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Abstract.

A by-product of the apartheid era in South Africathat nost informal settlements in Cape Town
are situated on mginal and often poorly drainetand. Consequentlynost of these settlements
are prone to floodingfter prolonged rainfallInformal settlements are often characterised by high
populationgrowth and pooiinfrastructure.Current flood risk managemetgchniquesmplemented
by the authorities of theCape TownCity Council (CTCQ are ideal for formally planned
settlementsbut are not designedo support informal settlement#n fact, owingto a lack @
information about the levels of flood risk within the individual settlementsCT&C has often
either beenuninvolvedor it has implemented inappropriate remedi@gthin such settlements.
Various authors purport that themadequateflow of information beveen all stakeholderbas
hampered development sfistainable flood risk managemesitategies Using a case study of a
flood prone informal settlement in Cape Towimis paperdemonstrate a methodology fothe
collection and integration ofommunity basd informationinto a Geographic Information System
(GIS) that can beused by theCTCCfor risk assessmenin addition, this paper shows hogata
collected from communities cademonstratemicro levels of vulnerability and guide risk
management strategieBhis work contributes to the body of Participatory GIS (PGT&goverall
contribution of thisvork lies in demonstrating practical participatory approachto data collection
for GISthat is usedfor developmenof sustainableflood risk managemerstrategies ininformal
settlements
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1 Introduction

1.1 Background

The policieshat govern development Dape Town are typically structured to mitigate hazards
such as flooding. Heever, rapidurbanisation inCape Townhasled to the birth andspread of
informal settlements and high density townshipkich do not subscribe to typical town planning
norms. As of 2007, there were approximately 109,000 families living in informal settlen@nys (
of Cape Town2008).

Tablel. Occurrence of informal settlements in flood prone areas (City of Cape Town, 2009

Flood hazard locality Affected informal settlements | Estimated no. o dwellings
affected

Storm water ponds 7 457

Environmentally 2 927

sensitive wetlands

Trapped low-lying areas 33 3885

Flood plain or within 18 1848

25m of water course

In addition muchof this development has beafong the 30%kilometresof coastline and on
inland areas prone to fiding such as natural drains and flood plajSee Table 1)A number of
reports point out the extensive effect of floodingtheseinformal settlementsThe City of Cape
Town (CTCQ) conducted a study in three informal settlemengsnelyJoe Slovo, Swediome and
Nonqubela KSection in KhayelitshaThat study reportedhat 83% of the residents had been
affected by flooding (City of Cape Town, 200Bouchardet al. (2007) report thatduring the
winter month of July 2007, 120mm of rainfathd beemecordel over a period of five days in Cape
Town. This led to flooding thaffected8,000 householdsomprising 3800 residentsprimarily
in the informal settlements of Khayelitsha and Philiplum Dwellers Internationa(SDI)
published the findings of theR009 enumeratiosurveyin Joe Slovo, astherinformal settlement
in Cape Townandreported that thpredominant dsaster experienced was flooding (SDI, 20@¥).
the 2748 familes surveyedy SDI, 1708 had experienced flooding more than omnkging threir
stay in that settlemenA studywas conductedn 2009 by the Department of Environmental and
Geographical Science (EGS) at the University of Cape TE@WDT) in Sweet Home Farm,na
informal settlement in PhilippiThis studyindicated thatbecause o& depression in the land on
which the settlement is located, 50% of the settlemexd prone to flooding during the winter
months.A surveycarried out in Masiphumulele, another informal settlemar2010 indicated that
of the 70 households inteewed 92% had experienced floodingn that settlementAll the
aforementioned studiedemonstrate the significant impact of flooding on informal settlements
across Cape Town arlde consequenteed for an efficient flood management policysucth areas
The nex section examines the current flood risk management policy in Cape Town.



1.2 Flood risk management infCape Town

There are severahunicipal organisationsanvolved in flood risk managemenincluding the
Departments of Housing; Sports and Recreation; Waatd Sanitation; Roads, Transport and Storm
Water; Solid WaterCity Health and the Callentre 107 City of Cape Town, 2009)n the formal
settlements of Cape Towthere is sufficient infrastructure in the form of storm water drains,
channels, canalizkrivers, culvertetcto offset any potential floed Such infrastructure is typically
nonexistent in informal settlementSonsequently, wrent responses from tiErCCto flooding in
informal settlementsare focused on post flood eventmterviews with he CTCC winter
preparedness 2010 committee 23 June 201@onfirmed that theCTCC was responsive rather
than preventative in the managemenftlodd risks in informal settlement®esponses includdate
provision ofblankets, sand, plastic, meals and temoaacommodation to victims of flooding in
informal settlements. According to the 2009 winter preparedness strategy (City of Cape Town,
2009) a 7.5% increase from 8000 to 8600 households in July 2007 and July 2008 respectively was
recordedin the number bhouseholdgor which such provision was being madgherlongterm
solutions discussed by thainter preparednesgeam included thepreventon of further
encroachment on flood prone land artbcation of affected householdsis noteworthy that with
increasing populations in informal areas, the cumresponsédo flooding by theCTCCwill become
increasingly unsustainable.

In order to facilitatea sustainabldlood risk management strategpformationon the existing
situationmust be sourced fromlatakeholdersinterviewswith the risk management committee
have revealed that the partnership of the aforementiocB@@€C departments has proven to be
efficient in formal settlements because of the pool of information theydutlectively. That pool
of information allows the risk management team to estimate and pgficiently for potential
flood risk. In informal settlements, in contrashere is a lack of sufficient informatido estimate
flood risks accuratelgndthus to implement flood prevean strategies. This is largely because the
current flood risk management platform does not supgh&isourcing of information fronthe
afflicted communities Consequentlythe aforementioned solutions enacteég the CTCC are
genericsolutions and do notka into account the differing extent and sosrokflood risk in the
individual settlementsinstead strategies are simply replicated across all informal settlements
implying that each settlement améchindividual householdvithin a settlemenis equdly at risk
andprone to sufferinghe same type of floodind\s a resultsolutionsthat are appropriate in some
settlementare sometimes inappropriateothers.

It is also worth notinghat the communities ardTCC officials often have different perceptis
of what the solutions to the problems are #mat this createsvarious limitations especiallywith
regard tothe implementation of proposed solutiorfor instance,interviews conducted with
inhabitants of Masiphumelele indicated that several shaeke being floodedecauseof rising
ground water Currentremediesprovided by theCTCC, such as the provision of blankets for
warmth and plastic to patch leaking rqaf&l not address the probleinsteadthe inhabitants used



the blankets on the floord the shacks in a bid to stem the rising wagatditionally, a number of
shacks do not have electricity and the owners are themselves often illikenate efforts by the
CTCC, such astelevision broadcasted announcements and flyers often do not servialds
warnings ofimpending flood. Similar situations have been identified $gtterthwaitest al. (2007)
andMeyer et al. (2009) who point out thahe major shortcoming of most flood risk management
policies isthatthere isinsufficientcontemplatiorof the varying spatial allocation of rislas well as
thecritical analysis of théenefits of flood mitigation measureBoth studiesonfirm that a lack of
shared information on the part of all stakeholders in solving the flooding prélaleinampered ¢h
development of appropriate andsustainable flood risk management policig€Seographic
InformationSystemgGIS) are currently being used as an opfmrsharing of informatiometween
the various departments of ti&TCC. The next section examines hdhe existing GIS can be
extended to allow for the participation of hitherto excluded flood prone communities.

1.3 Patrticipatory GIS

GIS may be defined as a computer based tool for mapping and analysing spatially referenced
data (Quaret al, 2001). Several (& scholars have identified the capacity of GIS to be usea a
platform for the collection of various forms of spatially referenced daa ¢hn be used for
planning. Quan et al. (2001) also define Participatory GISPGIS) as the integration of local
knonl edge as wel | as stakehol dersd persfPelsti ve:
in the context of planning as a confluence of social actigitlgh aghe integration of input from
grassroots organizationgith government decision makingnd technology in specific places or
grounded geographies. It ¥gorth notingthat the research of the various scholars with regard to
PGIS can be split into two broad themeamely more inclusiveacces®f the various stakeholders
to information in the G3 and the inclusion of information from various stakeholders in a &IS.
more focused area of PGIS is what is now referred to as Public Participation Geographic
Information Systems (PPGIS). The primary aifrthisis to use GIS to provide information thagn
strengthen involvement of communities or marginalized groups in decision makinugsd &
Elwood 2003 Sieber 2006. This paper does not focus on empowermantvever,but ratheron
data integrationSince GIS is already being used for flood risk nggmaent in theCTCC, the task
is to find a means of integrating local community information into the existing GIS.

A number of approaches have baeed to solicittommunity based dat@r integration with
GIS. Depending orthe availability of data, researehs either engage directly withe community
or use already existing information on tbemmunity In an international contextor instance,
Meyeret al. (2009)assessetlood risk in the Mulde River using official statistios the riskprone
communityas well as lad use and flood data held by tleeal authorities. The official statistics
included datasuch as insurance data, taxation data and environmental studies collected within the
area of studyUsing a different approach,ran et al. (2009) usedGIS and local knowledge to
contribute to proper planning amesourceallocation for disastepreparedness in Thua Thien Hue,
Central ViethamCommunityinformationincludedexisting infrastructuredemographic and socio



economic conditions as well as anfmation on the damage and loss caused by previous flood
disasters.Participatory Rural Appraisal (PRA) techniquesich asfocus groupswere used to
highlight the most flood prone residential units as well as factors abatribute to flood
vulnerability. Otherstudies point to different methods of community involvemsuach as the use

of interviews byluliana & Eugen(2009)in Romania a review of thehe use of questionnaires by
Bird (2009) and the actual use of questionnaireAldyot et al. (1998, Abbot (2000)andBouchard

et al. (2007) in South Africaand Raaijmakerset al. (2008) in Spain; andthe generaluse of
ephemeral mapping, sketch mapping and scale mapping by RaetbaldP006). Similar methods
are highlighted byTripathi & Bhattarya(2004) who carried out an elaborate stydgoking at
various authors with regard to the relevanceimaiigenous knowledge (IKand the trends in
integration of IK into GIS.Studieson the sourcing of community data farmal urban areas
generally allow forless interaction with the actual households compared to rural and informal
settlements. This is because the case of formal areagata is readily available from various
sourcessuch as health facilities, flood reports as well as las®hnd insurane registers Abbott
(2000)andBouchardet al. (2007)conducted research on informal settlemgts apart from that,
there has beenlimited research orpractical sourcing of community information in informal
settlementgor GIS. Nonethelesgomparisongan be drawn with methods used in rural settings
Weiner, D. & Harris (2003and Tripathi & Bhattarya(2004) The studies above therefore provide
potential approaches for use in soliciting community information from informal settlemedapen
Town. The next sectionof this paperfocuses on developing a methodology for facilitating the
collection ofsuchinformation from various stakeholders for flood risk management in an informal
settlement. It alsadentifies a method of distinguishingetweenthe diferent spatial allocatiaof
flood risk within an informal settlementhe approach used here has been based on waxktmt
(2000) and Bouchareit al.(2007)because they worked with informal settlements in Cape Town.

2 Approach

2.1 Site Selection

Bouchardet al. (2007) identified lhe suburbs of Philippi and Khayelitsha significantly flood
prone areasSDI was approachefir their help in identifyingaflood proneinformal settlementhat
could be used as a pilot studyonsequentlyGraveyard Pondh Philippi was selectedsraveyard
Pondis an informal settlement located in a storm water catchareatlt is low-lying and contains
approximately 300 householdSTCC aerialphotographs othe area in September 2007 show the
catchment pondvith some strounding structures and aerial photographsaken in March 2009
showthatthe areahas beeralmost completely inhabitedde Figures 1 and 2). A large portion of
the settlement is continuously covered in wéteoughout the year



Figurel. Graveyard30nd September 2007 (Source City of Cape Ta2009

2.2 Data Collection

2.2.1 Spatial and Physical Data

The physical environment in which the community resides had to be analysed in order to
comprehend thehysical factas that were contributingo flooding in that area as well as the
physical factors thawvould eitherincrease or mitigate the impactsafchflooding.

Figure2. Graveyard Pondviarch 2009 (Source: City of Cape Toywd010



Aerial photograph®f Graveyard Pondaken in March 2009vere acquired from theCTCC. In
addition GIS mapglepicting geographical data the same areauch as roads, storm water drains,
contours, sewer linesgljrection of flow of ground wateasind cadastral dateere also acqued from
the CTCC. An overlay of the cadastral data on the aerial image revealed that there was no cadastral
information within Graveyard PondThis is typical of informal settlements that have not been
zoned as residential areasbbott (20@) showed thatin informal settlementsvithout cadastral
information, the piece of land that tise mostvital to individual households is that on which the
accommodatiorstructure is situatedlhe individual shacksvere therefore adopteds the basic
spdial unit to which the social and demographic information could be linké&te GIS.

2.2.2 Social and Demographic Data

A participatory approach to flood risk management reduine collection of information from
the communitiesictually affected by th#ooding. The information in the social database inctiide
basic profile of thel n h a b iedueatiohlesvéls employment and skillscoping mechanisms
health,andfrequency of exposure to floodinlj also includedany other factors thahight assistm
assessinghe vulnerability otheseshackdwellersto flooding. The collection of this data involved a
number of steps.

Firstly, the community leaders within the settlement were identified with the halpredyos
working with SDI. Meetings were helavith these community leadersduring whichthe various
types of flooding experienced in the community were discussed. It was noted that flooding occurred
from rising underground watefrom the combinatiorof leaking roofs and depressed flooand
from poor drainage during rainfalwhi ch the | eaders described as
waterborne diseases, employment and welfare grants were also noted.

Secondlypecause questionnairead beemsed byAbbott (2000)andBouchardet al.
(2007)in their studies oinformal settlementss questionnaire was designeih the help ofSDI
that includedall the factors discussed. It included questions on income, employment, length of stay
in the settlement, gender, health, methods of adaptation, tyfleedihg, and proposed mitigation
measuredn order to link the questionnaire to a household, each questiomesralso designed to
include a section to mark thespective shack numbef the interviewee

~N
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Identification of Discussions with Development of
informal settlement community leaders questionnaires

Enumeration
and mapping

Data verification — Data integration —
by community and analysis

J

Figure3. Social and demographic data collection steps



Subsequently, six experiencsdrveyorsrom within and around the settlement were selected to
carry out thesurvey The site wadlivided into six sectionseach of which wasallocated toa
surveyor They wererequired to mark the shack number of esisited shackon a printout of the
aerialphotographsin addition, any differences between the actual appearartbe siiacks on the
ground and on the image veemarked on the printed aerg@hotographsThe questionnairesilso
containedthe nameof the enumeratorso that if two shacksin different sectiondhad the same
number, the individual questionnaires coulddiginguishedby the names of the enumeratofs.
workshop was then held to train each enumerator in map reading so that they could accurately mark
the shack numbers on the aepabtographsThe surveyitself took three days and approximately
270 households were interviewetdihe questionnaires wetken captured into a spreadshemsing
the shack number as the primary identifier for each questionnaire.

After the completion of thesurvey the printed aeriaphotographswvere used to digitise the
shacks in the GIS. The shacks were digitised from diseer aeriaphotographgprovided by the
CTCC, takinginto accountany amendments by the enumerators. Also, the shack numbers marked
by the enumerators in the printed sateilit@geswere used as identifiers of the digitised shacks in
the GIS Since both th spreadsheet and the GIS had corresponding shack numbers as database
identifiers, a spatial joircould becarried out in the GIS software to link the questionnaires as
attribute data for the corresponding shacks. The spreadsheets and digitized mapkewere t
presented to the community at the local community hall to verify that the captured dataeets
accurate. The verified data was then analysed to tease out any spatial correlations in factors
regarding flood risk in the settlemenf major setbackn the data collectioprocess waghat not
all respondents answered #ik questions. Sometimes the heads of household were absent and the
respondents did not have sufficient knowledge of the answers to the questions posed.

3 Results

During analysisit was particularly important to find out if this participatory approach to GIS
could inform the disparities in levels of vulnerability to flood risk as well as suggest potential
solutions to mitigate flood vulnerabilityThe questions on types of floodingdamcidence of
disease from thguestionnaire showespatial disparities in riswithin the settlement

3.1 Type of Flooding

Based on the statisal reportgenerated from thguestionnaires94% of thepeople interviewed
reported that they experierttBooding every winter. In addition, 70% of the respondents sthggd
anupsurge of underground water was responsible for the flooding. Avasreated to show the
types of flooding relative to theopitions of the shack&igure 4.
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| Figure4. Types f flooding experienced in Graveyard Pond

Three maincauses of flooding were mappedamely flooding from undergroundwater,
flooding from le&ing roofs, and flooding by ruroff waterwhi ch respondents re
flood i nFgodn the mapit was noted that the majority of the shacks prone to flooding froroffu
water werdocated orthe peripheryf the settlementlose tothe roads and adjacetatformalised
developmentskFrom the questionnaisgit was also foundhat mostrespondent®n the periphery
often dug trenches to divert water away from their shacks as a means of mitigating the flooding

(Figure 5.

During heavy rainfall, water channelled along the roads and built surfaces of the neighbouring
formal develoments flows into the settlemeriirst flooding the shacks on the periphery and then
flowing along therenches into the centre of the settlement. Since the centre of the settiessnt
a lower altitude thanhe periphery, the ruoff water collects inthe valley hence the rising
underground water. In the vallesesponses include the use of sandbags and covering the floors
using blanketsand concreteas well as raising shacks on wood and stones. The type of flooding
affecting the shacks determine® ttype of response required by the respective shack dwellers. It
thereforemakes sensthat the responseequiredto flooding in the shacks on the periphery of the
settlement and those in the centre are appreciably different.
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Figure5. Methods of flood mitigation

3.2 Incidence ofWaterborne Diseases

Part of the questionnaire investigated the incidence of waterborne disease in the settlement.
During thesurvey more than 10%of the respondentmentioned the occurrence of rasha the
winter. Subsequently,tiwas found that the shacks with respondents suffering from rashes in the
winter laywithin a 5m buffer of theindergroundstorm water drain in the settlemdftgure 6. On
further enquiry intocommunitysanitation,it was alsofound that there was a shortage of toilets in
GraveyardPond
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| Stormwater Services Buffer ||
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There were 15 public toiletscated in the South West &fraveyard Pondwhich werefor the
use ofthe entire settlement of appraoxately 270 householddncidentally, satistics from the
guestionnaires also showed that there was an average of three people per househadivs
with the community leaders revealed that a number of residents eithértaikds in the
neighbouring sttlements or buckets as makestuoftets Figure 7).

Figure?. Types of toilets used in Graveyard Pond

The residents with access flush toilets were either located close to the public toilets or on the
periphery of the settment making it convenientfor them to access toilets in neighbouring
settlementsThe shortage of toiletwas confirmedduring thesurvey whena number of residents
were dserved using buckets ésmporary toilets dumping theirexcrement intcan open $orm
water drainin the settlementAny leakage in the storm water drawsuld allow the contaminated
water to seep to the surfasghich could be a plausible cause of the rashdwuseholds located
around the storm water drains.

The results fromthese two questions showedhow participatory GIScould contribute to
developing strategies to mitigate flood risk and vulnerabilitye GIS on its ownhowever, would
not be able tgprovide sufficient information to infedifferent levels ofrisk within the silement.
However with the addition of ta informationfrom the questionnairesthe GISbecame a more
versatile tool founderstandinghe existing situation andentifying appropriatelecisiors.

The results from the analysis above were shared witbamenunity leaders in Graveyard Pomd.
They have subsequently used it in discussions witlCTheC officials and reported that tHeTCC
found the thematic maps informativ€urrent CTCC efforts have now been directed towards
identifying potential location of toits. The actual GIS data will be provided to B&CC at the
request of the community leaders.



