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Mapping population distributions, 
demographics and dynamics

Prof. Andy Tatem



Key partners and donors

• WorldPop: Research program focused on methods for improving the demographic 

evidence base in low/middle income countries

• Flowminder: Non-profit foundation working with data providers and 

international/government agencies to operationalize and scale research in support 

of vulnerable populations and sustainable development



Polio elimination:  Vaccinate as close to 100% 
of under 5s as possible

-Ensure correct amount of vaccine is available for each area

Need to know how many under 5s there are and where they are

-Plan vaccinator logistics and routes

Need detailed maps of the region

Example application: Vaccination planning needs











Courtesy of Vince Seaman, Bill and Melinda Gates Foundation
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Gangara Ward, Jibia LGA, Katsina State

Hand-drawn maps for vaccination planning

Courtesy of Vince Seaman, Bill and Melinda Gates Foundation



Inflated population estimates?  

Census-derived estimate = 375   Census-derived estimate = 2675  

36 compounds 32 compounds

Courtesy of Vince Seaman, Bill and Melinda Gates Foundation
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The challenge
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• Census data are valuable, but expensive and 

collected once a decade

• Increasing need for more timely and detailed 

data

• Registry, administration data can help fill 

gaps

• Incomplete/unreliable in low-income settings

• Challenge of tracking progress towards 

development goals

• In some countries even the most basic 

census, boundary and mapping data are 

lacking
?? ??

Years since 
last census



What do we have to help us?
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Satellite

Mobile phone

Geolocated
household surveys

Satellite and GIS 
data

Mobile phone 
data



Geolocated Surveys

53.1% of women 
literate

Low

High

Proportion of women who 
are literate



Geographic Information System (GIS) Data





Satellite imagery



Mobile phone call detail records

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

Mobility: Changing 
densities, flows, 

seasonal/permanent 
migration

Social networks: Number 
of contacts, calling patterns

Consumption: Credit 
purchase frequencies, top-

up amounts



Data integration



Mapping population

distributions, demographics, 

dynamics



Census data disaggregation (‘Top down’)

Census counts generally aggregated at 
coarse, irregular administrative unit level, 
making integration and comparisons with 

other data challenging

Integration with satellite/GIS data related 
to human population distribution 
patterns to disaggregate counts to 

regular grids using machine learning



Stevens et al (2016) PLoS ONE; Sorichetta et al (2016) Nature Sci Data



Red = Urban Built
Orange = Non-Urban Built

Population Density Vietnam Administrative Unit Level 002

> 30 People Per Ha

0







Global Human Settlement Layer 2014 for Vietnam



Red = Urban Built
Orange = Non-Urban Built

Population Density Vietnam Administrative Unit Level 002

> 30 People Per Ha

0





Mapping age structures

Women of childbearing age per 1x1km 2015

High

Low

Pezzulo et al (2017) Nature Sci Data; Tatem et al (2013) Pop Health Metrics



Tatem et al (2014) IJHG; Ebener et al (2015) IJHG; James et al (2017) in press

Mapping pregnancies and births



www.worldpop.org
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+ missing populations
+ inaccuracies
+ incomplete

+ inter-censal changes



Tatem (2015) Int Health; Wardrop et al (2017) in press











People don’t stay still….



Deville et al (2014) PNAS



Zagetti et al (2018) Development Engineering



Pop density 

change per 

square km
Namibia Pop: 2.3 mill

MTC active 
subscriptions: 2.1 mill

How is this useful?



Dynamic facility catchment populations

Erbach-Schoenberg et al (2016) Pop Health Metrics



Population dynamics across scales



Crisis response

Wilson et al (2016) PLoS Curr Disasters; Bengtsson et al (2015); Wesolowski et al (2014) PLoS Curr Outbreaks





Maybe these are ridiculous ivory 

tower academic ideas that will never 

find use?















Polio elimination:  Vaccinate as close to 100% 
of under 5s as possible

-Ensure correct amount of vaccine is available for each area

Need to know how many under 5s there are and where they are

-Plan vaccinator logistics and routes

Need detailed maps of the region

Example application: Vaccination planning needs



http://vts.eocng.org/



Thomson et al (2017) Int J Health Geographics



grid3.org



Key messages
• Spatially disaggregated and regularly updated 

demographic data are a pre-requisite for 
planning/operational needs and monitoring 
progress towards development goals

• We are seeing an explosion of ‘big’ geospatial 
data, but every dataset has its biases and gaps: 
data integration and measurement of 
uncertainty are key

• Methods exist to undertake this, complimenting 
traditional sources to support health and 
development needs

• Local ownership and ongoing engagement with 
stakeholders are key to sustainable 
implementation



Further information

www.worldpop.org www.flowminder.org

@WorldPopProject @Flowminder

E-mail:  A.J.Tatem@soton.ac.uk


