
Mapping and modelling 
population distributions and 
dynamics



www.worldpop.org

Population counts
Applied research and implementation 

group

Open data, open peer-reviewed 
methods, co-development, capacity 

strengthening

Mapping small area demographics and 
dynamics for low and middle income 

countries

Gridded population datasets used by 
many UN agencies, Governments

Major application areas in census 
support, RMNCAH, childhood 

vaccination, epidemiology

Population characteristics

Population mobility



Demographic data challenges

Coarse resolution Outdated Incomplete Inaccuracies, missing 
populations





Mapping correlates of demographic variations



Spatial 
statistical 

model

Population 
Data

Settlement

Geospatial 
covariates

Population 
estimates 

(ideally with 
uncertainty)

Wardrop et al (2018) PNAS

Spatial demographic modelling



Gridded population estimates

High pop. count Low pop. count
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Settlement extents
Custom e.g. specified 

proximity/distance

Gridded population data: Flexibility in aggregation of population estimates

Image 1 Image 2 Image 3

Estimated 
population:
1547

Within 5km distance

Pop: 
2360

Pop: 
4862

Administrative units / Health 
units / Enumeration areas



“Bottom-up” 
modelling approach

Overview of approaches for creating gridded population datasets

“Top down” 
modelling approach

www.worldpop.org/methods/populations

https://www.worldpop.org/methods/populations


Population counts – administrative unit level



Population counts – 100m x 100m grid cells



Living atlas image

Female Male

www.portal.worldpop.org/demographics
www.portal.worldpop.org



https://docs.dhis2.org/en/use/user-guides/dhis-core-version-236/analysing-data/maps.html

https://grid3.org/news/sierraleone-grid3insights-newpolicy



https://data.worldpop.org/repo/docs/leasure2021small/
https://data.worldpop.org/repo/docs/lazar2021poprf

Co-development and 
training

https://data.worldpop.org/repo/docs/leasure2021small/
https://data.worldpop.org/repo/docs/lazar2021poprf


“Bottom-up” modelling approach

www.worldpop.org/methods/populations

https://www.worldpop.org/methods/populations


low high

low high

https://www.worldpop.org/case_studies/mapping_afg_pop; Chamberlain et al (2023)

Afghanistan: Moving beyond 1979

Rolling census 2014-18

Modelled estimates

Uncertainty measures

https://www.worldpop.org/case_studies/mapping_afg_pop


https://www.worldpop.org/case_studies/mapping_afg_pop; Chamberlain et al (2021)

Afghanistan: Moving beyond 1979

“Analyses resulted in an additional $15 million in financing for GAVI 
vaccines in Afghanistan based on the population data – there are over a 

million kids who are vaccinated now because of this.”

Walker Kosmidou-Bradley, the World Bank

https://www.worldpop.org/case_studies/mapping_afg_pop


Burkina Faso and Mali: Filling census gaps

Darin et al (2022) PopulationWorldPop and INSTAT (2022) 10.5258/SOTON/WP00745 



Nigeria and DR Congo: Supporting vaccination campaigns

Leasure et al. (2020) PNAS https://wopr.worldpop.org/?NGA/Population/v2.0 Boo et al. (2022) Nature Comms; https://wopr.worldpop.org/?COD/Population/v3.0

https://wopr.worldpop.org/?NGA/Population/v2.0
https://wopr.worldpop.org/?COD/Population/v3.0


53.1% of women literate

Low

High

Female 
literacy 
rate



Proportion living on less than 
$1.25 a day

Female literacy rate

Proportion receiving MCV first 
dose

Proportion under 5 yrs



https://www.portal.worldpop.org/ciff_india_atlas/



Government co-development, support



https://wpgp.github.io/bottom-up-tutorial/

Co-development and 
training



Tatem et al (2023) IOM Practitioners Handbook



Mapping population movements across scales

Ruktanonchai et al (2021) Nature Sci Reports; Shepherd et al (2022) IJHG; Wesolowski et al (2017) Nature Comms; Sorichetta et al (2020)



Integrating mobility data into population estimates

Dooley et al (2021) https://wopr.worldpop.org/?SSD/Population/v2.0





Key messages

• The wide variety of needs, data and changing situations mean that one-size-
fits-all population mapping and modelling approaches are often not the most 
appropriate

• Small area population estimates are never perfect – important to validate 
outputs, and understand, measure and communicate uncertainties

• Population numbers can be highly sensitive and political - local ownership, co-
development with governments, open methods and data, are vital for 
developing trust and seeing outputs used



www.worldpop.org

@WorldPopProject

A.J.Tatem@soton.ac.uk
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