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Abstract

Optimal and sustainable flood plain management, including flood control, can only be achieved when the impacts of flood control
measures are considered for both the man-made and natural environments, and the sociological aspects are fully coiisidered. Unt
now, methods/models developed to determine the influences of floods and flood control measures in South Africa, and elsewhere
in the world, focus on the man-made environment and neglect the natural environment and social dimensions. Two moglels, recentl
completed in South Africa, namely FLODSIM (flood damage simulation model for irrigation areas) and TEWA (flood damage
simulation model for urban areas) are cases in point.

This paper gives an overview of the development of flood damage assessment and mitigation methodology in South Africa.
Emphasis is placed on the evolution from the traditiergdostapproach to the latesk-anteapproach in which the sociological
and natural environmental dimensions are included. Deliverables from the presentation should be of value to researchers and
managers in the fields of flood management and environmental impact assessment worldwide.

Introduction The research involved with this project was conducted over the
period 1975 to 1982. Of this research phase, the following

Scientific research on flood damage in South Africa has had a faidharacteristics, which are important for this paper, should be noted.

short history. Discussion of the developmental or growth path of

the research is required to map out new directions. The initial The fundamental premise for determining damage was

research (thex-posphase) with its narrow focus was necessary to  anthropocentric (flood effects were regarded as damage when

set the stage for the subsequertantephase. Developments the community suffered losses).

during theex-antephase range all the way from locality-specifice  The main emphasis was on determining direct tangible damage

models through generalised models to a holistic approach. The while the intangible damage was only described partially.

latter provides for the social and environmental impacts which ase The relationships between physical damage and flood

discussed later in the paper. circumstances were depicted by loss functions. The motivation
for developing loss functions was that they are necessary
Ex-post research phase building blocks in the traditional approach to determine an

optimal set of flood control/mitigation measures for a flood

Serious, concerted scientific research into flood damage area.
determination in South Africa started in 1975 (after extensive
flooding in 1974) when the Institute for Social and Economi@he data obtained during te&-postphase were not sufficient to
Research of the University of the Free State and the Bureau fmmstruct a complete set of loss functions needed for flood control
Economic Research of the University of Stellenbosch wemdanning. It was, in fact, possible to determine loss functions only
commissioned by the Water Research Commission (WRC) for a few land-use types. It was a recommendation to supplement
scientifically determine the nature and extent of the damage causedi/or follow theex-postphase byex-anteresearchEx-ante
by the 1974 floods. The specific aims for thispostresearch researchwould render it possible to construct loss functions without
phase were as follows (Viljoen, et al., 1977): floods actually occurring. This would also allow for a complete set

of loss functions to be developed.
« Todevelop a methodology to identify and evaluate all forms of

flood damage. Ex-ante research phase
« To apply the methodology in specified river reaches so as to
determine the damage for each reach. After extensive flooding in 1988 and arequest to revise the national

« To describe the circumstances of each damage in such a viimpd disaster policy for South Africa, the WRC provided funds to
that a logical relationship between physical damage and flodkde Department of Agricultural Economics at the University of the
circumstance could be established, thereby utilising the 19FHee State to start te@-antaesearch phase. This phase which can

flood to construct a paradigm. be subdivided into three sub-phases, started with the same basic
« Toformulate the paradigm in such a way that the results woupdemises of theex-postphase as its point of departure
provide guidelines for application in other rivers. (anthropocentric, focus on direct damage, loss functions needed for
optimal flood control planning in cost-benefit framework).
* To whom all correspondence should be addressed. The aims of the first phase (1991 to 1994) were specified as

@ (051) 401-2213; fax: (051) 401-3473; e-méljpemf@sci.uovs.ac.za  follows (Viljoen et al., 1996):
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» To develop loss functions to determine potential damage f&ocial impact/acceptability
different land use types in demarcated flood plains of the
specified research area. Besides applying and testing FLODSIM and TEWA in actual case
« To develop the outline of a computer database in which lostudies along the Orange and Swartkops rivers, a sociological study
function can be stored and apply it to the research area. was done to determine the suitability of the approach to determine
« To develop a computer program to determine the benefits atceptable flood control mitigation measures for a developing
different combinations of flood control measures with the loslecal community. The Community Agency for Social Enquiry

functions in the database. (CASE) was commissioned to research the flood affected community
+ To demonstrate the application of the computer program fof Pietermaritzburg, which experienced the 1995 Chrismas Day
flood management planning in the research area. flood. Aims and findings of the CASE research were to be

specifically oriented to ensure that the process would contribute

In this phase, it was possible to develop a complete set of Idssvard, and assess the feasibility of, the following (Butler, 1998):

functions for the research area (Upington on the Orange River and

Vereeniging on the Vaal River), and to develop computer programs Determination of the social acceptability of different flood

to determine optimum combinations of flood control measures. A damage control measures for different communities/target

computer simulation program, called FLODSIM was developed groupsin orderto design acceptable combinations of measures,

for the irrigation area and another, called ANUFLOOD (developed and development of education/extension programs to promote

by CRES in Australia) was adapted for the urban areas. acceptability, change perceptions (if necessary) and build
Phase 2 (1995 to 1997) was necessary in order to overcome theawareness of the flood problem.

shortcomings of the results of Phase 1, i.e. the location specificky Development of a questionnaire (or questions for inclusion in

of computer programs and loss functions. The research area wasthe economic questionnaire) to measure the sociological and

expanded to include the Mfolozi sugar cane production area in social consequences/impacts of flooding.

Kwazulu-Natal, the Uitenhage and Despatch formal urban arees Developmentof procedures or guidelines for technology transfer

along the Swartkop River in the Eastern Cape and the Soweto on of the aid measures developed for flood damage assessment

Sea informal urban area along the Chatty river, also in the Eastern and flood damage control planning in irrigation and urban

Cape. The specific aims were as follows (Du Plessis et al., 1999). areas.

« Development of guidelines/sociological criteria to ensure

» Development of flood damage functions for alternative land optimum and sustainable institutional arrangements,
use types in floodplains in irrigation and urban areas of South responsibilities and synchronisation of effort in respect of
Africa. flood and disaster management and response.

e Further development of flood damage models and computer Development of guidelines to improve flood communication
programs to be more generally applicable in irrigation and with regard to formulating flood warning messages and
urban areas. Besides the utilisation of new technology like identifying the most effective communication channels with
remote sensing, the models should also be adapted to be the community.
applicable at three levels of decision-making, namely locat, Development of a methodology to promote local community
provincial and national level and should also be in accordance involvement in policy formulation and allocation of
with the revised national flood management policy. responsibilities with regard to flood management planning.
Development of guidelines to make the policy executable at

three government levels should also receive attention. This research clearly indicated that a number of changes were
» Totest, validate and verify the models and computer programeeded in the adopted approach. The following changes are needed
in selected areas. with reference to the premises of the approach (Butler, 1999).

Generalised computer programs (FLODSIM and TEWA, the latter Focus on the direct tangible damage (which uses the monetary
a GIS program utilising the same information as ANUFLOOD) and value of damage as a yardstick) must be changed. Instead of
standardised loss functions resulted from this research. It has now simply assessing the value and extent of losses in monetary
become possible to apply them as flood control planning and terms, arelativeimpactindex should be calculated by weighing
management tools in different flood plains in South Africa. In monetary losses by either household incomes or the value of
order to obtain full benefits, it is recommended to apply these aids household possessions. This index will be more reflective of
as part of a holistic approach to integrated hydrological catchment actual damage and should also capture some of the intangible
management, as is shown schematically in Fig. 1. damage. Butler (1999) justifies this requirement as follows:
Phase 3 was conducted with this in mind. This phase is aimed “Damage assessment has relied too often on quantification
mainly at the refinement of the computer programs, loss functions in terms of monetary valuations of damage. This approach
and questionnaires, and dissemination thereof as flood managementproduces gross distortions - damage sustained in affluent or
aidsto all interested parties and role-players involved in flood plain  highly developed areas calculated in this manner is inevitably
and flood control planning in South Africa. As the programs are both higher (because of the monetary value of housing,
still new, the usefulness and acceptability of the products in actual infrastructure, possessions and general levels and intensity of
flood control planning in urban and irrigation areas have yet to be investment) and more measurable (especially because large
demonstrated further. Experience may dictate refinements and components are quantified for insurance claims). Neither of
alterations in future. these (higher or more readily measurable values) give any
indication of the extent to which a disaster has been disastrous.
The gquantifiable monetary value of damage in a poor informal
settlement, for example, will be less, but its impact is more
likely to be catastrophic at a number of levels (including
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economic) from a human development perspective. For negative social consequences - e.g. replacing family homes

example, one could: with one-bedroomed houses
- investigate and assess not just loss of property, butimpacts - integrate trauma counselling for individuals and groups
on income. into the overall disaster response process.”

- assess to what extent livelihoods were dependent on what
was destroyed or damaged by the disaster - many ‘informal The anthropocentric basis for identifying damages and damage
sector’ and other economic activities engaged by the poor mitigation measures must be supplemented with an
are dependent on servicing various needs within the environmentalbasis. This willadd substantially to determining
immediate community.” socially acceptable and environmentally friendly flood

management options within a wider (more holistic) disaster
* The cost benefit technique, which typically uses one criterion management and developmental approach.

(economic efficiency), does not effectively incorporate other

concerns. These include distribution issues, social and envirdaavironmental impact

mental impacts, and a wider range of stakeholders. Multiple

criteria decision analysis (MCDA), with wide participation ofWays in which the environmental impact of flood and flood

all concerned, is suggested. In the MCDA approach the focostigation measures should be accounted for in the analysis must

is on finding satisfactory alternatives that are acceptable acrdssdeveloped further. Dougherty and Hall (1995) say, for instance,
anumber of objectives as opposed to optimal solutions that désdit “it had not been found easy to incorporate environmental
with single objective functions. It is stated by Butler (1999)mpacts into cost benefit analysis”. A variety of techniques are of
that it should be recognised that local people have knowledgalue to supply information for the environmental impact assessment
information and wisdom that are legitimate and significaniof the effects of floods and flood mitigation measures. Techniques

Thus, participation should not be limited to a process of motaclude baseline studies, the ICID checklist, matrices, network

thoroughly ‘telling people what they need to know’ or what theliagrams, overlays, mathematical modeling, expert advice and

‘real’ situation is and where the assumption remains intact thahvironmental economic techniques (Dougherty and Hall, 1995).

the experts have fulland complete data as well as the appropritiis foreseen that one or more of these techniques (depending on the

sets of options and solutions. In the Pietermaritzburg flooghvironmentalissue to be addressed) will provide usefulinformation
case study, officials were more or less compelled to acknowledge construct an environmental impact statement on the relevant
that, to an important degree, it was their incomplete knowledgesue. This statement can then be incorporated into a MCDA
and experience that had to change in order for them to respdreimework for due consideration and better informed decision-

effectively. Further on in the report, it is said “ultimately, inmaking.

relation to the question of social acceptability of differentflood  Further research is necessary on both the social and

damage control measures, while one would certainly suggestvironmental impacts of flooding and how to integrate them with

that the basic elements of sound participative and consultatigeonomic impacts in a useful decision-making framework.
mechanisms should be employed, it is perhaps not the issue of

‘acceptability’ that is paramount but rather ‘appropriatenessConclusions

where acceptability is one factor amongst others that guide the

search for interventions that are effective, developmentarhe different phases of flood damage assessment research in South

sustainable and ‘in the public interest.” ” Africa represent a learning curve experience. Experience and

insight were gained and these were implemented to improve the
* The anthropocentric basis of identifying and quantifying thenethodological development process. The flood damage
effects of floods must broaden so that the sociological dimensiomanagement aids (FLODSIM and TEWA) which were finalised
also receives proper attention. In this regard Butler (1999uring Subphase 3 of tiex-anteresearch, have already proved to
states: be useful in certain practical applications. The usefulness should,
“With regard to the question of measuring the sociologicalowever, be improved further when applied within a more holistic
and social consequences/impacts of flooding, it seems unlikehamework that accounts fully for the relevant sociological and
that disaster management can aim to ‘repair’ sociologicanvironmental aspects.

damage to a large extent since the social fabric is woven from Results of the sociological study conducted at Pietermaritzburg,

so many diverse strands - and is constantly being woven. stiggested, for instance, that the monetary value basis of damage

consideration of the Pietermaritzburg flood case study suggesissessment used in FLODSIM and TEWA is inadequate to fully
however, thatthe practice of disaster response could demonstrdgture the social impact. A relative impact index, that takes
sensitivity to the social impacts of disasters by, for examplehousehold income and value of household goods into account,

- avoiding the prolonging of the ‘transitional welfare’ phasepromises to be much more reflective of actual damage sustained by
which runs the real danger of destroying initiative and &ouseholds. The single economic efficiency criteria basis of the
sense of self-worth cost-benefit analytical framework used in FLODSIM and TEWA

- seek out ways for those who are capable and willing tm determine flood control measures is also too narrow. A MCDA
actively engage in, and exercise control over reliefapproach including other criteria besides economic efficiency
remediation and development activities - but withoushould be applied. This approach will, for instance, capture fully
assuming that these capacities are there in equal meastive knowledge, information, wisdom and needs of local people
throughout the communities affected by a disaster during the preparation and repair phases of a flood.

- whatever the social impacts of the disaster eventitself (and Including the environmental impact dimension into the holistic
the case study has demonstrated how multi-faceted afidod damage assessment methodology should render further
catastrophic these can be), avoid responses to the disastenefits. Although this needs to be researched, it is envisaged that
which themselves are likely to compound or add newhe incorporation of environmental impact statements intoa MCDA
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framework would lead to better informed decision-making. Thi®U PLESSIS LA, VILJOEN MF, WEEPENER HL and BERNING C

should apply internationally and not just to South Africa. (1999) Flood Damage Functions, Models and a Computer Program for
Irrigation Areas in South Africa. 1: Irrigation Areas. The Univ. of the
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