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The mission of the Centre is 
to increase the use and impact of 

data in humanitarian response.



Our focus areas

Data 
Services

Data 
Responsibility

Data 
Literacy

Predictive 
Analytics



COVID-19 Data 
Explorer

https://data.humdata.org/visualization/
covid19-humanitarian-operations/

63 countries are considered 
most vulnerable to COVID-19, 
often because of ongoing 
humanitarian emergencies.

Our visualization brings together 
dozens of datasets from over 20 
sources, supporting better decisions 
about aid allocation and 
distribution.



Today’s agenda

15:05 – 15:15: Introduction to WorldPop 
Andrew Tatem

15:15 – 15:20: How to Find and Use WorldPop Datasets on HDX
Godfrey Takavarasha

15:20 – 15:40: Overview of the WorldPop Gridded Population Datasets
Andrew Tatem, Alessandro Sorichetta, Maksym Bondarenko

15:40 – 16:00: Questions and Answers



Introduction to WorldPop
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www.worldpop.org

Population counts
Applied research and 

implementation group

Mapping small area population 
distributions, demographics and 

dynamics

Open data, open peer-reviewed 
statistical methods, user 

engagement

Application in epidemiology, 
maternal/newborn health, 

childhood vaccination

Population characteristics

Population mobility



Tatem et al (2020) Journal

Open, peer-reviewed 
methods and datasets

www.worldpop.org/publications



Open datasets, 
code,  

applications

www.worldpop.org



User engagement and 
capacity strengthening



Uses of small area demographic data

• Planning elections

• Calculating GDP

• Local governance

• Traffic planning

• Financial services

• Delivering utilities

• Agricultural 

subsidies

• Taxation

• Land use 

management

• Energy strategies

• Disaster response

• Humanitarian 

needs 

assessments

• Health system 

planning

• Supply chain 

management

• Health metrics

• Meeting SDGs

• Controlling 

infectious 

diseases

• Modelling disease 

spread and 

intervention 

effects



Demographic data challenges

Coarse resolution Outdated Incomplete
Inaccuracies, 

missing populations





Tatem (2017) Nature Sci Data

Data integration



Red = Urban Built
Orange = Non-Urban Built

Population Density Vietnam Administrative Unit Level 002

> 30 People Per Ha

0

Demographic data



Population counts per 100 x 100m grid square



Female Male

Age/sex structured global 
population mapping 2000-2020

www.worldpop.org; Stevens et al (2014) PLoS ONE Sorichetta et al, in prep; Carioli et al, in prep

http://www.worldpop.org/


low highlow high
low high

Census 
independent 
population 
estimation

Wardrop et al (2018) PNAS; Chamberlain et al, in prep



Pop densityProportion under 5 yrs

Proportion receiving 
MCV first doseFemale literacy rateProportion living on 

less than $1.25 a day

Population 
characteristics

Utazi et al (2020) Vaccine; Alegana et al (2016) J Royal 
Society Int; Bosco et al (2017) J Royal Society Int



Scaling up data and insights

James et al (2018) Nature Sci Data; Wigley et al (2020) BMC Medicine



Mapping population dynamics

Deville et al (2014) PNAS



Spatial modelling of 
infectious diseases

Lai et al (2020) Nature; Ruktanonchai et al (2020) Science



Is any of this 
finding its 

way outside 
of academia?



for each 100m grid cell:
• population total
• confidence interval
• age/sex structure

https://apps.worldpop.org/woprVision/

Polio vaccine 
delivery

Leasure et al (2020) PNAS

https://apps.worldpop.org/woprVision/


Measles Vaccination Post-Campaign Coverage Survey, by EA – Nigeria, 2017-18

Source: Nigeria MVC Post Campaign Coverage Survey, 2017-18

90% to <95%

≥95%

>0% to <90%

0%

Proportion of Surveyed 
Children Vaccinated

States basing 
microplans on 

modelled
population 

data



Childhood vaccination coverage mapping
Utazi et al (2020) Vaccine; Utazi et al (2019) Nature Comms



Wardrop et al (2018) PNAS; Chamberlain et al, in prep

low high

Supporting the census 
process



Government engagement



Health and development 
metrics and strategy



Disaster response

Wilson et al (2016) PLoS Currents Disasters



Supporting 
disease 

modelling



Further information

www.worldpop.org

@WorldPopProject

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

@AndyTatem

www.grid3.org

@GRID3Global



How to Find and Use WorldPop 
Datasets on HDX



Humanitarian 
Data Exchange 
(HDX)

https://data.humdata.org

HDX makes data easy to find 
and use for analysis.



100,000+
USERS 

PER MONTH

1,300+
DATA 

SOURCES

17,800+
DATASETS 
SHARED

275+
ACTIVE 

ORGANISATIONS

 

HDX at a Glance 

25,000
UNIQUE 

DOWNLOADS PER 
MONTH



Why join HDX?

➔ Find and Share Data Fast 
Be data-ready for the next crisis. 

➔ Get Insight into Crises around the World
Explore and understand data through interactive visualisations. 

➔ Join a Global Community 
Be part of the mission to connect data from organisations around the world.



WorldPop on 
HDX

https://data.humdata.org/organization/
worldpop

Access by searching for 
‘WorldPop’ 



Data Grids

https://data.humdata.org/dashboards/
overview-of-data-grids

Our Crisis Data Grids examine 
availability and freshness of 
key datasets across six 
categories and 27 indicators. 



Overview of the WorldPop Gridded 
Population Datasets
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Gridded population datasets

Andy Tatem



Gridded population datasets/methods

‘Top down’ global estimates

• ‘Unconstrained’ 2000-2020
• ‘Constrained’ 2020

‘Bottom up’ bespoke country estimates

‘Peanut butter’ web application



Spatial 
statistical 

model

Population 
Data

Settlement

Geospatial 
covariates

Population 
estimates

Population distribution modelling

Adjustments: 
National totals, 

age/sex



Grids: consistent and comparable 
format and a framework for 

integrating differing data types

100 x 100m gridded 
estimates of population 
density 

Administrative unit 
population totals

Grids: flexibility in 
summarization to any 

administrative unit 
level

Benefits of ‘gridded’ demographic data



Benefits of ‘gridded’ demographic data

Comprehensive Emergency Obstetric and 
Neonatal Care (CEmONC) Facilities overlaid on 

grid of women of childbearing age

Percentage of women of childbearing age per 
woreda within 50km of a CEmONC

Grids: flexibility in 
analysis and data 

integration



Spatial 
statistical 

model

Population 
Data

Settlement

Geospatial 
covariates

Population 
estimates

Population distribution modelling

Adjustments: 
National totals, 

age/sex



Demographic data challenges

Coarse resolution Outdated Incomplete
Inaccuracies, 

missing populations



?

???
?

?
?

?

? ?

National Boundary Enumeration Zone More red = more people

Population totals for enumeration zones 
with full national coverage.

Population totals for a sample of 
enumeration zones.

Complete: census or 
projections

Incomplete: partial census 
or enumeration surveys



?

???
?

?
?

?

? ?

National Boundary Enumeration Zone More red = more people

Population totals for enumeration zones 
with full national coverage.

Population totals for a sample of 
enumeration zones.

Complete: census or 
projections

Incomplete: partial census 
or enumeration surveys

low high



Spatial 
statistical 

model

Population 
Data

Settlement

Geospatial 
covariates

Population 
estimates

Population distribution modelling

Adjustments: 
National totals, 

age/sex



Red = Urban Built
Orange = Non-Urban Built

Population Density Vietnam Administrative Unit Level 002

> 30 People Per Ha

0



Satellite-derived building footprints, settlement maps



Global settlement datasets

ESA CCI Land cover: 1992-2015

Global Human Settlement Layer (GHSL) 1975, 
1990, 2000, 2014

World Settlement Footprint (WSF): 2015



Nieves et al (2020) Comp, Env, Urban Sys

Built settlement growth model: 2000-2020



WorldPop global built settlement model 2020 Maxar/Ecopia building footprints

Nieves et al (2020) Computers, Environment and Urban Systems



Detail within urban areas



Built settlement growth model 
annual estimates

2000-2020

Building footprints 
circa 2018-20

Global + multitemporal  vs  Regional + recent



Spatial 
statistical 

model

Population 
Data

Settlement

Geospatial 
covariates

Population 
estimates

Population distribution modelling

Adjustments: 
National totals, 

age/sex



Why do we 
need these 

extra layers if 
we have 

buildings and 
people?



Pakistan: Mean household 
size per survey cluster

Buildings + 
population 

data?



Capturing characteristics that determine variations in population density

Densities of schools, 
roads, market 

places, conflicts etc

Household sizes, 
regional groupings, 

poverty rates



Building densities, counts, area, 
lengths per 100m grid cell: means, 

totals, variances

Residential/non-residential

Jochem et al (2019, 2020), Dooley et al (2020), Lloyd et al (2020) in prepwww.worldpop.org

Settlement/Neighbourhood 
types

Extracting additional value 
from building footprints



Example: Abidjan, Côte d'Ivoire

Dooley et al (2020): https://wopr.worldpop.org/?/Buildings

Gridded maps of building patterns throughout sub-Saharan Africa

https://wopr.worldpop.org/?/Buildings


Lloyd et al (2018) Nature Sci Data; (2019) Big Earth Data 

Adding building 
footprint-based 
covariates to the 
WorldPop stack



Spatial 
statistical 

model

Population 
Data

Settlement

Geospatial 
covariates

Population 
estimates

Population distribution modelling

Adjustments: 
National totals, 

age/sex



Wardrop et al (2018) PNAS



www.worldpop.org/methods/populations



?

???
?

?
?

?

? ?

National Boundary Enumeration Zone More red = more people

Population totals for enumeration zones 
with full national coverage.

Population totals for a sample of 
enumeration zones.

Complete: census or 
projections

Incomplete: partial census 
or enumeration surveys



Top-down Bottom-up
Inputs

?

???
?

?
?

?

? ?

Population totals for enumeration zones 
with full national coverage.

Population totals for a sample of 
enumeration zones.

National Boundary Enumeration Zone More red = more people

“I have recent and reliable census 
counts matched to boundaries and want 

gridded estimates”

“I trust these subnational province-level 
projections, but need finer scale 

estimates”

“I need gridded outputs that match my 
district unit totals”

“The last national census was 1984 so 
don’t trust that data, but I need small 

area population data and do have some 
recent sample enumeration data”

“I have geolocated listings from a recent 
household survey and want to use these 

to build population estimates”



Top-down Bottom-up
Inputs

Geospatial covariates and 
settlement data (e.g. building footprints)

Geospatial covariates and 
settlement data (e.g. building footprints)



Top-down Bottom-up
Outputs

Gridded population estimates (100 m) that 
sum to pre-defined population totals.

Gridded population estimates (100 m) that 
fill gaps between surveyed areas.



Stevens et al (2014) PLoS ONE; Sorichetta et al (2015) Nature Sci Data



Red = Urban Built
Orange = Non-Urban Built

Population Density Vietnam Administrative Unit Level 002

> 30 People Per Ha

0



Satellite-derived building footprints, settlement maps







Red = Urban Built
Orange = Non-Urban Built

Population Density Vietnam Administrative Unit Level 002

> 30 People Per Ha

0





www.worldpop.org/resources/docs/national_boundaries/global-input-population-data-summary.xlsx

2000-2020 subnational census/projections



www.worldpop.org

China 2000China 2020



www.worldpop.org



Stevens et al (2015) PLoS One https://www.worldpop.org/wprfpms https://www.portal.worldpop.org/



Didn’t you 
mention 

‘unconstrained’ 
and 

‘constrained’ 
estimates?



Built settlement growth model 
annual estimates

2000-2020

Building footprints 
circa 2018-20

Global + multitemporal  vs  Regional + recent





www.worldpop.org/methods/top_down_constrained_vs_unconstrained



Adjustments: National population totals

- non-adjusted = maintaining GPWv4 
census database estimates

- UN-adjusted = national population 
total adjusted to match World 

Population Prospects 2019 estimates



https://www.portal.worldpop.org/demographics/ Carioli et al (2020) in prep

Adjustments: Age/sex structures



Top-down Bottom-up
Outputs

Gridded population estimates (100 m) that 
sum to pre-defined population totals.

Gridded population estimates (100 m) that 
fill gaps between surveyed areas.



1979

1975

1993

2003 2004 1997

Never

2003

1984

Last population 
and housing 

census?

+ lack of complete 
registry/administrative data systems

+ inter-censal changes

+ COVID-19 disruptions to census 
plans



Afghanistan

• Last national population census in 1979

• Current estimates largely based on 
projections

• Significant uncertainties in national and 
subnational estimates

• One-third of country covered by a rolling 
census, but insecurity preventing 
additional data collection





Chamberlain et al (2020) in prep





Boo et al (2020): https://wopr.worldpop.org/

Bayesian hierarchical

model

Production of population 

estimates with uncertainty

metrics broken down by 
age/sex

Bespoke models

Variants developed and 
implemented for Zambia, 
Nigeria, DRC, Burkina Faso

https://wopr.worldpop.org/


https://wopr.worldpop.org/



https://apps.worldpop.org/woprVision/Interacting with modelled estimates: WoprVision

Leasure et al (2020) PNAS

https://apps.worldpop.org/woprVision/


https://apps.worldpop.org/woprVision/Interacting with modelled estimates: WoprVision

Leasure et al (2020) PNAS

https://apps.worldpop.org/woprVision/


https://apps.worldpop.org/woprVision/Using uncertainty – how much vaccine do we need?
There is a 90% probability that no more than 923 children under 5 live here 

Leasure et al (2020) PNAS

https://apps.worldpop.org/woprVision/


What if I have my 
own sample 
enumeration 

data or 
projections and 
want to produce 
a rapid gridded 
population map 
using building 

footprints?



https://apps.worldpop.org/peanutButter/

Leasure DR, Dooley CA, Bondarenko M, Tatem AJ. 2020. peanutButter: An R package to produce rapid-response gridded population 
estimates from building footprints, version 0.3.0. WorldPop, University of Southampton. doi:10.5258/SOTON/WP00681

The "disaggregate" tool allows you to 

disaggregate your own population totals 

from administrative units (or other 

polygons) into gridded population estimates 

based on a high resolution map of building 

footprints

https://github.com/wpgp/peanutButter


https://apps.worldpop.org/peanutButter/

Leasure DR, Dooley CA, Bondarenko M, Tatem AJ. 2020. peanutButter: An R package to produce rapid-response gridded population 
estimates from building footprints, version 0.3.0. WorldPop, University of Southampton. doi:10.5258/SOTON/WP00681

The "aggregate" tool will apply your 

estimates of people per building to every 

building and then aggregate buildings to 

estimate population size for each ~100 m 

grid cell using a high resolution map of 

building footprints

https://github.com/wpgp/peanutButter


Gridded population datasets/methods

‘Top down’ global estimates

• ‘Unconstrained’ 2000-2020
• ‘Constrained’ 2020

‘Bottom up’ bespoke country estimates

‘Peanut butter’ web application



How are 
these 

estimates 
used?



https://www.unfpa.org/resources/value-modelled-population-estimates-census-planning-and-preparation

Qader et al (2019) World Bank; (2020) Int J Health Geographics



https://unitar.org/maps/countries



https://displacement.iom.int/system/tdf/reports/urban_displacement_21-05-19.pdf



Garber et al (2020) Lancet Global Health https://pacific.unfpa.org/en/publications/state-pacifics-rmncah-workforce-2019-report



https://grid3.org/news/outside-the-box-how-nigeria-won-the-fight-against-polio



https://wopr.worldpop.org/?ZMB/Population





Some next steps

• Small area projections: integrating displacement data

• Seasonal population mapping: geospatial data 
integration

• New covariates: neighbourhood mapping, 
residential/non-residential, building heights

• Methods development: developing and validating 
rapid and bespoke models

• Methods documentation and webinar development

• GRID3: supporting new countries

Refugee camp

South Sudan: Dooley et al (2020) 
https://wopr.worldpop.org/



Key messages

• Small area population estimates form the basis 
of decision making across multiple fields

• In resource poor settings, population data can 
often be coarse, outdated and/or unreliable

• A range of geospatial modelling methods exist 
to complement traditional data collection 
methods to produce timely small area estimates

• Models are never perfect = importance of 
validation, and of measuring, communicating 
and using uncertainty

• End-user engagement and capacity 
strengthening vital to adoption and sustained 
use
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Further information

www.worldpop.org

@WorldPopProject

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

@AndyTatem

www.grid3.org

@GRID3Global



Questions & Answers



Thank you!
 

centre.humdata.org  
      humdata   |  centrehumdata@un.org


