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Development goal denominators

* All MDGs and SDGs are based on ensuring a certain percentage of the
population has access to specific services or resources, or achieves a certain

level of social, economic, or physical health.

* Improved understanding of sub-national geographic variation and inequity in
health status, wealth, and access to resources within countries is increasingly
recognized as central to meeting development goals.

e Requires a consistent, comparable and regularly updated understanding of not
only how many people live in a country, but where the people are, and who
they are.
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WorldPop

Improve the spatial demographic evidence base
for low and middle income countries

* Work with statistical agencies, health depts to
obtain finest detail, boundary-matched census data

* Develop scalable methods and models for
integrating ancillary datasources to complement
and fill data gaps in census

* Integrate new technologies

* Freely available high resolution data and fully
documented, peer-reviewed methods

sl

www.worldpop.org
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What do we mean by spatial demographics here?

* Where is everybody!?
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Top-down: How can we go from aggregated counts to
gridded surfaces?

What can help us inform how to
disaggregate population counts over data
poor national/continental areas into small

grid cells accurately?
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Population Density Vietnam Administrative Unit Level 002

— > 30 People Per Ha
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Vietnam MDA GeoCover Land Cover/ (30 m Pixels)
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NOAA Suomi VIIRS-derived Lights at Night 2012 for Vietnam _
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Population Density Vietnam Administrative Unit Level 002
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Vietnam RF Distributed Population Counts
Using Non-Default Ancillary Data (OSM)

l35

18

B - 30 People Per Pixel

Low: 0

Session 6. Data disaggregation and utilization challenges: Andrew Tatem (University of Southampton) — Experience of WorldPop in mapping population numbers, demographics and behaviours




UN EGM on Strengthening the Demographic Evidence Base For The Post-2015 Development Agenda, New York, 5-6 October 2015

worlc K&
Pop N4

Number of people
per grid square

A 100 luti
0" {;‘;& " -!akanhnhuiyu NP (1oom ;ei;:u S
www.worldpop.or i N .
. . &3] " y PO
* "Rudukkudiyirippu [:l District Boundaries
Y

- __ulllyawn||| ®  Urban population centers

e Wrnw intmascn Wemspement Ueg
A :', Population of Myanmar using the Weord Population Grid 0 e “\ A
- 2
2010 [ 3 3
Eil RPLEE Cil e

THE WORLD BANK

Waorking for a World Free of Poverty

Workd Pop eslimates are besed on the
malonhic tetveen wnd el end
populafion dafslly acfesd gid cells
ki

Urts Estrmaled pamoms cei o gid
sjuaie  [100MZ) lused o De
matonhe tatveen Wnd cover end
population darddy

251“3 of Dulasal Preducten: Jahuary

¢ Trincomalee

4 3e
" /Anuradhapura
b .

e - W N wini b o g bl

CHIHA

{ Kalkudah EP

!

“i»_ Kattankudy

THAILAND

Population Grid 2088
(Mumbsar of poogsle paf pod squar|

High
.

— Couml

Tiswnship Boundary
[[| ———— cwmfegon teundary
— e bt bou ey

werle

Session 6. Data disaggregation and utilization challenges: Andrew Tatem (University of Southampton) — Experience of WorldPop in mapping population numbers, demographics and behaviours 13



UN EGM on Strengthening the Demographic Evidence Base For The Post-2015 Development Agenda, New York, 5-6 October 2015

Temporal change
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Gaughan et al (2015) under review; Linard et al (2013) Applied Geography; Schneider et al (2015) Env Res Letters
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Open code

[Fie] Edit Code View Plots Session Project Buig Tools Help ] File Edit Format Run Options Windows Help

##* B : Set per-country configuration options

277011 - Data Preparation, R.or 2] Metadatar » ] .MODIS_OptsR * 3701.3 - More Complex Random Forest Regression, Full Covariate Set and Data Preparation.r

[]source onSave | G A ~

country = "EHM"
fcountry = "EHM 002"

o b RF/adtd;/ ™ TOTOEr Wriere ™ TEpPresernts e Courcry ridame 7o WriTTorm Orme e

7 ## RF folder is located. fcountry = "EHM 002 Anc"

8

9 ## NOTE: It's critical that you realize that anything you specify here

10 ## will be overridden by the values read in from the Metadata.r file -

11 ## so the paths may be incorrect if specified incorrectly inside that -3 Configure p-:DM f‘t"
12 a4 File: gure ICrOSO

root _path = "C:/Reseal
#root_path = "C:/User:
#root_path =

14 ## cConfigure the country abbreviation and name:
15 country <- "KHM"

7 ## This should be set to the folder *containing® the "RF" folder structure:
18 root_path <- "C:/research/population/Data/"

19 project_path =- paste(root_path, "rRF/data/", country, "/, sep="") =

21 ## Load the metadata from the file created in the country's /data folder: 3 Eica/Americ
gg source(paste(project_path, "Metadata.r”, sep="")) O O e e a rt h e n gl n e ges not fal
24 ## END: Load configuration options 1 shoul

25 - #EEsE h

255’ £ u] palaced"”

28 NGA path = root path + "GIS/NGA/VMAPO/vOsas 5/vmaplv0/sasaus:"

257 Rkl ) ) #NGA path = root path + "GIS/NGA/VMAPO/vOsca 5/vmaplv0d/scamafr:™

30 ## BEGIN: RandomForest configuration o ) = ) - . ] == _ ]

£ #HGA path root_path + "GIS MAFPO/vOnoa 5/vmaplv0/noamer:"

32 ## configuration options for RandomForest modeling and prediction: #HMGL path root path + "GIS/ SVHMAPO/vOeur 5/vmaplwv0/eurnasia:"™

33 - - -

34 ##% NOTE: The following were moved to the Metadata.r file for per-country
configuration and reporting purposes:

Cutput projection is configured for each country based on the most
appropriate output for distance/area considerations:
For EKHM, WVNM:
intermediate prj = "PROJCS['WG5_ 1984 UIM Zone 48N', GEOG
##* For EKEN:

i FeedbaCk & |mprovements #i:te:’rr.edi;te_p:j = "PRCJCS['WGS 1934 UTM Zone 37NH',
¢ MethOdOIOgicaI Clarity ## Should we skip processing and creat
» User-specific datasets Tt A pgthOﬂ

° Platform independent ii### END: Set per—-country configurati

Stevens et al (2015) PLoS ONE
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Automated metadata

Random Forest Model and Diagnostics

C [ filey//C;/Users/ajtLm11/AppData/Local/Temp/Templ_KEN- ™ C [ filey///C;fUsersfajtim11/AppData/Local/Temp/Temp1_KEN-RF.zip/KEN_metadata.html|

E Research Highlights .. HE Country/Region | C. 7 Grants United Nations Stafi - ﬂ Research Highlights .. HE Country/Region|C.. [ Grants United Nations Stati... Downloads | Aqued... Twitter +

Covariate Importance Plot for KEN RF Mode! Prediction Error (MSE] Stability for KEN RF Model 0% DMT Road Network
Kenya Population Map Metadata Report ]
Folder: Roads
File Name:
Prediction Wel htln La er Used in PO u|ati0n Re' Source: Kenya Bureau of Statistics, acquired by Andrew J. Tatem
g g Yy p Description: This is a detailed road layer available country-wide and provided by the Kenya Beureau of Statistics to project members
Class: lingar
The data presented below represent the predicted number of peeple per ~100 m pixel as estil i Derived Covariates:
each covariate. The prediction weighting layer is used to dasymetrically redistribute the censu E = . LTS5 dst
TN | elass : SpatiallinesDataFrame
Kenya Prediction Weighting Layer . | || nfeatures  : 148897 ; .
o H extent 62788, 818799, -515486, 585666 (xmin, xmax, ymin, ymax)
2 1 coord. ref. : NA
=0 nvariables : 51
=]
=]
8 Wha,
o _| N,
=]
=] o
=
0 3 0 o % 0 o " 2
E} Covariate Metadata
E, 7 Kenya Classifiad Land Caver
&
o 4
=)
[=} Herya Classified Land Cover
5]
S 4
=]
s
. 8
=]
=]
s
=] o
b

T T T T
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Projected Map Coordinates

Stevens et al (2015) PLoS ONE
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Internal and external accuracy assessments

90 % prediction intervals on out-of-bag data
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Stevens et al (2015) PLoS ONE
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www.worldpop.org

€« C [ wwwworldpop.org.uk S ; 4 g Pakistind

aan f§ WorldPop P lati
25 Apps M Inbox - andytatem.. €24 Latest news, sport a.. @ BBC MNews - Home -5 p: . -:E I;’Pll ion
r Grid Cel

Ve ?

il ABOUT OUR WORK ~ NEWS
Nt

WOI‘:‘IS’ "B | ¢ 0| "

¢ l—rr ADM2_CO|lADM2_NA urbanOrRural adjustedBirths2010 pregnancies2010

2 51333 Kiambu  RURAL 16742.80361
3 51333 Kiambu  URBAN 24991.72564
- A 51334 Kirinyaga RURAL 24426.96072 36960.12449 W :
B 51334 Kirinyaga URBAN 739.7557638 1119.315073 e | P T .
6 51335 Maragua RURAL 17852.85085 27012.92222 [ il I
§7 51335 Maragua URBAN 283.5791882 429,0800729 - _ o meE g o
E 51336 Muranga RURAL 14615.78272 P $i, ' e
g 51336 Muranga URBAN 1439.269024 . Google earth engine !
10 51337 Nyandaruz RURAL 21674.95176 : '
What is Wo11 51337 Nyandaruz URBAN 475.4320823
I, 51338 Nyeri RURAL 29212.4078
;ﬂ:g:zlrlsnguc”r\ir;?n??;:513 51338 Nyeri URBAN 4529.913603 e ot "
—— T 51339 Thika RURAL 25845.07942 '
S enograptl By 5 51339 Thika URBAN 10426.7146
accompanying metadata ] 6 51340 Kilifi RURAL 22892.83771 T
17 51340 Kilifi URBAN 1022.740115
18 51341 Kwale  RURAL 19973.2134
Open access demographic data i——— : Bfar  ortons
Ca i L

Session 6. Data disaggregation and utilization challenges: Andrew Tatem (University of Southampton) — Experience of WorldPop in mapping population numbers, demographics and behaviours 19



UN EGM on Strengthening the Demographic Evidence Base For The Post-2015 Development Agenda, New York, 5-6 October 2015

Modelling population distributions

Session 6. Data disaggregation and utilization challenges: Andrew Tatem (University of Southampton) — Experience of WorldPop in mapping population numbers, demographics and behaviours 20



UN EGM on Strengthening the Demographic Evidence Base For The Post-2015 Development Agenda, New York, 5-6 October 2015

Core Data Layers

Administrative
Boundaries

Zangon Guliys

%
Kyarana

Settlements and
Points of Interest

Hi 22

Tsebarawa
Tsebarawa Ygmma 5

Tsebarawa Gabas

Transportation
Network

Population /
Demographics

Session 6. Data disaggregation and utilization challenges: Andrew Tatem (University of Southampton) — Experience of WorldPop in mapping population numbers, demographics and behaviours

Mango

21



UN EGM on Strengthening the Demographic Evidence Base For The Post-2015 Development Agenda, New York, 5-6 October 2015

Basis for Population Modeling with Satellite
Imagery

BILL& MELINDA

Obtain High-Resolution Satellite Imagery

Extract Settlement & Building Features

Identify Neighborhood categories, covariates

Collect Microcensus/Validation Data

Generate & Validate Initial Output

If Needed, Collect & Validate Additional
Microcensus Data.

Repeat until Accuracy Requirements are met.
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Mixed-Use Urban Area in Kano City % s_'-,' |
e ‘ PSS
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Model Output: 90-meter grid with population or demographic counts
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POPULATION MODEL - USER INTERFACE OPTIONS

ci:, VTS Map + Select population buffer (m) [REEHI

: = ‘" Agerange[0toss] [ —— . Polygon and point
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= ;. i N Pop (total):
2 Default (' Boundaries 1 1 P
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) oo Type in coordinates to go to a

|# Health Facilities . Specific place v \ B
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SPATIAL INTERPOLATION
WITH DEMOGRAPHIC AND
HEALTH SURVEY DATA:
KEY CONSIDERATIONS

DHS SPATIAL ANALYSIS
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Cellphone call data records (CDRs)

Mobile Subscriptions per 100 Inhabitants 2002-2020.
Projections Based on Historical Data 2002-2010.
Data Source: World Bank.

Network operator records time
and tower of call for billing

ssi==touth Africa

Egypt

—(Nigoria

20 1

0
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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Dynamic population mapping
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Deville et al (2014) PNAS
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Deville et al (2014) PNAS :

pop B K

Watch the video at: i Monthly data available:
http://youtu.be/gsUDH5dUnvY www.worldpop.org
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Population displacements

Above normal inflow to each district
(negative numbers indicate less incoming people than normal)

Landslides and displacement in earthquake affected areas :
Bi-weekly update ¥ Nepal Earthquake
27 July 2015 ¥ ssessment Unit

4 = .
v N
‘{h .a!':"'l :‘ i FLOWMINDER.ORG
AN [ ]
Office of the Unitad Mations UK ai el . . -

Resident and Humanitarian
Coordinator

FLOWMINDER.ORG 7 il I

www.worldpop.org.uk/nepal
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Modelling connectivity for disease elimination

FROM
MALARIA
CONTROL TO

The feasibility of
malaria elimination
on the island of
Hispaniola, with a
focus on Haiti

An assessment conducted
January-June 2013

AVARUAL H08 B I AIUA MALARIA ELIMINATION IN ZANZIBAR I

SCENARID PLANNING &ﬁ Infected Movement
A FEASIBILITY ASSESSMENT | OCTOBER 2009 I

I High

World Healt

wtiena Organizatio Spll'atIOIl

o Action

What will it take to end Malaria?

www.endmalaria2040.org

Wesolowski et al (2014) PLoS Currents Outbreaks; Garcia et al (2014) Migration Studies; Sorichetta et al (2015) in review; Tatem et al (2009) Malaria Journal
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Data integration: Targeting interventions

Malaria Zone map Population
risk zone gy residing in
*¥ zone in
2011
1.29 million
Pre-2013
intervention
deployment

Tatem et al (2014) Malaria Journal
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* In producing estimates for different geographical scales and time periods, the integration of
multiple types of data to compliment traditional sources is required
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Further information

2

www.worldpop.org
u @WorldPopProject

FLOWMINDER.ORG

www.flowminder.org

Q@Flowminder
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Extra slides
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Preserving confidentiality

FLOWNINDER.ORG

o
- .
a3 5
> A sty
= | o‘\
A _ — - = [} AEX
Operators Call Detail Records’ (CDRs) We conduct analyses under operator
including low-resolution location data supervision, anonymous raw data
(nearest tower location) anonymized on always behind operator firewall

&eparate server hosted by operator.

Mobile operator firewall

Aggregated mobility estimates are exported
and made open access - can be used with
other mobility estimates, epidemiological
data

Compliance with GSMA data integrity guidelines: Data never leaves mobile operator’s
system to avoid any privacy, commercial concerns.
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Problem statement

 We have
— Hundreds of geolocated community surveys
— Spread (unevenly) across areas of interest
— Spread (unevenly) through time

e \We want

— Per-grid square estimates of age structure/household
Size etc

— Must estimate these variables at locations with no data
— Want to model uncertainty in our estimates

e Approach
— Space-time model based geostatistics within a Bayesian

framework  yop @] . . - p . &y
POP m -
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Geostatistics: the random field
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Geostatistics: the random field it
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The random field: 4| spatial covariance

structure

e Mean
e Covariance structure
1. Amplitude of variation .

covariance

2. Spatial range of correlation
-

Separation distance (km)

v
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How do we use the data?
1. Parameterise mean and covariance function
2. ‘Condition’ on data values to predict everywhere
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Geostatistics: the random field &t
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GLJ T I | | |
Q. 0 50 100 150 2010

Transect (km)

Incorporating prediction uncertainty
 Represent using multiple realisations

e Uncertainty increases away from data
 Determined by amplitude / range
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Geostatistics: the random field — #atkd
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Incorporating sampling variation

e Data are sampled with error (e.g. function of sample size)
e Adopt sampling model (e.g. binomial)

* Field is better defined where data are more certain
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Elaborations for demographic mapping

2. Incorporating environmental/infrastructure/socioeconomic covariates

N o
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3
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T o _

5 | | | l l
) D » 100 150 500

Transect (km)

E.g. Effect of urban vs rural areas
R/U/Other status of data and predictions assigned from & ..-;-.:f;{-'-:::-..-"s-*r..--
satellite data analyses o
Allowed underlying mean to vary between classes - -
Multiple covariates selected in multivariate model £ ;'%"
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Elaborations for demographic mapping

3. Incorporating spatial anisotropy
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Elaborations for demographic mapping

3. Incorporating spatial anisotropy

covariance

Spatial
covariance
(Eto W)

I~

»

Separation distance (km)

— @ Spatial
- 3 covariance
e o =

I~

»

Separation distance (km)
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Elaborations for demographic mapping

4. Full space-time dimensionality

Apr 2013 N
// //
/ /
= == = Jan 2010
/6// /CD/ O /'/ —= 1 Temporal
~— —— " // o covariance
/éo/ / ,/ ~ g 1 1
/u / 8 1 |
<~ -~ — /// | |
12 mnth
/ /
= =
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/ /
/ /
o = =
(- =
/ /

« 2d spatiotemporal covariance function: temporal axis

e Sinusoidal seasonal component...? (see mobility mapping
later)
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Geostatistics: making maps

 Model output is set of realisations (e.g. n = 10000)

m%— e W

5 % el
é f_ - }.f‘ :,.- :
% _ -.ﬁé ':;."l.:;.e.",..'“‘ :"' /3

' . e
0 50 100 180 200 ;::';_i %ﬁ;

Transect (km

* Realisations provide posterior distribution for each location

Probability

0% 5% 40% 100%

Percentage aged under 15
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Geostatistics: making maps
Generating maps from posterior distributions of PfPR,_,,

|

|

I Generated various summaries:
;E | 1. A‘point estimate’ (mean)
g |
a | 2. A summary of uncertainty

: (e.g. St.deviation)

0% 5% 40% \ 100%

malaria atlas project
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Poverty mapping
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Intersection Table

Resulting Maps Equation Geostatistical Model
; « MPI = f(Yo + 1)1 -..) «
|’ - '
e
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