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What do we observe in the field ?

� Population data are essential for the socio-economic 
development of a country, a region, etc.

� The question of population is central to adequately 
plan and perform the humanitarian, relief, plan and perform the humanitarian, relief, 
development and engineering activities.

� Examples: IDP/refugees, major infrastructures 
(dams), master plans (water/sanitation/transport), 
energy programs, etc.



Water network DR Congo

• Project: Rehabilitation of infrastructures, 
drinking water network in the cities of Eastern DR 
Congo (Kalemie, Bukavu, Sake, Kibirizi, Kitshanga)

• Information provided: extraction of buildings, 
topography, estimation of population

• Data used: Quickbird, 

Ikonos, SPOT DEM



IDP/refugees in 
Sudan

� The local authorities state 
200k people and require 
consequent aid

� The aid agency states 100k 
people

� So what ?



And then…POPSATER

� Strong limitation of classical demographic 
approaches in fast-growing and dynamic 
environment.

� Need for a cost-effective and fast solution.

⇒Alternative and multi-source demographic methods 

⇒to identify, to test and/or to adapt methods of 
population estimates based on the remote sensing 
data



Using SPOT image with 
archives data



Using SPOT image with archives data 
Extract the urban area: object-oriented method

� Segmentation
� Green(1), red(2), near infrared(2)
� Standard segmentation parameters 

chosen by trial-error according to the 
resolution

� Features
� Spectral

Built-up area: means of blue and near 

2 built-up areas on 2 
geological zones  

� Built-up area: means of blue and near 
infrared bands

� Vegetation: NDVI

� Textural parameters (GLMC) to remove 
effect of  ≠ geological zones

� Classification: nearest neighbor 
algorithm

� Validation
� Exhaustive comparison with manual 

delimitation of the built-up area
Aster 27/08/2001

0 1 2 3 4 5
Kilometers



Using SPOT image with archives data 
Extract the urban area : thresholding method

� PCA � 1st component stretched between 0 and 255

� Thresholding at each value

� Smoothed
� Closure: dilatation + erosion windows 3 x 3

� Reduce impact of artifact: eliminate small areas� Reduce impact of artifact: eliminate small areas

� Urban frequency map
� Cumulative frequency: sum of all thresholded maps 

� Analysis the discontinuities in the cumulative frequency curve 
(DISCOUNT algorithm)

� 4 classes defined: certainly non urban; probably non urban; 
probably urban; certainly urban



Using SPOT image with archives data 
Extract the urban area : Generalization for both methods

� Generalization for both methods

� Continuous urban fabric = dwellings within 200m

� Non built-up inclusions less than 1km² are dissolved� Non built-up inclusions less than 1km² are dissolved

� Vegetation, water, bare soil, … are identified as no built-up



Using SPOT image with archives data 
Results

� Both method 

� Food results (+/- 3% ≠ for Surface)

� Reproducibility : time and different sensors (SPOT; ASTER)



Using SPOT image with archives data 
Results and urban growth

� H0: urban growth 
proportional to the 
population growth

� Urban areas 
estimation for each 
year



1st method: Using SPOT image / without fieldwork

Demographic
Population estimation

H0



Using SPOT image with archives data

� Reference year = 1986

� Analysis

� Rapid decline of extremely high fertility

� Up to 15% ≠ � very good in African context



Fieldwork



Fieldwork

� Sample design
� Sampling unit = household

� Minimizing the sample size/ municipality: reference to a 95% 
confidence interval � 400 household/ municipality

� 7 municipalities = total sample of 2800 households

� Keeping an easy identification and minimizing field 
displacements clustering by "natural" identifiable units =
the blocks 

� 40 blocks per municipality with 10 households



Fieldwork

QuickBird (12/09/2009): fine morphological and visual zoning:

� Visually segment the city into homogeneous morphological 
neighborhoods units 

� Following visible limits Following visible limits 

� natural (river, swamp...) 

� artificial (road, rail ...)

� Working rules used:

� Constant working scale: 1:10 000

� Minimum mapping unit: 1hectare



Fieldwork

� Interpretation of each units according to a morphological 
typology

Code
Density of 

buildings

Density of 

vegetation
Structure of roads

0 Very low

� Morphological index = 123 for low dwellings, medium 
vegetation and no roads structures

0 Very low

1 low high Structured and tarmac

2 medium medium Slightly structured

3 High low No apparent structure

4 / No vegetation





Fieldwork

� Each selected block is surveyed by an 
agent

� Agents receive:
� Questionnaire

� 3 days training

� User manual

� Reference sheets (global orientation and 
sampling)



Fieldwork

� Examples of reference sheets used by agent (global orientation and sampling sheets)



Fieldwork

� Difficulty of drawing 
blocks for the 
municipality “Annexe”

� Impossible to define 
blocks in the Brondo 
district



Fieldwork

� Approximation of block’s population size
� Enumerate every plot, building and household 

� Note the number of dwellers/household

� Questioning 10 households in the block (randomly selected)

� Demographic (full name, relationship, sex, age,…)

� Sociologic and economic (solarisation, profession, …)

� Morphologic (number of habitable room, roof material, …)



Using QuickBird image with 
fieldwork



Using QuickBird image with fieldwork

� Counting results… many problems:

� Some questionnaires poorly completed or un completed  �
1.150 missing data = 11%

� Refusal to answer = 24



Using QuickBird image with fieldwork

the number 
of people for 

10 
households in 
each block



Using QuickBird image with fieldwork

Data obtained by  
census

Estimation / remote 
sensing and fieldwork

Growth rate (%)

2001 2009

Kamalondo 30.427 33.556 1,2

Lubumbashi 186.279 189.340 0,2Lubumbashi 186.279 189.340 0,2

Kenya 95.905 77.345 -2,6

Katuba 275.273 196.457 -4,1

Ruashi 149.643 94.686 -5,5

Kampemba 307.862 203.277 -5,0

Annexe 122.232 211.874 7,1

City of Lubumbashi 1.167.621 1.006.535 -1,8

Demographic 
reconstitution data 
(starting with 1984 
data)

1.070.032 1.426.157 3,6

future of 
research
needed



Conclusion

� Estimation method using SPOT archives images 
without fieldwork:
� Very good results

� Efficient

� Now cost

� Fieldwork� Fieldwork
� Heavy and serious investigation

� 11% of forms not completed after 3 days of training

� Uncertain quality of the administrative census of 2001

� Census of 1984 very old

� Population estimation method using QuickBird 
images with fieldwork
� Further research is needed
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