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Abstract

When topographical, hydrological, hydraulic and economic information is integrated with the aid of a flood damage simulation
model, the total mean annual flood damage can be estimated. With the total mean annual flood damage known, it is possible to
ascertain the benefits of several flood mitigation measures. These measures are normally implemented to reduce themphysical ex
of floods, relieve the effect of a flood on humans and the community and reduce the tendency toward flooding in different areas
It is not economically justified to implement measures to such an extent that they will prevent the total risk of floothiesses.
benefits gained from flood mitigation measures should at least exceed the costs involved. Consequently, an optimal package of
flood mitigation measures should be compiled where the marginal benefits are equal to the marginal cost.

The purpose of this paper is to identify relevant flood mitigation measures for the research area, discuss theirdenefits an
drawbacks, after which the possibilities for application in the research area are analysed.

Introduction ures for the research area and estimating the total benefits and
cost of the different flood mitigation measures with the aid of a
When one develops a flood damage simulation model, it food damage simulation model (FLODSIM) based on a GIS
possible to integrate flood damage functions, topographicapproach. Due to the fact that the procedures of calculating the
hydrological, hydraulic and economic databases in order thfferent flood damage categories (Du Plessis and Viljoen, 1997;
establish the total direct flood damage. This process can b898) and also the procedures followed by FLODSIM (Du
repeated for various floods with different probabilities of occurPlessis, 1999) are already published, no further attention will be
rences. With these results it is then possible to calculate the megwen in this paper to the above-mentioned.
annual damage (MAD). With the MAD known, it is possible to
calculate the benefits of different flood mitigation measures forheoretical framework
any area of investigation. Flood mitigation measures can be
implemented to reduce the physical extent of flooding, relieve tdood mitigation measures are divided into three categories
effect of a flood on humans and the community and reduce teig. 1), according to Higgins and Robinson (1981). Handmer
tendency towards flood damage in different areas. They can a([d®85) and Viljoen (1979) use the same classification. Although
be implemented to reduce the risk of flooding and in this wayhe order is changed, the same basis of classification is used.
income stability can be assured at farm level (Van Zyl and The first measure is concerned with the control of flood
Groenewald, 1984a). Krutilla (1966) points out that, in spite ofaters, namely keeping flood water out of developed floodplains.
the disastrous effects of flooding, it is not economically viable tBor this purpose, structural measures like flood control dams and
implement measures to such an extent that they will prevent tlevees are usually used. Secondly, damage can be reduced in
total risk of flood losses. This is because the cost of the floeadeas with the greatest flood damage potential by limiting settle-
mitigation measure will exceed the benefits thereof. Keeping ttment and development in these areas. This usually entails non-
above-mentioned in mind, an optimal package of flood mitigastructural measures, like land-use regulations. Lastly, measures
tion measures, can be compiled where marginal benefits are eqaa associated with the risk actions by the inhabitants of floodplains,
to the marginal costs. in accordance with and overlapping the first two measures. A
Before an optimal set of flood mitigation measures can beery important component of this is comprehensive public edu-
established for an area, the different measures which can daion and information programmes.
implemented should first be identified. After that, it is necessary
to indicate for each measure exactly what it entails and what Evaluation of flood mitigation measures
benefits and costs will be. After the benefits and costs of each
measure have been established, suitable packages can be id@hié effect of several flood mitigation measure options on
fied for the research area. An optimal flood control and floogotential disasters and damage is graphically depicted in
damage control measures package can then be compiled. Fig. 2 by specifically referring to the benefits of different flood
Against this background, the paper only focuses on the firsbntrol options and disaster potential. The probability of disaster
two steps, namely identifying applicable flood mitigation measpotential can be reduced through some flood mitigation measures
or risk-reducing options, while other measures increase the
* To whom all correspondence should be addressed. potential for disaster. Apart from the disaster potential, some
B (051) 401-2721; fax (051) 401-2721; e-mail anton@landbou.uovs.ac.#@od mitigation measures can be advantageous to the local and/
Received 30 March 1997; accepted in revised form 27 November 1998r national community, while others have detrimental effects.
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Figure 1
Categories and examples of flood control measures
(Source: Higgins and Robinson, 1981:4) - Catastrophe
Potential

Smith and Greenaway (1993:18) discuss this aspect in more Figure 2
detail. Fig. 2 is subsequently explained through a short discus- Benefits and disaster potential of alternative flood
sion of relevant factors. mitigation measures

(Source: White, G. 1945, quoted by Smith and Greenaway,
Flood protection 1993:23)

In this case, flood protection refers to the building of levees,

which are structural flood control measures. Structural measurggnq.yse planning

built in the floodplain, can counteract flooding of the floodplaing 5nd-use planning in floodplains has the aim of reducing the
in several ways. For instance new catchment dams can redyg@ected flood damage on the one hand and reducing the risk of
flood peaks, levees channel the flow into certain predetermmg@vempmem in the floodplain on the other hand, by following
entry ways and flood ways help to channel excessive flow awass fiood-hazardous building practices. In order to fulfil this, the
However, building and maintenance costs of this type of meas\gserent land-use options within floodplains should be analysed.

are high (Smith, 1993). _ Dividing the different land-use types into different zones, accord-
~ Structural control measures have two important characterigyy to certain river characteristics usually facilitates the analysis
tics, namely: of land-use options. Some land-use types are more susceptible to

] ) floods than others and the following options can be exercised,;
* They can never provide full protection. The expected flood

damage is only reduced, while the risk of settling in th¢ the most vulnerable land-use activities should be discouraged
floodplain remains unchanged after structural measures have iy figodplains or

been built, and _ _ + land use can be shifted to less vulnerable zones/areas, for
+ They create a false feeling of security. instance where rivers have characteristically less flood dam-
age.

A belief that the building of structural measures reduces the

probabil_ity of flooding can lead to large-scale _de_velopment iBrown (1972), Krutilla (1966) and Lind (1967), as quoted by
floodplains and the expected flood damage will increase. Thﬁhampapillai and Musgrave (1985), criticise land-use planning
catastrophic consequences of larger floods are increased in tg‘_i,sa flood control mechanism. The expected flood damage is
case, because these measures lead to further development behiflced at a cost, because of the loss of profit, in that a land use
levees. Further development in floodplains takes place as a resilft would have taken place in the floodplain now takes place
of the false feeling of security created by levees. In effect, thigiside the floodplain where it is less profitable. Higgins and
reduces the abilit_y of the commun_ity to avoid I_osses as a result@fpinson (1981) link this argument to the one that several
larger floods. This phenomenon is common in urban areas. gjternatives are available to prevent flood losses. The concept of

In spite of the fact that structural measures increase th@edom of choice should also be kept in mind; to the agricultur-
disaster potential, structural measures reduce the mean annualihis means to produce at free will. Some inhabitants of the
flood damage, especially for smaller floods, and for this reasgodplains take chances and prefer to produce a high-value flood
they have a positive effect on flood control. The use of onlysy crop, while others prefer a lower expected income, which is
structural measures can lead to a sub-optimal development gfre stable over time. To reconcile this the application of land-
floodplains because of the very high cost involved implementingse regulations is made more difficult. The ultimate purpose of
it and also because structural measures on their own lead to theq-use planning is not to harm individuals, but rather to
escalatior_1 of flood d_amages over time, mainly because of th&rease public welfare. In some areas, applying land-use regu-
false feeling of security created. Therefore non-structural meggions can thus reduce the necessity for structural protection. So,
ures are also required in order to effect optimal floodplaiggyicultural production activities are changed to crops that grow
development. and ripen outside the main flood season.
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According to Fig. 2, land-use management/planning (tdt is important to note that flood warning as such cannot reduce
gether with flood warnings) has the greatest net benefit of tllmmage, but it only provides the opportunity for other activities
above-mentioned flood mitigation measures. Reducing the avéo-start. According to Fig. 2, the same principles as for land-use
age annual flood damage and disaster potential positively inflmanagement are valid here.
ences flood control. Another method of land-use planning is the
development of crop varieties which are resistant to flood waténsurance
and can be cultivated in floodplains, while less resistant crops cBlood insurance is not a direct flood damage control measure, but
be cultivated on higher-lying areas. The first has already beeather a mechanism that transforms a series of stochastic losses
successfully done with lucerne in New South Wales (Higgins aridto a homogeneous series at a greater total cost (Higgins en
Robinson, 1981). The average flood damage per year is redu¢&mbinson, 1981). De Villiers (1974), quoted by Van Zyl and
in this way and so the disaster potential is reduced. Groenewald, (1988) mentions four characteristics of flood insur-

ance:

Flood barricading
Flood barricading can be divided into three categories, nameby; It reduces uncertainty with the insured
e Permanent measures - the choice of building material and It transfers the risk from the insured to the insurer

flood heights of buildings, ¢ The economic loss of the insured is compensated fully or
* Unforeseen measures - these are implemented after flood partially

warnings have been issued, for ex-» Only two parties are involved.

ample sealing walls and closing

unnecessary openings. It is important that authorities are involved when flood insurance
* Emergency measures - this is done during a flood, like the determined for flood-prone areas. The insurance premium can
use of sand bags. be of value to the policy-maker in order to plan and manage

floodplains optimally. Thampapillai and Musgrave (1985) men-
James (1964), quoted by Higgins and Robinson (1981), det¢ien four benefits of flood insurance, namely:
mined that flood barricading is only economically viable in thinly
populated urban areas which are often flooded (at least once every It makes the floodplain inhabitants aware of the risk involved
two years). When urbanisation exceeds about 10% of the in settling in the floodplain
floodplain, other measures like joint levee protection become It complements structural measures by removing remaining
more cost-effective. Flood mitigation measures should always be risk
evaluated in terms of costs and benefits. Higgins and Robinsen It is relatively cheaper than structural measures
(1981) quote Flack (1978) who emphasises that the decisionsto It creates environmental benefits by not interfering with
provide individual homes with flood barricading rests with the nature.
owner himself. For this reason, a cost-benefit analysis for a
floodplain as a whole will not necessarily be applicable to awan Zyl and Groenewald (1984b) calculate a further benefit for

individual's decision or control mechanism. floodplain inhabitants from flood insurance, by comparing the
average net cash flow for different sized farms with and without
Flood warning flood insurance. In this research, it was found that the net cash

If floodplain inhabitants can be warned against flood disasters flow for each size farm was not only higher, but also more stable
time, emergency measures like evacuation and the building when they insured against flood damage.

temporary flood mitigation measures can be implemented. Most Figure 2 distinguished between insurance and true insurance.
of the time this means that only a part of the property that iasurance refers to insurance that is borne by the authorities or
exposed to flood damage, is saved. Higgins and Robinson (198&id out, while true insurance refers to insurance borne by the
measure the effectiveness of a flood-warning trellis systemdividual himself (individual floodplain inhabitant). Where the

according to the following: owner himself does not pay the premium (in full), but it is paid
or subsidised by the authorities, the real risk of settling in
» Flood damage when no action is taken; floodplains is not realised. Such a trellis system has negative
» Flood damage when all portable items are removed; and effects on insurance premiums by encouraging the undesirable
« Expected flood damage. use of floodplains. When the insurance premium is not subsi-

dised, the floodplain inhabitants will be more aware of the risk
The ability of floodplain inhabitants to react effectively to floodinvolved in settling in floodplains. As a result, it has an advanta-
warnings, will reduce flood losses. An effective flood-warninggeous effect on flood control. In both cases, the disaster potential
trellis system is able to protect floodplain inhabitants against aliycreases because of a false feeling of security which is being
flood and the risk of settling in the floodplain is reduced at a costeated.
equal to the cost involved in a warning trellis system. The As far as can be ascertained, there is no insurance scheme in
different emergency measures taken by floodplain inhabitantSputh Africa at present that covers flood losses specifically.
are based on two aspects, namely: Possible reasons for this are that production on floodplains takes
place only on a limited scale in South Africa, a lack of data
« Flood warnings can be very effective if they reflect both theertaining to flood records and problems pertaining to determin-
time of occurrence and extent of a flood. The more accuraiteg loss functions for different crops (Van Zyl and Groenewald,
the prediction, the greater the expected loss which can ©684a). An important aspect which one should not lose sight of,
prevented and the smaller the risk taken. is that most insurance schemes function on the assumption that
e Secondly, the range of the warning trellis system, in othéhe insured do not suffer losses at the same time and thus also will
words the area which is covered by the warning, is importaniot claim at the same time. The opposite is true with flood
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insurance. When floodplains flood, all insured persons in th@ther measures

floodplain will claim compensation at the same time. A situatiodpart from the above measures, the following can also be applied

can arise where all claims exceed the pooled premiums. Vdiiggins and Robinson, 1981);

few, if any, insurance companies will bear such a risk (Van Zyl Catchment areas can be changed upstream to such an extent

and Groenewald, 1988). that it reduces the flood peak. Possible activities include
In answer to the above, Thampapillai and Musgrave (1985) afforestation and building of contour walls. It is usually only

say that a compulsory national flood damage insurance scheme practical in small catchment areas.

can be recommended to reduce the risk for insurance companies.Public schooling and training programmes can inform

A compulsory flood insurance scheme ensures government in- floodplain inhabitants about the risk involved in settling in

volvement and absorbs the losses borne by the company. Lind floodplains.

(1967:347), as quoted by Van Zyl and Groenewald, (1988) stated Permanent evacuation or large-scale redevelopment of a

that a compulsory flood insurance scheme is a method of prevent- floodplain are alternatives which will not be used very often,

ing irresponsible utilisation of a floodplain. The fact that the state if at all. Permanent evacuation becomes relevant with old

will not commit itself causes this aspect of policy to be ineffec- buildings or if the structure is such that flood barricading is

tive. Insurance premiums can also be so high that it discourages difficult. It mostly results in great disruption and the social

any development within the floodplain and so, a scheme which disruption of evacuation cannot be justified economically.

could have been profitable, will not be developed (Wiggens, 1974

- quoted by Van Zyl and Groenewald, 1988). A non-compulsofgmpirical results

flood insurance scheme was unsuccessful in the USA, in spite of

a 90% subsidy by the authorities. The main reasons for this we#gth the above theoretical background, it is possible to evaluate

a lack of awareness by individuals pertaining to the flood lossedternative flood mitigation measures for the research area with

and the probability of occurrence as well as the availability ahe flood damage simulation model (FLODSIM).

insurance.
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Figure 3

The mean annual flood damage (MAD) for land-use management options in the Lower Orange River floodplain
between Gifkloof Weir and the Manie Conradie Bridge, 1992

Key:

Wine_G: Allland uses have been changed to wine-grapes with gable trellis systemsin the research area.

Wine_T: Allland uses have been changed to wine-grapes with T trellis systems in the research area.

Sult_G: Allland uses have been changed to sultana with gable trellis systems in the research area

Sult_T: Allland uses have been changed to sultana with T trellis systems in the research area..

L_RC_WG: Allvines have been changed to wine-grapes with a gable trellis system with existing rotational crops and lucerne.
L RC_WT: Allvines have been changed to wine-grapes with a T trellis system with existing rotational crops and lucerne.
L_RC_SG: Allvines have been changed to sultana with a gable trellis system with existing rotational crops and lucerne.
L_RC_ST: Allvines have been changed to sultana with a T trellis system with existing rotational crops and lucerne.
Present: Presentland-use patterns occurring inthe research area.

Han_T: Allland uses have been changed to hanepoot with T trellis systems in the research area.

Lucerne: Allland uses have been changed to lucerne inthe research area.

RC: Allland uses have been changed to rotational crops in the research area.
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TABLE 1
NET BENEFIT OF DIFFERENT LAND-USE OPTIONS FOR THE RESEARCH
AREA BETWEEN GIFKLOOF WEIR AND THE MANIE CONRADIE BRIDGE, 1992
Land use Net income Mean annual Net benefit
(R) damage (R)
(R)

Rotational crops 5942 918 4 980 666 962 252
Lucerne 10 139 444 B04 474 4 434 970
HAN_T 29 036 561 7 984 520 21 052 041
L RC_ST 19 936 498 10 186 066 9 750 432
L RC_SG 23 971 851 10 369 402 13 602 449
L_RC_WT 19 643 611 10 302 375 9 341 236
L RC WG 30 256 764 10 866 618 19 390 146
SULT_T 30 622 020 12 530 431 18 091 589
SULT_G 38 483 728 13 320 332 25 163 396
WINE_T 30 051 413 15 403 000 14 648 413
WINE_G 50 728 048 15 413 182 35 314 866
PRESENT 19 857 277 10 220 911 9 636 366
Key:

MAD: Average annual flood damage

the average net profit is consistently higher than the average
annual flood damage.
The effect of different land-use management options is investi-
gated in this section with the aid of the flood damage simulatidrevee analysis
model. From the many options a number of hypothetical land uses
are analysed to illustrate the application of the flood damaggructural flood mitigation measures for the research area are
simulation model. The flood damage simulation model consistargely limited to the building of levees. The location of levees,
of several output files which are stored in GIS (geographias well as the height above ground level of the different levees,
information trellis system) format. Thus, the land-use pattern is also stored in an output file. In this way, levees can easily be
the research area can easily and quickly be changed to ascenmémipulated by changing the height of individual levees or even
the effect of management options of different land use in théhanging the location of levees. In order to do a meaningful
way. As a first round, the land uses have been changed by oahalysis between the “with” and “without” approach, the total
cultivating lucerne or applying rotational crops or viticulture incost of building levees should also be calculated. Costs for the
the research area. Secondly, the existing land-use pattern hastuifding of levees have been provided by Ekkard (1993). A
been changed but all grape cultivars have been changed to sultdistéinction was made among the three types of levees in the
or wine-grapes or hanepoot. The effect of the different trellisesearch area, namely soil, gravel and good gravel levees (see Du
systems on the MAD has also been ascertained. Figure 3 regPéessis, 1994 and also Du Plessis et al., 1995 for more informa-
sents the results graphically. tion). The total length of different levees in the area of investi-
The average losses per annum due to flood damage a@ation (three types) has been calculated with the aid of the flood
limited to the minimum, if only rotational crops (RC) are plantedlamage simulation model and is as follows:
in the research area. In contrast to this, the MAD is highest for

Land-use management

wine-grapes with a gable trellis system (Wine_G) followed by Sail levees: 59 560 m
wine-grapes with a T trellis system (Wine_T). If the existing vine  Gravel levees: 17 705 m
production is changed to wine-grapes with a gable trellis system Good gravel levees: 31 729 m

(L_RC_WG), wine-grapes with a T trellis system (L_RC_WT),
sultanas with a gable trellis system (L_RC_SG) or sultanas witlevees in the research area, according to Ekkard (1993), have an
aT trellis system (L_RC_ST) (while existing rotational crops anelverage top width of 3.5 m, a side slope of 1:1 and an average
lucerne stayed the same) and compared to the existing land-hegght of 1.6 m. As a result, levees in the research area consist of
pattern, there is little variation in the MAD. on average 8.16 fof building material per 1 m of levee length

To make meaningful recommendations, the MAD of differ{Du Plessis, 1994:122). The total cost of building all the levees
ent land uses should be compared to the net income of tinethe research area, presuming that building material has to be
different land uses. The net income for individual land-use typ&sansported for 1 km on average, is summarised in Table 2.
specified in Table 1 can be calculated by multiplying the gross The total cost of building levees in the research area is
margin of the land-use type with the total area under productioR3.6 m. (1992 prices). By subtracting the MAD of R7.029 m.
The net benefit of the land uses can than be determined fpym the MAD without the effect of levees being accounted for
subtracting the MAD from the net income (Table 1). A positivgR9.305 m.), a benefit of R2.286 m. is found. The shaded area in
net benefit is present with all of the land uses, which indicates triyure 4 indicates the benefit of levees. On first glance, it seems
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TABLE 2

TOTAL COST OF THREE TYPES OF LEVEES BETWEEN GIFKLOOF WEIR AND

THE MANIE CONRADIE BRIDGE AT KANONEILAND, 1992

Item Soillevees | Gravel levees [Good gravel
levees
Total length (m) 59 560 17 705 31729
Cost per 1 m length of levee (R)  20.40 32.64 57.12
Total cost (R) 1215024 577 891 1812 360
TABLE 3
BENEFITS GAINED FROM THE BUILDING OF LEVEES FOR THE RESEARCH AREA BETWEEN
GIFKLOOF WEIR AND THE MANIE CONRADIE BRIDGE AT KANONEILAND, 1992
Discounting Totallevee |Costoflevee (Costoflevee |Netbenefit Netbenefit
rate benefit without including without cost of with
(R) maintenance |maintenance | maintenance | maintenance
cost (R) costs (R) (R) costs (R)
NHW 8% 24 297 189 3 338 218 3906 930 20 958 771 20 390 259
NHW 10% 20 660 532 3277 523 3730811 17 383 Q09 16 929 721
NHW 12% 17 852 012 3218 996 3 585 482 14 633 Q61 14 266 530
100
g L\\
e}
= 80
=
S 60 —~—__ > MAD: R¢
S 50
w40 e
e 5 MAD: R7,029 million — T~
=
3 20 \.\
10
0 : : :
1000 50 20 10
FLOODS (YEAR)
Figure 4

Net benefit caused by the building of levees between Gifkloof Weir and the Manie Conradie Bridge
for a 5 March flood, 1992

that R3.6 m. in expenditure is being saved for a benefit of R2.28@mmarises the results.
m. The net benefit which can be gained from levees, is estimated
However, the above saving is an average annual saving &oda 5 March flood. From Table 3, a net benefit of R17.383 m. is
for the purpose of comparison, the saving should be discountgdined (discounted at 10%) if no maintenance and repair costs are
over the life-span of the levee. The life-span of a levee waaken into account. If maintenance and repair costs are taken into
estimated at 25 years (Ekkard, 1993), consequently a savingaatount, a net benefit of R16.930 m. is gained through levees. A
R20.660 m. (1992) is effected. By subtracting the cost involvegteater benefit is gained if a smaller discounting rate (8%) is used,
in building levees from this saving, the net benefit gained fromnhile about a 15% smaller benefit is gained with a 12% discount-
the levees, is obtained. The above approach does not matkeg rate. The net benefit gained through levees, is not sensitive
provision for the annual cost of maintenance for levees, as wédl the percentage of maintenance and repair costs. After increas-
as repairs to levees because of damage by flood waters. ifMg maintenance to 5% and cost of repairs to 30 and 60% of
compensate for this, the net benefit of levees is estimated by usthg cost of maintenance in Years 10 and 20, a net benefit of
0.5% annually of the construction cost as maintenance to leveB4,5.268 m. was still gained. With the above percentages, floods
as well as 15 and 20% of the construction cost in Years 10 andt®@t had occurred on 1 February and 30 March were taken and net
for repairs to levees as a result of flood damage. Table hgnefits of R18.571 m. and R14.793 m. were still obtained.
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TABLE 4
THEREDUCTION INAVERAGE ANNUAL FLOOD
DAMAGE WHEN THE PROBABILITY OF THE OCCUR-
RENCE OF FLOODING IN ANY YEAR HAS BEEN
REDUCED THROUGH DAM MANAGEMENT, 1992

Flooding probabilities Mad

(Case) (R)
Present flooding probabilities 7 029 753
| 6 390 685

Il 5858 128
1 4 327 795
\% 3849 861
Key:

MAD:Mean annual flood damage

I: 10% reduction in flood probabilities.

II:  20% reduction in flooding probabilities.

Ill:  The once-every-four-years flood becomes
once-every-five-years flood, once-every-fiy
years becomes the once-every-ten-years fl
once-every-ten-years flood becomes the or
every-twenty-years flood, once-every-twen
years flood becomes the once-every-fifty-ye
flood, the once-every-fifty-years flood remai

gional maximum flood remains a once-eve
thousand-years flood.

IV:  The once-every-four-years flood becomes
once-every-five-years flood, once-every-fiv
years flood becomes the once-every-ten-ye
flood, once-every-twenty-years flood becom
the once-every-fifty-years flood, the once-eve|
fifty-years flood becomes the once-every-ht

flood remains a once-every-thousand-ye
flood.

y-
ars
IS

the once-every-fifty-years flood and the 1e-

y_

he
e_
bars
es
ry-
n_

dred-years flood and the regional maximiim

ars

Dam management

Apart from structural flood damage measures, like levees, floods
can also be controlled through dam management. In effect, river
hydraulics is influenced by changing the water levels at different
places in the river. This implies that increasing or reducing the
probability of occurring in a specific year changes the risk of
floods. The building of an additional dam or raising the height of
an existing dam wall, can reduce the probability of flooding in any
year. The effect of this on the MAD can be determined through
the use of the flood damage simulation model. Two approaches
have been followed:

¢ changing the probability of occurrence of the different floods,
« reducing water levels by 1%.

When the water level is reduced because of a new dam or the raise
of an existing dam wall, the probability of the occurrence of
floods is reduced. A few hypothetical probabilities of flooding
occurring in any year have been adapted, mainly to show the
sensitivity of flood probability in the MAD (Table 4).

When the risk of flooding is reduced by 10%, the MAD is
R6.391 m. This is a 9% reduction in flood damage. A 20%
reduction in flood damage causes a 17% reduction in the MAD.
Although a less than 20% reduction in the MAD does occur, the
benefit should be compared to the cost involved in the flood
control measure. A drastic change in the probabilities of flooding,
cases lll and 1V, causes a 38 and 45% reduction in the MAD and
the MAD amounts to R4.328 and R3.850 m. respectively. Further
investigation on the cost implication of the above-mentioned
scenarios is necessary before real decisions can be made.

Insurance premiums

Insurance premiums can be determined for different flood dam-
age control options, by making the annual flood damage premium
equal to the expected average annual flood damage (Krutilla,
1966). Additional administrative costs are ignored in this case,
but an additional 10% levy as recommended by Kuiper (1971),
quoted by Van Zyl and Groenewald (1988), is added to the
premium. Table 5 gives a summary of insurance premiums for a

TABLES
EXAMPLES OF INSURANCE PREMIUMS FOR DIFFERENT FLOOD DAMAGE CONTROL OPTIONS FOR
THE UPINGTON IRRIGATION AREA, 1992

Flood damage control option MAD Insurancepremium | Insurance premiums

R) per year per month
(R/ha) (R/ha)

Present land use 10 220 911 2 559 213.26

Land use was changed to wine-grapes

with gable trellis system 15 413 182 3859 321.60

Land use was changed to rotational crops 4 980 666 1247 103.92

Present land use with the effect of levees

taken into account 7 029 753 1760 146.68

10% probability reduction in the

occurrence of flooding 6 390 685 1600 133.34

Key:
MAD: Mean annual flood damage
* 10% levy added to the premium
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few options for the Upington irrigation area. The total irrigatiomot at all affordable. Affordable premiums can be calculated by

area was calculated from the flood damage simulation model anarying land use to such an extent that more flood-resistant crops

comprises approximately 3 994 ha. are cultivated in the floodplain. It is only when producers have to
First the current land-use pattern in Upington was taken apay the premium themselves, that undesirable cultivation prac-

starting point. For the current situation the MAD is equal ttices in floodplains can be eliminated. The above aspects will

R10.220 m. (Table 5) and when divided by the total area undeave to be researched more fully before meaningful recommen-

irrigation (3 994 ha) the insurance premium is R2 559/ha. Whetations can be made pertaining to flood insurance premiums.

the effect of levees is taken into account within the current land-

use type the insurance premium is R1 760/ha. With a 108ummary

reduction in the probability of flood occurrence, the premium

falls by 9% and is R1 600/ha-yr. Where only wine-grapes withla this paper flood mitigation measures were discussed under

gable trellis system are cultivated, the premium is 34% highénree categories of damage. The first category is related to

than with the present land-use pattern (without the effect of leveeasures which control flood-waters, namely keeping flood-

being taken into account) and amounts to R3 859/ha-yr. waters out of developed floodplains. For this purpose, structural
measures like levees are usually used. Secondly, damage can be
Conclusion and recommendations reduced in areas with the greatest flood damage potential by

limiting settlement and development in these areas. This usually
One can draw important conclusions from the land-use managdeeludes non-structural measures, like land-use regulations. Lastly,
ment options investigated. When the MADs for the different vinBood mitigation measures can be categorised into measures,
cultivars, as well as the different trellis systems are comparedudich can be regarded as community service. A very important
one another, it seems that there are no significant differences (seeponent of this is extensive public education and information
L_RC_WG,L_ RC_WT,L_RC_SGandL_RC_ST). Thisimpliegprogrammes.
that one does not have to distinguish between different vine With this theoretical framework as background, several flood
cultivars and trellis systems for future flood damage analyseanitigation measures were researched for the research area. The
Although rotational crops (RCs) have the lowest averagaenefit to be gained from several measures for the research area,
flood damage per year, it is not the most profitable way to practigeas calculated with the aid of a flood damage simulation model.
only crop rotation in the floodplain. According to Table 1,Several land-use management options were first researched. A
rotational crops have a net benefit of R962 252 (1992), while tip®sitive net benefit is obtained with all of the land uses. Although
greatest net benefit is gained by cultivating wine-grapes onratational crops have the lowest average flood damage per year,
gable trellis system (Wine_G). Next to rotational crops, lucernieis not beneficial to only practice crop rotation in the floodplain.
has the lowest net benefit. The average annual saving on flobde greatest net benefit is gained by cultivating wine-grapes with
damage by cultivating only rotational crops instead of the preseatgable trellis system in the research area.
vine cultivars, is about R10.432 m. (1992). If this is compared to Next, levees were researched. This has a net benefit in the
the loss of income, about R44.758 m. in loss of income will besearch area, even if building, maintenance and repair costs are
cancelled by practising rotational crops instead of cultivatintgaken into account.
vine cultivars. The manipulation of dams for the purpose of flood control
Brown (1972), Krutilla (1966) and Lind (1967), quoted bywas also analysed. Dams can be manipulated to reduce the flood
Thampapillai and Musgrave (1985), justly comment that thpeak. As a result, the risk of flooding is reduced by reducing the
expected flood damage is reduced, but at a cost if a crop whigtobability of occurrence. It was found that when the risk of
yields a greater than expected net income in floodplains théinoding is reduced by 10%, the MAD is reduced by 9%.
outside, is no longer cultivated in the floodplain. Other factors The involvement of authorities in flood-prone areas during
like the suitability of soil for different crops, the financial skillsthe institution of flood insurance premiums is important. The
and expertise of farmers to cultivate other crops, the availabilitysurance premium can be very valuable to the policy-maker in
of labour, implements and processing capacity and the ability toder to optimally plan and manage floodplains. For different
market the products, should also be ascertained before an optifiedd damage control options, the insurance premiums can be
land-use pattern can be determined. calculated by making the annual flood damage premium equal to
From the levee analyses, it emerges that levees can the expected average annual flood damage. Additional adminis-
financially justified in the research area. However, with thérative costs were ignored in this case, but an additional 10% levy
present hydraulic information (constant flow), water levels rewas added to the premium. It was indicated that premiums vary
main constant as levees are manipulated. To make provision fiar year from R1 250 to R3 800/ha, depending on the flood
this, refined hydraulic information should also be used to perforaamage option chosen.
further analyses using the flood damage simulation model, in From the above, it seems that the flood damage simulation
order to obtain a better answer. model developed is able to produce useful information as input
It is possible to illustrate the benefits of dam managemetwards the planning of flood control and flood mitigation
with the flood damage simulation model. Hypothetical examplemeasures.
were used during this research. As new dams are built, a complete
cost analysis should be done among others, in order to be abl&@eferences
come to meaningful conclusions. For this purpose, the real costs
involved in the building of a new dam should also be knowrDU PLESSIS LA (1999) New flood damage simulation model for irriga-
However, this type of analysis falls outside this research. tion areas of South Africa: A GIS approachgric. Eng. in S. Afr
It was also possible to indicate the real risk of settling in 30 (1)- , o _ ,
floodplains with the aid of the flood damage simulation moddfV PLESSIS LA (1994) Die Ontwikkeling van Verliesfunksies en 'n
. . . Rekenaarmodel vir die Bepaling van Vloedskade en Vioedbeheer-
(Table 5). Premiums for the present land-use options are high and
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