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Introduction 

• Quantifying the population is mandatory to plan 
the infrastructures and manage the land 

• Population census and survey are at high costs; 
their existence is no more ensured 

• Use of remote sensing and GIS to diminish the 
costs and improve the accuracy of such estimate 

• To lighten the field survey of the demographer in 
absence of detailed and recent maps 

• 2 cases studies 



Urban : Lubumbashi (DRC) 



Rural : North Benin 



Outline 

• Sampling 

• Field survey 

• Extrapolation 

• Cross-validation 

 



Classical sampling 

• Use of any kind of spatial info to get a proxy of 
the size of the area to survey 

• In RDC and Benin, no updated population 
register, no recent census to to define 
population to be surveyed 

• Delineation and numbering of blocks/villages 
and populated plots by foot, if possible with GPS 

 Very heavy 

 



• Sampling in 
populated areas 

• OBIA classification 
of dwellings on 
VHR images 

• Lubumbashi : 

– Size of the image 

– confusions 
between dwellings, 
roads and bare soil  

– Eastern pollution 
by Gecamine 

 

Improved sampling 



Improved sampling 

• North Benin :  

– Very good detection of sheet metal roof, but 

– Dwellings are very diverse, small, covered by natural 
materials, very similar to granaries 

– Very poor results (Kappa of 39%) 

 



Improved sampling 

• Which spatial resolution for visual interpretation 
of the village ?  

 

 

 

 

 

 

 

• SPOT 5 fused image at 5m seems a good 
compromise according to price/sqkm 

 

 



Improved sampling 

• Stratification according to 

– Administrative units 
• Define by legal texts 

• Evolution of the limits may be unknown 

• Paper or digital maps difficult to get 

– Homogeneous areas visually interpreted on remote 
sensing data  

 





Sampling : 1st level : villages in North Benin 



Sampling : 1st level : Lubumbashi 

• For 90% of the city, blocks are easy to identify by visual 
interpretation on a VHR space-map using roads, tracks, rivers, 
clear land cover areas, power lines, … 

• Only 5 randomly selected blocks defined on the field with 
GPS in less structured areas 
 

Brondo (Kenya commune) Annex commune 



Sampling : 2d level : plots in Lubumbashi 

• For plots numbering 

• 2 BW space-maps  
– General overview 

– On sampled block 

– With main reference  
locations 

 

 

 

 Remote sensing allows to avoid  
double counting and omissions 

 



Sampling 

• North Benin : 

– Sampling : 1st level : 48 blocks spread in 2 communes 
and 5 arrondissements, 8 villages, 2 small cities 

– Sampling 2d level : counting of 2 844 dwellings 



Field survey : population survey 

• Rapid population counting during plots 
delineation 

• In depth demographic and socio-economic 
survey 

 

 

VHR remote sensing contributions, use of 
space-maps : 

 to find sampled plot 

To control field surveyors 



Extrapolation : spatial basis ? 

• For Lubumbashi :  
– statistical analysis by segmentation showed that the 

communes are the most relevant stratification layer 

 

 

 

 

 

 

 

 

– But their delineation received from the town 
authorities does not match the ones defined by law 
in 1970  



Extrapolation : North Benin 
 
 
 
 
 
 
 
 

 

• Extrapolation : 
– By village center or its periphery, or hamlet 
– In blue : no extrapolation for 2 villages (lack of representativity) 
– In red : weighted estimates 

• Cross validation with 2002 census 
– Rates of growth very high but plausible because of very 

dynamic population and many migrations  
– Rates of growth too high for urban areas (probable inclusion of 

administrative compounds, schools, markets, police quarters, 
…) 
 

 
 



Cross validation 
• By remote sensing, Ho 

: the population grows 
at the same pace than 
its extension 

• Urban growth mapped 
with HR time serie 

• Diff ≈ 20 % 



Cross validation 

• Second cross-validation, age pyramid reconstruction 
using population data : 
– Sex and age from the last census (1984) 

– Sex, age, movments from the administrative population register 
of 2001 

– Sex and age from the voting enrolment decount (2005) 

– Sex and age from the project field survey in 2009 

 



Comparison of the population estimates 

 



Conclusions : use of remote sensing 

• To improve sampling  by: 
– Excluding unpopulated areas by classification in urban context and visual 

interpretation in rural areass,  
– Stratifying visually the area,  
– Delineating the sampled blocks and 90% of the plots in urban context 

• To ease the field survey by 
– Counting the dwellings in rural context 
– localising the sampled units on BW space-maps to support field surveyors 

and their control 

• To extrapolate the field data by 
– Using the built-up area instead of the total area 

• Data :  
– Fused VHR QuickBird (0,6m) in urban context 
– Fused SPOT 5 (5m) in rural context 

• Methods : 
– Identification of populated areas are difficult by OBIA (small dwellings, use 

of natural material on the roof, pollution, rusted corrugated sheet roof, …) 
– Visual interpretation operationnal 

 


