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Our mobile data collaborations to date Countries where Flowminder 
has collaborated with MNOs 
(present and past):

■ Curacao (x 2 MNOs)
■ Haiti
■ Sierra Leone 
■ Ghana
■ DRC (x 2 MNOs)
■ Namibia 
■ Mozambique (x 3 MNOs 

via INCM)
■ Nepal
■ Papua New Guinea
■ Senegal (advanced 

discussion)



What e do 

To enable decision makers to access 
the data they need to transform the 
lives of vulnerable people, at scale.



Who we 
work with

How we do what we do



Who we work with

Mobile network
operators (MNOs)

Governments Non-governmental 
organisations

GRID3 
programme*

* Flowminder is one of the co-founders and implementing partners of GRID3 

Funders & 
Supporters



Implementation & real impact 
requires collaboration

■ The use of CDR data often involves many 
stakeholders e.g.:

■ MNOs
■ Government end users
■ Regulators
■ IGOs

■ Ghana is a good model of government partnership

■ Ghana Statistical Services
■ Vodafone Ghana
■ Flowminder

Working with governments 
is an essential criteria for 
generating impact.



“If we want to achieve the SDGs, we need to invest in 

data systems, and we are confident that our successful 

partnership with Vodafone Ghana & Flowminder is 

the way forward to leverage data for good.

— Omar Seidu, Head of Demographic Statistics and SDGs Coordinator at Ghana Statistical Service



We work with 
different types 
of data

How we do what we do



We work with different types of data 

All depending on the services we provide and the context of the project. 

Pseudonymised
Call Detail Records 

(CDRs)

Survey or census  
data

Gridded population 
estimates

Satellite imagery and 
geospatial data



What are Call 
Detail Records 
(CDRs)?



A CDR is a metadata record of a 
telecommunication transaction (call, 
text message, mobile data) that is 
stored by an MNO for billing purposes. 
It includes (as a minimum) a 
subscriber ID, a timestamp and a cell 
tower ID.

Cell Tower Data is a set of geographic data indicating the 
spatial position of each cell tower in a network. It includes 
(as a minimum) all cell tower identifiers, together with their 
associated locations (typically latitude and longitude).



Data required for mobility analysis

+ +

Anonymised
identifier

Spatial
location

Precise
time

Essentially for our purposes, a very large collection of individual:



Call Detail Records (CDRs) | Subset example

Pseudonymised caller ID
(phone number)

Pseudonymised caller ID
(phone number)

ID of network cell 
tower

Date and 
time of call

One row 
corresponds to 
one event. 

A CDR dataset for 
one country will 
often have billions 
of events.



Cellular network data | Subset example

Cell tower ID

Geographical 
location

One row corresponds to 
one cell tower. 

Each cell tower has a spatial 
location (see map).



Cell towers & subscriber location

The exact location of the 
telephone is different from 
that of the base station.

Actual 
position X 

(not visible)

Related position 
X' (visible)

Position of 
the phone

Position of the 
nearest relay tower

Network coverage of the 
base station (usually 

modelled)

Application of CDR data in 
geographic space for a user. 

Each point represents a cell 
tower, each arrow the inferred 

movement of the user.



CDRs can provide near-real time estimates of population 
movements & changes in population density

User makes a call from 
location X

X

User travels to location 
Y and makes a call

Call routed through 
nearest tower

Network operator
records time and

tower of call for billing

Y



How we process 
and analyse 
CDR data

How we do what we do



MPD are aggregated to preserve the individual privacy of subscribers

Note: Flowminder also enforces k-anonymity 
with a threshold of k = 15 by redacting values 
with 15 or fewer subscribers 



Ensuring privacy and transparency 

■ GDPR compliance throughout

■ Transparency and peer review: 

■ Detailed and open method 
descriptions

■ Open algorithms

■ Publications in peer-reviewed 
academic journals

Key principles
CDR-derived 
insights should 
never permit the 
identification of 
individual 
subscribers 



Key CDR aggregates

For most use cases or applications, there are generally four key CDR 
aggregates which are fundamental to the production of related 
indicators:

Aggregates specific to residents:

1. “Residents”: Number of subscribers living in a given area, in a given 
period of time

2. “Relocations”: Number of subscribers moving their residence from 
area A to area B, in a given period of time 

Aggregates more generally describing people:

1. “Presence”: Number of subscribers present in a given area, in a given 
period of time (correspond to the previous aggregate(s) examples)

2. “Trips”: Number of subscribers present in area A then in area B, in a 
given period of time 



MNO subscribers are 
not a random sample of the population, 
nor can be assumed to be.



▪ Mobile phone use is

▫ More common among 
men than among women

▫ More common among 
persons of working-age 
than among the elderly, 
and among children

▫ More widespread in urban 
areas than in rural areas

Mobile phone users by demographics | Ghana



▪ Also, mobility is

▫ More common among 
men than among women

▫ More common among 
persons of working-age 
than among the elderly, 
and among children

▫ More widespread in urban 
areas than in rural areas

Mobility by demographics | Ghana



Biases due to mobility differentials | Ghana

▪ As a consequence, mobility is often 
different between mobile phone users 
and non-users 

▫ With mobile phone users showing 
higher mobility, on average, than 
non-users

▫ Mobility estimates based on 
phone user data alone can 
overestimate mobility (can also 
be an underestimate for some 
types of mobility)

▫ Not all mobility indicators, 
however, show such large 
differences between these two 
groups



Bias-adjusted and  
population-scaled 
estimates

These estimates are based on 
• CDR aggregates

• Primary & secondary survey data

• Existing population estimates

Flowminder has recently 
developed estimation methods 
to adjust for representation 
biases & provide 
population-scaled estimates for

■ Relocations from sub-region to 
sub-region, per month

■ Residents per sub-region, 
per month



Method for monthly residents’ estimates

est_residentsa1 = est_base_popa    (Month 1 (baseline), m=0, n=1)

est_residentsa2 = (est_residentsa1 + est_netflowa12) * changeratea  (Month 2, m=1, n=2)

est_residentsa3 = (est_residentsa2 + est_netflowa23) * changeratea      (Month 3, m=2, n=3)

…        = …    

est_residentsan = (est_residentsam + est_netflowamn) * changeratea

▪ The estimate of residents in area a for month n (est_residentsan) is calculated as the sum of the baseline population for 
that area (est_base_popa) and by iteratively adding the cumulative sum of all net arrivals (est_netflowamn) for all months 
between the baseline month and the current month, and by applying an area-specific rate of natural population growth 
(growthratea) to each monthly sum:

▪ where the net arrivals estimate for area a between months m and n is the sum of all estimated inflows to that area 
minus all estimated outflows from that area:

est_netflowamn = est_inflowamn - est_outflowamn



▪ Relocations from area a to area b between month m and month n can be estimated from CDR 
aggregates of relocations (cdr_flowabmn) between those areas and months, and from a flow 
adjustment factor and a flow scaling factor 

▪ Flows are adjusted for the number of users per SIM (usersab) and the number of SIMs per user 
(simsab). The flow scaling factor is the inverse of the share of MNO users (mno_shareab) in the flows: 

▪ Note: Parameters for the subset of mobile households/individuals only available at admin1 by admin1 
level

Method for relocations’ estimates

est_flowabmn = cdr_flowabmn * (usersab/simsab)  * (1/mno_shareab)



Flowminder’s monthly residents estimates, by sub-region

Method for monthly residents’ estimates

Survey-based 
adjustment & 
scaling factors 
(+ CIs) for 
groups of 
bilateral flows

Baseline 
estimate

Month 0
Gridded 
population 
estimate

CDR 
bilateral flows

CDR 
bilateral flows

CDR 
bilateral flows 

Bilateral flow 
estimate
Month 0 to 1

Bilateral flow 
estimate
Month 1 to 2

Bilateral flow 
estimate
Month … to …

Total inflows 
& outflows 
per area

Estimate

Month 1

UN World 
Urbanisation 
Prospects 

Areas shapefile

Estimated 
net flows per 
area

UN World 
Population 
Prospects 

Population 
change 
estimate

CDR 
bilateral flows

Estimate

Month n

Estimated 
net flows per 
area

Population 
change 
estimate

Bilateral flow 
estimate
Month n-1 to n

Total inflows 
& outflows 
per area

Total inflows 
& outflows 
per area

Total inflows 
& outflows 
per area

Estimate

Month 2

Estimated 
net flows per 
area

Population 
change 
estimate

Estimate

Month ...

Estimated 
net flows per 
area

Population 
change 
estimate

Flowminder’s monthly relocations estimates, sub-region by sub-region



From CDRs to mobility 
indicators and 
applications

CDR data
+ cell info 

FlowKit

Long and short 
stay overs and residence  

Robust (re)location method 

QA checks and usage 

Travels and short term 
mobility patterns

Corrections 
and scaling

Mobility survey 
+ population 

estimates

Dynamic 
population 
estimates

Migrations

Displacements

Presence 

Connectivity / 
Travel

Travel 
disruptions

Health metrics

Immunisation 
planning

Disaster 
management

Providing 
mobility data 
and reports

Disease 
spread

Mobility 
restrictions

Corrections 
and scaling

Phone usage 

Mobility survey 
Predicting 

Poverty

R&D

Predicting 
Gender

Subscriber based time 
and space partitions



Population & 
Mobility 
Analysis
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Using CDRs, we can measure the number of subscribers at a given location (administrative 
units) and its variation over time (hours, days, weeks, etc.).
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Information extracted from CDR | Spatial & temporal 

■ 'Ordinary' trends versus 
'anomalies' or 
'disturbances' 
(e.g. special events or 
crises).

■ Cyclical trends 
(e.g. seasons)

■ Long-term trends 
(e.g. growth in mobility 
over time)

All types of information can be studied over time to investigate:
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Official statistics
Estimating routine population 
dynamics & migration

Applications
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Democratic Republic of the Congo Haiti Ghana

Monthly relocations between administrative areas, using CDR data

Note: estimated top 1,000 flows, 
median,  Nov 2021- Dec 2022

Note: top 500 flows, median, Feb 2020 - Feb 
2022

Note: unscaled top 1000 flows, 
median, Jan - July 2021



Locations of phone users during the day

Short-term variations in 
population density, 
Port-au-Prince, Haiti
Day/Night cycle



Locations of phone users at night

Short-term variations in 
population density, 
Port-au-Prince, Haiti
Day/Night cycle



Routine mobility | Ghana



Routine mobility | Long-term mobility

A. Population trends per district B. Largest relocations (top 30) at region 
scale

Legend A.

Legend B.



Routine mobility | Short-term mobility in Ghana

A. Daily travels with Greater Accra

B. Time series of daily travels from and to Greater Accra

Daily trip relative size [%
]
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Disaster 
management

Applications



Dynamic Hazard Risk | Flooding risk in Ghana



Preparedness | Haiti



Displacement | Flooding on the Lower Volta River, Ghana



Displacement | Gang violence in Port-au-Prince, Haiti



Public health & 
epidemiology

Applications



Dynamic health metrics | Out-patient department attendance 
in Ghana

Out-patient department (OPD) 
attendance 2021-2022, calculated 
using a static population estimate 

% change in the population, based 
on CDR data 2021-2022 

OPD attendance 2021-2022 using 
CDR-derived dynamic population 
estimate (blue), compared to a 
static population estimate (green)



Modelling the spread of infectious disease | Cholera 
outbreak in Haiti

49

Flows from areas with high incidence in 
Port-au- Prince Infectious pressure on unaffected areas

Suspected cholera cases
(2-8 November)



Mobility Disruption | COVID-19 restrictions in Haiti

COVID-19 restrictions come 
into effect (20 March)

Mobility restrictions reduced 
the number of places visited 
during the day…

...but triggered a shift of 
population distribution from 
urban to rural areas (similar 
to changes occurring during 
the Christmas period)

COVID-19 restrictions come 
into effect (20 March)



Haiti Mobility 
Dashboard

Applications



Haiti Mobility Data Platform (haiti.mobility-dashboard.org)

20+ indicators available 
under four main 
categories:

■ Residents (8)

■ Relocation (4)

■ Presence (7)

■ Movement (4)
Two download 
options

■ Download all

■ Download 
selected

Possibility to choose 
preferred visualisation

■ Map

■ Graph

■ Chart

Integrated definitions to support users’ 
understanding of the data

■ Simplified definitions

■ Detailed definitions & redirects 
to FlowGeek.org

Controlled user access & 
account  management

■ Controlled user access

■ Thorough registration process

■ Easy-to-use account management

Different resolutions

■ Temporal

■ Spatial 

52

https://haiti.mobility-dashboard.org
http://www.flowgeek.org


Any 
questions?

Thank you | Q&As



FlowGeek
■ FlowGeek is our open, online knowledge centre on 

CDR analytics 

■ created to leverage the value of CDR data and 
help strengthen the community of CDR data 
experts, enthusiasts and learners on the 
processing and analysis of such data.

■ Our content includes

■ What are CDR data?
■ Applications of CDR data
■ Types of CDR indicators
■ Analyses and methodologies
■ Data governance and security



www.flowminder.org info@flowminder.org      @flowminder.org

info@flowminder.org


