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CHAPTER 1

INTRODUCTION

On the average, floods causing damage on a relatively
large scale occur once every two years in South Africa.
Many flood plains are occupied by intensive irrigation
land. Urban and industrial development, as well as tele-
communication and transportation services are also
situated in flood plains. This penetration of human ac-
tivities into the flood plains causes economic and com-
munity disruptions, with sometimes even wider national
implications, when a flood occurs. Moreover, a diversity
of economic and physical characteristics in different
river reaches complicates forecasting flood damage for
policy purposes. The degree to which a specific reach in
a river is prone to flood damage will inter alia be deter-
mined by the occupational pattern, as well as the
topographical, geological and hydrological characteris-
tics of the reaches.

Given the present trends in the occupational pat-
tern of flood plains in South Africa, it should be clear
that the occurrence of floods could make progressively
higher demands on aspects such as planning and con-
trol of both the floods and the utilisation pattern in these
flood plains. The major floods on a country-wide scale
during 1974 presented an ideal opportunity for research
on the subject. The Directorate of Water Affairsthere-
fore requested the Water Research Commission to ini-
tiate research on the impact of these floods and to
assess the flood damage. This research was later ex-
tended to include the assessment of damage due to a
major flood in the Vaal River during 1975.

Research of this kind had not previously been
undertaken in South Africa and no bibliographical
source regarding the assessment of flood damage on a
comprehensive scale was available. The initial task of
the research team was, therefore, to construct a theore-
tical basis upon which a methodology for flood damage
assessment could rely. Only after this was completed,
and the methodology spelled out, could the actual
research with respect to flood damage assessment be
conducted. The purpose of this publication is to give a
resumé of the completed research with the accent on
guidelines for flood damage assessment in an ex post

context. However, any person intending to conduct
similar investigations, is warned not to regard the mate-
rial presented as a final recipe, as practical problems will
always be encountered and these should be solved by
the logic underlying specific situations. Extensive use
was made of the five research reports submitted to the
Water Research Commission and any prospective re-
searcher is referred to these reports for careful and
critical study before venturing into this field. The fol-
lowing reports were submitted:

® Spies, P.H., Viljoen, M.F. and Smith, D.J.G.
Vloedskade in sekere riviertrajekte van die
Republiek van Suid-Afrika, Deel | — ’'n
Metodologie vir vioedskadebepaling. Pretoria,
Water Research Commission, 1977.

® Spies, P.H. Vloedskade in sekere riviertrajekte van
die Republiek van Suid-Afrika, Deel /| — Bevin-
dings rakende vioedskades in drie riviervalleie in die
Noord-Westelike en Qostelike Kaapprovinsie.
Pretoria, Water Research Commission, 1977.

® Viljoen, M.F., Vos, J.A. and Marais, P.J. Vioed-
skade in sekere riviertrajekte van die Republiek van
Suid-Afrika, Deel Ill — Bevindings rakende die
1974 vioedskades vir verskillende riviertrajekte van
die Oranje-, Vaal-, Riet-, Seekoei-, en Hartbees-
rivier. Pretoria, Water Research Commission, 1977.

® Viljoen, M.F., Smith, D.J.G. and Spies, P.H.
Vloedskade in sekere riviertrajekte van die
Republiek van Suid-Afrika, Deel IV — ‘n Evaluering
van die problematiek rondom vloedskadebepaling
in die Republiek van Suid-Afrika. Pretoria, Water
Research Commission, 1978.

® Viljoen, M.F., Vos, J.A., Smith, D.J.G., and
Prinsloo, J.W. Die 1975 vioedskade vir verskillende
trajekte van die Vaalrivier. Pretoria, Water Research
Commission, 1980.



CHAPTER 2

CONCEPTS AND MODELS IN FLOOD DAMAGE ASSESSMENT

In this chapter certain basic concepts relevant to flood
damage assessment (FDA) are presented. Although
some of them appear to be self-explanatory, they could
nevertheless lead to divergent interpretations in prac-
tice.

21 FLOOD

Broadly speaking a flood may be divided into a iand and
a channel phase. During the land phase water flows
over the land when the intensity of the rainfall exceeds
the infiltration capacity of the soil. When this run-off
reaches the rivers (causing an above normal flow), and
the banks of the river are overflowed, the channel phase
of the flood comes into existence (Hoyt and Langbein,
1955). Only the channel phase is relevant for purposes
of this discussion.

Floods vary in size. For planning purposes this
variation is normally expressed in terms of the period of
recurrence (the so called reference flood), for exam-
ple a one-in-hundred-years flood or a one-in-fifty-years
flood. The period of recurrence refers therefore to
the probability of a specific flood.

2.2 FLOOD PLAINS

The low-lying regions bordering rivers, which are nor-
mally dry but become inundated during floods, are
referred to as flood plains. The area of these flood plains
will be determined by specific reference floods. Thus, a
one-in-hundred-years flood will give rise to a larger
flood plain in a specific reach than say a one-in-twenty-
years flood.

2.3 FLOOD DAMAGE

Flood damage can be described as the material and
intangible losses suffered by a community on account
of a flood. The material or tangible losses refer to dama-
ges which can be enumerated in monetary terms,
whereas the intangible damages denote that portion of
the losses that cannot be enumerated in this way (Eck-
stein, 1958, pp. 127—141).

Tangible losses are normally subdivided into pri-
mary and secondary losses (see Figure 2.1). Primary
damages denote first order effects wkile secondary
damages denote effects of the second and higher order;
i.e. a multiplier effect. Primary damage can furthermore
be subdivided into direct and indirect damages.
Damages are direct when the damaged entity has made
physical contact with the flood water and indirect where
no physical contact was made (James and Lee, 1971,
pp. 250—255). Indirect damages include effects which
occur over a period of time, or effects which are spatial-
ly removed from the flood regions, or a combination of
the two.

2

FOTAL FLOOD DAMAGE J

| TANGIBLE DAMAGE J rlNTANGIBLE DAMAGE J
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DIRECT DAMAGE | INDIRECT DAMAGE J

Cree—{ e ]

Figure 2.1: Classification of flood damages

Some researchers prefer to classify secondary
losses under indirect damages (Skowyrski, 1976, p. 4).
As will be pointed out later in this report, distinction was
made between secondary losses and indirect damages.
Apart from the above-mentioned damage categories,
American researchers identified an additional group,
namely uncertainty losses (Grigg, et al., 1975). These
losses are suffered by the inhabitants of the flood plains
on account of the continuous uncertainty regarding the
time of occurrence of the next flood and its intensity.
These types of losses have two components, namely
that accruing from the feeling of insecurity (which is in-
tangible) and that due to the non-optimal utilisation of
the flood plain (which is tangible).

24 FACTORS WHICH MAY DETERMINE THE
DAMAGE POTENTIAL OF FLOODS

Factors related to the nature of floods, the potential im-
pact of floods on human activities and the measuring of



Rainfall in catchment area causes a specific land phase flood depending on:

(1. Size of catchment area;
Distribution of rain over catchment area;
Exogenous ( 3. Distribution of rain over time;
variables (4. Intensity of individual storms
(5. Hydrological and topographical characteristics of catchment area.

A specific land phase flood deter-
mines the volume of water per se-
cond that will reach the river at a
certain point.

Qualifying

Characteristics of river comprises:

width of river channel, width of flood
plain, topography of flood plain and ad-

1. Topographical qualities, such as slope,
jacent areas;

(
(
(
(
(
(
(
(

Parameters
2. Hydrological qualities, such as mean-
dering characteristics of river and ob-
structions in flood plain or river channel;
( 3. Geological qualities, such as factors that
Exogenous ( enhance soil or bank erosion, and thus
variables ( also sediment content of the river.

A specific volume of water in a
specific reach in a river deter-
mines the nature, extent and
quality of the flood in the reach.
The flood is defined in terms of:

1. Momentum flux (a function of
discharge, density and velocity of
the flood waters)

2. Flood stage

3. Flood duration depicted in a flood
hydrograph

4. Sediment content of the flood
water in parts per million

5. The time of the year, month,
week or day of the flood.

A specific flood in a reach can result in flood damage depending on:

Parameters

w

1. The position of human activities in the flood plain;

2.  The type of human activities in the flood plain at a certain time;

Flood control (structural) and — management practices
(non-structural) in the flood plain.

Figure 2.2: Relationships, variables and parameters that are causal to flood damage in a specific reach.




this impact may be interpreted differently by re-
searchers. In order to point out the problems that may
arise, some characteristics of these factors are now
discussed.

From a planning point of view flood damage may
be looked upon as a stochastic rather than a determinis-
tic occurrence. The stochastic nature of flood damage
is primarily connected with the expected incidence of
storms during the course of a year and the distribution
of these storms over the catchment area of a river (Hoyt -
and Langbein, 1955). The nature and magnitude of
floods accruing from these storms are dependent on a
diversity of factors some of which can be influenced by
man, while others are beyond his control. Some of the
relationships regarding flood damage are shown in
Figure 2.2. Those factors that are generally beyond the
control of man are denoted as “‘exogenous variables”
and those which could possibly be controlled as “para-
meters’’.

Depending on the hydrological and topographical
characteristics, as well as the size of the catchment area
of a river, a rain storm of specific duration, distribution
and intensity will cause a wide range of flood responses
depending upon the state of the catchment area at the
time, i.e. the wetness or dryness. A flood can be described
in terms of momentum flux, depth of flow, duration of
high stage and sediment content of the flood waters. It

is the change of momentum flux that gives the measure
of the force with which the flood waters can sweep
away obstructions.’ Stage is the elevation of the water
above a datum and thus defines the depth of inundation
at any point in the flood plain. A flood hydrograph il-
lustrates the flood stages as a function of time, while
the sediment content may be indicated in parts per
million (ppm) or milligrams per litre (mg/¢). All these
characteristics of a flood can influence the nature and
magnitude of the resulting flood damage.

The force associated with flood waters of given
magnitude and sediment or debris content will cause
damage to a greater or lesser degree depending on the
nature and scale of human activities in the flood plain.
These activities may differ with respect to their location
in the flood plain, the kind of activity (for instance farm-
ing or industrial), time (time of the day, week, month
and season) and flood control practices.

Flood damage will therefore vary in accordance
with related exogenous variables, as well as to the ex-
tent that specific parameters are manipulated. These
factors may impede comparability and the ability to
generalise from the available flood damage data. For in-
stance, a stage damage curve (depicting the relation-
ship between damage and depth of inundation) derived
for one river reach, may not be at all relevant for the
next one.

1 Force is equal to change of momentum flux
=QpAV
force in newton
discharge in cubic metres per second

© = mass density of the flood waters (kilograms per cubic
AV

i.e. F
where F

The force exerted on an obstruction can also be expressed thus:
F=% gVAC,

metre)

indicates the change of velocity in magnitude or direction (or both) associated with, for example, an obstruction.

in which A is the projected area of the obstruction normal to the direction of V, the velocity of the flood waters averaged over the area A. C,
the coefficient of drag, has a value of

the order of 2,0, unless the obstruction is streamlined in which case lower values would hold.




CHAPTER 3

AN APPROACH FOR FLOOD DAMAGE ASSESSMENT

3.1 THE ROLE OF WELFARE ECONOMICS

Welfare economics is the theory of how and by what
criteria economists and policy makers make or ought to
make their choices between alternative policies and be-
tween good and poor institutions (Arrow and Scitov-
sky, 1969, p. 1). More particularly, welfare economics
provides an analytical basis for decision making by
public authorities. In this instance studies in applied
welfare economics may be utilised in order to give inter
alia guidelines for an approach to management and
planning problems such as taxation, subsidies, project
development, reallocation of wealth and economic
growth (Arrow and Scitovsky, 1969, pp. 521—615). Itis
clear that an investigation of flood damage could fall
within this framework, and that welfare economics
could supply a framework within which a methodology
for flood damage determination can be formulated. An
understanding of some of the principles of welfare eco-
nomics develops an awareness (sensitivity) to the pre-
conditions of flood damage assessment. In this chapter
a few arguments from welfare economics are presented
in order to explain certain fundamental principles of
cost-benefit analysis and flood damage assessment.

3.2 THE PROBLEM OF PRICING AND SOCIAL
CHOICE

Two problems which are basic to analysis in welfare
economics are correct pricing and social choice, i.e. es-
tablishing a social rank ordering of priorities. Many of
the pricing problems in project evaluation are associated
with public goods, free goods and monopolies (or state
intervention). Another problem is related to the fact that
the market prices represent average prices and that
these cannot therefore be used to enumerate the impact
of economic changes without at least some minimal at-
tention to the broader environment surrounding these
changes. Compounding this problem is the fact that at
least some project evaluations require an understanding
of social priorities. These problems are discussed in this
section.

3.2.1 Some factors in pricing costs and benefits:
public goods, free goods and managed pricing

It is obvious that goods and services are in practice not
always allocated by the free market system. Certain
types of goods and services are classified as collective
(public) goods and are partially or completely dis-
sociated from the free market system. Examples of
these are parks and roads on river banks. In other cases
goods and services are supplied by monopolies or more

generally within the framework of monopolistic compe-
tition. In these cases price structures may differ consi-
derably from the equilibrium free market prices.

Government often intervenes in the price structure
with, for instance, subsidies on irrigation works, ferti-
lizer and other production factors as well as on products.
Free market price formation is disturbed by such inter-
vention. Prices which figure in the assessment of flood
damages may therefore incorporate government deci-
sions which should preferably be handled separately.
For the purpose of this report it is assumed that the ad-
ministered prices include social preferences. This,
however, should not be accepted axiomatically for all
projects. Certain projects may have large price distor-
tions in which case the researcher should rather resort
to shadow (synthetic) pricing (Gittinger, 1972).

Another imperfection in the logic underlying the
free market system is that it assumes all resources to be
fully employed, in other words, that no unemployment
or under-utilised resources exist (Baumol, 1965). This is
clearly a general problem in the analysis of public pro-
jects. If under-utilised resources can be identified a
notably lower price than the market price for fully uti-
lised resources should apply.

Another complication in pricing surrounds the so-
called “free”” goods and services of society. For in-
stance in the case of sunshine, the air which is inhaled
or beautiful scenery, no private ownership exists and it
is therefore not possible to attach a ““market’’ price to
these services.

3.2.2 Economic interactions and externalities

An understanding of the working of the general equili-
brium system of an economy could be of help in the in-
terpretation of some aspects of the economic process
to the planner for three reasons. Firstly, the nature of
the relationships and interdependence between diffe-
rent participants in an economic process is highlighted.
This interdependence underlines the need to analyse
the wider impact of a flood when it is of such a magni-
tude that it could likely cause disturbances in the natio-
nal economy. Secondly, it creates an appreciation for
the central function of the price system in a free market
economy. The price system is the result of competition,
accruing from scarcities and human needs. It is there-
fore not completely correct to measure changes in wel-
fare directly through changes in magnitudes which were
solely based on market prices. A more careful evalua-
tion of the role of prices will show that they are depen-
dent variables. It should therefore only be used with
great caution in the assessment of flood damages.
Thirdly, beside the already mentioned interactions
in an economic system, another group of interactions
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exist which are totally or partially dissociated from the
market system and are therefore not described within
the general equilibrium system. These interactions are
known as externalities and include both external cost
and external benefits. One example of an external cost
is pollution where the production or consumption activi-
ties of one entity have a detrimental effect on the pro-
duction or consumption activities of another.

Another example is the consequences of the con-
struction of buildings or bridges within a flood plain.
These structures may hamper the natural flow of the
flood water by diverting the water to areas which are
normally not flooded. The costs associated with these
floods (i.e. outside the normal flood plain) are external
costs.

3.2.3 The measurement of the consumer surplus’

Another potential problem associated with the use of
market prices in damage assessment, is the exclusion in
estimates of the loss in the so-called ““‘consumer sur-
plus”. To illustrate this point, suppose a certain group
of consumers in a flood plain consumed 0Q, goods and
services at a price OP, before a flood (Figure 3.1). As a
result of the flood the available quantity of goods and
services is reduced to OQ,. If damage calculation is
based only on market prices and quantities and these
prices of the goods and services are held constant, (say
by government measures), the total damage will be
equal to area (5) in Figure 3.1. However, actual
damages include the loss in consumer surplus. It is in
fact larger than area (5), namely areas (5) plus (3). Area
(3) is the loss in consumer surplus, under the assump-
tion of prices being constant, whereas area (5)
represents the loss in economic rent.? This will also be
the total tangible loss should the price of the goods and
services rise to P,, since area (2) is not a social loss
but only a transfer of income in favour of the supplier
(producer) of the goods and services.

3.2.4 Establishing a
preferences

rank ordering of social

A rated classification of objectives is essential for the
planning and development of government projects since
it is often possible to recommend various projects with
equal economic viability. The choice between these
projects depends largely on value judgements and
unless the public sector supplies the necessary value
judgements, the planner is compelled to use his own
norms when making recommendations. Such a situa-
tion is undesirable because there is no rule which neces-
sitates that the planner’s judgement will coincide with
that of the community. This matter will be elaborated on
in the subsequent discussion on cost-benefit analysis.

-
i DD = DEMAND CURVE
-4 §,S,= SUPPLY CURVE BEFORE FLOODING
a : ﬂs,: SUPPLY CURVE AFTER FLOODING
we )
2a
==
a«
Sy
g
R
(4) (5)
s, 8 D
0 Q, o, QUANTITY OF 600DS
AND SERVICES
Figure 3.1: Demand and supply curves of goods and services

for the determination of the social cost of floods.

3.3 COST-BENEFIT ANALYSIS

Cost-benefit analysis will be discussed as an application
of the principles of welfare economics. It is not the aim
to discuss all aspects of cost-benefit analysis here but
only to draw some guidelines for the assessment of
flood damage.

An important problem in cost-benefit analysis is
choosing the benefits and costs to be included and esta-
blishing how they should be measured. In addition, in
the case of long term effects, choosing an appropriate
discount rate is of the utmost importance. As was men-
tioned previously, welfare economics can contribute to
a clearer understanding of the problems underlying the
measurement of these effects. The imperfections of
market prices as a criterion of value, as well as the un-
certainty in respect of the inclusion and measurement of
externalities, secondary effects and intangibles are
cases in point.

A few of the most important problems in the appli-
cation of cost-benefit methods to flood damage assess-
ment will be discussed in the next two chapters. The impli-
cations of time and a social preference scale (referred to

1 Marshall defines the consumer surplus for the first time at the beginning of the 20th century as the additional price a consumer would be will-
ing to pay for a small unit of the goods and services he consumes when faced with the possibility of losing it (Marshall, 1920). By this defini-
tion the consumer surplus is the difference between the area below the demand curve (Figure 3.1) up to the quantity consumed, and the

total expenditure to buy that quantity.

2 In the case of a supply curve other than the total inelastic one of Figure 3.1, the economic rent could be subdivided into producer surplus and
production cost. The producer surplus is the difference between the price received for each small unit produced and the minimum price

necessary for production to continue.




as a ‘‘social welfare function’’) on the assessment of
flood damage will be reviewed in this section within the
framework of cost-benefit analysis.

3.3.1 The choice of a discount rate

The total effect of flood damages is often distributed
over a number of years. It is therefore necessary to look
at some procedure for discounting future damages.

Damages are enumerated in terms of a reduction in
income plus an increase in cost in terms of replacement
and repairs. The total effect of a flood from year 1 up to
year m (when the effect terminates) can be expressed
as follows:

n m lij + Kjj
S =L —
i=1 j=1 (1+r)
where
S = present value of flood damage in rand
n = number of individuals
m = number of years
I = loss in income of individual i in year j
Kij = additional cost to individual i in year j

discount rate

The role of the discount rate in the above equation
is clear; i.e. the higher the discount rate the smaller the
present value of total damages and vice versa. Choos-
ing a “‘correct’’ discount rate is therefore important for a
correct assessment of the long term-effects of floods.
The principles underlying the estimation of a social time
preference rate are of special relevance here.

The social time preference rate is defined as that
number, in the form of an interest rate, which expresses
society’s relative evaluation of future and current bene-
fits, given that there exists a restricted potential in
society to transfer the supply of goods and services
from one period to the other. The concept of a time
preference rate is, therefore, rather abstract but it can
supply a framework to guide the planner in his search
for a “practical’’ discount rate. A practical rule is to
search for relatively risk-free investments, for example
government bonds (James and Lee, 1971). Interest
rates on these bonds could be used as a point of depar-
ture in presentations to the government. By making the
necessary adaptations to this rate the government can
then decide on an acceptable discount rate.

3.3.2 Government objectives and damage
assessment

Government objectives in the case of national projects
focus mainly on efficiency in resource use, growth and
redistribution of national income. These objectives
serve as a final norm in the assessment of benefits and
costs. Although it is preferable to use a single norm as a

criterion, various considerations exist in practice which
must all be taken into account. The function of cost-
benefit analysis is to evaluate as many of these conside-
rations as possible, to express them in the form of a
single acceptable criterion, and to present the resultsin a
format which will promote effective decision-making in
government. The general practice in cost-benefit analy-
sis is to use money values for tangible costs and bene-
fits and to describe the residual impacts as precisely as
possible, without expressing them in monetary terms.
These residual impacts inter alia include intangible
results and the redistribution of income.

To illustrate the importance of the intangible and
redistribution implication of floods, a short discussion is
presented with the aid of the following social welfare
function (James and Lee, 1971):

MaximiseU = f (Y, D, R, O, S, G), subje(_:te_d to
resource restrictions.

Where U = social welfare

Y = national income

D = income distribution

R = regional development

0} = environmental quality

S = security, stability and safety

G = public health

The parameters of the above function are today general-
ly accepted as objectives for planning in Western demo-
cracies. Of them only national income is measured
directly in monetary terms while the units of measure-
ment for the others are unique and distinctive to each
parameter. Some aspects associated with the policy
parameters are now discussed.

Income redistribution

Some of the potential impacts of a flood on income re-
distribution are briefly discussed in order to illustrate
certain implications for flood damage assessment.

® Processing industries such as wine-cellars and
vegetable and fruit processing enterprises may
have a shortage of inputs to process as a result of
the flood. Consequently profits as well as salaries
paid out to employees may decline with further
chain reactions in the regional economy.

® Income redistribution may occur within the same
type of enterprise. A bridge may, for instance, be
washed away causing the loss of business to a
hotel, which is transferred as a gain to another one.
Also, repair work to flood damages may benefit
some enterprises more than others.

® The buying pattern of flood victims may change as
a result of the flood. They may, for example, be in-
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clined to buy less of certain items that are normally
purchased (for example motor cars) and more of
others (for example agricultural implements and
building materials). An income redistribution may
thus result.

Regional impact of flood

Perceptions of flood damage in a region or town may
differ according to the scope of the investigation, i.e.
whether it is local, regional or national. For example, if
government aid is supplied to a region, the real
damages will decrease from a regional viewpoint, while
from a national viewpoint it is only transferred to the na-
tional economy as a whole. Loss in business caused by
the flood in one region which is made up in another
region, is a damage to the first region from a regional
viewpoint, but not necessarily from a national view-
point. Moreover, the effect of a flood on a town or
region may be of a temporary or permanent nature and
may manifest itself in different forms. For example, the
damage to property in a region may decrease the in-
come base of an individual who suffers damage as well
as the tax base of the local, provincial and central
authorities. Business may be transferred (temporarily or
permanently) from one region to another, causing indi-
viduals to leave the former region to settle elsewhere.

Environmental quality

Environmental quality refers to the potential of man’s
natural and developed environment such as tree, veld,’
islands, cultivated lands, gardens and buildings to sup-
ply the tangible and intangible amenities of life. The
negative effect of floods on environmental quality is
usually most noticeable immediately after a flood when
devastation is at its worst. However, in the process of
reconstruction the quality again improves and after
completion it may in some respects be even better than
before.

Security, stability and safety

Uncertainty with regard to the economic welfare and
safety of individuals in a flood plain may lead to various
forms of preventative action. On the one hand, it may
be uncertainties associated with the possibility and in-
convenience to leave a house during a flood or also to
travel detours because of the floods. On the other hand,
it may be related to anxiety. An analysis of the different
preventative actions by individuals may in this case be a
point of departure to evaluate the implications of a
higher degree of security to a community.

Public health

Different examples may be cited of the potential detri-
mental effect of floods on public health.

® Individuals in need of immediate medical care may

be hampered in receiving this care, because bridges
are washed away or roads are untraversable.
roads.

® Drinking water may be polluted, leading to a possi-
bility of gastro enteritis and costs associated with
inoculation campaigns.

® Certain diseases, for instance malaria, may be ex-
acerbated.

® People may die or drown as a result of the flood.

The impact of floods on health can be measured on the
one hand, by assessing the costs accruing from preven-
tion, and on the other hand, specific cases such as
deaths and diseases may be specified separately.

3.4 INDUCTIVE AND DEDUCTIVE PROCEDURES

In flood damage assessment both inductive and deduc-
tive research processes are relevant.

A prerequisite for the successful application of the
deductive process is the availability of adequate and ac-
curate data, such as depth of inundation, drag force of
the flood, sediment content and land utilisation pattern,
as well as applicable loss functions. This information
may be incorporated in simulation models for planning
purposes in order to assess flood damage in an ex ante
context. However, this process may also be applied in
an ex post sense, serving, as a short cut method for
determining flood damage in the event of a flood. In the
absence of adequate information regarding certain
parameters, one is forced to resort to inductive research
procedures. Here the researcher is limited to an ex post
assessment.

A third situation is where the two processes may be
applied simultaneously in flood damage assessment.
This implies that information and models are available
for forecasting purposes which can then be supplemen-
ted by inductive procedures in order to obtain the com-
plete picture.

3.5 EVALUATION OF DIFFERENT FDA
PROCEDURES

A review of flood damage assessment practices revealed
that methods based on reported damages have a world-
wide application. It is conspicuous that these tech-
niques are applied during the initial phase of flood
damage research. However, researchers tend to work
towards various short-cut methods and situation-
simulation techniques.? This is a logical course of events
because comprehensive surveys after a flood supply
basic information which might be successively applied
to later floods, thus forming a basis for other investiga-
tions.

1 That is natural pastures.

2  Situation-simulation techniques are techniques which define the circumstances surrounding a specific flood and the associated damages in

a structural and causal manner.




3.5.1 Reported damages

Flood damages may be assessed from comprehensive
surveys, sampling surveys and indicator methods. Both
comprehensive and sampling surveys are dependent on
methods using standard questionnaires. Usually in-
terested parties are included in the surveys with specifi-
cally constructed questionnaires to cover different cate-
gories of activities in the flood plains. If the sample uni-
verse is unknown, it is preferable to undertake a com-
prehensive survey. Sampling pre-supposes some fore-
knowledge of the relative importance and presence of
the critical parameters on which the sample is based.
The greater the heterogeneity of these parameters in
the flood plain, the larger the size of the sample wiill
have to be in order to ensure statistical representative-
ness.

The advantage of representative surveys lies in the
fact that damage assessment can be handled from dif-
ferent viewpoints by simply adapting the questionnaires
and choosing. the respondents correctly. Although this
method has the potential of supplying accurate data,
there are a number of practical problems causing the
final results to be less accurate. Of these, the human
factor is one of the most important e.g. the timing of the
survey may markedly affect the reactions of respon-
dents on flood damage (Dacy and Kunreuther, 1969,
p. 9). Thus it is most likely that the impressions of both
enumerator and respondents may cause an over-
evaluation of flood damage immediately after a flood.
On the other hand, when surveys are conducted imme-
diately after a flood, certain retarded long term effects,
such as the peeling off of wall paint or cracking of walls,
may be excluded from the assessment (Nissen, 1968, p.
28). In general, surveys of flood damage by personal in-
terview are prone to all the known shortcomings of this

method. Because of these problems, and also due to
the time-consuming and expensive nature of compre-
hensive surveys, it is understandable that these surveys
are normally only undertaken as a first step to supply an
information base for FDA.

Indicator methods refer to those methods where a
specific observation is regarded as being representative
of a complex of observations, for example when sales
value, occupational pattern, insurance payments and
other indices are utilised to assess flood damage.
Remote sensing is one indicator method which has’
already been applied in surveys of water resources and
flood plains (Kellerhals, et a/, 1967; Parker, et al, 1970).
Another indicator method that has been applied in a
number of economic studies is the use of land values in
determining flood control benefits (Boxley, et a/, 1969;
Struyk, 1970). However, in most cases where this
method was tested against conventional methods, it
supplied unreliable results particularly where the flood
plains were narrow and the soil types of inundated and
uninundated land differed. With a certain amount of
success, Weisz and Day (1974) applied this method in
urban areas.

3.5.2 Simulation techniques

Situation-simulation methods differ from those based
on the analysis of reported damage in the sense that the
main objective here is to project and not to describe.
Models are used for purposes of estimating potential
damages within a planning framework. Because pro-
jection is the main objective, heavy reliance is placed on
pre-determined functional relationships between flood
damage and one or more flood parameters of which
depth of inundation is the most common (White, 1964).



CHAPTER 4

PROCEDURES FOR MEASURING FLOOD DAMAGE

Because of the lack of flood planning indicators in

South Africa it is clear that short-cut methods cannot be

applied effectively in this country at present. The rest of

this discussion will focus on the identification of flood

damage information and the associated research proce-

dures to be followed in order to obtain the necessary

data for descriptive purposes.

4.1 PRIMARY DAMAGES

The flood damage pattern is normally overshadowed by

primary damages. This category will therefore receive

most attention in the subsequent discussion on FDA.

Primary damages can be subdivided into direct and in-

direct losses as follows:

Examples of direct losses are losses to:

® Municipal property and public lands;

@ residential and other buildings in urban areas;

® moveable equipment in buildings in urban areas;

® property of other public authorities in and outside
municipal areas (for instance roads, bridges, rail-
roads, telephone and power lines);

® agricultural land;

® crops and harvests;

® livestock and other animals;

® fixed improvements and other equipment on farms;

® stock in and outside farm buildings.

Examples of indirect losses are losses:

® in productive manpower;

® on returns from resources, such as agricultural land
which lies unutilised for certain periods;

® due to delays in transportation and other services.

Guidelines for the handling of these damage categories
will now briefly be elaborated on.

4.1.1 Prices

The first consideration in measuring damages concerns
the prices to be used. Problems in this respect have
already been discussed in the previous chapter.

4.1.2 Damage to public services

During the research on South African floods it was ac-
cepted that measures taken by public authorities reflect
the preferences of these authorities and by implication,
also the preferences of the community. Accordingly,
prices should reflect bargaining within the free market
price system subject to the specifications of a social
welfare preference ordering. It was not the objective
with this research to evaluate any new public services,
and the assumption was therefore made that the ex-
isting services represent the social preferences of the
respective communities. Repair expenses to flood
damages plus the running cost of these public amenities
(all at market prices) during the period when the ser-
vices were not in general use, were also included in the
calculations of losses.

The methodology according to which the running
expenses should be included as a social loss is based
on the premise that a community will continue to spend
on public services up to a point where marginal social
benefits equal marginal social cost. This rests on
another assumption, namely that there is no surplus
capacity in the economy. If it can be accepted that the
supply of public services is subject to a decreasing
social marginal utility, thus leading to a negative sloping
demand function, then the social loss is underestimated
in this instance by an amount equal to the community
surplus, during the consumption of public amenities.'
This is the case when alternative amenities are not
available and when the repair cost of flood damage plus
running cost, during the period in which these amenities
were not in general use, have already been accounted
for. This under-estimation is denoted as area A in Figure
4.1, and the running cost of supplying the amenities as
area B. In the event of alternatives being available (for
instance sporting facilities) the social cost of the flood,
apart from the repair cost, will be equal to area B (run-
ning cost) plus the additional expenses to aquire the ser-
vices.

More often than not (in contrast to the case of
general consumer goods) no alternatives for public ser-
vices exist. This implies certain intangible losses
(generally denoted in the community surplus) which

1 Community surplus is the aggregate of all consumer surpluses ina community.
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Figure 4.1: Supply and demand of community goods and ser-

vices, with community cost B and community surplus A at a
supply of a given quantity OQ of goods and services.

cannot be quantified, meaning that the calculated figure
gives an underestimation of the losses.

4.1.3 Choice of a discount rate and the handling
of inflation

As already discussed, if the central government gives
no indication of which discount rate to apply, the most
suitable seems to be the interest rate on long term
government bonds.

Another problem with respect to long term effects,
centres on inflation, i.e. a frontal increase in all prices.
Due to the fact that considerations regarding a suitable
price in the assessment of flood damages is associated
with a relative norm, namely opportunity cost, a general
rise in price levels may be ignored. Existing prices (i.e.
during the flood) can therefore be used in long term
assessments. This approach ignores possible long term
structural change in the economy which may affect
relative prices.

4.1.4 Damage to buildings and contents

Repair and replacement cost forms the basis for the cal-
culation of damage to buildings and their contents. Any
improvement on the pre-flood situation of buildings,
equipment and stocks should be excluded from the
assessment. This approach also applies to other struc-
tures and services such as roadways, railroads and
bridges. In the case of industries, business and public

institutions (given full capacity in the economy) the run-
ning cost, for example wages and salaries, incurred dur-
ing the time of interruption, must be included as a loss.'
Caution should be exercised against double assess-
ment. The use of employees of affected institutions for
purposes of flood damage repairs and disaster aid
should not again be entered as a cost in flood damage
estimation. In cases where sources of supply to con-
sumers are totally cut off, sales losses should be in-
cluded as flood damage. The latter situation will occur
only in exceptional cases, for instance during a power
interruption, where a single institution usually renders
the service. Where alternative suppliers of goods and
services are present, a disruption in the normal supply
pattern represents a transfer between groups in the
economy and no social cost is involved.

4.1.5 Damage to agricultural land and crops

Damage to agricultural land is calculated by adding the
restoration expenses to the nett loss in productivity. As
alternative, the market value of the agricultural land
concerned may be used if this market value is lower
than the restoration cost p/us nett loss in productivity
over time. Losses to crops are calculated by taking the
market value of a crop minus all the expenses that
would have been necessary to market the crop. Thus,
for instance, all running expenses necessary in crop pro-
duction, excluding the cost of planting, would be de-
ducted from the expected market value if the crop was

1 In the event of alternative supply sources not being available to clients, this procedure will underestimate the damage. Normally it is assum-

ed that alternative supply sources do exist.
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washed away just after planting. In the event of the
crop having been washed away just after reaping, flood
damage is the value of the crop minus marketing and
transportation costs.

4.1.6 Damage to livestock, fixed improvements,
stock equipment and contents of buildings
on farms

Damage to fixed improvements, stock, equipment and
contents of buildings on farms should be handled as ex-
plained in paragraph 4.1.4. Livestock losses are taken at
the acceptable market price /ess marketing cost.

4.1.7 Loss of productive manpower

Loss of productive manpower (excluding deaths) is
taken as a component of running expenses during the
period of interruption. If, for instance, a factory has to
close down for a certain period on account of a flood,
the running expenses, including labour cost, are in-
cluded as flood damage.' Where the flood prevents per-
sons from getting to their work, the social cost equals
the wages and salaries of these persons during the time
of absence. An exception in this case is where adjust-
ments are made in leave arrangements or work loca-
tions are changed.

4.1.8 Losses due to delays and detours

Losses due to delays are often intangible. Unless a delay
has an explicit impact, such as losing an export con-
tract, most evaluations could include highly subjective
components. In some cases delays can also be partially
overcome by short term adjustments in strategies (i.e.
reorganising a work program) again leading to the pro-
blem of how to evaluate the residual impact of the de-
lays. It is therefore necessary to exercise great caution
when evaluating delays. Preferably a complete descrip-
tion of the situation should be given. The additional ex-
penses, associated with detours, can likewise only be
determined satisfactorily if complete origin-destination
studies on public roads are conducted. An alternative
method in this respect is to take the capital value of the
unused road and allocate a cost of say 10 per cent per
year of this value for the period the road was in disuse.
However, this method is still unsatisfactory as it only
partly accommodates the total social cost of flood
damage. It is also difficult to determine the part of the
road which is in disuse, as well as the percentage de-
crease in traffic in other parts carrying less traffic on ac-
count of the interruption. In cases where the cost ac-
cruing from delays and detours can be determined from
individuals, quantification is relatively simple. Standard

vehicle cost and salary information may be utilised to
calculate the cost per kilometre or per hour.

42 SECONDARY DAMAGES

Secondary flood damages originate from linkage effects
in an economy. Suppose, for instance, that a factory
which produces strategic inputs for other factories
becomes inundated. The production process at the
factories using these inputs will therefore be affected.
Disturbances in the supply of goods and services, as
well as in price structures, may then result. Secondary
effects become more important as the relative econo-
mic importance of a flooded region increases and vice
versa. A meaningful evaluation of secondary effects
demands extensive information regarding the forward
and backward linkages. This type of information can be
obtained from regional or national input-output
analysis, or from macro-economic models which eva-
luate interactions on a system basis.

A practical solution for the handling of secondary
flood damage would be to evaluate it up to the second
order effect. For instance, only the damage of co-
operatives receiving fewer agricultural products will be
taken into consideration. Further linkage effects, if any,
are not considered. This procedure is generally applied
in the United States of America (Harrison, 1976). The
supporting argument for this procedure is firstly, that
the majority of projects are relatively small when weigh-
ed up against the national economy, and secondly, that
surpluses of most of the raw materials may exist in the
short term. These surpluses are found in the form of
stocks of raw materials and goods that are stored by in-
dividuals and institutions. In such cases the use of
linkage effects would over-evaluate the impact of flood
damages.

43 INTANGIBLE FLOOD DAMAGES

As already discussed, intangible flood damages include
damages such as re-allocation of incomes, changes in
the environmental quality, sickness and death. A
number of examples exist according to which research-
ers attempted to quantify intangibles in terms of money
(Sinden, 1967; Mishan, 1971). However, these approach-
es would merely be experimental flights if they were
tackled without guidelines from the public authorities
concerned. The most appropriate procedure would be
to describe the intangibles, or where possible, to indi-
cate the relationship between the intangibles and other
activities.

1 In the case where staff is occupied for purposes of emergency aid or other flood services, caution must be exercised against double assess-

ment.
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CHAPTER 5

PRACTICAL APPLICATION AND PROBLEMS OF PROCEDURES FOR
FLOOD DAMAGE ASSESSMENT

In this chapter specific procedures for flood damage
assessment within an ex post context will be described.
Where relevant, potential problems to be encountered
will be highlighted. Although the surveys in the flood
plains form the most important component (in terms of
time and volume) of the research, a certain amount of
preliminary work has to be done first and this part of the
research should not be regarded as of lesser impor-
tance.

5.1 INVESTIGATION OF CENTRAL DATA
SOURCES

An investigation of central data sources has three objec-
tives. Firstly, to identify different individuals, under-
takings, and public and other institutions that suffered
losses or were indirectly concerned with flood damage.
Secondly, to tentatively determine the type and scope
of the damage as well as the involvement of different
individuals and institutions. Thirdly, to obtain any addi-
tional data necessary for the investigation, the so-called
secondary data, e.g., prices of products and inputs;
data on production cost; descriptions of production
practices, especially on farms; maps of the floor plain;
and certain hydrological data such as the location of the
flood line and depth of inundation at different points.

5.1.1 Investigation at institutions

Relevant institutions include government departments,
provincial and municipal authorities and other institu-
tions such as welfare organisations and insurance and
other companies. Personal interviews at these institu-
tions are imperative at the initial stages of the research
in order to identify their activities during and after the
flood as well as the scope and type of information avail-
able. The information to be obtained from these institu-
tions can be divided into four categories, namely the oc-
cupational pattern in the flood plains, the physiographi-
cal characteristics of the flood plains, the type and mag-
nitude of flood damage for specific river reaches, and
other supplementary information.

5.1.2 Identification of individual flood victims

The location and type of human activities (occupational
pattern) in the flood plains must also be identified
because the sample universe is usually unknown. To
achieve this, aerial photos of the flood plain are valuable
instruments although more often than not these are not
available. Furthermore, visits should be made to local
authorities, magistrates extension officers, co-operatives

and agricultural leaders. In addition to this and in order to
identify owners of fixed property, topocadastral and
compilation maps can be used together with informa-
tion gathered from the Deeds Office. In towns and cities
this information may be supplemented by maps of the
municipal area where the flood line can be drawn in by
functionaries of the municipalities.

In the South African case the necessary hydrolo-
gical data are inadequate and it is therefore important to
at least make an attempt to determine the depth of
inundation as well as the duration of the flood. For the
purpose of flood damage research contour intervals in-
dicated on the maps available in South Africa are usual-
ly too wide. Until such time as this limitation is rectified,
the researcher must rely on physical marks (for in-
stance, flood marks on walls) and on the personal, and
often highly subjective opinion of the respondents.

5.1.3 Obtaining secondary data

One of the main objectives about collecting secondary
data is to compile accepted standards for purposes of
calculating flood damage.

The prices of products and inputs may be obtained
from persons and enterprises within the area being in-
vestigated, for instance merchants and co-operatives
dealing with these specific products. Prices and price in-
dices of products and inputs are also available from
various government publications. Evaluations of build-
ings and land in municipal areas can be obtained from
the municipal authorities, while estate agents can sup-
ply information regarding the market values of farm land
and also properties in towns and cities.

The Ministry of Agriculture disposes of an exten-
sive amount of information with respect to production
costs on a regional basis. In some cases it would be ad-
visable to verify these figures by way of group dis-
cussions with extension officers and farmers. Likewise,
information about the production pattern and produc-
tion practices may be obtained and afterwards verified
by on-site visits to farmers and other parties concerned.

5.2 ON-SITE SURVEYS IN THE FLOOD PLAINS

5.2.1 Coverage of area to be investigated

After the preliminary investigations have been com-
pleted and, among other things, the flood victims have
been identified, the first consideration is whether the
compilation of data should be done by sampling or by
coverage of the whole area. In most cases practical con-
siderations such as available time, manpower and funds
will be the decisive factors. The degree of accuracy re-
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quired by and objectives of the principal will also have to
be considered. In the event of the assessment being
done for the first time, it can be expected that a reason-
able degree of accuracy will be required, in which case a
coverage as complete as possible is desirable.

In practice, however, different factors play a role.
The most important of these are the following:

] Some flood victims may have departed after the
flood. Often they cannot be traced or in cases
where they can be traced their new residence is
so distant that a visit is unpractical.

® By the time of survey some of the people af-
fected by the flood may have passed away.

® In some cases flood victims are simply unable to
supply the correct information.

® Sometimes the area is so large and the potential
respondents so numerous (for instance intensive
irrigation schemes in flood plains) that a sample
survey seems the only option.

In the event of complete coverage missing informa-
tion may be obtained from neighbours, especially to
determine whether specific deviations from the normal
damage pattern were present. In the case of urban
areas where damage is unknown, an attempt should be
made to obtain the floor space and depth of inundation
and then estimate the damage by using the data of
similar dwellings with the same depth of inundation.

A certain amount of variability often exists within
and between river reaches and this will influence the
size of the sample. It is, therefore, advisable especially
in the case of agriculture, to stratify the reaches into
smaller homogeneous units according to topographical,
climatological and land use pattern before drawing the
sample. Finally, after the average damage per respon-
dent has been determined, this figure is multiplied by
the total number of flood victims in order to arrive at a
total damage figure. The average damage per area unit
for typical land use patterns may serve as a useful basis
in calculations.

5.2.2 Survey procedures and processing of data

Prototypes of questionnaires which were used in FDA in
South Africa are included in the Appendix. Before the
actual surveys, questionnaires should be thoroughly
tested and adjustments made where necessary. During
the survey all questionnaires are completed by personal
interview. Apart from the fact that respondents are
unable to complete these by themselves, experience
has proved that the mailing in of questionnaires evokes
little reaction.

5.2.3 The classification of damage categories for
data processing

Classification of damage in urban areas

Apart from the basic classification of flood damage into
direct and indirect primary tangible damages and intan-
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gible damages, a functional land use classification
should be made in urban areas. In each town or city the
damage should be divided according to item between
direct, indirect and intangible for each of the functional
land uses, namely residential, commercial, industrial,
public services, educational, denominational and
private sports grounds.

Classification of the damage to institutions

The damage and/or involvement associated with insti-
tutions should as far as possible be analysed by river
reach, according to direct damage, indirect damage, in-
tangible damage and involvement. Involvement in-
cludes the transfer payments made by public and other
institutions to individuals and institutions. This inter alia
refers to ex gratia payments, subsidies, donations, in-
surance payments and funds for expropriation. The lat-
ter is included to complete the flood picture, but is not
included as flood damage.

Classification of the damage to farms

The damage to farms is analysed downstream for each
reach and, where applicable, sub-divided for each item
into direct, indirect and intangible damage.

5.3 DESCRIPTION OF DAMAGE CATEGORIES
In this section some possible damage categories will be
discussed. It should be noted that some of these
damage categories could appear in both farming, in-
dustry and urban areas as well as the public sector.

5.3.1 Damage to land

All tangible damage, irrespective of the purpose for
which the land is used, is included as direct damage.
Direct damage Includes damage to restorable and ir-
restorable land. Where land is restorable, the real esti-
mated cost to restore it to the pre-flood condition is
taken as damage. The removal of debris from the land
and the repairs to trellises of vineyards, are also in-
cluded in this category. In the case of restorable natural
grazing which could recover by itself in the course of
time, no cost should be allotted. When land is declared
as irrestorable, the market value is entered as a direct
damage. The value of perennial crops on such land has,
by implication, been included in the market value and is
therefore excluded from crop damages, except in the
case of a harvest that was lost during a flood. For a cor-
rect evaluation from a national point of view, ex gratia
payments made to farmers who owned irrestorably
damaged land are not considered as a measure of
damage, but the full market value of the land is used in
this instance.

5.3.2 Damage to crops and harvests

It is possible to differentiate between direct and indirect
crop losses. Damages to crops and harvests are classi-
fied as direct damages. Damage to harvests denotes the
losses due to a specific flood in the year of investi-




gation. That part of the harvest losses that could have
been avoided if excessive rain did not fall (rain damage)
is not considered as flood damage. However, indirect
damage may also result if the crop was not inundated,
but on account of extremely wet flood-related condi-
tions, it could not be reaped. Direct harvest losses may
be described as follows: When harvests of annual and
perennial crops are partially or totally damaged, the loss
in income due to the flood, minus the saving in harvest-
ing cost (a certain portion or the whole crop was not
harvested) is taken as damage.

Apart from the damage to harvests, damage to
crops can also occur in the case of perennial crops, e.g.
losses due to the inundation of vineyards, orchards and
grazing land. This damage is normally spread over a
period. In determining these damages, the prices of the
base year are used and an appropriate discount rate, as
discussed, applied.

With regard to perennial crops different situations
may arise, requiring different methods of evaluation:

@ If the crop recovered or was replanted, the
damage is the discounted value of the total addi-
tional expenses due to the flood (at base year
prices) plus the total loss in income due to the
flood (also at base year prices), for as long as it
deviates from the normal production pattern.’

] In the event of continuing production with a
damaged crop that would recover after a period,
flood damage is the discounted value of the
decrease in income minus the savings in harvest-
ing cost (due to a smaller crop) for the period of
lower crop production. In the event of non-
recovery the same method of calculation is
followed, but the period is set on the number of
years it would take for a new crop to come into
full production.

® If the damaged perennial crop is replaced with
another one, flood damage is the discounted
value of the loss in nett farm income?over the
number of years it would take the new crop to
come into full production.

[ Another example of crop damage is where the
damaged crop is neither replaced nor replanted
and agricultural land is left idle. Flood damage
would then be the discounted value of the loss in
income for the number of years it would take a
new crop to come into production minus the cost
to produce that crop.

® If the land where a crop was established before
the flood is irrestorably damaged, the crop
damage is incorporated in the land value.

Damage to natural grazing is measured in accor-
dance with the implications it has on the income and
cost structure of a livestock farm. If the farmer is com-
pelled to decrease the number of livestock on account
of damage to grazing land, the losses can be estimated
on the basis of nett farm income per livestock unit.?
The calculation is done as follows:

J
S = 5
i=1

(Ni Vi + Ai),

Where S = flood damage;

N; = discounted value of nett farm income
per livestock unit in year i;

V; = number of livestock units withdrawn in
year i;

i = number of years of withdrawal; and

A; = discounted value of feedstuff bought

in year i.

The inclusion of the cost of feedstuff may give rise
to double counting if cultivated fodder crops are also
damaged. The incorporation of feedstuff costs in the
case of grazing land losses must therefore be connected
only to grazing land losses and not to replenishment due
to losses in cultivated fodder crops. In practice, exces-
sive rainfall during the period in which a flood occurred
might prove beneficial to grazing land. In this case
farmers may be able to move their livestock to other
camps without having to decrease the number of live-
stock, in which case damage to grazing land is not ap-
plicable in the calculations.

Where shrubs and plants in gardens are damaged,
a standard value is attached to a shrub (or plant) and the
cost of re-establishment added. Such losses also em-
brace intangibles and this procedure will therefore be on
the conservative side.

The following indirect damage to crops should also
be included when assessing flood damage:

@ Increased expenses due to the floods in combat-
ing weeds:
)
£ (Byi-Bj.
i=1

s =

2
=
]
ey
@
w
I

flood damage;

discounted value of weed combating
after the flood in year i;

1 Because the ‘Iife:span of a perennial crop cannot be precisely determined, it can be assumed that the re-establishment of such a crop does
not necessarily increase its life-span. In this respect it is therefore not necessary to make adjustments to the damage estimates.

2 Nett farm income = Total income minus running costs, minus fixed costs. Interest on capital investments is not considered in the calcula-

tion of nett farm income.

3 One livestock unit = 1 large cattle unit, 2 cattle units 1-2 years old, 3 calves, 6 sheep, 6 goats and 9 weaned lambs.
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B; = discounted cost of weed combating in
the absence of a flood in year i; and

j = number of years of increased cost.

® Delays in the planting of crops due to a flood can
give rise to losses which can be calculated as

follows:
J
S = ¢ (Ni-Vy),
=
Where S = flood damage;
N; — discounted nett farm income in the
absence of a flood in year i;
N,; = discounted nett farm income after a
flood in year i; and
i = number of years the delays occurred.

o Where crops cannot be irrigated on time, the
flood damage is the total discounted value of
yearly losses in nett farm income for the period
this situation lasted.

in the process of assessing damage, all possible
gains due to the flood, such as additional crops harves-
ted, must also be identified. These gains are then sub-
tracted from the calculated flood damage.

5.3.3 Damage to buildings

Damage to buildings can be tangible (direct or indirect)
as well as intangible. Direct damage occurs when a
building in inundated and damage is caused on account
of physical contact with flood water. Indirect damage
may occur when a building is not flooded but for instan-
ce, walls may crack where the flood water disturbed the
physical characteristics of the foundation of the
building. Damage to historical buildings on the other
hand has an intangible content.

When a building is restorable, the repair expenses
(or an estimate thereof) to pre-flood conditions is taken
as flood damage. In the case of both restorable and ir-
restorable buildings the cleaning up expenses are also
added to repair and replacement cost. In the event of
the floor space being enlarged the repair or replacement
cost is pro rata reduced to include only the original floor
area. Where buildings without functional value are
washed away, no damage is included in the calcula-
tions.

In the case of functional buildings being irrestorably
damaged, the market value (if available) is taken as
flood damage. Where the market value cannot be ob-
tained, as is usually the case with farm buildings, the
replacement value is taken after subtraction of future

savings in normal repair cost (6 per cent of replacement
value) as well as the scrap value of the remaining
material. When calculating the losses of irrestorably
damaged buildings, it is assumed that one round of
repair work falls away. In other words, the fact that the
building is replaced, implies a saving in repairs which
equals approximately six per cent of the replacement
cost. The underlying assumption is that during the
flood, repair work was required but not undertaken on
account of the fact that the building was being re-
placed. Intangible damage is merely described.

5.3.4 Damage to other fixed improvements

Other fixed improvements which would possibly be
damaged by floods are the following:

Soil conservation works

Check walls (earthern embankment)
Contours

Stone walls

Weirs

Livestock watering works

Reservoirs
Windmills
Powerheads
Boreholes
Dams
Pipelines
Troughs

Private irrigation works

Irrigation dams

Diversion walls

Channels and irrigation furrows
Drainage systems

Emergency embankments

Diverse fixed improvements

Dips

Kraals (Folds)
Silos

Fences

Roads and bridges

Although it is theoretically possible to distinguish be-
tween tangible (direct and indirect) as well as intangible
losses in the case of damage to fixed improvements, it
might be adviseable to refer only to direct tangible
losses.!

Basically, the same calculations are done as in the
case of buildings. Direct damage should be included only if
the damaged item was still functional before the flood. If
the fixed improvement is restoreable, flood damage is
calculated on the basis of the repair cost to restore it to

1 An example of indirect damage may be where a channel cracks (although it was not inundated) due to the caving in of the soil. Another ex-
ample could be where the water of a borehole becomes brackish on account of the flood. Intangible damage may for instance occur when
trees on the river banks are washed away and where an intangible value (environmental quality) was attached to these.
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pre-flood conditions. When a fixed improvement can-
not be restored to pre-flood conditions, flood damage is
taken at the market value of the item and when this in
unknown the replacement value is taken.

When the damaged items have not been repaired
or replaced and the respondent is unable to estimate the
damage, standard values should be used. These values
are obtainable from institutions such as government de-
partments with first-hand knowledge of this type of
repair work. Standard values may also be used as a
check on the respondent’s damage estimate.

5.3.6 Damage to contents of dwellings

The following items are generally found to be damaged
by floods in residences:

Kitchen equipment

Refrigerators
Deep freezers
Stoves

Kitchen tables
Kitchen chairs
Kitchen dressers
Crockery
Cutlery
Groceries

Bedroom equipment

Carpets
Wardrobes
Dressing tables
Beds
Mattresses
Blankets
Clothing

Dining room equipment

Carpets
Chairs
Tables
Buffets

Living room equipment

Carpets
Paintings

Chairs

Settees

Tables

Radios
Television sets
Heaters

Display cabinets
Books

Other

Vacuum cleaners
Lawn mowers

Curtains
Writing-desks
Sewing-machines
Scales

Washing machines

In this category it is also possible to distinguish between
tangible (direct and indirect) as well as intangible
damage. An example of intangible damage may be the
sentimental value as well as non-quantifiable antique
value attached to furniture. Indirect damage again may
occur where, in the process of flood damage preven-
tion, furniture was damaged during removal or perhaps
by rain. Direct damage occurs in the case of physical
contact with the flood water. Here also, damage is in-
cluded only if the damaged item was functional before
the flood. Where items are restorable, the repair cost or
an estimate thereof is taken as tangible damage. When
items cannot be restored to pre-flood conditions, the
market value is taken as damage and in the absence of a
market value, the replacement value.

5.3.6 Damage to stock

The following stock items were generally listed during
surveys:

Fertilizer

Concentrates

Lucerne bales and other feedstuff
Fuel

Fuel containers

Seed

Rations

Tools

Hessian bags

The type of damage to stock is usually tangible and
direct, although indirect damage may also occur, for ex-
ample, during the transportation of stock. The market
value of stock items is generally available. In the case of
damaged farm produce such as lucern, the farm price is
used, whereas in the case of purchased goods, the retail
price is used.

5.3.7 Damage to vehicles, machinery, implements
and equipment

Damage in this category is mainly direct. Indirect
damage relating to the travelling of detours was dis-
cussed in section 4.1.8.

In the case of repairable damage on items which
are still in use, the repair cost or an estimate thereof is
taken as damage. In the case where used spare parts
have to be replaced by new ones and the cost of the
new part is taken as flood damage, an over evaluation is
made. However, if labour cost and the value of the
spare parts can be obtained separately, the value of the
new spare part can be written off at a rate of 15 per cent
per annum according to the age of the replaced part. In
the case of irrepairable damaged items the same depre-
ciation rate is applied.
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5.3.8 Livestock losses

Livestock losses may be direct as well as indirect. In the
event of animals being lost on account of physical con-
tact with the flood water, for example drowning,
damage is direct. Indirect damage to livestock may oc-
cur through a loss in income in the case of productive
animals (for instance a drop in milk production) or costs
incurred on account of injuries or the outbreak of
disease. In the case of direct damage, the approach is to
take a reasonable market value, whereas in the case of
indirect damage, the actual expenses or losses attached
to this damage are taken. Expenses associated with
excessive rain in combating disease are excluded from
flood damage, the argument being that the disease
would have occurred even in the absence of a flood.

5.3.9 Other damage categories on farms

During the course of an investigation of this kind, other
information with respect to detours, flood damage
prevention, higher telephone expenses, additional sub-
sistence expenses, disconnecting of electricity and in-
tangible damages such as iliness and loss of life, should
also be compiled. The procedure for assessing these
damage categories has already been explored. The ac-
tual additional expenses regarding flood damage pre-
vention and subsistence are included as indirect
damage. In the case of the disconnection of electricity
any related expenses such as repair costs and the value
of the decreased consumption of electricity should be
included. If the loss in harvest due to a shortage in irri-
gation water and the value of the electricity that would
have been used for pumping water in included, this may
lead to double assessment of loss.

The above-mentioned damage categories are of
course also applicable when evaluating damage in ur-
ban areas.

5.3.10 Other damage categories in urban areas

Certain damage categories in urban areas which have
been discussed in a previous chapter may, for the sake
of completeness, also be mentioned here. These are
loss in income by business enterprises during and after a
flood, loss in tax income by municipal authorities and
loss in rentals by individuals and other institutions.

From the standpoint of the individual or institution
who suffers the loss, the loss in income is a reality if it
cannot be covered. From a national point of view,
however, these losses are not included as flood
damage, the reason being that these are compensated
for elsewhere in the economy.

5.3.11 Other damage categories concerning
government and other institutions

Included among these are public authorities on the cen-
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tral government and provincial level, insurance compa-
nies and emergency aid organisations. The impact of
floods on these institutions can be divided into direct
and indirect tangible damage, intangible damage and in-
volvement. The cost to repair properties of these insti-
tutions to pre-flood conditions is regarded as direct
flood damage. This could for instance include damage
to the following: buildings (police stations and post of-
fices), provincial and national highways, bridges, dams,
railway lines and telephone and electricity lines. In-
cluded amongst the group of indirect losses can be
additional transportation, labour, material and tele-
phone costs.

More often than not the defence and police forces
of a country incur additional costs by rendering emer-
gency aid. Included here are inspection trips by
dignitaries and functionaries of government depart-
ments. Additional labour costs refer to all overtime
payments on account of the flood, as well as the wages
and salaries accruing from the appointment of addi-
tional personnel. Among other things, intangible
damage may stem from the anguish and inconvenience
experienced by functionaries of the different institutions
during the course of rendering aid and undertaking
repair work.

Involvement refers to the type and extent of dona-
tions, subsidies and loans, as well as insurance pay-
ments made by public and other institutions to flood
victims. From a national point of view these payments
are regarded as transfer payments and are not included
as flood damage. Likewise, income losses suffered by
government on account of the fact that farmers, for in-
stance, have to repair flood damage, resulting in a
smaller tax payment than would normally be the case,
are from a national point of view not regarded as flood
damage.

5.3.12 Some general remarks with respect to aid
rendered during a flood

A superficial review with respect to aid rendered during
a flood could lead to the general conclusion that this
aid, as already mentioned, should be regarded as a
transfer payment that cancels out between the recipient
and donor. A distinction must however be made. Items
such as subsidies, loans and insurance payments are
transfer payments from a national point of view and are
not included as flood damage. On the other hand, in the
case where one farmer rendered aid to another during a
flood and labour, implements, tractors and vehicles are
involved, the expenses attached to these should be ad-
ded as flood damage. In order to avoid double assess-
ment, only the aid received is entered as flood damage
and not the aid rendered.

In the following chapter a brief résumé of the
South African experience with respect to loss functions
is presented. Although limited by certain shortcomings,
some of these models may well serve to estimate flood
damage for planning purposes.




CHAPTER 6

LOSS FUNCTIONS

A loss tunction defines the relationship between flood
damage and certain flood characteristics such as depth
of inundation, duration, area inundated, silt content and
momentum flux of the flood waters for a specific
damage category. These relationships could be expres-
sed algebraically, graphically or in tabular form. The
main uses of these functions are to ease the determi-
nation of future flood damage and to make the planning
of flood control measures possible with the aid of formal
planning models.

6.1 GUIDELINES FOR FUTURE RESEARCH

One of the aims of the completed research was to inves-
tigate the determination of loss functions. The results of
the investigations which could serve as guidelines to
future endeavours are as follows:

® It was not possible to obtain data on all the rele-
vant physical flood characteristics, for instance
on momentum flux and silt content of the flood
waters. The only two flood parameters for which

50 7

40 7

30 1

DAMAGE PER m20F FLOOD AREA (R)

10 1

reasonably accurate data could be obtained,
were area and depth of inundation. Available
data on some other parameters, for instance du-
ration of inundation, were not always accurate
enough.

Sufficient data for the determination of formal
loss functions were only available for a few river
reaches and damage categories. These cate-
gories are single storey residences and some
other buildings, perennial crops, different vine-
yard varieties and soils of cultivated I1ands.

Because all the physical flood parameters in the
models could not be included, it was in most
cases not possible to determine a comprehensive
model for each damage category. Separate
models were therefore constructed for each river
reach. The only damage categories for which
models withr wider application could be deter-
mined were single storey houses and some other
buildings. Table 6.1 and Figure 6.1 illustrate these
models for different single storey buildings of
good quality building material.

DWELLINGS OF FARM OWNERS

DWELLINGS OF FARM LABOURERS

OUT=BUILDINGS

T T

0 1 2

4

DEPTH OF INUNDATION ABOVE FLOOR LEVEL (m)

Figure 6.1 Loss functions to determine damage to different
single storey buildings of good quality building material,

February/March 1974
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Table 6.1: Relationships between damage and depth of inundation for different single storey
buildings of good quality building material, February/March 1974

Coefficient of

Building type Relationship* determination (R%)
Residences of farm owners * LS =1,342H-0,213H2-1,008LH 0,88
Residences of farm labourers LS =1,120H-0,222H? 0,87
Out-buildings LS =1,158H-0,235H? 0,94
* § = damage in rand per square metre of floor area.

LS = common logarithm of S
H = depth of inundation above floor level in metre

(0 to 3,5 m)
LH = common logarithm of H which is equal to zero

for H< 1

100
1

------ CUMULATIVE DAMAGE CURVES
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(TOTAL DAMAGE= R168 420)
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30 \ = 579,90 ha)

201
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(TOTAL DAMAGE= R142 105)
TOTAL AREA INUNDATED
= 558,03 ha)
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Figure 6.2 More than cumulative area inundated and
cumulative damage curves for lucerne and two river reaches of
the Vaal River as a result of the flood of February 1975
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Table 6.2: The classification, into depths of inundation intervals, of area inundated and damage to maize and lucerne for different reaches of

the Vaal River as a result of the flood of February 1975

Barrage to Bloemhof Dam
Area inundated (ha)
Percentage
Cumulative percentage
Direct damage (R)
Percentage

Cumulative percentage

Bloemhof Dam to Vaal-Orange confluence

Area inundated (ha)
Percentage
Cumulative percentage

Direct damage (R)
Percentage

Cumulative percentage

Crops and depth of inundation interval (m)

Maize Lucerne
0-0,5 0,5-1,0 1,0-1,5 1,5-2,0 2,0-25 2,5-3,0 3.0+ 0-0,5 0,5-1,0 1,0-1,6 1,5-2,0 2,0-2,5 2,530 3,0+
49,50 305,00 208,03 74,25 115,22 91,1 223,11 nn 94,93 151,18 48,25 99,16 90,35 84,32
4,64 28,59 19,50 6,96 10,80 8,54 20,97 2,02 16,37 26,07 8,32 17,10 15,58 14,54
100,00 95,36 66,77 47,27 40,31 29,51 20,97 100,00 97,98 81,61 55,54 47,22 30,12 14,54
4910,00 59856,00 47516,00 23329,00 23822,00 1366500 8669300 1949,00 21290,00 5710300 1195000 2308800 16 697,00 36 343,00
1,89 23,04 18,29 8,98 9,17 5,26 B37 1,16 12,64 33,90 7,10 13,71 9,91 21,58
100,00 98,11 75,07 56,78 47,80 38,63 33,37 100,00 98,84 86,20 52,30 45,20 31,49 21,58
4,00 59,93 225,98 22,13 18,18 118,69 - 39,94 165,58 173.23 26,03 40,56 95,92 17,37
0,89 13,35 50,34 4,93 4,05 26,44 - 7,15 29,64 31,01 4,66 7,26 17,17 3,11
100,00 99,11 85,76 35,42 30,49 26,44 - 100,00 92,85 63,21 32,20 27,54 20,28 3n
281,00 9188,00 43299,00 440800 3567,00 29 783,00 4991,00 6320500 3962500 499400 5459,00 19550,00 4 281,00
0,31 10,15 47,83 4,87 3,94 32,90 - 3,51 44,48 27,89 3,61 3,84 13,76 3,01
100,00 99,69 89,54 1,71 36,84 32,90 - 100,00 96,49 52,01 24,12 20,61 16,77 3,01

*  Correlation between 27ea inundated and direct damage is statistically significant at a 1 per cent significance level.
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Figure 6.3 Less than cumulative damage curves for lucerne
and maize in two river reaches of the Vaal River as a result of

the flood of February 1975

Two physical flood parameters are dominant in
the different models, namely area inundated and
depth of inundation. For damage to crops it is
area of inundation, whilst in the case of damage
to building structures and damage to cultivated
lands both of these parameters were relevant.

Given the problems to determine a complete set
of formal loss functions the next best solution
may be to construct a set of informal loss func-
tions. Informal loss functions refer to the clas-
sification of flood damage data for each damage
category and river reach. In Table 6.2 and Figures
6.2 and 6.3 an example of such a classification is
presented. The damage and the land area (when
available) on which the damage occurs are classi-
fied, for each damage category into depth of
inundation intervals. With this information the
damage of future floods (of the same or smaller
magnitude) can be determined for a specific river
reach, under the necessary assumptions and with

minor adaptations. These types of models can be
constructed for the largest portion of the tangible
damages, namely direct damages.

6.2 APPLICATION OF LOSS FUNCTIONS

Loss functions can normally only be applied to situa-
tions where the magnitude of the flood is smaller than
the flood on which the loss functions are based. In order
to apply formal loss functions, fairly acccurate data on
the relevant parameters must be available. For instance,
in the case of utilising the functions of Table 6.1 or
Figure 6.1 it is necessary to have data available on floor
area and depth of inundation for all buildings in a flood-
ed area in order to determine the total damage to these
buildings. For each building the damage per square
metre floor area is first determined by either using the
formulae in Table 6.1 or the graphs in Figure 6.1. Next,
the damage per square metre is multiplied by the floor
area of the building to obtain the total damage to the




building. Completing this procedure for all flooded
buildings and then adding up the total damage figures
will give the total damage to these buildings in the
flooded area. Alternatively the total square metre floor
area for coinciding depth of inundation can be added
and then multiplied by the appropriate damage figure
for each depth to determine the total damage per build-
ing category.

Using any type of loss function requires that the
necessary assumptions and adaptations should be made.
In the case of the example, relevant assumptions will in-
clude that the overall flood characteristics (duration, silt
content and momentum flux of the flood waters) of the
two flood events are more or less similar, that the type
and quality of the buildings inundated by the two floods
are comparable and that the same degree of flood pre-
vention measures was taken. To allow for future price
changes a necessary adaptation will be to increase/de-
crease the damage by a relevant index, for example the
building cost index in the case of damage to buildings.

Use of informal loss functions is restricted to the
river reaches on which these functions are based. A
typical question that could be answered by these types
of functions is: what would the damage be in a certain
river reach if the flood happened to be say 1,0 m lower
than it actually was? Referring to lucerne (Table 6.2) in
the reach Barrage to Bloemhof Dam the damage in the
inundation intervals 0-0,5 and 0,5-1,0 m that is
R1 949,00 plus R21 290,00 (R23 239,00), would then

not have occurred. Alternatively, when using the more
than cumulative damage curves in Figure 6.2 one must
move along a straight line upwards from a depth of in-
undation of 1,0 m until the cumulative damage curve for
Barrage to Bloemhof Dam is met, then horizontaily to
the left until the vertical axis is crossed. The percentage
reading on the vertical axis will then indicate what per-
centage of the total damage will still occur. For Barrage
to Bloemhof Dam it will be approximately 86,5 per cent
or R145 683.

Should less than cumulative damage curves
(Figure 6.3) be used instead, one must again move up-
wards along a straight line from a depth of inundation of
1,0 m until the cumulative damage curve for lucerne and
the reach Barrage to Bloemhof Dam is met, then hori-
zontally to the left until the vertical axis is crossed. The
reading on the vertical axis will in this case indicate what
amount of the total damage will fall away. For Barrage
to Bloemhof Dam it will be approximately R23 000. This
kind of presentation may also be applied to damage
categories where area flooded is irrelevant.

Necessary assumptions for using informal loss
functions to assess future damage to crops are that the
flood must occur the same time of the year, the crop
must be in the same production cycle and that the same
land use pattern applies. Adjusting the per hectare
damage by the price index for the crop under considera-
tion is a necessary adaptation to cope with the future
price changes.
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QUESTIONNAIRE FOR THE ASSESSMWENT OF FLOOD DANAGE TO PROPERTIES IN
THE FLOOD PLAIN IN TOMNSHIPS

Detail of property

Stand No.

Area of stand (m?)

Name of enterprise

Name and address of owner

Name and address of tenant

Name and address of mortagee

Functional use of building during the flood (e.g. residential, commercial, industrial, etc.)

Location: Distance from riverbank (m)

Previous occasion the building was flooded (e.g. 22/2/24)

Detail of damage to buildings

1. Repairable buildings (when irrepairably damaged see p. 63)

Number of stands

Main Outbuil-
building | dings

Number of repairable buildings ......

Date purchased/erected ........ces..

Purchase price/construction price ... (R)

Floor area (M)  .ieirieveevececncnes

Number of bedrooms (residential) ....

Number of storeys ......ceeeeececcess

Type of building material ...........

Municipal valuation before flood

Land  asees . el S (R)
IMProvements ........ceeeeeessssea.  (R)
Total ........ (R)

Divisional Council valuation before flood

Land o ieieiereeenenenenen. (R)
IMprovements .........oeeeeeeeeeee  (R)
Total ....... (R)




Estimated market value before flood:
Land P - g e

Improvements ..... G e a@re seessee

Depth of inundation above floor level (m)
Duration of inundation (hours) ........

FOR BUILDINGS THAT HAVE BEEN REPAIRED:

Nimber  osaesossnses o slaaEe s shsieietere e /elin @ .

Cost of repairs done by yourself:

Main
building

Outbuil-
dings

RODE s oo vonvinosis om LR saein ! RY
Malle™ wicianis siaise smistosils siaisiaie o sibn pswians 1GR)
BLo0R - saivnisme it sas ses o Sinima swe sua (R)
CELLING .iah saieaissalions e siasaivs s (R)
Totel svississ o {R)
Cost of repairs done by contractor:
ROGE .asivaiowinnis sioioivinisioiae sisis v sissin LR
Walls N L e TR T oisinre e ORY
3 ) s LR AN L S R T St (R)
COLIING i sissina sonn i nminsaninsanersen. URY
Total coesnes o (R}
Cleaning UpP eXPENSeS .v.eeeeesccccencones « "R
Floor area after reparation (m’) ........
Period of disuse since flood
{days) b o e e e e Sk asile W
FOR BUILDINGS THAT HAVE NOT BEEN
REPAIRED:
Number ....evennn araj8r8 8o Bive wiase wreigimiara vis o e
Reason why not repaired
Floor area of sections not repaired (m')...
Estimated costs of repair:
RoOOE suisanesves o ST e S WA sns s (i)
Walds s vsioone e sion o s R R ¥ (R)
Bloor vivaesensniss A P e =Ry
RETEEND: s oian tuinio sism aris ncaom ssising eeees (R)

(R)




Was any compensation received? (YES OR NO)

IF YES:

Agount claimed « sewanasiisesee s sen e
Amount received i .vsaeeis s aswemeeniawes e
Name of institution ..eeeececcccsccscncans

eescsssssessescssssssssssnsnes

Were there any after effects (e.g. cracks)?
YES OR NO i vwinas swaonswe o sioie sio e e iee s

IF YES:

Specify

(R)
(R)
(R)
(R)

Main
building

Outbuil-
dings

Were the after effects repaired?
(YES OR: NO) i o s swaionni o o v oivs vios s s

IF YES:

Cost: of repairs e sion ven s ense sios eemsoie

IF NO:
Estimated cost of repairs ..eceeeeenccnnees

Has this amount been included in the pre-
vious repair or estimated costs?
(YES OR NO)

IF NO:
Amount claimed ..cccecececcccscncas o
Amount received ...ccccececcccncsscnns

Name of institution ..cecececcecsccncs

Remarks:

(R)

(R)

(R)
(R)




Irrepairable buildings

Number of stands

Number of irrepairable buildings ....eeus &

Date purchased/erected ...ceeeeeeveceees o
Purchase price/construction price ...... .
FLoon anea (0’ ) | uveni inionmesime o sssssss s
Number of bedrooms (residential) .........
NumbEr oF BLOPeYS - cumswcins 5w snnesens
Type of building material -~ ciccsvessvssnsss

Municipal valuation before flood:
Land tevesstessessssseseseesscessses
Improvements ...eieeceececcnccencancns
Total ..ocvesns

Divisional Council valuation before
flood:

Landy . caiii o vais meavies doe e siiisnies e
INDrOVERENES v oivis sisisivion vias sinieesmeneive
Total s conowine

Estimated market value before flood:
Rand. 5 voevnaons isaaes ssenes sinse sais she
IRPLOVERENTS | cvuvivie sisis siore sieis.sie s oid 657 oo
Tokal . cesessias
Depth of inundation above floor level (m) .
Duration of inundation (hours) ............
Cleaning up expenses ......c... st eiwie aeis ) e

Demolition value (i.e. value of remaining
SALERIAL) i civevimoimbime sieieiaia s wioié 2ipis BieTe

Was the building replaced? (YES OR NO) ...

IF YES:

Niinber -Beplaced. ...usseomessosnmn s s ses e
Cost of work done by yourself .............
Cost of work done by contractor ...........
Floor area after replacement (m’) .........

IF NO:

NuRDer not-Peplaced: . oevswsvesovwee s s o
FLOOP-APea . (B°) cods siusivine o sisin sisrs sioeisss 506

Estimation of replacement cost to pre-
Erogd- condition::.. vuwim seme csmsnmeesies s o

(R)

(R)
(R)
{R)

(R)
(R)
(R)

(R)

(R)
(R)

(R)

(R)

(R)
(R)

(R)

Main
building

Outbuil-
dings

31



Will a new dwelling/outbuilding be erected on the existing stand? YES| NO
IF NO:

Briefly outline the reasons and future plans in this regard

IF YES:

What type of building will be erected?

When?

Will any flood precautionary measures be taken in the event of rebuilding? YES| NO

IF YES:

What kind of precautionary measures are to be taken?

Main Outbuil-
building dings

Was any compensation received? (YES OR NO)

IE-VES:

Amount claimed ..eeeeeeecescevccascess (R)

wx s s swwenis smpnme v s - (R)

Anoiint received seeessssme swe sws s swen © (R)

cisibis sisis wikte smw smeawesyy G

Name of institution cceccecececercecees

Remarks:




C. Site damages (e.g. cleaning up, trees, shrubs, sewerage systems, swimming pools, tennis courts and fences)

Item

Repair or
replacement
costs (R)

Percentage
improvement
above old
item

Remarks concerning improvement

Compensation:

Amount claimed

Amount received

(R} s
(8) s
1} S
bR): oes

Name of institution ......

ssscee

Total




D. Damage to loose equipment in buildings (e.g. kitchenware, diningroom,

bedroom and office equipment)

Year of |Purchase | Value be- [ Actual or Actual or es- Age of Percentage| Remarks about kind of
Iten purchase | price fore the | estimated timated replace-| replace- | improve- improvements or about
flood cost of re- | ment cost with ment ment above| items with a sentimental
pairs if an identical item old item or antique value
repairable item if irre-
pairable
(R) (R) (R) (R)
Compensation:
Amount claimed (R)
(R)
Amount received(R)
(R)
Name of institu-
tion
X X X Total (R) X X




Es Damage to stock (e.g. groceries, deep freeze contents and commercial stock)

Item

Number

Valuation or
unit price
paid

Selling price
per unit

Total valuation:

Compensation:

Amount claimed

Amount received

Name of institution

At cost price (R)

At selling price (R)
WR) - wid winis wig b s e
(R) s ile ss siimsias's
(R " ¢oie mivss wiein'siesé wiiin's
R 5se & Teiwinie tiore siorete

“ecscssssssssees

Remarks:




F. Damage to vehicles, machinery and other equipment

JEEM  eececeocscesacsssssacesanssassssasssssssesses

Repairable

Irrepairable

NURDEr  teveveveccscssscsasesnssssssssasssesnsasscs

MAKE oevceooveonoccasosssesssascosassnsosssaasssas

AQe ueeeiecesesceceececencncntetettctettnnenans

Capacity seeeeesceccseescssececararetesnaconcnnns

Value of item before the flood ............. (R)

Estimated or actual repair cost to pre-flood
PO T TP P TTIORE | -

Estimated or actual replacement cost ....... (R)

Age of replacement item .......c.ccvevececeececens

% improvement above old one ......ececevceienneenes

Was any compensation received? YES m
IF YES:
Amount claimed ....ccevneeens (R)

PYETSRDURT SUNPUL AR |

Amount received coeeeeeecacese (R)

AT NOEP, | |

Name of institution .........




G. Additional transport cost (e.g. extra trips or detours as a result of the flood)

Tipe- 0L vehitle ..cvevesomnesainsseyis vennenise

Capacity of vehicle ....cevivossasconnnscsanse

Additional kilometres travelled during and
after the flood ...ccceocecccscccccccccccccss

Cost per kilometre iccccocevccecssccnsss(c)

Number of labourers involved:

SKITled ssssssvecosaissossvnsns s sosesos

UnBkalled: .cocosimsvasisossomanessnesossssse

Wales per - hoUP sveswesesvasnsovess ses oo snoes

SIUTVE - v oo osanicsias sweamin s sivis sioay 06 )

BOSKITTEd .o sionnnsiienionmeisiussnish 00

Total transport cost ccececcceccccccccsss (R)

Total 1abour Cost e wusisesossnsdsasesss ~(R)

H. Lost in income

Was the enterprise closed on account of the flood? m
IF YES:

Loss in turnover during the time closed ...cceveescceccnccencencensaass (R)

Loss in turnover after re-opening until in full production ............. (R)

IF NO:

Loss in turnover since the flood until in full production seccevveeenn...(R)

Was the loss in turnover suffered during and immediately after the

YES NO
£100d: e COVOREAT "0y satiniosisiorivia sisinivisi maitiniss sies siswio s BRI B sion winle oo o0 0000
State the percentage of profit normally taken on turnover ......cceceee.
Remarks:
I. Other losses in income (e.g. salaries)
Number of | Number of Wages per Total loss

Specif .
Ponily Sypn o Tows persons working days day (R) (R)

Total (R)




Was any compensation received?

IF YES:

[ ves [ wo |

Amount claimed seeevveeeeeacensss (R)

staeaisi sinasiewann 58 R

Amount received .....eceeeeeeese. (R)

o wiess seeeen sy [G0)

Name of institution ...iceevceeee

J. Loss in rent

Was any loss in rental payments suffered?

IF YES:

Period (monEhs) s sui snesnodssss sws vis e svivaimssle
Amoiint (per Month) ceewvsmnvns s s swasiossmans - LR)
Total 1088 oo wes siwe sismmswns amie sein sistasrein seionmess - Y

Was any compensation received for the loss
in rental payments?

IF YES:

| ves | wo |

[ ves| wo |

Amount received .....ceeennnn R

R (3

Name of institution .e.eeieeeeeeeecenecoecanes

K. Assistance rendered to other flood victims during the flood

(e.g. transport, evacuation, accommodation and food)

Vehicles Number of

Labour hours Cost per
: labourers hour Total
Type of Dis- U U val
assistance Type | tance [Cost | skil- | 1T | skil-] un- | skild T f 08
yp travel- [ (R) | led ; g | ted | skil- [ led |75
led . led ,
Total (R)




L. Additional accommodation cost incurred

Total value

(R)

Kind of accommodation Number of persons Period

Total (R)

Was any compensation received? m

IF-YES:

Amount claimed sesscscsssassssscs (R)

svesweswasssweswss (R)

Amount received ....ecevveeeeee. (R)

cevuemyaunnenosvs (RY

Name of institution ...eeeeeennns

eecscscccsscs

M. Savings on expenditure (e.g. wages and rent) during the time of flood

Item Value
(R)

Total (R)

N. Other costs and damages as a result of the flood not yet mentioned
(e.g. electrical rewiring and storage cost)

Type Amount
yp (R)

Total (R)




0. Death or illness as a result of the flood

Drownings Illness and injuries
Nusb Funeral cost Number Amount
i (R) treated (R)

P. Other flood assistance received

Insurance sy
; Subsidy |Donation Amount | Period |Rate of
i P
Institution (R) (R) pa{;;nt (R) (years)] interest urpose

Q. Other flood information

For how long a period was telephone communication interrupted?

By what amount was the telephone account higher/lower as a result of the flood?

For how many days were children absent from school?

How many children were affected?

Did you receive any warning concerning the
approaching flood?

IF YES:

YES | NO

How long before the flood reached the property?

Were any precauti ures taken?
e yp utionary measures taken m

(e.g. evacuation)

IF YES:

State kind of precautionary measures

In case of evacuation state the percentage of removable goods that were removed

Cost of precautionary measures (R)

Could any of the damages suffered be prevented if the warning was received
a day earlier. m

IF YES:
Value of damage
Items that could be avoided
(R)
Total (R)




IF NO:

State reasons why not:

Suggestions to improve the warning system:

Damage to animals (death, loss, injury, disease)

Kind of animalivees sossnesnasosvions sveeensmevme o sensiiil
Number dead . or 1ot i iusios e s snncsoieonsss seeessob

TOERLUadC "o s viossiommio vl S simnonets wee mas s s s smssnileih il R)

Was any compensation received? (YES OR NO) vevvevenennns

I ves:
Amount claimed .ciccevsecersisiscnnniecssonseesesselsah (R)
ABOUNE-TBCRIVEU 'sivoeresias s siom sins 55% 6,605 iste o500 exo's oo s oinrdie I(R)
Nawe0f inSEICULION: wioldiare mitia vioss simasineias stosesioss ove 5.6 2%

Number of animals treated against disease or injuries
aslia pesultiof the: Floodisieceisieieonsonssnsmnesissisilos

KInd of -animal ..o svevsosmoniossssnssssssssneiossesss loraile

Veterinary and medicine cost .v.veeveeeeneneenenenncenna. (R)

41
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QUESTIONNAIRE TO DETERMINE FLOOD DAMAGE ON FARMS AND SMALL HOLDINGS

Name and address of OWNER

Telephone number

Name and address of TENANT

Telephone number

Name of irrigation board,
syndicate or private property

Numbers of damaged farms or small holdings that were damaged

NB ASK FARMER TO INDICATE FLOOD LINE ON HIS FARM MAP

DAMAGE TO LAND

Area inundated (ha) ,...cceoecccsss

Area inundated where land shows LITTLE OR
NO signs of damage (ha) .......... sy Smind By

Area inundated where damaged land is
RESTORABLE (ha) ............. cesecens cecessesssssassas

Area inundated where land is IRRESTORABLE (ha) ... .

Area of grazing land already irrestorably
damaged before the flood (ha) ......ccvvvnnnnnn.

For areas with NO OR LITTLE flood

damage state:
Average depth of inundation (m) ......... S este TSI .
Hours inundated ......... 0

............................

Cleaning up expenses (R)

ENUMERATOR

Record No.

Area No.

Down stream Nr.

i Fi [

Total area of farm (ha)

Total delimitated irrigation area (ha)

Grazing land

Dry land

Irrigation land

Vineyard and orchard

Yard and private
garden




s SRS ROIR R e
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DAMAGE TO LAND (continued)

Grazing land | Dry land

Irrigation land

Vineyard and orchard

Yard and private

garden
For area RESTORABLY damaged, state:
Average depth inundated (m)  ......c.eiveieennninnnnnn.
Hours inundated . ..ccecesceciccesocccssssaccocsonesosss .
Area to be restored (filled up and/or
levelled) (h8)  susswssssnaassssrmssi seesemsvassmeess "
Actual or estimated restoration and cleaning up
expenses:
for portion done by farmer himself (R) ...... sessess
for portion undertaken by contractor (R) ............
Area at least 6" higher after restoration than X X
before 'the flood (Ha) .idisivdsmsvesvvemeserssnseseanossns "
Area at least 6" lower after restoration than X X
before the flood (ha) «..isvsssmassaisssinsos S eeee i )
For area 1RRESTORABLY damaged (that is not
going to be restored mechanically and which
will not recover naturally), state:
Average depth inundated (m) seseaviesseye S, "
Hours inundated ......... siaieieeieTe 88T TeN e e S e e S W .
Market value of land per ha before the flood (R)
Briefly describe the nature of damage (e.g. depth washed away and silted up for various areas), as well
as reasons for non-restoration of land
DAMAGE TO NATURAL GRAZING
I
Sheep Goats Cattle Other
Number | Period Number Period Number Period Number Period
Ssu Months SSU Months LSU Months Months

Number of livestock reduced as a result of the flood .......
Market price per unft-(R) : (sseasnnevasienins T A e ;




DAMAGE TO CROPS ON DRY AND IRRIGATION LAND (in case

State degree of damage to land (nil, resorable

or irrestorable) ...ccceccceriiiiaianene R B0 8 SEE SieTe sl e .
Type of land (dry or irrigation) .....c..c.cceeceeeceeeen. o
Is land situated along inner or outer turn of

river or where river flows straight ...... cecense oo oweeine @
Type of crop concerned .....e.eeeecencecenes cecccsnsssens .
Age of crop (weeks after germination) ........ i sivie $viE 8
Direction of rows (diagonal or with stream) ...... grose wibl i

Area of crop flooded where HARVEST:
was reaped before flood (ha) .......e.... o6 163806 BTOI evere o
was not fully reaped before flood (ha)..eeeeeerenen. .

For area flooded where harvest was not fully reaped,
state:

(i) Area with NO damage to harvest
(ha) .oeees 6.3 SIATE SIRT6 SINLE § SIIA wisie Srereie wreié $iei6 B TG § WRLE SEEIN B

Portion of harvest reaped before
the flood .eceeeessenscasescssccssscssssccessess

Average depth inundated (m) .......coeeeees .
Hours inundated ........ & Sivia s iese siere wieie s 6ihia bk 6

(ii) Area where harvest was PARTIALLY (regarding

quality and yield) damaged (ha) ...eeeeeees L
Portion of harvest reaped before
flood «cceceen oo s eiees ceswone e s pinie wameeeis vei .
Average depth inundated (m) ........c.cceees .
Hours inundated ....ccceeeeeccnnnnnnns Sy .

Percentage of harvest loss due to super-
fluous rain ...eeeeceeenecs oisiae sibin & wiwie wine & e cee o

(iii) Area where TOTAL damage to harvest occurred
(ha)  covessae s o S aas o ee e e e Ele® ¥ eis e wieie einince wiaie wieie s @ieis =

Portion of harvest reaped before the flood
Average depth inumdated (m) ..............e ¥
Hours inundated ...eeececescscsscacocacnonns .

Persentage of harvest loss due to super-
flUOUS TAIN seeeeencovesssssssescsansaanansnnnas

of vineyards and orchards refer to p. 79)




DAMAGE TO CROPS ON DRY AND IRRIGATION LAND (continued)

Crop concerned c.cccecoscesencs cesecessinssesestesies s e

For area where harvest was PARTIALLY damaged,
state:

Yield per hectare during 1974/1975 (ton) ........

Manner in which yield was marked:

Price obtained per ton (R) .....cccceccceccacess .

TOtA]L ANCOME (R)  woviie siviiis sneisiaivie sisit sisiie winid oiecs.s 1w o

For area where harvest was PARTIALLY and
TOTALLY damaged:

Normal yield per ha (ton) ..... Siage s:0i8 o ienmse wisie Biepw )

In which manner would yield have been

marked under normal circumstances .....ccceeeee

Expected price per ton (R) ..eiivvvennnnns

Total expected income (R) .....cceeeeceeacees aio s
Crop insurance payment received (R) .....ccccinnnnn e

Production cost incurred after flood up to harvesting
time per hectare (R) c.ccoceccececcccccececossse . SaT0E a16

Average annual production cost per ha under
normal circumstances (R) ...veivinnrnnnniinecenennnns s

Nett annual loss per ha (R) ...cviiiinieinnnnnccninnnns

For perennial crops:

Area where CROP was totally damaged (ha)

Area where CROP has been re-established (ha)

Cost of re-establishment (ha) (R) ...ccevnennns

For area not re-established, state
PEABON  wiosaivsdinines R ToeE BeUe e BINE N 5 1016 efels seTe s wvere @
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DAMAGE TO CROPS ON DRY AND IRRIGATION LAND (continued)

Detail about extra harvests during year of flood which would normally not have been gained

Type of
crop

Area (ha)

Yield per ha
(ton)

Income per ha

(R)

Production cost
per ha (R)

Remarks

Detail concerning loss in income from crops not planted or planted too late because of the flood

Should the year have been normal

As a result of the flood

Type of ‘&rop Area planned to | Expected yield | Expected price Production cost |Area planted Yield per Price Production
be planted (ha)| per ha (ton) per ton (R) per ha (R) (ha) ha (ton) per ton (ha) cost per ha
for the yean
(R)
For crops not inundated but which could not be icrigated in time, state:
Area that could not Loss in yield per Loss in in- Cost savings
Type of crop be irrigated in time ha (ton) come per ha per ha (R) Explain causes of damage
(ha) (R)

Increased weed control expenses after flood

Area of weed con-
trol (ha)

Total weed control ex-
penses before flood (R)

Total weed control expenses
after flood (R)

Give detail regarding increased weed control expenses




DAMAGE TO VINEYARDS AND ORCHARDS

State degree of damage to soil (nil, restorable or irrestorable) ..... e

Is land situated along inner or outer turn of river or where river
flows straight 5 s srniersiaale eaes N R s

Typ& of ‘crop conCerned = cosivevemsbaimwsmmsimsaesoseeesnssaeaeyessemy cieaa e

Grape VarIety ' .siviicevhs o sieiemie geieiisiee sisuiweinin e T B W T N

Trellis system for vineyard su.eeeeeeeeseoee veeeseeennansesasssscsoscnnnnnans

Koot of Crop LyRAR). . Sl st seiodiv s d s st s b s g eremod fsses

Direction of rows (Diagonal = D or With = W) .iuiuiieinienienniecnioncnnencnnes

Area of crop flooded where CROP:

(i) Was not washed away or damaged, did not die (ha) ..ceeveveeennnencans
Average ‘depthiinundated (W) . ecssaasavissemavisoimsvamsovsi
Rours'-inundated <viiicivmves snvemsonmmsemmaonvvians o sasiisosse

(ii) Did not die or was not washed away but was damaged (ha) ............
Average depth inundated (M) ..ceeseesvsssvesssesiisonssnsaiosssse
HOUPS/ INONAAEAd  wcvvewnosonmsssssnssnsasnssvinsnatssssaosnssines
Has been re-established (ha) «ccoveeeecccaceansasncneccscsssscans
Re-establishment cost per ha (R) ..vverveeereeneneennnnncannens

(iii) Died: or: washed aWaY: (DAY cisiimmmsisiessmimesmmson s ssae oo
Average depth inundated (») .isecsaiveivainresinsansasssveesiss
Hours inundated «iisaeinimesimeesmmeaeienevese awemem duassemye -
Has: 'been re~established (ha) . sewnsswasasewussivesnn s ssovamsens
Re-establishment cost per ha (R) ...vvviineeennnnns T ——
Reasons for portion not re=established ....ivaveismssnimossnosnne

In the case of orchards, number of trees dead or washed away ....

A4




&

DAMAGE TO VINEYARDS AND ORCHARDS (continued)

Crop concerned eseseseseessnssseseinesses wieie 8.9 s djeceis wieie wisie o wioss SwwiE & wwie swisie
Area of crop flooded where HARVEST: ............... ceessesssnsacans bioe nraneca 10006
Was non-existant (crop as yet not bearing) (ha) ........ T
Was reaped before flood (ha) ...ieceeneiiiiiiincininnnns ceeeiesiaens
Was not reaped before flood (ha) «.evevnieieinenniinnncnensns ST .
For area flooded and not fully harvested, state:
(i) Area with NO damage to harvest (ha) « sess s somm wmme cereeeees A
Portion of harvest reaped before the flood .....covuuens “ieeis 9o 6
Average depth inundated (M) «eevevenenniennrniinecniennieinennns
Hours inundated ...ceeeeeeeeeneeneneesassscccsceennssccscnnnnans
(ii) Area where harvest was PARTIALLY (regarding quality and yield)
damaged (ha) .ccceecnieecncncanincccnccenns o 594 B0 B 6 i § 5
Portion of harvest reaped before the flood ...cvveeneiiniaiianness
Average depth inundated (m) ..oeeieineieniieniienieiiiieaiannn.
Hours inundated ..eceeeierernencnncnacnccccscnnennccccccannns e
Percentage of harvest loss due to superfluous rain ............ .
(iii) Area where TOTAL damage to harvest occurred (ha) « cos s s s oo s siamio oo
Portion of harvest reaped before the flood ...coeveeiennnss R—
Average depth inundated (m) ..oceivieiininiiineieninne s satars Sisse .
Hours inundated ...coveeeeerereccnrenecccccansscsccccesscennnns s
Percentage of harvest loss due to superfluous rain ...... sioss siwieie
For area where harvest was PARTIALLY damaged, state:

Yield per hectare during 1974/1975 (ton) ..oeevveeeeenenennns sd bamia 5
Manner in which yield was marketed ............. S ieiase SiRiels SIOOTS ieTele @
Price obtained per ton (R) .eeieeveveenrnnecnnnns ol SThsare sieiers Serws 8

Total income ' ((R) |\ sowsnsnssossansssones ..




DAMAGE TO VINEYARDS AND ORCHARDS (continued)

CrOp CONCENNEU - wimnis et e s ere s

For area where harvest was PARTIALLY and TOTALLY damaged, state:

In which manner would yield have been marketed under normal

CLPACURSLANGCES vivoivainwnmwenivmevioraisione bis oo sisios s eo s nawe s suass oo
Yield per hectare under normal circumstances (ton) ......cevvveen..
Expected price per ton (R} woesemmensmonmasmensmononsmsmsvevs e o

Total expected income (R) .ieevevinvnennvnnnnn SN el |}

Production cost incurred after flood up to harvesting time per ha (R) ......
Average annual production cost per hectare under normal circumstances (R) ..
Average annual nett farm income per ha (R) t.ouviievievennnneeeeeeeneenaanns

In cases where crop DIED or was DAMAGED, state estimated loss ot production
or income per ha, if crop was not replaced ...eevieeeeiierccnnccennnenecnnnes

1976 conwesnmmssminenenanes sne e evieecveeee
1977 cicioncne coesesessssseseresssssessessseee
1978 cnpuvinnviesissiniisssein s e bmmie
1979 oo mimeisrosssumiomamnis e samanie cessssesensssns
T98B0 civesicnsinancsieonsvonsorsnsensssonsesses

L ceses

Explain how loss of production or income was determined




DAMAGE TO PLANTS IN PRIVATE GARDEN

Type of plant damaged

Estimated or real cost to
restore to pre-flood con-
dition or to replace (R)

Description of damage

Total




1S

DAMAGE TO BUILDING

I RESTORABLY DAMAGED BUILDINGS (residences, outbuildings, barns, pump-houses, labourer's houses, etc.)

Type of building .vevveveveecnennns sio e AP IAR— ST AT ES Nr
Number damaged .......cccvvviennnnnnnnn. ibsiaserase-ere ——— wiai0aeibipie e o0 ik DS

Depth of inundation (m) ....... e R T R e Y

Hodrs. inundated -...ooeavin PR R R PN DR wws e e e
Age (years) .veveveenenenennanns SRR R R e ey fsan
Floor area (8%). t.iiceeissonoes R SR s R e

Number of bedrooms in the case of residences v..veeeeeeeseeeoeeeeeocennens

State type of material used for building (state nature of bricks,
sortar, plastering and roof) seesessceesssnsnes S i te Wiie sieid alanesd et azeoiisio

Value of building prior to flood, considering age and condition (R) ......
Cost to erect same building immediately prior to flood (R) +eveveeveenns

If buildings were repaired:

Number repaiivtd  oissosasseivsmovis o SRR SRR R PRt LU W Wer R M

Repair cost for work done by farmer himself:

Boofi. o sainieissn s nsiimins s RS A R BaR Caaie s A Lo (R)
£ ) R e e e i AR A P s e 151 (R)
PLOOPS s wiiow s aimvmi smms sons Bos S SR e e Ve (R)

Ceiling seeevenneerennnnnnnn o e SN SIS RS (R)

Total savavwoneens P (R)

Repair cost for work done by contractor:

ROOE wivemimsaonianie s S S R e i T, I (R)
MBLLS:. o iormommin mursionimssidinsiors s A e el b s (R)
Floors seienevsasa N S Ny A (R)
CRILAING: wieorwumiasinasisinnts A N R ot o g e (R)

Total soesscomanis s (R)

Cleaning up expenses (R) ......o.en.. T e L T s




DAMAGE TO BUILDINGS (continued)
Type of building o6 SRS BTOSETS wiaieie sieiere eveiis 8081 $1050 & S1TEES ¢ g siee

Floor area after reparation (m*) .eceececenieniennicnecenes

If building was not repaired:

Number not repaired ..ceceeeeeccersercensonsnaccnncnanacnes
Floor area of those not repaired (0%) s st siomen smmmmrs wwseras &
Estimation of repair cost if done by farmer himself (R)

Side effects (e.g. cracks in building, peeling off of
paint)

SPECify cererennrnsrisnicnstattaneseititataitoarinns
Repair cost or estimate ....cceenennecicneecnannanens (R)

Has amount already been incorporated in previous
repair cost? coeceieiiinaanns g disiszee wre s ST AT S ST

II BUILDINGS IRREPARABLY DAMAGED (residences, outbuildings, barns, pump-houses, labourer's houses, etc.)

Type of building «ceevvnen oo s slvee e ¢ vaba aie Hiota eeisie
Number damaged .....ccevececcnnnnacnnne il pREm e T
Depth of inundation () ..ocevneniiinnanrennnnnnanns
Hours inundated eeceeeeeeccecsecnsorccccccancencacnes
Age (years) .eeeeeeeceecenneccennnenscanccnens sia o bidie
Floor area (m*) ..cvveenns e e Ty
Number of bedrooms in the case of residences ........

Type of material used for building (state type of
bricks, mortar, plastering and roof) ......... SR

Value of building prior to flood, considering age and
CONAItioN veveeecensosccosnccsscnssns e gk sipioch PRy (R)

Cost to erect same building immediately prior to flood (R)
Demolition value «oeeeeeeccssceencccsasscocssansanncs (R)

Cleaning Up EXPENSES .eeesevesseccsesansnoscnce A (1)




DAMAGE TO BUILDINGS (continued)

If building was replaced:

Lypeobibutlding . tesneonemsenivanbes saleism e s e s sie e
Number replaced ....... Y I S A S s I
Cost of work done by farmer himself ...ceeveeeeeens (R)
Cost of work done by contractor ceeeeeeeeeceecenees (R)
Floor area after replacement (m*) ..evevveeeneennns

If building was not replaced:

Number not replaced ...ccvoveveenecccecccccecncnccnns

Floor area of those not replaced (m%) vevvvuvnennnnn

Estimation of replacement cost if done by farmer
himself wonvasivsonn R R T St . (R)

What precautions against future floods were taken after the flood with respect to buildings?

DAMAGE TO FIXED IMPROVEMENTS (e.g. soil conservation works, irrigation works, fences and windmills)

Type of improvement damaged ...... R (g

Age wovvion wikivie 6 s e ele WS BRIS S SR SRR e S R A s

Number inundated ........... swaane s ees Soid i e b

Rusbér partially danaged ...oeeonisensnsonesosamoesess

Number totally damaged .......... B G




DAMAGE TO FIXED IMPROVEMENTS (continued)

Type of improvement damaged .......ccceeceene siEEeE eae wise vieie s
Length flooded (m) «evevecnnnnns S p 31 ¥k 10 Bists sieis sibie s
Length totally damaged (m) ....ccvcvveenne. e Misie sisis nivis Bieia's
Length partially damaged (m) ..cooecvncnnnnianann o gers $50 @
Average depth of inundation (m) ........ sine aieie oimm wibie e :ard s

Value of damaged item prior to flood considering age and
condition cececcccccccccnns o oitie SiaibeisTe &8 e Siue Sieia BisiE aie S1eTe 66 (R)

(NB Give value per unit or per metre length etc. as
applicable and indicate unit) ....cceeeees orme aii:d eI 0iae SR si

Physical description of damaged itenms (e.g. type of material
and dimensions)

When totally damaged:

Number replaced ..ocececcceccnccnccoccensonccnccccnncnes .

Length replaced (M) ceeevevnerescreenannniieeeananannnencnns

Cost of replacement done by farmer himself .......ce..... (R)

Cost of replacement done by contractor ........ e nate Sisis .. (R)

Total damage (continued)

Percentage improvement (i.e. extension or reinforcement,
not renovation) on the old one

Estimation of replacement cost (if done by farmer
himself)of part not replaced «.ocevveseceecencnans wiard srsie (R)

Reason for not replacing ...cceeeeee 5 Wi Sisie B GeS e sowes

When partially damaged:

Number repaired ...... 6 oie e 480 SIOE 610 TS
Length repaired (M) c.oveveveeneencerncencnonecencnecences
Cost of repair work done by farmer himself .............. (R)

Cost of repair work done by contractor .....ceceeeecenanes (R)




DAMAGE TO FIXED IMPROVEMENTS (continued)

Type of improvement damaged ... ........ccevveveniecncennanns

Percentage improvement (i.e. extension or reinforcement
not renovation) on the old one .eeeevveeeecneecnnrennns

Estimation of repair cost of that portion not repaired
when done by farmer himself ......ccvvveevenencenneenss (R)

Reason. for not. repaiting ceciessvesvissmeseven vesiase s

Remarks:




DAMAGE TO HOUSE CONTENT (e.g. kitchenware, diningroom equipment and other furniture and equipment)

Real or es- Real or es-
. timated re-
ki timated re- placssent Percentage
Item Year Price pair cost . Age of improve- Remarks on improvements and on
. before A s cost with i s .
damaged bought Paid if repaira- A replace- ment on sentimental or antique items
flood something z .
bly damaged v : ment item old item
similar if
irreparably
(R) (R) (R) damaged (R)
Total X X X X

NB What percentage of house content was removed before the flood?




DAMAGE TO STOCK (e.g. fertiliser, seed, feedstuff, fuel, oil and bags)

Item damaged

Number

(State unit)

Evaluation
of damage

(R)

Item damaged

Number
(State unit)

Evaluation
of damage

(R)

Total (R)

DAMAGE TO PROPERTY OF LABOURERS

Item damaged

Value (R)

Total (R)




DAMAGE TO VEHICLES, IMPLEMENTS AND MACHINES

Repairably damaged

Irrepairably damaged

Item damaged or lost ........ via wreie giwie wiwiw
Capacity cececees o3, 46 8108 018 sisis win's wiste wibid
Age (year) ....... T YT
Number ....cceaee o s b see seie e venenees
Value of item before flood ......... (R)

Estimated or real repair cost if re-
parably damaged .........c0. exsrainie:i s (R)

Estimated or real replacement cost
if irreparably damaged ........... . (R)

% improvement of new on old one ..

Age of replacement item ............

Remarks:




DAMAGE TO LIVESTOCK (DEAD, LOST, INJURED, DISEASE CONTROL)

TYPE0f aniNal lasiiteteis whimninaisnmis b s e S e e S

NUMBER DEAD OR LOST
Under the age of 1 year (grade) vivisasamesunas bosmsbesiassiisedeisismo s 1o

(£ 7. 1 R A e U P I N S
One year and older {gfade) wuasissmseismsmmminR TR s S e
(8tud) sevieimmmmmanmneminamemeTsa s A T
Total market value (R) cuevvvevnnnnn. Ty D SRR F A S S e

NUMBER OF STOCK TREATED FOR DISEASE OR INJURIES AS A RESULT OF THE FLOOD:
(NB NOT AS A RESULT OF SUPERFLUOUS RAIN)

Under the age of 1 year ..ueeeieeeseeeeeeeseeeneeeesnneceesnnnscocsonnsscenne

One year and 01der icoosvinasnesainoneneneesnnsessnenesessssenssssiossss s
Veterinary and medicine cost (R) weeueeneeneeeeeeeneeeeeneenseocenscnsonsannnnnes
LOSS IN INCOME BY PRODUCING ANIMALS (E.G. MILK, EGGS):
TYpor ot Eaniugl ! veiniteismamnsvinihomsainsnisinsmensase s nainissmiosioeisiae e ddsss ceies
TYPe OF PROYBUCET ssvivioino s sumslonsmnewusmsmse s vnesessesesessessndensnesesisaises
Pariod.idurifig whiichiloss occurred (dave) iciiviasmenmssossnsonsosivesssintssas
Vuantity o pPoduct . ve s vensnvssnsessvisnsannes Sl e s aamew T I
LOSS In INCOME (R) 4eueeneeneeneeueeueneeneeeneencessessossesonsonssnsensencnnsns
Expenses needed to waintain normal Income (R). weesumssswsssevesnniniesseossisees

ADDITIONAL FEED BOUGHT

Type of feed Quantity Value (R)

Reason for feed purchase (e.g. to replace damaged natural
or artificial pasture)




COSTS WITH THE TRAVELLING OF DETOURS AND ADDITIONAL TRIPS AS A RESULT OF THE FLOOD (E.G. WITH TRACTORS, TRAILERS, TRUCKS AND MOTOR CARS)

Type of vehicle souieeeueeceereeeencncnenencnarecneneonosecnnnnnnnces

Capacity of vehicle ceuveeeecueruenncnirnennreanocereneenannecaencees

Additional kilometers travelled during and after flood .........c....

Period (days) during which detours had to be travelled ......ccceveen

Vehicle cost per kilometer or per hour () «eveenivreieanniennenennns

Speed in kilometer/hour ....cceeeeeeerrnnnniecaencennninnnienenaaeees

Number of adults involved:

Household Members ..eeeeecceassseceecsccscsvssoscocscsasassanccnns

LaDOUPErS ceveeeeccecscscascsssassesssssascsssscsssscscsscssssnnss

Cost per hour:

Household members (C) seeeveccescessoeesececcensssnasassasenconns

Labourers (C€) eeeeeecesescssssecssosssssnsescossssssesessssnsnsnacs

Total vehicle costs (R) vae eimin wieh 0ibis w86 (6.4 6508 SH STES iels Biele sieis wiwe

Total labour costs  (R) i marae e & 6 BTE BAETE 10 SIE ST O iS¢ Uiee S0 A
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FLOOD AID RECEIVED

Purpose of aid

Sttt Subsidy
Institution
(R)

Donation

(R)

Insurance payments

(R)

Loan

Amount T:::s
(R) Y

Rate of
interest

Damage to land

Damage to crops and harvests

Damage to buildings

Damaged to fixed improvements

Damage to house content

Damage to vehicles, implements and machines

Damage to stock

Damage to labourers property

Livestock losses

AID RENDERED TO OTHERS (e.g. accommodation, repair of land, food, clothing, cash and transport)

Nature of aid

Value (R)

Total

(R)

LOSS OF LIVES, ILLNESS AND INJURIES AS A RESULT OF THE FLOOD

Drownings

Illness and injuries

Number

Funeral costs (R)

Number treated

Amount (R)




FLOOD PRECAUTIONS AND AFTER-CARE (EG. EVACUATION OF ANIMALS, FURNITURE, SUPPLIES AND PUMP INSTALLATIONS; ERECTING OF TEMPORARY EMERGENCY
EMBANKMENTS; STACKING OF SANDBAGS AND CLOSING UP OF DOORS)

l

Precautions After-care

Type of precaution and after-care

Number of household members involved

Number of labourers involved

Time taken up (hours)

Tractor hours involved

Kilometers travelled with lorries

Kilometers travelled with trucks

Kilometers travelled with motor cars

Cost per hour: Household members (c)

Labourers (c)

Cost per kilometer: Tractor (c)
Lorry (c)

Truck (c)

Motor car (¢)

Material cost (R)

OTHER FLOOD DAMAGE INFORMATION
State loss sustained to other farming activities not directly influenced by the flood, because timely attention could not be given to
these activities on account of the flood

Amount ascribed to

Farming activity Detail of damage flood (R)

Total (R)




OTHER FLOOD DAMAGE INFORMATION (continued)

How many days was the road from your farm to the nearest service centre closed due to flooding?

How many days was telephone communication cut off from the outside world?

Which amount was your telephone account higher (lower) due to the flood (specify higher of lower)?

How many days were your children absent from school?

How many children were involved?

Which amount electricity costs were incurred (cutting off and connecting up)and to repair the system on your farm?

State costs to replace or repair drinking water system

State costs to replace or repair sanitary system

State costs connected with extra housing

Give an outline of the above-mentioned cost calculation

WARNINGS

Did you receive any warning about the approaching flood? YES | NO

How many hours before the flood waters reached your farm?

Could any of the damage suffered have been avoided should you have received the warning one day earlier? NO




WARNINGS (continued)

IF YES:

Items on which damage could have been avoided

Value of damage that
could have been avoided
R

Total (R)

IF NO: Give reasons why not

Do you have any suggestions on the improvement of the warning systen?

INTANGIBLE DAMAGES

Give a description of intangible damages suffered (e.g. fear, discomfort and environmental disruption)







