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Figure1: Kibera slum
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Kibera is one of the biggest informal settlements in the world where people live in a extremely dense urban context. 

One of the major issues concerning slums is the population estimates since most of them are outdated or difficult to obtain considering the difficulty to monitor such places. 

Yet, it is necessary to get as precise an estimate as possible in order to address basic services as medical care or water and sanitation equipment. Having a good estimate of the population number and comparing it to persons having access to medical care will help improving the planning of MSF’s acitivities.

Several demographic projects have being carried over Kibera with no probing results since the population number is still wavering between 350.000 and 1 million inhabitants
. The issues to be tacked with are the extreme density of buildings and people that turns the place into a maze, the disturbing political question that is the reason for vague population census in slums and the time consuming and costly procedure that a proper census would represent.

An alternative to this is the combined use of very high satellite imagery and sample field survey. Satellite imagery will serve as a basis for support mapping to field inquiries. MSF   proceeded through simple random sampling of Kibera structures to obtain representative population data . An average population estimate will be computed for the selected zones and extrapolated to the full Kibera extent.

The project presents 4 phases:

1. Data acquisition - Quickbird archive imagery from 2009-02-19 over Kibera for update survey. A former acquisition over Kibera was made in 2004-02-14 for MSF in the context of the HUMAN
 project to locate MSF-B activities.  Preprocessing of raw data

2. Digitization of buildings within Kibera boundaries in order to support field survey and to identify the inhabited proportion. 

3. Change detection analysis between 2004 and 2009 in order to indentify expanding built-up areas, removal of buildings, any change or absence of change that can help interpret the population dynamics.

4. Field survey and extrapolation of population estimates to the whole Kibera.

1. Basic Data and image preprocessing

VHRS image

Quickbird images from 2009-02-19 and 2004-02-14 were provided to MSF as natural colour image with a resolution of 0.6m. 

Image preprocessing

· Pansharpening (fusion between 0.6m panchromatic image and 2.4 colour image)
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Figure 2: Pansharpening technique and image improvement. 

Image Source © 2004 DigitalGlobe, Inc. All Right Reserved
· Georeferencing using RPC
 included in original data file and based on Quickbird image from 2009-02-02.
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	Kibera 2004 – Quickbird from 2004/02/14
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	Kibera 2009 - Quickbird from 2009/02/19


2.  Building extraction on basis of digitization

Buildings were interpreted and extracted manually since in this dense urban context automatic extraction is not performant.
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Figure3: Visual interpretation and digitization of slum structures on basis of Quickbird image

3.  Change detection analysis

Has Kibera grown or densified? Where are the extension zones located? What changes occurred between 2004 and 2009 in Kibera? Are they identifiable on the satellite imagery?

Urban extensions on the outskirts of the slum are clearly visible, as well as changes in the pattern (road drawing…), new buildings, clearing of areas…

The comparison of both situation were made according to 3 methods, 2 semi-automatic methods using ENVI 4.5 and one manual method in ArcGIS. 

Change detection

The software computes automatically the difference between both images to identify areas where the urban morphology changed and where it remained identical.
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Figure4: Evolving urban morphology in red

In red, were changes occurred, in white where it remained identical. This solution requires some cleaning afterwards because a lot of artifacts are generated due to the imperfect superimposition of both images. 

Combination of the red bands 

The red bands from both images were combined in an RGB file in order to point out the changes that occurred in the urban landscape.
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	Kibera – South West (Raila village) -  2004/02/14

Part of Raila village was bulldozed on 2004/02/08 and more than 1000 people evicted by the authorities
	Kibera – South West (Raila village) - 2009/02/19
	In red, the urban extension since 2004. Combination of the red band of both images from 2004 and 2009
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	Light blue - No change
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	Red – vegetation that was present in 2004 disappeared to the benefit of buildings
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	Light blue - No change
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	Light red – buildings were here in 2004 but roofs have been changed, renewed or are brighter
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	Red - Urban extension 2009 – Kibera outskirts 
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	Light red – buildings were here in 2004 but roofs have been changed, renewed or are brighter
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	Dark red – new buildings within Kibera boundaries
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	Dark blue – the blue stain here corresponds to a new round building with a darker roof.
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	Dark blue - buildings were here in 2004 but roofs have been changed, renewed or are brighter


In general, light blue means no change, red and red hues show new buildings since 2004 and/or buildings with new bright roofs and dark blue shows new buildings that have darker roofs.

This semi-automatic change detection provides a first rapid visualization of the changes that have occurred between 2004 and 2009. But the result is quite complicated to interpret.

Manual interpretation

For clarity purpose, a third solution was adopted to cope with the artifacts of the semi-automatic solution. This manual solution implies filling in the attribute table of the digitized buildings in order to symbolize new constructions and buildings that were pulled down.
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Figure5: Evolution of the structures of the slum – urban extension / clearance, building modification

Remark:

New buildings are essentially located on the outskirts of Kibera, namely in Raila village in the South West where there is no limitation by either river or pond (South), other urbanized area (North West and East), golf course (North). 

4. Field survey and interpretation of results

Survey method

Given the time and budget constraints, the field survey had to be well defined. The method used was a random sampling method that selected 500 structures identified by the Structure ID from the shapefile. Because of -doubles and inaccurate structures, only 482 remained.

The field survey was carried out by a group of MSF trained casual workers using maps based on the digitization. 6 teams of 2 persons each were trained and conducted the survey, visiting the selected structures in order to identify their function, the number of units and number of people living by structure. Most of the Kibera structures are divided into separate units (mostly made up of 1 single room, but sometimes more) in which different households live. 

The slum is composed of 13 villages: Gatwekera, Kanbimuru, Kianda, Kisumu Ndogo, Laini Saba, Lindi, Makina, Mashimoni, Raila, Silanga, Soweto East, Soweto West Kicchinjio is not a separate village, administratively it is part of Makina. In our study, we added the fringe of slum structures bordering the railway in the neighbouring villages of Olympic and Karanja. ( could we alter the map below slightly, the small and separate bit that's North West of Makina is actually not part of Makina. It is Toi Market, so can we rename that bit Toi instead of Makina?

[image: image21]
Figure7: Kibera villages

In the end, 482 structures were visited randomly throughout the slum for a total of 1917 units. Structures correspond to digitized features or roofs that may cover several units. 188 units were identified as non residential units, 1678 as residential units that were visited and 51 remaining units that were not visited. The average number of people per unit amounts to 2.8persons while the total number of inhabitants for the 482 structures visited amount to 5360 persons. 
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Figure8: 482 structures randomly chosen for the field survey

Considering those figures, we can extrapolate population estimates for the entire slum of Kibera.

The results were transferred for analysis and extrapolation in xls and Access format (see POP_KIBERA_SIG.xls and KIBERA_SURVEY_2.mdb). 

Thanks to the digitization and field survey, we benefit from 4 levels of analyses possible based on the assessment of the population per

· Number of structures

· Structure surface or inhabited area

· Kibera “administrative” area

· Individual villages “administrative” area

It will be interesting to exploit the different levels of analyses to compare them.

Interpretation of results

Results from the field survey

	TEST SITES
	Nb of Structures
	Nb of units
	Area of structures (ha)
	Average nb of inhabitants/ structure
	Nb of inhabitants 

	Gatwekera
	55
	212
	0.42
	12
	641

	Kanbimuru
	20
	57
	0.17
	8
	151

	Karanja
	0
	0
	0
	0
	0

	Kianda
	42
	166
	0.28
	13
	559

	Kisumu Ndogo
	29
	163
	0.31
	19
	538

	Laini Saba
	64
	168
	0.40
	5
	331

	Lindi
	57
	175
	0.37
	10
	551

	Makina
	59
	270
	0.56
	13
	747

	Mashimoni
	21
	115
	0.17
	15
	315

	Olympic
	4
	4
	0.0357
	0
	0

	Raila
	21
	49
	0.10
	8
	158

	Silanga
	46
	223
	0.40
	10
	455

	Soweto East
	39
	193
	0.34
	12
	474

	Soweto West
	25
	122
	0.18
	18
	439

	TOTAL
	482
	1917
	3.73
	11
	5359


·  Population estimate for the whole Kibera

Number of inhabitants per general “administrative” area of Kibera

This method is acceptable since the building density is homogeneous throughout the slum. Yet, we can already assume that the result will be increased because the general Kibera boundaries comprises non building areas.

Given the number of inhabitants on the test sites (5359), the area of selected structures (3.73 ha) and the area for the whole Kibera (238 ha), we can derive the total estimated number of inhabitants for the entire Kibera = 341 942 inhabitants. We may infer a population density of 1437 people /ha.
Number of inhabitants per general inhabited area of Kibera

If we consider the only inhabited surface of Kibera (131.84 ha), we can derive a reduced number of inhabitants: 189 418 inhabitants. This result is likely to be more accurate because it benefits from finer data (inhabited surface). We may infer a population density of 1437 people /ha.
Number of inhabitants per number of structures in Kibera

If we consider the number of structures of the test sites (482) and of Kibera (17241), we can derive a reduced number of inhabitants: 191 690 inhabitants. We may infer an average number of person/structure equal to 11.

· Population estimate based on individual village estimates

The analysis by village is a means to reduce the error given the reduced size of the area under concern. This method requires the digitization of individual structures (roofs) prior to the analysis and is therefore the most time consuming method:

· Shapefile of the boundaries of Kibera villages (area in ha)

· Shapefile of all individual structures covering Kibera (inhabited area in ha) 

· Field survey (visit of structures, people couting)

	KIBERA SLUM

	Nb of Structures
	Nb of units
	Area of structures (ha)
	Village area (ha)
	Nb of inhabitants / nb structures
	Nb of inhabitants / structure area
	Nb of inhabitants / village area

	Gatwekera
	1978
	7624
	15.92
	27.82
	23053
	24291
	42449

	Kanbimuru
	446
	1271
	3.77
	7.54
	3367
	3407
	6801

	Karanja
	19
	0
	0.14
	0.48
	0
	0
	0

	Kianda
	1304
	5154
	9.68
	16.29
	17356
	19653
	33077

	Kisumu Ndogo
	886
	4980
	9.21
	16.68
	16437
	15971
	28925

	Laini Saba
	2193
	5757
	14.96
	25.91
	11342
	12327
	21348

	Lindi
	1931
	5929
	14.74
	25.30
	18666
	21688
	37221

	Makina
	2496
	11422
	21.86
	43.55
	31602
	29248
	58286

	Mashimoni
	825
	4518
	7.04
	12.40
	12375
	12950
	22815

	Olympic
	177
	177
	1.40
	3.13
	0
	0
	0

	Raila
	883
	2060
	4.01
	8.13
	6644
	6464
	13108

	Silanga
	1574
	7630
	12.51
	20.76
	15569
	14193
	23561

	Soweto East
	1939
	9596
	13.27
	23.07
	23566
	18683
	32478

	Soweto West
	590
	2879
	3.34
	6.85
	10360
	8005
	16437

	TOTAL – average of the results of all villages
	
	
	
	
	190337
	186878
	336506

	TOTAL – computation on basis of the general results
	17241
	68997
	131.84
	238
	191690
	189280
	341554


It has to be noted that population estimates differ according to the reference used to compute the total number of people. 

· On basis of number of structures : 190 337 / 191 690 people
· On basis of structures surface: 186 878 / 189 280 people
· On basis of “administrative” area of each village: 336 506 / 341 554 people
The greater variation concerns the estimate based on the administrative area of each village which is overestimated by a factor 1.75 – 1.78 with regards to the other results.

· Population estimates based on the extrapolation of KIANDA results

In 2008, the Map Kibera Project (MKP), an independent international team, has conducted a thorough census in KIANDA village. The results are available on the Internet
. Given the lack of precise census data over Kibera, we will consider their results as a good basis for validation.

The MSF estimates assessing the number of inhabitants per structures identified is close to that obtained by MKP.

	KIANDA
	Kianda area (ha)
	Nb of structures
	Nb of inhabitants
	Nb of units
	KIBERA area (ha)
	Pop density (pers/ ha)
	Total estimated population

	Map Kibera Project
	16
	1225

	15219
	5000
	230 - 250
	951.2
	235000 to  270000


	MSF estimates / structures
	16.29
	1304
	17356
	5154
	238
	1065.42
	253570



If we apply the 7% of error to MSF’s results, we obtain a population between 235 820 and 271 320 inhabitants which is a very good estimate with regards to MKP figures. 

Assessment of error:

	Error of MSF estimates / MKP

	Percentage (+/- %)
	Nb of elements

	identification of structures on the satellite imagery
	6
	+ 79

	Identification of units
	3.08
	+ 154

	Population estimates for KIANDA 
	14.04
	+ 2137

	Population estimates for KIBERA

	3.80
	+ 9302


Considering the comparison, we can say that the results obtained on KIANDA by MSF are very good.
Therefore, we may infer that the results for the remaining villages have the same degree of accuracy. In the following table we applied the same method as the one used by MKP for population estimation: 

Population density (= nb of inhabitant / village area) * Kibera area

	KIBERA SLUM

	Village area (ha)
	Nb of Structures
	Nb of inhabitants

	KIBERA area (ha)
	Population density (pers / ha)
	Total estimated population / each village

	Gatwekera
	27.82
	1978
	23053
	238
	828.63
	197214

	Kanbimuru
	7.54
	446
	3367
	238
	446.86
	106354

	Karanja
	0.48
	19
	0
	238
	0
	0

	Kianda
	16.29
	1304
	17356
	238
	1065.42
	253569

	Kisumu Ndogo
	16.68
	886
	16437
	238
	985.56
	234564

	Laini Saba
	25.91
	2193
	11342
	238
	437.77
	104190

	Lindi
	25.30
	1931
	18666
	238
	737.66
	175563

	Makina
	43.55
	2496
	31602
	238
	725.57
	172685

	Mashimoni
	12.40
	825
	12375
	238
	998.02
	237528

	Olympic
	3.13
	177
	0
	238
	0.00
	0

	Raila
	8.13
	883
	6644
	238
	817.16
	194484

	Silanga
	20.76
	1574
	15569
	238
	749.97
	178493

	Soweto East
	23.07
	1939
	23566
	238
	1021.50
	243118

	Soweto West
	6.85
	590
	10360
	238
	1512.84
	360057

	TOTAL – average of the results of all villages
	238
	17241
	190337
	238
	860.58
	204818

	TOTAL – computation on basis of the general results
	238
	
	191690
	238
	800.04
	190410


In the above table you can see that the estimate of the Kibera population on basis of the extrapolation of each village population gives mixed results. This may mean that field data / digitization were not of equal quality on every village. 

The average of those results provides a total estimate of 190 410 or 204 818 inhabitants depending whether we compute the estimates on basis of the general results or on basis of the average of all the estimates by village. This result is quite close to the population estimate based on the addition of extrapolated number of inhabitants per villages which amounts to 190 337 – 191 690 inhabitants. 

Results summary

	
	Nb People / nb structures
	Nb People / Built surface
	Nb People / ‘administrative’ area
	Nb People / density (on basis of people/nb structures

	
	Raw result
	+7% error
	Raw result
	+7% error
	Raw result
	+7% error
	Raw result
	+7% error

	Per village
	190 337
	203 661
	186 878
	199 959
	341 942
	365 878
	204 818
	219 155

	Kibera 
	191 690
	205 108
	189 418
	202 677
	336 504
	360 059
	NA
	NA

	Kianda extrapolation MKP
	NA
	NA
	NA
	NA
	Mean value 244268
	235 000 – 

270 000
	NA
	NA

	Kianda extrapolation MSF
	NA
	NA
	NA
	NA
	253 570
	271 320
	NA
	NA


Conclusion:

We will take into consideration the results with the 7% error. 

Population estimates based on the ‘administrative’ boundaries are overestimated by a rough 1.75 factor with an average value of 362 969 people.

Population estimates based either on the number of structures or the built surface are quite coherent and range from 199 959 to 205 108 people with an average of 202 533 people. 

With regards to the thorough field survey from MKP, MSF data appear to be very coherent which means that the method used – a combination of remote sensing interpretation and mapping and field random field survey – seems valid. It should be further validated though by comparing the results for other villages, yet MKP has not started with the rest of the slum.

Results extrapolated from Kianda data amount to 253 570 people for the whole Kibera. Results extrapolated from each individual villages based on the Kianda method amount to 204 818 people. 

We may assume that results based on the built surface is more accurate than the results based on the general ‘administrative’ areas that contain unbuilt areas like roads, rivers … The results that are to be considered range thus from 199 959 to 202 677 with an average of 201 338 people for the entire Kibera. This figure is lower than the estimate obtained by MKP. 
















� � HYPERLINK "http://www.imcworldwide.org/images/Image/Kenya/kenya04_kibera.jpg" �http://www.imcworldwide.org/images/Image/Kenya/kenya04_kibera.jpg� 


� For references, see Monitoring of Urban Growth of Informal Settlements and Population Estimation from Aerial Photography and Satellite Imaging by G. Sartori, G. Nembrini and F. Stauffer. Mapping the Unmapped by Stefano Marras from the ongoing Map Kibera Project.


�The HUMAN project was financed by the European Space Agency and carried out by Keyobs for MSF-B. It developed mapping support for MSF activities and emergency interventions.


� RPC provide 


� Results in blue were extrapolated from field data


� � HYPERLINK "http://www.mapkiberaproject.org/" �http://www.mapkiberaproject.org/� 


� 1225 main structures identified among 1500 buildings counted in Kianda. 300 smaller structures are public toilets or baths which are likely to be missing among the structures extracted from the satellite imagery because of their reduced size. 


� Dr Stefano Marras extrapolated the results of Kianda to Kibera at large on basis of the population density taking into account an estimated error of 7% (“We can guess this estimate multiplying the population density found in Kianda for the area of Kibera taking into account an estimated error of 7%”). 


� Dr Stefano Marras extrapolated the results of Kianda to Kibera at large on basis of the population density taking into account an estimated error of 7% (“We can guess this estimate multiplying the population density found in Kianda for the area of Kibera taking into account an estimated error of 7%”). 


� The formula used to assess the % of error is the following: computed value/reference value*100= % of precision-100= % of error.


� The average estimation considered for MKP is based on the average area for Kibera of 240 ha thus making the population estimates up to 244268 people (included the 7% error factor).


� Results in blue were extrapolated from field data


� The number of inhabitants based on the number of structures is the closest one to the population figure obtained by MKP. Therefore we chose this one for our analysis.
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