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Abstract.

Ruralurban migrations have contributed to the steady increase in the population of Cape Town.
Many of the migrants have settledinformal settlements because they cannot afford to rent or buy
decent housing. Many of these settlements are however located on marginal and often poorly
drained land. Consequently, most of these settlements are prone to flooding after prolonged
rainfall. Current flood risk management techniques implemented by the authorities of the Cape
Town City Council (CTCC) are not designed to support informal settlements. In fact, owing to a
lack of information about the levels of flood risk within the individutilesaents, either the CTCC
has often been uninvolved or it has implemented inappropriate remedies within such settlements.
This study sought to investigate a methodology that the CTCC could use to improve flood risk
assessment.

Using a case stuygl of an informal settlement in Cape Town, this study proposed a methodology
of integration of communitpased information into a Geographic Information System (GIS) that
can be used by the CTCC for risk assessnhergddition, this researcdemonstrated the usé a
participatory multicriteria evaluation (MCE) for risk assessmeht.questionnaire &s used to
collect communitypased information. The shack outlines of ithiermal settlementvere digitized
usingCTCCaerial imagery. The questionnageere capturedising spreadsheets and linked to the
corresponding shacks in the GIS. Risk weights were subsequently calculated using pairwise
comparisons for each household, based on their responses to the questionnaires. The risk weights
were then mapped in the GISsioow the spatial disparities in risk.

Key words: Informal settlements. Flood risk managemeMuilticriteria Evaluation.GIS.
Participation. Risk weights.



1 Introduction

1.1Background

In the period between 1996 and 2005, floods have had devastatiots @ffiethe continents of
Africa, Asia, and the Americas (Satterthwagteal 2007). It is reported that, during that period,
there were 290 floodisasters in Africa alone, which left 8,183 people dead and 23 million people
affected, and which caused eoamc losses of $1.9 billion (ibid). Similarly, 472 floalisasters in
Asia over the same period killed 42,570 people and affected 1.3 billion people, and were
responsible for economic losses estimated at $129 billion (ibid). It is also worth mentiorting tha
floods were the most frequent natural disaster in Africa and the most common in Asia during that
time period (ibid). Magriret al (2007) recounted that the incidence of disasters related to weather
have increased 2.4 times between 1970 and 2005, andimeozases are expected in the future.
Studies on the changing weather patterns in South Africa predict increased intensity of high rainfall
events (Masort al, 1999). Incidentally, Satterthwaitg al (2007) reported that climate change has
the potentiato increase flooding risks in cities because of rising sea levels and storm surges, as well
as heavier and prolonged rainfall and increased river flows.

Satterthwaiteet al (2007) investigated the propensity for flooding in cities and found that urban
areas are prone to flooding when it rains, since buildings, roads, paved areas and other infrastructure
often prevent water from seeping into the ground. Consequently, prolonged rainfall can increase
runoff and cause floods, especially where buildings rcgires encroach on natural drains. Also,
inadequate solidvaste management and drain maintenance can lead to clogged drains, which in
turn leads to localized flooding even with light rainfall (ibid). However, for most urban
environments, properly mainteed infrastructure such as road drains and channels are adequate to
prevent flooding. Unfortunately, owing to high rutaban migrations, there has been a growth of
informal settlements in cities across the world. The migrants are often too poor to afibmet
housing in the serviced parts of the city and therefore settle on risk proneBimg & Rther,

2005 SDI, 2009).

In a local context, according to the 200&p@Town City Council (CTCC)census report, there
were approximately 109,000 familiéiging in informal settlements in Cape Town (City of Cape
Town, 2008a)A number of reports point out the extensive effect of floodingnany ofthese
informal settlementsFor instance,lte CTCC conducted a study in three informal settlements,
namely JoeSlovo, Sweet Home and NonqubelaSéction in Khayelitsha. The study reported that
83% of the residents had been affected by flooding (City of Cape Town, Bf@%hardet al
(2007) reported that, during the winter month of July 20@avy rainfallresuted inflooding that
affected 8,000 households, comprising 38,000 residents, in the informal settlements of Khayelitsha
and Philippi. All the aforementioned studies demonstrate the significant impact of flooding on
informal settlements across Cape Town #raconsequent need for an efficient flood management



policy in such areasMeyer et al (2009) identified the two main components of flood risk
management as flood risk assessment and flood risk mitigdtipaper will present a novel way
of carryingout risk assessment in informal settlements.

1.2 Assessing risk

A widely accepted description of riskas offered by Crichton (1999and cited by Kelman
(2003 7) as follows

ARi sk I s the probability of a | ogslserabiliymdd t hi
e X p o sHemce, the followingquation was put faard:

Risk = Hazardck Exposurex Vulnerability [1]

Based on this description, Crichton (1999) postulated that if any of thiesedlements in risk
increases or decreases, then risk increases or decreases respectively; an opinion shared by Cardon
(2004). Cardona (2004) also suggested that hazard and vulnerability cannot exist independently of
each other. Hence any changes inandzand/or vulnerability will influence thextent of therisk.
Furthermore, Cardona (2004) pointed out that since hazards cannot be modified; efforts aimed at
reducing risk to a hazard can only be focussed on reducing vulnerability of the exposed
communites or environments to that hazard.

From Equatiori, it may appear that reducing exposure would also reduce risk. Nevertheless, a
different argument was offered by Wilde (1994), Etkin (1999) and Kelman (2001), as cited in
Kelman (2003). They subscribeéd the theory of risk homeostasis, which basically states that
individuals, communities and societies maintain a constant level of risk, irrespective of external
influences (Kelman, 2003). For instance, reducing exposure to a hazard will cause behatiour th
inadvertently reduces preparedness in relation to the hazard and consequently increases
vulnerability. They subsequently contended that external measures do little to influence overall risk
in the long term. Instead, Kelman (2003) agreed with LewisQL8fat, since vulnerability assesses
the processes at work between hazard and risk, and since it is applicable to any hazard, targeting
vulnerability will reduce overall risk to an acceptable level.

Drawing from the arguments of Wilde (1994), Etkin (239%Kelman (2001), Cardona (2004),
Crichton (1999) and UN DHA (1992), vulnerability has a strong bearing on the magnitude of risk.
Consequently, studies into the level of vulnerability of an environment or community to a particular
hazard will invariably povide insight into the magnitude of risk of the environment or the
community tothat hazard. This researttterefore adojgid vulnerability as an indicator of risk.



Kumpulainen (2006) stated that vulnerability could be viewed as a state of conditions and
processes resulting from physical, social, economic and environmental factors that increase the
liability of a community with regard to the impact of hazards. Consequently, Kumpulainen (2006)
adopted the following notation for vulnerability:

Regional Vuherability = Damage potential Coping capacity [2]

Turneret al (2003) stated that holistic studies on vulnerability which are meant to have an input
in decision making should include among others:

1 A study ofall the hazards affecting the system (community or environment);
1 How the system gets exposed to the hazard; and
1 The coping capacity of the system.

This study was therefore focused on assessing these prescribed indicators in an informal
settlement in Capdown. Variations in these indicators will invariably result in variations in
vulnerability. For instance, if a household in an informal settlement was exposed to more hazards
than another, it would have a higher level of vulnerability than the other.a8ynivariations in the
forms of exposure of the households to the same hazard will cause variations in levels of
vulnerability. Hencean assessment atlative vulnerability of a household ahterestto another
householdrequires the consideraticend ©mparisonof the criteria prescribed by Turneet al
(2003) in tloseparticular househokl

1.3 Multicriteria evaluation

Multi Criteria Evaluation (MCE) is used to analyse a series of alternatives or objectives with a
view to ranking them from the most peeéble to the least preferable using a structured approach.
Consequently, Malczewski (19985) distinguished two main bodies of research namely; the-multi
attribute (MADM) and multiobjective decision making (MODM). Attributes are the measurable
guantities or traits of units in a geographical system whilst objectives refer to the preferred state of
the geographical system bginbserved (Malczewski 19985). It is noteworthy that vulnerability
assessment could straddle both types of studies. instane, the economic standing of households
as well as the variety and choice of methods of risk mitigation will very likely affect the ability of
such households to cope with hazards. However, economic standing is an attribute of a household,
and mitigation masures are taken with the objective of alleviating risk. Therefore, the analysis of
the contribution of economic standing and mitigation methods with regard to reducing vulnerability
in this case would straddle both MADM and MODM.

The end result of MCEsioften a set of weights linked to the various alternatives. The weights
indicate the preference of the alternatives relative to each other. They may also be seen as the
perceived advantage or disadvantage when changing from one alternative to anetlicloidé of



methodologies for the calculation of these weights varies from text to text. Several authors (Ayalew
& Yamagishi, 2005; Jankowskit al2001; Yahaya & Abdalla, 2010; Kourgialas & Karatzas, 2011)
have used the methods highlighted by Malczews8D9) when calculating weights in MCEable

1 summarises the attributes of the varibGE methods presented bjalczewski (1999

Tablel Table showing comparisons of method. Source: Malczewski (1999: 190)

Methods in MCE
Feature Ranking Rating Pairwise Comparisop ~ Trade-off analysis
Number of judgements n n nn-1)/2 n<
Response scale Ordinal Interval Ratio Interval
Hierarchichal Possible Possible Yes Yes
Underlying theory None None Statistical / Heuristig ~ Axiomatic/ deductive
Ease of use Very easy Very easy Easy Difficut
Trustworthiness Low High High Medium
Precision Approximations Not precise Quite precise Quite precise
Software availability Spreadsheets Spreadsheets Expert Choice Logical Decisions
Application in GIS | Weights can be imported Weights can be imported  Part of IDRISI | Weights can be importe

The pairwisecomparison method (PCM) involves the most number of judgements because the
user has to assess each alternative individually against every other alternative. This methodology
does however mean that the PCM is quite precise, and since each alternatidedsagyainst the
other, the resultant weights actually represent an accurate hierarchy of preference with regard to the
alternatives.

The tradeoff analysis method (TAM) has the least number of judgements, however, because the
various alternatives arensply altered at the expense of the most preferred alternative. Also, since a
preferred alternative is compared to the other alternatives, it can also be deemed a hierarchical
weighting process with good precision.

The ranking and rating approaches bathuire the user to award weights to the alternatives
without explicitly drawing any actual comparisons between the alternatives. Hence, the number of
judgements is equal to the number of alternatives; however, the weighting is neither necessarily
hierarchcal nor precise.

Furthermore, unlike the ranking and rating methods that have no theoretical bedrock, the PCM
and TAM are developed and based on statistical and deductive theories respectively. The rating
method and PCM are highly reliable, but the tality of TAM suffers when the decisions between
alternatives must be made subjectively. For instance, one user may choose a differafit trade
point in comparison to another user in the very same situation. All the methods can be developed in



a spreadslet environment, but the PCM and TAM have already been incorporated into software
packages, such as Expert Choice and Logical Decisions. It is also noteworthy that each of these
methods can be used to interface with GIS packages by importing the spreadsh&sghing the
weights into the GIS. It is also worth mentioning, however, that the PCM too has been incorporated
into some GIS packages, such as IDRISI.

A holistic assessment of all the attributes of the various methods reveals that the PCM and TAM
are overall the best options. This is because they explicitly compare alternatives to derive their
respective weights. For that reason, the magnitudes of weights can be assumed to indicate the
preference of each alternative to the other. Moreover, becau$e a#tacnative is assessed
individually, the comparisons between the alternatives can be deemed reasonably consistent.
However, drawing both methods into the context of vulnerability analysis reveals a major weakness
in the TAM. It has been shown in the égoing discussion that analysis of social vulnerability
requires community engagement. The choices of coping and mitigation methods, such as new
programs and policies to reduce vulnerability, are largely subjective with regard to the perceptions
of risk ard vulnerability within the social units. Hence, choosing between programs using the TAM
would produce less reliable results than the PCM. For the purposes of vulnerability assessment,
therefore, the PCM is the best option out of the four presented hexdlTE methods presented
here are by no means exhaustive. For instance, other researchers have employed fuzzy methods
(Jiang & Eastman, 2000; Akter & Simonovic, 2005, 2006) and MACBETH (Bana e €bata
2004). Furthermore, #ghorough review and classifiion of refereed journal articles covering
spatial multicriteria decision analysis can be fountaiczewski (2006).

PCM and GIS have been used together by a number of scholars (Gugipahi1999;
Jankowskiet al, 2001; Kyem, 2001, 2004; Ayalew & Yagishi, 2005; Yahaya & Abdalla, 2010).
A study was conducted byalcin & Akyurek (2004) in Turkey. The study involved the
vulnerability assessment of an area located between the Filyos and Bartin river basins in Northern
Turkey. The research focussed ormophysical vulnerability anadonsidered the contribution of
annual rainfall, the size of the watershed, the basin slope, the gradient of the primary drainage
channel, the drainage density, the land use and the soil types with regard to vulnerdb@itiver
basins. The corresponding weights derived from PCM were found to be 0.26, 0.21, 0.17, 0.16, 0.10,
0.06 and 0.04 respectively. The consistency ratio was found to be 0.042, which showed an
acceptable level of consistency in ranking the alternatives. CHfculations were done using a
Virtual Basic Application (VBA) embedded in a GIS package. The weights were then linked to the
corresponding values of the seven attributes under assessment in the cells of the raster data.
Thereatfter, vulnerability maps weecreated, and the authors were able to locate the most vulnerable
areas located between the two rivers.

Yahaya & Abdalla (2010) conducted a similar study into flood vulnerability in the Hadejia
Jamadare River Basin i n ddiomgbéophyseal vulhdrability; and tkes e ar



researchers analysed the contribution of annit
cover and the type of soil to vulnerability in Hadeliea ma 6 ar e. A combi nati on
methods were usdd calculate the weights of these attributes. Each attribute was compared to the
others, and the PCM matrices were calculated using the MATLAB software package. After the
PCM calculations had been done, the normalized weights were found to be 0.339,00.935

0.152, and 0.057, for annual rainfall, the drainage network in the river basin, the basin slope, the
soil type and land cover respectively. Consequently, the highest contributors to risk vulnerability in
the region were found to be annual rainfétle drainage network in the river basin and the basin
slope. A check on the consistency yielded a consistency ratio of 0.0506. Since it was significantly
less than 0.1, the authors found the analysis to be reasonably consistent. Yahaya & Abdalla (2010)
replicated the methodology used by Yalcin & Akyurek (2004) to link the weights into the raster
based GIS data and create vulnerability maps.

The studies reported here show that PCM can be used in conjunction with GIS for risk
assessment. They also showtflonce the weights have been introduced into the GIS, it is possible
to map the values of vulnerability at a particular geographical location. The resulting maps can be
used to infer the most vulnerable places to target for risk mitigation. A critiqtleesé studies
though, is that they were done isolation. The communities around the river basins were never
involved in the analysis and hence the existing risk mitigation efforts were not taken into context
when assessing vulnerabilitynfexamination othe essential requirements postulated by Tueber
al (2003) reveals the need for the participation of the different stakeholders in the determination of
vulnerability and consequenflysustainable solutions towards the mitigation of hazards. For
instance,it is impossible to determine all the outcomes of a hazard in a commuiiihout
engaging with the community. The success of vulnerability assessment and decision making to
mitigate vulnerability is therefore vested in partnershipshis study thereforeadopted a
participatory approach to MCE. The resulting weights were imported into a GIS environment and
mapped to identify disparities in vulnerability.

1.4 Study area

Graveyard Pond is an informal settlement located in Philippi, a suburb of Cape Tdws. It
southwest of the intersection of Sheffield Road and New Eisleben Rauesl.settlement is
particularly prone to flooding because it is located in an area designated as a catchment pond by the
CTCC.

Imagery from the CTCC captured in 2007 clearly depithe uninhabited wetter part at the
centre of the settlement (Figure 2). This specific area is the lowest part of the settlement and it can
stay wet for months on end.
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Figurel. Location of Graveyard Pond

Figure2. Graveyard Pond, September 2007 (Source: City of Cape Town, 2008)



In contrast, imagery from the CTCC captured in 2009, shows an increase in the number of
settlements in Graveyard Pond, especially in the wetter part of thensattl (Figure 3). The
community leader in Graveyard Pond stated that immigration into the settlement started at the
periphery of the settlement, with the population growing towards the middle of the settlement.
People settled in the area because they ladther place to stay, even though they knew it
periodically became wet. Most people living in Graveyard Pond either relocated here from backyard
shelters or from the Eastern Cape. Backyard shelters are informal dwellings located in the
backyards of formatiwellings. Figure 4 shows the state of Graveyard Pond in July, 2010.

Figure4. Flooding inGraveyard Pond, July 2010



2 Approach
2.1 Data collection

The methodology used to collect the data incorporated the methodologies usbdobt al
(1998), Abbot (200Q)Karanja 010, SDI (2009), Turneet al (2003) and Tyler (2011).The data
collection consisted of two main partsapturing the social information from the communitesl
capturing the spatial information using GIBhe social informationncluded a basic profile of the
i n hab educatioiesets employment and skills, coping mechanisimsalth,andfrequency 6
exposure to floodingThe social information was captured by means of spreadsheets, whereas the
spatialinformation was derived fronaerial imageryof Graveyard PondEvery step of the data
collection was done in partnership with the relevant stakeflmolder

Firstly, some experienced enumerators fr@&tum Dwellers International SDI), a Nonr
Government Organisation (NGO) working with informal settlememése selected to help with the
survey. In Graveyard Pond, the full team of surveyors included the ti@idled team, the
community leaders, the author and a research pafttestings were held with all the surveyors to
discuss the questionnaire so that any ambiguous or inappropriate questions could be rephrased or
removed prior to conducting the survey. tAese meetings, the input from the community leaders
and SDI surveyors was instrumental in developing the wording of the final questionnaire. In
addition, the author trained the survey teams in map reading, so that they could identify the
dwellings wherehey were conducting interviews on the printed CTCC aerial images. It was noted
during the first site visits that th€hackshad already been numbered with spray paint, and the
surveyteams decided to use these numbers as the shack identification numbers

The settlementwas divided intosix sections, each of which was allocated t@aticular
surveyor.The surveyorswere required to mark the shack number of each visited shack on-a print
out of the aerial photographas well as on the corresponding quastaire In addition, any
differences between the actual appearandbefshacks on the ground atiek aerialimage were
marked on the printed aerial photographs. The questionnaire also contained the name of the
enumerator so that, if two shacks in diffiet sections had the sarslkeacknumber, the individual
guestionnairesind the correct locations of the corresponding shecktd be distinguished by the
names of the enumerators.

The survey tookthree days and approximately 28tbuseholds were intervied. The
community leaders conducted further interviews over the weekends and in the evenings with those
households where the community members were unavailable during the day because of work or
other engagementdrigure 5 shows one of the community leadeonducting an interview with a



househol d. In the background is an exampl e
sprayed on its side with red paint.
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Figure 5 One of the Graveyard Pond community leaders conducting a survey

A major setbackin the data collection process was that not all respondents answered all the
guestions. Sometimes the headshousehold were absent and the respondents did not have
sufficient knowledge of the answers to the questions posed.

2.2 Dataintegration, analysis and verification

The questionnaireesponsesvere captured into a spreadsheet, using the shack number as the
primary identifier for each questionnaifiéhe spatial data was captured in a GIS environment using
a methodology similar to that ilsbbot et al (1998) and Abbott (2000After the completion of the
survey, the printed aerial photograpihich the surveyors marked with the shack numbeese
used to digitise the shacks in the GIS. The shacks were digitised from the raster aerial photographs
provided by the CTCC, taking into account any amendmestsrdedby the enumeratorsn the
printed aerial photographsAlso, during the digitization,the shack numbers marked by the
enumerators in the printed satellite images were ust#tkeadentifiers of thedigitised shacks in the
GIS. Since both the spreadsheet and the GIS had corresponding shack numbers as database
identifiers, a spatial join could be carried out in the GIS software to link the questionnaires as



attribute dea for the corresponding shack®nsequently, both the social data and the spatial data
were located in a singular GIS database.

Some analysis was carried out on the spreadsheet in order to tease out the relevant statistics in
the communities. These statistics included information endgr, age, language, employment,
income, incidence of disasters, etc. The GIS data was used to create maps from the responses in the
questionnairesThe results of the statistical analysis and the response maps were then presented by
the author and anotheesearcher to the community at the local community hall to verify that the
captured data wasccurateThis step was important because some of the residents might have given
false information in the hope that an inflated impression of risk would yietk gesponses from
outside actors. Also, there was a risk that some of the enumerators could have captured the
responses wrongly, hence it was important for the respondents to scrutinise the captured data.

During this meeting, the community was abledoH at the data holistically, and they were able
to identify trends (e.g. clusters of households with similar diseases) in some of the response maps.
In areas where trends were identified, the community also debated potential causes of these trends
and poential solutions. Hence the feedback meeting was also important in identifying criteria and
alternatives to be assessed in the MCE

2.3 Multicriteria e valuation in Graveyard Pond

From the response maps and community discussions, it emerged that the caamunit
experienced both flooding and fire hazards. However, there were distinct differences in the types of
flooding, corresponding mitigation measures, income levels and diseases suffered. Herfoarthese
variationswere taken as the main criteria to be duge evaluating vulnerability. The following
sections detail the alternatives in each of these criteria.

2.3.1 Exposure to Azards

Vulnerability only exists if there is the potential for a hazard to manifest. Hence, the first stage of
analysis involved iderfifing all the hazards affecting the settlements being studied and any
disparities in the exposure of the households to such hazards. The statistics derived from the
responses to the questionnaire showed that, although the households in Graveyard Peed had b
exposed to both flooding and fire, flooding was the predominant haldaedollowing alternatives
werederivedfor the types of exposure to hazards, based on the responses to the questionnaire

No exposure to hazards;
Exposure to firenly;
Floodingbecause of a leaking roof;
Flooding caused by rising water;

= =4 4 A



1 Flooding caused by flash floods; and
1 Exposure to both flooding and fire.

The levels of exposure to these hazards in Graveyard Pond were iraiokedr of preferencim
partnership with the commity leaders of the settlemenifter the ranking had been completed, a
pairwise comparison was carried out in order to derive weights for each alternative. In this analysis,
the highest weight was allocated to the best case scenario and the lowestaviight/orst case
scenario.

The weights were then linked to the shacks as attribute data in the GIS, based on the responses to
the questions inthe questionnaiteFor instance, if a household reported that they had not
experienced either hazard, thegvdit f or 0 nhoa zeawasatitateckto thad household.

Once each household had been allocated a weight, a risk map based on exposure to hazards wa:s
created for the entire settlement. Also, the individual weights of each shack were intergolated t
create a hazard exposure surface in order to smooth out any anomalies and tease out geographica
areas that were particularly hazgmine. A map of this surface was also created. After identifying

the hazards in the community, the next stage of analystdved identifying the corresponding
methods of mitigation.

2.3.2 Methods of ntigation

It was found that there were several methods being employed by the households in Graveyard
Pond to cope with the hazards, and these methods were derived from the egspotise
guestionnaireslhe following main responses to flooding were extracted from the questionnaires:

Digging of trenches;
Raising of shacks;
Use of sandbags;
Relocation; and

Use of concrete floors.

= =4 4 4 A

Each response was analysed against a type ofchaxposure and then ranked relative to the
other responses to that type of exposure. The ranking was also done in partnership with the
community leaders of Graveyard Pond. Based on their order of preference, a pairwise comparison
was carried out on the afnhatives in order to derive weights for each alternative. The highest
weight was allocated to the best case scenario and the lowest weight to the worst case scenario.

As with the hazards, the weights were then linked to the shacks as attribute degtaGI5t
based on the corr emmpesriodhe gupstionsihe guedtianhaidediter eacle
household had been allocated a weight, a vulnerability map baseffic@ncy of themitigation



methods wasreated for the entire settlement. Algbe individual weights of each shack were
interpolated to create a map of a surface, showing changes in mitigation techniques across the two
settlements. An analysis of the maps established whether the technique of mitigation was
appropriate to the typd exposure to the hazards. Inappropriate methods of mitigation could not be
deemed to reduce vulnerability.

2.3.3 Sanitation and deases

The rationale in assessing disease was that the dampness associated with flooding created an
environment for respiratg and waterborne diseases. Consequently, the prevalence of disease could
be used to gauge flooding. In Graveyard Pond, four main diseases were found to be prevalent in the
community. It was reported that the community members periodically suffered febynruaning
tummies, cough and flu during floods. The statistics on the prevalence of each of these diseases
were used to rank the alternatives from the best case scenario (no disease) to the worst case scenari
(all diseases). The ranking was done wite tommunity leaders in Graveyard Pond. After the
ranking had been completed, a pairwise comparison was carried out in order to derive weights for
each alternative. The highest weight was allocated to the best case scenario and the lowest weight to
the wors case scenario.

The weights were then linked to the shacks as attribute data in theb&8&d on the
corresponding househol dos healthsamplosantagos settion of thee g
guestionnaireFor instance, if a household reportidttthey did not suffer from any disease after or
during flooding, the weight for O6no di seaseo
had been allocated a weight,valnerability map based on disease was created for the entire
settlement. Als, the individual weights of each shack were interpolated to caeat¢aceshowing
the incidences of diseases across the settlements. The surface was cresatedtio out any
anomalies and the subsequent map was usedtease out disease hotspots artd/ unusual
dynamics causing particular diseases.

2.3.4 Income

Income has been used as an indicator of vulnerability in various studies on the subject.
Essentially, a lower income also lowers coping capacity and increases vulnerability. Thus, the
disparity n incomes can be used to assess the disparity in vulnerability to disasters. From the
qguestionnaire and from discussions with the community leaders, it was found that household
income in both settlements was dependent on employment of household membacsemsdto
welfare grants. Employment was found to be either continuous (full time employment) or
intermittent (part time employmentJhe variousalternativeforms of income extracted from the
responses to thguestionnaires were as follows:

1 Full-time orselfemployment;



Full-time or selfemployment and welfare grants;
Parttime employment and welfare grants;
Parttime employment;

Only welfare grants; and

No income at all.

= 4 4 A A

Based on the responses to the questionnaires the various income levels wer&oankige best
household income scenario being (full time employment and access to welfare grants) to the worst
case scenario (unemployment and no access to grants). Again, the ranking in Graveyard Pond was
done with the community leaderafter the rankng had been completed, a pairwise comparison
was carried out in order to derive weights for each alternative. As with other factors, the highest
weight was allocated to the best case scenario and the lowest weight to the worst case scenario.

The weightswere then linked to the shacks as attribute data in the GIS based on the
corresponding househol doés enpogmem nneane antl expehshse (
section of the questionnair®nce each household had been allocated a weight, a vulitgnadaip
based on income was created for the entire settlement. Also, the individual weights of each shack
were interpolated to create a surface showing the magnitude of income. This surface, when
compared to the other surfaces can show how prepared ehbluilsas to cope with the dynamics,
such as disease and disasters.

Preliminary

. Data Verification
Analysis

Data Collection

Calculation of Pairwise ranking Extraction of

risk weights using with community Vulnerability
PCM leaders Inidicators

Linking weights
to corresponding
shacks in GIS

Creation of risk
maps

Figure 6 Steps in vulnerability analysis of Graveyard Pond

The MCE stage of the study led to the creation of vulnerability maps that showed the spatial
dispaities of risk withinthe informal settlementAlso, a comparison between vulnerability maps



was used to derive connections between the different datasets that might be aggravating
vulnerability and risk. A unique attribute of this study is that the MCE was done in coojuwith

the local communityHence, their opinion is captured in the resulting weighte next section
describes theesults of the study.

3 Results

3.1Exposure to hazards

The relative weights were calculated using PaMe comparisons were checked for consisten
andfound to have a consistency ratio of 0.044. The consistency ratio was significantly less than the
value of 0.1 suggested by Malczewski (1999) as a threshold of consistency and therefore the
relative weights were adopted. Table 2 shows the findivelaeights. In thigable, the magnitude
of the vulnerability is inversely proportional to the magnitude of the associated weight.

Table2. Vulnerability weights for hazard exposure

EXPOSURE TO HAZARDS

Alternatives Weights
No Disaster 0.408
Only Leakng Roof 0.243
Only Fire 0.161
Only Flash Floods 0.097
Only Rising Water 0.057
Flood and Fire 0.033
Sum: 1.000

Figure7. Map showing vulnerability based on type of exposure to a hazard



