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Abstract

Accuratepopulation 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/ésrgmce
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 infomation derived from remote sensing imagerWe test howGHSBUILTS layer, a high
resolution, spatially and temporally comprehensive dataset on residentialHogilsurface areagproduced by

the Global Human Settlement Layer projecbuld havesuppored census processessing South Africa national
census data from years 2001 and 2014s a case study.

Findingsof our studyshowthat GHSBUILTS layer enables the identification of dynamically changing regions
and thushas the potential to improve the opational process of the population and housing census in four
dimensions: planning, preparation, field work, and validation and verificabioparticular,the case study of
South Africashowcases a wider field and scope of application of the operationeddpction of global
information on builtup surfaces and population distribution to be continuously produced by the Copernicus
Emergency Management Service, Exposure Mapping Component (Copernicus GHSL).



Introduction

Up to dateand accurate population andhousehold censusnformation are critical data input for national
policymaking processTheg facilitate informed development decisions on ttielivery and planning of services
related to governance and public health, such as election preparation, respondisasters, orhuman and
structural risk assessmenfCIESIN et al., 2022; Freire et al., 2011; UNFPA, 2018; Weber et al.,. SpEsially
accuratepopuation estimatesfor an area are of key importance for understandisgcially relevant indicators,
such as demographic compositions, births and deaths, disease incidence, health intervention coverage,
technology penetration, service accessibility and voting turndibreover, they are in a great way the crucial
factors to measure progress othe United Nations (UN) Sustainable Developm@&aials (SDGg)Weber et al.,
2018). The provision of reliable, accurate and relevant census information on ptipualdistribution and forms
of residence is of great importance for both statevel applications andor reportingpolicy decisions at the
international level.

Censusrelated activities, planning, preparation, field worldata validation- can benefit fom combining
official statistics with new geospatial information derived from remote sensing imagBsquirements for tools
and methods developed to enhance censwtated activites are common: the input datmust be accurate in
time and space, of high wglity, spatially homogeneous, available throughout the area in question, and carry
meaningful information related to the distribution of the populatioherefore, in this report we aim to
investigate the capabilities ofip to date products of the Copemmis Exposure Mapping Componeint support

of census operationsOur goal in this report is to test the utility of analysing the new GHSL buglitsurface
layersin supportng censuspreparation and analysis.

In particular, we leverage on theew Global Human Settlement Laydwilt-up surfaceproduct GHSBUILTS
(Pesaresi & Politis, 2022)The layer is derived from a combination of satellite Earth observation sources like
Copernicus Sentinel 2 optical sensor tst&blish an imagery mosaic for 2018, and multipMASAJSGS Landsat
optical sensors to retrieve imagery for the epoch 200the GHSBUILTS product offers an increased spatial
detail and accuracy of budtip surface mapping with a pixel resolution of 10 m;functional discrimination of
residential and nofresidential classes;and the provisionof data in uniform time intervals enabling
comparisons of environment over time, in facilitating census operations.

We explore the utility ofSHSBUILTS 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.2aheld population census four tigs: 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 supervisofsehohla, 2012ajnd provides crucial background for the
informed policymaking. In the time span between the first and the 2011 population census, South Africa
landscape has changed remarkablyfFigure 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 welll of these factors influence the design of aajor natiocnal 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 prodcts bring the possibility to monitor the accelerated trends of buifi 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 cBHSBUILTS producs in supporting censuselated activities in a
dynamically changing settlement environment.

Within the study we aim to observe how knowledge on trends in residential-oipilsurface expansion can
support censugelated activities(Tablel). In detail, we want to investigate: 1/ if the knowledge on trends in
residential builtup surface expansion can inform and support activities related to preparation, design and
executon of national census; 2/ to what extent can mapping of residential buptsurface dynamics support
these activities; and 3/ how residential builip surface dynamics differ for census units, administrative units
and settlement types. We make an efforbtanswer to these research questions using a set of settlement
indicators, based on census information, the information on buptsurface development trends, the relation

of the built-up surface dynamics and the census spatial structure, the administeasipatial structure and the
settlement type; and apply the established indicators to a set of case studies.

() Copernicus GHStttps://ghsl.jrc.ec.europa.eu/copernicus.php
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Figure 1. Urbanisation dynamics in South Africa
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Tablel. Potentialbenefits of the use of GHBUILTS data and infomation derived from GHBUILTS 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
Consistent spatial information about the residential builp areas
Q01 Where and by how much have residentiailt-up provide information regarding the amount and distribution of
areas changed since last census? changes in the residential infrastructure since the previous census
activity.
Q02 How many enumerator®r other resources are Supporing the distribution of the financial and operational resource
needed to visit current residenti&luilt-up areas? to regions according to the number of households to be counted
Independent, ujio-date and accurate information on the estimated
Q03 | What'sthe estimatedtime and budget? distribution of households facilitates an estimate of the cost of
enumeration in the census district and in the country as a whole
Preparation
Where an owcensus gy (E8) shoui b | VESUGRLOn fsnumeraton rese i ealon b e s
Q04 | updated to cover newesidentialbuilt-up areas with P - ing ' . g
a diven number ofnumerators? census crieria of the accessibility due to the increased amount of
9 ’ residential builtup surface.
Classification of administrative units in terms oésidential
How shouldenumeratorsand other resources be development density or substantial changestire residential buiktup
Q05 | allocated toadministrative units (municipalities, areacan support the process @stablishing census offices, and
provinces)? allocating enumerators and budget in line with the resources requir
to cover the area within available timand resources.
The fineresolution GHBUILTS productcan be used to determine
Q06 Are enumerators covering a sparse or dense area? the distribution and density obuilt-up surfacein a givenEAand, as a
What are their transportatiorand other need® result, to allocate the means of transport necessary for enumerator
to reach all thehouseholdsn a census unit
Field work
The GHSBUIL-S product can be used to provide additional
information on the estimated number and the location of residential
Where should enumerators be sent, what atee - p . S S
Q07 . buildings in EA, in case the official information is outdated or
respective EA? . - L .
incomplete, or facilitate the determination of the most convenient
route, covering all dwellings in the area
Validation andVerification
The location of dwellings visited by the enumerators during the dat
Were allcurrent residentiabuilt-up areas covered collection phase can be compared with the residential bupt
Qo8 e )
by enumerators? surface distribution in order testimate the completeness of the
collected data




1 Data

1.1 Census data

In this study, we used South African census office (Statistics South Alfriitges://www.statssa.gov.2eresident
populationand householdiata from population censuses conducted in 2001 and 2011. Statistics South Africa
aggregates census data by hierarchical spatial unNstional Province, Municipality (MN), Maiad¢e (MP) Sub
Place(SP) Small AregSAL and Enumeration AreaHA. Foryears 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 timeswith eachlarge-scale and complexenumerationphase preceded by a major effort of
coordination and continuous updating of tieensus strategyBetween years administration units in South Africa
were subject to a number of amendments. For example, the number of muritgsahas been reduced from

262 in 2001 to 234 in 2011. Moreover, 28nunicipalities changed theigeographicboundariesand in some
cases also their administrativprovince(Lehohla, 2012a)The number of MRasincreased, 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 3109
2011 SAL 9 234 13877

We preprocessed census data in ArcGIS software: 1/ both layers were reprojected to World Mollweide (EPSG:
54009) projection; 2/ v g p¥2fhas mHf k j hoysehdldocdunt wdis jchariged tg 8/ the polygons with missing

data were removed, which resulted in discreparicyhe number of polygons between the datasefEable3).

The datasets varied also in regards to the area of census spatial units and population and number of households
within (Table3, Table4, Tableb).

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

Year Unit Number of | Min unit area | Max unit area | Mean unit | Median unit | Total unit
census units [km?] [km?] area [km?] area [km?] area [km?]

2001 EA 80 780 0.001 8147.1 152 0.4 12239579

2011 SAL 84 907 0.002 10 038.3 136 03 11536452

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

Year Unit Min population Max population Mean population Median Total population
population

2001 EA 0 12 014 5548 504 44 819 636

2011 SAL 11 11717 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 | Max number of | Mean number of | Median number | Total number of
households households households of households households
2001 EA 0 7758 1459 128 11782771



https://www.statssa.gov.za/

2011 SAL 0 3911 177.4 162 15 062 569

Between year 2001 and 2011 the total number ahhabitantsand households in South Africa increasby

15.5% and 21.8% respectivelyDespite the median area of spatial units used in the analys$ngsmaller ¢

32 %), the population and number of households per census unit increased (I8¢ 45d 27% median value
respectivelyjn 2011.

1.2 Built-up surface product

As geospatialinformation on thedistributionand type built-up surface we used the tpbal built-up surface
grids (Figure 2) produced by JRGlobal HumargettlementLayer (GHSL), available for download on the GHSL

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

In this study we worled with the dataset GHSBUILTS GLOBHR2022A(Pesaresi & Politis, 20220 100 m
resolution(Table6), which is the aggregation of the estimation dfuilt-up surfacefraction in a global scale
produced in 10 m resolution for period 19752030. The datasets a spatial raster that depicts the distribution
of built-up surfaces, expressed as number of squareters. The data reports abotihe total built-up surface
(BUTOTand thebuilt-up surface allocated to dominant neresidential BUNRES) use3he spatial rasteGHS
BUILTS_GLOBE_R2022#ss 12 band, each referring to one year in the-$ear interval interpolationof built-

up surfaces:Band 1 (1975), Band 2 (1980), Ba 3 (1985), ..., Band 12 (203@pchiavina, Melchiorri, Pesaresi,
et al., 2022)

Figure 2. Builtup surfacegrid layer in 100m resolutiorior Johannesburg for reference year 2020
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GHSBUILTS spatal raster is made by spatiatemporal interpolation othe sub pixel builtup surfaceestimate
(BUBURJ at 10m resolution, produced from Sentingl composite GH&ompositeS2 R2020A(Corbane &
Politis, 2020) at the same resolution. Spatiotemporal surface interpolationpast epochs, in §/ears intervals

is fitted to five observed collections of satéie imageries: Landsat supports the 1975, 1990, 2000, and 2014
epochs, while Sentined composite GHSompositeS2 R2020A(Corbane & Politis, 2020upports the 2018
epoch(Schiavina, Melchiorri, Pesaresi, et al., 2022)

In GHSBUILTS spatial rasterdataset the esidential builtup surfacelayeris defined, according to the INSPIRE
definition, as the buikup surface dedicated prevalently for residential uggsluding a considerable diversity of
housing developmens on residential areas(European Commission, 2022By such, residential and nen
residential layers in GHBUILTS dataset are complementar§Echiavina, Melchiorri, Pesaresi, et al., 2022)d


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

the residential buikup surface layer BURES can be extracted from the hyltsurface layer, by subtracting

the nonresidential builtup fraction (BUNRES) from the total value of builb share per pixel (BUTOT). Theson
residential (BUNRES) domain iegicted from Sentinet2 composite(GHScompositeS2) by observation of
radiometric, textural, and morphological features. The image processing scheme combines global unsupervised
algorithm with locally adaptive methods, using ppixel spectral indexes, nfiiscale textural fields
assessments, and objediased shape analysiéSchiavina, Melchiorri, Pesaresi, et al., 2022)

According tahe 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) inchadin 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 fmglsurfaces and buitup volumes

after the year 2000. The positive bias is especially remarkable in the rural domain as set by theSM{ID
R2022A. Previous GHSL R2019 was affected by larger omission errors in rural areas compared to R2022A,
therefore generating an underestimatioof 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 builp surfaces, buitup volumes, and population, especialfy i
stratified by GHSSMOD 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 censugtavities. Quantitative assessment of thehanges in the surface of the
residential layerhave illustrative character and should only be used as approximate values.

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

Characteristic Specification

Geographic coverage World

Spatial resolution 100 Meters

Data type UIntl16- Sixteen bit unsigned integer
Nodata value 65535

Values range 0-10000

Units square meters

Projection WorldMollweide projectiofESRI:54009)
Spatial Extents [-18041000, -9000000, 18041000, 9000000]

1.3 Urban centres

We usedhe Global Human Settlement Layer Urban Centres Database {GEISB) as the source of information
about themaincities in South Africa. GHSCDHFlorczyk et al., 2019 efinesurban centres based on resident
population andbuilt-up surface share and describes them in terms of location, extént2015) and with a set
of geographical, soci@conomic and environmental attributes.

We selected the urban centres that are locatedhim 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 havenore than1M residents (Johannesburg, Cape Town, DurbanRnedioria) and 44 urban
centres have population higher than 1@O0 residents Table7).

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

No | Name Population No | Name Population

1 Johannesburg 6516 134 23 | Somerset West 165 073




2 Cape Town 3511 853 24 | Emalahleni 160 230
3 Durban 2867 062 25 | Rustenburg 156 471
4 Pretoria 1473571 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 141772
9 Bloemfontein 408 354 31 | George 139672
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 229313 37 | Jouberton 126 142
16 | Vanderbijlpark 217 223 38 | KwaMhlanga 121 924
17 Paarl 206 574 39 | Lenasia South 114 724
18 Kimberley 185930 40 | GaRankuwa 113813
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 | eHlauHlau 103 142




2 Methodology

2.1 Generating residential built -up surface layers

We used BUNRES and BUTI®yersto create residential BURE)built-up surfacelayers for years 2000, 2010

and 2020 in South Africain 100 m resolutionFirst, we selected bands 6, 8 and 10 from BUNRES and BUTOT
layers, which refer to the years 2000, 2010 and 2020. Secondly, as residential andrasidential pixels are
complementary to each othein the GHSBUILTS GLOBE_R2022#%o0duct, the BURES layer was generated
using equation (eq. 1):

6 Y'YO™S Y'YO "YW YY) 'YO'Y (1)

Wherej is the reference yearQ ¢ Tt et ot ¢. 1t

The resulting BURES layer had three bands correspondipgets 2000, 2010 and 2020, each of them referring
to the area ofresidential builtup surfaceper pixelexpressedn square meters [rf] in a given time step.

In order to investigate the total changes in residential builp surface area and distribution ih00 m resolution,
we createdBUREShangemaps betweeryears 2010 and 2000, and years 2020 and 201Melchiorri et al.,
2019), as shown in eq. 2, eq. 3:

6 YYO"Y 5YYOY 67YYO'Y )

6 YYO"Y 5YYOY 67YYO'Y ©)

In order to investigatehe 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 builtup surface values between 2000 and 2010 (eq. 4)2010 and 2020 (eq. 5).

T o 6 °YYOY h Q&®YYO'Y ™
0 YYow £l 000 )

ey o 6 YYO"Y h Q&®YYO'Y mn
0 YYOY i £ ®R 00 0 ()

Finally, foreach period we generated residential builp surface relative change rate layer in 100 m resolution
as the ratio of the new residential builtip surface area to the residential area, defined in percentage of change
(eq.6, eq.7):

5 YOy 6 °YYOY 5 a
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2.2 Analysis of residential development dynamics on municipality level

Aggregating residentiabuilt-up surfaceto 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 uninhabite@carcely builtfo units developed with housing estatd¢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 reasonceleulaed the area of
residentialbuilt-up surfaces, the changes in the residenti&luilt-up surfacesand the new residentiabuilt-up
surfacedevelopmentper municipality, derived from census 2011 data.

2.2.1 Residential built -up surface relative change rate analysis

Residential buitup surface relative change rate lay&nables recognizing regions that faced high increase in

the area of residential buitup surface layer comparing to the amount of area already develad calculated

the residentialbuilt-up surfacerelative change ratelayer for period 2000, 2010 and 2010, 2020 per
hpid*dk\gdot )\ __hdidnom\odjihpido'"h_"mdqgq  _hamjhh”»" inpr
of spatial association in order talentify spatial clustersand outliersof municipalities with significant high or

low values of residentiabuilt-up surfacerelative change ratdayer, compared to their neighbourSinally, we

compared the municipalities in terms of the residentibuilt-up surfacerelative change ratevalues We

identified the municipalities with the highest values of residential buift surfacerelative change ratgabove

100 %), as well as municipalities thabad the values higher thathe national average in each period.

2.3 Analysing residential development by settlement type

>"inpnh-+,, g\ nndad nhNj pocfh <amd Atypes(GTYPER):.durbannfarrm\ o d q ° f
and traditional Figure 3). They ardased 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™ oo g "~ h i o hcoveed th§ Iakgest pdrtnofAtfie couriry (85 % of territory),

followed by the ‘traditiondltype (12%), while the urban type coveedthe smallest part of the country3 %).

We analysed the distribution of residentiblilt-up surfacelayer, the changes and the new residentmlilt-up
surfacelayer in relation to thesettlement type, using 2011 GTYPE classification.

2.4 Analysing residential development on census unit level

Aggregation of residential bultip layer per census unit brings information about the number of cerrelated
aspects:thomogeneity of census units in terms of residential buiip density H j mf ~ i ph ™ m\ oj mn ¥%h " aa
for a unit during census data clglction. Higher amount of residential builtp 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 datasefanalysis ofthe area of residential bilt-up surface, the changes in the residential

built-up surface and the new residential builtp surface per each SAL unit, using 2011 dissolved census

dataset, are a supplementary material to this reposee Annex 3).
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Figure 3. Geographytypes in South Africa from census 2011 data

Urban centre population 2015
* population below 1M

© population above 1M

GTYPE
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Durban

Cape Town
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(T N TN TN [N TN N W |

SourceCensus 2011 EA datasef\pril 2013 geometry shared by Statistics South Africa

2.5 Case study analysis for selected municipalities

To analyse the dynamics of residential development in relatiortite 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 2011n the selected municipalities, we combined the inthca
related to the residential buitup surface with census related indicators, describing municipalities in terms of
the number of households and population in each census yAara resultinformation derived from indicator
values combined withthe visual interpretation of the distribution of residential builip areasfacilitated
identifying census units facingapid changes,which potentially require action in the followingcensus
preparation.

2.5.1 Municipality selection

The population datasets for ye@001 and 2011 haddifferent geometiies, which made it impossible to conduct

a comparative population analysat the level ofindividualstatistical units Therefore, we perform analysis for

a set of municipalities, using data aggregated to the municigalf g~ g~ g' hpndi b fpeundariefg hpi d " d
and naming. Case study municipalities were seleatisthgthe followingcriteria

8 Census polygons within theoundariesof a municipality have no missing data on population or househplds
or

0 the analyzed muriipality has a common boundary in a census dataset for year 2001 and 2011, except
for small differences in the position of the boundary line@hichare acceptablgseeFigure 4).
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Figure 4. Example of acceptable municipalitypundariesmisalignment between census datasets in 2001 and 2011

[ municipality area in 2001
[ municipality area in 2011

SourceCensus 2001 EA dataset and Census 2011 SAL dataset, shared by Statistics South Africa

Thefollowing municipalities fulfiled these criteria: Golden Gates Highlands National Park, Laingsburg, Mamusa,
Mdah Nature Reserve, Potchefstrooridtrecht, and VentersdorpFromthese municipalities,Mdala Nature
Reservehave population equal td®, while Gdden Gates Highlands National Par&presented a very small
municipality of area equal to thecorrespondingenumeration area (in 2001). By such, the two municipalities
were not suitable for further analysis.Finally five municipalitieswere selected formore detailed analysis
(Figure 5).

Figure 5. Municipalities selected for case study analysis

Legend

B case study
I South Africa

Ventersdorp ,

\ /Tlokwe City Council

‘

\ Emadlangeni

Laingsburg

0 125 250 500 km
| I T N T [ T N |

SourceCensus 2011 SAL dataset, shared by Statistics South Africa

2.5.2 Censusindicators

For eachmunicipdity selected for case study analysisve 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 refersaagroup of persons who live together and provide themselves
jointly with food or other essentials for living, or a single person who lives al@rshohla, 2003, 2012b)in this

m-  kj mo' Ar " fpn  _ fferenda o ekident gopulption (chhabitenfisyl Refptiohship 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 betweemdipulation and the number of
households with a set of indicators calculated per spatial unit @d.1).
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Household density defined as number of households per RMO'QQd;, — (8)

Population density defined as number of people per ki 0 0Qé — ©)
Household population defined asmeannumber of peopleper household’O0r € f— (10)
Household population density defined as household population in k00 £€®d —— (11)

Where POP is the number of residents per spatial ynitH is the number of households per spatial urégind
A is the area of spatial unitsin square kilometres [kAj.

Census indicators for the 2011 census data can be found\imex 2.

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

For each selected municipality, we calculated the area of resideitigit-up surfacein years 2000, 2010 and
2020. We compared the population density values in year2@nd 2011 with the values of residentiabuilt-

up surfacearea in the corresponding years 20 and 2010 and investigated the relationship between the two
variables using linear regression technique.

2.5.4 Marginal Land Consumption

Marginal Land Consumption (MLC)itador relates changes in population with consumption of land due
to built-up surfacearea 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 sgudunicipalitiesbetween years 2000 and 2010 bwnalysingthe ratio
of residentialbuilt-up surfacearea and population increase between those two time steps (&) 1

6 YYO'YS YYOY

000 T
OO0 VOO

(12)

Where: BURRSefers to residentiabuilt-up surfacelayer in 2000, BURESefers to residentiabuilt-up surface
layer in 2010; and PQPrefers to population in 2001 and P@Refers to population in 2011.

We assumd 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 resideniiailt-up surfacelayer in 2020 (eq. B):

e n e .. BTYYOYSTYYOY
OO0 VOV — (13)
006

Where: BURRSefers to residentiabuilt-up surfacelayer in 2010, BURESefers to residentiabuilt-up surface
layer in 2020; and PQPrefers to population in 2011 and PQ@Refers to population ir2020.
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2.5.5 Residential built -up dynamics in selected municipalities

For every municipalitgelected for case study analysise made a detailed assessment of the dynamics of the
new residential builtup surface and residentialbuilt-up surface relative change rée developments. We
analysed spatial distribution of residenti@uilt-up surfacerelative change rateat MP censusinit level in order

to identify areas of rapid changeswhich may entail adjustments tocensus preparationsFor deeper
understanding of chages 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 GHSBUILT-S product

3.1.1 Residential built -up surface layer

The residential buitup surface layer increased significantly in the time span of the three analysed years: total
BURES area in South Africa was close to 3 80 km2000 and increased to more than 6 000 khin 2020
(Table 8). A growing, and linear tremsl visible in the area of the residential builip surface (BURES area
calculated in 100 m resolutiofFigure 6).

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

Year 2000 2010 2020

BURESKn?] 3796.61 4870.48 6274.17

BURES area calculated in 100 m resolution
Figure 6. Area of residentiabuilt-up surface(BURESNn year 2000, 2010 and 2020

7000.00
6000.00
5000.00

4000.00

BURES [km2]

3000.00
1995 2000 2005 2010 2015 2020 2025

SourceGHSBUILTS layer, from Global Human Settlement Lay@esaresi & Politis, 2022)

In years 2000 and 2010(Figure 7, Figure 8) dense BURES areas were observed in the area of Cape Town
(Western Cap@rovincg, Johannesburg (Gautemmovince and along the soutkeastern coast of the country.
The built-up surface was concentrated around the major urbarerdtres, with visible areas of dispersed
development in Eastern Cape, KwaZiatal and Limpopo provinces.

In 2020 (Figure 9), dispersed patterns are visible in the residentialilt-up surfacein the majority of the
country area, apart from théNorthern Cape provincgvhere the housing developments are visible along river
basins) The observed patteris highly more scattered thain the previous yearfthe exact changes in builip
surface as presented in Sectidhl.2).
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Figure 7. Area km?] of residentialbuilt-up surfacelayer BURES in 2000er 1 kn? raster cell. Visualised raster layer is in
1 km resolution and the colour scale corresponds to the values per 1 drial.
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SourceGHSBUILTS layer, from Global Human Settlement Lay@esaresi & Politis, 2022)

Figure 8. Area [km] of residertial built-up surfacelayer BURES in 2@lper 1 kn? raster cell. Visualised raster layer is in
1 km resolution and the colour scale cosgonds to the values per 1 khgrid.
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Figure 9. Area [kr] of residentialbuilt-up surfacelayer BURES iR020 per 1 kn? raster cell. Visualised raster layer is in
1 km resolution and the colour scale corresponds to the values per 1 drial.
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For visualization purposes, we aggregated by mean the 2000, 2010 and 2020 BURES leggesto 1 km resolution.

3.1.2 Changes in residential built -up surface layer

The area of residentiabuilt-up surface in South Africa grew between 2000 and 2020, with 28% increase
between 2000 and 2010 and 22% increase between 2010 and 20Z@ble9).

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

10739 km? 28% 1403.7 knt 22%

Change in BURES area

Change in BURES area calculated in 100 m resolution
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Figure 10. Change in area [kfhof residentialbuilt-up surfacelayer between 2000 and 2010 per 1 kiraster cell.
Visualised raster layer is in 1 km resolution and the colour scale corresponds to the values per drikin
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Figure 11. Change in area [kfhof residential built-up surfacelayer between 2010 and 20@ per 1 kn¥ raster cell
Visualised raster layer is in 1 km resolution and the calsuale corresponds to the values per 1 kigrid.
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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 priod 20002010 (Figure 10), we observed e highest changes in BURBSIlt-up
surfacearea in the northeasternpart of the country and on the soutleastern coast, which was the area with

the highest density of residentidbuilt-up surface For period 20162020 (Figure 11), chaage 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 alongvers basins

3.1.3 New residential built -up surface layer

New BURES developments follow a spagiattern 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 c
mostly, while in the period 2010 2020 (Figure 13) we observed a dispersed pattern thorough the countny.
both periods, new BURES developments marked the driogJohannesburg, major city located in Gauteng
province.

Figure 12. Aea [kn?] of new residentialbuilt-up surfacesurfaces developedbetween 2000 and 2010per 1 kn? raster
cell. Visualised raster layer is in 1 km resolution atig colour scale corresponds to the values per 12gnid.
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Figure 13. Area [knd] of new residentiabuilt-up surfacesurfaces developed between 201and 2020 per 1 kn¥ raster
cell. Visualised raster layer is in 1 km resolution and the colour scale corresponds to the values pérgtittm
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For visualization purposes, we aggregated by mean the 2000, 2010 and 2020 BEB\RES raster layers to 1 km resolution.

Between 2000 and 2010 around 624 kfnew residentialbuilt-up surfacedevelopments were observed in
South Africa, which was a 1% increase comparing to the area of BURES layer in 2000; and around 589 km
in period 2010, 2020, which was a % increase comparing to the area of BURES layer in 2004b(e9).

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 knmd 16% 589.1 knt 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 residenballt-up surfacelayer were in municipalities of

the urban centres. The highest values were observed in the municipalities of therraeban centres (above 1
million residents) and in the Eastern part of the Limpopo province. We observéa:higalues in 2020 than in
2010 in municipalities located in the northereast part of the country and in the surrounding of Cape Town.
Northern @pe province and the western part of Eastern Cape province remained low in terms of the area of
residentialbuilt-up surface

The median value of area of residentidduilt-up surface per municipality increased more than two times
between years 2000 and @20, from 6.60 kn* to 15.17 kn? in 2020 (Table 11). Also the minimumand
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maximum values of residentidduilt-up surfacearea increased in that period, implying a coast development
of housirg estates in the analysed years.

Figure 14. Area n?] of residentialbuilt-up surfacelayer BURES in 200id municipalities (2011boundarie$
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Source GHSBUILTS layer, Global Human Settlement Lay€ensus 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 [knf] | BURES 2000 [Kih BURES 2010 [Kin BURES 2020 [Kin
SUM 1225173.14 3796.56 4870.47 6274.33

MEAN 5235.78 16.22 20.81 26.81

MEDIAN 3585.46 6.60 10.69 15.17

MIN 252.36 0.27 0.65 1.44

MAX 36242.19 234.10 272.16 326.84
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Figure 15. Area n?] of residentialbuilt-up surfacelayer BURES in 2@ in municipalities (2011boundarie$
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SourceGHSBUILTS layer, Global Human Settlement Layer; Census 2011 SAL dataset, shared by Statistics South Africa

We observed clustering of the distribution of residentialilt-up surfacelayer in the time span from 2000 to

- +- +60HBgj ] valgds @nnew \Aliablerd4), vith index ranging from 0.09 to 0.12, informed about the
significantly increasing clustering of the residentiblilt-up surfacelayer aggregated to municipalities level.

22



Figure 16. Area n?] of residertial built-up surfacelayer BURES in 2@in municipalities (2011boundarie$
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By comparing the area of residential builtp surface to the area of a municipality we could observe a trend in
built-up density. The median shaod municipality covered by residential builtp increased from 0.2% in 2000
to 0.6% in 2020 The number of very sparsely developed municipalities dropped from almo$t58 2020
(119 municipalities) to around 3@oin 2020 (78 municipalities), anthe nunmber of municipalities with a share

value higher thar2% almost doubkd (Figure 17).
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Figure 17. Histogram of the share ofmunicipalityarea covered byesidential builtup layer per municipality (using 2011
borders)
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Source GHSBUILTS 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 20002010 the highest changes in the area of residentialilt-up surfaceat 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 soutleastern shore of South Africa. We observed relatively low changes in the
whole Northen Cape province, and for provinces Western Cape, Eastere, Gape State and North West in
municipalities without urban centres.

For the period 20102020 the observed patterns of change were similar, but their intensity increas#d.

observed high values of changes in residentialilt-up surfacearea in the northeastern part of thecountry. In

the south-eastern part the trend was similaas 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 budtsurface (almost 3®% in both periods) inform
about the dynamic developmm of housing infrastructure in South Africa in period 20@D20 (Table12). The
median value of change in residential builip surface are per municipality increaséy 40 % from 2.9 knf to
4.01 kn?. Moreover, the minimum and maximum values of change increased b%o&hd 73% respectively.
We observed a rapid growth in residential buiip surface in years 2002020, which accelerated in period
2010-2020.

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

Statistic Change in BURES 2008010 [knd] Change in BURES 2042020 [knf]
SUM 1073.9 283 % 14039 28.8%
MEAN 4.6 6.0

MEDIAN 29 4.0

MIN 0.3 0.5

MAX 45.9 79.5
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Figure 18. Changes int@a [n?] of residentialbuilt-up surfacelayer BURES in 20 - 2010 in municipalities (2011
boundarie$

Source GHSBUILTS layer, Global Human Settlement Layer; Census 2011 &#adset, shared by Statistics South Africa
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