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Professor Andy Tatem 

Mapping progress towards the 
Sustainable Development Goals 



Here is the news…. 



www.gapminder.org 

Are things really so bad and getting worse? 



It’s not so bad after all… 





Global inequalities still exist 

Inequality 
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MDG achievement – but inequalities within 
countries remain 

• Around one third of 
developing countries 
reduced child mortality 
by 75% 

• Another 74 cut it by 
half 

• But huge subnational 
inequalities remain 





2015-2030: 17 goals, 169 targets 



Key differences compared to MDGs 

• Leave no-one behind: no goal should be met unless it is met 
for everyone 

 

• A focus on achieving x,y,z everywhere = geography is 
important 

 



SDGs: Key data 

• All 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.  

• 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. 

 



Census data: answers 

100km 



High income countries 

• Regular, reliable censuses with 
strong mapping components 

• Strong and comprehensive civil 
registration and vital statistics 
(CRVS) systems 

• Multiple other sources of 
registrations, surveys, statistics 



Census data: problems 

2011 

100km 

2003 
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The challenge: low/middle  
income countries 

2010 2020 2030 2015 2025 

Census Census Census ? ? 
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• National census data will continue to be our 

most important datasource 

• 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 of the highest burden settings the 

situation is more challenging 

? ? ? ? 



Polio elimination:  Vaccinate as close to 100% of under 

5s as possible 
  

 

-Ensure correct amount of vaccine is available 

  

Need to know how many under 5s there are 

 

-Plan local vaccine needs 

 

Need to know how numbers change 

 

-Plan vaccinator logistics and routes 

  

Need detailed maps of the region 

Example application:  Vaccination planning needs 
 



The challenge: subnational data 



Courtesy of Vince Seaman, Bill and Melinda Gates Foundation 



Hand-Drawn Map 

Team 19 

Team 16 

Team 17 

Satellite Map  

Team 18 

Team 16 

Team 19 

Team 17 

Team 18 

Gangara Ward, Jibia LGA, Katsina State 

Hand-drawn maps for vaccination planning 

Courtesy of Vince Seaman, Bill and Melinda Gates Foundation 



Inflated Census Populations?   

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

36 compounds 32 compounds 

Courtesy of Vince Seaman, Bill and Melinda Gates Foundation 



What do we have to help us? 
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Satellite 

Mobile phone 

Geolocated 
household surveys 

Satellite and GIS 
data 

Mobile phone 
data 



Household Surveys 

53.1% of women 
literate 



GPS: Geolocated surveys 

Low 
 
 
High 

Low 
 
 
High 

Proportion of 
women who 
are literate 



Geographic Information System (GIS) Data 





Satellite imagery 



Mobile phone call detail records (CDRs) 



Mobile phone call detail records (CDRs) 

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 

Protecting confidentiality  
-Aggregate summaries 

-Regulator approval 
-Raw data never leaves operator 

 
 



Data integration 



How are all these 
data useful? 



All 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  
Need for accurate, subnational, ongoing data on denominators 

How can we get there with census data plus these newer datasets? 



Spatial Demography 

• Where is everybody? 

• Who is there? 

• How have things changed? 

• How mobile is the population? 

Grids: consistent and comparable 
format and a framework for integrating 

differing data types 



Census data disaggregation 

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 



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



 



www.worldpop.org 



Mapping population change 



Future scenarios 

2015 2030 



Women of childbearing age, 
2010 

20-24yrs 

Mapping demographics 



Benefits of ‘gridded’ demographic data 

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 

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 



Census disaggregation can help us create valuable 
datasets….but….. 

What can we do? 



Satellite imagery feature extraction 



‘Bottom-up’ population estimation 

150 Microcensus 
“Training” Clusters 
and Validation Sets 
in Kano State 
 

M M M 



Kano State, Nigeria 

Lower  
confidence 
interval 

Upper  
confidence 
interval 

Population 
estimates per 
90x90m grid square 



But populations don’t stay still….. 

Impacts: 
-Denominator estimates 
-Health and development metrics 
-Service demand, intervention needs 
-Identification of vulnerable populations 
-Disease dynamics 
-Disaster relief 



Measuring movements 

“Traditional” New sources 

Tatem (2015) International Health 



Migration mapping 

Gravity-type 
spatial interaction 
model built using 
GIS and satellite 
imagery-based 

covariates 



Migration mapping 

Sorichetta et al (2016) in press 

 

Can we get finer temporal and spatial detail? 





Seasonal movements in Niger 

• Substantial agriculturally-driven seasonal migration occurs across the Sahel region 

• Can we measure the timing and relative size of the incoming migration using 
satellite night-lights? 

Bharti, Tatem, Ferrari et al (2011) Science 



Can we get even finer spatial and temporal detail? 



Measuring migration 

R2 = 0.92 

Annual migration flow from census data 
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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 



Denominators 

Numerators 



Measuring targets: Population characteristics and coverages 

SDG targets 

• 1.1. Eradicate extreme poverty for all people 
everywhere -measured as people living on less than 
$1.25 a day 

• 2.2. End all forms of malnutrition, including the 
internationally agreed targets on stunting and wasting in 
children under 5 years of age  

• 3.7. Ensure universal access to sexual and reproductive 
health-care services 

• 4.6. Ensure that all youth and a substantial proportion of 
adults, both men and women, achieve literacy 

 

 

What can we use? 



Goal 1 - poverty 
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-Poverty mapping is a 
well-established field 
-Small area estimation: 
integration of survey 
and census data 



Spatial data integration 

• Population characteristics measured in 
household surveys can be strongly related 
to features we can measure everywhere 

• We can use these relationships to predict 
characteristics into unsampled locations 
using metrics from census, satellite and 
cellphone data to create maps of SDG-
relevant indicators 

• Importance of validation and the 
measurement and mapping of uncertainty 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

-Greater mobility = lower poverty 
-Wider social network = lower poverty 

-Large, regular credit top up = lower 
poverty 

High 
 
 
Low 

Poverty 
rate 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

-Increasing distance from major roads = 
increasing poverty 

-Increasing urbanicity = decreasing 
poverty 

 
 



Improving mapping of 

socioeconomic indicators 

GPS-located survey cluster data 

Observed cluster-level variation represented by: 
1. Sampling model (e.g. binomial) 

2. Geospatial covariates (fixed effects) 
3. Spatial covariance (random effects) 

4. Gaussian noise term 
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Predicted 

Example output: 

Bangladesh wealth index 

R2 = 0.77 

Cellphone and satellite data are collected 
24/7 = Potential for ongoing monitoring 



Nigeria age structures 

Alegana et al (2015) Royal Society Interface 



Stunting in girls and boys 

Uncertainty 
maps: 

interdecile 
range 



Is aid being equitably distributed according to need? 



Percentage of 
women of 

reproductive age 
using modern 
contraceptive 

methods 

Uncertainty maps: 
standard deviation 



Maternal health 

Ruktanonchai et al (2016) in review; Neal et al (2016) in review 

Probability of 4+ antenatal care visits at time of delivery 

Proportion of adolescent births to 
16-17yr olds 



Takahashi et al (2015) Science 

Vaccination coverage 
mapping: integrating 

geostatistics and 
demographic models 



Literacy 

Rsq = 0.76 

Uncertainty 
maps: Standard 

deviation 



Measuring targets: Resilience and risk reduction 

SDG targets 

What can we use? 

• 3.d. Strengthen the capacity for early warning, 
risk reduction and management of national and 
global health risks 

• 9.a. Facilitate sustainable and resilient 
infrastructure development in developing 
countries 

• 11.b. Adaptation to climate change, resilience to 
disasters, holistic disaster risk management at all 
levels 

• 13.1. Strengthen resilience and adaptive capacity 
to climate-related hazards and natural disasters 
in all countries 

 



Mapping population movements 





Mapping displacements, building resilience 

• Server setup and data-feed within 2 days of initial quake 
• Analysis of displacements against pre-quake routines 

• First report delivered to response agencies within 10 days of initial quake 
• Analyses ongoing 

Wilson et al (2016) PLoS Currents Disasters 



Contacts:  

linus.bengtsson@flowminder.org +41 78 964 88 28 

erik.wetter@flowminder.org +46 70 893 88 37 

andy.tatem@flowminder.org +44 7703 392 192  

Population outflow 

(above normal) 

Nepal Population Estimates as of 10th 
June 2015 

78 

Above normal flows from Kathmandu to other districts  

2.8m +180,000 
(110,000 ~ 250,000) 

Population inflow 

(above normal) 

 

Pre-earthquake population 

2. Kathmandu Valley 

• Kathmandu district is home to 2.8m people under normal 
conditions [1].  

Key findings: 

➔ An estimated 180,000 people more than normal had left 
Kathmandu - comparing 3rd-10th June with 20th-24th April 
(ratio to the population 6.7%). 

➔ An estimated 55,000 persons less than normal had come into 
Kathmandu during the same period (ratio to the population -
2%). 

➔ People leaving Kathmandu Valley went to a large number of 
areas, notably the populous areas in the south and southeast 
as well as to the neighbouring districts.  

 

Produced 12th June 2015 

 

 

[1] www.worldpop.org 

 

 

Above normal flows from Kathmandu to other districts (comparing 3rd-10th June 

and 20th-24th April). 

 

 
Flowminder.org is a non-profit organization registered in Stockholm, Sweden. Ncell is a mobile operator in Nepal and part of the TeliaSonera group. Analyses 

are based on de-identified mobile network data and conducted in accordance with mobile industry (GSMA) Guidelines on the protection of privacy in the 

use of mobile phone data for responding to the Ebola outbreak, published October 2014. 

-55,000 
(-33,000 ~ -77,000) 





Integrating CDRs improves disease model accuracy 

Wesolowski et al (2015) PNAS, Bengtsson et al (2015) Scientific Reports 

Rubella 
dynamics, Kenya 

Cholera 
dynamics, Haiti 

CDR-driven model 

Dengue 
dynamics, 
Pakistan 



Wesolowski et al (2012) Science; Tatem et al (2009,2014) Malaria Journal; Moonen et al (2010) Malaria Journal; www.endmalaria2040.org 
  

Supporting disease elimination strategy design 

All people Infected people 



Maybe these are crazy ivory-tower academic 
ideas that will never find use? 



Health metrics 

Children under 5yrs 

Malaria prevalence 
2000-15 

Malawi live 
births 

+ = 



Disaster response 
Syria population distribution  



Operational support and strategy design 

Population living under $2 a day 
www.fspmaps.com 

Children under 5yrs 

Bottom-up 
population mapping 

Malaria intervention 
strategies 



Training, local capacity 
-GIS, remote sensing skills and 
capacity are increasing everywhere 
 
-Open data and software are 
accelerating uptake 
 
-Making full use of existing 
traditional data and complimenting 
it with ‘new’ dataset integration is 
more cost-effective than new data 
collection 
 
-Local ownership and analysis are 
key to sustainable implementation 



Summary 

• In producing estimates for different geographical scales and time periods, the 
integration of multiple types of data to compliment traditional sources is often 
required 

• Novel datasets (e.g. phones, satellite) are prone to biases, but each has 
advantages over census data in terms of the frequency of measurement and 
spatial precision 

• Methods to account for biases, reporting uncertainties and providing clear 
metadata/documentation to inform users are all important 

• Great potential in complimenting traditional sources to build strong and 
cost-effective demographic databases for measuring progress towards the 
SDGs 
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Further information 

www.worldpop.org 

www.flowminder.org 

@WorldPopProject 

@Flowminder 

E-mail:  Andy.Tatem@flowminder.org 


