.

• These datasets from different sources have 
been used in various applications such as 
disease control, crisis response, 
demographics, and development planning.

• It is important to consider privacy, data bias, 
and standardisation in mobile phone data 
processing, integration and modelling.
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