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Abstract. Ideally, in a country the population censuses are held regularly (five or ten-
year intervals), population surveys, called “control surveys” are then conducted during the
intercensal period. The latter, as well as the registers of civil status (information on the
movements of the population), help determining a representative sample, called “scale model
of the population.” Random, stratified and weighted, it has the advantage of providing a good
statistical database for any generalizations about the target populationwith relatively little risk of
error. Our study area, Bukavu city, doesn’t comply with the classical scheme of data collection
for two main reasons: - there are more than twenty years that real demographic censuses have
been carried out in the province, the records of the ‘civil status is poorly maintained and often
incomplete—if any!—Especially during this post-conflict period. A study was conducted in
Bukavu City to determine the number of people living in this city. Two GeoEye satellite images
of 50 cm resolution captured in July 2012 were used. A net of 200× 200meters was created with
ArcGIS to divide the satellite images into regular cells. In total 2772 cells were created to cover
the two satellite images but only 2353 cells were considered for classification. Three classes
were identified in the satellite images according to houses density: High density, medium density
and low density zones. Three samples were selected and for each different density type, a point
map was created covering each house of the selected sample zones received a point. Using the
three different density patterns, 95 highly populated zones were identified, 307 medium density
zones and 800 low density zones having each respectively a total of 30’400, 46’050, and 40’000
houses. The population of the city was obtained by taking the number of houses times an average
of 8, 7 and 6 habitants per house respectively in high, medium and low density zones. A total
of 805550 habitants was obtained for Bukavu city which is almost the same number of people
estimated (830’000) by the Inspection Provinciale de la Santé which is the health office in charge
of vaccination campaign in South-Kivu Province. This method can be used whenever there is a
need to quickly estimate the number of the population in a region where there is no census data.
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1. Introduction

The traditional approach to estimate population is generally based on a census, which is labour-
intensive, time-consuming and costly. Since the 1970s, remote sensing estimation of residential
population has been applied more often, as space borne satellite data have become available (see
[5–7, 11, 13, 14, 16, 20, 30, 31]). In [17] the author summarizes four categories of population
estimation approaches using remotely sensed data. These methods are based on (1) counts of
individual dwelling units using high spatial resolution data such as aerial photographs (see [18]),
(2) measurements of urbanized land areas (see [20, 31]), (3) estimates derived from land use
classification (see [11, 14]), and (4) automatic image analysis based on spectral features (see
[6, 7]).

One of the first applications of remote sensing in population estimation can be traced to
the 1950s, using air photos in manual counts of dwelling units. A first approach to estimate
population from remotely sensed images is called the direct approach. The houses are manually
identified and counted.

This number of dwelling units is multiplied by the mean density of inhabitants per dwelling
to obtain an estimation of the population in the area. While estimated population information
is relatively accurate, such a house-counting approach is time consuming and labour intensive,
making it difficult to apply to large urban areas. Moreover, in some cities, particularly in devel-
oping countries and especially in slums, it’s hard to identify the houses (see [9, 15, 21, 27, 32]).

Population data is very important to stipulate for decision-making for governments. Census
is carried out every decade. Though the precision is very high, the cycle is long and the cost is
high. So every kind of population estimation method with low cost and short cycle is worthy
studied.

Accurate estimates of small-area population are essential for supporting a wide variety of
planning processes. The size and distribution of the population are often key determinants
for resource allocation for state and local governments (see [29]). Population estimates are
critical in decisions about when and where to build public facilities such as schools, libraries,
sewage treatment plants, hospitals and transportation infrastructure. Population estimates are
also often used by private sectors for customer-profile analysis, market-area delineation and
site-location identification (see [24, 26]). In addition, population information is an important
input in many urban and regional models, such as land-use and transportation-interaction mod-
els, urban-sprawl analysis, environment equity studies and policy-impact analysis (see [28]).
Clearly, accurate and timely population estimates are of great importance (see [29]). Accurate
population data, however, is only available for every decade through the national census survey.
It is obvious that this frequency does not meet the needs for rapid growth areas where notewor-
thy local intercensal population changes occur. Thus, appropriate estimation methods for such
geographical areas are extremely necessary.

This is fundamental for Bukavu city, because, there are more than twenty years that real
demographic censuses have been carried out, the records of the ’civil status is poorly maintained
and often incomplete and in addition, this part of the D.R. Congo has emerged from conflict and
has experienced a long period of major political and economic instability.
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2. Methodology

The study area selected for this research is located between 2∘ 33’ 42” and 2∘ 28’S and 28∘ 47’
28” and 28∘ 53’ 34”, Bukavu city. Bukavu, the capital city of South-Kivu Province, eastern
DRC, has a total area of about 80 km2 of land and approximately 50 km2 of water.

Like most D.R. Congo cities, Bukavu has been experiencing a real expansion through
encroachment on agricultural land and other non-urban land as population increases. Thus,
a timely estimation of the population distribution is valuable for urban land use planning.

Two GeoEye satellite images of 50 cm of resolution acquired in July 2012, were used in
this study. These images were rectified to a common Universal Transverse Mercator (UTM)
coordinate system based on 1 : 24000 scale topographic maps. A nearest-neighbour resampling
algorithmwas used during image rectification and a root mean square error (RMSE) of less than
0.5 pixels was obtained (see [20]).

Both imageswere reprojected to theUniversal TransverseMercator (UTM) projection (datum
WGS84).

The easiest dasymetric mapping approach with remote sensing-derived land use data used, is
a binary division approach in which land use is classified to “populated” and “unpopulated” and
populations are simply redistributed to those populated areas; some example studies included
[4, 8, 12]. Furthermore, a more specific dasymetric mapping approach would classify a number
of land use classes and redistributed populations to these classes; some example studies include
[3, 11, 25, 37].

In this study, the approach consisted of subdividing the city into homogeneous areas: this is
called the zonal approach. For each type of homogeneous areas a mean density was estimated
(field survey). Then, the global population was estimated by extrapolating the sampled areas
estimations (surface type multiplied by density) (see [1, 10, 33, 35, 36]).

Because residential land is the only relevant class in this study, the LULC map was recorded
as a binary image to develop an image of residential areas.

A “fishnet” of 200 × 200 meters was created with ArcGIS to divide the satellite images into
grids (see Figure 1: Satellite Imagery with 200 × 200 m grid overlay—detail of the City of
Bukavu).

Three different density classes were identified from the satellite image according to houses
density: High density, medium density and low density zones (see Figures 2, 3, 4). The samples
were applied to all residential areas of Bukavu.

The total population of an area was estimated by multiplying the total number of dwelling
units with the number of persons normally living in a dwelling unit. Dwelling units were cate-
gorized and a different persons-per-dwelling unit ratio to each category was applied. This ratio
has been derived from field visit made the 8th and 9th July 2013; with the assumption that a
single household occupies one dwelling unit. The total number of dwelling units in an area was
estimated from remote sensing images.

The formula for inhabitant unit is

𝑃 = 𝑁1𝐹1 +𝑁2𝐹2 +⋯+𝑁𝑛𝐹𝑛
𝑃 is the total population, 𝑁 the average population of every family, 𝐹 the count of family and
1⋯𝑛 inhabitation type
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Figure 1: Detail of Satellite Image of the City of Bukavu with a 200 x 200m fishnet.

The population of the city was obtained by taking the number of zones times an average of
8, 7 and 6 habitants per house respectively in high, medium and low density zones.

3. Results and Discussion

For the all Bukavu city a total of 2353 counts were recorded as shown in Table 1 below. But, for
population estimate only populated areas were considered. This was found to be 1202 counts.

During the study, pupils and students were in holydays and thus the number of inhabitants in
schools was taken as zero.

The most populated area in Bukavu, is the Medium Density Residential area which accounts
for almost half of the total population living in Bukavu city.

A total of 805550 habitants was obtained for Bukavu City which is almost the same number
of people estimated (830’000) by the Inspection Provinciale de la Santé, the health office in
charge of vaccination campaign in South-Kivu province.

Half of the city is covered by open water and unpopulated area. This is due to the topography
of the area, constituted by steep hills and terrain in which any construction cannot be made.
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Figure 2: Low building density.

Figure 3: Medium building density.
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Figure 4: High building density.

Table 1: Estimated population for Bukavu city.

Type Count in 200 X 200m2 SumHouses Estimated Population

High Density Residential 95 30400 243200

Medium Density Residential 307 46050 322350

Low Density Residential 800 40000 240000

Industrial Area 15

Lake Kivu 510

No Satellite Data 30

Open Space 593

School 3

Sum 116450 805550

All studies inferring population from remotely sensed data have reported a consistent finding,
i.e., that small-area population estimation is often not as accurate as large-area estimation. It may
be explained that overestimation and underestimation are cancelled out for large-area population
estimation and thus the overall accuracy is high (see [18]).
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4. Conclusion

It is clear from the review that remote sensing provides valuable resources for useful ancillary
information.

Past studies of population estimation mainly relied on images of relatively coarse spatial
resolution. With the availability of high-spatial-resolution commercial images, such as Geoeye,
QuickBird and IKONOS, as well as the advancement of image processing techniques, improve-
ment in population estimation accuracies is expected.

Remote sensing-based population estimation is still a challenging task, especially for resi-
dential regions with extremely high population densities.

One important source of errors for population estimation is from high-rise apartment build-
ings.

The optical sensor data such as Geoeye and TM/ETM+ can only provide land surface infor-
mation and cannot provide height and intra-building information. The incorporation of building
height information in population estimation models may improve model performance. Light
Detection And Ranging (LiDAR) data, for example, have been shown to be capable of extracting
building height information (see [2, 23]), and may provide new insight for population estimation
through integration of LiDAR-derived information.

Of all the population estimation methods, the dasymetric method is commonly regarded as a
more accurate approach, provided that the used ancillary information gives a truthful description
of where people actually live. Furthermore, the dasymetric method is not only more accurate,
but also relatively stable. It is robust to the variation of population density associated with a
certain type of land use, as well as the anomaly of highly urbanized but sparsely inhabited areas
(see [4]). The reason is because the volume-preserving property preserves the population of
the source unit in the transformation to raster representation, and thus all associated errors are
inherently limited to variation within each individual source unit. The dasymetric method used
with remote sensing is also robust to imagery classification error. In [4] the authors reported that
errors of up to 40% in the classified TM image still yield better estimates of the interpolated
populations than other regression or surface methods they tested. The reason for the relative
robustness of the dasymetric method under classification error is due to the aggregated error
within zones.
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