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Abstract

Cyclone Eline caused severe flood damage in South Africaduring February 2000. It has been estimated that the total amount lost
was approximately R3 000 million. South African farmers lost more than 50% of their export products. Flood damages and
disruptions to humans and animal species were even bigger in Mozambique.

The emphasis in South Africais still on, inter alia, structural mitigation measures. Policy-makers seek foreign support and
finances, especially during thereconstruction phase after floods, for reparation purposesonly. Littleto no attention hasbeen given
to scientific hazard and risk assessmentsto determine asustainable flood standard for different river reaches, which will contribute
to appropriate mitigation and prevention strategies. The aim, after flood disasters, is primarily to ensure that flood losses will be
covered and to restore the level of existence of flood victims to where it was before the flood. Furthermore, mainly because of
institutional problems currently experienced in South Africa, roles and responsibilities of institutions involved in disaster
management arenot clearly identified. Last mentioned arethereasonfor absencein South Africaof aformal flood forecast, warning
and response system (FFWRS). In most cases where aflood warning system exists, thereisevidencethat it isinsufficient, mainly
because of alack of knowledge and understanding of a well-functioning, appropriate FFWRS.

Sustainable prevention and mitigation strategies should be achieved within a holistic integrated catchment management
approach. Suchapproachismultidisciplinary andisthereforenot based on asingleengineering solution. Themainaim of thispaper
is to discuss one aspect covered by a halistic integrated catchment management approach, namely a flood forecast, warning and

response system, which contributes to the prevention and mitigation of flood losses.

Introduction

During February 2000 South Africaand Southern Africaexperienced
severe floods, which caused extreme flood damage to roads,
infrastructure, agricultural cropsand property. It hasbeenestimated
that the total impact of the February 2000 floods for South Africa
alonewasmorethen R3 000 million. South Africanfarmersinthe
disaster-stricken areasl ost morethen 50% of their export products.
The question arises, especially from policy-makers and commu-
nities; what can be done to at |east reduce the negative impacts of
floods?

The answer to this question would be to implement effective
and efficient flood-plain management in order toensuresustainable
development. A flood-plain management plan must be com-
prehensive and must provide an effective framework for the
development of land and water resources in catchment areas
(Dempster & Brammer, 1995). The primary objective of aflood
management planisto attempt to find permanent sol utionsto flood
problems. Inthepast 10 yearsinvariousplacesintheworld, it has
been shown in severa studies that the flood management policies
of specific countries haveinfluenced the course of development in
flood plains without managing to halt it (Dempster & Brammer,
1995; Parker 1995; Galloway 1995; New SouthWalesGovernment,
1986). In order to comply with theidea of sustainable, integrated
long-term planninginthecompilation of devel opment plans(Adams,
1995; Ghosh, 1991), a holistic approach to integrated catchment
managementisproposedfor South Africa. “ A holistic co-operative
approachisnecessary whichwould ensurein achieving asustained
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minimal standard human life for the people and protection of the
environment. There is no other aternative for the survival and
betterment of the people of the region” (Bancid, 1995).

An effective mitigation and prevention strategy will inter alia
betodevel opandimplement aflood forecast, warning and response
system (FFWRS). Bancid (1995) indicated that FFWRS is
recognised as a highly cost-effective, flood mitigation measure.

Themain aim of thispaper thereforeisfirstly toreview holistic
approaches to integrated catchment management, whereafter a
flood forecast, warning and response system will be discussed in
detail as a cost-effective flood prevention and mitigation strategy
for catchments.

Integrated catchment management

Various activities are associated with sustainable integrated
catchment planning, as depicted graphically in Fig. 1.

Activities listed in Fig. 1 should firstly be investigated indi-
vidually by provincia and local authorities, whereafter results
should be integrated in order to arrive at a sustainable integrated
catchment management plan. A multidisciplinary approach is
clearlyindicated. Intermsof thisapproachit would beunreasonable
to expect provincial and local governmentsto house expertise and
specialist services on a permanent basis. Consequently, an
institutional network approachisproposedfor South Africawhereby
specialised services, most of which could and should be privatised,
couldbeprovidedtoprovincia andlocal authorities. This* approach
will facilitate installation of the desired institutions for South
Africaand reduce hazard lossesin flood plains (Haque & Zaman,
1993).

A second question can be posed: What exactly do all activities
inFig. 1 entail? Because of the extent of activitiesin Fig. 1it will
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Figure 2
Key elements of a flood warning system
Source: Downing (1977)

not be possibletodiscusseachin detail. Themainaim of thispaper
is to review on an FFWRS as part of a flood mitigation and
prevention strategy in catchment management.

Flood forecasting, warning and response
systems (FFWRS)

Themain purpose of an FFWRSisto avert or minimiselossof life.
Franceexpanded thisvision and defined the purpose of the FFWRS
as a means of establishing public safety, to reduce damage to
property andtorelieve public anxiety (Parker and Fordham, 1996).
A warning and evacuation system should be devel oped for South
Africa in order to lower the risk of human loss of life cost
effectively (Alexander, 1993). Bancid (1995) expressedtheopinion
that: “Flood forecasting and warning has been identified as akey
component that could exert major benefits on numerous aspects of
national life, with considerablepotential forimproving thenational
economy. Assuchitisrecognised asahighly cost effective, non-
structural measure”. In Europe an FFWRS is implemented to
reduce material, human and cultural losses (Parker and Fordham,
1996). Put differently, FFWRSisone component of variousflood
control options that could be installed to reduce tangible flood
losses (Smith and Handmer, 1986; Krzysztofowicz and Davis,
1983).

Althoughfloodforecasting, warning and awarenessprogrammes
are depicted separately in Fig. 1, they cannot be regarded as such,
but should rather be treated in harmony with one another. The
literature refers to these aspects as being a unit and names them
“flood forecasting, warning and response systems’ (FFWRS). As
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soon as one of these components fails, the whole system will be
rendered ineffective (Parker and Fordham, 1996). Recent floodsin
France (1987, 1988 and 1992) claimed 83 lives and led to billions
of francs in flood damage, since they could not be forecast and
because no FFWRS had been available (Parker and Fordham,
1996). Sixty per cent of the Netherlands|lies below mean sealevel
and hence flood protection and FFWRS are strategicaly very
important. Downing (1977) discussed key elementsinvolvedin a
floodwarning systemwhich could berepresented diagrammatically
(Fig. 2).

The key elements in Fig. 2 are short-term warning actions,
starting with weather forecasting procedures, continuing to
disseminating flood warnings by Catchment Boards, and ending
with the response to the flood warning. Secondly it entails long-
term prediction actions, which consist of hazard delimitation by
using mapping procedures to avoid loss of lives and damage to

property
Integrated flood warning system

Smithand Handmer (1986) stressed four important propertiesof an
FFWRS, namely:

¢ AnFFWRSisdistinguished asacost-effectiveoptionfor flood
reduction.

¢ FFWRS remains applicable to situations where other flood
control strategies are no longer relevant or feasible.

« Attherecognition of new risksthat haveto bereduced, greater
emphasisis placed on FFWRS.
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*  With the development of new forecasting techniques greater
emphasis can be placed on FFWRS.

Alexander (1993) distinguishes between a passive and an active
flood warning system. Passivewarning entailsmakinginhabitants
aware of flood hazards by inter alia the marking of flood lines,
beaconsand telephone standards. Inthisway responsibility canbe
transferred to communities for observing floodwaters and taking
the necessary actions. The greatest disadvantage of a passive
warning system is that inhabitants start to lose interest and the
requiredresultsarethereforenot achieved. Activewarningismore
formal and should comply withthreeconditions, namely: immediate
action when warning is issued; it must be physically possible to
inform all people timely about flood hazards; and an appropriate
publiccontrol centresothat information can bereceived, processed
and interpreted in order that appropriate action can be taken.
Situations do exist inside and outside the jurisdiction of local
authorities where active flood warning is unpractical. The only
feasible solution, especially for smaller communities, isto provide
facilities which enable communities to handle their own river
watch system (Alexander, 1993).

Flood warning stages

Anintegrated flood warning system canbedividedintofour stages,
namely:

e preparation;

e warning decisions;

» warning distribution/broadcasting; and

» thereceipt and response stage (Smith and Handmer, 1986).

In contrast to Smith and Handmer (1986), Krzysztofowicz and
Davis (1983) merely distinguish between forecast and response
stages. Rainfall data processing is divided into three separate
phases by some authors, namely theregistration of field data, data
collection and hydraulic processing (water depth and velocity),
while responseisagain divided into the decision-making process,
the decision that is taken and the implementation stage
(Krzysztofowicz and Davis, 1983; Bancid, 1995). Thedecisionto
warn is critical to an FFWRS. Consequently, a standardised
warning system isrequired within acatchment. A network of data
collection systems should exist which is forwarded to a river-
forecasting centre, after which it is transformed to a hydraulic
forecasting procedure.

Sound communication among weather forecast, flood forecast,
flood defence, disaster management and media agentsis required
for effective FFWRS (Parker and Fordham, 1996). For forecasting
purposes, data communication and a data distribution system are
indispensablecomponentsinthetransformation processof hydraulic
data such as water levels, rainfall, flow velocities and runoff.
Methods such as real-time data distribution by means of wireless
stations are commonly used in Bangladesh (Bancid, 1995). The
forecasting procedure includes all hydrological (flood frequency
and cumecs) and hydraulic models (rainfall-runoff models). The
extent of aflood aswell asaspecifictimeof occurrenceisincluded
in aforecast. A manner of communication must be established
(radio, TV and telephone) to identify an appropriate broadcasting/
distribution channel. Private and other organisations can then
transmittheinformationintheformof afloodwarningtopotentially
endangered inhabitants after having received aflood forecast from
the river centre. The decision-making actions include all formal
decision- making such asthe degree and extent of response, type of
protectionandall ocation of resourcestovariousprotectionactivities.
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False warning

Considerably more attention should be given to the avoidance of
false warnings, since false warnings can lead to a lowering in
response of flood-plain dwellers. An integrated flood warning
system focuses on three important factors, namely relevant
ingtitutions, technology used in flood forecasting and issuing and
thelevel of education of inhabitants receiving warning as well as
their reactiontoit (Smithand Handmer, 1986). Smithand Handmer
(1986) depicted a conceptual integrated flood warning system
diagrammatically and can be consulted for more comprehensive
information.

Where a short warning time and inaccurate forecasts are
evident, flood warnings are found to be ineffective in practice.
Thereforeflood warning systemsareworthlessif thewarning does
not reach the inhabitants timely and will aso be of no value if
inhabitants do not understand the warning in order to be able to
respondtoit (Krzysztofowicz and Davis, 1983). Inthisconnection
Parker and Neal (1990) declared that flood-plain dwellers would
prefer a warning during daytime as opposed to night-time. The
handling and evacuation of equipment and livestock are clearly
implemented more easily during the day.

The methodology should take into consideration all stages of
theflow of information, fromtheestablishment of data, preparation
of forecasts, issuing of warnings by the media and the decision-
making and implementation of various actions by inhabitants.
Planning and investment decisions concerning the devel opment or
improvement of a specific FFWRS should be based on a systems
analysis at local level. Such an approach is indispensable since
differences occur between individual systems. Variations occur
due to multiplicity and complexity of factors such as hydrology,
organisation, behaviour and the economy, all of which affect the
FFWRS (Krzysztofowicz and Davis, 1983).

Institutional arrangement

Uncertainties regarding the roles of various governmental
institutions have led to serious financing and implementation
problems in respect of an FFWRS at al government levels. In
Australiaacentral body, the State Emergency Serviceswasfounded
to distribute information (Smith and Handmer, 1986). In addition
acentralised Commonwesdlth based systemisemployedinAustralia
which centresontheM eteorol ogical Bureau. ThisBureauprovides
information to forecasting centres in regions. In England flood
warning systems are handled on aregional basiswithin the system
of the water authorities. In 1972 the Flood Forecasting and
Warning Centrein Bangladesh cameinto existence asapermanent
entity. Taskssuchasdatacommunicationanddistribution, updating
of flood forecasting, formulation of forecasting and distribution of
forecasting messages are performed by the Flood Forecasting and
Warning Centre. This centrefunctionsin close co-operation with
theM eteorol ogical Department. Appropriateliaisonexistsbetween
the centre and the Meteorological Department so that data
distribution is not limited (Bancid,1995). Close liaison is also
maintained with the Space Research and Remote Sensing
Organisationinorder toreceivesatelliteimagesfor floodforecasting
purposes. Satelliteimagesthat show themorphological changesin
ariver system and in the flooded areas are requested from time to
time. Co-operation is in place with the Disaster Management
Bureau in order to determine the impact of flood disasters.
Communication is set up with flood-related project personnel for
theguidanceof flood-plaininhabitantstowardsthedesired response
during natural disasters (Bancid, 1995).
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In the Netherlands a disaster management organisation has
been integrated with a national co-ordinating centre. A Disaster
Act formulated in 1985 defines the role and responsibilities of
publicauthoritiesduring disaster management (Parker and Fordham,
1996). Case studies carried out by Parker and Fordham (1996),
show that the Netherlandshave acquired the phil osophy of learning
from past experiences. The result of thisis that potential flood
damage decreases with time. During floods, the FFWRS is
managed from three control rooms, hamely the Department of
Water Affairs, the Mayors office and the Police Communications
Centre. Incominginformationisautomatically relayedtoall three-
control rooms so that communication multipliesthreefold in effect
(Parker and Fordham, 1996). Thedaily activities of the centreare
summarised by Bancid 1995) and can be consulted for more
particulars. In contrast to thisthe national river authoritiesin the
United Kingdom are primarily responsiblefor flood protectionand
FFWRSiinitiatives.

The efficiency of an integrated FFWRS is best promoted by
institutions that emphasise local decision making, rather than
focusing on centralised structures. Accordingto Smithand Handmer
(1986) a degradation of systems occurs when decision-making is
removed from the realm of local experience of a river system.
Centralised structures not only lead to complex broadcasting
methods, but also to intensive co-ordinating systems which are
hampered by poor communications and inexperienced personnel
(Smith and Handmer, 1986). In England many water authorities
implement aflood forecasting and warning system that isbased on
arainfall runoff model. Experimentshavealready been conducted
in an attempt to prolong the warning time by making use of radar
data. In this way information on the duration and intensity of
rainfall can beused for smulation, in preferencetoriver flow data.
Duringthe 1982 floodin Y ork, England, theflood warning system
functioned very well, distinctly asaresult of thefact that the public
had sound flood experience, and therefore knew how to respond to
flood warnings (Parker and Neal, 1990).

National governmentsought to be primarily responsiblefor the
monitoring of rainfall in the form of the collection and storing of
data, the purchasing, installation, and maintenance of equipment,
and furthermore for distributing these data to provincial and local
authorities. Regional authorities should be more concerned with
thegatheringandstoring of river level data. Inother caseshowever,
warning systems may be locally to totally privately orientated.
Withmodern communi cationtechnol ogy inparticul ar, thenecessity
of central expertise is becoming less pronounced, with a greater
need for local warning systems. Bethisasit may, priorities must
be clearly spelt out for an FFWRS at all government levels.

Cost-effectiveness

The potential damage which can be obviated from anational point
of view by responding to aflood warning, is much greater then the
cost of installing an FFWRS (Krzysztofowicz and Davis, 1983).
Usually the cost associated with flood warning islower than other
flood control measures, with the result that more communities
could benefit from it (Smith and Handmer, 1986).

The maintenance of an existing FFWRS and the devel opment
of future systems require funding. Expenses such as general
overheads associated with the functioning of a flood forecasting
and warning centre (buildings, office space, furnitureand soforth),
remuneration of personnel staffing and operating the centres,
capital investment on equipment for the measurement of river
levels and precipitation, communication systems, hydrological
models, and communication reports for the issuing of warningsto
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the media and public as well as maintenance costs, must be
incurred.

Theupkeepand operation of an FFWRS can bedonemorecost-
effectively when, for instance, the maintenance and functioning of
bothriver level and rainfall stationsarerun by oneorganisation. A
flood forecasting and warning centre should provide back-up
assistance such as advice, streamflow simulation, software,
meteorological and hydrological forecasts, training in equipment
and monitoring of floodsto provincial andlocal authorities. Local
authorities, on the other hand, should purchase equipment for
testing stations, install and maintain it and be responsible for
development and implementation of aflood response plan.

Evaluation of FFWRS

Finaly, an FFWRS hasto be eval uated after the flood incident has
passed. If systems are evaluated on aregular basis the necessary
adjustments can be made, with resulting improvement of their
effectiveness. For evaluation purposes, adistinction can be made
between the forecasting and warning system, and the response
system. A flood forecasting and warning system can be regarded
asaninformation system. Theappropriatenessof thesystem canbe
evaluated by determining the potential and actual quality of the
information provided. Theresponsesystem, ontheother hand, can
be regarded as a decision-making system and can be evaluated on
the basis of an optimal and actual response strategy (Smith and
Handmer, 1986).

Evaluation of warning systems is aimed at bringing about
improvement of existing systems. Methodol ogical and conceptual
problems, such asthe definition of warning, warning accuracy and
problems of conceptualising floods as disasters, give rise to the
problemthat researchfindingsfrom different researcherscannot be
easily compared. Practical and technical problems cause invalid
results. Jointly, these problemsharm theinstitution of appropriate
policy with non-structural measures. |mprovementsinan FFWRS
can indeed be economically advantageous, but can also lead to
negligible additional consumer satisfaction (Smith and Handmer,
1986).

Several steps should be present in the evaluation process.
Firstly, appropriate performance standards (quantitative and
qualitative) should be established. More specificaly, quantitative
standardsrefer to input, output and effectiveness standards. Input
standardswill typically deal withinputsrequiredfor anappropriate
FFWRS, whileoutput standardsconcentrateonforecasting, warning
and response.

Efficiency standards can then be formulated by expressing
certain inputs and outputs that have a narrow and meaningful
relationship by meansof aratio. Inthis, corrective actionsmust be
taken in order to improve the performance of awarning system.

Evaluation approaches

e Sizeof area

Parker and Neal (1990) distinguished four approachestowards
evaluation of an FFWRS. The first approach investigates the
size of the area to be served with flood warnings (extent of
coverage). Althoughthisapproach doeshavestrategic planning
valuein particular, it does not measurethe quality of awarning
system and therefore does not take into account any failuresor
shortcomings within awarning system. It istherefore indeed
possible when employing only the approach mentioned, to
have a situation where the quality of the warning system
decreases while the area covered is expanded.
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* Flood losses

A second approach is to determine the losses that can be
prevented by a flood warning system. The larger the benefit
that can be achieved, the better a flood warning system can
function. The greatest problem with this method is that it is
necessary not only to determine the tangible direct flood
damage, but also to identify the indirect, non-tangible losses.
By not quantifying the latter impacts, adistorted picture could
be obtained of the behaviour of aflood warning system. The
advantages of an improved FFWRS are the differencesin the
impact of floods that occur with alonger warning time or the
greater accuracy withwhich floodsareforecast, rather thanthe
difference between maximum potential damage and the total
true flood damage (Smith and Handmer, 1996).

e Community satisfaction

Thesatisfaction of communitieswithregardtowarning services
can aso be used to evaluate aflood warning system. Several
problems arise with this approach. Flood-plain inhabitants
experience one or two floods in a lifetime and hence the
satisfaction of inhabitantswill only be measured in the course
of oneor twofloodincidents. Consequently, publicsatisfaction
with flood warning during smaller floods will not necessarily
serveasasounding board for public contentment during bigger
floods. Where dwellersarepoorly informed regarding therisk
of floods, the possibility exists that high public satisfaction
with awarning service may give rise to an underestimation of
thedanger of flooding and an overestimation of theeffectiveness
of awarning system.

» Performance evaluation

Finally, theshortcomingsof awarning system can beeval uated
by identifying, categorising and documenting theshortcomings
of flood warnings. The advantage of thismethod s, inter alia,
that a specific division of a system could easily be improved,
while on the other hand the greatest problem posed to the
approach isthe gathering of suitableinformation after aflood,
when other clearing works are enjoying priority.

Contrary to the approachesput forward by Parker and Neal
(1990), Smith and Handmer (1986) and Krzysztofowicz and
Davis(1983) discussed amethodol ogy for evaluatingan FFWRS
which could be used at micro-level. Thismethodology isbuilt
on two elements, namely a model of an FFWRS and a
performance evaluation. The former encompasses a
mathematical description of the physical aspects that occur
during floods, while the |atter renders a measurement of the
behaviour of an FFWRS. Jointly the two aspects mentioned
constitute an evaluation model. Simplified criteria were
proposed by Smith and Handmer (1986) to evaluate the
efficiency and effectiveness of an integrated FFWRS.

Stage devel opment model

Parker and Fordham (1996) applied a specific methodology in the
European Union, with specific attention to the Netherlands, the
United Kingdom including Scotland, Northern Ireland, England
and Wales, Germany, France and Portugal. This methodology
entails a staged development model that has been developed to
simplify an FFWRS over time. The model consists of five stages
of devel opment and depictsa prescriptive approachto FFWRS. In
addition to the five devel opment stages, 14 criteriaare established
for evaluating an FFWRS and these differ from the evaluation
procedures proposed by Krzysztofowicz and Davis (1983) and
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Smith and Handmer (1986). The level of development of an
FFWRSismeasuredintermsof afive-point scaleranging fromone
(undevel oped) tofive (advanced). The staged devel opment model
can berepresented in table form and will now be discussed briefly
(Table 1).

In order to use the above-mentioned prescriptive approach, a
country has to formulate a clear philosophy regarding FFWRS.
Should the philosophy be absent, the level of development will
receiveavalueof 1 under Criterion 1, whilecountrieswith astrong
philosophy will receive a point of 4 or 5. Countries with under-
development will have virtually no FFWRS in use and will cover
lessthan 10% of ageographical area. Incontrast tothese, countries
with a higher level of development (three and higher) have more
than 50% of the geographical area covered by an FFWRS. An
improvementin FFWRScan beattained by investinginbroadcasting
and response systems of flood forecasting and warning methods.
Where the FFWRS is poorly developed, low technology will be
present and little if any attempt will be in evidence to improve
warning-broadcasting methods. The legal support of an FFWRS
(Criterion 5) may possibly not exist at all, or be very poor, withthe
result that flood warning does not necessarily exist (Criterion 6),
and a crude manner of broadcasting (Criterion 7) is therefore
present. A fully fledged FFWRS is based on knowledge of an
effectivesystem (Criterion 10) thatisdeduced fromtheperformance
(Criterion 12) of an FFWRS, Criterion 11 is used to improve an
FFWRS by means of post-flood incidents and also to disclose
lessons learned from the public. A well-developed and mature
FFWRSisalsofounded on national standardsand on apositive co-
operative culture (Criterion 13) with interactive agreements and
commitments (Criterion 14).

Flood forecasting, warning and response
systems for South Africa

Asfar asthe FFWRS in South Africais concerned, thereis very
little, if any, formal flood warning available. A flood warning
communication system based on daily rainfall dataand antecedent
precipitation indices was developed by Alexander in 1993 and
installed by the Department of Water Affairsand Forestry (DWAF)
inJune 1993. Thissystem isdepicted in diagram forminFig. 3;
for moreparticulars Alexander (1993) can be consulted. Owingto
various reasons this system has since fallen into disuse.

DWAF is operating and improving a relatively advanced
FFWRS in the Vaal and Orange River systems. A flood officeis
opened in Pretoriaduring floodsin theseriversto co-ordinate dam
operations and information dissemination.

At local level, regularly flooded communities are keen to be
part of flood warning systems. Examples are Alexandria on the
Jukskei River and Ladysmith on the Klip River.

The SA Weather Service is primarily responsible for the
forecasting of flood-producingrainfall. Threesystemsareused for
thispurpose, namely amathematical weather model, geostationary
satellite images and aradar observation station. Notwithstanding
some erroneous warhings which had been issued in the past, the
mathematical weather models have managed to forecast major
floodincidentscorrectly. Alexander (1993) mentionedthat various
floods (Natal 1987) had been forecast by the then Weather Bureau
five days ahead of occurrence. However, lossof lifestill occurred
sincetherewasno effectiveresponsetotheaf orementionedforecast.
Radar equipment currently usedisold and unsophisticated, and bad
telephone communi cation between measuring stations and the SA
Weather Service still features during floods (DWAF, 1993). The
communication system (Fig. 3) is in itself not a flood warning
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TABLE 1
Staged development model of flood forecasting, warning and response systems

Criteria Development states
1 2and 3 4and 5
1.  Flood warning philosophy Rudimentary Intermediate Advanced
2. Dominance of forecasting vs. warning Forecast dominant Equal Equal and improved
accuracy
3. Application of technology to FFWRS Model with manual Mixture Fully automated
4.  Geographical coverage <10% >10% <50% >50%
5. Lawsrelating to FFWRS No laws/ permissive Laws Laws with liability
6. Content of warning messagesto public | ‘Blanket’: general location Mixed: ‘Target':
L ocation/timing severity/location & timing
7.  Methods of disseminating flood warning General broadcast Wardens/agencies/police | Personal phone/fax/
pager’
8.  Attitudesto freedom of risk/hazard Little, request only Restricted to genera Open specific property
information flood plain
9.  Public education about warnings Minimum Some, e.g. colour codes Fully informed
10. Knowledge of FFWRS effectiveness Denial of failure Recognise limitations Research tested
11. Dissemination of lessons learned Little Partial Full
12. Performance targets and monitoring None Key indicators Accuracy/timely/
reliability
13. National standards Parochial National/regional National/
variations International
14. Organisational culture Independent Agency liaison Service level agreement

with agencies

Source: Parker and Fordham (1996)

Explanations of development stages:

1: Basic- little development

2-3: Improved performance, but some failures apparent
4-5: More advanced performance; failures reduced

system. Effective flood warning cannot be issued by national
authoritiessinceadditional informationisrequiredfor thispurpose.
Warning must be issued at local government level (Alex-
ander, 1993). DWAF doesindeed issuewarningsto thepublicvia
the media and notifies specific civil defence units if it is in
possession of relevant information. Existing disaster management
services still have an important role to play with regard to flood
warning and disasters (DWAF in June 1993).

For the purposes of a new flood management policy a new
communication system should be developed for South Africa
WhiletheMARNET communication systemfunctionedwell inthe
past, this system now has limited application possibilities. The
reasonsfor thisare limited funds (DWAF, 1998), and the fact that
the system is being moved to the Department of Provincial and
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Local Government, which at present does not have the expertiseto
maintain the MARNET System. The private sector can be used
fruitfully inthisregard. Thelatest development in cellular phones
could be applied as an excellent communication system. When
adequate satelliteshave been launched, virtually thewhol e surface
of the earth will be covered by acommunicationsblanket. Cellular
phone operators are available 24 h aday and are already engaged
in providing aid in emergency situations.

Secondly, a formal national flood forecasting, warning and
response centre must be established for South Africa. Thiscentre
must be able to receive, process and issue data in an intelligible
way. Thepresent Disaster Management Centrecan al so beused for
this purpose.

Thirdly, the new disaster management policy for South Africa
needs to make provision for the installation of an appropriate
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national floodforecasting, warning and responsesystem (FFWRS).
Provincial andlocal authoritiesmust beempoweredintermsof this
policy toinstall their own FFWRS, which can be adapted to their
own unique circumstances. |n order therefore to reduce the social
disruption and damage of floods, local authorities must promote
flood awareness in communities by providing flood data and
advice to owners, flood plain inhabitants, visitors, potential
purchasers of land and investors. Research has shown that a high
degree of carelessness is evident in the public concerning flood
hazards. DWAF in June 1993 referred to thisasfollows: “A lack
of specialist advice to smaller communities on how to deal with
flood situations’. Appropriate flood and disaster awareness
programmesshoul d thereforebe compiled for communitiesat local
level.

Disaster education normally includes the identification of
leadersin communities. In thisway the ability of the community
to issue warnings and to respond effectively to them can be
improved. Warning systemsfor anation such as South Africawill
differ considerably in relation to the value system of regions. The
issuing of warningsfor theinformal sector will differ substantially
from warnings in the metropolitan area.

Last, but not theleast, appropriateinstitutionsto betasked with
the implementation of an FFWRS in South Africa have to be
identified. A well-developed FFWRS, which isnotimplemented,
isof novalue. Anappropriate FFWRS must beinstituted in flood-
prone areas, irrespective of the type or degree of sophistication
thereof. Even the best-designed system can fail in the absence of
effective organisation, structure and sound leadership. Leadership
is the driving force behind the implementation of a system. It
includes co-ordination of tasks and activities and communication
at all levels. A poorer system effectively implemented will
function better than a better system poorly implemented. Thefirst
step in ensuring that a national FFWRS can be developed is to
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ensurethat the required institutionsin South Africaarein place. It
is here that the new disaster management policy can fulfil an
important role. National, provincial and local authoritiesshould be
empowered through appropriate acts, ordinances and regulations
to ensure flood-plain sovereignty in South Africa. New and
innovative thinking will have to be employed in the education of
communities. Not only will new technology have to be used, but
also new trai ning and education methodswill haveto bedevel oped.
To this end suitable research will have to be undertaken.

Conclusions and recommendations

An FFWRS forms part of a total holistic approach to manage
catchments sustainable, and if one component fails, the whole
systemisrendered dysfunctional. If the principlesand functionsof
an FFWRS are not understood flood warning systems may be
misused at very high costs in communities, which contributes to
ineffective mitigation and prevention of potential flood losses. It
can be concluded that an appropriate FFWRS contributes to
sustainabl eintegrated catch managementinthesensethat it mitigates
potential flood losses. An FFWRS is distinguished as a cost-
effectiveoption of flood reduction. Variouselementsareinvolved
in an effective FFWRS, namely weather forecast, flood detection,
floodwarning, emergency organi sations, usersof warnings, response
to warning, hazard delimitation, planning organisations, users of
hazard prevention and responses to predictions.

In order to evaluate the effectiveness of an FFWRS, a staged
development model is recommended. The staged devel opment
model consists of five stages of development and depicts a
prescriptiveapproachto FFWRS. Inadditiontothefivedevel opment
stages, 14 criteriaare established for evaluating an FFWRS, which
vary from the flood warning philosophy to organisational culture.
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South Africaiscurrently still experiencing seriousinstitutional
problems. Because roles and responsibilities are not clearly
identified for institutions involved in integrated catchment
management, flood preventionand mitigationactionsareineffective.
Ingtitutional problems are arguably the biggest reason for the non-
existence of aformal FFWRS for South Africaat national aswell
asat regional level. Thenew Disaster Management Act isstill not
promulgated and further contributes to the unidentified roles and
responsibilities of institutions involved in disaster management.

Itisrecommended that after thenew Disaster Management Act
has been promulgated an appropriate national flood management
strategy needs to be formulated for South Africa. Institutions
involved in disaster management need to be identified, and
responsibilitiesthereof al soneedtobeformulated. Morespecificaly
thefoll owing aspectsneed urgent attentiontoimplement appropriate
flood mitigation and prevention strategies for South Africa

» Development of anew communication system.

» Establishment of aforma FFWR centre.

* Appropriate institutions to be tasked with the implementation
of an FFWRS in South Africa have to be identified. A well-
developed FFWRS, which is not implemented, is of no value.
An appropriate FFWRS must be instituted in flood-prone
areas, irrespective of the type or degree of sophistication
thereof. Thefirst step in ensuring that anational FFWRS can
bedevel opedisto ensurethat the required institutionsin South
Africaareinplace. A new national flood management strategy
needsto beformulated for South Africa, whichwill executethe
new Disaster Management Act, asfar asfloods are concerned.

» Leadershipisthedriving force behind theimplementation of a
system. To ensuretheeffectiveimplementation of an FFWRS
and the use of the technology, new training and education
methods must be developed. People need to be trained in
disaster management i ssuesand to understand the principles of
holistic management. Education of communitiesisimportant
and normally includestheidentification of community leaders.
Flood warning for metropolitan areas and the informal sector
will therefore differ significantly.
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