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Abstract  

Accurate population and household census information are critical data input for national policymaking process. 
They facilitate informed development decisions on the delivery and planning of services related to governance 
and public health, such as election preparation, response to disasters, or human and structural risk assessment.  

In this report we investigate, how census related activities can benefit from combining official statistics with 
new geospatial information derived from remote sensing imagery. We test how GHS-BUILT-S layer ̧  a high 
resolution, spatially and temporally comprehensive dataset on residential built-up surface areas produced by 
the Global Human Settlement Layer project, could have supported census processes, using South Africa national 
census data from years 2001 and 2011 as a case study. 

Findings of our study show that GHS-BUILT-S layer enables the identification of dynamically changing regions 
and thus has the potential to improve the operational process of the population and housing census in four 
dimensions: planning, preparation, field work, and validation and verification. In particular, the case study of 
South Africa showcases a wider field and scope of application of the operational production of global 
information on built-up surfaces and population distribution to be continuously produced by the Copernicus 
Emergency Management Service, Exposure Mapping Component (Copernicus GHSL). 
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Introduction  

Up to date and accurate population and household census information are critical data input for national 
policymaking process. They facilitate informed development decisions on the delivery and planning of services 
related to governance and public health, such as election preparation, response to disasters, or human and 
structural risk assessment (CIESIN et al., 2022; Freire et al., 2011; UNFPA, 2018; Weber et al., 2018). Spatially 
accurate population estimates for an area are of key importance for understanding socially relevant indicators, 
such as demographic compositions, births and deaths, disease incidence, health intervention coverage, 
technology penetration, service accessibility and voting turnout. Moreover, they are in a great way the crucial 
factors to measure progress on the United Nations (UN) Sustainable Development Goals (SDGs) (Weber et al., 
2018). The provision of reliable, accurate and relevant census information on population distribution and forms 
of residence is of great importance for both state-level applications and for reporting policy decisions at the 
international level. 

Census-related activities ̧  planning, preparation, field work, data validation - can benefit from combining 
official statistics with new geospatial information derived from remote sensing imagery. Requirements for tools 
and methods developed to enhance census-related activities are common: the input data must be accurate in 
time and space, of high quality, spatially homogeneous, available throughout the area in question, and carry 
meaningful information related to the distribution of the population. Therefore, in this report we aim to 
investigate the capabilities of up to date products of the Copernicus Exposure Mapping Component1 in support 
of census operations. Our goal in this report is to test the utility of analysing the new GHSL built-up surface 
layers in supporting census preparation and analysis. 

In particular, we leverage on the new Global Human Settlement Layer built-up surface product GHS-BUILT-S 
(Pesaresi & Politis, 2022). The layer is derived from a combination of satellite Earth observation sources like 
Copernicus Sentinel 2 optical sensor to establish an imagery mosaic for 2018, and multiple NASA/USGS Landsat 
optical sensors to retrieve imagery for the epoch 2000. The GHS-BUILT-S product offers an increased spatial 
detail and accuracy of built-up surface mapping with a pixel resolution of 10 m; a functional discrimination of 
residential and non-residential classes; and the provision of data in uniform time intervals, enabling 
comparisons of environment over time, in facilitating census operations.  

We explore the utility of GHS-BUILT-S data using South Africa population census in 2001 and 2011 as a case 
study. Up to this day, South African national statistical office - Statistics South Africa 
(https://www.statssa.gov.za/) held population census four times: in 1996, 2001, 2011 and 2022 (ongoing). 
Collection of information on the living conditions on scale of the entire country requires significant effort of 
more than 100 000 enumerators and supervisors (Lehohla, 2012a) and provides crucial background for the 
informed policy-making. In the time span between the first and the 2011 population census, South Africa 

landscape has changed remarkably (Figure 1). The number of inhabitants has systematically increased, 
alongside with the infrastructure and settlement network. At the same time, the distribution of people and 
buildings have changed as well. All of these factors influence the design of a major national census structure 
and necessitate a systematic update of the operational units design. Population census data collected by 
Statistics South Africa represent the distribution of population in an accurate and reliable manner, while the 
remote-sensing products bring the possibility to monitor the accelerated trends of built-up developments a 
country with high demographics and a dynamic economy. Hence, in this work we investigate, using South Africa 
as a case study, the capabilities of GHS-BUILT-S products in supporting census-related activities in a 
dynamically changing settlement environment. 

Within the study we aim to observe how knowledge on trends in residential built-up surface expansion can 
support census-related activities (Table 1). In detail, we want to investigate: 1/ if the knowledge on trends in 
residential built-up surface expansion can inform and support activities related to preparation, design and 
execution of national census; 2/ to what extent can mapping of residential built-up surface dynamics support 
these activities; and 3/ how residential built-up surface dynamics differ for census units, administrative units 
and settlement types. We make an effort to answer to these research questions using a set of settlement 
indicators, based on census information, the information on built-up surface development trends, the relation 
of the built-up surface dynamics and the census spatial structure, the administrative spatial structure and the 
settlement type; and apply the established indicators to a set of case studies.  

                                                        

 

(1) Copernicus GHSL https://ghsl.jrc.ec.europa.eu/copernicus.php 

https://www.statssa.gov.za/
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Figure 1. Urbanisation dynamics in South Africa 

 

Source: Country brief for South Africa from Atlas of the Human Planet 2019 (European Commission. Joint Research Centre., 2020). 

Class values of Degree of urbanisation refer to settlement classification: very low density grid cell (11), low density rural grid cell (12), rural 
cluster (13), suburban grid cell (21), semi-dense urban cluster (22), dense urban cluster (23) and urban centre (30). Values of societal 
variables refer to income groups: High Income countries (HIC), Upper Middle Income countries (UMIC), Lower Middle Income countries 
(LMIC) and Low Income countries (LIC) (European Commission. Joint Research Centre, 2020). 
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Table 1. Potential benefits of the use of GHS-BUILT-S data and information derived from GHS-BUILT-S data to population 
and housing census activities and objectives 

Questions related to census related activities  Benefits from GHS -BUILT-S product and derived information  

Planning 

Q01 
Where and by how much have residential built-up 
areas changed since last census? 

Consistent spatial information about the residential built-up areas 
provide information regarding the amount and distribution of 
changes in the residential infrastructure since the previous census 
activity. 

Q02 
How many enumerators or other resources are 
needed to visit current residential built-up areas? 

Supporting the distribution of the financial and operational resources 
to regions according to the number of households to be counted. 

Q03 What's the estimated time and budget? 
Independent, up-to-date and accurate information on the estimated 
distribution of households facilitates an estimate of the cost of 
enumeration in the census district and in the country as a whole. 

Preparation 

Q04 
Where and how census geometry (EA) should be 
updated to cover new residential built-up areas with 
a given number of enumerators? 

Investigation of enumeration areas in relation to the residential built-
up surface facilitates identifying units, which no longer meet the 
census criteria of the accessibility due to the increased amount of 
residential built-up surface. 

Q05 
How should enumerators and other resources be 
allocated to administrative units (municipalities, 
provinces)? 

Classification of administrative units in terms of residential 
development density or substantial changes in the residential built-up 
area can support the process of establishing census offices, and 
allocating enumerators and budget in line with the resources required 
to cover the area within available time and resources. 

Q06 
Are enumerators covering a sparse or dense area? 
What are their transportation and other needs? 

The fine-resolution GHS-BUILT-S product can be used to determine 
the distribution and density of built-up surface in a given EA and, as a 
result, to allocate the means of transport necessary for enumerators 
to reach all the households in a census unit. 

Field work 

Q07 
Where should enumerators be sent, what are the 
respective EA? 

The GHS-BUIL-S product can be used to provide additional 
information on the estimated number and the location of residential 
buildings in EA, in case the official information is outdated or 
incomplete, or facilitate the determination of the most convenient 
route, covering all dwellings in the area 

Validation and Verification 

Q08 
Were all current residential built-up areas covered 
by enumerators? 

The location of dwellings visited by the enumerators during the data 
collection phase can be compared with the residential built-up 
surface distribution in order to estimate the completeness of the 
collected data. 
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1 Data 

1.1 Census data  

In this study, we used South African census office (Statistics South Africa https://www.statssa.gov.za/) resident 
population and household data from population censuses conducted in 2001 and 2011. Statistics South Africa 
aggregates census data by hierarchical spatial units: National, Province, Municipality (MN), Main Place (MP), Sub 
Place (SP), Small Area (SAL) and Enumeration Area (EA). For years 2001 and 2011, census data were available 
in different spatial units: EA for 2001 and SAL for 2011.  

Since the first democratic elections in South Africa, the statistical office Statistics South Africa held population 
census four times, with each large-scale and complex enumeration phase preceded by a major effort of 
coordination and continuous updating of the census strategy. Between years administration units in South Africa 
were subject to a number of amendments. For example, the number of municipalities has been reduced from 
262 in 2001 to 234 in 2011. Moreover, 28 municipalities changed their geographic boundaries, and in some 
cases also their administrative province (Lehohla, 2012a). The number of MP has increased, which was followed 
by the change in MP coding from 5 to 6 digits, and subsequently resulted in change in SP code digits from 8 to 
9 (Statistics South Africa, 2011). 

Table 2. Spatial units used in the data  

Year Unit  Province (Count) Municipality (Count)  Main Place (Count) 

2001 EA 9 262 3 109 

2011 SAL 9 234 13 877 

We pre-processed census data in ArcGIS software: 1/ both layers were reprojected to World Mollweide (EPSG: 
54009) projection; 2/ v\gp`ɧ¼-½ɧajmɧkjkpg\odjiɧjmɧhousehold count was changed to 0; 3/ the polygons with missing 
data were removed, which resulted in discrepancy in the number of polygons between the datasets (Table 3). 
The datasets varied also in regards to the area of census spatial units and population and number of households 
within (Table 3, Table 4, Table 5). 

Table 3. Area statistics for national census spatial units used in years 2001 and 2011  (in World  Mollweide  

projection ) 

Year Unit  Number of 

census units  

Min unit area 

[km2] 

Max unit area 

[km2] 

Mean unit 

area [km 2] 

Median unit  

area [km 2] 

Total unit 

area [km 2] 

2001 EA 80 780 0.001 8 147.1 15.2 0.4 1 223 957.9 

2011 SAL 84 907 0.002 10 038.3 13.6 0.3 1 153 645.2 

Table 4. Population statistics for national census spatial units used in years 2001 and 2011  

Year Unit  Min population  Max population  Mean population  Median 

population  

Total population  

2001 EA 0 12 014 554.8 504 44 819 636 

2011 SAL 11 11 717 609.7 581 51 764 952 

Table 5. Household statistics for national census spatial units used in years 2001 and 2011  

Year Unit  Min number of 

households 

Max number of 

households 

Mean number of 

households 

Median number 

of households  

Total number of 

households 

2001 EA 0 7 758 145.9 128 11 782 771 

https://www.statssa.gov.za/
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2011 SAL 0 3 911 177.4 162 15 062 569 

Between year 2001 and 2011 the total number of inhabitants and households in South Africa increased by 
15.5 % and 21. 8% respectively. Despite the median area of spatial units used in the analysis being smaller (-
32 %), the population and number of households per census unit increased (by 15 % and 27 % median value 
respectively) in 2011. 

1.2 Built -up surface product  

As geospatial information on the distribution and type built-up surface, we used the global built-up surface 

grids (Figure 2) produced by JRC Global Human Settlement Layer (GHSL), available for download on the GHSL 
website https://ghsl.jrc.ec.europa.eu/download.php?ds=bu. 

In this study, we worked with the dataset GHS-BUILT-S_GLOBE_R2022A (Pesaresi & Politis, 2022) in 100 m 
resolution (Table 6), which is the aggregation of the estimation of built-up surface fraction in a global scale 
produced in 10 m resolution for period 1975 ̧ 2030. The dataset is a spatial raster that depicts the distribution 
of built-up surfaces, expressed as number of square meters. The data reports about the total built-up surface 
(BUTOT) and the built-up surface allocated to dominant non-residential (BUNRES) uses. The spatial raster GHS-
BUILT-S_GLOBE_R2022A has 12 bands, each referring to one year in the 5-year interval interpolation  of built-
up surfaces: Band 1 (1975), Band 2 (1980), Band 3 (1985), ..., Band 12 (2030) (Schiavina, Melchiorri, Pesaresi, 
et al., 2022).  

Figure 2. Built-up surface grid layer in 100m resolution for Johannesburg for reference year 2020 

 

Source: GHSL data layers global visualisation: https://ghsl.jrc.ec.europa.eu/visualisation.php# 

GHS-BUILT-S spatial raster is made by spatial-temporal interpolation of the sub-pixel built-up surface estimate 
(BUSURF) at 10m resolution, produced from Sentinel-2 composite GHS-composite-S2 R2020A (Corbane & 
Politis, 2020), at the same resolution. Spatiotemporal surface interpolation for past epochs, in 5-years intervals, 
is fitted to five observed collections of satellite imageries: Landsat supports the 1975, 1990, 2000, and 2014 
epochs, while Sentinel-2 composite GHS-composite-S2 R2020A (Corbane & Politis, 2020) supports the 2018 
epoch (Schiavina, Melchiorri, Pesaresi, et al., 2022).   

In GHS-BUILT-S spatial raster dataset the residential built-up surface layer is defined, according to the INSPIRE 
definition, as the built-up surface dedicated prevalently for residential use, including a considerable diversity of 
housing developments on residential areas (European Commission, 2022). By such, residential and non-
residential layers in GHS-BUILT-S dataset are complementary (Schiavina, Melchiorri, Pesaresi, et al., 2022), and 

https://ghsl.jrc.ec.europa.eu/download.php?ds=bu
https://ghsl.jrc.ec.europa.eu/visualisation.php


7 

the residential built-up surface layer BURES can be extracted from the built-up surface layer, by subtracting 
the non-residential built-up fraction (BUNRES) from the total value of built-up share per pixel (BUTOT). The non-
residential (BUNRES) domain is predicted from Sentinel-2 composite (GHS-composite-S2) by observation of 
radiometric, textural, and morphological features. The image processing scheme combines global unsupervised 
algorithm with locally adaptive methods, using per-pixel spectral indexes, multiscale textural fields 
assessments, and object-based shape analysis (Schiavina, Melchiorri, Pesaresi, et al., 2022).  

According to the JRC internal tests with new independent reference data show that GHSL R2022A matches or 
outperforms other data sources for accuracy in epochs 2018 and 2020 and matches or outperforms also all 
the other single epochs (1975, 1990, 2000, and 2015) included in the previous release GHSL R2019. The 
accuracy of the time series and its change rates, however, are lower especially in the rural domain. The anomaly 
is expected to introduce a positive bias in predicted change rates of built-up surfaces and built-up volumes 
after the year 2000. The positive bias is especially remarkable in the rural domain as set by the GHS-SMOD 
R2022A. Previous GHSL R2019 was affected by larger omission errors in rural areas compared to R2022A, 
therefore generating an underestimation of the change rates in the rural domain. 

Thus, the use of the GHSL Data Package 2022 (GHS P2022) is currently not recommended for supporting multi-
temporal studies and indicators including built-up surfaces, built-up volumes, and population, especially if 
stratified by GHS-SMOD grid class. Applications relying on data for epochs 2018 and 2020 are not affected. 
Therefore, the focus of the following study was on the methodological aspects of using trends in residential 
built-up expansion to support census activities. Quantitative assessment of the changes in the surface of the 
residential layer have illustrative character and should only be used as approximate values. 

Table 6. GHS-BUILT-S_GLOBE_R2022A at 100 m resolution product speci fication  

Characteristic  Specification  

Geographic coverage World 

Spatial resolution 100 Meters 

Data type UInt16 - Sixteen bit unsigned integer 

Nodata value 65535 

Values range 0-10000 

Units square meters 

Projection World Mollweide projection (ESRI:54009) 

Spatial Extents [-18041000, -9000000, 18041000, 9000000] 

1.3 Urban centres  

We used the Global Human Settlement Layer Urban Centres Database (GHS-UCDB) as the source of information 
about the main cities in South Africa. GHS-UCDB (Florczyk et al., 2019) defines urban centres based on resident 
population and built-up surface share and describes them in terms of location, extent (in 2015) and with a set 
of geographical, socio-economic and environmental attributes.  

We selected the urban centres that are located within the borders of South Africa and established a database 
of 78 cities represented as points storing information about the population in each city in 2015. In this database, 
4 urban centres have more than 1M residents (Johannesburg, Cape Town, Durban and Pretoria) and 44 urban 
centres have population higher than 100 000 residents (Table 7).  

Table 7. Urban centres in South Africa with more than 100,000 inhabitants. Source: GHS-UCDB 

No Name Population  No Name Population  

1 Johannesburg 6 516 134 23 Somerset West 165 073 
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2 Cape Town 3 511 853 24 Emalahleni 160 230 

3 Durban 2 867 062 25 Rustenburg 156 471 

4 Pretoria 1 473 571 26 Diepsloot 151 857 

5 Klipgat 839 993 27 Lilian Ngoyi Village 149 838 

6 Port Elizabeth 709 507 28 Pietermaritzburg 146 999 

7 Evaton 628 265 29 Potchefstroom 144 540 

8 Tsakane 409 673 30 Wells Estate 141 772 

9 Bloemfontein 408 354 31 George 139 672 

10 Daveyton 344 767 32 Bronville 136 249 

11 Edendale 272 676 33 Vosman 134 249 

12 Polokwane 248 060 34 Mafikeng 132 952 

13 Maseru 245 878 35 eGobhoza 132 904 

14 Osizweni 244 237 36 eMbalenhle 128 127 

15 East London 229 313 37 Jouberton 126 142 

16 Vanderbijlpark 217 223 38 KwaMhlanga 121 924 

17 Paarl 206 574 39 Lenasia South 114 724 

18 Kimberley 185 930 40 Ga-Rankuwa 113 813 

19 Centurion 183 358 41 KwaNobuhle 1 111 074 

20 De Rust Caravan Park 179 392 42 Botshabelo 110 561 

21 Phuthaditjhaba 178 398 43 Sasolburg 107 156 

22 Middelburg 170 653 44 eHlau-Hlau 103 142 
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2 Methodology  

2.1 Generating residential built -up surface layers  

We used BUNRES and BUTOT layers to create residential (BURES) built-up surface layers for years 2000, 2010 
and 2020 in South Africa, in 100 m resolution. First, we selected bands 6, 8 and 10 from BUNRES and BUTOT 
layers, which refer to the years 2000, 2010 and 2020. Secondly, as residential and non-residential pixels are 
complementary to each other in the GHS-BUILT-S_GLOBE_R2022A product, the BURES layer was generated 
using equation (eq. 1): 

ὄὟὙὉὛὄὟὝὕὝὄὟὔὙὉὛ (1) 

Where j is the reference year: Ὦɴ ςπππȟςπρπȟςπςπ. 

The resulting BURES layer had three bands corresponding to years 2000, 2010 and 2020, each of them referring 
to the area of residential built-up surface per pixel expressed in square meters [m2] in a given time step. 

In order to investigate the total changes in residential built-up surface area and distribution in 100 m resolution, 
we created BURES change maps between years 2010 and 2000, and years 2020 and 2010 (Melchiorri et al., 
2019), as shown in eq. 2, eq. 3: 

ὄὟὙὉὛ  ὄὟὙὉὛ ὄὟὙὉὛ (2) 

ὄὟὙὉὛ  ὄὟὙὉὛ ὄὟὙὉὛ (3) 

In order to investigate the new residential developments in 100 m resolution, we masked out the pixels that 
were developed in previous time step (BURES > 0) and considered only areas that were assigned positive 
residential built-up surface values between 2000 and 2010 (eq. 4) or 2010 and 2020 (eq. 5). 

ὄὟὙὉὛ 
ὄὟὙὉὛ  ȟ ὭὪ ὄὟὙὉὛ π 

πȟ έὸὬὩὶύὭίὩ
 (4) 

ὄὟὙὉὛ 
ὄὟὙὉὛ  ȟ ὭὪ ὄὟὙὉὛ π 

πȟ έὸὬὩὶύὭίὩ
 (5) 

Finally, for each period we generated residential built-up surface relative change rate layer in 100 m resolution 
as the ratio of the new residential built-up surface area to the residential area, defined in percentage of change 
(eq. 6, eq. 7): 

ὄὟὙὉὛ  

ὄὟὙὉὛ 
ὄὟὙὉὛ

ρππϷ (6) 

ὄὟὙὉὛ  

ὄὟὙὉὛ 
ὄὟὙὉὛ

ρππϷ (7) 
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2.2 Analysis  of residential development dynamics on municipality level  

Aggregating residential built-up surface to the municipality level brings information about the dynamics of 
housing developments on the level of administrative units. The process facilitates identifying administrative 
units that change from relatively uninhabited (scarcely built) to units developed with housing estates (densely 
built). By such, it enables updating the knowledge about the distribution of housing on the municipality level 
and the correct differentiation of rural and urban municipalities. For this reason, we calculated the area of 
residential built-up surfaces, the changes in the residential built-up surfaces and the new residential built-up 
surface development per municipality, derived from census 2011 data. 

2.2.1 Residential built -up surface relative change rate analysis  

Residential built-up surface relative change rate layer enables recognizing regions that faced high increase in 
the area of residential built-up surface layer comparing to the amount of area already developed. We calculated 
the residential built-up surface relative change rate layer for period 2000 ̧  2010 and 2010  ̧ 2020 per 
hpid^dk\gdotɧ\_hdidnom\odjiɧpido'ɧ_`mdq`_ɧamjhɧ^`inpnɧ-+,,ɧ_\o\)ɧR`ɧ\kkgd`_ɧ<in`gdiɧGj^\gɧHjm\i½nɧDɧno\odnod^ɧ
of spatial association in order to identify spatial clusters and outliers of municipalities with significant high or 
low values of residential built-up surface relative change rate layer, compared to their neighbours. Finally, we 
compared the municipalities in terms of the residential built-up surface relative change rate values. We 
identified the municipalities with the highest values of residential built-up surface relative change rate (above 
100 %), as well as municipalities that had the values higher than the national average in each period.  

2.3 Analysing residential development by settlement type   

>`inpnɧ-+,,ɧ^g\nndad`nɧNjpocɧ<amd^\½nɧ\_hdidnom\odq`ɧpidonɧdiojɧocm``ɧB`jbm\kct-types (GTYPEs): urban, farm 

and traditional (Figure 3). They are based on the settlement characteristics and administrative boundaries, and 
can serve as a proxy for urban (GTYPE urban) and rural (GTYPE farm or traditional) area discrimination 
(Laldaparsad, 2013). N`oog`h`ioɧotk`ɧ¼a\mhn½ɧcovered the largest part of the country (85 % of territory), 

followed by the 'traditional' type (12 %), while the 'urban' type covered the smallest part of the country (3 %). 

We analysed the distribution of residential built-up surface layer, the changes and the new residential built-up 
surface layer in relation to the settlement type, using 2011 GTYPE classification.  

2.4 Analysing residential development on census unit level   

Aggregation of residential built-up layer per census unit brings information about the number of census-related 
aspects: homogeneity of census units in terms of residential built-up density'ɧjmɧ`iph`m\ojmn½ɧ`aajmoɧm`lpdm`_ɧ
for a unit during census data collection. Higher amount of residential built-up surface area may indicate a higher 
number of inhabitants within a particular enumeration unit. As part of the 2011 SAL polygons were missing 
from the 2011 census dataset, analysis of the area of residential built-up surface, the changes in the residential 
built-up surface and the new residential built-up surface per each SAL unit, using 2011 dissolved census 
dataset, are a supplementary material to this report (see Annex 3).  
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Figure 3. Geography-types in South Africa from census 2011 data 

 

Source: Census 2011 EA dataset, April 2013 geometry, shared by Statistics South Africa. 

2.5 Case study analysis  for selected municipalities  

To analyse the dynamics of residential development in relation to the population trends, derived from the census 
data, we selected a set of case studies under the conditions of valid population data and consistent census 
geometry in two census dates: 2001 and 2011. In the selected municipalities, we combined the indicators 
related to the residential built-up surface with census related indicators, describing municipalities in terms of 
the number of households and population in each census year. As a result, information derived from indicator 
values combined with the visual interpretation of the distribution of residential built-up areas facilitated 
identifying census units facing rapid changes, which potentially require action in the following census 
preparation. 

2.5.1 Municipality  selection  

The population datasets for year 2001 and 2011 had different geometries, which made it impossible to conduct 
a comparative population analysis at the level of individual statistical units. Therefore, we perform analysis for 
a set of municipalities, using data aggregated to the municipalittɧg`q`g'ɧpndibɧ-+,,ɧhpid^dk\gdod`n½ɧboundaries 
and naming. Case study municipalities were selected using the following criteria: 

ð Census polygons within the boundaries of a municipality have no missing data on population or households, 
or  

ð the analyzed municipality has a common boundary in a census dataset for year 2001 and 2011, except 
for small differences in the position of the boundary line, which are acceptable (see Figure 4).  
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Figure 4. Example of acceptable municipality boundaries misalignment between census datasets in 2001 and 2011 

 

Source: Census 2001 EA dataset and Census 2011 SAL dataset, shared by Statistics South Africa. 

The following municipalities fulfilled these criteria: Golden Gates Highlands National Park, Laingsburg, Mamusa, 
Mdala Nature Reserve, Potchefstroom, Utrecht, and Ventersdorp. From these municipalities, Mdala Nature 
Reserve have population equal to 0, while Golden Gates Highlands National Park represented a very small 
municipality of area equal to the corresponding enumeration area (in 2001). By such, the two municipalities 
were not suitable for further analysis. Finally, five municipalities were selected for more detailed analysis 
(Figure 5). 

Figure 5. Municipalities selected for case study analysis 

 

Source: Census 2011 SAL dataset, shared by Statistics South Africa. 

2.5.2 Census indicators  

For each municipality selected for case study analysis, we evaluated the spatial and temporal dynamics of 
census indicators, using household and population data from 2001 and 2011 census, aggregated to 
municipality level. 

In South Africa census, a household refers to a group of persons who live together and provide themselves 
jointly with food or other essentials for living, or a single person who lives alone (Lehohla, 2003, 2012b). In this 
m`kjmo'ɧr`ɧpn`_ɧo`mhɧ¼kjkpg\odji½ɧdiɧm`ference to resident population (inhabitants). Relationship between resident 
population and the number of households in a spatial unit informs about the estimated number of people 
sharing the same living conditions. We described this relationship between the population and the number of 
households with a set of indicators calculated per spatial unit (eq. 8-11).  
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Household density  defined as number of households per km2: ὌὌͅὯάς  (8) 

Population density  defined as number of people per km2: ὖὕὖͅὯάς  (9) 

Household population  defined as mean number of people per household: ὌὌὴέὴ  (10) 

Household population  density defined as household population in km2: ὌὌὴέὴᾯάς  (11) 

Where POP is the number of residents per spatial unit i, HH is the number of households per spatial unit i and 
A is the area of spatial units i in square kilometres [km2].  

Census indicators for the 2011 census data can be found in Annex 2. 

2.5.3 Analysing relationship between residential built -up surface  area and population  

For each selected municipality, we calculated the area of residential built-up surface in years 2000, 2010 and 
2020. We compared the population density values in years 2001 and 2011 with the values of residential built-
up surface area in the corresponding years 2000 and 2010 and investigated the relationship between the two 
variables using linear regression technique. 

2.5.4 Marginal Land Consumption  

Marginal Land Consumption (MLC) indicator relates  changes  in  population  with  consumption  of  land  due  
to  built-up surface area expansion and can be used as a metric of efficiency of development trajectories 
(Schiavina, Melchiorri, Corbane, et al., 2022). 

We derived the MLC value in cases study municipalities between years 2000 and 2010 by analysing the ratio 
of residential built-up surface area and population increase between those two time steps (eq. 12): 

ὓὒὅ
ὄὟὙὉὛὄὟὙὉὛ

ὖὕὖ ὖὕὖ
 (12) 

Where: BURESt1 refers to residential built-up surface layer in 2000, BURESt2 refers to residential built-up surface 
layer in 2010; and POPt1 refers to population in 2001 and POPt2 refers to population in 2011. 

We assumed that the value of MLC metric stays constant in time, and derived the population data in 2020, per 
municipality, by formatting MLC equation and utilising residential built-up surface layer in 2020 (eq. 13): 

ὖὕὖ ὖὕὖ
ὄὟὙὉὛὄὟὙὉὛ

ὓὒὅ
 (13) 

Where: BURESt1 refers to residential built-up surface layer in 2010, BURESt2 refers to residential built-up surface 
layer in 2020; and POPt1 refers to population in 2011 and POPt2 refers to population in 2020. 
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2.5.5 Residential built -up dynamics in selected municipalities  

For every municipality selected for case study analysis we made a detailed assessment of the dynamics of the 
new residential built-up surface and residential built-up surface relative change rate developments. We 
analysed spatial distribution of residential built-up surface relative change rate at MP census unit level in order 
to identify areas of rapid changes, which may entail adjustments to census preparations. For deeper 
understanding of changes taking place in the municipalities, we interpreted the dynamics in residential surface 
together with the trends observed in the census population and household data 
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3 Results 

3.1 Layers derived from GHS-BUILT-S product   

3.1.1 Residential built -up surface layer  

The residential built-up surface layer increased significantly in the time span of the three analysed years: total 
BURES area in South Africa was close to 3 800 km2 in 2000 and increased to more than 6 000 km2 in 2020 
(Table 8). A growing, and linear trend is visible in the area of the residential built-up surface (BURES area 
calculated in 100 m resolution, Figure 6).  

Table 8. Residential built -up surface (BURES) area in South Africa in year 2000, 2010 and 2020  

Year 2000 2010 2020 

BURES [km2] 3 796.61 4 870.48 6 274.17 

BURES area calculated in 100 m resolution 

Figure 6. Area of residential built-up surface (BURES) in year 2000, 2010 and 2020 

 

Source: GHS-BUILT-S layer, from Global Human Settlement Layer (Pesaresi & Politis, 2022) 

In years 2000 and 2010 (Figure 7, Figure 8) dense BURES areas were observed in the area of Cape Town 
(Western Cape province), Johannesburg (Gauteng province) and along the south-eastern coast of the country. 
The built-up surface was concentrated around the major urban centres, with visible areas of dispersed 
development in Eastern Cape, KwaZulu-Natal and Limpopo provinces. 

In 2020 (Figure 9), dispersed patterns are visible in the residential built-up surface in the majority of the 
country area, apart from the Northern Cape province (where the housing developments are visible along river 
basins). The observed pattern is highly more scattered than in the previous years (the exact changes in built-up 
surface as presented in Section 3.1.2).  
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Figure 7. Area [km2] of residential built-up surface layer BURES in 2000 per 1 km2 raster cell. Visualised raster layer is in 
1 km resolution and the colour scale corresponds to the values per 1 km2 grid. 

 

Source: GHS-BUILT-S layer, from Global Human Settlement Layer (Pesaresi & Politis, 2022) 

Figure 8. Area [km2] of residential built-up surface layer BURES in 2010 per 1 km2 raster cell. Visualised raster layer is in 
1 km resolution and the colour scale corresponds to the values per 1 km2 grid. 

 

Source: GHS-BUILT-S layer, from Global Human Settlement Layer (Pesaresi & Politis, 2022) 
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Figure 9. Area [km2] of residential built-up surface layer BURES in 2020 per 1 km2 raster cell. Visualised raster layer is in 
1 km resolution and the colour scale corresponds to the values per 1 km2 grid. 

 

Source: GHS-BUILT-S layer, from Global Human Settlement Layer (Pesaresi & Politis, 2022) 

For visualization purposes, we aggregated by mean the 2000, 2010 and 2020 BURES raster layers to 1 km resolution. 

3.1.2 Changes in residential built -up surface layer  

The area of residential built-up surface in South Africa grew between 2000 and 2020, with 28% increase 
between 2000 and 2010 and 22% increase between 2010 and 2020 (Table 9). 

Table 9. Change in residential built -up surface (BURES) area in South Africa in between years 2000, 2010 

and 2020  

Period  2000 · 2010  2010 · 2020  

Change in BURES area 1 073.9 km2 28% 1 403.7 km2 22% 

Change in BURES area calculated in 100 m resolution 
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Figure 10. Change in area [km2] of residential built-up surface layer between 2000 and 2010 per 1 km2 raster cell. 
Visualised raster layer is in 1 km resolution and the colour scale corresponds to the values per 1 km2 grid.  

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer 

Figure 11 . Change in area [km2] of residential built-up surface layer between 2010 and 2020 per 1 km2 raster cell. 
Visualised raster layer is in 1 km resolution and the colour scale corresponds to the values per 1 km2 grid. 

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer 

For visualization purposes, we aggregated by mean the 2000, 2010 and 2020 BURES change raster layers to 1 km resolution. 
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At the pixel level, for period 2000-2010 (Figure 10), we observed the highest changes in BURES built-up 
surface area in the north-eastern part of the country and on the south-eastern coast, which was the area with 

the highest density of residential built-up surface. For period 2010-2020 (Figure 11), change in BURES layer 
is visible in the majority of the country, apart from Northern Cape, where the change in BURES layer is highly 
dispersed and intensified along rivers basins.  

3.1.3 New residential built -up surface layer  

New BURES developments follow a spatial pattern observed for all changes in BURES in between years: in period 
2000  ̧2010 (Figure 12), the new developments emerged in Gauteng province and on the southeast coast 

mostly, while in the period 2010 ̧ 2020 (Figure 13) we observed a dispersed pattern thorough the country. In 
both periods, new BURES developments marked the fringe of Johannesburg, major city located in Gauteng 
province. 

Figure 12. Area [km2] of new residential built-up surface surfaces developed between 2000 and 2010 per 1 km2 raster 
cell. Visualised raster layer is in 1 km resolution and the colour scale corresponds to the values per 1 km2 grid. 

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer 
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Figure 13 . Area [km2] of new residential built-up surface surfaces developed between 2010 and 2020 per 1 km2 raster 
cell. Visualised raster layer is in 1 km resolution and the colour scale corresponds to the values per 1 km2 grid. 

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer 

For visualization purposes, we aggregated by mean the 2000, 2010 and 2020 new BURES raster layers to 1 km resolution. 

Between 2000 and 2010 around 624 km2 new residential built-up surface developments were observed in 
South Africa, which was a 16 % increase comparing to the area of BURES layer in 2000; and around 589 km2 
in period 2010 ̧  2020, which was a 9 % increase comparing to the area of BURES layer in 2010 (Table 9). 

Table 10. New residential built -up surface (BURES) area in South Africa in between years 2000, 2010 and 

2020  

Period  2000 · 2010  2010 · 2020  

New BURES area 624.1 km2 16 % 589.1 km2 9 % 

New BURES area calculated in 100 m resolution 

3.2 Dynamics of residential development on municipality level  

3.2.1 Residential built -up surface  layer in 2011 municipalities  

On the municipality level, high values of the area of residential built-up surface layer were in municipalities of 
the urban centres. The highest values were observed in the municipalities of the major urban centres (above 1 
million residents) and in the Eastern part of the Limpopo province. We observed higher values in 2020 than in 
2010 in municipalities located in the northern-east part of the country and in the surrounding of Cape Town. 
Northern Cape province and the western part of Eastern Cape province remained low in terms of the area of 
residential built-up surface.   

The median value of area of residential built-up surface per municipality increased more than two times 
between years 2000 and 2020, from 6.60 km2 to 15.17 km2 in 2020 (Table 11). Also the minimum and 
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maximum values of residential built-up surface area increased in that period, implying a constant development 
of housing estates in the analysed years. 

Figure 14 . Area [m2] of residential built-up surface layer BURES in 2000 in municipalities (2011 boundaries) 

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer; Census 2011 SAL dataset, shared by Statistics South Africa. 

Table 11. Statistics for residential built -up surface  layer in n = 234 municipalities (2011 boundaries) 

Statistic Municipality area [km2] BURES 2000 [km2] BURES 2010 [km2] BURES 2020 [km2] 

SUM 1 225 173.14 3 796.56 4 870.47 6 274.33 

MEAN 5 235.78 16.22 20.81 26.81 

MEDIAN 3 585.46 6.60 10.69 15.17 

MIN 252.36 0.27 0.65 1.44 

MAX 36 242.19 234.10 272.16 326.84 



22 

Figure 15 . Area [m2] of residential built-up surface layer BURES in 2010 in municipalities (2011 boundaries) 

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer; Census 2011 SAL dataset, shared by Statistics South Africa. 

We observed clustering of the distribution of residential built-up surface layer in the time span from 2000 to 
-+-+6ɧBgj]\gɧHjm\i½nɧDɧvalues (Annex 4,Table 34), with index ranging from 0.09 to 0.12, informed about the 
significantly increasing clustering of the residential built-up surface layer aggregated to municipalities level. 
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Figure 16. Area [m2] of residential built-up surface layer BURES in 2020 in municipalities (2011 boundaries) 

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer; Census 2011 SAL dataset, shared by Statistics South Africa. 

By comparing the area of residential built-up surface to the area of a municipality we could observe a trend in 
built-up density. The median share of municipality covered by residential built-up increased from 0.2% in 2000 
to 0.6% in 2020. The number of very sparsely developed municipalities dropped from almost 50 % in 2020 

(119 municipalities) to around 30 % in 2020 (78 municipalities), and the number of municipalities with a share 

value higher than 2% almost doubled (Figure 17).  
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Figure 17 . Histogram of the share of municipality area covered by residential built-up layer per municipality (using 2011 
borders) 

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer; Census 2011 SAL dataset, shared by Statistics South Africa. 

3.2.2 Changes in residential built -up surface  in 2011 municipalities  

In the period 2000-2010 the highest changes in the area of residential built-up surface at municipality level 
took place in the municipality of Pretoria. We observed high values also in municipalities located in the northern 
part of the country and on the south-eastern shore of South Africa. We observed relatively low changes in the 
whole Northern Cape province, and for provinces Western Cape, Eastern Cape, Free State and North West in 
municipalities without urban centres.  

For the period 2010-2020 the observed patterns of change were similar, but their intensity increased. We 
observed high values of changes in residential built-up surface area in the north-eastern part of the country. In 
the south-eastern part the trend was similar as in the previous period ̧ apart from the municipalities with urban 
centres, the amount of change was relatively low.  

The strongly increased values of change in residential built-up surface (almost 30 % in both periods) inform 
about the dynamic development of housing infrastructure in South Africa in period 2000-2020 (Table 12). The 
median value of change in residential built-up surface are per municipality increased by 40 % from 2.9 km2 to 
4.01 km2.  Moreover, the minimum and maximum values of change increased by 63 % and 73 % respectively. 
We observed a rapid growth in residential built-up surface in years 2000-2020, which accelerated in period 
2010-2020.  

Table 12. Statistics for change in BURES for n = 234 municipalities (2011 boundaries)  

Statistic Change in BURES 2000 - 2010  [km2] Change in BURES 2010 ς 2020  [km2] 

SUM 1 073.9 28.3 % 1 403.9 28.8 % 

MEAN 4.6 6.0 

MEDIAN 2.9 4.0 

MIN 0.3 0.5 

MAX 45.9 79.5 
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Figure 18. Changes in area [m2] of residential built-up surface layer BURES in 2000 - 2010 in municipalities (2011 
boundaries) 

 

Source: GHS-BUILT-S layer, Global Human Settlement Layer; Census 2011 SAL dataset, shared by Statistics South Africa. 




































































































