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Access to adequate housing and shelter is a fundamental human right, considered central to human 

wellbeing through the provision of facilities that are essential to security, comfort, health and nutrition.

The continent’s population is the fastest growing in the world and is predicted to increase from 1.2 billion 

in 2015 to 2.5 billion by 2050, which will necessitate hundreds of millions of new homes.
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Alongside increased housing demand, the existing housing stock is steadily transforming—for 

example, thatch roofs are being replaced by corrugated metal roofs, and mud walls by concrete and 

brick walls. These changes present a powerful opportunity to improve human wellbeing, and they also 

demonstrate the urgent need for investment in housing infrastructure to ensure that vulnerable 

populations are not left behind. 

目前存在的问题： existing data on African housing are limited

 The primary housing indicator

（the prevalence of urban slum housing）

 limited to urban areas only

 restricted to specific years

 not standardized across the continent at any subnational scale

 Other detailed records of African housing conditions are focused on housing costs and finance
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Here we conduct a standardized analysis using a geospatial framework to quantify the changing 

profile of housing in urban and rural sub-Saharan Africa during the era of the Millennium 

Development Goals.

 leveraged 62 georeferenced national household surveys, representing 661,945 unique households 

in 31 countries
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 categorized house construction materials into a binary variable that compared houses built 

from finished materials

 designed a geostatistical regression model to map house construction materials and overall 
house type at 5 × 5-km2 resolution across sub-Saharan Africa
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The independent variables (covariates) used 

in the model were:

• aridity index

• degree of urbanicity

• accessibility to large cities

• travel friction surface

• night-time lights

• irrigation

These independent variables were chosen as close 

proxies for factors that affect house type, such as:

• poverty

• development

• urbanization

• transport access

• population density

We also included spatial coordinates and time, to account for spatio-temporally autocorrelated residual 

effects.
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Our geostatistical model utilizes the random Fourier feature approach for which a nonlinear, 

interacting function is defined through high-dimensional feature spaces computed in explicit form 

through a feature map. This approach approximates a kernel function through an explicit rather than 

implicit map. 

The feature map associates a kernel function , which is defined on an input 

domain such that where is the feature map that 

associates kernel k with an embedding of the input space into a reproducing kernel Hilbert space ℋ. 

On the basis of a previous study, our feature map takes the form such 

that with a given spectral measure ωr. 

Rather than assuming a spectral distribution in which ωr is associated with a given kernel (for example, 

Student’s t for the Matérn kernel), we obtained this distribution (empirical Lebesgue measure) directly 

from the data. 

Given a response variable (for example, wall type), we used a beta-binomial likelihood 

function 𝑝(𝑦|𝑥,𝜔,𝜑) = BetaBinomial(𝑧(𝑥|𝜔),𝜑) to perform inference, allowing for overdispersion and 

sample size effects in the data. 
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The predictive performance of the model at the pixel level and administrative division level 1 was 

assessed via out-of-sample validation.

Confidence intervals and uncertainty were estimated using the weighted likelihood bootstrap, a method 

that generates samples from an approximate Bayesian posterior of a parametric model.

The predictive scores indicate excellent model performance, comparable to those from widely used, 

established models.
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A marked transformation of housing in sub-Saharan Africa from 2000 to 2015.

improved housing

houses built with 

finished materials

improved housing

houses built with 

finished materials
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 the prevalence of houses that were built with finished 

materials increased from 32% (29–33%) in 2000 to 51% 

(49–54%) in 2015

 the predicted prevalence of improved housing 

doubled from 11% (10–12%) in 2000 to 23% (21–25%) 

in 2015

 Between 2000 and 2015, 134 (118–147) million Africans in 

the analysed countries gained access to improved 

housing. 

 However, unacceptable inequalities persist, with 53 (50–

57) million urban inhabitants (47% (44–50%) of the total 

urban population of sub-Saharan Africa analysed) and 595 

(585–607) million rural inhabitants (82% (80–83%) of the 

rural population) living in unimproved housing in 2015.
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 80% higher in more educated 

households

 more than double in the 

wealthiest households
 31% higher with increased age of the 

household head
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observed a higher prevalence of improved 

housing in urban survey clusters than rural 

survey clusters.

a 10% increase in the prevalence of urban 

clusters was associated with a 7.5% 

increase in improved housing
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We show a considerable reduction in the prevalence of urban unimproved housing across sub-Saharan 

Africa from 68% (65–71%) in 2000 to 47% (44–50%) in 2015. 

However, nearly half of Africa’s urban population still lives in unimproved conditions, which is partly 

explained by widespread unimproved sanitation.

These findings highlight the 

urgent need for governments to 

improve water and sanitation 

infrastructure as households 

continue to spend individually 

on their homes.
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 the prevalence of improved housing doubled during 2000–2015, but that an unacceptably large 
proportion of people still live in unimproved housing in urban areas.

 house type was clearly associated at the household level with education, wealth and age of the 

household head



Thank you for your attention！


