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Key	
  partners	
  and	
  donors	
  

•  WorldPop: Research program in Dept Geography & Environment 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 in low/middle income countries 

•  50+ staff; focus on data science and integration in fields of spatial demography and 
mobility to support disease, disaster and development applications 



Gender	
  equality	
  across	
  
all	
  health	
  and	
  

development	
  goals	
  is	
  
key	
  to	
  the	
  Sustainable	
  
Development	
  Goals	
  



Understanding where and who 
to target health and development 
interventions at across countries 

requires a strong baseline 
evidence base 

Leave noone behind 



Why map indicators of female welfare?	
  



Targeting of interventions 

Monitoring of impact 

Tackling inequality 



Measuring and mapping the 
success of interventions and 

progress from a baseline requires 
an evidence base that can be 

regularly updated 



Da
ta
	
  

Da
ta
	
  

The challenge 

2010	
   2020	
   2030	
  2015	
   2025	
  

Census	
   Census	
   Census	
  ? ?

Da
ta
	
  

•  National census data will continue to be our 
most important datasource 

•  Civil Registration and Vital Statistics systems 
improving, but remain weak 

•  Census provides denominators and numerators 
for all SDGs, and requisite subnational detail 

•  But, the 2015-2030 SDG period typically includes 
just one census datapoint 

•  And in some settings the situation is more 
challenging 

?? ??
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What do we have to help us? 
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Geolocated	
  
household	
  surveys	
  

Satellite	
  and	
  GIS	
  
data	
  

Cellphone	
  data	
  



Data integration 



Spatial Demography

•  Where is everybody? 

•  Who is there? 

•  How have things changed? 

•  How mobile is the population? 



Benefits of ‘gridded’ demographic data 

Grids:	
  consistent	
  and	
  comparable	
  
format	
  and	
  a	
  framework	
  for	
  

integraEng	
  differing	
  data	
  types	
  

100	
  x	
  100m	
  gridded	
  
esEmates	
  of	
  
populaEon	
  density	
  	
  

AdministraEve	
  unit	
  
populaEon	
  totals	
  

Grids:	
  flexibility	
  in	
  
summarizaEon	
  to	
  any	
  
administraEve	
  unit	
  

level	
  

Comprehensive	
  Emergency	
  Obstetric	
  and	
  
Neonatal	
  Care	
  (CEmONC)	
  FaciliEes	
  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	
  

integraEon	
  



Mapping population distributions 
Aggregate	
  census	
  counts	
  

100x100m	
  gridded	
  counts	
  

Census	
  counts	
  generally	
  aggregated	
  at	
  
coarse,	
  irregular	
  administraEve	
  unit	
  

level,	
  making	
  integraEon	
  and	
  
comparisons	
  with	
  other	
  data	
  challenging	
  

Numbers	
  of	
  people	
  per	
  1x1km	
  2015	
  

IntegraEon	
  with	
  satellite/GIS	
  data	
  
related	
  to	
  human	
  populaEon	
  distribuEon	
  

paTerns	
  to	
  disaggregate	
  counts	
  to	
  
regular	
  grids	
  



Women	
  of	
  childbearing	
  age,	
  
2015	
  

20-24yrs 

Tatem	
  et	
  al	
  (2014)	
  IJHG,	
  Ebener	
  et	
  al	
  (2015)	
  IJHG	
  

Mapping the distributions of women, pregnancies and births 



www.worldpop.org 
Mapping pregnancies and births 



No census data? 

Mapping	
  buildings	
  and	
  seTlements	
  from	
  satellite	
  
imagery	
  

150	
  Microcensus	
  
“Training”	
  
Clusters	
  
and	
  Valida;on	
  
Sets	
  in	
  Kano	
  State	
  
with	
  age/gender-­‐
disaggregated	
  
numbers	
  
	
  

Numbers	
  of	
  women	
  
per	
  90x90m	
  grid	
  
square	
  



Denominators	
  

Numerators	
  



Aggregate, 
national level 

indicators hide 
important local 

differences 
53.1%	
  of	
  women	
  literate	
  

Household 
surveys 



Subnational 
data are 

available, but at 
very coarse 

scales 

Household 
surveys 



Increasingly 
survey cluster 
location data 

are available to 
provide 
relevant 
detail… 

….but no 
measurements 

in the 
unsampled 
locations – 

what can we 
do? 



Satellite	
  imagery	
  
can	
  be	
  processed	
  
to	
  map	
  factors	
  

known	
  to	
  
correlated	
  with	
  
human	
  welfare	
  



Many	
  satellite-­‐derived	
  
measures	
  such	
  have	
  

been	
  shown	
  individually	
  
to	
  correlate	
  with	
  human	
  

welfare	
  indicators	
  

Example	
  satellite-­‐derived	
  maps	
  
used:	
  land	
  use,	
  vegetaEon,	
  
elevaEon,	
  urban	
  density,	
  

remoteness,	
  nightlight	
  intensity,	
  
growing	
  season	
  length	
  



Combining	
  the	
  satellite	
  maps	
  
with	
  the	
  survey	
  cluster	
  data	
  
in	
  a	
  staEsEcal	
  model	
  enables	
  
predicEons	
  to	
  be	
  made	
  in	
  
unsampled	
  locaEons	
  with	
  
high	
  levels	
  of	
  accuracy	
  



So we can 
move from 
this, which 
hides local 

heterogeneities 
and those left 

behind.... 



…to this 



Cross-validation, mapping uncertainty 



Mapping	
  female	
  
literacy	
  in	
  
Bangladesh	
  

Female literacy in Bangladesh 



Percentage	
  of	
  
women	
  of	
  

reproducEve	
  
age	
  using	
  
modern	
  

contracepEve	
  
methods	
  

Uncertainty	
  
maps:	
  

standard	
  
deviaEon	
  



Highlighting gender differences 



Land	
  cover	
  

Road	
  Network	
  

ElevaEon/Slope	
  

Major	
  Rivers	
  

Travel	
  Eme	
  to	
  nearest	
  
facility	
  

Health	
  faciliEes	
  

Utilisation of maternal healthcare 



Probability	
  of	
  delivery	
  with	
  no	
  skilled	
  birth	
  aEendant	
  present,	
  in	
  a)	
  East	
  Africa,	
  b)	
  Kenya,	
  c)	
  Rwanda,	
  d)	
  Tanzania,	
  e)	
  
Burundi,	
  and	
  f)	
  Uganda.	
  

Utilisation of maternal healthcare 



Number	
  of	
  
women	
  per	
  
1x1km	
  grid	
  
cell	
  

Overlaying	
  these	
  maps	
  with	
  
populaEon	
  count	
  maps	
  from	
  

WorldPop	
  enables	
  translaEon	
  from	
  
prevalences	
  to	
  counts	
  (e.g.	
  number	
  
of	
  literate	
  women	
  per	
  1km	
  grid	
  

square,	
  or	
  per	
  state)	
  

high	
  

low	
  



Populations are dynamic….	
  



GPS-­‐located	
  survey	
  cluster	
  data	
  

Integrating mobile network 
data to improve gender-
disaggregated mapping 
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Predicted	
  

Bangladesh wealth 
index 

R2	
  =	
  0.77	
  

Cellphone	
  and	
  satellite	
  data	
  are	
  
collected	
  24/7	
  =	
  PotenEal	
  for	
  

ongoing	
  monitoring	
  

Steele	
  et	
  al	
  (2017)	
  J	
  Roy	
  Soc	
  Int	
  

•  2017-­‐18	
  Data2x-­‐Nepal	
  CBS	
  collaboraEon	
  

•  Dynamic	
  mapping	
  and	
  phone	
  surveys:	
  
literacy,	
  stunEng,	
  educaEon,	
  school	
  
enrollment,	
  employment,	
  agtudes	
  to	
  
domesEc	
  violence,	
  women’s	
  control	
  over	
  
household	
  resources	
  

•  Aiming	
  to	
  make	
  Nepal	
  CBS	
  one	
  of	
  the	
  
World’s	
  most	
  advanced	
  in	
  the	
  use	
  of	
  new	
  
data	
  forms	
  for	
  naEonal	
  staEsEcs	
  

	
  



Training,	
  building	
  experEse	
  

-­‐GIS,	
  remote	
  sensing	
  skills	
  and	
  
capacity	
  are	
  increasing	
  everywhere	
  
	
  
-­‐Open	
  data	
  and	
  soiware	
  are	
  
acceleraEng	
  uptake	
  
	
  
-­‐Making	
  full	
  use	
  of	
  exisEng	
  
tradiEonal	
  data	
  and	
  complimenEng	
  
it	
  with	
  ‘new’	
  dataset	
  integraEon	
  is	
  
likely	
  to	
  be	
  more	
  cost-­‐effecEve	
  than	
  
new	
  data	
  collecEon	
  
	
  
-­‐Local	
  ownership	
  and	
  analysis	
  are	
  
key	
  to	
  sustainable	
  implementaEon	
  



Further information 

www.worldpop.org 

www.flowminder.org 

@WorldPopProject 

@Flowminder 


