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ABSTRACT

Gl obamkhgountsruicechs as Mozambi que, BAAdgihldmii tse¢ &G n,
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and programmes that have been sourced to prev
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findi egsalprohaecti on of bl ue infrastructure i ¢
wetl| zmecds i nuaschal bélogetthleil se spsrroetnmeaggtmisovrent at i ve
measures in the | ower catchment. Al so, t he in
is important as it i ss' nortes@minys i bhekigdtyowas ppa
i mpl ement di saster ri skl imanatgeoaagatwe bthd n ahso

municipality.
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CHAPTER I NTRODUXNIIBANKGROUND

l1.l1lntroducti on

FIl ooding has become the most commadrh exnd ngje sntors
Cc o untarnide si t preval ence si ©ofatmtarn ieb wtheach gteg evhhfi € d
citybdbs attractivenesYamnqn,d Zhhappgp,o | DRAGR2Opdga, (

Soriani, & CMatcgaamPD@iluont suebh as Mozambique, Af
I ndia, Brazil, United States (US)t hgaed sChitreanta
chall enge of afltiennameatcthbhasgei sing temperatures
patterns &odthl| Abadsexacagti bni s dll s@mariane st o

| i kKseh waenTeh e k,wiaamnid Cape Thwa vaafifge.cotfetde n

Owi ngi ncreaskani ¢datei ok, fl cadi e e x doyoe rrbaaptiedd

increaseurface runoff, oveashwée Ime davst graedt dauh g eodns
ardani Sed€EasironmentnalAgPernoctyé\Vi tPiflc@ 4 ¢ c 1l i mat e <ch
devel opmanness,dacdaopt t o neceupagnrywdehamglesnai nt a
ageing infrastructure systems to Yamme . wilth u
2028xel edoml 2B@Wever, the gl ohb&li ngommbwi cynis$
and i mplementing prevention measures to help
effects from a devel op nmeSniie apsluarnensi negn tpaeirls ptehcet id
adoptitdhieeaflai Frameav®3¥ k) (amdl 5t he 2030 Agenda

Devel opment in response to f|&Q®udewagu v(iUdlde rn,, 2H

Equal Ipyh ysstircuacptruervaelme aenr es memngl mde gr egmeybl ue
infrastpuetvemmi taingdat e urlboaond iBringesisn. s signi fi can
of how individual cespondesgptotboesp@iamlabhe D
(SDGs ) or exanfpdeensgmuetluabsng(SpPpGvedtwuy |l ding sust a
cities and commurmiotviieds n@gSQ& cke)}t wor k and eco
8provicdiemmgh water @B8DGeaputadthigcamd | @l ean ener
(SDGa@dommi tting to climate action (SDG 13) t

I f such we peasdtaarbdl® isthielevel oped or develtdpeiyng ¢
have potaessiinagg aofffietditreesdi denebsbyrngs such as f
undertaking research and i mpnéwvwr mgdmandt omeias g
policy decisions on how to de®h w&wwighokalkr sma
gui dance can be created for wur biaofhaacree adsi fifn cdi
adaptation decisions witwinh af esveorr t f iprean coidal
(Axel ss@ah2021) .



1. 1Sftudy Ar ea
ThiresearmaclmhnduciCedt yr no@ihtey of TshwHdeter d CoITi t a

Muni ciwhildh yi,s in Gaut enmngp,vioRfResvh .Bheiagnethe

cause of thenumewrests ghlt o0ohdd g theodrs pibdaearctuirf i ed

underl yiorwg bri dges and wherda vtehtepeHtemen orpsa Ri veu
duringdghkekscsevvwotapiodiemti heetlol | owi ng |
Lyttleton Road, End andHRabire kR¥Vad Cededm DMine
Hot-dlenchen,Wevset M\venue at Par k,
(i Africdahed®20pk0me of the hot spot s

fl ooMisg Wutke thigchtesheegabdbngl s e

flooding

an
t hat

Super Spor't
maj or

experiencing heavy

of @emton and wher®outh iAfCdocenstpesddtiinvel y
Regional Map
=
South Africa i s
s - - City of Tshwane Metropolitan Municipality
1 //_/)w::/ _ Leg(san(flh .
““/ A outh Africz
& N
4 ’j’: 0 1000 km
il | -
C‘i—vnhlrirjn
Fi gdrle From a r evgiieow.a l to | ocal
Figure 1.2 highlights the study area, Centuri
were studied. These three hotspots as depicte
Hennops River and atroe oinne calnoosteh eprr o xi mi ty



Study Area
/ ' e . |Legend

@ Fcodirg Hospots
[ sludy area

H U 10CEdn
{ -
Figuke Study Area
Havidiggcussed the intrbdupéotrlyesekaptoaar i s str

Sectiopmr oviadescussi bmcadigrnolbmiedh highlights gl ot
di sastngdr sfli saster measukwleieldeucangangi ng key schol .
Thids$ scussi bobijytdhwegr obl eimns ts&t ¢aimedmti t. 3atrhtei cul at
nat upe obf mdiemv e $ taingTahte di scussi on on whhiechatio
justifies why this resdarldhiwnss e.tt ficalintgpd e 4 | i n
probdteamt emieatoafi M he nadtesckyar ch ,q uensctlivgd engt isarbs

are presseadteidofisnand 1. 6.Seespeoeat ilvagl i s the | ac

chapared presents brief overview of the chapter

1. Rackground
Climate icshadgkitnheBddsi gsni fi cant changes in the
me t elogrioc a | el ememnh s as precipitati(oMal oamd tKamp:
Kaushi k, AZC2Ydih)y. to Per er a,anNiokn,g Gh2eOn2,0) S c aratl
the worl dos popul ation wbll 2be@%bHajrwliffogrer entur
stakehol deos woekdtoget her to address <climate

measures withitwo wmibamiagaeeas!| neera@ami | ity in the

One of the magfolri matfd uemzregeanids clhaaondgbea e es at i o
and unsustainabl e expl oiRerteeroan 20 2 Bl anladgttiu raall res
202Par mesan, Morecrojt &H&ntceutat, i2@22ase in



across thet wenclrde aimsyede me nt from rura@dnttroi buurtbear
i mmensely to cli mat e c.haFnogre ,i nesstpaencciea | Ityh ef |i onocd i
during the heavy rainfall,s wint hSotuhteh eir mc raenas eEda
Southern Africa hawdehdonmt h hEAmevoir¢a t he extreme
war ming because of the environment al changes
urbanisateon2a( MHjolwiever , i n ,tMhies mae sveadoraac tu s

nat uwri ssla ctaursefd! dgdi ng.

FIl ooding is defined as the presence of a subs
i mits, t hat i s, across terrain that i's norm
( Kundz&Pwincs k war , 2022, Zuri ch, 2023). This boc
of floods that affect different envi wonménts i
arlkenown as s.iThesef obear wat er l evel s in a riwv
overfl ow ont o utelbe efxltaocdnel irmea nf al | or snowmel t
fl oods, known as fl ash f |omdtsh e natoleasru ir mawdide,wa t
there is extreme rainfall that creates indepe
There are two forms of pl uvi al fl oods: sur f a

water floods occur when urban drainage system
o

i nt the streetsurand, nwhaagrbeggasstfrluash fl oods h
torrenti al rainfall within a short amolumt of
contcasat jZnureisc h c(o2a0s23a)l, f | oods itnmpracsueggdovaa setral
andhey are based on intense windstorm events

and creations of t sunami s.

Despite the environmental and social i mpacts

significant gap in the |iterature regarding t|
that define them. For example, asesebepmgnt hen
flooding is hindered by a |l ack of cdoensppriethee n s i
ofteneximesence of environmental aansd hsiogch lail g h tna
by Kundzewicz andWiPtimstklwias t(ey®me29f fl ooding,

flood management to contr ol the flow of water
flood prevention and control measures for fl

strategiest(,m6a@BMnai z

The si gniufnidcearnsctgarnedvienngt i o n anitelldasf vomeeat obned f | oo
remacerst rabbijecthee of this trrisearedead bdetr £f 0 d
i nvesthaggdt i demt éveonti on measurteltse bmo stth es iCgpnTi fo

type of flooding by considering factors sucl



ur bsariib omnd f | Tohids |dtnedyn fworchisrerdat e &b Thave
been developed on ancient flood |l ines and ha

floods and s urafraec apsdfudadrordesm @ edh @t hfealvly r ai n

1. 2Flloo®regention: TAclchiopaés and Sout h .
Perspective

This section concentrates on flooding from bo
wi th a partteooawltaerc ¢ dgeexnttr e me ,f |aososdoictni gaad etder s anoc
al ssot r at egi es t hat | ocal and i ngserpatevemal on
techni gGesbal s ¢ hwd mtrisn ks uacrhd awsanmANe ke¢ego kal (201
202, 1Chapungu and Nhamdobn (RORA) ghl i ght t hat
policies surrounding urban stor mwater systems
greiynfrastructure to address and wunderstand t
management techniques. The i mportance of this
measures can be apprebclkeagdeghfrroausgthewvy et wpenent
pl annipgi amdt heenance as a key policy. Cities
SydnAyc¢ckl and, and upear ttshexsfe Clpicreamegtuesr ban f | ¢
and mitigatien iursbampeaaddesssaoaad 21 ) .

South Africa is also affectedaly Cfiltoo dif n g Tvhietkl
and City of(CCl®pe mhmiwng from heavy rainfalls ov
Scholars such as Chapungu and Nhamo (2021) hi
t he necessary human capital and finaynci al

i mpl ementing stor mwat.dm réereagseadiveent vepkmand Vv a
Niekerk (2017) support the assertion of Chapu
management related to stormwater has been i mp

the enactment of the Di2O9®&L2t er Management Act

Hence, Departments such as Roads and Transpor
aim for integrated institutiohdill ootdnwmat Urebr e
spheres of .Thev eardremeumatt e | mpl D@ naaamewon kof st e s

furtWwereditsour i ng sustai nabilne udrrbaainn a greu rsayls taennis r «
in SouthKAhenea BMamobé&l a el Tah er2el0f2ols)e.j mpobrt ant
understand that achieving a resilient city e

systems that preven&Nhfalnooodi2n0g2 1()Chapungu

Foll owi ng recent fl oods at Centuri on Hot el ,

demonstrated resilience in overcoming their



rebuil ding gefdf ot h e pgevelopment of mor e robt
infrastrlikke uhaftledodh aidhnsueaabé egwhck hrecovery f

di sast er&@GhNhkaomdozi , 2021Qi.t gHomweivleds Itehek of mai
the | ake resulted in the rising river waters
hot el during the fl o&aGBki K dd 1 ieT/hlea Or2 Bs)li 2n;g Nvad nea
i hhe areaa rtehseuletnicarfigl aocohd, |lientedsi mgmeadul atf i ons

floodwlithea the munifahnhpgalmiedyea lofvimiresy eil © pment ,
environheqnrtaadati on anst ovewathemmeadl ong t he ri
t he 1innkohncsittoyn F(o 2 0 2c2es,t athnhe Centuubsedi Hét el I
resources tonademrnssisegu dilast eirnn tchoel |l1aabkbeh at h e nl o ¢ «
municipali &Yhi Nddamio, 2021) . Thi s is one of 1
businesses and other stakeholders face when i
According to Nhamo and Chikodzi (2021) , t he

because of the r &€odwnts fsluppds,edb uto tmad nt ain th
15 o0 2year s ntghmowgi | t . The silt blocked the fIc¢
forced water back into t&Chihlod e iDjfure2nin2t thfee | laa ke
of mai ntbheyn atmue i ci paki taj,t ernative suggestion
i mpl ementreamalshdawy silt and dearsi sprfotptom etdh ey
CoUMahl okwane, &®ORilk o dNAid,mp2ulr2plo)s.e of this alte
clear debris and ensure that water fl ows smoot

catchment.

Th€oPpl anneddr ai n dlhleow atker ttohle!l reimovaanadfot he
from theNhlagi&€Cehi kodzi Nh&2mM® 1and Chi kodzi , (2021
expl aimipsr batecstsr emove the heavy silt sanadrdedri s
in FebruaHoywe®hE@i tfyai | ednt drmies duask o -1C90OVI D

pandemi d odadswmwa s i mp |l etnmernotuegdh o ut Soug@yho bAAfIrliyc.a
Moreoveéehere warl & opll @ameO¢tottuhrei on Lake Rehabil it
t h®&r eaadtdor eBe extensithwht dodmapeg would cause in
hot spgditiss deci si on was made following the appo

to review tme aplldani orRji vehe FBHeomopsa di scussi

parti dirpamtlsscal governments, government envir
of academi a, civic organisations, and ot her e
| ookttomgaddress dheermma Ceinigri &Ch{ Nbdmb, 2021
Drawing from this background, it i s t herefor

measures has phatcpgEroeTvogmittniimi ismpadte of fl oods w

they ,ocacruor how effective are these measures



1.Brobl em Statement

The Hennopdgl|Biwget owaroddf@e he uirntoenmr acting with
ur ban ar eas anal dimdgsr gpsatWhhemeatyti hbeeraevy r ai nfal | , t
creates flash fl oods, which then |l ead to surf
of stormwater dr ai helygeibrsg slagretinesa ywye xg4i Ittoi ng and
fram@enturi cAmol alea. cruci al component contri bu
areabs ancient floodpl awhi ahengot hdbeblanmpops$ el

ur b
(Ja
Hen
flo
t he
Sys
di s

phanni hgneemihmage pont wri &cthiysetdhe | oc al muni
c k, 2022)t héet |laadhddist ilomgated along the upp
nops Ri waroteaercdteldg&dreeends ome of the key el eme

odi ng i n( Nubrabfaonh i &kroedazs T, h e2s0e2 li)ssues are incon

nticipated flood contigoleecamamldi hgirt aesr wdt
tems. Within this integragadd oinnfarnals ttrhiec tnwerg
aster risk reduction strategies have exace.!

argument posits that Centurion'"s wurban devel
hi storical floodpl ain of t he s Henwrn dpeas c Kd v dry.
concentration of identified flood hotspots wi
of -15000 meter s, which were overlooked by prev
establishment of wurban planninigomsnd | and use
At the heart of this research | ies an inqui |
Centurion, the existing mitigation measures il
within the area, and the instituti omtailonbaafr i e
preventati veKeme asonrtes .buting factor s to the
Centurion include:

9T Bl ockage of stormwater drainage systems.

1 Accumul ation of debris from Centurion Lake

9 Insufficient protection of wetlands in the

T Ilnadequate i ntgergergay i omf odstht wet ures.

9 Rapid satbhami in both the | ower and upper <c
by encroachment into the floodplain along
identified hotspots.

This research investigation seeks to propose |
in Centurion through the strategic applicatio
and disaster risk reduction principles

T
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significance obwyhng brobdbesm whebhhtatooded
eli hoods of the surrounding area crossing
i ous urban areas and infrastructure along

bl em needs t o be adsle evnfedurtblarnoumglha ntnh en g,

agement and disaster risk reduction.

1.Rati oonfaltehe research

S research aimed to investigate the effec
| ement ed by the CoT within the Centurion
el opment along the floodplain of the Hennoj
rhoatco | ocal flood mitig@dantownr isamr awaeg i £al aval
e studyudloandthosdiatcst er , i ts |l ocation within
erplay of various factors influencing fl o
agement pl ans, building regul dt WWadwP9and he
rmwater management pl ans.

research wa s further motivated by a gr
hsasig the i mportance of blue infrastructur
uctur al me gpg wWrnees dithré & § | sotoudd y ai med to cont
el opment of effective policies and r ecomme
as similaPotentCiealt ulrimnt ati ons, such as t h

muni ci panakideg | s iaagre di scussednet hodceeltaagilc au

cedwunhaedpexx Ul ti matel vy, this research sought
cific flood prevention measures employed b
goal of providing insights that can be afy
I 1l enges

1. RBes e aXicnh

aim of thisfokdeaFCchswasebwevmhivest mgas er es
urban planning and | and use management reg
aster risk reduction t hatprhoanvee abree€ansT aidno ptthe
ticul ar.ISecCatditeyrii mtnent i ova $oof rtedMef et tuidwe ne s s
t hese measewnrteasngi n hper ri sk and i nggaadturdfonf.l o
t her mor e, this study examined the conseque
sting flood mitigation plans and the i nsuf



Ar eas, which significantly i mpact the Centur |
illTustrate the extent of flood damage within
assess the degree to which the | ack of mai n:

i nfrriastture has contributed to the .flooding c¢heée

FiguxelkFl ooding by Figure 1. 4: FIl ooding
River in Centurionnext to the Centurio
(Thoughts of the Bul

Figure 1.5: Centurion Area floode
The i mages above depict the consequences of I
around Centuri on. The river overfl ows, and th
| arge volume of wat er . As a resul t, the fl ood
businesses (see Figure 1.4), and major second

1. Wesearch ®nedsQuesnti ons
What f|l podvenskonhaweashweers adopted and to wha
prevtemaea i mpact of -pfrlomediamr g aisn off| €@cdt uri on i n

1.6. QuSeausbt i ons:
1.What attributes make Centurion vulnerabl e

2. What measures have been put in place to re

¢
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3. What institutional barriers constrain the

meas Ur es

1.Br iChfapter Overview
eraaheéur rcemapaerthe first ohnaep rfoovri dtelde® mODINU WK, t
oodidgsastder r iag k birodtdeurcrt d toinor a&elv.ed®ldi 4 ofcad t h

identified nhes phAdd etthzeulrtati onal e, aim and r e
have he¢mrr nbianseanldh tphheobl em st atement. Therefor
chapt edesliwdtlol | i terature andeprihma rtyhregatud rceonltl

situattiheen gr purdemitst i ng mpeaesveerngs ofnr om t he muni

Ch
scC
cCo

co

Ch
to
e X

e X

Ch
co
di

Th
fr

aptwep reviews the |l iteratur e, under standi n¢
hol arship on disaster risk managementtwith
nclwides the conceptual framework that highl
ncepts and relationships that occur between
apt erdetstcrrtdalsbee sr esearch met hodol ogy, i n partic
investigate the probl em, describes ,the da
plains the ethical protocol scadblewidtm t o dur
pl ambatthieonst udy. I i mitations

apter four reports on the findings and prov
nclusions drawn from the I|iterature review
S CuUsGheadp tiear t wo

e reseacohctwidelstchawhieech fé¢omrt ains the concl

om key findings and draws recommendations f



CHAPTER 2: LI TERATURE REVI EW

2. 1Introducti on

The previous cchampttext pafovtideedst udy t hrough i nt

Centurion has beemeerapeflending incidewishin
t wemt ymet2e0ed@o(weiit we#ttwy2 0@, havimmag or i .A\ ittdlreent s

change in cl,tmate bhanbeen more f | oaondasr cihn ct he
as the prewWaogwal genahhialdiutsieeds filmohoediCegnt uri on a
arceue b hleack of maigmteenrfamcsd raufct urse ,| tumkpga minda tdied
and | ack of controll noter msamd uWs s agpdlkiediod Sllerrse
such as goevretrintmeenst and spheirrefsl uoefnrce ptEhmenene nt

-

ecomapy eveot i @dinsBawsitlednsntghi s i ntroductptoenr, t he
i s structuredctisommtotel dumsr:estri cted body of wa
This is foll oweddibsyasat edri srciussks i raemd usce d tdimoerme2a.sdu r
breakdavwme oCfonceptuadls nFrseefsfwonrhki | e <d otsiesn o .f5

withriaef chapter overview

22Unrestricted Body of Water in Urban Area

Scholars highlight btbmbemrbBnuhtdesdiabl dasven
i mplications on economic ancd iivn 4,ti iedsu\t ii gooaseane N t te
car e. I nt verxnt refmeteaelendss b t héePousistaa dt, Dewal
ArchamBdel R2®&€R2Andr easen, Ager gaalredh,s&Ak koagey, \Y
Ababi o, 2022; -Nolvwa,, & HRelhed& 02 3Mor e o vt dseg
consequéngéstihgehtireafl i f | woomduhger abi lhiatby t ant e
(Pousseatr.da0 2lkyndz &Ri askwar, 2022).

The contfractusrrbmag f | exdiemgi ve ur banisati on, w
pressuexi sothni ng o&t oahimant ssat dhi somaged urt her b

tdack of maindt ampgoaaddmnmagi nage rseylsataehb aanduct ur

Prokic,& Bawiic, Ta®da9Shend, KaMhI®evines kwal, 2022
According to Tawmmds Nhrmdno( 200 )Chiwesdabl ( 2b&d) ci |
equaslufyf er from ageing and inadequas$ etadesai nage

normally blocked byidionerofandheatfali soiddrd hti Isat
i nner (Gdownebend, 2020) .

Prokitc(20)d©®he European Agency on Climate Chang

incidence of pl uvi al fl ooding, which they att

M M



the capacity of ageing drainage systems and t
wi uh bsmntii.h omMVhiisvalisagh f i bmedownshend (2020) and Ki
Pinskwar ,as( 20h2e2t) hatr dbtaeni adv e oisrefllyuences the dr
systemch that old drainage i,nftrilassg reixd aerebdtsi
effect of Tthitebtewoissgki pl uvi als fdlecsecdi mdgedt .bayl Pr ol
(2018 hteransportati omcombs ewagevithatai weall adr
t hienade qaatihaoer of drainage systems in inner ur

and svalsit d .

Si-lladdweaties a gl obal iissue thdams mphat sabeté&uri
by human s.eEtxtalngpmesus d t he wor |-Rli vaerre itnh eChYien a,c
Ganges and I ndus River in South Asi a, and t he
Feng, RiHe, Y2 2139 derSirlitver s and dams are the m
t hat havep aalband dt he ¢hodkE@bddiwintgg tsheadi ment s (\
et. al2023). Howeivteergat thiea er ii wsera s iclotnicreqytwiatth otn
s hi fttoiwagr dsi tkarhd.i ng

Accor dPatgt amapanahdnpnas®aO)e2 t he control of sil
is one of the mootwidigf t hepbtwifp deadd aneens at i on i
l ead to floodinguirbhanl ageapr,oXinmiatdditto on t o t

the blue i.Cloma®etgueattalgyset itvheilsy mammadé us ctshen of

owinhg structur al damage and an increase in ma
Toaddress this sedimentatisomti hy wbukcd bectkt bd
mechani cal dr edyd mag «uodt emmend t he l ongevity
Pol i cy mahkeerresfecerde t o i mpl ement management pl an:
increase in sedimencantoonli hl oolamega (afadd 2a;,m a p
Kangt ,al201et. Wh2D@A@3pr desri Itto ddaens and ri vers, s
to be created by either |l ocal gover nment or

management plans.

Fr otnhreesediyc Preak 2d 1,)¢ Eur opeamnasAgmeanncayged t o cr
a t hsrteaege approach to ideesufgihgopturviak Mmahoa
pl atnlsat are aligndthet 6i adreelaitneipgnairsy fl ood r i sk
t hat shoulidn btehet dalmeeriaarscse,ssi ng the area on th
flood risk and det er niihrei nsge ctomal Vvaydlemebraattyiilinigt i te
area and preparing flood hazard maps and f 1l oc
should be able to allow members within three :

Management Plans for individual urban areas a



Therefore, t o aanddd rfefslso pplltwsgi alct ur ad t rauncdt um aar
measucemponents that aindf fddvosimiguaisgige gen,

and blue i nfnr agtbrame tad re@as be amd etshhdmgalteeak at
ri sk rdéddwaent maohiteraturoaef lpoddicryg pem s egltolvael ar

2.1 Gre&mreyand Bl ue I nfrastructure
Thi s sfeocctusogns egn@aynd bl ue i nh®aesatsronc tbierhe nd i nc
tht Bemegr eygr een iamfdr as turethatr u roe irsedseenatrilefhit e s
such infrastrudt woai hgf laman cfeéusrstalsetre ega Wsikod eas
measur ef[sher ef or e,s etchhewofhd| Ibocewidnegf i ni ng gtriee key
green and bl ueanidnfurmade mkcd ud ieypgnrf t alnacvei n g suc
i nfrassdwrcitrug edhdopgri etgdnsasener riskurbdoctareas

Greaynfrastt otert aud iewdidesen ad fs tuorbramat er management t

that include stormwater pipe netabirksss swhir aly
combination of concrsettreu @@thode ¢ésedte,@ail2 OW2i 1t;h i Wa ntgh,e L
Mei , ®awmnmg 2PRr2)i.ngtaméeastructure is systems t

andctively assist with the dr aWaa@e. afl 2028R2hwa't

Recent stAxckilestom@@Dddndloved @OIBaviendi cat ed t hae
there are soludrne®ynsinfortaosetwraircredguirte t he prevent
flooding.-i Mpastl| deddappmeonach will prevent th
urban areas and address the mini mal ur ban sp
stor mwat er mRAwmratgkeenema r. e, the need to | ook at
measures from an urban stormwater management
di saster rilsakddriegduwent,i ounr.ban stor my@glkedi snastgen
ri sk rdducutribbann areas on grey infrastructure
spati al pl anning and devel opment denturrdlani s
stor mwater runoff increases, more concerns al
di sasters changi ngetu,ala®dRdt)avpit nggn f(rZahsatnrguct ur e \
collect rainfall waterstubhoaghastdmkixda@ainEDOWS
water, waand wattcerrmwad te.ra®(INo veeav e rtthleeglees s, a ne.

toncrease capacibgpcaunsde betcaebeaof kwater durin
seasoFwusr.t her memnxe,ceh®mhwi svul ner abrlies ka ndr bhaing har eas
because of ur ban drainage systems, which th
urbanisatien. gIN@avoaa) . For instance, i n Chi ne

popul ati onmmeanigmfegast ructure needs to be buil

M O



peoplZéeh aentg al 2021) . Over and above that, bl ue
are bdeeivneg oped with hard infrastructure.
Secondl vy, urbanisation comes with challenges
The challenge is that the subsurface has beer
residenti al areas and other infrastructur al
Thereforlkiss tchaeusenabil ity of traditional ur
accommodate these new ch&ahhlgaersg,i n2uZ2b)a.ni Bhits om
these hard structures such as pavement §, roof
nat ur atlo spridsess natur al infiltration and evaj
rainfal]l i nt o Trhuinsolfkfd s(tQdi na 12a0c2k0 )o.f r egul ati ng
of accommodating more space for mai ntenance
control floods and fl ow, water i&uZphraonvge me2not2 1an.
Qin (2020) identified the following regulatio
Urban Water Management, Sustainabl e Urban Drai
Beauti f ul Cl ean, Low I mpact Devel opment , and
caess of this investigation, the key approaches
belDn cities. This wil/l al so meeaesdugiietsteo otf h ér odve
to prevent urbadhferebdiengnf nwahsitcthisérteufveert | ands,
ponds and many ot her Waatger. ah @di2€9 . i Greieni esnfr
decent rgaleiysesastructure practices by simulati
hydrol ogi cal cycle process in urban areas in
runoff and absor be n.galwalt;e eNMa(nggk2088pPn which is
concept for tt hies rée@otuinadrer et and ways on redud
systems runoff.

Besi,degar i ousenspchhaocstibsaes t haecroembi ®sat i omr ecefn bl u
i nfrasttrhimdt uprmreay ud ead fsacrlonttiraoond f hgodirmngars Thi s
essemtditalwobkdebienc iltahiregf ounst or mwat er manageme:l
Axel sestongl202aX)e of thébhdmeriemd r as twayg diteu rbee st
flooding managietmeinh tnsagtrsudrteeehd c o mpoudrt sabt Ratt o
absorb, filter or, dieHegnyelwwamnbad | filvodtdlinaegc ont e X
of *2éntury urhAddi growbhhbysort wafs e gwfluaatdeedr uct u
stor mwater management systems which benefit wu
as economicat ecbkboolangli csalc,i a (A xeell esseon0s3 1

Blue infrastructure such as wetl ands are key
as professionals. As a redlluute oihfcastromecows eu



by i mperious surfaces that cause severe flood
&Kavvas, TRee@docerpohatidygamic of wetl ands wi
i's essenti al t.Compat eddxwi sast@dah@2NhHhagmo and

Chi kodzish(@za®2s)emt | ntretr ®lbaycaine gip h acsnvet | arsds

a source of flood attenuationabesohbthatnt akl n
and release it i ntLd kewlasuegtn dadm® 0) i vearns.e t he
sentiments that wet| apnrdesv eanrte osnoskeviofmgt hebdnh ofold
such a way that wetlands contr ol excess storm
flows into riverest (apwWAB)Y udamngTahge water shed
to attenuate flooding by priorlidemssinfgi ¢dd oarde a¢

However, kat(e22@@)y and Nhamo and Chikodzi (20
|l iterature |l acks the importance of wetl ands
i nstance, iith Bedeli@enmi ned that the size of a
greater attenuati ontaof2a0RINg. say srteesnu | (tThaeurge ar e
wetl ands wupstream in t,grhngsy oovfi dsei zae garnedatleac aatt
i mpact on water | Ho/ved vstelr@ o wmasj torreé any. of wetl an
removed because of devel opment purposes and
experiences feto@ad209@0]) Taug

Nonet hehesstWanygtbhya2l0Zd2hnhaovirnt h Axeel. 63@21) on t he
benefitsiafrgso®eomrchamegreen space that mi t i ge
However, there are cases whereby green infras
control Ifilngodirb@aml emengatieoncepuwlcee be | i mited i
ar elnscaobtebani sati on antdhdedwe |Itcepdmesmpta coef fcoat ¢c hm
(Axelests.ozmd 22A a , etshild kind of i nfinr assntarlul c taunrde
medi-ssenal e ur ban areas @dc@@d2h)y. tPoAXxehstsance
City WS nphhemented thcenSpphgehiCthprevan&€hones:
urban flooding based .onHogwee/earo, nicriefipit s swa uc hot €
succesMi ochiCJadbpcatutbdruccess ratld. §¥8kse losaest gyma |

2021)This is a disadvantage because not al/l p

infrastructure and | andscape of the area.

Therefore, one coul d ackmaowhiexhg ei & hlait miutréoda ni f
t hese of drai Hogve vey st éxgd0s3sioont he o,tslhuegrgelsand
thgteen infrasdduxcgurmwater systemariemnéd dens
this can be i mppelmeayeandhagegthias on sustaina

kewsKvamsas Iii2@RIL)yghts t hat urban flooding ¢

Mp



pl anning and i mpl ement ati onploafnsEh enr enfvat e r glt:

flooding can be addresséod atmaHrroasgh utchaurwese of

Anot her solution itstoheurda@ambifnlaadd dinngo f gr ey,
i nfrastimucurureerWaamgda4daD38raw attenti omato t he

combinati ogr df ugreehrastructure would have a

wi | | f ocus morreesiolm maedsuasttialiintayb,i 1 ity for a rob
management pl an and or infrastructure stratec
green infrastr uachtsworrébatwnighr | aasdsredukdn ngg rgaawlftf s
infrastructure wil!/ controli ntfhrea sfiriolwt t agrsesriasi tn f

storing sduorrimmwgatfelroods t hrough the use of wet!]|

Dr awi ngKvfarmsms qt2Wd®Weg conclthsihen aild ernati ve t
drainage managegneayndi &1 ge e & mfwri anggthrevoct euw eur b an
water paradi gm itnhautr biash hoacgceuarssweichhly assi st in ad
growing environment al cdarmpElhaoanodg yaomai aulncehlm a
Therefbeeeneesd to uhder gaiamfdruss drevetl opdnant

can be i mplemented wiotwharnd st hfel ouordo anma nsapgaecnee n t

2. DBsaster Ri MEafRedasti on
2. 3STrucveairrHwsdt r ucMeaiasadirre sDi saster Rnslk Red:1

Management
Currently, di saster ri sk rsefdruocnt i ©tnr uacntdu r red n aagr
structuralt hmé a sauree ss emhi ttipgapdeereen gyr ei nifpogrc tan
addr esvuil mger abtihe t ytsecnmd o Ircegdyu ctqovrains KNi e kier k 2
Ra¥dennett, Me n&dMazr, g nfelr3 B 12roRkdmera al r e stech ar d
interventions phystilmedlr et meaeotdurfer ri sk reduc
managementarlerawbedhaoud pl ananddgi | di n@ NOfofdiese f or

Di saster Ri skkd REdtuothbn,20@aanoreatsrtu,ct ur al me a s L
exclpldesi ochit as thromcetvurrfees ef t oi nt v @ letnlaes onse o f

sharing knowl edge, practices and/ or agreemen
pol iacandsl egj sl aws ongpubl i ¢ ,awamrswnrearnde g daddt ingn

(UNOffice for Di saster Riaggke nRed t QOi2&@at oahdat e
2022

Part of the recsmramdim umbut at umsdaesrusrteasn dt opr e v e n

measures in disaster risk reducti Borahdr manage



there isuadpeevthdttch-stnowmct ur al me a saurrde se fafreec tfieva
f omanagfilngoamagot her fArimar gatmnumber of exi stir
broader | iter attuhree fhoalvieo widnegn tplfa nesd asnudc hl eagsi s | a
t hdyogo Framewor k f otrh®&mtdiad n Fo fa niRi0s0abskt efrorRi s k
Reductiont ookadahhima Strategy Pl an otfh®DOdEGisi on f o
Cli mat ePIlAaainido Rahrdigsr eement on ClOnmatne i iteenrget i
| evellesat&knowansno-atructural (vieenas WNi ek er &, Coet
NemakondeNi ma&,; WRbyesebaonsyahNk&®@idt i nk., 2022

Fig2rHi ghla ghdtsai | ed penmumge atriasiteranodd um ar measu
As i ndeazmnldiedrast er ri sk reduaatrieomadrdomarsagema
componeamssityruct ur aslt raurcd um @St me ame a & Bfr.cecsu s

on gthdaregaesthfrasmeaocownbber uonthurcanl are known a:

interveatusas ohepbbhatleagr eEmesntsesearch exa

international and | ocal policies, | egislation
These instrumentrs,pralnicgmecsi mndhenandat es, pro
addressing flood risks globally and Il ocally.
agreement in detail to understand .its signifi

International  systainable Development Goals

Agreements
l Sendai Framework for Disaster Risk Reduction of 2015
. ) \ Africa - Programme of Action for the Implementation of the
Dl ks ST T T SADC Sendai Framewaork for Disaster Risk Reduction 2015-

Reduction and

Management 2030 in Africa (PoA)
Strategies l Disaster Risk Reduction Strategic Plan and Plan of Action

of Action 2018-2023

Regional Strategic Resilience Framework 2019

T Local

South African Disaster Management Act
Agreements




Figure 2. 1: SiStt w itcMauandauirdss sDNosma st er Ri sk Reduct

Management

Strucvteurrddsst r ucMeuarsaulirre sDi saster Risk Reducti on
Management on an I nternational Level

Atan internadewvealad pphleavtegibohgci es are keaynd o i mp
driving a sustainabl e Hencodies aateossriiske redu
increasingly becoming a mandate wiitmipiematheel

internageoidal al | to address disasters that
environhWem&vak NiekeAkcor®il@Mg to Terblanche, d
Ni eker k (2022), governance and | egi sl ation |

sustainable future through disaster r.Elid$ienc:
suggesttshet hiamportance odgovikeuinladicreg aggmmvinisd di s
determheereduction of di sasters through eff et
pl &atho i mpl ememé¢s idli isddte el eatmsADL 2 ) .

Before the Sendai Framework foRO®DsashaereRwak
Hyogo Framework f-@O1AcTihikorposet 22005 he fr amewo
introduce the uuheesstiedcegobfnati avrag dand c o
di sa@ther Uni t e®f Nateohsr Disas2@135 Rins ka dRle d ui cotni

was a combinaupohramdt beifdl:l owing framewor ks

T the I nternational Framework for Action for
Di saster Reduction of 1989
T the Yokohama Strategywnfdor a Safer Worl d

T Guidelines f or PrNeavteunrtailo nD,i sRParsetpeaar edness and
Pl an of Ac@h&mnNOf fli9®d f or Disas®@€ntbdReésk Re

I nternational Strategy flor Disaster Reduct

Fr om ftolree gforiannge,wchrek Sendai Framework for Disast

201503Wwas adopt eWNi my 2t0Hé&  uNOSrf i clee f or Di sast

ReducfThen Sendai fFoaummoadkdrdckissasntger riasnkl r educ

building resilience within cities and towns t
and eradication of poverty, integration of di ¢
policies, programmes and fina@dheabsNOIfrni akl fbev
Di saster Ri sk0J)e dMct eowner, t he framewor k i s

di saster riosnk triaesd tdd tsiacsrt er r i sk DRM) a @eamerctt of
providing measurasednedissasi ek mpaepgement, mi
recovery, monitor{Tegpl|l eandmbé@B.qltuatsi ommdheawert hy

My



pl anaisp@gddti saster reslkbygedechmemts to manage t

of dissfarsotnrera mulpteirsepekcat ke, tledryi pgrsdtni otnhad

gover nmempg!l emleSetn d a i Framework principles.

The preceding section of this chapter, whi ch
di saster, served as a cruci al foundation for
applicabl e withinl onr @aan ihéen wsirtruodiyrhesnotesg iinglat e
under dthe&ndul nerabilitiesstbtlatas ohieo odlitnhogwla ss as
det er milnneg m tf twnie hr equies edhaobl éxi st on internat
| ocals claenvelbe estTd@ldeinsdhaeid Fr amewor k i S mandat
compontemdts auwmpleasned and rapid urbanisation,
or i mplementation and regulations on | and wuse

infrastructur e, whi ch ar e S ome of t he cause:
vulnerabl e(The dnhsasdeNati ons Of fi c, 0f)cdr Di sas

For hfeor egtooi nhgpappen in terms of ,t mel eémeeena attd on
include st akwdrni des I8 dntoaresd. Qfat i oemsf or Di sast
Reducti ®&n 4q ®Wdcates for stakehol der engageme

framewor ks, pl ans, ot her strategies and infor
assist in the prevention of disasters across
Th&8endai Framewor k is ssgsi éideakll eotponeinrit earsl ian

wi tdh saster r ibsekc anseudsut cati dneambel leo p me ntto iasd dk eeys si n g
vulnerabilities wi(ithddni ttehce R&tviiomsnfment Di sast
Reducti on, 2022) .

The&NL7SDG@Bnaimandate is to eradicate poverty, a
climate(dhen@gé obmad) |[Goalss,essenti @8DGbhbec amene i on
the goal s tehmegp hrmased et o address cli Ratatchgnge
di saster ri sk, acetorzli2n2g tnad nT&D Gd Gamapfdites 7 addr e s
t hkei saster ri s&kndnamiaglklmeght the significance ¢
devel opmenst dmomg,et 11.9 on i mplementing polic
efficieancsyasared rhsghlFedbtsi bhat

iB%x020, substantially increase the number
adopting and i mplementing integrated poli
resources efficiency, mitigation and adapt
di sasters andampdiewmeinop amdline with the Se

Di saster Ri s k -2R0e2d3u,c thioolni s2t0ilc5 di saster ri sk
| ev €llhsed Gl obald) Goal s,

M ¢



Accor di B@PIGwa ntdhag e on cl,ponaita@iecdmemas si st nati
governments to implement these efficiently an

the countirty.prAtorae,ti sipsrtance of ti meframes ¢

i mpl ementat ii @ry "S8aukcecress sf ul i nternational disast
upon sdrrgsargii druglin . This necessitates active s
publ i c awareness campaigns, a comprehensi ve
management principles, and a t horough i nve

infrastructure and vUuTelrelr ladbtl ceh@l@ .2 ,tnmu n iTthiease f o1
i mpl ementation of disaster risk measures wil/|
and dmfwor cfememtgov@bnGiveenrtead dh fr ameweerrd i nked a
develt@epporftoraamdan i ntegration bet weGg he Se
from NhoSff Uce for Di sastGoral Ri sko Rendswatei otnhat
devel opment plans are effortlessly drafted by
Fi gu2r.€2l | ustthreatiemsport ance of interconnection be
SDGanbBi saster RiakRdRBdoagement

Disaster Risk
Reduction and
Management

Sustainable

Development
Goals

Sendai Framework for
Disaster Risk Reduction
of 20152030

Figure 2.Riint errnoant tamnd aolc ad o BIDE&EWeen integrated
policies such as t heDiSseansdtaeir FRiasnkedwroktako aagnedme nt .



Strucvteurrddwsst r u cMeuarsaulirre sDi saster Risk Reducti on
Manage mearLto carl Level

Disaster Rigkr ®edgactieon Ri s DVRdMna gAefmeincta and
Sout hern African Development Community

Over 55 African countr(ABrwenganrtt vd Afhrei S@md@n
for Di saster Ri s k Reetd.,uacl2 0/ ) a( vracheluMieegk edrelkd t o
cr
Di
pr

eate the PhAcagroanmmieorofl mpl ementation of t he
s
e
based on the ¢tomntaxt Cohti henh a(lvOa2i0eNied loe rek
Y
e

aster Ri sk -Re2dcftomnAf rRiodad, t hat wi | | assi
vention measures of di saster ri sk reducti
expettheei mpl ementati on pr odéectsisorff drhel mpPlr@omge rat
t h
Accelerating the I mplementation of the Sendai
and the African Regional St weaetrdagyf(theach Ni shet &y
etal 20Wa0s) signed by the African countries in

Sendai Fr amewor k for, thhiesaSumrirs RDeskl|l aReaad

uphold this declaration for the remaining per

The Afmdtciaflmcused on the followinmngsaatrgretsis

r educctoinocne pt eidnutcoa ttihoeni nstyesgtreamt i on of di saster

al | devel opment pl anning document s such as
programmes, framewor ks, pl ans and processes,;
reduction programmes; i ncgepkandg hehantandat es o
vulnerability, preparde dmesd e,r rrecpoureye,, Rongt
mechani s m,; and increase partnership stakehol
management, capacity amdtreat wdrsks rweidtulcitn otnh & r

Ni e keetr.kal2020) .

Fot herecetlanget s t o AUt curtrdheecri e d t o breakdov
i mpl ementation process into the Regional Eco
region to take responsibility odt. pald@g2@ss RBaoad
i nstanc®qutthlee n Afri can Deveéebap@pgnfae cCioaonmaulni t
Economic Commuemeéeghiesda sttheer Ri sk Reduction Stra
of Acti-262wWh0ile88 aligned to the Sendai Framew
Reduction and the Programme of Action for | mp
for Disaster Ri 2K 2RBe d wavtoiAderno,v eZaQ 1 5ean (aN0D. 2R pr k

highli glBtAOEL ntchaitded t he Regi onal Strategic Re:
that i s awistoheal Dignaedt er Ri sk Reduction .Strate:
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phalse9Wha sc htée udeent h@94evel opm
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Ranpde r Wht i htaeh n avie ni eme dt199B9 o n

.r eTshbet ¢ ei fPealptemer
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The thirwlasphbaestewe2z®m0BOIOBr i od was directed to
Di saster Management Act into all/l spheres of
planning &WamtiNmlkkerTkher20DbT7)e. integration ar
pl anning wer e supposed to be part of this
Managemenitn Acrtder tdd sadtleesgiiskk oc@lductuil oer ak

communities acr.oss South Africa

Abr ibeafc k groonruhd f or muhRits asait @ef Management Act,
according to SoutwWenAfimkcamds vlaml aNriseker k (201"
Hol |l oway TH2006) I owi ngn deartldigres pipsoor t ance of t h

ManagemeimheApur pose of the Disaster Managemen

MAn ntegrat-eddandted di saster management poc

preventing or reducing the risk of disast

emergency preparedness, rapid and effecti\

di saster reabverny aancdmrodhr i ca, Di saster M
200.2

TkRAct perpwiidlamceal | three spheres of gover nmen

focusing on preventionrecewneadyjrermabprepareddme
key atdalr e sdsiisnagst er risk viedWwicoHfiontvieisg i g atoinon
prevemeéasuawietsthii vaster r.i sk reduction

The i mportance of stakehol ders wiptahitn otmharAagt
preventa omatoinonal l evel with assistance from
private sectornopgoganemefit &t asbned) amad mmu n iotnise s
indi vi duawisii ssaster r ({Ds$larsddkuc tMamm g esmeecntti Arc t |,
20 Thiwaal so emphasised in both prsecewitncoinasl oand
Acdn the assistance of other stakeholders that

di saster r.lgk craemmd bet iseren t hat stakeholgders pl

pressing matters i n al l three spbegeeesmerft g
under sttlaamtd st herttecossal needom ot her individual:
Prevewadotner dhi hype f oil i1 ®ems e vieid ssle,swilnrger,abi | it

capacity on addressina@nrdi grko ntid otrh eage v i n diremearc
t he shDiastaest(er Managemeat2i@dh, s286@gests that i
i nvesprgatati ongomeasnmenst needs to determine |
human and financi al capacity and have a moni't
i mpl ement ed. Il n that case, | ocal government n

di saotcerugirni ntdhe murninoviesdlrigtaypathteasur es .

H O
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bsequeAtt yrad stoegrhaet aamport ance of devel opment
preventi.obnh anttecaufadedient egofatpo@ame as uiomtso

t hmanagewméntwiiggtk devmeadpuwiPmsaster Management A

se
de
me
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pr
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Ac
to
be
eq
Ce
N i
or
Co
Di
&v

Ac
go
p a
go
se
ch
Sc

i s

mu

Th

Ce

ct2@rApa.l nt hat case, individual s need to wund
vel opment i mdlaenmmea mtgat i on, integration and m
asufrers di saster to reduce the impact it h as

mmuniNdreet. hadli sass ebased on rvwlkae rcalpialciitty, fr
ch |l evel oaf ¢ cgoorvdeirnngmetnot t hehAcheedAddiori adralell
nitompnhgegme ratnadt iiont,egr ati on bernicneg si natboo ufti gthhtei

ovipdiewgemeasnres to flooding or another disa

city
rding to Wentink and van Niekerk (2017),

e puf otrhne pilnapclee ment ati on of the Disaster

(¢}

5 T O ©

going at a wakow nhwgacteh.e Thaicsk of capacity

pmamt fundi ng f rTohne rgedf voeerelN\rmd ntonal Di saster
tirse unable to directly assist | ocal governnm
er k, 2WNBT).onallhe Di sast €rentMasnagdme @t as a

ni sation/entity t o coordinate di saster r

oK« ® S < o

erative Governance and Traditional Af f ai

(7]

ster management Mara dName mth aAd \DiNs@rayk emareu m
Ni eker k, 2017) .

jo}]
S 9 T 9 X

(@]
o
—

di mgl V) dasagemment sti pul ates and advocat

vernment to have assistanice tteformg @amadirtny l

-
—

icipation ,fmomi ttcriisngr e aisamid e memtt eigrrioaini o n
ernment should not be moviihigs qad ¢ shhthhepace t
m taa elzelrt rhierme Wwh®hutnh African government wl

v
e
all enges that prevent progress in devel opme
hol ars such as Coetezte éa210.WWd lgchd chlg,htlcea pRacu Xy i
sue in | ocal gbVecheneamd yy¢ oofpl tame chall enges
ntink and van,nMimekearsk i { B0Ldphalapandt yi hman

nicipaprovescial and national government, a

eseems to be a | ack odfi sbaasstiecrs riinskt emamsagoefanetn
Sout Hh nAfardiddaciko no,f c ap aNcaittiyonfar onbitstaest er Ma 1
ntrceeording t o Hd tntdiicqaht ed 20 éh&ad of construc



neglecting stor mwater infrastructur e, t he f
municipalities on cleaniMgstl iompiadd amadad ynwmg et hsi

chall esggnwiflilcaht bgdumlgaod maer eas

As a redlehck obf Scegpp aanibteyr, 1987, Aprifder2i0aldds anc
have wisnemb&eadrring events of coastal and fl a
duto heavywhiadnvfeaf t smany dcomadevendesnbbnss

of (Nybka, 202 2; Ractcdddloypd®B2A).so occurred in t
i mpacting hausd etesstsdesser vi ce del i viéhrey iidre ntth € i
causes of t Weersree wf |doeovdess openaiméd on afllaocokdpdodfai ne
enforcefmand use 272momidregsuaireamwat er systems (Eng
Roux, &Mlgieyozo, 2022).

Al t er niawao wheadlty be beneficial for stakehol ders s
policy p$ iamhpei nbgo pt ampr oach to address flooding

For i nstance, during the April 2022 fl oods i
caused the floodings from the PresidenThef Sc
f or nvears of tthheatvifelwwods were causwttebgasa tfloe c
residents indicated that these flash floods w
houses-liyn nlggdgwye&asa, 2022). Instead of having t
from government ahdted her gdeamblpdi toyach devel opm
pl anning fr-om approddoim to address disaster 0
municipalitigaesverl mmentdirnedasides am environment wh
stakehol derlsewenlnartt baki ntegration of policy
pr ovpirdeevad ritv e me & sl uworoédd mogmbgodiit saster residience
term

The mfowvem structur al-stmewmcstuureasl tmeansounr es mi ni m

response in a-dbwnmapfparnaacthoadi ti onal di saste
appr omalcehr @anor e proactive approach in bdd sast el
f act(uNeklo ®bWe nt i nk, Raz2e2i2net t (a2 02 0) e napl hsaos ihsae

traditional di saster management approaches fr

budget t-htamu cmeuar sao wish g reactive responses fr

of ficials.

2. 3D2 saster Ri svke r BRidsuacsttieorn Ri s kv eMasbuasg @ e a t
Management
Previ ous hlaisthemwatturesmdds f f erenceégi Paestwerenri sk r e

andi saster ri skCombn algaemertter r iasnkd i rseadsut cetri orni s

HP



managemewef i ned as Aunderstanding disaster ri:

characteristics, exposur e, vul nerability, t he
environment &Le¥y, 2PRilk aslt)er risk reduction i
systematic devel opment and application of pol i
vulnerabilities and disaster risks throughout

(mitigation and eprsepdrmgpdrcds so)f ahdavz ar d s, withioi
susnahl e devel opment 0 (lvnana d\iRicetieornkett . tRaRI0 B0 ) 5) .
a
be i t-o8 loametr m

somditclndte di saster i s inclusive of hazard, Y

comttrheeghplcadesaster riaskl aresduan dt hpaalei ci es
signed t o mi tigate hazrae i | liaomsuscess ¢ n tbruii bl udt e d
stainabl e Rrenedl eaf 2e@qhr qette,datd 2T hpol i cy objecti
i saster risktoepuetvemw@mn new, reduce existing

o u o
o < ®© S

-

i s(kFor t2wW0n2,1Dpi saster ri sckonsieglust ioofn recovery,
reparedness, and prevemdauaréee ieanmps vermee nttheadt tph

©

policies and atarretaegi es wit hin

Di saster ri sk smamrd gpdemyelntteesni ¢ process of usi ng
deci si ons, organi shilalobg, caepacatiesalto i mpl el
strategies and coping capacities of the socie
of natur al hazards and related environment al

20056)The ftiemani nwndegry di saster risk ,i swhdscshast el
defined as the fAadministrative decisions and
various stages of disaster: )ad Tiadshil ewwed s gh( v a
the organisation and managieemmd rodsbeliramred r e

during,osgldnsdast etpeverts | i ves oam dsdepvsecasgety @ainy

Ni eker k, Kad ®&)hT he2Or2elvi diwt eaofattuhe f urt thers hi gh
concept i sdiasiamadcratpreventi on iogn ameépaeddness
effectiver acesweomyseand rehabil i;t a&taitomr)h(, v & 2Ni e k
2. €onceptual Framewor k

Figure 2thedepinctept ufadr ftrreenddvter kyeasent f ment he
fStaying aove sWather refl ection of what happens
in an aremabrftalulsewater negatively impacts ir

other el ement $ hthlea wiamin.g iTfwad ec we ciedpet nstdiufrii endy



the coursienvefst inpanteibgyrp,an faoddsagter risk rect

management .

The first ucoadoptWihigbnsi sts fdfuvplawvifdloodi ng,
i mpacts ur ban oafriewaesr ifnl acdimsg, flash Holroods a
counttroi ersetstpdfsvlec odi ng ichatt bengisatl i gn t hemsel ve:
sust aisnaobrlnevat er mdmagdmemiettd amrdsany positive
featurem ur banisation.

Staying Above Water

Disaster Risk
Reduction and
Management

Urban Floeding

Structural Vs Non-Structural
Prevention Measures in
Disaster Risk Reduction and
Management

Disaster Risk Reduction vs
Disaster Risk Management
vs Disaster Management

Blue, Green
and Gray
Infrastructure

Prevention
Measures

Stormwater
Management

Low-impact

Development Stakeholders Vulnerability

_

\
N

/
/""w. /\ ,"‘f\
\ /
\
Figur efThzordcept ual Framewor Kk
Besi des, there is an interlink bet ween ur ban

terms of the positive &amrdeeme gantdi vger eiympiancftr acsft

sponge <cities.LIIDechmrnitqruaesta,pptrimeach i s a strat
urban flooding in developing counties. This i
often unable to maintain traditional infrastr
and allocatessmefmitcitenprievent wurban flooding.

The second key concept focuses on di saster
specifically examining how to afdadaetsesd uapprno & «

HT



encompassing prevention, recovery, and resp

prisedi ttihe expl oration of prevention measures

reduction and management . l dentifying key st a
flooding is crucial for effective data coll ec
potential roles and coonvternmbmentoamls ofgaghiobatl i oo
entities, nati onal government s, and btbheirngel e
mitigation efforts. Further mor e, the research
urban vulnerabilities, recognising the signif

conseqguences of these events

2. Brief Chapter Overview
Over al |l ,0fptlhuef il railvsi ka | floods in the urbamsar eas
mai nly odue dir,mi nage infrastructure, sewer Sys:|

drainage channels and displacement of excess

2016 ; Bt olRIDA D)ifferent countries and cities f
prevention measures in dihfef é&Grertnewdy GintdyorAcit
the 2016 integrated raimwaVtaemricomé&ea gsepmearnital plaan

framewarmlenid ed K({Uladodmitrhset al |l ati on and upgrad

stormwater Bamghadeshin

However, strategconspaucal ophbhnmeagures, risk
|l and sealing through policies and | asdchse re
asgreen infrastructure and i mprovement of sto

focfuer floodénga PPokaster r iasnkd rneadiuacdteisoem t

numer ous coimpdhreadlsisragatnedr spr ovi ding preventior
ur ban areas. Scholars have taken into conside
deel epf ecptrieweent i on whmeasdriersgsi saster risk red
Under sttamael i mmge ccu otf i on andp |l maaynsa genmedridisla €sas1i nwgas

of essential significance.

Thehapter Giesvpelrdagend s r el ated t o ddrshassn ef | ad ok
reductnidbmmagemendgreamgeenfr as omuurcbtaunr ef, Aind di ng
the i mportance of governancenearsd Clhagpi #iraei on
di scusbesresearch met hodtoH koegy, md temgdaaryea dc ut ar
i nvestigate the problem, discusnsdg utneen tdsa t a xcpc
the et hical pradwuoccaolgstheheeeme btuadles awntdh an ex

of gthedy'ns tati ons.

HY



CHAPTER 3: RESEARCH METHODOL OG?

3.1 I ntroduction

The previ oiusv ecshtaipgvaetrbadlmes r el ated to urban f 1l o
ri sk reducti on baansde dmaonm glekentea@muadrheangpreadvi des a

di scusstilbenh osreensear ch ddeastignc alnlde ®tsh o npprtocets
research methodol ogespbngrooedhresttudylds r es
empl| otybrdeh e man istigset htoainal yse data fromyhamder vi e
| egi srleatsippemr t ai ni ng t o ptrievemtdih@em emesas wrfed he ¢
is structuredexzs dbalcliBe®@e®s the research desigr
the st8d@gtfidelinl ows wi t lotampllissrcg s 6 g daatsm alnyds i s

techni.quResf |l ecting on the data <collected duri |
secti Sec3.idoon 3.5 presents a discussion on eth
the research and the | imitations experienced ¢
3.,6the I imitations of t he sTthued yc haarpet ogirf ecsteonsteesd

t heoncluding r enebrrkise ft oo vperrovviiede of what has be

3.Research Design

3.2Qulal itative Approach

Owing to qualitative natur e «ofestelma crieesbssridgin g
t owaaglsal it@as éarch ,agprld&@omehd ngvestigation and |

specific area. Based on the following el ement ¢
the probl em, the discipline background in te
col | eécent itoer ms of i nterviews,, odmsdtrtvlad i tohnesmeasn dc .
t hr oug hc acsreo stsh e me s, t hat ar e rel at ed ntso addr

(CresweHhnson, Pl a200Q0 & CMe s wb ETHl,s 2eGmpdl h at eithe
quantitative reseseahchor apnpimedadicdndossi | r not be
compatible with the studbyés rradd earad e idbdejhd stdi
because the study does not focus omrcdlelsddtnign
the hypotrhasens xture of both. Furthermaotreret ak,]
of the fopemebantbdgaestddaguwsest i onnast ur et wdy,t he

resources used,veahdt hde muuilmg ¥ ¢ tait i v e research

deemed r.elHevraenotf , t he <c oWk ebeasieodn oann dt haen aul nydsei rss
and i nvestigating t he i mpl ementati on proces
management regulations, pl ans and programmes

muni ci phleicatyse of the nature oafaltihteatsitvued yr.e sCena

H ¢



defined as the intent fAtd hppemanategpknowhedge

Norris,& Méu ltes , 2T0Mi7s.  rlespemrraahc h i as sciosntdsuct i nc
met hodi cal and rigorous information in such

usable i nFwrtmadilmeommary ber g, Kirkman and de Lac
usi ng g ueelsietdaotcikbvoenf r ont i ssues of experinence,

cont rNaassts,aj i: 4 R)2s0t2a0tt dhsa t Aqualitatilve sgseamahi
involving a careful process of identifying th
evaluating, and interpreting the datao.

This reseawabellestgd to investigate preventi or
planning and | and use management regulations,

flooding through disaster risk redueptrioonne t hat

areas donT tprag ti cul arly Centuri on.

To further unpack thecHdef anihteiamndsn oy uairei o unsv e
above, the foll owianpg r owagsha 5 B bFe evhtgltlet ,hriesason f o
selecting qualitative research allows one to

connected to the broader objecthévpeprdali eomodt &athe

highlights, what needs to be investligak edf i n
i mpl ementati on ,ofprexgirsatmnreg , plpaordsad ewe lalnda g etgh
problem of | ack uopfpephmemeatcttalo@tagif stdherrentl y i n
Centuri corecawusfel ooofdi ng i Burtthhee nalreg a&s,t udy sought
investigate the extent to which the |l ack of |
infrastructure impacted Centurion. Therefore,

to investigate 't he cparugsbelwehm cfhr o ns Std lhee n tddibbgotv e .
gual iapapiea&ch has alnldewesd aomne tthe flliondkdaigneg baent dn
di saster ridsukr i mgd uchtei odhat a .ldeh ¢cle cu s ad | iptreaotcievses
reseamauh i mérer pr et tamed daantad.ycscel | ect ed

While the analytical proceswviadmrdtdatia ibretcearmer e

flooding poses a significant gl obal chall en
communities. I n the specific context of Centu
a recurring issue. As a result, the primary
response efforts, neglecting #he mcrmpuceivaelnt ami
measures to mitigate future flood i mpacts on L
Qualitative research met hodol ogi es were empl
prevention QOeemtsubrdesndi tol | ected data. This app



i«depth exploration of rel eveanngtagé méeet atwirteh ¢

stakeholders involved in urban flood mitigat.

The research recommedqdahéohnat egmpatnison of di sa
measures and the stratebgliwweyi nadnmr@aentatuiconuref @
in -liowe bridges, as <cruci al components of a
identified flood hotQumdtid awi vbhi me€entuohi dry.pi
combination of primary and secondary data c
Hammar berg et al. (2016-protuphpedéesmagsinoobudedm

idepth interviews, andoaunméngsasyosotrexesal an

This research primarily relied-sotnr wcrtidregertdh idnat ¢
i ntervi ews. Paret ice paantcsh wer e selected from
stakehol der s, including representatives from
no-gover nmentsati oowrsg,anbusi nesses, and academi c
surrounding urban area. These interviews proyv
perspectives on past flooding events, ntshe i mpl

and the perceived shortcomings of existing fI

3.8ampling SmmdatPagibgiichni ques

3.3 Purposive Sampling

The initial stage of the research requires t|l
units of dhebgesase sources from which data ab
throggédshnaieme surveys, and eohni¢dsasAvhadtaii chmni |,

2022). Owing toofuthenomprucdbga mialtiutrye stampo u gply st
pur posi vewseaepkimpgsoaynepdl iansg tRwKrhmo gfiuvees sampl i nc
selected as the appropriate methodol ogy for t
dai hani (2022), this approach all ows resear
d qualified respondent s-denfd dp acrrtiitceirpiaan trse |wehvo:
sear ch .dShjmdd tairv e/s Bakkal basioglu (2020) an
ncur with I slam and Al dai hani (2022) regard
r intervi ews. Thi s targkéeecpanppcopseht s's gy

=]
o

wl edge and experience, which are essenti al

For hi s repeasedhspagi al i sed knowl edge within
man a g e naernetwa s a requdiheemé otr e, it was approp

participants who aade qghimdwlf dhédégledbled d or | ine o



andi saster r.i slkn reddicttii om, the professional s s
happening in the internatSiounal nAdaamileanxettoyw eand |
t ye aroewdkgneabl e i @Gemntufmsowmdi ng preventi on meas
ur ban pofantnhe gay elaehld ase management regul atio

risk reduction.

So, the ismanipd g indgmrer idprionelssdeo®nal s | i ke enginee
di saster experts, a Mhde s e n vpi rroofnensesnit cantdid gstt shp 0 s s ¢
knowl edge of existing flood prevention plans,
as well as the practical i mplementation of di s
the valuable insightaskiof tda stacswrerplexmrearts, wh
in the i mplementation of disasteamsibsk waduotu
parts of South Africa. Further mor e, the persy
concerning their involvement in the rehabilit:
cruci alr efscerartchhi.s

Sampl e size foarmrs itsteekde aarfe @ n p Bhritsi csitpuadnyt sac k n o wl

the | imitations of a small sampl e size, whi ch
and data collection section. Due to | ate et
availabil igampltehesifzienawas small er Ta hpar tiinaltliy
mitigate this, observational data was <coll ect
i mportant to note that purposive sampling, w

presents ISeimé¢ctatoownsriteria for participants,

individual s, may have inadvertently restricte

Securing interviews with the target professioc
anticipated. As noted by Bakkalbasioglu (2020
requires persistent effort and persuaai bn. D e
and phone communication strategies were emplo

from al|l rel evant professions

3.3.Thematic Analysis

This section outlines the analytical approac
anal ysi s, a method for identi fying, anal ysin
patterns within cetlatféd7datachiMbiveel, 2021)
the primary analytical technique. Two pri mar.y

i nductive and deductive. The inductive approas



directly from the dat a, whil e the deductive a
on ®ixeé sting theoretical frameworks)or existin
The i mplication i s duraitngi diemd i B hadlysheegnueesna d ¢
i nfedame devel opment of research recommendati o
sever al advantages, i neelnuddeidn gn aittusr ef | eaxnidb i é fnp
constant compari son, enabling t he explorati ¢
constructliieemtofanrde sail t er natn.y@&r gsuwweulnle,s 03 o v s
The oepnedhed nature of the interview questions

i nductive approacburfiomg tthhes areasleyagich.of inter
t hemes emerged, including inadequate maintena
rapid satrib@am, fl oodplain encroachment, wetl and
the wupper cat chment area, munici pal service

prevention measures, and the crucial r.ole of

Thematic analysis revealed several key themes
subsequent Findings and Analysis chapter. For
and the i mpact of t he uppeatl ytsoegded hme ntd uaer etao
interconnectedness in terms of both impact an:
ur bsarnii @amd f |l oodpl ain dynami cs were examined
coll ected through interGiewpimagddai aei nbeset kia
categories o6angsmitiiadattende tfhiendi ngs chapter and e
the resrjaecthi ves.

To enhance data validity and rigor, triangul a
comparing data from interviews winiohntohb speerrviaotdi .
Additionall vy, participant validation wiatsh cond
rel evant l'iterature and existing k Thwilsedge

triangulation methods facilitated robust dat «
given the relatively small sampl e size.

I n conclusion, t hemati c analsiyrsg sanpatloyiséid gi nv a
coll ected dat a, enhancing data validity t hr
observations, and ultimately ensuring that t h
the study'.s objectives



3.MatCo |l | ecti on
3.4 . P i mRartyao |l | eTcetcihonni qu e s

Primary data collection was crucial for this r
stakehol der s directly invol ved i n under st and
reduction in Centurion. Thi s f-3trrsu dtaderpet dh ait ra ,
interviews, a¢thoweddif 9c u Dpieansd eprn d fex @il loirtad ti &

stakehol der perspéeatiedes sesmuefsl. ood

Semsitructured interviews were chosen for their
up guestions and encouraging open dialogue be:

Thi s approach proved particularly wvaluable [

beée ween the municipality and stakeholders, suc
The selection of the research participants ir
including muni ci pal of ficials from relevant
St or mwater Management , City Sustainability)
Uni versoudtyh oAfrS ca (UNI SA) . These interviews
muni ci pal policies, perspectives from acader

under st andirred ad fe df Ilcdhhad | e nTgheiss irne sCeanrtcuhr icoonn.t r i
l'imited bodgy loft eeaitsitrie on this specific topi

current municipal approaches to flood risk re

The study included a total of four interviews
viMi cr oM®Tdanms, whil e one intesivi ewawasheo@Gdnt
Hot @bl ede3pilctisntteheri ewt lathewas ef ol |l owed t o gL
sessjonsmcludi ngernthiostes were planned but ul tim

conducted due to unforeseen circumstances, i s



Table 3. 1: Participants .within each stakeholder group
. Il nt er
Addr esse . I ntervie
StakehoDepartmli the Theurpose for selecting Conducte 0CCUT
or no
The department was actiyvy
Emer gen: process of providing eme
Service{Partici community of CenturiomasdMS Teams Yes
Depart m: al so awdhckesaster rasll re
management plans within
: The department was actiyv
City of . .
Depart mi stormwater management inPhysical
Tshwane . ) )
Stor mwatPartici mai ntenance of stor mwatemeeting Yes
Metropo . . h
. : Managemi control during floddodsasanCenturi o
Municip .
reducthnidomanagement pl.an:
The department was actiyvy
Depart mi , process of providing prePhysical
. Partici . ; .
City Three community of Centuriowasdmeeting Yes
Sustain, al so awarsasafer rasld reditCenturio
management plans
Acadeimi UNI SA Partici Bot h |nd|V|duaIs are eXPus Teams Yes
Experts reduction and management
Theentre was actively in
providing initiative to
: Depart mi
Nati ona . | ocal government on the
) Di sast e| . . .
Di sast e Partici di saster management depa
Manage mi . ; : MS Teams No
Managem and six | Therefore, being the int
Center . . .
Center Gaut en internationay, cAfmmucan U
9 to address disaster risk
plans within the city



Non

Governm

Organi s

Acadeimi

S
Experts North W

Surroun

Busi

nes

Hennops Particip

Revival seven
uni ver ‘Particip
Centuri . :
Hot el Particip
ResidentParticip
Complex(ito fift

The department was actiyvy
process of providing prePhy
community of Centurion dmee
aware of disaster risk rCen
plans within the city

Both individuals are eXPus
reduction and management
The Centurion iHopeaedtaed W
flooding so understandinMS
measures and if there ar
part of assisting them i

Il dentification of two ap
within direct proximity
one being abandomed, diooi MS
are honBuielsdsi.ng managers
sortable for the study.

Teams

Teams

Teams



The initial research plan included interview:
Management Centre, representati v@sv &rrnomme ntt had
Or gaantii on, academic experts from thNel Smamnwkr sit
representatives from Dbusinesses such as t he
residenti al compl exes. Despite persistent ef
participation in the Thedwbsentd abttbhesesekay

i mpact ed the scope of t he research findings

Specifically, this | imitation hindered a deep
T I ntgeorver nment al coll aborati olMUbe3IAl®E)n naantd
international entities in disaster risk re

T The rol egowfernmentsat i comsgansuch as Hennops

providing structural prevention measures f

T The perspectives of businesses and residen

river .

I ntervi ews were conducted pri masiilty wneat MBg S
conducted t o facilitate a dHeeypelr e aleir tsit es.d
scheduling challenges were encountered, al | i
wit hi nmanht woer i odNo(v@otbtkelreer.col |l ect ed data was

anaség and used to formulate research recommen
Ob s er visldt lhoad

During the investi geettihwae otnlla,coeseo vaditngnt o E
(20@aédd Ciesi el ska, Bostr,omp faaski dtd aonbdseesir v(a2t Oi 108r
keyhe research met hod antde dlan iagyucaol liil treacttiivoen rneeste
Thereflioreelkder vati on weahssec bosed abservation tec

i nvestigative study.

The plandaoaffiagt itobbes adivsaenevdays t o bheemapor fl ooc
hot spots i n t htehatenweurred oinnvaersetai gated during th
reseaFrichs.t 'y, a detailed description was requi
going to site to observe the major flooding h
Road, Hendr i k Ver woer d Dri ve, and Lenchen /
det eedhiheehort athna@rifmpagts of flooding in the s
and the infrastructure that was Seseddlty, ptrlee
me t htohda t watso urseecdor d t hwea sodisreg vatdc ®Iinl, phone to

various hotspotsfamddatndr awhs fcyhs twvsirlel be wunpac

oT



Chapter TFhiurdly, to ensure that everyashitmg wa:
Vi swas condud hed$eamierwitethwst he confirmation of
theli gnment of the hotspot sOtthheurs tthhaen dtihreecd a
pictures, this woul-guéstiitntd eCsh agont sewe rF otulre osnu i wh
make Centurion vulnerable to floodingo and AW

reduce the risk of flooding in the area?o

Lastly, in terms of ti mefr ames, this occurred
one to observe if there are any occurring or
during -vtihsel hgsist ef f ecti ve plan of action was su
(2023) ,alwheed ttheir guidelines tofondéehtaket ac
I'n summahy foll owing occurredtherfolgl ¢ Wieng i wa
controlled or mani pul atettredatasi derivihgi theopc
process of observation to investigate the ext:

highl ilmrhadaede vi sits occur Nedemmber ngawdd thD & eheemb €
first,theosecond one with the a@afimfdi ¢ihael & hfira@am ot
ownThe hotspots ftohcauscwlBrmde Rdwa@d and Reanbdirei kRoad
Verwoerd Drive, and AddtheonAVéemppuet Ner Hahrt bee:
North West was included as the participants

i ntervi ews.

3.Fesearch Rigour
3. 5. RIgdilrrust worrhii theersisa

Rigour is a requirement for qualitative reses:¢
str attelgate sbuialud hoemttihcee t yvatrdidt pi bftyhendesea
trustworthiness, in this ocasmbepatbtti gupasnti ® nf 10

to 4 participants and i f the EBEtachpuadlsl)ipist wo
section withlust wobib@emesn truth ,calnse staepglyi aa
ne

c
ut rBaelliotwy .i s the summary of how the data coll
CresveddXI op@®1Q8 alnidampuf@tOdBgi n the case of thi
n

since validity stems from trustworthy researc
study with two compounds attached to it being
study, i nternal valda diinwe smaisg autsieodn dnueet htood tthh a
during the research which | eaned Lioa niphugt tpounrgp o
201.3)Wher eas, external relates to the gener al
would have directed the research to generalis

the research.

oy



Tab3 eZrustworthiness Criteria
Trustwqg Strate| CritAhkddraes s Defined in terms of the stu
Standa
Truth MCredibi|Triangulati|Credibsl|l éstyabl i shiean garff avuagrbimorucses, data ¢
T Met hods |and obsetrevcahtnijograsecdr ud¢ fyay h esroaud.c eTshp gr oac h
! Partici p/me t o i nvestigate amerir #Ferdmwt h & edcact bak end
parti cexppaenrti'esnce and perspective of the
ApplicaTransf e 1 SelectiwmfifTransferability sthatggnesahreseebaséttda alha
sources |popul.avthvewaeacor dtimeg Itiot er at ytrrei sandt ddy dd a
f Satur atoifot her setttihkegsebdapment p | aurr nbianng phl aasnend nogr]
dat a | and use manage memtnpraednmum uantainalnesds o ¢ a | gov
T Thick

descript

A
A

Met hods
Particip

strucitnutrerdanadwshe

o Mmy

Consi stiDependa|Triangul ati|Dependaibsi léegtyabl i shed through triangul at
A Met hods met hods and observation techniques, and

A Participlenabled me to investigate and review t

Further mor e, the findings are well docur

similar problems in | ocal government anc
Neutral|{ConfirmTriangul ati|The data on heasederaturecahdeaapmt etdearrnys dog

obser vatweageceo med htoeld 4 rh

i nterpretation

of the dat a

0



Therefore, the above is based on the evaluat

collected during the qualitative research to
3.501l2hclusive and Exclusive Criteria

This section of the desaarcohl| estitdvedsdr gmg i tolme
devel op and address Chaptlarsdiscansded bDhethmpc

exclusion criteria used during the data coll e
generalisation, or biased, and FRutr tehregampase , p at
focuseée baeonessi bili.ty of the data



Tdl3F*.:Bnclusive and Exclusive Criteria
Characteri s I ncl uGriivteer i a Excl u€iveeri a

National , provin|Official excluded from CoJ and (
government officieé
wi t h flooding an
reduction i n t he
South Africa
Urban/ Town ankd aR@/Resi dents from the CoJ or/ and Cg
Engineer s, Di sast
expeansd Environme

Study Populatijthat are familiar
the Centurion and
line of work.
NGO6s within the NGO6s outside of the Centurion 3
focus on flooding
English Language Sources not in the English | angly
Building Managers
i mpacted buil di ng:}¢
the Centurion aresg




Naturesoibdyhal

Centurion is the g
t he prevention me
ur ban pl anning é

management regul at

Prevent.i

municipalities

on

measur es
t hat

out si

ar e

de

not

of (

S i mi

Ti me period

Reviewed arti-2024§

Participants with |Participants not |l ess than five
experience

Policies, programPolicies, programmes, plansptthead

|l egi sl ations i mpl|t hre®Oykear s
|l ast three to 30 vy
Gender both femal e
Educati on |l evel,
Demographic prhlgh institutional
research partiGeographic |l ocati (Participants with no knowledge ¢
| ocation in Centur
Age is based on adChildren and young people bel ow
adult popul ation
nH



I

Met hods

Empl oyment statusEmpl oy ment from other muni ci pa
Nati onal Di saste|lsurrounding business outside of
CentN@Q academi c ¢

the University of

UNI SA, CoT, and

business

I

Qual i mat hedol ogy Quantitative methodol ogy
Primary data coll gSecondary data collection
Sources based o]

measur es rel ated

pl anning

Il nternational and |Sources not in the English | angy
Observation met hoo

./ |



3.6t hi cal Considerations
Et hical clearance from the University of the
was essehnhthial reeearch involving human partic

process required the submission of compr ehel

research proposal, research instruments, par
|l etters, and Econsant cl emamance was granted on
unfortunately occurred relatively |l ate in the
Foll owing ethical <c¢clearance, interviews were
three municipal of ficials from the CoT (Depar
Sustainability, and Disaster Management and

expterin disaster risk reduction from the UNI SA

Mai ntaining participant anonymity was of para

from potential | egal see paenryc wsnsdiucen satanedh ttioo nmi nS
to ethical protocols was maintained throughou
3.7/Zi mi tandode!l i mitations
Two primary | imitations oerlkeenconnt-mbeshdwyyr it
municipa?2 isuliyi @®8Soember 2023) significantly ¢
process. This disruption impeded the timely a
municipality to conduct i nSteecrovnidelws wvsietchurmuwumngi d
with other key stakehol der s, including repr e
Management Centre, the Hennops Revi val NGO,
businesses, proved chall engi ngnadds mintde phernei <1

Appendi x F provides documentation of these co

The absence of these stakeholders | imited th
exploring t hegovelreamerdt ailnteaol | abor ati on, t he
gover nmentatli comsgjanand the perspectives of busi

i mpacted by flooding.

To mitigate these | imitations, the research

insights from municipal of ficials and an acad
wi t hi n Chlnlt uparotni ci pants provided informed cor
of their identities throughout the research p

on Google Drive with password protection and



The resa@aratrichibpahi dentiality was ensured throu
and secure data stoAbhbeiobheGoogWwe Wergeconduc
month timefr-&meemMbedi mpetai Iciombi nati on of MS T
and-sine inDespiewst hese challenges, the rese
valuable data from key stakeholders, providin
strategies withi.n the Centurion area

3.Brief Chapter Overview

This chapter outlined the methodol ogical appr
the rationale for selecting a qualitative res
its emphasips horexipd oration and undeiren amfdi migg¢ h
and nuanced data from key stakehol der s. Pur
techniques were employed to select research p

and experience relevant to the research objec

Et hiccoanlsi der ations were paramount t hroughout

participant confidentiality and adherence to .
encountered, including delays due to the mun
i ntieerws with al/l intended participants, t hes

persistent efforts and adjustments to the res

The methodol ogi cal approach outlined here has:s
ensuring the collection of robust and reliabl
This chapter has | aid the groundwork for the

fiinndgs presented in Chapter 4.



CHAPTER 4: FI NDI NGS AND ANALYS

4  Introducti on

The previ owwt Icihmed etrhe qual itative research arfg
including the rationale for selecting intervi
The <chapter also detailed the ethical consi d
data <colsluedt iaosn t(he munici pal strike), and t

overcome t hesTehicchhaaptleerngpersesent s the findings c

data collected during the resdaptcth. | Dateha viea svs
four participants: three municipal of ficials
one academic expert from the UNISA. Additiona
further i nfornmlhtebktorregsieameeat. chapter ai ms t
comprehensive analysis of the collected data
chall enges of flood risk management in Centur

i mprovement .

Thshaptesi nited vteh e nfdi mdhiangsi s of the results.
i's structurSac taishoré ggbul2 Ws ar lesieat atdieommo gorfa pt hhiec
profile of the researfchl Ipaws prceexsd haensck e et h & ma ¢
that emerged from the thematic analyegdheof t hi
i mplicationsiaof |imhe fwimndiwvwiiel e i Secatastaounbeadi.e&sf pr

overview of the chapter's key takeaways.

42Findi ngesabnpdKkesy t hemes emerged from the
The anwilglsdiesed four key themes that are direct]

These themes were identified through a rigor
i ncorporating insights from both existing |
perspsesctgiavdered during interviews with stakeh

t he Centurion area

43. 1 Hompact Devel opment Measur es

Prior to delving into the thematic anal Psi s o
measures i mplemented by the municipality. LI D
spati al pl anning and play a vialler4l® pmesnen
comprehensi ve overview of t he identified LI

anal ytsh enigr relevance in the context of ur ban



flood prevention strategies. This analysis co

with existing environmental Thedt @blsaspreovidek

descriptions of key measures currently implem
ri sk, including maintenance pl ans, fl ood mit.i
Policy, and stormwat er maannaegweomekn to fp ILalnDs ,p rwintchi
Table 4. 1: Local i mpact de vCeolTomp nmeenrtmsp | cafn sf laopopd
Pol i ang¢ : . .
Regul alf Fi ndi ngs Anal ysi s

Land Mbesneagement
The town p
schemes def
Il ines as A

flood |ine Based on obser_vatior
Article 16(thCE-o't'own plannl_n_g sc
the Water A t hat t he munlc_lpal
1956 and develop_metnd:wmsahllbmige

amendment s He_nncRpS/e_r, only t
Centuri on conS|d¢rat|on2(D25r9yeaa/r

flood |Iine from the

Pl anning S : ) .
1992: 3) Twal so confamnrdmegdh Itihg

that the municbypal
. permigrnndmgrty devel

Referencing " i hin theadedodahdih

169 A(1)(a | Ehoefm

Water Act ~pl anschegmer Cent_ur

Co Ti 1956, ment Al'm assuming their

been informed by Hyd¢
Centur|{l ayout plan .
Town approved ac and the studies woul

Pl anniany water o anticipated What wa

r m? N n
Schem{a known chg UYPStrea 0O one a

(Ur bal water <cat ch expllo_sion of Tem.bi
anticipated the inrn

Pl anni must take Kool fonwet hn&nds t hi
conS|deratinvaded in the Cit
maxi mum | ¢ :

one Anticipated the
t hat was goi ngSoiof ty
need to | ook at fl ogdg
to take into consid

happened upstre

reach omaagrme
every twent
fl ewoadt er s

|l and.

l;L'Fhermor Based on the risk ta

o-lw |ir:19 |Ir;tn the current avkaage- f
y 9 yedd ood oleisnemot prot

y drainagd along the Hennops R
the flood |
Therefor e, the cur |
an average
- scheme does not ac
fifty year : : :
water on existing infr asetvreu (
expeagtreodvt hCo andh@dk
The town p
Ts hwan
schemes def
Town

|l i nes as

Pl anni f
Section 14




Schemg National W
2008 1998 (Act 3
including
l'ines tha
Municipal:d
require. o
Referencin
144 of the
Water Act ,
36 of 1998)
that | ayol
shoul d sh
maxi mum | e
fl oodwater
average of
hundyedr s
Di saster Risk Reduction
The purpos
pl an dii s ctoo
CoDisa co.mprehen
di saster
Managenr
Pl an. assessments
munici pal
further more
for resi
communities
Schedul e
highlight
regul at. Based on the coll ¢
watercourseg municipality is WUk
cl eanicrh@a nint Policgehbbilitate a
WUL .PO rehabigliit Hennops¢ River in thg
Nati of
Wat er waterc_oursecatchmer)t area. The
reducing t desilting the Centu
36, 1¢ .
damaging proper water flow fr
surroundin to the dam and bac
avoid alte
through nat
according 1
In terms o6l ktédet ead
The progr an municipality is cur
to i mprove |[National Treasury to
municipalijCenturi.onTaeméai nvi ti
enabl e of Johannes Cwrikgn ar
City S intergover di scussions to add(
Progr a fiscal sys catchment area, as
policy envi Participant Tw
advocates
transf or mat iNati onal Treasury
city. through the City Su
wor king with the th

ny



funding proposal to
funding that we ne
Kaal spruit. o

Safeguard

rehabil it
Gautengwetl ands in
Regiionis a priori The strategy and ac
Over Ar use of muryr hand wiWwUhPdlhéeog Ts hy
Cli ma pl anning, Town Planning Schemg
Chang approval s encroachment of w
Respon Environment rehabilitation of
Strate Assessment
Action|reguladlerma

other to im

managemen
The plan i g
ma n a gd Inigma
change i mp3¢
CoJt hGo,land
City of Eku
Kaal s@atud h m
within th
municipalit
the Tembisa

Kaal sp According to the pl i
: Il rene and

Cli ma upper and | ower <catg

: / areas. Whe : :

Resili of reducing fl oodi
overall [

Catchm . systems, and proteyg
infrastru .

Manager . infrastructures acc

negatively .

Pl an h announcement ( Nemai

because t

qgual ity
deteriorat
i mpervious
around t he
area, and t
bi oftNee mai
Consulting

4 . 2Encroachment dfheéppetlt a@dschment

The first theme identified during kilhge ecamest i ¢

greynfrastructure in mitigating fl oseds rtihsek s.
crucial role of wetland prbohecitmpactiwidafhial ismat
has necessitated a transformation in devel op
evolving flood risks in urban areas. However,
in inadequate wetland prowetcltamd , erd eraadda mmlgmet not
ur bsarii on, il |l egal mining, soil erosion, silta



Findings from interviews with municipal offici

of blue infrastructure, paarttiiocnu,| asreldyi menn ttahtel ocr
spatial distributi onbsand osni zhea so fe meetgleadn dass. a
of wetl and encroachment, | eading to a signi

consequently diminishing their capacity to r

regi on.

Research Particispdanthd@wbi mmpbedsnumber of r emai
withiOofBy est atiibnegf otrheatwe overdevel oped, we had

When you have wetlands, you're not going to h
build on a wetwandamadyd&u'ldle agdhiisg ht @ghfli gbd ec

critical need for enhanced wetland protection

|t was quite esdhaticieal gptacoh nonepaa@at mavd t hout
wetl andsndaclhentorfdilcodi ng .iu raenn hahrtye ai sh avwhpaetn i insg
i n t he Cen,ttuhreiroen iasr emo contr ol over encroact

ur bani sati on.

This conceptf bf taanbds ndgeblianygi,ng t he m@mpmod egs fdfoowa
does not exist because of the upper catchment
the following activities happening 1ot mghl m
strucdrurwestsluacnhdsas hlbhumamgs & bard e meanltiss f or busi
this awds bpehle Re sPaarrtcilc Twa,nt Three and Four.

Aifiltering system is not there anymore, so |
Kaal spruit, is to btomprohaecktthlea te odbi@atnikianegh tse d
byRrReseaPach i cThpaetwhich we need to keep in mind

Based onitmaey dat @ hd slolbe aitaliyg nd It evaert | tamalts ar e n
priorbyigedebpopmeamnsd communityhimember ®vident f
responses of trheeg ap dtimigc r pac hsment Gé ntwertiloann d s

experifelnceditng adwteinvitthieesspper catchment.

As f awr baasni s at iecomecd mmuni ty mawmwbebeen buil dir
wetl ands and fl ood | i piet airse atsh e Nloesmbiins at théi rese ac, a
Co,Taccor diRegeamarmti ci pantomifauwi tyi nnmeardb exrgs vacar
wetl ands for human setaessewelnlt sas duimpgsmah sanc
resul t, this is no |l ongefi haredalfdgyastpuctesse ©
water flow during the rainy session beeause t
up of rubbish fromDebeiBBumaomsettkegménsand mi:i

Hennops Ri ver algpu scefs saankduj widi datt i onrpiavcehre

pn



HartbeespadwnrtouBamt he fl ow of water that cont
River tHar t heespoort Dam at t hAddend oowél Ityhe
Hartbeespoampabbdymanv asi ve awhiemh pilanatshagel i ss
obser ve tviwhietrleal m

Urbanissatamwmni ssue in the upmeCGohizadb®nE hat ar e a
are impacting Cent ur iornWéshd o XAnegaeudrien g4 .t1o. tihlel u
how the Kaal spruit River flows from the Tembi
Il rene to the Hennops River i mpacting the stu
Crocodil e River that connecthse aHasrot hehees pSowoarrtt s
Due to wur,bmorriesarteeoths t o be done fmerngea apardov i
integrate policies that focus on f | ooedbirnigs i n |

and silting intrhieve&rasutaemd) cdamo Niomt b. West

Graphic: JOHN McCANN

Hartbeespoort

Centurion

Jukskei

River  Olifantspruit

Crocodile
River

Fourways @

MG Skm Kempton Park”
[ S—

Figuré@ahé. Lower and wupper <cat)chment areas (Beg

Secondom,t he ilntebvelravsdwetl lagndas critical rol e
fl oodimggacfd| doastian andMosezaeawarehes pafb hiec

i mportance afd welb&kcamandoins Themeed for more con
prevention policy measuresnuno cr pabahobufvia ctehaek s

I mportance iof wrehhdmnalseas. This includefs the

P M



managermdmtns for wetlands in both the wupper (
areas. Ploa ninciinegmma s dathbece c | as si fwiecd d taanedmnsc oif t i ¢ al
infrastructures in the devel opment pl anning s
and I ntegrated DelvHi))o pmeanmuBli anmnpal ities. The
Pattanapandadio2) etK@ard®19) and@iva 2 3) menti on
i mportance of i mpl ementing policies and mana

across the board.

Ther efnoer c,avdgde@eént uri on i s vulnerable to fl oo
catchment, whereby wurbanisation is an issue t/|
sedi ment atrii vendéndbams. Further mor e, the | ocat.

how vulnerable an wurban ar efAddciatni omeal t g, ft bhe
comprehensive planning policies and managemen:

flooding.

Howevianunt ci pal officials highlighiredtehkbati onhh
of wetl andsRe ¢ @ aRcaorimt ti rcei gpba,n ttshr ee andt Heoulrodchdlint
gover nwresntnot effective smopheéeihe att egpt sand
of wetlands and encroachment onto the flood |
settl ement s Co BT hTee ntbe bsrai,s fr om mphecdes &Katil siptr iue
Ol'i fantspruit ,atodwhiukkésakdei t Ré vEEenmhbgs oRbdetl e

River and the Hartbpaspoecmutl aDdam affected by t
the municipality because of the |l ack of awar

catchment ar ea

The municipalities in e¢émfeonghipeg dawSbmhemenang
on the protectioeaesthhiewtbtuli & dd evrga th danuettss ieadie of t h
l10Qear flaodpddaimg to Section Ad#1998 (Aet NAG i ¢
199.8encethe Kaal sphastmecraechegati ves due to t
happening in t het hsaunr rpocashifiteibvhpeesagqvataer f |l ow of t

the Centurion area and causing severe floodin

4 .Service fDo&teyeltgfriasstlbraicckiumrge i n Ur ban

The second identified t hemeanédradm tcltod | €éct ieo«
infrastructure. This is in reference tlbhabridg
ei ther contr ol the fl ow of water and a source

behind this is that storaswaaenfrasnagtt bhet er e



to cdarmfefolv of water on har;Howevéaceshiws.thsnnot
Si mitloarur baniinspaacitomldwder a s tlr thaatoweritecheadte Xt phaen s i o n
ofnew deved opmemtens wiptalcien t he urbaml wdyg s do
accommodate the upgrréeaywfi mgsbofivietke ser Wwagh har ea. T
the case with Cent uwh ernd bead kn ft rhas tunpugeet swdirsen g
pr obl ebneactaiucse of wurbanisation and what is happ

encroachments of wetl ands.

I n that case, from the data collected on sto
pl annifnlgoopdni rdef er e@emrt uroi ©tno ramwhatneaarge ment , t hel
seems to be a huge ofs sQeentiufrhieohnreeasoaerrbehtgd t}
of drainage systemsh gwiotr diRm g & BRKecrhtninceirp antt hfeour
Afdvaste management plastiotki ankdastbkebheeddbiage
in the stormwater drainage Ggns$edque rdtuldyemg s h ¢
evidence of l ack of mai ntenance from the mun
clean for the proper flow of waterReseWirtchh r e
Parti doiupranmakes merftuirdrheof i milpiisy i mas stihbalte t hat
drainage systems are not mai nittahe@edy erawhe |tnha
stormwater drainage syMbemshduel sgampheyevade
rai nsnothlhded dr ai nage has not been regularly ma
don't even know when ét WwWas ehashamhengai whdn |

to stormwater drainage and basicaldy maybe ot

On the contrary, the Departmen€CobasRvohdsdand
ensur & htebyaet proactive i n maintasini ntghea hienmeror
through preplaefiaomge tthieokRa@esygaRarht i ci pant Two i n
t hdittahead of your rainy season you're going
stormwater drains. Since blocked stormwater d

is also associated with flooding

There WwWagskato mai nadnwemiceh ccoa@eirendh edmed dr ain
system. With regards to this¢chahlkadgesadi mgnto
Re s eaPacrht i wviopanaddi ti on to thi RBes &aPoaonhttihcei peaxnpte
four ment i ohoefde & ehgarto ptehre mai nt enance plan that

of dther mwat er system

iWweneed to have a proper mai nt eenvaennc ei fs yvwset e
have got a plan and i f that pl an is not

Regul ar schedul ed maintenance for the City

p o



a problem because flooding is coming from i

clogged and even blogged stormwater drains

Furthetmbosejs not clearly preResteaacihtni ¢ ihpa h f
four hiegdh hbaglhwifay s spoke about the grass. And
stor mwat er |surtfhaadaed. dov € n o h al studies to under st
t he key t esnuertrso umfditnige o fs ytshtee nsst o mawiagt cemren@ it r e d
as iist key how kiede t he environment clean suct

surrounding trees and grass.

As a fi Rals eparhtti, iupannhted an i mpesrmanmave SEGi N
everything that i s related to the stor mwat e
mentioning that it al l ends with service de

stor mwater drainage systems across the city.

iAISo generally, we can paint all the municip
are battling, but their | evel s of battl es
this case, you're talking about the drain
Department ofc&lolaysinbasy municipality. |
maybe other iéhfTlhante ucthere services that t
with generally around | i ke just maintainin
infrastructure. ..o

Therefore, delivery ot heregfvairoee spries emretss € hpioa

i mpl ementation of maintenance or management p

i s imperati-tver mni n htthé oingner urban areas.

St or mwater managemdrteaivasenahaeedftdrainage sy

l acking from the municipalityobés side. I n addi
community falls under the umbrella of providi
environment of stor mmsat o fdraveage Asmagyged d
consequewicteg the |l ack of i n aadnedq usad rev intaef nd elniav
dr ai nage, fslyosotdeirmsg i ncreases and becomes a cor
because wrfeashee iim debris and silting carried |
the | ower catchment area.

I n terms of the | ower catchmenttherkeannomhs chi ve

running through trhme w@wfrbahe ageaatiessto vul nerab
ReseaRearht i oiupvahmtndi cat ed athabft serwaisceusdeng ver
t hese f | Tolnidd ngaggest s t hat tphreo vi thp h @ meprr togpteir C

pn



schedul ed

dr ai nage

mai ntenwnklk asasitdhte iCent etk

pressure on the Hennops .RnveheapgohRdraongnpaensy
emphastilstkebder e ar ess$ oh endgnali ed ehancehe removal of
from the stormwater drainad@essegBa&rktmsadwoplahnits i
highlighting that t he Hennops Revi v ad- NGO
Warri oratRAdveept Progr ammg ofvreo m mehmit 2l . Tdreg dArdiopat i ¢
TATWarriori/AiRdleptr , the purpose of this progra
homel ess people to clean out the stormwater
municipality. Thi s i s spear headed b,yt hi Be He
programme is fully functional, and it is a se
rai nAccorReée agalPtaaght | dwop,antthi s has been successH
because it also reduces the debris in the Hen
However, t his i s seasonal and ansots esacshoendsu | lreadv
changeéo cli mate change

4 . 2l.ntegration

The
tdour

from

muni ci pFailristthlieysf | uaenndcwep por t

chall ande$ mp!| egwethitsaa g toenr

| asttheg i

As
can be
stated that

before

il merms of
adding
king

i n a

t o

t al

bickeri
(African

ot her

ng,

and

the city

muni ci pal i & theys dtehbati sarcea eiampealc tby
f ITcheed irnega.s o n

mportance

political
addresBhegparn tsiacitpdmt ,i ndi cat ed

about i s

situati on

partiestayaali  odhesdaswe
instability,

wor k. o

Bet ween Transboundary Municip

t hi rtch att h evmaes iisd @ mrtainfsirheoduindiapnat! ei gt,nyatf iedre nc e

t he upj
behind ering etgirrddr iatmise otumelme vy

from pol it itcdeel |l ea

rpskhnseduthiant he mui

of stakeholder engagement s.

indi catleyd pplevicessdplsayptarr olaekli medvu toil 0 T i
i mpl ement ed Ansi tah icno nas Rreiaaahiail oiuyant

admini str aitn oany ncsapmacit

political
t he

[tahdemipna Isittriacta | aap @ rtthye yi
Sswearar e
bei

delivery

l enses of ¢ h a lyloagenvgeens

our drainage

t he

systems n
wher e

n k it

service

[ t hi was squandered at ¢

Nati onailt Coa@eemwarAic), Aliliaecte tC

have seen a

serious instability in te

BN
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Political i mbal ance could be one of the reas
addressing flooding in Centurli eaderesctahupsre tolfe
muni ci plrilstaw. chall enge fromThepehotkicad mechr
can be done maiohemgecthel an of the municipal
support from Keeign miond ttihcatanasl.| four municipa
pol iticalhepa,ftohiecesri sk of integratiahf eantd tchod |
i mpl ementpateivemtofon measures that coul,d iamssi st

partiCeurtaur,i on.

Regarding I mResmaRttcet i ovop ametn ttihoenteed of t he t hr
chall enges facedtihny ttehremsmuonfi cifinppall eoroedn tMa ttii ogra:t i
Pl an by the Department of Roads and Transport
not being abl e ®thoe bree arseocanc ttihvae was gi ven i s th
to prepare for the rainy season in terms of 1

stor mwat er dr aDe agiéersosny sttheemsupper cat chment ar

removed hdeu roidrddgs otn i n order to pr evelmterfelfoadi nd
it is important porombhenmenancpaplagpston the
As previously indicated from | iterature, c a,
governmadt t his ith@ovli ddecrctor Blamtgi ctiepf@a@u r rCenn t

economic conditions are impacting everyone in
including the i mplementation of policies, wh
related to budget cuts anTdhesrorefmm,e, andeai mMport
i nviptuibspg c patre ner slhd gpissdaaddi oans t he Di saster Mar
advocates Ifdber semkadeoement s in all spheres of
As hi ghlightedi spséer oursilsyk v orceadtuecst i 6 or i nteg!
i ntergovernment al i ntegration for al | activi

ReseaRarnt i Ohn@ahtir t hteratstiag eidmper ati ve that eve

| anguage in terms of i mplementation.

AHencewhen you | ook into the Flood Inciden

integrated plan that brings the various de

resources from various departments in deal
not a-deoma&r t ment mattevi odAsldy.,t htelme ol oc al g
does report to its activities related to
management plan to the provincial di saste
al so then |inks the municipal pl ans to the
aprovincial pl an that feeds into a nationa

pc



As a resuptecoefii nige ngs on the i ntegration b
muni ci paltheesppéromatchment area, there are
all |l ead to the Hartbeespoort Dam, in the Madi
Province from the t hGoefeo @ma@owE hmet Gapobéng aMsovi
see Figur®hids. 1is significant because two pro
happeniC®Odanidn EdhEAccor di hg Vv bRevse aRfarht i ctiwoant s

three andhfeodmcal government has not actively
mi ni ng, i nvasion of wetl ands and encroachmenit
mushrooming i nformal istehGolBtemernotpso liint alre nWhi esiag i p

debris from t heismepadtheedvKdalespid iiist edOl i fantspr u

whi alKleed oi hhe Hennops River with the Crocodil

DamTherefore, t hergoviesr nimeank abf i nore@agqrsadtoiurd ar ¥
i ntegr anmuinoinci @fal ities in Gauteng to address W
catchment area that i s encagtadchmenty ameacti ng t
Evidence illustrate that plans such as the Re
Gauteng City Region Climate Change Response
Spreads Catchment s Resilience Strategy Kaal s
Manageméah Bol exis®tnsh€ofliasht t e mptod mgalgec a l

stakeholudehrisk€o,J tCoeEt hprovinci al government &
departments 8lathomal tTreeaddirgss these chall el
i mpacting the erVivi agmdirteirfhett hkechnd Cdk

On t he cRoenstera®ecyht i t wpadt cated@dNahabnaheTreasury
Worl d Bank tERrowvgiBSuppert aRreogwoarnkmeng with t h
metros to put a funding proposal together to

the KaalWiptrluitederence to addressing the uppe

occurring in anduerowenrd tthhhre Kaeael sspmpacti ng t h
spite of this, there is no guar andlelealhdraat & h e
t h@oWwas trying to be proactive in reducing fI ¢

Loc al of fi ci aRes eaaftecoht d ibniopawed t he support of p
actively implement certain plans that need pu
support, tmalkaend owielvler t .oHobwve viReeng ¢ a&Fmaermt ti ekadup a n t

hi ghlights that politicians onl yf ocasnedeom t he
occupy vacant space for residence purposes.

wetl ands an,d hfelr @idrprdedttrhil®gp nops Ri ver in Centur



Il nstead, partnerships ogovsetrankmeehothsd B@ist yasafi st
Tshwdame i mpl ement certain activities that prev
Framewor k | &diPach ttlhhe municipality. ,AshRisdstered

Managemeatdvédcates for integration withhe all/l
privateaseécppomernmental .dhgaeif 9@reii watse and p
partnerships are imperative to address disast

funding or human capacity.

From t thenfdi rdsatt a,tcel Ineacitnedpart ner ships that ar
flooding within thea&emermRaihpiaone gmitagnhdh afgrhoimt i s

according to Il egislation that i nt eRiggouvreer ndme2n t
illustrates some of the identified major st ak:i
and flooding either in a positive or negati v
NGO is a positive stakebMalraderor inm@n thearbs odf tA
Centurion Lake Rehabilitation Task Team to pr

International Community National Government and Government
Entities

Department of Agriculture

Provincial Government Local Government

Other Stakeholders

Fi guRe Acptairviener shi ps and potenti al partner shi

Given full funding from the National Treasury
Support Pr ogrConi ndc athd st fhfeect i vel y bydmafwosr caen dt h e |
coll abor atGo Tiwd t mmeertited t i vi ti es that adversely
integrity of the Hennops River catchment area

Py



space

4 . PWhat 6s really on the ground through site observation?
Tab4 e2efdseictteaaspt ur ed dwirgintgs tthhomtehoeeudr etlerent days within a
media reports of flobavegbeaénhimchthaeedi te area
Tab42z Observation
First Sit®cvobet 2823
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Photograph by autf Photograph by au ) Photograph by ay
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| olwi ne bridge with the road i s-ldmea blrdwvdg ¢ fl owing below. Ther The road #Hd nen bai
bel ow. Hennops River f1¢ residential apart me the Hennops River
Second SiOti&Nowiesmiz® 2 3
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Photograph by aut't
) ) Photograph by au
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441 mplications of the findings

Thi s chapter explores the alignment bet ween
literature. Regarding LI D msma&s utrhees, c rtuhcei all i tre
stor mwat er management plans in mitigatialg. ur
(2022) advocate for t he i mpl ement ati on of L
management challenges within the context of |
Further mor e, buil ding regona20né®) wot ke of mpo otk
comprehensive flood risk assessments i-s highl

stage approach underscores the needi $loramedaso
to guide the implementation ofesef fiencctliuvde nfgl c

strategi es.

The Disaster Management Act of 2002 provides

reductionjingmphasneed for integrated and coor
efforts at all | evels of government. The CoT |
including a Flood I ncident Management Pl an a

mai nt enance.s Hoiwehvleirghtaed by Participant Two,

initiatives is hindered by inadequate proacti
Regarding wetland protetct(d2dn9)st dowashbndP( &K
Kundzewicz and Pinskwar (2022) wunderscore the
water flow and mitigating flood risks. The 1| o
i nadequate drainage i ncfrremassteasucftluoroed sviuglnniefriachainl
areas, aseckmMpyhaRdsearch Participant Two.

Furthermore, as eto(a2l0.2hy, Axdlessoncr easaitngnpr es:
on | imited | and resources within urban areas
of existing wetlands as critical components o
I n conclusion, this analysis demonstrates a

ndings and existing Iliterature on flood ri
ndemgksedihe critical -fraeceed efdoraparmalcthi t o fl o
encompassing the Lmhpéasmenésti omeoprotection
enhancement of stor mwater dr ai na-ge niscyi sptad ms

coll ab.orati on



45Bri ef Chapter Overview

The cuhmaemntr cfocused on the analysis of fou
prevention in Centurion, drawing upon insight
Firstly, t he anal yslisbeeaxsaummiense, d itnhcel urdd Inegg dafh e

Pl anning S€Coh®dms,asttiee ManagaoMidPal iPdyw/nNattihenal

Act , the City Support Progr am, t he Gauteng Ci
Response Strategy and Action Pl an, and the K
Management Pl an. A key observationplwass tdmrd i n
regulations in safeguarding watercourses and

blue i méraséeé principles and flood |Iine regul a
Secondl vy, the chapter highlighted the signif
particularly in the upper catchment areas, w h
including Centurion.

Thirdly, the analysis focused on the critical
i n maintaining tghreeiyifumadt omattuneg oDdch as sto
systems. The chapter highlighted the challeng
from the wupper catchment areas and the i mpor
undertaken bgyo vieo manle ntsathi cowrsganodo prevent ur bai
Centurion.

Finally, the w@aendaltylse scremphaimuneedpdlor calnltaelo
Re c og) mig t hat flooding i n Centurion i s i nfl
nei ghbawrmiircg pal i t iGosE (Miednba)isda,,t he Kaal spruit
Resilient Cat chment Management Pl an ai ms t o
addressing flood risks. However, the politica
munici pal admini strations dare damspd eaneallt lad i gpes
coll aborative initiatives

Therefore, the above findings and anal ysi s

conduct edmuwn ithiagindedlee kK p eThen.ext chapt esuwmbhlryprov
of the key findings, contributriecrmsnmen dtolre orness «
future ,rammdeaxronmbassdden findings and anal ysi s.



CHAPTEREXOMMENDATI OBR®O®NLANDSI ON

5.1 Ilntroducti on

The previ owrspadked etrhe primary data coll ected
senrsit rucitmutrerdvi ews with four paanrddieciap d retds ,e tthh r
consideration, chall enges encandt e@rhed sduraitreg
i mpl emented to overcdme tChesenthahdanpat gfesri st hteh
study paedent s a comprehensi ve S unphoatreynt oh 1l t
contribotitdhmes research, study Il imitations, rec

and con&lktisi ensthrai mgedrmhah agmast benavresd i grad e

revi ewkids involved examining the interplay b
management regulations, and disaster risk red
The rest of the chapt &ecisoat buRt predi desf alls
key findings that emerged from the data anal.y
contributions of this research to the field o
the study | irmictoantmemmnataonds for future researc
understanding and mitigation of urban fl oodi
cont éxt Secti dn n@lb ygofSeecrtsi omonsbc.l udi ngermralmar ks
research findings.and their implications

5.2 Summary of the Key Findings

Key findings revealed significant | imitations
Centurion. Analysis of the CoT Town Pl anning
year flood |Iine, indicated that itemBgnnopsade
River, especially <conssaderoinn ga ntdh ed eovneg coipnnge na r

catchment aCroedansd otdhEet hCe

Despite the existence of a Flood Management Pl
persist in effectivikRe e aRiadrhitd ot ¢praghdk howlde d g sd s
municipality's efforts, including the develop
and t he encouragement of regul ar mai ntenanc
Res

efforts, highlighting t he rel i agnocveer mme né¢ xat e

eaRarht i ci pant seTdwot heemprheaesd f or enhanced pr oc

orgsanii smsh as Hennops Revival to address th

mai ntenance progr ams.



Research Participant Two emphasised the criti

activitiesPreveniagi vhamal ntenance are typicaea

on

e

of the things that we've done to compensa

(memorandum of Juwidtelr s gparmodiinntg or gani sati on <call

Revival . .. Now she's got -aWgrrroigaoaramme Tchady ed] e
those stormwater drains. So, we're trying to
mai ntenance tlgadonendty b&ienr egi on

Further more, Research Participarntni t-ivakiskg ess
measures, SWiathi tdghet fdtoo'ds, so you've got your
your proactive work and your proactive mainte
you have to then come in with.all your contin
Additionall vy, the Flood Mitigati bap@®dtamerits dfn
Roads and Transport in the municipality, wh i
munici pal mai ntenance plan for disaster. Thos
fromLlalmeasur e ciumpleenmdrnyt ed i n Eher onaamh e mptal o
wetl ands in the upper catchment and service d
ur ban areas.

Key findimgesv emtithme smecamsuires delivery for gr e
l acking inturalhainmnevaagertadsy ap ardte ogdfr i mary d-at a. Fi
FIl ooding Season Activities that is in referen
the rainy seassnltiSegontthg, pdepose of this ta
ends up in the HennopshmRéenmerof rtometiKaalupprui € :z
during the interviews, from twesewedrhe ddow hd
river by removing debris created from the rul
This was according to Particesphhtnghieewwhki
muni cid@tathe tryi, sk of flooding downstream and ev
Hart(iksrt bePampWhen | started t wo-syidarisngb a cTkh e
year after that the fhaadihg wasvmoobB ess be
go into the hotel. The water went under the
Because there was no space for the waThirs t o f
l ed to a decrease i.Entftoadhmgnt noft hee talraerads
catchment area would indicate that there are
metropolitan can use to prevent flooding in ¢
delivery with other mumatc i wldesl i éamee snats prti oirs
government bodies and community members. Henc:



of the participants regarding the encroachmen

flooding due to acti viAnioetghreme tmei@acwi gasr was c h|

key in thethendmpost aked etntjeargsnerdt partner shi
during critical ti mes such o#®s tdicsad s tseurpsp oirmn ik
supporting governance and |l egislatidinn ctami 4 r a
day andi agéerence to how political |l eaders f a
|l egi sl ation. Solutions in terms of redudathitena
on t he danger s of-l ilniev,i ngetdnands f haddor buil
i nfr astAdudcittuiroen.alalns boundary municipalities ar

barriers that constrain the prevention of fl
reference to theanudpwpreircicpaatldhmemnsendioe ci ag kit ogv
pl anning sBdh&aneéer aUsepdliicenwcen bluWheéeméasastru

Tshwane Town Planning Scheme speaksAohdB&cti on

(Act 36 of 1998), mentions the i mplementation
flood line in any |l ayout plan produced to the
l ack of implementation of the town bpuragnnandg s
t he CEKuwyr todhliesmp atches | ower catchment in Centuri

debrisranwdhtsetrodrainage clogging along the Hen

I n conctl hkseifyd m,dti magts were foundedurgagi ohehave
what makes Centurionawtdiheemabbarées €Lubppbpdnnby
prevent flooding i nanyhei nmsrteiat,utd rodhd Inldaddeslit ya,c | ¢
i mpl ement at i opnr eovfe nfelaosondr ersi sikn Cent urion. The &
it possi blanstwerf urhteherresearch question and tF

i mplicati-pnsnenafkaedof Centurion.

5. Botenti al Obthit s | Baud e amach

5. 3nhanced understanding of flood risk factor
The study provides valuable insights into the

within the Centurion areasatiimal udviennd atnlde einrop @

i nadequate stor mwat er drainage, and t he i n
nei ghbomuninongpalities.

5.3.d2entification of critical gaps in existing
The study highlights the | imitations of curre
potenti al i nadeyearcyflodod hlei leD0and the <chall

mai ntaining stormwater drainage systems.



5. 3Enphasis on the #tmamarctigprad e cofl | iarbtograt i on
The study underscores the critiCaml Qlede danfdor c

t h@oEo address flood risks within the shared

5. 3Addvocacy for t hei mpmacetgrdaetvieolno porientow LI D) me
The studyesesmphasi mportance of incorporating LI

and devel epmantet 1l ood resilience.

5. 3Hi5ghl ighting the cruci al role of wetland pr
The studyseemphascritical role of wetland prot
the need to address the ongoi ng e gactriooanc hamed t

ot her human activities.

5. 3r6oviding a framework for future research a
The study provides a foundation for future |
Centurion and ot her ur ban areas facing Sim
recommendati ons can inform the devel opment of

and stg adtegtiee | ocal , regional, and national I

5.14i mi toaft itohne f i ndi ngs

During the <course of the study, various i m
di sclosed, as this provided insight into the
were the delayed avaéspobnsiveneand dfheparotni ci f
maj or l imitations influenced the data in terr
fifteen suggested participants to four parti
l i mitations, the use of obser vatviomi tnmsd tadtiod sa g ¢
in covering some of the gaps in the investigat

in the findings and recommendations of the st

Additionally, the study focuses on specific p
not l'imited to the three spheres of gover nme
businesses. Individual seshgggesapgldy ushingh tweul
worked as the research aim was to investigate
planning and | and use management regulations
ri sk reduction that havermeaam eaddoplingd hien cwrl Ba |
Centurion. Therefor e, community interviews wo
addressing challenges faced by I ocals in the
who should be taking accountabohimgasoresnobats

on urban planning and | and use management r eg:!

cy



i n Centuri on. Further mor e, prevention measur

government with the assistance of various sta

Even t hough t hese l i mitations occurred, t he
observation dat a collected during t he site
responsibility lies for the flooding in the C
takemmf t her e. I n conclusi on, more can be don

i nstance another research design could be us:e¢
work on time management or explore the sample

addres diesg | i mitations future researchers can

55Recommendfoi ot ure Research
Thi s chapter presents key recommendati ons

met hodol ogi cal , prred cattiecda la,s peercd sp wlfi ayhe i nvest
5. 5Poll-Reyated Recommendati ons
1 Review and Enhance Flood Risk Assessment

The current FIl ood Disaster Risk Assessment re
| osad i and -srpeegciiofn ¢ approach rather than a bl a

entire municipality.
1T Strengthen Legislative FrameworKk

The Disaster Managsement d Abe efre@®@@f22hened t o
di saster resilience and sustainable devel opme

context of flood risk management .

9 EnhanceMunterpal Coll aborati on

Stronger coll aboCaT itong b&n detttlse tcheci al , parti
the context of the Kaal spruit Climate Resil:i
coll aboration shoul d i nclude regul ar f or ums

coordinated flood mitigation efforts across m
1T Reinforce Mdmiwsi ppanld Byand Use Management Pl

The municipality should 4 awesr awmsll y a@ndf asee max
pl ans, ensuring their alignment with the Nat

i ncorporatinglLtifbe principles of

c o



5. 5Pr2acti cal Recommendati ons
9 Review and Update Building Pl ans

The municipality should review and wupdate bui
ensure compliance with the Tshwane Town Pl ani
Section 144 of the National Water Act.

T Enhance Stor mwater Drainage Maintenance

Regul ar and proactive maintenance of stor mwat ¢

i nvol ve i ncreased munici pal resources or col
Hennops Revival to address the issue of debri
f umcmtiing of the drainage infrastructure.

T PriceiWetl and Protecti on

The protection of wetl ands, a critical cCompc
prisedi ttihrough measures such as fencing and t

prevent sedimentation and debris accumul ati on

5.5.n8pl ications of Il naction

Failure to implement t hese recommendati ons &
through integrated and coll aborative approact
Continued vulnerability to flooding wi || r
infrasdigscuptéon, and environment al degradat.
potenti al for wi despread damage to property
buil dings, and busi nesses, coul d l ead to sig

i ncludi ngp oppoutleanttiioanl di spl acement and conseque

municipality.

This chapter underscores the ufrggeeatte deaepgpf oact
flood risk management sivintghitrh eCd mtpuwmmiticarn,c ie@rag h a
coll aborati on, effective i mpl ementati on of e

protection of critical natural resources such

5.6 Eomal usi on

Final rebmeat demef opment al pl anning context w
framewor k, it i s i mpdrdpagpmrrto atcd iamp lae npe retv etnit @ o |
assist the investigation that ai med at di sco
been i mplemeptedei ar £ heooldif®pe ntawcrhi cem.sur es t ha

TN



pl anning and | and use management regulations

during heavy rainfalls. This is key as it wildl
be it from the upper and | ow catchmérmrst tar eas
i mpl ement planning regulations tsheofDiassasbhDiesast
Ri sk Mitig&biFdmoll dms,i dent MahWwadgeme UtsePlILar,en
Policy, FIl ood Mitigation Pl an, and the town

hi gher Il evel. Yes, capacity is an issue in de
having pollil®&pmr awwncdreees such as | and use manag
instituti-tomackt odefvaesltop ment pl anning processe
i mperative to note that the upper catchment | ¢
in the | i wdrhet wprrda maewi edata coll ection and t he
t he -vsiistiet s . One should acknowledge that deal i
could be an issue because each municipality

muni ci-paws bgdduba management plans focus on or
addressing flooding as the bases come from ¢t
results from the | iterature appear to be con
research has inmmevaensst igfatiedt ecreati ng muni ci pal.i
Africa through provinci al SDFs that could hol
i mpl ementing the Disamsd et hiddiawsa lgagnnde nWa tAecrt Us e |
policies.

TherevYoreerabilities do exist from prevention
take account of any hindrances faced by bl ue
municipalities need to take the opportunity t
Di saBMapragement Act. I n the case of Centuri on,
whereby internal departments are lacking in pr
stakeholders to assist in theegsrcernvetnda i pnemmdr
fl ooding even though it is not based on preve
stor mwater drainage maintenance systems withi
area
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APPENDIXONFI DENTI ALI'TY AGREEMENT BET
RESEARCHER AND THE CITY OF TSHWANE N

City Strategy and Organizational Performance

mwewmumru«.mm Block D | Tshwane House | 220 Madbs Stroet | Peetons |
PO Box 440 | Pretonia | 0001

2 Tet: 012 358 2182
CITY OF Errad: [Ratualb@stwnng 20y 20 | www ishwin Sov 28 | www £cobook comiCryO!l Tehwane
TSHWANE
My ref: Confidentiality Agreement (V2) Tel: 012 358 4559
Contact person: Pearl Maponya Email: PearlMap3@tshwane gov.24

Section/Unit:  Knowledge Management

CONFIDENTIALITY AGREEMENT BETWEEN THE RESEARCHER AND THE CITY OF
TSHWANE MUNICIPALITY

(To be completed by researchers who requive access to conduct research within the City of
Tshwane Municipality)

Name of Researcher | g 000 o

Name of Institution | ;ersity of the Wewatersrand
Research Topic/(Title

Investigating flood mitigation strategies adopted in flood-prone areas
of Centurion

|, the undersigned, acknowledge, understand and agree to adhere to the following conditions of
access.

(Insert details of dataset fields and other information to be accessed in course of research)

« | will maintain the privacy and confidentiality of all accessible research data and
understand that unauthonzed disclosure of personal/confidential data is an invasion of
privacy and may result in disciplinary, civil, andfor criminal actions against me.

+ | will not disclose data or information to anyone other than those to whom | am authorized
to do so.

* | will access data only for the purposes for which | am authorized explicitly. On no
occasion will | use research data, including personal or confidential information, for my
personal interest or advantage, or for any other business purposes.

¢ | will comply at all times with the City of Tshwane's data/information security policies and

confidentiality code of conduct.
Coy Serstegy and Ovga d Perk: * Seadetramagie wn Ovgaris Prastasie + Lofaph s Thalagorrys ya Tima fe Togamuno yo Toropolgalo » Lindbyangs
wradatlenis ruvuhengs d-dneeko b e = Kgore yo Lasnopeskarys ls Torepudgols le Budvagmh bis Mrusepels * Mohushe we Viopules As Darsbe
Mhubwm va Mashasrele + Ndsrario yo Maghergs yo Dorobalesio no Matichele 13 Mospals » Unneyangs Wessgvngs Ladskibdy Nokuscherms wesbburge



* | am informed that the references to personal, confidential and sensitive information in
these documents are for my information and research purposes, and are not intended to
replace my obligations under the Data Protection and Privacy policies and regulations of
Republic of South Africa.

* lunderstand that where | have been given access to confidential information | am
under a duty of confidence and would be kable under common law for any inappropriate
breach of confidence in terms of disclosure to third parties and also for invasion of
privacy if | were to access more information than that for which | have been given
approval or for which consent is in place.

« Should my work in relation to the research discontinue for any reason, | understand that |
will continue to be bound by this signed Confidentiality Agreement,

27/07/2023

Researcher Signature Date

Da

yp



APPENDIIXNDERVI EW QUESTI ONS

10,

11.

12,

13.

14.

15.

Emergency Services Department - Questions

Are wetlands protected along the Hennops River?
Are there mitigations in maintaining old drainage infrastructure, especially in low-line areas?

What is the best mitigation system that one can use between structural measures and,/or non-
structural measures?

Do you think the Programme of Action for the Implementation of the Sendai Framework for
Disaster Risk Reduction 2015-2030 in Africa [PoA) is effectively implemented in South Africa?

What causes the sedimentation in the Centurion Lake?

Is there capacity in local government to address the prevention of flooding urban such as
Centurion?

Does the municipality get assistance from the MNational Disaster Management Centre? And
how

Is there integration between municipalities, provinces and national and the Disaster
Management Act? To provide prevention measures that are core to disasters in South Africa?

Also, are policies within these spheres of government aligned to be implemented in local
government with the assistance of the Disaster Management Act?

What causes flooding in Centurion, especially around the lake?
What is and what happened to the Centurion Lake Rehabilitation Plan?

Which agendas and agreements from a local and international perspective have been put in
place to prevent flooding in the area?

What attributes make Centurion vulnerable to flooding?
What institutional barriers constrain the uptake of adequate flood risk prevention measures?

Do you think concepts such as the Spong-City Program can be used to mitigate flooding in
South Africa?



10.

11

12,

13

14.

15

16.

17.

Department of Stormwater Management and Department of City Sustainability

Questions

Are wetlands protected along the Hennops River?
Are there mitigations in maintaining old drainage infrastructure, especially in low-line areas?

What is the best mitigation system that one can use between structural measures and/or nan-
structural measuras?

Do you think the Programme of Action for the Implementation of the Sendai Framework for
Disaster Risk Reduction 2015-2030 in Africa (PoA) is effectively implemented in South Africa?

What causes the sedimentation in the Centurion Lake?

|s there capacity in local government and the national disaster management centre to address
the prevention of flooding urban such as Centurion?

How has the Disaster Management Act 2002 been implemented within local government?

Is there integration between municipaliies, provinces and national and the Disaster
Management Act to provide prevention measures that are core to disasters in South Africa?

Also, are policies within these spheres of government aligned to be implemented in local
government with the assistance of the Disaster Management Act?

What causes flooding in Centurion, especially around the Centurion Lake Hotel?

. What attributes make this area vulnerable to flooding?

And are they sustainable?

. Are there any constraints to these prevention measures?

What is and what happened to the Centurion Lake Rehabilitation Plan?

. Which departments participate in the Hennops River Forum? Is this forum helpful in resclving

flooding along the Hennops River?

Which agendas and agreements from a local and international perspective have been put to
prevent flooding in the area?

What institutional barriers constrain the uptake of adequate flood risk prevention measures?



10.

11.

12,

13.

14.

Academia — Experts - University of South Africa - Questions

Are there enough mitigations in maintaining old drainage infrastructure to accommodate
disaster, especially in areas affected by flooding?

What is the best prevention and mitigation system that one can use between structural
measures and/or non-structural measures in a disaster?

Do you think non-structural prevention measures work?
How can one sustain green-blue-gray infrastructure in areas that are affected by flooding?

Do you think the Programme of Action for the Implementation of the Sendai Framework for
Disaster Risk Reduction 2015-2030 in Africa (PoA) is effectively implemented in South Africa?

Are stakeholders such as NGOs, government departments, and the private sector aligned or
willing to combat urban flooding in South Africa?

Is there integration betwesn municipalities, provinces and national and the Disaster
Management Act to provide prevention measures that are core to disasters in South Africa?

Do you think the Disaster Management Act has been fully implemented within the
municipality?

Has the National Disaster Management Centre been able to ensure that municipalities are
legally complying with these acts?

Also, are policies within these spheres of government aligned to be implemented in local
government with the assistance of the National Disaster Management Center?

What makes an area vulnerable to flooding?

Are there any constraints to providing prevention measures to local government from your
perspective as an academic?

Which agendas and agreements from a local and international perspective have been put to
prevent flooding locally?

What institutional barriers constrain the uptake of adequate flood risk prevention measures?

yy



APPENDI X E: LANGUAGE EDI TI NG CERTI FI

==L =

22 Osche Street
The Reeds
Centurion

0157
02 February 2024
TO WHOM IT MAY CONCERN

This certificate serves to confirm that | have edited O Kutumela’'s dissertation entitled,
INVESTIGATING FLOOD MITIGATION STRATEGIES ADOPTED IN FLOOD PRONE
AREAS OF CENTURION, CITY OF TSHWANE MUNICIPALITY.

| found the work easy and intriguing to read. Much of my editing basically dealt with obstructionist
technical aspects of language, which could have otherwise compromised smooth reading as well
as the sense of the information being conveyed. | hope that the work will be found to be of an

acceptable standard. | am a member of Professional Editors’ Guild.
Hereunder are my contact details:

=

Jack Chokwe (PhD)

Contact numbers: 072 214 5489

jackchokwe @gmail.com

Professional o
EDITORS

Gullc

y ®
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