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Abstract

Floods are one o he mos common recurring naural disasers globally. They impac
communies by damaging naural resources, disrupng economic acvies, desroying
propery and livelihoods, displacing people and causing loss o lives. In Souh Arica,
predicons are ha ood incidences are likely o increase due o climae change, hence
placing communies a risk o oods. This sudy sough o assess and map he physical
vulnerabiliy o areas o ooding in he Lephalale Local Municipaliy using a Geographical
Inormaon Sysem (GIS)-based Mulple Crieria Decision Analysis (MCDA) approach.
Using various indicaors, a composie map was developed showing he dieren levels
o vulnerabiliy o oods in he municipal area. Physical vulnerabiliy o oods was ound
o be higher in he cenral regions compared o he res o he municipal area, because
o he high magniude o he rainall in he cenral region, is proximiy o rivers, and he
presence o impermeable bare soils ha increase runo. The norh, wes and souhern
pars o he municipal region showed moderae o low levels o vulnerabiliy due o
heir slighly higher elevaon, longer disances rom rivers, and he presence o naural
vegeaon land cover. The sudy concluded ha physical vulnerabiliy o oods in he
area was largely a resul o he ineracon o various acors, namely: proximiy o river
channels, precipiaon amoun, alude, and soil ype. Alhough he sudy demonsraed
he useulness o he GIS-based MCDA approach in assessing physical vulnerabiliy o
oods, we recommend ha uure sudies also consider inegrang social, economic,
culural and insuonal indicaors o capure he mul-scale and mul-aceed
dimensions o ood vulnerabiliy.
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Inroducon

Floods are one o he mos common recurring naural disasers in he world oday
(Unied Naons, 2019). Due o he increased requency o oods in recen decades,
Najibi and Devineni (2018, 757) argue ha vulnerabiliy o such exreme evens has
become he ‘new normal’. I is esmaed ha 43% o he global oal number o naural
disasers beween 1995 and 2015 were caused by oods, wih he greaes damage
and losses being experienced in Arica and Asia (CRED, 2015a). The eecs o ooding
include damage o social, culural, and naural resources, disrupon o economic
acvies and livelihoods, displacemen o people, loss o propery, and loss o lives
(Akukwe & Ogbodo, 2015). Beween 1995 and 2015, oods aeced approximaely 2.3
billion people hroughou he world, wih recorded asses losses o over US$ 662 billion
(CRED, 2015b). I is prediced ha ood incidences are likely o ge worse in erms o
magniude and requency due o climae change (CRED, 2015b). The Cenre or Research
on he Epidemiology oDisasers (CRED, 2015b) indicaes ha roughly 800million people
worldwide live in ood-prone areas and abou 70 million o hese people are exposed o
oods each year. The risk and vulnerabiliy associaed wih oods is hereore real and
canno be ignored i communies are o be proeced rom uure ood incidens.

While mos counries in Souhern Arica are generally vulnerable o oods, he
probabiliy o risk o ooding varies, wih counries such as Souh Arica andMozambique
being more suscepble o ooding evens han oher counries in he region. In Souh
Arica, or example, 77 ooding evens were recorded in he counry beween 1980 and
2010 (PRW, 2011). Previous ooding evens in he counry have resuled in he disrupon
o economic acvies, damage o roads and oher inrasrucure, loss o livelihoods,
displacemen o people, and loss o lives (Els, 2011). Wihin Souh Arica, he probabiliy
o risk o ooding varies considerably, wih some areas being more prone o ooding
han ohers, and wih areas such as he Limpopo Province experiencing requen oods.
The province is hereore more a risk o ood hazards compared o oher provinces. The
numerous ooding evens ha occurred in Limpopo caused exensive damages o boh
public and privae inrasrucure, amounng o billions o Rand annually (Donohue e al.,
2000; Dyson & Van Heerden, 2001; McCusker, 2004; Nehengwe, 2007; Mekiso, 2011;
Malherbe e al., 2012; Maponya &Mpandeli, 2012). In March 2014, or example, various
municipalies in he province, including Lephalale, Mogalakwena, Modimolle, Bela-Bela,
Thabazimbi, andMookgopong o heWaerberg Disricwere severely aeced by oods
(EPoA, 2014).

One o he mos aeced municipalies in he Limpopo Province was Lephalale
Local Municipaliy, because he Mokolo, Phalala and Limpopo rivers periodically burss
heir banks and oods adjacen low-lying areas. In 2014, ooding in he area caused
severe damage o inrasrucure and livelihoods (EPoA, 2014). Given ha a huge number
o people in he province sll live along rivers and sreams, he impac o any ooding
even in he uure is likely o be devasang. Given projecons ha heavy rainall evens
may increase in he counry in he near uure (Ziervogel e al., 2006), he people in
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Limpopo Province are evenmore vulnerable han beore. This is because any increases in
heavy rainall evens are likely o pose a signican risk o people, parcularly hose living
in ood plains and closer o he river. Physical and environmenal characeriscs o an
area as well as he ineracon o hese acors have been proven o be he roo cause o
waer ow accumulaon and ood hazards. There is, hereore, an urgen need o assess
he physical vulnerabiliy o ooding in he Lephalale Local Municipaliy o undersand
how and o wha exen hese areas are suscepble o any uure ooding. The physical
vulnerabiliy in his sudy is dened as he exposure o areas o ood hazards due o pre-
exisng biophysical aspecs o he environmenwhere hese areas are locaed (Smihers
& Smi, 1997;Wilbanks, 2003; Fuchs & Thaler, 2018). A robus assessmen o he physical
vulnerabiliy o areas o ooding requires accurae spaal and emporal biophysical
inormaon, which is ofen scany and unavailable a local scales. Oher han he lack
o ne resoluon, accurae spaal and emporal inormaon, suiable approaches or
combining such inormaon have generally been a major challenge.

In general, ood vulnerabiliy has been assessed by developing vulnerabiliy maps
hrough he use o indicaors or causave acors (Ologunorisa, 2004; Connor & Hiroki,
2005; Rygel e al., 2006; Balica e al., 2009; Fekee, 2009; Müller e al., 2011; Son e
al., 2011; Balica e al., 2012; Park e al., 2012; Anwi e al., 2015; Oulahen e al., 2015).
Meanwhile, he indicaor approach inegraes Geographic Inormaon Sysems (GIS) and
he Mulple Crieria Decision Analysis (MCDA) in ood vulnerabiliy assessmen. This
has been widely used and proven o be a powerul ool ha sysemacally inegraes
physical environmenal acors o varying imporance and ransorming hem ino
dieren levels o vulnerabiliy or a sudied area (Akukwe & Ogbodo, 2015; Chivasa
e al., 2019). Alhough his mehod has been used widely in oher pars o he world
(Paquee & Lowry, 2012; Gigović e al., 2017; Tang e al., 2018; Abdelkarim e al., 2020;
Ajjur & Mogheir, 2020; Feloni e al., 2020), no much has been done in he Souhern
Arican region, especially in ood vulnerabiliy assessmen a local scales. While GIS has
he abiliy o capure, sore, manage, analyse and visualise geographically reerenced
daa (Coppock & Rhind, 1991; Maguire, 1991; Chrisman, 1999; Tomlinson, 2007; Kavia &
Pal, 2011; Singh & Fiorenno, 2013), combining iwih heMCDA oers an ecien and
accurae way o sysemacally develop ood vulnerabiliy maps. This is because a GIS-
basedMCDA approach helps in choosing, ransorming, ranking, combining andweighing
geographically reerenced and unreerenced indicaors in a manner ha is accurae and
less complex (Malczewski, 2006; Greene e al., 2011). This inegraed approach, i used
correcly, can accuraely deermine he level o vulnerabiliy while being spaally explici
in indicang he vulnerable areas a various geographic scales. The abiliy o pinpoin
vulnerabiliy a dieren scales is parcularly imporan in SouhArica, given he absence
o such inormaon a he municipal level where i is required. Wihou inormaon on
vulnerabiliy and risk o ooding, municipalies are unable o respond meously and
assis vulnerable communies o aver desrucon. An inegraed approach, hereore,
oers a robus mehodology or quanying complex and dynamic vulnerabiliy indices
and has he abiliy o provide spaally explici inormaon on ood risk and vulnerabiliy.
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Given his background, his sudy sough o assess and map physical vulnerabiliy
o ooding in he Lephalale Local Municipaliy using a GIS-basedMCDA approach. While,
admiedly,ood vulnerabiliy is a unconobohphysical and socio-economic variables,
his paper concenraes only on physical vulnerabiliy o give he necessary aenon o
mos o he aspecs ha are crical in deermining he physical vulnerabiliy o oods.

Methods and materials
Descripon o he Sudy Sies

Lephalale Local Municipaliy is siuaed beween 23°30’ and 24°00’ laude and
27°30’ and28°00’ longiude in he LimpopoProvinceo SouhArica (Figure1). I is locaed
wihin he norhwesern region o he Waerberg Disric, wih is borders orming par
o he inernaonal border beween Souh Arica and Boswana.

Figure 1. Lephalale Local Municipaliy
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Lephalale LocalMunicipaliy receives rainall in summer. The average annual rainall
in he municipal region is beween 400-600 mm, while average daily emperaures vary
beween 17°C and 32°C in summer and beween 4°C and 20°C in winer. The climae o
he area varies spaally, becoming warmer and drier rom he souh o he norh o he
municipaliy (IDP, 2009). The amoun o rainall received varies spaally as well, wih lile
rainall being received in he cenral and norhern regions, while mos o i is experienced
in he souhern poron (Appendix A). This municipaliy is seeper on he souheas and
generally aening ou owards he norh, wih alude above sea level o beween 700
m and 1 900 m (Appendix B). The slope is relavely genle, ranging beween 0 and 75
degrees (Appendix C). Vegeaon also varies rom dense, shor bushveld in some areas
o open ree savannah vegeaon consisng mainly o dry woodlands, horny bush and
grassland in ohers. Thicke bushveld, bush clumps and high ynbos cover abou 55%
o land area in he municipaliy (IDP, 2009). Four main rivers (Phalala, Mokolo, Malaba
and he Mogalakwena) drain norhwards ino he Limpopo River (Appendix D). These
rivers ogeher wih numerous lesser rivers and sreams consue a major waer
cachmen area or he lower Limpopo basin (IDP, 2009). The soils in he sudy area
are characerised by high clay conen in he norheasern region as well as along he
Limpopo River (Appendix E). The geographical size o he municipal area o jurisdicon
is esmaed a 14,000 km2 wih large racks o culvaed commercial rained land and
culvaed commercial irrigaed land locaed along he Mokolo, Phalala and Limpopo
River. The villages are mainly characerised by culvaed land. The larger poron o he
municipal area is characerised by degraded oress, woodland, bush clumps and hicke.
The mining area and quarries also orm par o land use in he municipaliy (Appendix
F). The municipaliy is home o abou 11,576 people and is urher demarcaed ino 12
wards (IDP, 2009) (Appendix G). The municipaliy was seleced as a sudy area because
o he requen occurrences o ooding evens in he municipaliy over he pas wo
decades (EPoA, 2014).

Spaal Daa Collecon and Pre-Processing

In developing counries, spaally reerenced inormaon is sll scarce, hence his
sudy sough o assess he uliy o seleced readily available daases in characerising
he exen o physical vulnerabiliy o ooding hazards. The spaal daa used in his sudy
were colleced rom various sources. These sources included he Souh Arican Naonal
Space Agency (SANSA), which provided spaally reerenced daa on rivers, DEM (Digial
Elevaon Model), land cover, local municipalies and wards boundaries.

Soil clay conen daa were downloaded rom he SOTER websie (ISRIC Daa Hub,
n.d.), whils river layers were exraced rom he Republic o Souh Arica’s Deparmen
o Waer and Saniaon Daabase (2017). Hisorical rainall daa or eigh rainall
weaher saons in and around Lephalale Local Municipaliy were obained rom he
Souh Arican Weaher Services (SAWS). The daa were received in he orm o an Excel
spreadshee. The daa were hen convered ino a poin map and inerpolaed ino a
raser orma using he Inverse Disance Weighed (IDW) mehod. The resulan raser
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maps were resampled ino 30 x 30 m resoluon o mach i wih he spaal resoluon
o oher daases (i.e. DEM) using GIS resampling echniques. Vecor layers such as soil
clay conen and rivers were convered ino a raser orma and he Euclidean disance
was compued o deermine proximiy o rivers. The slope (in percenage) map was
derived rom he Digial Elevaon Model (DEM) using slope generaon ools in ArcGIS
10.5 sofware. The rivers layer was downloaded rom he online daabase o he Souh
Arican Deparmen oWaer Aairs. Finally, all daases were resampled o 30 m spaal
resoluon, clipped and projeced o he WGS 1984 coordinae sysem. A GIS daabase
was hen subsequenly developed in he ArcGIS environmen or urher analysis. Table
1 summarises all he daa used and heir eecs on ooding.

Table 1. Daase, is source and eec on ooding
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Developing he Flood Vulnerabiliy Map

Indicaors ha are represenave o physical ood vulnerabiliy were idened
rom he lieraure and abbreviaed accordingly (Table 2), proven o aciliae ooding
evens (Paquee & Lowry, 2012; Gigović e al., 2017; Shazadeh-Moghadam e al.,
2018; Tang e al., 2018; Abdelkarim e al., 2020; Ajjur & Mogheir, 2020; Feloni e al.,
2020; Nachappa e al., 2020). The GIS-basedMCDA was hen used o characerise spaal
variaons in erms o vulnerabiliy o ooding in he sudy area. The sudy adoped a
mehodological process used by Fernandez e al. (2016), which involved: (i) selecng
and ransorming daa ino indicaors using ArcGIS 10.5; (ii) normalising indicaors using
sandardisaon mehods, (iii) weighng indicaors using he analycal hierarchy process
(AHP), (iv) aggregaon o weighed indicaors using overlay analysis, (v) characerising
he spaal variaon o vulnerabiliy in a GIS environmen, and (vi) assessing he accuracy
o he derived maps.

Table 2. Seleced indicaors o assess oods vulnerabiliy

Normalisaon and Evaluaon o he Indicaor Weighs

Since each indicaor was measured on dieren unis and dimensions, here was a
need or sandardisaon. This was done based on Thomas Saay’s (1980) mehod (Table
3). Furhermore,oodvulnerabiliy assessmen involves indicaors o varying imporance;
hereore, inormaon abou he relave imporance o each indicaor is necessary. Such
inormaon is ypically obained by assigning a weigh o each indicaor. The analycal
hierarchy process (AHP)was used o assignweighs. This was considered he besmehod
or he sudy because o is exibiliy and abiliy o check inconsisencies (Saay, 1980;
Ramanahan, 2001). A quesonnaire on comparison rangs based on Saay’s 1-9 poin
connuous scale (Table 3) was prepared o judge and assign an appropriae weigh o
each indicaor. This mehod allows he comparison o wo indicaors a a me whils
converng subjecve assessmens o relave imporance ino a linear se o weighs.
Every possible pairing was compared, and he rangs were capured in a pairwise
comparison marix. The pairwise comparison marix akes he pairwise comparisons as
inpu and produces he relave weighs as oupu while AHP provides a mahemacal
mehod o ranslang his marix ino a vecor o relave weighs or he indicaors. The
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nal weighngs or he indicaors are he normalised values o he eigenvecors ha are
associaed wih he maximum eigenvalues o he rao (reciprocal) marix (Razandi e al.,
2015).

Table 3. Saay’s (1980) scale or weigh assignmen

In he AHP process, he consisency o judgmens was adequaely checked by
calculang he consisency rao (CR). The CR denes he probabiliy ha he marix
weighs are randomly generaed, or ha he level o he judgemens given by he expers/
user in pairwise comparisons is consisen. The ormula below (Equaon 1) was used o
calculae CR:

where RI is random index and CI is consisency index. The random index (RI) is he
consisency o a randomly generaed pairwise comparison marix (Table 4). I depends
on he number o indicaors being compared and akes he ollowing values:

Table 4. Random Index

(Source: Saay, 1980)
Noe: RI is random index and n is he number o indicaors being compared.

CI is he consisency index,which provides ameasure odeparure romconsisency
and was calculaed using he ormula below (Equaon 2):

where λmax is he average value o he consisency vecor and n is he number
o indicaors. The consisency index (CI) and random index (RI) able were used o
compue he consisency rao (CR). The pairwise comparisons in a judgemenmarix are
considered adequaely consisen i he corresponding consisency rao is a mos 10%
or he CR is a mos 0.10 (Saay, 1980). Saay (1980) urher suggess ha marices wih
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CR rangs greaer han 0.10 should be re-evaluaed.

Aggregaon o Indicaors and Mapping o Flood Vulnerabiliy

The composie ood vulnerabiliy map was obained hrough an overlay analysis
o oal annual rainall, alude, slope, proximiy o rivers, soil clay conen, and land
cover layers using he raser calculaor in an ArcGIS 10.5 environmen. In a raser
calculaor, all normalised indicaors are mulplied by heir normalised weighngs (Table
6), and subsequenly added ogeher and divided by he oal number o indicaors used
(Equaon 3).

Equaon 3, where AAR = Average annual rainall, E = Elevaon, LULC = Land use/
land cover, PR = Proximiy o rivers, S = Slope, SCC = Soil clay conen.

The map was urher caegorised ino ve vulnerabiliy classes: “very low”, “low”,
“moderae”, “high” and “very high”, using naural breaks as guided by he vulnerabiliy
index lieraure (see Seanidis & Sahis, 2013; Papaioannou e al., 2015; Dash & Sar,
2020). The area occupied by each o hese vulnerabiliy classes was quaned in ArcGIS
or each ward or comparison purposes. The map was hen caegorised ino wo classes,
“no-ooded” and “ooded” areas, o aciliae accuracy assessmen o how well he
ooded areas were correcly idened in he derived vulnerabiliy map. A eld survey
was conduced o ideny homeseads and villages ha were previously exposed o
ooding. The locaons o hese homeseadswhereoods had previously occurred aswell
as he homeseads where oods did no occur were locaed based on GPS coordinaes
as well as using he names o he villages during he eld survey. All his inormaon was
cross-reerenced wih exisng spaal records o ooding in hese villages supplied by he
Souh Arican Weaher Services. The locaons were convered o shapele, which was
overlaid wih he ood vulnerabiliy map during he accuracy assessmen procedure. A
conusionmarix was derived and used o compue he accuracy assessmens as deailed
in Ponus Jr and Millones (2011).

In conducng an accuracy assessmen based on Ponus Jr and Millones (2011),
disagreemen beween areas characerised using he inegraed mehod (map) and he
homeseads ha encounered ooding (he reerence inormaon), was calculaed.
According o Ponus Jr and Millones (2011), disagreemen is characerised by allocaon
and quany disagreemens. The amoun o change beween he reerence inormaon
and a map (due o he less-han-perec mach in he proporons o he classes)
is ermed qualiy disagreemen (Gao e al., 2011). The agreemen is compued by
deducng he disagreemen rom 100%. The accuracy assessmen mehod devised by
Ponus Jr and Millones (2011) was used in his sudy because i is more robus han
oher accuracy assessmen procedures, such as Kappa. Lieraure underscores he ac
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ha Kappa inroduces bias wih regard o he requency o reerence daa such ha
a higher requency o reerence poins would resul in higher prevalence raes, which
ulmaely aecs he accuracy o he classied map (Allouche e al., 2006; Ndlovu e al.,
2018; Kumbula e al., 2019). In he nex secon, we discuss he sudy resuls.

Resuls
Normalised Indicators

Figure 2 (a) – () shows he normalised values o indicaors ranging beween 0 (leas
vulnerable) and 1 (mos vulnerable). In assessing he spaal disribuon o normalised
average annual rainall, high values were observed along he souheasern par o he
municipal region, while slope and alude exhibied high sandardised values in almos
he enre sudy area. When evaluang he spaal disribuon o sandardised values
exhibied by river neworks, high values were also observed hroughou he sudy area.
Meanwhile, land cover and soil clay conen exhibied high sandardised values in he
inerior region o he sudy area.

Figure 2. (a) o () sandardised indicaors. The red shade indicaes a high level o
vulnerabiliy or each o he indicaors, orange indicaes a moderae level, while he
green indicaes a low level o vulnerabiliy o ooding
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Weighted Indicators

Table 5 shows he normalised marix and Table 6 indicaes he calculaed weigh
score o he vulnerabiliy indicaors derived using he pairwise comparison mehod. The
consisency rao compued based on he pairwise comparisons was 0. Considering ha
he CR value was less han 0.10, he weighngs were accepable.

I can be observed ha average annual rainall (AAR) had a relavely high value o
0.34, ollowed by he slope (S) wih a prioriy vecor o 0.21, elevaon (E) wih a prioriy
vecor o 0.20, proximiy o rivers (PR) wih a prioriy vecor o 0.12, land use/land cover
(LULC) wih a prioriy vecor o 0.08, and soil clay conen (SCC) wih a prioriy vecor o
0.05 (Table 6).

Table 5. Square pairwise comparison marix or vulnerabiliy indicaors

Table 6.Normalised marix and he calculaed weigh score o he vulnerabiliy indicaors

Spaal variaons in food vulnerabiliy

The composie map shows ha levels o ood vulnerabiliy vary spaally and mos
areas vulnerable o ooding are in he cenral region o he sudy area as well as a poron
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in he souhwesern and norheasern secons (Figure 3).

Ward 8 experiences very low vulnerabiliy, Ward 10 experiences low vulnerabiliy,
Wards 3, 2, and 11 experience moderae vulnerabiliy, whils Wards 1, 4, 5, 6, 7, 9, and
12 experience high vulnerabiliy, respecvely.

Figure 3. Level o vulnerabiliy in Lephalale Local Municipaliy

Compued percenage areas o ood vulnerable areas indicaed ha abou 1,648
km2 (12%), 2,335 km2 (17%), 3,854 km2 (28%), 4,740 km2 (35%), and 1,127 km2 (8%) o
he oal land in he sudy area is characerised by very low, low, moderae, high and very
high level o ood vulnerabiliy, respecvely (Table 7).

Table 7. Compued percenage areas o ood vulnerable areas
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Figure 4 illusraes he accuracies derived in assessing he map, characerising he
vulnerabiliy o ooding. There was high agreemen (94%) beween reerence daa and
he mapped ooding levels, whereas disagreemen accouned or less han 10%. As in
Gao e al. (2011), he omission and commission inensies derived in his sudy were less
han 10%, hence hey were considered no o be subsanal (Figure 4b). The user and
producer accuracies derived in characerising he areas highly suscepble o ooding
in relaon o he leas suscepble, were above 90% (Figure 4c). The commission error
aained in his sudy was 0.2 and 0.3 or he unooded and ooded areas, respecvely.

Figure 4. Accuracy o he ooding map derived using he GIS MCDA

Discussion

The lack o accurae ne spaal and emporal reerenced inormaon as well as
he limied approaches or combing hese various daases has been a long-sanding
challenge in undersanding ood vulnerabiliy a local scales. In his regard, his sudy
assessedandmapped hephysical vulnerabiliyo selemens oooding in he Lephalale
Local Municipaliy using a GIS-based MCDA approach.

The ndings showed ha vulnerabiliy o ooding in he cenral regions was higher
han in he res o he municipaliy. Wards 1, 4, 5, 6, 7, 9, and 12 showed he highes
levels o vulnerabiliy o oods, which could be explained by he high magniude o he
average rainall rae in relaon o oher areas and heir proximiy o he Mokolo, Phalala
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and Limpopo rivers. In general, areas characerised by high average rainall raes end o
experiencemore oods in relaon o areaswhere he annual average precipiaon is low.
High moisure conen resuls in oversauraon o he soil by waer accelerang surace
waer ows, which degenerae ino oods due o reduced inlraon and percolaon. In
a similar sudy, Gu e al. (2012) observed ha high levels o vulnerabiliy were associaed
wih he amoun o rainall an area experienced. Conversely, areas mos likely o be
aeced by oods are near rivers as a consequence o channel overow (Fernández &
Luz, 2010). This is because waer can exceedingly ll up rivers and evenually overow
he river banks, leading o ooding evens ha aec livelihoods and hreaen he lives
o people living in nearby communies.

Furhermore, he high vulnerabiliy o oods noed in he cenral wards could
be explained by he prevalence o low alude and slope as well as he impermeable
clay soils (Figure 3) ha reduce inlraon and percolaon while increasing runo. The
presence o clay generally aciliaes he overland ow due o he impermeable clayey
soil, which has a reduced inlraon capaciy and generaes sheewaer ows ha could
poenally build-up ino oods. Low lying areas in he cenral secon o he sudy area
end o increase he vulnerabiliy o ooding due owaer ows rom a high elevaon and
a seep slope o lower and genle areas. Our resuls concur wih hose o Danumah e al.
(2016) in Abidjan disric, who also noed ha zones o higher vulnerabiliy o oodswere
dominaed by a genle slope, high amouns o rainall, and sauraed and low drainage
soils. However, here are sll compounding challenges wih regard o he accurae
esmaon omagniude, occurrence and spaal disribuon o precipiaon despie he
relevan advancemens in hydrological sciences (Hornberger e al., 2012; Schumacher,
2017). There is sll a need or more research in predicng he ooding response o heavy
precipiaon, he causes o variaons in rainall predicon accuracies, and deermining
how heavy rainall and oods have changed and may connue o change in a changing
climae despie all he ongoing inquess (Schumacher, 2017). These will provide accurae
and reliable inormaon or building capaciy o wihsanding incidences and eecs o
ood evens.

The wards in he norh, wes and souh o Lephalale Local Municipaliy, i.e.,
Wards 3, 2, and 11, showed moderae levels o ood vulnerabiliy because Ward 3 was
characerised by a slighly high elevaon in he souhern poronwhilsWard 2 and a huge
poron o Ward 11 were characerised a a air disance away rom rivers in Lephalale,
hence hey ranked as he leas vulnerable o ooding. In high areas, less waer inlraes
and percolaes ino he soil, hence high runo is usually generaed, which leads o
ooding evens in low lying areas.

Furhermore, he resuls o he sudy showed haWards 8 and 10 experienced very
lowand lowoodvulnerabiliy levels, respecvely. This couldbearibued o he ac ha
he major land cover in hese wards was characerised as naural vegeaon. Vegeaon
generally promoes high waer inlraon and less runo, which subsequenly reduces
he possibiliy o, and vulnerabiliy o ooding (Rimba e al., 2017). In addion, Wards
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8 and 10 srech urher rom rivers, hence, hey were caegorised as leas vulnerable.
Similar resuls obained by Rimba e al. (2017) indicaed ha over 50% o Okazaki Ciy
was caegorised as having very low o low levels o ood hazard becausemos o he area
was locaed ar rom he waer source.

Very ew sudies have been conduced o assess he physical vulnerabiliy o
selemens o oods in Souhern Arica due o spaal daa scarciy. Our sudy illusraes
he viabiliy o he indicaor approach in evaluang he ood vulnerabiliy o selemens
a a ner spaal scale such as a ward. This mehod could be very useul o he land
planning auhories o municipalies in he Souhern Arican counries o derive ne
spaally reerenced inormaon ha can suppor decision making, parcularly when
seling and reseling people o avoid ood-relaed disasers and loss o lives. However, i
has o be noed ha his approach yielded amodel based on daases hawere available
a he me o he sudy. Today here are ner sources o environmenal daa (i.e. drone-
derived DEMs) ha can be used o improve he model derived in his sudy.

Conclusion

The objecve o his sudy was o assess and map he physical vulnerabiliy o
areas o oods in he Lephalale Local Municipaliy using a GIS-based MCDA approach.
Based on he sudy ndings, i is concluded ha high vulnerabiliy o ooding in he
area occurred a resul o he impac o acors which include proximiy o river channels,
he magniude o precipiaon, alude and soil ype. Areas regarded as having low
vulnerabiliy o ooding were characerised by high alude and he presence o naural
vegeaon cover. The developmen o policy and procedures or inervenon sraegies
mus hereore ake cognisance o hese acors. For he Lephalale Local Municipaliy,
he resuls o his sudy may serve as he basis or argeng priorisaon eors,
emergency response measures, channelling unds, and raising environmenal concerns
and policy inervenons o migae ood vulnerabiliy in he municipaliy. Alhough his
sudy has demonsraed ha a sraegic GIS-based MCDA approach is useul in assessing
vulnerabiliy o oods wih opmal accuracy, we neverheless need o indicae ha no
single mehodology is capable o compleely capuring he mul-scale and mul-aceed
dimensions o ood vulnerabiliy. Fuure sudies hus need o consider inegrang social,
economic, ecological, culural and insuonal indicaors a various scales, while being
mindul o he complexiy od such an approach.
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