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CHAPTER 2
THE RELATIONSHIP BETWEEN FLOOD PARAMETERS AND DAMAGES

2.1 INTRODUCTION

2.1.1 Flood Management and Damages 

Flood Management (or flood risk management) concerns all actions related to the control of floods, the mitigation of flooding and, after such flood control and mitigative measures have been implemented, the management of the residual risk of flooding.

Many flood plains are occupied by intensive irrigation land.  Urban and industrial development,  as well as telecommunication and transportation services, are also situated in flood plains.  This penetration of human activities into the flood plains causes economic and community 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 determined by the occupational pattern, as well as the topographical, geological and hydrological characteristics of the reaches.

In order to decide on an optimum solution of flooding problems it is necessary to know the extent of damage caused by floods.

A logical method of assessing such damage for use in the selection of a flood protection system is presented in this Chapter. Damage assessment must therefor be seen as a tool used for carrying out flood management.

2.1.2 Definitions

A flood, which exceeds the capacity of its watercourse, will cause flooding. The magnitude of such flooding can be characterized by one of the flood(ing) parameters discussed already in the previous chapter.

Such flooding in turn will have impacts on the flooded area as a function of land use and sensitivity of the ecosystem.

The impacts concern social, technical and economic aspects of human life. There are impacts also on the natural environment: flora, fauna, wet lands, ground water, forests, etc.  

In general the first impacts are well known, the second, however, have only been recognized in recent times.

The first category of impacts comprise:

· Loss of human lives;

· Health problems (stress included);

· Direct material damages to private and public property

· Indirect or induced impacts related to difficulties in the normal functioning of the communication system of the community (a standstill of activities and services, severed road links, disruption of economic and commercial activities, exceptional emergency measures, evacuation and re-establishment of people).

“Damages” are the anthropocentric values society attributes to those impacts.

These are not necessarily monetary “values”. The values can be ethical, moral, social, religious or be of a psychological nature (anxiousness and concern in view of the flood event and its associated risk, isolation of persons, disruption of the social fabric, loss of dear unrecoverable goods, damages to the historical and cultural heritage, etc.). It could well be that the last mentioned damages are a few times higher than the material damages.

In most cases the risk of flooding is considered to be the probability that a certain impact or damage will occur in a given geographical area.

The risk depends:

· On randomness (i.e. on a random natural phenomenon having its own probability of occurrence );

· On the exposure to flooding of the population, its goods and the environment;

· On the means available to counteract the risk.

The exposure as well as the means available for counter attack are only partly random variables (probability that there is a certain development, that a certain number of persons is present in the area when flooding occurs, probability that a good forecast is made, probability of emergency assistance, etc.)

Risk implies randomness (of flood and flooding) and vulnerability (persons and exposed goods).

The vulnerability in turn expresses the relationship between the randomness (with its stochastic character), the nature of the exposure (persons, goods, activities) to this randomness, the means available for countermeasures (flood forecasting, emergency assistance, insurance) and the consequential impacts.

The exposure is a function of, on the one hand, the conditions present in the flood prone area and, on the other, the characteristics of a particular flood. In this respect can be mentioned:

· The speed of rise to flood peak, e.g. summer storm events tend to have a higher peak factor in relation to the duration of the overall flood event.  Alternatively, snowmelt runoff provides for a much slower rise unless of course occurring in combination with an ice jam.

· Depth of flooding with respect to existing development.

· Velocity of flood waters.

· Number of homes and businesses affected.

· Flood warning and evacuation measures in place.

· Effects of flooding on transportation access. 

2.1.3 Objectives for determining flood damages

By establishing the relationship between, on the one hand, the flood and flooding parameters (see Chapter one), and, on the other, the damages caused by the flooding of the flood prone area, one can satisfy a number of objectives:

· To acquire knowledge about the “vulnerability” of the flood prone area in physical, economic and social terms;

· To decrease the said vulnerability by implementing:

· classic flood protection measures along the watercourse or at the flood prone area (such as reforestation of the river basin, regulating dams, flood embankments, enlargement of conveyance capacity of the watercourse, drainage of the floodplain, etc.);

· non - structural measures (such as  regulations on settlement, and land use, flood forecasting and warning, announcement of flood risk, public awareness campaigns, organization of emergency assistance, etc.); 

· To determine the economics (i.e. the balance of costs and benefits) of the envisaged protection works and to select the most appropriate way of protection;

· To obtain political and social acceptance of the proposed protection measures and of the “residual risks” after completion of the protection system;

· To enable insurance companies to better evaluate the cost of damages, to take part in the financing of the protection system and in the campaigns aiming at awareness of the general public and of institutions, of the risks they are exposed to.

The above can be illustrated as follows:

Economics:

One of the methods available for determining the economics of a flood control scheme is by comparing the expectation value of damages due to flooding in the situation ‘without ‘the project’ with that in the situation ‘with the project’. The difference in damages constitutes the ‘avoided damages’, or benefits, of the flood control scheme (see Boxes E and F).

Insurance:

In a presentation (Parker, 2001) on behalf of the Association of British Insurers (ABI) John Parker, inter ala, stated:

· Flood cover in the UK is a market-based reinsurance where the market price of insurance is correlated to individual risk.

· Flood cover in France is a state guaranteed reinsurance, while there is little relationship between price and risk but provision to raise deductibles where local government have a ‘Risk Prevention Plan’ in place.

· One of the aims of flood research should be “identifying levels of risk and exposure” and, “help insurers continue to provide cover”.

· Insurers want to see “satisfactory planning controls to ensure a presumption against new development in flood plains unless adequate and sustainable protection (is) in place (to ensure control of future exposures)”.

Vulnerability:
“Damage is not directly dependent on rainfall. Several conditions must be fulfilled before damage occurs” (as shown below) 
).

Insert pictogram on page 12 of presentation= Fig. 2.1
2.1.4 Limitations of this Position Paper

This Position Paper has been prepared on the basis of input from a limited number of countries. Accordingly, the Paper reflects the particular situation, the methods and the experience of these countries in the field of flooding, type and nature of damages, way and depth of assessment thereof.

In most cases no effort has been made to exchange monetary figures, given in a certain currency, into US$ as, in general, such figures have a local significance only and their relative value (as regard other figures in the same text or table) can be judged anyhow.

2.2 Extent and Nature of Flood Damages

2.2.1 General

Floods may cause many types of damages. As already stated above one can distinguish two groups: direct and indirect damages.

The group of direct damages comprises:

· direct material damages to housing and private property;

· direct damages to public buildings, services and infrastructure;

· direct damages to commercial enterprises and trade;

· damages to the agricultural sector.

The group of indirect damages is more diversified and in this respect one must, for instance, think of:

· economic damage (e.g. due to loss of working hours, cost of health measures);

· loss of human lives;

· physical and psychological effects.

Apart from this distinction in direct and indirect damages one can also consider as major groups urban and rural damages. Finally, in some countries the (e.g. The Netherlands) the main distinction is between damages and ‘victims’. Victims, in this respect, can be affected persons (‘people at risk’), drowned or wounded persons, affected cattle (‘cattle and pets at risk’), dead and wounded cattle. 

In The Netherlands also the definition of indirect damages is somewhat broader than in other countries (see Table 2.4).   

It will depend on the population density in the flood prone area, on land use and on the degree of (economic) development how damages are distributed over the various sectors of society and economy. In Table 2.1 the distribution of damages is given in percentages of the total damage caused by a specific flood in the area indicated.

One can, for instance, observe that there is indeed a significant difference between Argentina, Paraguay and The Netherlands, on the one side, and USA and Morocco, on the other, as far as the magnitude of agricultural damage is concerned.

Table 2.1
Distribution of damages as a percentage of total damages caused by a certain flood (or by the ’average’ flood)

SECTOR
Argentina

Sub- Area

A 7 (aver. flood)
Paraguay

Sub-Area

P 4 (aver. flood)
Morocco

Rharb plain (aver. flood)
U.S.A.

Missouri – Mississippi 1993
Netherlands

Meuse 1993

Private and public property
56
32
7
38
58

Infrastructure/services


18
23
11



Industry and commerce
7
20
14

33

Evacuation expenses


14
22
-

-

Agriculture and livestock
5
3
68
62
9

TOTAL
100
100
100
100
100

In South Africa 17 disastrous flood events in 11 different areas, with flood peaks having return periods greater than 50 years, were registered between 1950 and 2000. The overall damage was reported to be more than 6 billion Rand (US$…) 

Petraschek (2001) argued that damage changes with society and illustrated this with the following about overall damages by floods in Switzerland in 1887 and 1987 respectively (Table 2.2). 

Table 2.2
Damage changes with Society!

SECTOR
In 1868
In 1987

River training

Roads and bridges

Agriculture (land & crops)

Buildings and contents

Utilities
17.0 %

8.2 %

56.5 %

18.3 %

---
22.9 %

32.7 %

8.8 %

21.7 %

13.8 %

The total damage in 1868 was 14 million CHF compared to 1200 million CHF 1987. However, the 1868 damage corresponded to a national income of 4 to 6 days while in 1987 it was equal to 2.2 days only. Apparently, the population was hit harder in 1868 than in 1987!

Brook (2001) stated that 10 % of the population of the United Kingdom lives in flood-prone areas with some US$ 350 billion invested in property. In the autumn of 2000 10,000 properties were flooded while insured losses amounted to over US$ 500 million (on average some US$ 50,000 per property).

In Australia, the average annual cost of flooding has been estimated by the Department of Primary Industry and Energy in 1992 to be about $A350 million per year – about 25% of the cost of all natural disasters and second only to cyclones as the most costly type of natural disaster. This figure is believed to significantly under-estimate true damages, in particular the costs of rural damage and urban storm water damage. Many efforts have been made to collect data on the damage caused by individual floods, but data collection is not yet systematic enough to provide reliable continuous national figures. 

Rural damage is usually far greater than urban damage (Table 2.3).

Table 2.3
Estimated losses in the Victorian floods in the spring of 1993  (source: DNRE Vic 1995)

Component
Damage ($A million)

Urban

Rural Enterprises

Rural infrastructure

Total
55

220

45

320

2.2.2 Type and nature of damages

The grouping of damages, normally applied, is very much a function of the particulars of the area concerned (land use, economic and social aspects) and the magnitude of damage in each group. Also various sub-distinctions can be made. Table 2.4 presents an overview. Each country will develop its own groupings and Table 2.4, therefor, can by no means be considered to provide the final picture. It only shows the general trend. 

2.2.3 Damage Assessment

Apart from establishing the direct relationship between the flood(ing) and the damage caused by it, it is vital to make a good assessment in monetary terms of the damage itself. The reasons for establishing the said relationships between flood(ing) and damage have been elaborated upon in Section 2.1.3. The damage assessment serves as a base for damage functions (Section 2.3).

Table 2.4
Type and nature of damages due to floods

MAIN DISTINCTION
SUB-DISTINCTION
NATURE OF DAMAGE
REMARKS

Direct damages
Accommodation and related private property
· Structural damage to buildings

· Damage to contents of buildings, cars

· Internal clean-up



Public buildings and utilities
Buildings: administrative, hospitals, schools, sports accommodation, community centers;

Utilities: roads, railways, telecomm., electricity, gas, water supply, sewerage, storm water drainage, etc.



Commercial and industrial enterprises
· Structural damage to shops, buildings, storage

· Loss of equipment, transport, plant

· Damage to stock and equipment

· Internal clean-up



Agriculture and livestock 
· Loss of harvest

· Decrease in crop quality

· Delays in production

· Removal of sediment and related leveling works 

· Add. chemical treatment of plants, fertilizer

· Loss of cattle and their production
Losses in the agricultural sector can persist for several years (e.g. loss of mature orchards)

Indirect damages
Damage to the economy
Loss of wages, production, business income
In The Netherlands a further distinction is  made of  indirect damage inside the flood-prone area and outside (disturbance of industrial production)


Physical and psychological effects
ill-health caused by flooding, stress, epidemics and related health recovery costs



Opportunity costs
Reduced level of services (schools closed, interrupted communications)



Loss of human lives




Emergency measures
· Evacuation expenses

· Cost of relief and rescue operations

· Flood fighting


Damage assessment can be based upon various methods:

· By carrying out surveys after a particular flood during which‘ surveys the ‘real’ value of the damage is estimated by experienced estimators and by the persons and enterprises affected by the flooding (damages reported to the Government, the community or to the insurance companies);

· By making ‘theoretical’ economic calculations on the basis of land use and various factors relating to the nature of the damaged goods;

· A combination of, on the one hand, surveys of damages after flooding and, on the other, research and modeling of flood-damage situations.

Damage can be assessed on the basis of ‘declared value’ (see above) of damage to a certain item but can also be calculated by taking the insured value or by taking a percentage of the initial value (or replacement value) on the basis of age, wear and tear and a damage factor. The latter will, for instance, be applied to houses, furniture or crops and could well be a flooding parameter.

In various countries an effort has been made to establish a flood damage database:

· In Canada, a system of discrete computer programs has been developed by a consultant. The system allows computation of damage estimates based upon the interaction of a number of these programs.  In essence, the data base system details total direct damages (residential and commercial, contents and structural) per return period (10; 17; 20; 50 and 100 year) for the entire study area, per individual unit, per reach, per community, per zone.  The program also allows for the computation of average annual damages on a per unit basis.
Direct flood damages to residential dwellings include both content and structural damages as well as internal clean up costs.  Flood damages for commercial establishments include damages to inventory, equipment and buildings in addition to clean up costs.  As with the residential component these damages are generally calculated separately for contents and structures.  This group, due to the range and diversity of activities covered does not demonstrate the same uniformity as the residential grouping.  Consequently, categorization is a much more complicated procedure; however, the grouping of similar functions for the purposes of estimating flood damages is required in order to maintain study costs within economic reason.  Assessment of flood damages also considers damage to institutional structures, highways and bridges, utilities and indirect damages.

In terms of estimating damages for residential and commercial/industrial units synthetic depth-damage curves developed for general usage in Alberta Canada are employed.

Flood events also cause indirect damages. These damages generally include such things as costs of evacuation, and alternative accommodation during the flood event, loss of wages and business income due to the disruption of business establishments and transportation routes, net loss of normal profit and earnings to capital, management and labor, administrative costs, flood fighting costs and general inconvenience, and general clean up, etc. 

These indirect damages are generally calculated as a percentage of direct damages. Values can range from 10% to 45% for specific land use categories but are commonly calculated as being 20% of direct damages. A number of studies were done by the Corps of Engineers to find values of 15% for residential damage, 37% for commercial, 45% for industrial, 10% for utilities, 34% for public property, 10% for agriculture, 25% for highways, and 23% for railroads.

Indirect damages are typically evaluated by developing a checklist of potential effects and methodically assessing each one.  The check list logically includes the amount of use and the duration of interruption of transportation and communication facilities, the number of workers and farmers depending on closed plants and the amount of business lost through a flood emergency.  The magnitude of each effect may be estimated by interviewing those affected during recent floods and unit economic values can be assigned by market analysis.  Finally, the results are summed to render a total value for indirect damages.

The complexity of the above evaluation process has led agencies to estimate indirect damages from direct damages based on percentages as previously indicated.  The Canada-Saskatchewan Flood Damage Reduction Program uniformly applies an indirect damage calculation of 20% of all categories (combined) of direct damages.  This figure is in keeping with guidelines developed by the U.S. Soil Conservation Services who suggest a range of percentages from 5% to 25% for specific uses.
· In Australia, in the State of Victoria, responsibility for floodplain management has been vested recently in Catchment Management Authorities, supported by a small group of specialists in the State Department of Natural Resources and Conservation. Consultants to the Department have developed a Rapid Appraisal Method (RAM) to be used to for consistent evaluation of present flood costs and possible management measures. Its main purpose is to allow a large number of possible projects to be rapidly evaluated so that they can be placed in priority order.

The RAM distinguishes between three groups of damages:

· Direct or tangible damages – physical damage to the structure and contents of buildings, agricultural enterprises and regional infrastructure such as roads and bridges.

· Indirect tangible damages – costs of emergency response and clean-up, community support, costs of disruption to transport, employment and commerce.

· Intangible losses which cannot be quantified in money terms – loss in bio-diversity, increased stress levels for residents.

Mean values are used, which are considered to apply to many areas of Victoria. However analysts are encouraged to alter the mean values as deemed necessary for a particular location.

There are eight steps
) in applying the RAM, and these are described in a manual issued by the Department:

Step 1
Define study areas

The main criterion is that areas affected by a given cause should be in the one study area. For example, if management measures in one location would produce benefits or damages in other locations, they should be combined into a single study area. Urban and rural areas must be separated when estimating damages, but may well be in the same study area.

Step 2
Estimate damages for each flood event

Data required are:

· Map showing extent of flooding for the event;

· Rapid survey of large non-residential buildings;

· Simple count of small buildings (houses etc).

Damage is calculated as follows (all costs are $A of the year 2000).

· Assume a mean value of $A 20,500 for small buildings;

· Use the following Table 2.5 for large buildings;

Table 2.5
Mean potential damages per m2 for large buildings
Particulars of building


Mean potential damages per m2
(includes contents and building damage)

Low (eg offices, pavilions)
$45

Medium (eg libraries, many businesses)
$80

High (eg electronic industries, printing)
$200

This represents “potential” damage. It is discounted according to flood warning time and the experience of the community of floods, using the following suggested multipliers (Table 2.6).

Table 2.6
Reduction factors for ‘potential’ damage

Warning time
Experienced community
Inexperienced community

Less than 2 hrs
0.8
0.9

2 to 12 hrs
Linear reduction
0.8

> 12 hrs
0.4
0.7

Alternatively, ANUFLOOD stage-damage curves can be used.

Direct damage to agricultural areas can similarly be estimated by applying standard figures per ha to the area inundated. However, there is insufficient data available for a standard table to be produced, and the RAM manual merely supplies some suggested costs of stock agistment, re-sowing of pasture. Weed control, livestock replacement and so on.

Typical costs per km of damage to various classes of roads are suggested. Estimates of other damage to infrastructure must be made on an individual basis.

It is suggested that indirect damages should be taken as 30% of direct damages
) if no better information is available.

· In Japan, the Ministry of Agriculture, Forestry and Fishery has made a detailed hazard table for the rice production based on data collected during inundation. The table shows the decreasing rates of production classified by the depth of inundation, quality of flooded water, growth phase and water temperature.  The farmland improvement projects in Japan for the protection from inundation are planned based on this table.  The idea of an allowable inundation depth with the minimum damage of rice production contributes to the decrease of the flood hazard in the river basin, and the expense of the drainage projects.

· In The Netherlands a standard method for assessment of damage and number of victims by flooding has been developed.

In this standard method no distinction is made between flooding by salt and fresh water, as it has been derived from literature that differences in extent of damages are relatively small. However, as in Australia (see above), a distinction is made between ‘frequently flooded areas’ and ‘less frequently flooded areas’ as it has been established that expected damages in each case differ considerably.

It has been decided to use for the standard method GIS data which are available on a national scale and which are updated regularly. It was found that a number of different databanks are required to determine damages as well as the number of victims.

Several methods are available to combine the various data. These methods are based on a so-called ’vector pattern’ or a so-called ‘fabric pattern’. After evaluating various methods the fabric pattern was adopted for further use.

The method still requires further study and scrutiny. Also the basic data need to be improved.

· In the lower Mekong Basin (including Laos, Cambodia, Vietnam and Thailand) inundation causes damage to agriculture, especially paddy fields, over large areas during each rainy season. Under a Japanese technical assistance program, damage assessment has been undertaken by preparing inundation maps and agricultural damage maps using remote sensing (RS) and GIS techniques.

For a number of successive years inundation maps were made showing the change in the inundated area with time. Agricultural damage mapping was done on the basis of (1) the inundation depth contour map, (2) the paddy fields division map, which was prepared by using RS data, (3) the inundation damage data obtained through site surveys. The inundation depth contour map was prepared combining site surveys with the time-series inundation map. A technique was developed to identify paddy fields on the satellite images. A model formula was developed giving the relationship between the depth of inundation and the reduction in yield of the rice harvest (Otsubo et al, 2000).

2.3 Damage curves

As such, assessment of damage caused by a certain flood is not enough: there is always a relationship between the magnitude of flooding and the extent of damage caused by it. The aim is therefor to establish a damage – flooding relationship; usually this is called a damage curve.

Such a curve is valid for a certain flood-prone area and is drawn for certain selected damage types or it is a ’global’ curve representing all damages (sometimes even loss of life, see Box G).

In this curve the flood(ing) is represented by a flood(ing) parameter (also called in this case ‘damage parameter’. In Chapter 1  (PP-1) many flood(ing) parameters were identified. Only a few, however, are applicable to the damage – flooding relationship.

The damage parameter mostly used is the ‘depth of flooding’. This then is the (maximum) depth of flooding at a certain point in the flooded area which’ depth can be considered to be representative for the critical depth of flooding in that area during the period of flooding.

It is generally accepted that other flood(ing) parameters have merit as well:

· In the Rharb plain in Morocco it was found that the volume of  ’bank over spill’ into the (large) flood-prone area was an overall parameter which, more or less, could be considered to be representative for other relevant damage parameters such as: depth of flooding (accommodation, crops), duration of flooding (most crops), current velocity (infrastructure, sugar cane), sediment deposition (citrus plantations) (NEDECO, 1975). 

By modeling
) four historical floods of different magnitude the duration of flooding for ’units’ having a certain land use, cropping pattern and topography could be established. By using the damage curves, meanwhile developed on the basis of  ‘duration of flooding’, as well as figures from past-flood surveys, one could then determine the agricultural and other damage for each unit and, subsequently, for the whole flooded area for each of the four floods. The correlation thus found between the overall flood parameter ‘bank over spill’ and the overall damage and ‘damage by type’ enabled the preparation of damage curves.

· In The Netherlands all damage functions are based on ‘depth of flooding’ but, in addition, the flood parameters ‘waves’ (as caused by storm surges), and current velocity (between 3 to 8 m/s) are taken into account for damage to buildings.

For calculating the number of deaths the ‘depth of flooding’, the current velocity, the rate of rise of the water level (in m/h) and waves have been incorporated in the damage function. 

· In Australia it is recognized that urban damage depends on ’depth of flooding’ while rural damage depends on both duration and depth of flooding. 

· In South Africa loss functions/stage damage curves were developed for different irrigation and urban areas. For irrigation areas loss functions were developed for the following land use types.

Rotational crops:
lucerne, wheat, maize

Vineyards:

different cultivars

Sugar cane

Where possible a distinction was made between crop, harvest and soil damage.

In the case of urban areas loss functions were developed for the residential sector (formal and informal housing), the commercial sector as well as the industrial sector.  Separate loss functions were developed for structural damage and damage to contents of buildings.  An endeavour was also made to develop standardised loss functions for urban areas.

Depth of inundation was the main parameter used in explaining differences in damage, but there were cases where duration of damage and/or the time of week or year that the flood can occur were provided for in the loss functions.  Figure 2.2 and 2.3 as well as tables 2.7 to 2.9 are examples of the loss functions developed.
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For various infrastructure categories the flood peak (in m3/s) was taken as damage parameter (Fig. 2.3).

Table 2.7:
Content flood-damage functions (1996) as developed for informal housing in the Soweto-on-Sea floodplain

Category
Depth of inundation (m)


0
0.05
0.1
0.2
0.3
0.6
0.9
1.2
1.5
1.8
2.1
2.4

Class 1*
11
65
118
220
316
568
768
915
1009
1051
1051
1051

Class 1**
32
226
414
773
1109
1981
2648
3109
3366
3417
3417
3417

Class 2*
146
323
494
822
1129
1931
2552
2991
3249
3327
3327
3326

Class 2**
72
465
847
1575
2256
4017
5355
6269
6759
6827
6827
6826

*     
values as provided by respondents in Rand

**   
replacement-value in Rand.

Class 1 represents houses with one room only and Class 2 represents houses with more than one room
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Table 2.8:
Standard housing content flood damage functions for general application (single-storey)


Damage in Rand (1996) for depth of inundation (m)


0
0.05
0.1
0.3
0.6
0.9
1.5
1.8
2.1
2.4

Group 1
10 093
13 562
16 939
29 549
45 764
58 739
74 967
78 221
78 234
75 007

Group 2
  4 783
  8 212
11 554
24 050
40 179
53 169
69 734
73 309
73 746
71 044

Group 3
  1 570
  3 560
  5 498
12 739
22 058
29 526
38 910
40 826
40 892
39 107

Group 4
     187
  1 775
  3 324
  9 150
16 768
23 041
31 554
33 793
34 688
34 238

Group 5
     281
 1 392
  2 473
  6 503
11 659
15 747
20 721
21 607
21 426
20 178

The different groups in Table 2.8 are explained in Table 2.9.

Table 2.9:
Categories of home units according to which standard flood damage functions are grouped
Categories
Description

Group 1
Big luxurious houses

Group 2
Big - high economic class – houses

Group 3
Medium – high economic class – houses

Group 4
Medium/Big - medium economic class –houses

Group 5
Small/medium - medium economic class – houses

Damage curves can only be established after having carried out extensive surveys, modeling and research. Usually, these damage curves are very much site-specific. They are applicable to a certain flood-prone area, a particular river basin, a state or province or even a country. They reflect the social and economic development of an area, its vulnerability for damage by floods in general and the vulnerability of specific items (for instance crops, infrastructure, housing) in that area in particular.

But it will depend on the quality and volume of the basic data and the related research/modeling how reliable a damage curve really is.

In this respect it is essential to know its purpose:

· In The Netherlands the ‘standard method’ is being developed in order to use it as input for (a) priority ranking of flood protection measures, (c) benefit-cost analysis of protection works and, (c) risk analysis.

· In Australia (State of Victoria), the average annual damages (AAD) following from the damage curves (see below) are calculated for “consistent evaluation of present flood costs and possible management measures”.

· In South Africa flood damage assessment and loss functions/stage damage curves were developed as a necessary input in the construction of flood control schemes. (to be checked with Viljoen)
2.4 Average Annual Damage and Benefit-Cost Analysis

2.4.1 Average Annual Damage

Average annual damage (AAD) is the total damage caused by all floods over a long period of time divided by the number of years in the period (assuming present population and development). 

In graphical terms, it is the area under a graph of total flood damage for a flood plotted against risk of exceedance.  In that case one usually speaks about the ’Expectation’ 
). It theoretically includes all floods up to the PMF, but in practice floods more frequent than 1 in 20 years do not play a significant role in the analysis.

When using a graph one needs in fact two curves:

· the exceedance curve for the selected flood(ing)  parameter (see PP-1, Section 1.4);

· the damage curve, drawn up for the same selected flood(ing) parameter.

In Box E the calculation of AAD is presented on the basis of exceedance curves given in Fig. 1.6 (PP-1) for the situations ‘without project’ and  ’with project’. The latter concerns the curve for the situation with discharge capacity increased to 3000 m3/s.

The damage curve referred to in column (2( of Table E-1 is presented in Fig. 2.4. 

The calculation of Table E-1 shows that AAD in the situation ‘without project’ amounts to US$ 38.3 million while in the situation ‘with project’ AAD has decreased to US$ 20.7 million. Accordingly, one can state that the difference between the two figures represents the average annual benefit (= avoided damages) due to the project.

Such a calculation can be repeated for a number of different flood control projects or variations of the same project. This only makes sense, however, if, at the same time, the flood control costs (investment, operation and maintenance) are analyzed.

2.4.2 Benefit – Cost Analysis

When the so-called ‘tangible’ benefits and costs have been determined on an annual basis for the economic life
) of the project a benefit-cost analysis can be made. Reference is made for further details to Box F.

The calculation enables determination for various discount rates of the ‘net present value’ (NPV), the benefit-cost ratio (B/C) and, by approximation, the economic internal rate of return (EIRR).

When carrying out these calculations on tangible benefits and costs of floodplain management measures, one must realize that there is no “cookbook” way to do this. It requires individual estimation for each possible strategy as well as sound engineering judgement. This applies for instance to the maintenance to be expected, to the expected growth rate of the investment in the protected area and to the reliability of the hydrological database. 

Note in this respect that “measures” includes both structural solutions and non-structural solutions. In general, it has been found that non- structural solutions (appropriate zoning, flood warning arrangements, acquisition of flood prone properties, evacuation arrangements) tend to be more economic than structural solutions. Of the possible structural measures, the only common ones are levee banks and waterway improvements. Reservoir dams tend to be only economically justified if they are operated on a multipurpose basis.

2.4.3 Incorporation of intangible benefits and costs
)

An important step in the analysis is the evaluation of the intangible benefits and costs of floodplain management measures.

The major groups of damage in this category are:

· health, safety and personal impacts;

· environmental impacts.
It is suggested to apply a qualitative method for developing an index (which, despite its qualitative nature ends up with a quantitative “score” of between one and ten) to compare the intangible effects of each strategy under investigation
).

Subsequently, for each measure being evaluated, one should present:

· estimate of tangible benefits and costs;

· benefit-cost ratio and/or net present value based on tangible benefits and costs;

· average population affected and qualitative description of health and safety impacts;

· monetary evaluation, non-monetary score or qualitative description of environmental impacts.

Finally, the possible projects should be prioritized according to their ranking with respect to:

· AAD’s;

· Net present value and benefit-cost ratio;

· Health and safety impacts;

· Environmental impacts.

Inevitably the rankings will to some extent be subjective.

2.5 References

(to be completed at a later date)




BOX E





Calculation of average annual benefits of a flood control project by using exceedance curves (Fig 1.6) and a damage curve (Fig. 2.4)



















In column [1] of Table E-1 a range of values is  given for the ‘volume of bank overspill’, which, in this case is the selected ‘flood(ing) parameter (or ‘damage’  parameter). These values follow from Fig. 1.6. For the same values of the damage parameter, damage costs are given in column [2]. These values are derived from Fig. 2.4. An ‘exceedance’ curve implies that, for instance, the increase in bank over spill of 300 hm3 between the 200 and 500 values (column [1] ) will result in an increase in damages from US$ 46 to 82 million (see column [2] ), i.e. US$ 36 million (column [3] ). The probabilities of exceedance of bank over spills of 200 and 500 hm3 will be 0.330 per annum and 0.15 p.a. respectively (column [4] ). The probability of exceedance of the said additional 300 hm3 of bank over spill will be on ‘average’ 0.225 p.a. (column [5] ). 









The remainder of the calculations in Table E-1 is straightforward. Note that damages by floods having a return period of more than 20 years contribute for 3 % only to the average annual damage (AAD).



















Table E-1        Calculation of Annual Benefits









 












damage without project
    damage with project

volume of bank overspill in million m3 (hm3)
damage related to bank over spill in million US$(coll.1)
increase in damage due to incr. in bank over spill (million US $)
prob. of exceedance of vol. of bank over spill (coll.1)
average prob. of exceedance of increase in bank over spill
damage corresponding with increase in bank over spill and prob. of exceed-ance
prob. of exceedance of vol. of bank over spill (coll.1)
average prob. of exceedance of increase in bank over spill
damage corresponding with increase in bank over spill and prob. of exceed-ance











[1]
[2]
[3]
[4]
[5]
[6]=[3]x[5]
[7]
[8]
[9]=[3]x[8]











10
3

0,95


0,48





3

0,855
2,565

0,465
1,395

20
6

0,76


0,45





14

0,68
9,52

0,40
5,6

50
20

0,60


0,35





12

0,53
6,36

0,30
3,6

100
32

0,46


0,25





14

0,38
5,32

0,21
2,94

200
46

0,30


0,17





36

0,225
8,1

0,12
4,32

500
82

0,15


0,07





41

0,10
4,1

0,045
1,845

1000
123

0,05


0,02





71

0,03
2,13

0,0125
0,8875

2000
194

0,01


0,005





36

0,0055
0,198

0,0025
0,09

5000
230

0,001


0



Math. Expectation Value of (remaining) damages p.a.:




38,293


20,6775











Benefits due to Project (I.e. avoided damages) per year:





17,6155
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1) p is the rate of investment in the area protected against floods

    estimated at 3 % per annum

Net Present Value:

Benefit-Cost  ratio:

(coll.2+3) 

(1+0.06)

n

(coll 5)  

(1+0.06)

n

Ditto at 8 %

BOX F

Economic Evaluation of a Flood Control Project using the benefits calculated in Box E  

         (all figures in US$ '000, except B/C Ratio)
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BOX G

Assessment of the number of victims due to flooding

In The Netherlands, during a number of studies, various formulas were developed to assess the number of victims due to flooding. Flooding in this case can be due as well to bank overspill / breaches in flood embankments in the riverine area or to storm surges combined with breaches in sea defenses along the coast. As more than 50 % of The Netherlands has its ground level below sea level the latter cause forms a more serious threat for casualties than the former. 

In the “Standard Method for assessment of damage and number of victims by flooding” (……) a formula is given comprising the following parameters:



d
=
depth of flooding (m)



v
=
rate of rise in water level (m/hour)


Nd
=
overall number of victims for a certain flooding

scenario



n
=
number sub-areas



ff
=
the fraction of inhabitants in houses collapsed due to 





high current velocities



fng
=
the fraction of inhabitants which, during a quick rise

of flood waters, cannot be rescued in time



fs
=
the fraction of inhabitants in houses collapsed due to 





waves



fe
=
the fraction of inhabitants which cannot be evacuated

 prior to flooding



Ni
=
the number of inhabitants of a sub-area



fs ( fb
=
the fraction of overlap between inhabitants in houses

collapsed due to waves and in houses collapsed due to

high current velocities

Each of these parameters in turn is limited in value by certain boundaries and/or depends on other factors (for instance a house ‘in the shadow’ of other houses will not collapse so easily by waves as an exposed one). 

(to be elaborated upon with formulas and boundary limits if considered worthwhile) 
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�Figure 2.2:	Loss functions to determine damage to the harvest of sugarcane in the Mfolozi floodplain, 1995
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�Figure 2.3:	Stage damage curves (1995 values) for different infrastructure categories in the Mfolozi floodplain
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�) Presentation  “Living with Flood Risk” by Dr. Armin W. Petraschek  (Petraschek, 2001)





�) Here only two steps are quoted because the other steps do not apply directly to damage assessment. However, these steps will be discussed in Sections 2.4.


�) Please compare with figures given above for Canadian circumstances.


�) Modeling in this case comprised a simulation of the flooding of the area by means of a mathematical model.


� ) “Expectations “: the expected value of a function of  random values is its mean value in repeated sampling (source: ICID Multilingual Technical Dictionary)


� ) The economic life of a project depends very much on the discount rate applied in the economic evaluation.. The higher the discount rate the shorter the economic life. This is demonstrated in Box F: at a discount rate of 15 % the present day value of the AAD after 30 years is only 5 % of its original value ( column (9( of Table F-1) . The technical life of a project can be considerably longer.


� ) The text below follows for the greater part the step-wise approach given in the manual describing application of the RAM (see Section 2.2.3 under ’Australia’).


�) Usually, the number of deaths due to a flood is not considered in monetary terms. From an ethical point of view the idea that the loss of a human life can be expressed in money is rejected. Nevertheless, it is done in an implicit manner by nearly everyone. 


An estimate of the cost of the loss of human lives should take into account the following:


the value of life as it follows from insurance premiums and court decisions;


the height of salaries of  professions when  working in a risky environment  in comparison with salaries of the same group when working under ‘safe’ circumstances;


the value reflected by the investments in safety (health, traffic);


the value of  net production ‘lost’ because of the death of a person.


In Box G a method for the estimation of the number of victims due to a flood, as being advocated in The Netherlands, is elaborated upon.
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1) p is the rate of investment in the area protected against floods

    estimated at 3 % per annum

Net Present Value:
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BOX F

Economic Evaluation of a Flood Control Project using the benefits calculated in Box E  

         (all figures in US$ '000, except B/C Ratio)
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		Herstelkoste aan infrastruktuur

		Tabel 6.2

		Vloei		Datum								Herstelkoste (R*1000)

		Kumek				Kanale		Spillways		Noodwalle		Dreine		Paaie		Tramlyne		Brue		Totaal

		800				0		0		0		0		0		0		0		0
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&A

Page &P



drainm

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9933480607

		R Square		0.9867403697

		Adjusted R Square		0.9834254622

		Standard Error		0.1444580725

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		6.2117662576		6.2117662576		297.6675369076		0.0000662253

		Residual		4		0.0834725388		0.0208681347

		Total		5		6.2952387964

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-14.3015591704		0.9873162435		-14.4852870246		0.0001320592		-17.0427941996		-11.5603241413		-17.0427941996		-11.5603241413

		X Variable 1		1.9019656441		0.1102394229		17.2530442794		0.0000662253		1.5958913041		2.208039984		1.5958913041		2.208039984
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		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9663151575

		R Square		0.9337649835

		Adjusted R Square		0.9172062294

		Standard Error		0.6796505687

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		26.0484145971		26.0484145971		56.3910169202		0.0016828924

		Residual		4		1.8476995819		0.4619248955

		Total		5		27.896114179

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-31.8660593428		4.6451543675		-6.8600646656		0.0023642323		-44.7631021622		-18.9690165233		-44.7631021622		-18.9690165233

		X Variable 1		3.894805396		0.5186576641		7.5093952433		0.0016828924		2.4547778805		5.3348329116		2.4547778805		5.3348329116





roadsm

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.998667335

		R Square		0.9973364459

		Adjusted R Square		0.9966705574

		Standard Error		0.0831698558

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		10.3602935459		10.3602935459		1497.7528810944		0.0000026628

		Residual		4		0.0276688997		0.0069172249

		Total		5		10.3879624456

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-18.5068850598		0.568434482		-32.5576397018		0.0000053066		-20.085115464		-16.9286546557		-20.085115464		-16.9286546557

		X Variable 1		2.4562985145		0.0634689135		38.7008124087		0.0000026628		2.2800801953		2.6325168336		2.2800801953		2.6325168336





railm

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9309656829

		R Square		0.8666971028

		Adjusted R Square		0.8333713785

		Standard Error		0.9807289998

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		25.0141518896		25.0141518896		26.0068496981		0.0069841057

		Residual		4		3.8473174844		0.9618293711

		Total		5		28.8614693741

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-31.6143009627		6.7029114768		-4.716502832		0.0091953308		-50.2246052694		-13.003996656		-50.2246052694		-13.003996656

		X Variable 1		3.8166998383		0.7484178424		5.0996911375		0.0069841057		1.738754479		5.8946451975		1.738754479		5.8946451975





spillm

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9914937109

		R Square		0.9830597787

		Adjusted R Square		0.9788247234

		Standard Error		0.2606843607

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		15.7743253862		15.7743253862		232.1244248174		0.0001082277

		Residual		4		0.2718253436		0.0679563359

		Total		5		16.0461507298

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-20.3007470598		1.7816789281		-11.3941668951		0.0003384095		-25.2474910446		-15.3540030751		-25.2474910446		-15.3540030751

		X Variable 1		3.0308923581		0.1989344934		15.235630109		0.0001082277		2.4785605135		3.5832242027		2.4785605135		3.5832242027





bridges

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9934682096

		R Square		0.9869790835

		Adjusted R Square		0.9837238543

		Standard Error		0.2419077166

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		17.7429500221		17.7429500221		303.1980369649		0.0000638571

		Residual		4		0.2340773733		0.0585193433

		Total		5		17.9770273955

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-23.0334820029		1.6533476729		-13.9314207048		0.0001539562		-27.6239205644		-18.4430434413		-27.6239205644		-18.4430434413

		X Variable 1		3.2144600292		0.1846055856		17.4125827195		0.0000638571		2.7019116931		3.7270083652		2.7019116931		3.7270083652





total

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9928552077

		R Square		0.9857614634

		Adjusted R Square		0.9822018292

		Standard Error		0.2453011419

		Observations		6

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		16.6634763798		16.6634763798		276.9277458222		0.0000763897

		Residual		4		0.2406906008		0.0601726502

		Total		5		16.9041669806

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-19.3983640481		1.6765404504		-11.5704718272		0.0003187307		-24.0531962165		-14.7435318798		-24.0531962165		-14.7435318798

		X Variable 1		3.1151425169		0.1871951899		16.6411461691		0.0000763897		2.5954042718		3.6348807621		2.5954042718		3.6348807621





moddamm

		Damage per meter

		Damage (interpolated) - kumdam

		Frequency		Cumec		Drains		Levees		Roads		Rail		Spillways		Bridges		Total		Total

		10		3150		182		0		79		0		80		22		364		462		99

		20		4720		295		0		215		14		136		43		703		840		137

		50		7970		820		1675		1003		1095		1029		365		5986		6030		43

		100		9570		1289		2928		1791		2071		1954		701		10734		10786		52

		200		11280		1869		4517		2793		3330		3148		1135		16791		16841		50

		RMF		15450		3845		10075		6320		7820		7405		2685		38150		38150		0

		Actual distances from model

		Frequency		Cumec		Drains		Levees		Roads		Rail		Spillways

		10		3150		55.5364		46.0079		20.0044		30.8737		1

		20		4720		57.0458		46.0079		25.0416		35.4555		1

		50		7970		57.9599		46.0079		29.7277		46.2590		1

		100		9570		58.0941		46.0079		32.0497		49.7554		1

		200		11280		58.3205		46.0079		33.3860		52.6937		1

		RMF		15450		59.6604		46.0079		34.2577		55.0020		1

		Damage in R/m

		Frequency		Flood peak (cumec)		Drains		Levees		Roads		Rail		Spillways

		10		3150		3.2803		0.0000		3.9697		0.0000		80.24

		20		4720		5.1785		0.0000		8.5975		0.3861		135.88

		50		7970		14.1504		36.4065		33.7392		23.6667		1028.59

		100		9570		22.1962		63.6354		55.8756		41.6313		1954.20

		200		11280		32.0415		98.1815		83.6591		63.1962		3147.52

		RMF		15450		64.4481		218.9841		184.4841		142.1766		7405.00

		Log

		Frequency		Flood peak (cumec)		Drains		Levees		Roads		Rail		Spillways		Bridges		Total

		10		8.0551577318		1.1879371743		0		1.378694278		0		4.3849634943		3.0802896616		5.8960220056

		20		8.4595640786		1.6445157417		0		2.1514666404		-0.9515835318		4.9117894595		3.7639323578		6.5559204348

		50		8.9834397718		2.6497402477		3.5947479204		3.5186611479		3.1640669185		6.9359395447		5.8989127594		8.6972041475

		100		9.1663884844		3.0999205118		4.1531703907		4.0231285074		3.7288513304		7.5777361815		6.5522189723		9.2812064878

		200		9.3307865251		3.4670304923		4.5868175777		4.4267498098		4.146243571		8.0543685951		7.0342071206		9.7286095278

		RMF		9.6453642823		4.1658603982		5.3889992659		5.2175631302		4.9570702853		8.9099107267		7.8954360069		10.5492810367
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Drains

Drains

Cumec

Damage (R/m)

Drain
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1.7851593617

3.2803075206

2.5250908106

3.3853805542
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5.1785015673
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6.6715339647

7.9974800692

9.4368208624

10.9885918539

12.6519132327

14.4259766963

14.1503625783

16.3100350987

18.3033941712

22.1961868761

20.4054057987

22.6154624876

24.9329927609

27.3574572842

29.8883455781

32.0414536912
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Levees

per m

Cumec

Damage (R/m)

Levees

0.0004706622

0.0070010407

0.0339628234

0.1041395872

0.2483484727

0

0.5051926668

0.9208772742

1.5490630807

0

2.4507455563

3.6941518639

5.3546513504

7.5146765004

10.2636522364

13.6979320295

17.9207396687

36.4065214887

23.0421158004

29.1788685475

63.6354300022

36.4545276485

44.9993016704
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66.4501847643

79.6497560499

98.1814775289

94.7052974869

111.7798547252
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roadsgr
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Roads

per m

Cumec

Damage (R/m)

Roads
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2.0366529052

3.969714898

3.1872035325

4.6542649027

6.4609537354

8.5974585349

8.6286429044

11.1772908536

14.1256793385

17.4915916213

21.2919500772

25.5429250579

30.2600227535

33.7392263781

35.4581573067

41.1517108581

55.8756400216

47.3545841645

54.0802397348

61.3417389408

69.1517742152

77.5226971991

83.6590666747

86.4665435141

95.995054701
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Rail

per m

Cumec

Damage (R/m)
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0.6262209866

1.0424745773
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spillgr
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Spillways

per m

Cumec

Damage (R/m)

Spillways

0.2310921678

1.888751142

6.4548832467

15.4370479569

30.3590425737

80.2352941176

52.7567343415

84.1756382074

126.1693212651

135.8823529412

180.2982685642

248.1290338975

331.2335793992

431.1887468769

549.575824798

687.9801869706

847.9909863764

1028.5852

1031.2008923542

1239.2058624853
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Bridges

Total

Cumec

Damage (R/m)

Bridges

0.0470345692

0.4365822345

1.6073274922

4.0524246462

8.3028713979

21.7647058824

14.9194654039

24.4878716936

37.6152399576
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54.927720407

77.0685520975

104.696540585

138.4848134636
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Total

Total

Cumec

Damage (R/m)

Total
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		9000		9000		9000		9000		9000
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		13000		13000		13000		13000		13000
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Drains

Levees

Roads

Tramways

Spillways

Flood peak (cumec)

Damage (R/m)
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0.0390875129

0.0003725993

0.2310921678

0.3124703162

0.0070010407

0.2145149522
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0.6756601291

0.0339628234

0.580751402

0.0246757682

6.4548832467

1.1677704367

0.1041395872

1.1772727728

0.0739817052

15.4370479569

1.7851593617

0.2483484727

2.0366529052

0.1733807063

30.3590425737

2.5250908106

0.5051926668

3.1872035325

0.3477057054

52.7567343415

3.3853805542

0.9208772742

4.6542649027

0.6262209866

84.1756382074

4.3642154863

1.5490630807

6.4609537354

1.0424745773

126.1693212651

5.4600488258

2.4507455563

8.6286429044

1.6341777641

180.2982685642

6.6715339647

3.6941518639

11.1772908536

2.4431037126

248.1290338975

7.9974800692

5.3546513504

14.1256793385

3.5150002352

331.2335793992

9.4368208624

7.5146765004

17.4915916213

4.8995134324

431.1887468769

10.9885918539

10.2636522364

21.2919500772

6.6501199367

549.575824798

12.6519132327

13.6979320295

25.5429250579

8.8240661227

687.9801869706

14.4259766963

17.9207396687

30.2600227535

11.4823130625

847.9909863764

16.3100350987

23.0421158004

35.4581573067

14.6894862979

1031.2008923542

18.3033941712

29.1788685475

41.1517108581

18.5138297035

1239.2058624853

20.4054057987

36.4545276485

47.3545841645

23.0271628643

1473.6049426993

22.6154624876

44.9993016704

54.0802397348

28.3048415036

1736.0000906397

24.9329927609

54.9500379225

61.3417389408

34.4257205799

2027.9960184331

27.3574572842

66.4501847643

69.1517742152

41.4721197397

2351.2000518147

29.8883455781

79.6497560499

77.5226971991

49.5297908608

2707.2220031707

32.525173204

94.7052974869

86.4665435141

58.6878874657

3097.6740565229

35.2674793377

111.7798547252

95.995054701

69.0389358135

3524.1706628366

38.1148246619

131.0429430107

106.1196977535

80.6788075097

3988.3284443164

41.0667895265

152.6705182671

116.8516826028

93.7066934911

4491.7661065726

44.1229723312

176.8449494794

128.2019778383

108.2250792651

5036.1043577222

47.2829880975

203.7549922752

140.181324904

124.3397212949

5622.9658336292

50.5464672017

233.5957636057

152.8002509691

142.1596244371

6253.9750286086

53.9130542455

266.5687174441

166.0690806391

161.7970203483

6930.7582310128

57.3824070448

302.8816214257

179.9979466471

183.3673467858

7654.9434631992



permdat

		Skade aan infrastruktuur vir vloede van verskillende omvang

						1.9020				3.8948				2.4563				3.8167				3.0309				3.2145				3.1151

		Cumec				6.15E-07				1.45E-14				9.17E-09				1.86E-14				1.53E-09				9.92E-11				3.76E-09

		0		Drains		Drains		Levees		Levees		Roads		Roads		Tramways		Tramways		Spillways		Spillways		Bridges		Bridges		Total		Total

		500				0.084				0.000				0.039				0.000				0.231				0.047				0.962

		1000				0.312				0.007				0.215				0.005				1.889				0.437				8.33

		1500				0.676				0.034				0.581				0.025				6.455				1.607				29.47

		2000				1.168				0.104				1.177				0.074				15.437				4.052				72.21

		2500				1.785				0.248				2.037				0.173				30.359				8.303				144.70

		3000		3.280		2.525		0.000		0.505		3.970		3.187		0.000		0.348		80.235		52.757		21.7647058824		14.919		363.5882352941		255.34

		3500				3.385				0.921				4.654				0.626				84.176				24.488				412.74

		4000				4.364				1.549				6.461				1.042				126.169				37.615				625.64

		4500		5.179		5.460		0.000		2.451		8.597		8.629		0.386		1.634		135.882		180.298		43.1176470588		54.928		703.3962823529		902.97

		5000				6.672				3.694				11.177				2.443				248.129				77.069				1253.77

		5500				7.997				5.355				14.126				3.515				331.234				104.697				1687.18

		6000				9.437				7.515				17.492				4.900				431.189				138.485				2212.47

		6500				10.989				10.264				21.292				6.650				549.576				179.120				2839.00

		7000				12.652				13.698				25.543				8.824				687.980				227.300				3576.23

		7500				14.426				17.921				30.260				11.482				847.991				283.737				4433.69

		8000		14.150		16.310		36.407		23.042		33.739		35.458		23.667		14.689		1028.585		1031.201		364.6408		349.151		5986.1524		5421.00

		8500				18.303				29.179				41.152				18.514				1239.206				424.274				6547.83

		9000		22.196		20.405		63.635		36.455		55.876		47.355		41.631		23.027		1954.200		1473.605		700.7975		509.848		10734.375		7823.96

		9500				22.615				44.999				54.080				28.305				1736.000				606.624				9259.20

		10000				24.933				54.950				61.342				34.426				2027.996				715.362				10863.45

		10500				27.357				66.450				69.152				41.472				2351.200				836.832				12646.65

		11000				29.888				79.650				77.523				49.530				2707.222				971.810				14618.80

		11500		32.041		32.525		98.181		94.705		83.659		86.467		63.196		58.688		3147.515		3097.674		1134.7948		1121.081		16791.1884		16789.98

		12000				35.267				111.780				95.995				69.039				3524.171				1285.438				19170.28

		12500				38.115				131.043				106.120				80.679				3988.328				1465.681				21769.89

		13000				41.067				152.671				116.852				93.707				4491.766				1662.618				24599.00

		13500				44.123				176.845				128.202				108.225				5036.104				1877.063				27667.88

		14000				47.283				203.755				140.181				124.340				5622.966				2109.837				30986.84

		14500				50.546				233.596				152.800				142.160				6253.975				2361.767				34566.23

		15000				53.913				266.569				166.069				161.797				6930.758				2633.688				38416.43

		15500		64.346		57.382		218.984		302.882		184.484		179.998		142.177		183.367		7405.000		7654.943		2685		2926.441		38150		42547.89





draint

		0				0

		150				150

		300				300

		450				450

		600				600

		750				750

		900				900

		1050				1050

		1200				1200

		1350				1350

		1500				1500

		1650				1650

		1800				1800

		1950				1950

		2100				2100

		2250				2250

		2400				2400

		2550				2550

		2700				2700

		2850				2850

		3000				3000

		3150				3150

		3300				3300

		3450				3450

		3600				3600

		3750				3750

		3900				3900

		4050				4050

		4200				4200

		4350				4350

		4500				4500

		4650				4650

		4800				4800

		4950				4950

		5100				5100

		5250				5250

		5400				5400

		5550				5550

		5700				5700

		5850				5850

		6000				6000

		6150				6150

		6300				6300

		6450				6450

		6600				6600

		6750				6750

		6900				6900

		7050				7050

		7200				7200

		7350				7350

		7500				7500

		7650				7650

		7800				7800

		7950				7950

		8100				8100

		8250				8250

		8400				8400

		8550				8550

		8700				8700

		8850				8850

		9000				9000

		9150				9150

		9300				9300

		9450				9450

		9600				9600

		9750				9750

		9900				9900

		10050				10050

		10200				10200

		10350				10350

		10500				10500

		10650				10650

		10800				10800

		10950				10950

		11100				11100

		11250				11250

		11400				11400

		11550				11550

		11700				11700

		11850				11850

		12000				12000

		12150				12150

		12300				12300

		12450				12450

		12600				12600

		12750				12750

		12900				12900

		13050				13050

		13200				13200

		13350				13350

		13500				13500

		13650				13650

		13800				13800

		13950				13950

		14100				14100

		14250				14250

		14400				14400

		14550				14550

		14700				14700

		14850				14850

		15000				15000

		15150				15150

		15300				15300

		15450				15450

		15600				15600



Drains

New drain

99.2211

0

141

182.1764705882

295.4117647059

316

350

820.1536

1289.4675

1868.6736

3845

3845



leveest

		0				0

		150				150

		300				300

		450				450

		600				600

		750				750

		900				900

		1050				1050

		1200				1200

		1350				1350

		1500				1500

		1650				1650

		1800				1800

		1950				1950

		2100				2100

		2250				2250

		2400				2400

		2550				2550

		2700				2700

		2850				2850

		3000				3000

		3150				3150

		3300				3300

		3450				3450

		3600				3600

		3750				3750

		3900				3900

		4050				4050

		4200				4200

		4350				4350

		4500				4500

		4650				4650

		4800				4800

		4950				4950

		5100				5100

		5250				5250

		5400				5400

		5550				5550

		5700				5700

		5850				5850

		6000				6000

		6150				6150

		6300				6300

		6450				6450

		6600				6600

		6750				6750

		6900				6900

		7050				7050

		7200				7200

		7350				7350

		7500				7500

		7650				7650

		7800				7800

		7950				7950

		8100				8100

		8250				8250

		8400				8400

		8550				8550

		8700				8700

		8850				8850

		9000				9000

		9150				9150

		9300				9300

		9450				9450

		9600				9600

		9750				9750

		9900				9900

		10050				10050

		10200				10200

		10350				10350

		10500				10500

		10650				10650

		10800				10800

		10950				10950

		11100				11100

		11250				11250

		11400				11400

		11550				11550

		11700				11700

		11850				11850

		12000				12000

		12150				12150

		12300				12300

		12450				12450

		12600				12600

		12750				12750

		12900				12900

		13050				13050

		13200				13200

		13350				13350

		13500				13500

		13650				13650

		13800				13800

		13950				13950

		14100				14100

		14250				14250

		14400				14400

		14550				14550

		14700				14700

		14850				14850

		15000				15000

		15150				15150

		15300				15300

		15450				15450

		15600				15600



Levees

New levees

Cumec

Damage (R/m)

0

0

0

0

932

1674.9876

2927.7325

4517.1236

10075

10075



roadt

		0				0

		150				150

		300				300

		450				450

		600				600

		750				750

		900				900

		1050				1050

		1200				1200

		1350				1350

		1500				1500

		1650				1650

		1800				1800

		1950				1950

		2100				2100

		2250				2250

		2400				2400

		2550				2550

		2700				2700

		2850				2850

		3000				3000

		3150				3150

		3300				3300

		3450				3450

		3600				3600

		3750				3750

		3900				3900

		4050				4050

		4200				4200

		4350				4350

		4500				4500

		4650				4650

		4800				4800

		4950				4950

		5100				5100

		5250				5250

		5400				5400

		5550				5550

		5700				5700

		5850				5850

		6000				6000

		6150				6150

		6300				6300

		6450				6450

		6600				6600

		6750				6750

		6900				6900

		7050				7050

		7200				7200

		7350				7350

		7500				7500

		7650				7650

		7800				7800

		7950				7950

		8100				8100

		8250				8250

		8400				8400

		8550				8550

		8700				8700

		8850				8850

		9000				9000

		9150				9150

		9300				9300

		9450				9450

		9600				9600

		9750				9750

		9900				9900

		10050				10050

		10200				10200

		10350				10350

		10500				10500

		10650				10650

		10800				10800

		10950				10950

		11100				11100

		11250				11250

		11400				11400

		11550				11550

		11700				11700

		11850				11850

		12000				12000

		12150				12150

		12300				12300

		12450				12450

		12600				12600

		12750				12750

		12900				12900

		13050				13050

		13200				13200

		13350				13350

		13500				13500

		13650				13650

		13800				13800

		13950				13950

		14100				14100

		14250				14250

		14400				14400

		14550				14550

		14700				14700

		14850				14850

		15000				15000

		15150				15150

		15300				15300

		15450				15450

		15600				15600



Roads

New roads

Cumec

Damage (R/m)

Roads

0

30

79.4117647059

215.2941176471

240

256

1002.9896

1790.7975

2793.0416

6320

6320



railt

		0		0

		150		150

		300		300

		450		450

		600		600

		750		750

		900		900

		1050		1050

		1200		1200

		1350		1350

		1500		1500

		1650		1650

		1800		1800

		1950		1950

		2100		2100

		2250		2250

		2400		2400

		2550		2550

		2700		2700

		2850		2850

		3000		3000

		3150		3150

		3300		3300

		3450		3450

		3600		3600

		3750		3750

		3900		3900

		4050		4050

		4200		4200

		4350		4350

		4500		4500

		4650		4650

		4800		4800

		4950		4950

		5100		5100

		5250		5250

		5400		5400

		5550		5550

		5700		5700

		5850		5850

		6000		6000

		6150		6150

		6300		6300

		6450		6450

		6600		6600

		6750		6750

		6900		6900

		7050		7050

		7200		7200

		7350		7350

		7500		7500

		7650		7650

		7800		7800

		7950		7950

		8100		8100

		8250		8250

		8400		8400

		8550		8550

		8700		8700

		8850		8850

		9000		9000

		9150		9150

		9300		9300

		9450		9450

		9600		9600

		9750		9750

		9900		9900

		10050		10050

		10200		10200

		10350		10350

		10500		10500

		10650		10650

		10800		10800

		10950		10950

		11100		11100

		11250		11250

		11400		11400

		11550		11550

		11700		11700

		11850		11850

		12000		12000

		12150		12150

		12300		12300

		12450		12450

		12600		12600

		12750		12750

		12900		12900

		13050		13050

		13200		13200

		13350		13350

		13500		13500

		13650		13650

		13800		13800

		13950		13950

		14100		14100

		14250		14250

		14400		14400

		14550		14550

		14700		14700

		14850		14850

		15000		15000

		15150		15150

		15300		15300

		15450		15450

		15600		15600



Rail

New rail

Cumec

Damage (R/m)

Rail

0

80

13.6904

160

176

1094.7956

2071.38

3330.0396

7820

7820



spillt

		0		0

		150		150

		300		300

		450		450

		600		600

		750		750

		900		900

		1050		1050

		1200		1200

		1350		1350

		1500		1500

		1650		1650

		1800		1800

		1950		1950

		2100		2100

		2250		2250

		2400		2400

		2550		2550

		2700		2700

		2850		2850

		3000		3000

		3150		3150

		3300		3300

		3450		3450

		3600		3600

		3750		3750

		3900		3900

		4050		4050

		4200		4200

		4350		4350

		4500		4500

		4650		4650

		4800		4800

		4950		4950

		5100		5100

		5250		5250

		5400		5400

		5550		5550

		5700		5700

		5850		5850

		6000		6000

		6150		6150

		6300		6300

		6450		6450

		6600		6600

		6750		6750

		6900		6900

		7050		7050

		7200		7200

		7350		7350

		7500		7500

		7650		7650

		7800		7800

		7950		7950

		8100		8100

		8250		8250

		8400		8400

		8550		8550

		8700		8700

		8850		8850

		9000		9000

		9150		9150

		9300		9300

		9450		9450

		9600		9600

		9750		9750

		9900		9900

		10050		10050

		10200		10200

		10350		10350

		10500		10500

		10650		10650

		10800		10800

		10950		10950

		11100		11100

		11250		11250

		11400		11400

		11550		11550

		11700		11700

		11850		11850

		12000		12000

		12150		12150

		12300		12300

		12450		12450

		12600		12600

		12750		12750

		12900		12900

		13050		13050

		13200		13200

		13350		13350

		13500		13500

		13650		13650

		13800		13800

		13950		13950

		14100		14100

		14250		14250

		14400		14400

		14550		14550

		14700		14700

		14850		14850

		15000		15000

		15150		15150

		15300		15300

		15450		15450

		15600		15600



Spillways

New spillway

Cumec

Damage (R/m)

Spillways

0

60

80.2352941176

135.8823529412

146

160

1028.5852

1954.2

3147.5152

7405

7405



bridget

		0		0

		150		150

		300		300

		450		450

		600		600

		750		750

		900		900

		1050		1050

		1200		1200

		1350		1350

		1500		1500

		1650		1650

		1800		1800

		1950		1950

		2100		2100

		2250		2250

		2400		2400

		2550		2550

		2700		2700

		2850		2850

		3000		3000

		3150		3150

		3300		3300

		3450		3450

		3600		3600

		3750		3750

		3900		3900

		4050		4050

		4200		4200

		4350		4350

		4500		4500

		4650		4650

		4800		4800

		4950		4950

		5100		5100

		5250		5250

		5400		5400

		5550		5550

		5700		5700

		5850		5850

		6000		6000

		6150		6150

		6300		6300

		6450		6450

		6600		6600

		6750		6750

		6900		6900

		7050		7050

		7200		7200

		7350		7350

		7500		7500

		7650		7650

		7800		7800

		7950		7950

		8100		8100

		8250		8250

		8400		8400

		8550		8550

		8700		8700

		8850		8850

		9000		9000

		9150		9150

		9300		9300

		9450		9450

		9600		9600

		9750		9750

		9900		9900

		10050		10050

		10200		10200

		10350		10350

		10500		10500

		10650		10650

		10800		10800

		10950		10950

		11100		11100

		11250		11250

		11400		11400

		11550		11550

		11700		11700

		11850		11850

		12000		12000

		12150		12150

		12300		12300

		12450		12450

		12600		12600

		12750		12750

		12900		12900

		13050		13050

		13200		13200

		13350		13350

		13500		13500

		13650		13650

		13800		13800

		13950		13950

		14100		14100

		14250		14250

		14400		14400

		14550		14550

		14700		14700

		14850		14850

		15000		15000

		15150		15150

		15300		15300

		15450		15450

		15600		15600



Bridges

New bridges

Cumec

Damage (R/m)

Bridges

0

14

21.7647058824

43.1176470588

47

50

364.6408

700.7975

1134.7948

2685

2685



totalt

		0		0

		150		150

		300		300

		450		450

		600		600

		750		750

		900		900

		1050		1050

		1200		1200

		1350		1350

		1500		1500

		1650		1650

		1800		1800

		1950		1950

		2100		2100

		2250		2250

		2400		2400

		2550		2550

		2700		2700

		2850		2850

		3000		3000

		3150		3150

		3300		3300

		3450		3450

		3600		3600

		3750		3750

		3900		3900

		4050		4050

		4200		4200

		4350		4350

		4500		4500

		4650		4650

		4800		4800

		4950		4950

		5100		5100

		5250		5250

		5400		5400

		5550		5550

		5700		5700

		5850		5850

		6000		6000

		6150		6150

		6300		6300

		6450		6450

		6600		6600

		6750		6750

		6900		6900

		7050		7050

		7200		7200

		7350		7350

		7500		7500

		7650		7650

		7800		7800

		7950		7950

		8100		8100

		8250		8250

		8400		8400

		8550		8550

		8700		8700

		8850		8850

		9000		9000

		9150		9150

		9300		9300

		9450		9450

		9600		9600

		9750		9750

		9900		9900

		10050		10050

		10200		10200

		10350		10350

		10500		10500

		10650		10650

		10800		10800

		10950		10950

		11100		11100

		11250		11250

		11400		11400

		11550		11550

		11700		11700

		11850		11850

		12000		12000

		12150		12150

		12300		12300

		12450		12450

		12600		12600

		12750		12750

		12900		12900

		13050		13050

		13200		13200

		13350		13350

		13500		13500

		13650		13650

		13800		13800

		13950		13950

		14100		14100

		14250		14250

		14400		14400

		14550		14550

		14700		14700

		14850		14850

		15000		15000

		15150		15150

		15300		15300

		15450		15450

		15600		15600



Total

New total

Cumek

Damage (R/m)

Total

0

325

462.4117647059

840.2941176471

909

1924

6029.5788

10786.2175

16841.0168

38150

38150



modkumek

		

		Calculation of damage values with model cumec and actual damages																				Cumec		Drains		Trend		New drain		Interpolation		Calc		Levees		Trend		New levees		Interpolation		Calc		Roads		Trend		New roads		Interpolation		Calc		Rail		Trend		New rail		Interpolation		Calc		Spillways		Trend		New spillway		Interpolation		Calc		Bridges		Trend		New bridges		Interpolation		Calc		Total		Trend		New total		Interpolation		Calc

																				1		0				99.2211		99.2211								358										213										343										321.0352										116										1306.9343

		Actual damage																		2		150				89.2104										310										182										297										276.8628										100										1117.0972

		Cumec		Drains		Levees		Roads		Rail		Spillways		Bridges		Total				3		300				80.1079										265										152										253										234.9028										84										937.9887

		800		0		0		0		0		0		0		0				4		450				71.9136				72						224										125										211										195.1552										70										769.6088

		2600		141		0		30		80		60		14		325				5		600				64.6275										184										99										171										157.62										56										611.9575

		5148		316		0		240		160		146		47		909				6		750		0		58.2496										148								0		75								0		134								0		122.2972								0		43								0		465.0348

		6200		350		932		256		176		160		50		1924				7		900				52.7799										114										52										100										89.1868										30										328.8407

		15445		3845		10075		6320		7820		7405		2685		38150				8		1050				48.2184										84										32										67										58.2888										19										203.3752

																				9		1200				44.5651										56										13										37										29.6032										8										88.6383

																				10		1350				41.82										30										-4										9										3.13										-2										-15.37

																				11		1500				39.9831										8										-19										-16										-21.1308										-11										-108.6497

		Flood peak		Return period		Damage (linear)		Damage (loss functions)		Damage (average)		Kumek (lin)		Kumek (LOSS FUNCTION)						12		1650				39.0544										-12										-33										-39										-43.1792										-19										-191.2008

		3150		10		431.5		222.65		327.075		3150		3000						13		1800				39.0339										-29										-44										-60										-63.0152										-26										-263.0233

		4750		20		845		790.48		817.74		4800		4500						14		1950				39.9216										-43										-54										-79										-80.6388										-33										-324.1172

		7970		50		4609.0909090909		4460.43		4534.7604545454		7950		8000						15		2100				41.7175										-54										-62										-95										-96.05										-39										-374.4825

		9570		100		8309.0909090909		7883.55		8096.3204545455		9600		9500						16		2250				44.4216										-62										-69										-109										-109.2488										-44										-414.1192

		11280		200		13808.6206896552		15033.99		14421.3053448276		11250		11500						17		2400				48.0339										-68										-73										-120										-120.2352										-48										-443.0273

		15450		1000		39320.2586206897		42114.86		40717.5593103448		15450		15500						18		2550		141		52.5544				141		10.2941176471		0		-71								30		-76				30		12		80		-129								60		-129.0092				60		5.0588235294		14		-51				14		2		325		-461.2068				325		34.3529411765

																				19		2700				57.9831				151.2941176471						-71										-77				42						-136										-135.5708				65						-54				16						-468.6577				359

																				20		2850				64.32				161.5882352941						-69										-76				55						-140										-139.92				70						-56				18						-465.38				394

																				21		3000				71.5651				171.8823529412						-63										-74				67						-143										-142.0568				75						-57				20						-451.3737				428

																		mm		22		3150				79.7184		182.1764705882		182.1764705882						-55		0								-70		79		79						-142										-141.9812		80		80						-57		22		22						-426.6388		462		462

																				23		3300				88.7799				192.4705882353						-44										-63				92						-140										-139.6932				85						-56				24						-391.1753				497

																				24		3450				98.7496				202.7647058824						-31										-56				104						-135										-135.1928				90						-55				26						-344.9832				531

																				25		3600				109.6275				213.0588235294						-14										-46				116						-128										-128.48				95						-53				28						-288.0625				565

																				26		3750				121.4136				223.3529411765						5										-35				129						-118										-119.5548				100						-50				30						-220.4132				600

																				27		3900				134.1079				233.6470588235						27										-22				141						-106										-108.4172				106						-46				31						-142.0353				634

																				28		4050				147.7104				243.9411764706						52										-7				154						-92										-95.0672				111						-41				33						-52.9288				669

																				29		4200				162.2211				254.2352941176						80										10				166						-76										-79.5048				116						-35				35						46.9063				703

																				30		4350				177.64				264.5294117647						110										28				178						-57										-61.73				121						-29				37						157.47				737

																				31		4500				193.9671				274.8235294118						143										49				191						-36										-41.7428				126						-22				39						278.7623				772

																				32		4650				211.2024				285.1176470588						179										71				203						-12										-19.5432				131						-14				41						410.7832				806

																		mm		33		4800				229.3459		295.4117647059		295.4117647059						218		0								94		215		215						14		14								4.8688		136		136						-5		43		43						553.5327		840		840

																				34		4950				248.3976				305.7058823529						260										120				228						42										31.4932				141						4				45						707.0108				875

																				35		5100		316		268.3575				316				0		304				0		88		240		147				240				160		72								146		60.33				146				47		14				47				909		871.2175				909

																				36		5250				289.2256										351				88						176										105										91.3792										26										1046.1528

																				37		5400				311.0019										401				176						207										140										124.6408										38										1231.8167

																				38		5550				333.6864										454				264						240										178										160.1148										50										1428.2092

																				39		5700				357.2791										509				353						274										218										197.8012										64										1635.3303

																				40		5850				381.78										567				441						310										260										237.7										78										1853.18

																				41		6000				407.1891										628				529						348										304										279.8112										94										2081.7583

																				42		6150		350		433.5064								932		692				617				256		388								176		351								160		324.1348								50		110								1924		2321.0652

																				43		6300				460.7319										759				705						430										400										370.6708										126										2571.1007

																				44		6450				488.8656										828				793						473										452										419.4192										144										2831.8648

																				45		6600				517.9075										900				882						518										506										470.38										162										3103.3575

																				46		6750				547.8576										975				970						565										562										523.5532										182										3385.5788

																				47		6900				578.7159										1053				1058						613										620										578.9388										202										3678.5287

																				48		7050				610.4824										1134				1146						664										681										636.5368										223										3982.2072

																				49		7200				643.1571										1217				1234						716										744										696.3472										244										4296.6143

																				50		7350				676.74										1303				1322						770										810										758.37										267										4621.75

																				51		7500				711.2311										1392				1411						825										877										822.6052										290										4957.6143

																				52		7650				746.6304										1483				1499						883										948										889.0528										314										5304.2072

																				53		7800				782.9379										1578				1587						942										1020										957.7128										339										5661.5287

																		mm		54		7950				820.1536		820.1536								1675		1675		1675						1003		1003								1095		1095								1028.5852		1028.5852								365		365								6029.5788		6029.5788

																				55		8100				858.2775										1775										1066										1172										1101.67										391										6408.3575

																				56		8250				897.3096										1878										1130										1251										1176.9672										418										6797.8648

																				57		8400				937.2499										1983										1197										1333										1254.4768										447										7198.1007

																				58		8550				978.0984										2092										1265										1417										1334.1988										476										7609.0652

																				59		8700				1019.8551										2203										1335										1504										1416.1332										505										8030.7583

																				60		8850				1062.52										2317										1406										1593										1500.28										536										8463.18

																				61		9000				1106.0931										2433										1480										1684										1586.6392										567										8906.3303

																				62		9150				1150.5744										2553										1555										1777										1675.2108										599										9360.2092

																				63		9300				1195.9639										2675										1632										1873										1765.9948										632										9824.8167

																				64		9450				1242.2616										2800										1710										1971										1858.9912										666										10300.1528

																		mm		65		9600				1289.4675		1289.4675								2928		2928								1791		1791								2071		2071								1954.2		1954.2								701		701								10786.2175		10786.2175

																				66		9750				1337.5816										3058										1873										2174										2051.6212										736										11283.0108

																				67		9900				1386.6039										3192										1957										2279										2151.2548										772										11790.5327

																				68		10050				1436.5344										3328										2043										2387										2253.1008										809										12308.7832

																				69		10200				1487.3731										3467										2130										2496										2357.1592										847										12837.7623

																				70		10350				1539.12										3608										2220										2609										2463.43										886										13377.47

																				71		10500				1591.7751										3753										2311										2723										2571.9132										925										13927.9063

																				72		10650				1645.3384										3900										2404										2840										2682.6088										966										14489.0712

																				73		10800				1699.8099										4050										2498										2959										2795.5168										1007										15060.9647

																				74		10950				1755.1896										4203										2595										3080										2910.6372										1049										15643.5868

																				75		11100				1811.4775										4359										2693										3204										3027.97										1091										16236.9375

																		mm		76		11250				1868.6736		1868.6736								4517		4517								2793		2793								3330		3330								3147.5152		3147.5152								1135		1135								16841.0168		16841.0168

																				77		11400				1926.7779										4678										2895										3458										3269.2728										1179										17455.8247

																				78		11550				1985.7904										4842										2998										3589										3393.2428										1224										18081.3612

																				79		11700				2045.7111										5009										3104										3722										3519.4252										1270										18717.6263

																				80		11850				2106.54										5179										3211										3858										3647.82										1317										19364.62

																				81		12000				2168.2771										5351										3319										3995										3778.4272										1364										20022.3423

																				82		12150				2230.9224										5526										3430										4135										3911.2468										1413										20690.7932

																				83		12300				2294.4759										5704										3542										4278										4046.2788										1462										21369.9727

																				84		12450				2358.9376										5884										3657										4423										4183.5232										1512										22059.8808

																				85		12600				2424.3075										6068										3773										4570										4322.98										1563										22760.5175

																				86		12750				2490.5856										6254										3890										4719										4464.6492										1614										23471.8828

																				87		12900				2557.7719										6443										4010										4871										4608.5308										1667										24193.9767

																				88		13050				2625.8664										6635										4131										5025										4754.6248										1720										24926.7992

																				89		13200				2694.8691										6830										4254										5181										4902.9312										1774										25670.3503

																				90		13350				2764.78										7027										4379										5340										5053.45										1829										26424.63

																				91		13500				2835.5991										7227										4505										5501										5206.1812										1884										27189.6383

																				92		13650				2907.3264										7430										4634										5664										5361.1248										1941										27965.3752

																				93		13800				2979.9619										7636										4764										5830										5518.2808										1998										28751.8407

																				94		13950				3053.5056										7844										4896										5998										5677.6492										2056										29549.0348

																				95		14100				3127.9575										8055										5029										6168										5839.23										2115										30356.9575

																				96		14250				3203.3176										8269										5165										6341										6003.0232										2175										31175.6088

																				97		14400				3279.5859										8486										5302										6516										6169.0288										2235										32004.9887

																				98		14550				3356.7624										8706										5441										6694										6337.2468										2296										32845.0972

																				99		14700				3434.8471										8928										5582										6873										6507.6772										2358										33695.9343

																				100		14850				3513.84										9153										5724										7055										6680.32										2421										34557.5

																				101		15000				3593.7411										9381										5868										7240										6855.1752										2485										35429.7943

																				102		15150				3674.5504										9612										6014										7426										7032.2428										2550										36312.8172

																				103		15300				3756.2679										9846										6162										7615										7211.5228										2615										37206.5687

																		mm		104		15450		3845		3838.8936		3845						10075		10082		10075						6320		6312		6320						7820		7807		7820						7405		7393.0152		7405						2685		2681		2685						38150		38111.0488		38150

																				105		15600				3922.4275										10321										6463										8000										7576.72										2748										39026.2575





kumdam

		Damage according to cumecs of model

		Cumec		Drains		Levees		Roads		Rail		Spillways		Bridges		Total

		3150		182		0		79		0		80		22		462

		4750		295		0		215		14		136		43		840

		7970		820		1675		1003		1095		1029		365		6030

		9570		1289		2928		1791		2071		1954		701		10786

		11280		1869		4517		2793		3330		3148		1135		16841

		15450		3845		10075		6320		7820		7405		2685		38150
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		BOX F

		Economic Evaluation of a Flood Control Project using the benefits calculated in Box E

		(all figures in US$ '000, except B/C Ratio)

		Cost of construction						benefits = avoided damages due to construction of project										Discounted Costs and benefits

																		costs		benefits		costs		benefits		costs		benefits

		year n		investment		maintenance		avoided damages per annum										costs and benefits are discounted at 6 % per annum				Ditto at 8 %				Ditto at 15 %

		[1]		[2]		[3]		[4]

		0 (2000)

		1		80,000				0		0								75,472		- 0		74,074		- 0		69,565		- 0

		2		80,000				0		0								71,200		- 0		68,587		- 0		60,491		- 0

		3		80,000				0		0								67,170		- 0		63,507		- 0		52,601		- 0

		4				800		17,615		19,826								634		15,704		588		14,573		457		11,335

		5				800		17,615		20,421								598		15,259		544		13,898		398		10,153

		6				800		17,615		21,033								564		14,828		504		13,255		346		9,093

		7				800		17,615		21,664								532		14,408		467		12,641		301		8,144

		8				800		17,615		22,314								502		14,000		432		12,056		262		7,295

		9				800		17,615		22,984								474		13,604		400		11,498		227		6,533

		10				800		17,615		23,673								447		13,219		371		10,965		198		5,852

		11				800		17,615		24,383								421		12,845		343		10,458		172		5,241

		12				800		17,615		25,115								398		12,481		318		9,973		150		4,694

		13				800		17,615		25,868								375		12,128		294		9,512		130		4,204

		14				800		17,615		26,644								354		11,785		272		9,071		113		3,766

		15				800		17,615		27,444								334		11,451		252		8,651		98		3,373

		16				800		17,615		28,267								315		11,127		234		8,251		85		3,021

		17				800		17,615		29,115								297		10,812		216		7,869		74		2,706

		18				800		17,615		29,988								280		10,506		200		7,505		65		2,423

		19				800		17,615		30,888								264		10,209		185		7,157		56		2,170

		20				800		17,615		31,815								249		9,920		172		6,826		49		1,944

		21				800		17,615		32,769								235		9,639		159		6,510		43		1,741

		22				800		17,615		33,752								222		9,366		147		6,208		37		1,559

		23				800		17,615		34,765								209		9,101		136		5,921		32		1,397

		24				800		17,615		35,808								198		8,844		126		5,647		28		1,251

		25				800		17,615		36,882								186		8,593		117		5,385		24		1,120

		26				800		17,615		37,988								176		8,350		108		5,136		21		1,003

		27				800		17,615		39,128								166		8,114		100		4,898		18		899

		28				800		17,615		40,302								157		7,884		93		4,672		16		805

		29				800		17,615		41,511								148		7,661		86		4,455		14		721

		30				800		17,615		42,756								139		7,444		80		4,249		12		646

		31				800		17,615		44,039								131		7,234		74		4,052		11		578

		32				800		17,615		45,360								124		7,029		68		3,865		9		518

																		222,970		313,547		213,254		235,155		186,104		104,185

		1) p is the rate of investment in the area protected against floods

		estimated at 3 % per annum								Net Present Value:								90,577				21,901				-   81,918

										Benefit-Cost  ratio:								1.41				1.10				0.56
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		Model

		Insette

		1. Maand

		Dit bepaal koud of warm: Desember tot Maart is warm en April tot November, koud.

		Wat is kritieke aantal dae.

		Hoogte vs oppervlakverspreiding van suikerriet: Vir elke maand.

		2. Grootte van vloed

		Dit bepaal vloedlyn - watter lande word geraak deur die vloed.

		Diepte van oorstroming (hoogte bo seespieël)

		3. Hidrografiese inligting (vinnige of stadige vloed)

		Hoe lank bly sekere deel onder water

		Aanname oesgr:

		Persentasie van totale oppervlak wat nie heeltemaal beskadig is nie,

		is gedeeltelik beskadig en 'n persentasie is glad nie beskadig nie.

		Daar moet vasgestel word watter persentasie is glad nie beskadig nie.

		Gedeeltelik beskadigde suikerriet groei uit tot maksimum hoogte

		Geen koste-besparing by gedeeltelik beskadigde suikerriet.

		Moet nog geoes word en tonnemaat bly dieselfde

		Waar suikerriet gedeeltelik beskadig is, is opbrengs die volgende jaar weer normaal.

		Dus slegs verlies in sukrose in jaar waarin vloed voorkom.

		Hepab

		Oesskade verdeel in drie dele:

		1. Aantal dae tot op sekere diepte onder water - kleiner suikerriet dood

		2. Groter suikerriet beskadig

		Heeltemaal beskadigde suikerriet groei dadelik weer uit.

		Gebeur nie - moet maande in berekening bring.

		Gebeur as dit met sand bedek word en weer van vooraf moet uitgroei.

		Gedeeltelik beskadigde suikerriet:

		Verskillende faktore lei daartoe, wat moeilik kwantifiseerbaar is.

		Weiss het dit ook nie in ag geneem nie en meestal is sy skade onderberaam.

		Kan dalk net 'n persentasie verhoging inbou wat bg inberekening bring.

		Gewasskade

		As die persentasie heeltemaal beskadigde suikerriet groter is as 30% sal suikerriet hervestig word

		Andersins sal beskadigde suikerriet slegs 'n 20% daling in opbrengs in jaar 1 en 10% in jaar 2, toon.

		Elke jaar word 10% hervestig.

		Bereken gewasskade met 10% elke ratoen van jaar 1 tot 10 teenoor die nuwe scenario van

		hervestig of aangaan met beskadigde suikerriet

		Doen:

		Bedryfstakbegroting: volledig, vestiging en produksie
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volbegr

		Cane planting cost		Establishment

				Cost per ha

		Land preparation		839		839

		Hand planting		640		640

		Fertilizer		1274		866.32

		Seed cane		1048		1048

		Weed control		586		339.88

		Sundries and contingencies		439		440

				4826		4173.2
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		Bedryfstakbegroting ante		Wattam voorlopig								Wattam voorlopig

				Produksie								Vestiging

				Totaal								Totaal

		Ton suikerriet geproduseer		816390								816390

		Area onder suikerriet		8685								8685

		Ton riet per hektaar		94								94

		Ton riet per hektaar		7990								7990

		Ton riet per hektaar		94								102

				12.3								12.3

				Per ton riet		Per ton riet		Per ha				Per ton riet		Per ha

		Sukrose persentasie		12.3		10.3

		1. Bruto inkomste		112.55		94.2491869919		10579.7				0		0

		2. Voor-oeskoste		58.542		58.542		5502.948				51.3404255319		4826

		3. Oeskoste		32.4		32.4		3045.6				0		0

		4. Totale ge-allokeerde koste		90.942		90.942		8548.548				51.3404255319		4826

		5. Bruto marge		21.608		3.3071869919		2031.152				-51.3404255319		-4826

		1. Bruto inkomste		112.55		94.2491869919				0.6437289701

		3. Oeskoste		58.542		32.4

		5. Bruto marge		54.008		61.8491869919

		Ton sukrose per hektaar gekap		11.562		9.682		1720.2764227642

		Rand per ton suikerriet		112.55		94.2491869919		18.3008130081

		Rand per ton sukrose		915.0406504065		915.0406504065

		Rand per hektaar		10579.7		8859.4235772358		1720.2764227642

				10579.7		8859.4235772358		143.3563685637

		Skade/ha/jaar		7534.1

		Skade/ha/maand		627.8416666667

		(Vir elke 10 cm groei is skade)		358.7666666667

		Skade/ha/maande wat gekap word		1255.6833333333

		Hervestigingskoste per ha		4000
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vrae

		Inligting vir berekening van oesskade

		Ctrl w

		Maand (1-12) waarin vloed plaasgevind het:												12		Des

		Gedeeltelik beskadigde suikerriet se gemiddelde daling in sukrose-inhoud as gevolg van vloed (%):												2

		Gemiddelde maksimum hoogte van suikerriet (m):												2.1

		Diepte van oorstroming vir						3		dae of langer:				2.4

		Persentasie heeltemaal beskadig												94

		Persentasie gedeeltelik beskadig												6

		Persentasie nie beskadig nie												0

														100

										3530.1071585121

		Oesskade (R/ha)				3317.7659186992		9114.8522		30240945.9831403		32176405		1935459.0168597		2.3		785039		86		212.3412398129

										192.6505182388		1755981		-28484964.9831403		0.3		742248		110		-3125.1154004604

		Inligting vir berekening van gewasskade								350.9991089049		3199305		-27041640.9831403		0.5		-142		-0.015		-2966.7668097943

		Verdiskonteringskoers												0.1

		Persentasie van normale opbrengs in jaar 1												0.8

		Persentasie van normale opbrengs in jaar 2												0.9

		Persentasie van normale opbrengs in jaar 3												1

		Hervestig as persentasie vernietigde suikerriet in 'n land >												30		is

		Hervestig suikerriet normaalweg elke .. jaar												10

		Gewasskade (R/ha)				0		2020.3514836528
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Des

0

14.3506666667

43.052

96.867

239.1516666667

431.3184268293

637.4906138211

933.5241260163

1372.1021422764

1718.4816341463

1996.7690162602

2046.5550081301

2098.2083902439

2151.7291626016

2207.1173252032

2264.3728780488

2323.4958211382

2384.4861544715

2447.3438780488

2512.0689918699

2578.661495935

2826.6969268293



%opvlk

		Persentasie oppervlak gedeeltelik beskadig varieer na gelang van die diepte van oorstroming

		Diepte van oorstroming		Persentasie oppervlak gedeeltelik beskadig

		0		0

		0.1		0

		0.2		0

		0.3		0

		0.4		5

		0.5		10

		0.6		15

		0.7		20

		0.8		25

		0.9		30

		1		35

		1.1		40

		1.2		45

		1.3		50

		1.4		55

		1.5		60

		1.6		65

		1.7		70

		1.8		75

		1.9		80

		2		85

		2.1		90

		2.2		95

		2.3		100

		2.4		100
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hoogtedat

		Gem opvlk verspreiding vlgs maande

				1		2		3		4		5		6		7		8		9		10		11		12

		Hoogte		Jan		Feb		Maart		April		Mei		Junie		Julie		Aug		Sept		Okt		Nov		Des

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.1		3		2		1		1		8		12		13		13		10		7		5.5		4

		0.2		7		3		2		2		10.5		20		25		27		23		16		11		8

		0.3		11		5		3.5		3		11.5		21		30.5		37		38		27		18		13

		0.4		15		7		5		4		13		22		31.5		40.5		46.5		42		28		18

		0.5		19		9		6		5		13.5		23		32.5		41		50.5		53		40		25.5

		0.6		26		11.5		7		6		14.5		24		33.5		42		52		60		55		33

		0.7		34		15.5		8		7		15.5		25		34.5		43		53		61		65		44

		0.8		45		20		10		8		16.5		26		35.5		44		54		62		70.5		60

		0.9		59		27		13		9		17		27		36.5		45.5		55		63		71.5		71.5

		1		72		36		17		10		18.5		28		37.5		46.5		56		64		72.5		80

		1.1		80		47.5		23		14		19.5		29		38.5		47.5		57		65		73.5		81

		1.2		81		62		30		18		23		30		39.5		48.5		57.5		66		74.5		82

		1.3		82		74		40		24		27		34		42		49.5		58.5		67		75.5		83

		1.4		83		80		52.5		32		33		38		45.5		52		59.5		68		76.5		84

		1.5		84		81		67		42		40		44		50		56.5		62		69		77.5		85

		1.6		85		82		77		56		50		52		57		61		66		70.5		78.5		86

		1.7		86		83		81		70		63		63		66		69		71.5		75		79.5		87

		1.8		87		84		82		79		77		77		78		79		79		79		81		88

		1.9		88		85		83.5		81.5		81.5		90		90		92		88		86		86		89

		2		89		86		85		83		83		92		100		100		100		94		90		90

		2.1		90		87		86.5		85		85		94		100		100		100		100		97		94

		2.2		93		88		87.5		87		87		96		100		100		100		100		100		98

		2.3		97		89		88.5		88		88		98.5		100		100		100		100		100		100

		2.4		100		100		100		100		100		100		100		100		100		100		100		100
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oskadeh

		Oesskade: verlies aan inkomste

		Heeltemaal beskadigde suikerriet: skade in R per ha (Jan tot Des)

		Hoogte		Jan		Feb		Maart		April		Mei		Junie		Julie		Aug		Sept		Okt		Nov		Des

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.1		15.1138571429		10.0759047619		5.037952381		5.037952381		40.3036190476		60.4554285714		65.4933809524		65.4933809524		50.3795238095		35.2656666667		27.7087380952		20.1518095238

		0.2		40.3036190476		10.0759047619		10.0759047619		10.0759047619		25.1897619048		80.6072380952		120.9108571429		141.0626666667		130.9867619048		90.6831428571		55.4174761905		40.3036190476

		0.3		60.4554285714		30.2277142857		22.6707857143		15.1138571429		15.1138571429		15.1138571429		83.1262142857		151.1385714286		226.7078571429		166.2524285714		105.797		75.5692857143

		0.4		80.6072380952		40.3036190476		30.2277142857		20.1518095238		30.2277142857		20.1518095238		20.1518095238		70.5313333333		171.2903809524		302.2771428571		201.5180952381		100.759047619

		0.5		100.759047619		50.3795238095		25.1897619048		25.1897619048		12.5948809524		25.1897619048		25.1897619048		12.5948809524		100.759047619		277.0873809524		302.2771428571		188.9232142857

		0.6		211.594		75.5692857143		30.2277142857		30.2277142857		30.2277142857		30.2277142857		30.2277142857		30.2277142857		45.3415714286		211.594		453.4157142857		226.7078571429

		0.7		282.1253333333		141.0626666667		35.2656666667		35.2656666667		35.2656666667		35.2656666667		35.2656666667		35.2656666667		35.2656666667		35.2656666667		352.6566666667		387.9223333333

		0.8		443.3398095238		181.3662857143		80.6072380952		40.3036190476		40.3036190476		40.3036190476		40.3036190476		40.3036190476		40.3036190476		40.3036190476		221.6699047619		644.8579047619

		0.9		634.782		317.391		136.0247142857		45.3415714286		22.6707857143		45.3415714286		45.3415714286		68.0123571429		45.3415714286		45.3415714286		45.3415714286		521.4280714286

		1		654.9338095238		453.4157142857		201.5180952381		50.3795238095		75.5692857143		50.3795238095		50.3795238095		50.3795238095		50.3795238095		50.3795238095		50.3795238095		428.225952381

		1.1		443.3398095238		637.3009761905		332.5048571429		221.6699047619		55.4174761905		55.4174761905		55.4174761905		55.4174761905		55.4174761905		55.4174761905		55.4174761905		55.4174761905

		1.2		60.4554285714		876.6037142857		423.188		241.8217142857		211.594		60.4554285714		60.4554285714		60.4554285714		30.2277142857		60.4554285714		60.4554285714		60.4554285714

		1.3		65.4933809524		785.9205714286		654.9338095238		392.9602857143		261.9735238095		261.9735238095		163.733452381		65.4933809524		65.4933809524		65.4933809524		65.4933809524		65.4933809524

		1.4		70.5313333333		423.188		881.6416666667		564.2506666667		423.188		282.1253333333		246.8596666667		176.3283333333		70.5313333333		70.5313333333		70.5313333333		70.5313333333

		1.5		75.5692857143		75.5692857143		1095.7546428571		755.6928571429		528.985		453.4157142857		340.0617857143		340.0617857143		188.9232142857		75.5692857143		75.5692857143		75.5692857143

		1.6		80.6072380952		80.6072380952		806.0723809524		1128.5013333333		806.0723809524		644.8579047619		564.2506666667		362.7325714286		322.428952381		120.9108571429		80.6072380952		80.6072380952

		1.7		85.6451904762		85.6451904762		342.5807619048		1199.0326666667		1113.3874761905		942.0970952381		770.8067142857		685.1615238095		471.048547619		385.4033571429		85.6451904762		85.6451904762

		1.8		90.6831428571		90.6831428571		90.6831428571		816.1482857143		1269.564		1269.564		1088.1977142857		906.8314285714		680.1235714286		362.7325714286		136.0247142857		90.6831428571

		1.9		95.7210952381		95.7210952381		143.5816428571		239.3027380952		430.7449285714		1244.3742380952		1148.6531428571		1244.3742380952		861.4898571429		670.0476666667		478.6054761905		95.7210952381

		2		100.759047619		100.759047619		151.1385714286		151.1385714286		151.1385714286		201.5180952381		1007.5904761905		806.0723809524		1209.1085714286		806.0723809524		403.0361904762		100.759047619

		2.1		105.797		105.797		158.6955		211.594		211.594		211.594		0		0		0		634.782		740.579		423.188

		2.2		332.5048571429		110.834952381		110.834952381		221.6699047619		221.6699047619		221.6699047619		0		0		0		0		332.5048571429		443.3398095238		1995.0291428571		166.2524285714

		2.3		463.4916190476		115.8729047619		115.8729047619		115.8729047619		115.8729047619		289.6822619048		0		0		0		0		0		231.7458095238				Gemiddelde maandelikse skade per hektaar

		2.4		362.7325714286		1330.0194285714		1390.4748571429		1450.9302857143		1450.9302857143		181.3662857143		0		0		0		0		0		0

				4957.3451428571		6224.3901666667		7274.8032380952		7987.6735		7579.5993571429		6723.147452381		5962.4166428571		5367.9382619048		4851.5481428571		4561.8658809524		4400.6514047619		4514.0053333333
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okumskadeh

		Oesskade

		Kumulatiewe skade vir heeltemaal beskadigde suikerriet: R per ha (Jan tot Des)

		Diepte		Jan		Feb		Maart		April		Mei		Junie		Julie		Aug		Sept		Okt		Nov		Des

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.1		15.1138571429		10.0759047619		5.037952381		5.037952381		40.3036190476		60.4554285714		65.4933809524		65.4933809524		50.3795238095		35.2656666667		27.7087380952		20.1518095238

		0.2		55.4174761905		20.1518095238		15.1138571429		15.1138571429		65.4933809524		141.0626666667		186.4042380952		206.556047619		181.3662857143		125.9488095238		83.1262142857		60.4554285714

		0.3		115.8729047619		50.3795238095		37.7846428571		30.2277142857		80.6072380952		156.1765238095		269.530452381		357.6946190476		408.0741428571		292.2012380952		188.9232142857		136.0247142857

		0.4		196.4801428571		90.6831428571		68.0123571429		50.3795238095		110.834952381		176.3283333333		289.6822619048		428.225952381		579.3645238095		594.4783809524		390.4413095238		236.7837619048

		0.5		297.2391904762		141.0626666667		93.2021190476		75.5692857143		123.4298333333		201.5180952381		314.8720238095		440.8208333333		680.1235714286		871.5657619048		692.718452381		425.7069761905

		0.6		508.8331904762		216.631952381		123.4298333333		105.797		153.657547619		231.7458095238		345.0997380952		471.048547619		725.4651428571		1083.1597619048		1146.1341666667		652.4148333333

		0.7		790.9585238095		357.6946190476		158.6955		141.0626666667		188.9232142857		267.0114761905		380.3654047619		506.3142142857		760.7308095238		1118.4254285714		1498.7908333333		1040.3371666667

		0.8		1234.2983333333		539.0609047619		239.3027380952		181.3662857143		229.2268333333		307.3150952381		420.6690238095		546.6178333333		801.0344285714		1158.7290476191		1720.4607380952		1685.1950714286

		0.9		1869.0803333333		856.4519047619		375.327452381		226.7078571429		251.8976190476		352.6566666667		466.0105952381		614.6301904762		846.376		1204.0706190476		1765.8023095238		2206.6231428571

		1		2524.0141428571		1309.8676190476		576.845547619		277.0873809524		327.4669047619		403.0361904762		516.3901190476		665.0097142857		896.7555238095		1254.4501428571		1816.1818333333		2634.8490952381

		1.1		2967.3539523809		1947.1685952381		909.3504047619		498.7572857143		382.8843809524		458.4536666667		571.8075952381		720.4271904762		952.173		1309.8676190476		1871.5993095238		2690.2665714286

		1.2		3027.8093809524		2823.7723095238		1332.5384047619		740.579		594.4783809524		518.9090952381		632.2630238095		780.8826190476		982.4007142857		1370.323047619		1932.0547380952		2750.722

		1.3		3093.3027619048		3609.6928809524		1987.4722142857		1133.5392857143		856.4519047619		780.8826190476		795.9964761905		846.376		1047.8940952381		1435.8164285714		1997.5481190476		2816.2153809524

		1.4		3163.8340952381		4032.8808809524		2869.1138809524		1697.7899523809		1279.6399047619		1063.0079523809		1042.8561428571		1022.7043333333		1118.4254285714		1506.3477619048		2068.0794523809		2886.7467142857

		1.5		3239.4033809524		4108.4501666667		3964.8685238095		2453.4828095238		1808.6249047619		1516.4236666667		1382.9179285714		1362.7661190476		1307.3486428571		1581.917047619		2143.6487380952		2962.316

		1.6		3320.0106190476		4189.0574047619		4770.9409047619		3581.9841428571		2614.6972857143		2161.2815714286		1947.1685952381		1725.4986904762		1629.7775952381		1702.8279047619		2224.2559761905		3042.9232380952

		1.7		3405.6558095238		4274.7025952381		5113.5216666667		4781.0168095238		3728.0847619048		3103.3786666667		2717.9753095238		2410.6602142857		2100.8261428571		2088.2312619048		2309.9011666667		3128.5684285714

		1.8		3496.338952381		4365.3857380952		5204.2048095238		5597.1650952381		4997.6487619048		4372.9426666667		3806.1730238095		3317.4916428571		2780.9497142857		2450.9638333333		2445.9258809524		3219.2515714286

		1.9		3592.060047619		4461.1068333333		5347.786452381		5836.4678333333		5428.3936904762		5617.3169047619		4954.8261666667		4561.8658809524		3642.4395714286		3121.0115		2924.5313571429		3314.9726666667

		2		3692.8190952381		4561.8658809524		5498.9250238095		5987.6064047619		5579.5322619048		5818.835		5962.4166428571		5367.9382619048		4851.5481428571		3927.0838809524		3327.567547619		3415.7317142857

		2.1		3798.6160952381		4667.6628809524		5657.6205238095		6199.2004047619		5791.1262619048		6030.429		5962.4166428571		5367.9382619048		4851.5481428571		4561.8658809524		4068.1465476191		3838.9197142857

		2.2		4131.120952381		4778.4978333333		5768.4554761905		6420.8703095238		6012.7961666667		6252.0989047619		5962.4166428571		5367.9382619048		4851.5481428571		4561.8658809524		4400.6514047619		4282.2595238095

		2.3		4594.6125714286		4894.3707380952		5884.3283809524		6536.7432142857		6128.6690714286		6541.7811666667		5962.4166428571		5367.9382619048		4851.5481428571		4561.8658809524		4400.6514047619		4514.0053333333

		2.4		4957.3451428571		6224.3901666667		7274.8032380952		7987.6735		7579.5993571429		6723.147452381		5962.4166428571		5367.9382619048		4851.5481428571		4561.8658809524		4400.6514047619		4514.0053333333		5867.1153769841

		verskil		-40.3036190476		869.0467857143		989.9576428571		541.5798809524		-408.0741428571		239.3027380952		-68.0123571429		-594.4783809524		-516.3901190476		-289.6822619048		-493.7193333333		-229.2268333333
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oskadeg

		Oesskade in R per ha

		Gedeeltelik beskadigde suikerriet waar slegs 'n daling in sukrose-inhoud voorkom

		Persentasie gedeeltelik beskadig				6		%

						Des

		Gedeeltelike oesskade/ha				103.2165853659
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bespaarh

		Besparing in oeskoste en bemarkingskoste agv vernietigde suikerriet

		Diepte		Jan		Feb		Maart		April		Mei		Junie		Julie		Aug		Sept		Okt		Nov		Des

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.1		4.3508571429		2.9005714286		1.4502857143		1.4502857143		11.6022857143		17.4034285714		18.8537142857		18.8537142857		14.5028571429		10.152		7.9765714286		5.8011428571

		0.2		15.9531428571		5.8011428571		4.3508571429		4.3508571429		18.8537142857		40.608		53.6605714286		59.4617142857		52.2102857143		36.2571428571		23.9297142857		17.4034285714

		0.3		33.3565714286		14.5028571429		10.8771428571		8.7017142857		23.2045714286		44.9588571429		77.5902857143		102.9702857143		117.4731428571		84.1165714286		54.3857142857		39.1577142857

		0.4		56.5611428571		26.1051428571		19.5788571429		14.5028571429		31.9062857143		50.76		83.3914285714		123.2742857143		166.7828571429		171.1337142857		112.3971428571		68.1634285714

		0.5		85.5668571429		40.608		26.8302857143		21.7542857143		35.532		58.0114285714		90.6428571429		126.9		195.7885714286		250.8994285714		199.4142857143		122.5491428571

		0.6		146.4788571429		62.3622857143		35.532		30.456		44.2337142857		66.7131428571		99.3445714286		135.6017142857		208.8411428571		311.8114285714		329.94		187.812

		0.7		227.6948571429		102.9702857143		45.684		40.608		54.3857142857		76.8651428571		109.4965714286		145.7537142857		218.9931428571		321.9634285714		431.46		299.484

		0.8		355.32		155.1805714286		68.8885714286		52.2102857143		65.988		88.4674285714		121.0988571429		157.356		230.5954285714		333.5657142857		495.2725714286		485.1205714286

		0.9		538.056		246.5485714286		108.0462857143		65.2628571429		72.5142857143		101.52		134.1514285714		176.9348571429		243.648		346.6182857143		508.3251428571		635.2251428571

		1		726.5931428571		377.0742857143		166.0577142857		79.7657142857		94.2685714286		116.0228571429		148.6542857143		191.4377142857		258.1508571429		361.1211428571		522.828		758.4994285714

		1.1		854.2182857143		560.5354285714		261.7765714286		143.5782857143		110.2217142857		131.976		164.6074285714		207.3908571429		274.104		377.0742857143		538.7811428571		774.4525714286

		1.2		871.6217142857		812.8851428571		383.6005714286		213.192		171.1337142857		149.3794285714		182.0108571429		224.7942857143		282.8057142857		394.4777142857		556.1845714286		791.856

		1.3		890.4754285714		1039.1297142857		572.1377142857		326.3142857143		246.5485714286		224.7942857143		229.1451428571		243.648		301.6594285714		413.3314285714		575.0382857143		810.7097142857

		1.4		910.7794285714		1160.9537142857		825.9377142857		488.7462857143		368.3725714286		306.0102857143		300.2091428571		294.408		321.9634285714		433.6354285714		595.3422857143		831.0137142857

		1.5		932.5337142857		1182.708		1141.3748571429		706.2891428571		520.6525714286		436.536		398.1034285714		392.3022857143		376.3491428571		455.3897142857		617.0965714286		852.768

		1.6		955.7382857143		1205.9125714286		1373.4205714286		1031.1531428571		752.6982857143		622.1725714286		560.5354285714		496.7228571429		469.1674285714		490.1965714286		640.3011428571		875.9725714286

		1.7		980.3931428571		1230.5674285714		1472.04		1376.3211428571		1073.2114285714		893.376		782.4291428571		693.9617142857		604.7691428571		601.1434285714		664.956		900.6274285714

		1.8		1006.4982857143		1256.6725714286		1498.1451428571		1611.2674285714		1438.6834285714		1258.848		1095.6908571429		955.0131428571		800.5577142857		705.564		704.1137142857		926.7325714286

		1.9		1034.0537142857		1284.228		1539.4782857143		1680.156		1562.6828571429		1617.0685714286		1426.356		1313.2337142857		1048.5565714286		898.452		841.8908571429		954.288

		2		1063.0594285714		1313.2337142857		1582.9868571429		1723.6645714286		1606.1914285714		1675.08		1716.4131428571		1545.2794285714		1396.6251428571		1130.4977142857		957.9137142857		983.2937142857

		2.1		1093.5154285714		1343.6897142857		1628.6708571429		1784.5765714286		1667.1034285714		1735.992		1716.4131428571		1545.2794285714		1396.6251428571		1313.2337142857		1171.1057142857		1105.1177142857

		2.2		1189.2342857143		1375.596		1660.5771428571		1848.3891428571		1730.916		1799.8045714286		1716.4131428571		1545.2794285714		1396.6251428571		1313.2337142857		1266.8245714286		1232.7428571429

		2.3		1322.6605714286		1408.9525714286		1693.9337142857		1881.7457142857		1764.2725714286		1883.196		1716.4131428571		1545.2794285714		1396.6251428571		1313.2337142857		1266.8245714286		1299.456

		2.4		1427.0811428571		1791.828		2094.2125714286		2299.428		2181.9548571429		1935.4062857143		1716.4131428571		1545.2794285714		1396.6251428571		1313.2337142857		1266.8245714286		1299.456
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skade

		Skade in R/ha, met in ag neming van besparing in oeskoste

		Vloedvoorkoms		Des

		Diepte (m)		2.4

		Totale oesskade		3317.7659186992
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funksie1

		Verliesfunksie van suikerriet vir berekening van oesskade

		Ctrl q

				Totale skade

		Diepte		Des

		0		0

		0.1		14.3506666667

		0.2		43.052

		0.3		96.867

		0.4		239.1516666667

		0.5		431.3184268293

		0.6		637.4906138211

		0.7		933.5241260163

		0.8		1372.1021422764

		0.9		1718.4816341463

		1		1996.7690162602

		1.1		2046.5550081301

		1.2		2098.2083902439

		1.3		2151.7291626016

		1.4		2207.1173252032

		1.5		2264.3728780488

		1.6		2323.4958211382

		1.7		2384.4861544715

		1.8		2447.3438780488

		1.9		2512.0689918699

		2		2578.661495935

		2.1		2826.6969268293

		2.2		3147.5724227642

		2.3		3317.7659186992

		2.4		3317.7659186992
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oesgr1
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Jan

Diepte van oorstroming (m)

Skade (R/ha)

Oesskade verliesfunksie vir suikerriet

0

10.763

39.4643333333

82.5163333333

213.0307479675

351.0147235772

553.3050162602

790.3401544715

1115.5163414634

1542.6183333333

1966.0080894309

2250.7577804878

2303.271300813

2357.6522113821

2413.9005121951

2472.016203252

2531.9992845528

2593.8497560976

2657.5676178862

2723.1528699187

2790.6055121951

2859.9255447155



funksie2

		Verliesfunksie vir elke maand vir berekening van oesskade

		Ctrl e

				Totale skade

		Diepte		1		2		3		4		5		6		7		8		9		10		11		12

				Jan		Feb		Maart		April		Mei		June		Julie		Aug		Sept		Oct		Nov		Dec

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.1		10.763		7.1753333333		3.5876666667		3.5876666667		28.7013333333		43.052		46.6396666667		46.6396666667		35.8766666667		25.1136666667		19.7321666667		14.3506666667

		0.2		39.4643333333		14.3506666667		10.763		10.763		46.6396666667		100.4546666667		132.7436666667		147.0943333333		129.156		89.6916666667		59.1965		43.052

		0.3		82.5163333333		35.8766666667		26.9075		21.526		57.4026666667		111.2176666667		191.9401666667		254.7243333333		290.601		208.0846666667		134.5375		96.867

		0.4		213.0307479675		144.5708536585		130.1466300813		118.4499349594		153.7606910569		192.6591138211		265.210300813		356.1298902439		458.5990609756		473.2326829268		339.9741178862		239.1516666667

		0.5		351.0147235772		256.9998211382		228.0778170732		217.2412601626		236.7017439024		275.9679512195		340.3478252033		415.4171422764		569.4886829268		701.5193252033		596.5207520325		431.3184268293

		0.6		553.3050162602		382.6363617886		327.8763943089		317.8999756098		330.0492845528		361.1441788618		417.3527398374		485.1108821138		640.483902439		874.5649186992		932.3128252033		637.4906138211

		0.7		790.3401544715		545.4510487805		429.5423617886		420.4260813008		425.2642154472		448.187796748		496.2250447154		556.6720121951		703.4436504065		930.6435609756		1187.7501829268		933.5241260163

		0.8		1115.5163414634		727.9356178862		557.4763617886		524.8195772358		522.3465365854		537.098804878		576.9647398374		630.1005325203		768.2707886179		988.5895934959		1352.0585528455		1372.1021422764

		0.9		1542.6183333333		986.6438699187		716.2733130081		631.0804634146		607.7321626016		627.877203252		659.5718252033		718.9605284553		834.9653170732		1048.4030162602		1404.560800813		1718.4816341463

		1		1966.0080894309		1318.1352520325		910.5281341463		739.2087398374		723.9071829268		720.5229918699		744.046300813		795.6937601626		903.5272357724		1110.0838292683		1458.9304390244		1996.7690162602

		1.1		2250.7577804878		1747.8912154471		1177.4189715447		946.9540894309		826.5916747967		815.0361707317		830.3881666667		874.2943821138		973.9565447154		1173.6320325203		1515.1674674797		2046.5550081301

		1.2		2303.271300813		2305.0544349594		1490.8249065041		1162.169		1019.4204471545		911.4167398374		918.5974227642		954.7623943089		1028.5978658537		1239.0476260163		1573.2718861789		2098.2083902439

		1.3		2357.6522113821		2794.199101626		1931.4174268293		1460.9300406504		1237.8042276423		1123.7795528455		1065.731495935		1037.097796748		1103.1920243902		1306.3306097561		1633.2436951219		2151.7291626016

		1.4		2413.9005121951		3061.1575731707		2492.5983821138		1852.4270487805		1545.1891951219		1343.6119268293		1258.2998577236		1182.4493089431		1179.6535731707		1375.4809837398		1695.0828943089		2207.1173252032

		1.5		2472.016203252		3121.8536788618		3164.108398374		2345.8498617886		1907.2718455285		1657.9005447154		1500.8974268293		1419.4559796748		1323.2225243902		1446.4987479675		1758.7894837398		2264.3728780488

		1.6		2531.9992845528		3184.4171747967		3654.7016585366		3042.8300569106		2421.0888373984		2075.8352439024		1867.4504268293		1664.8659065041		1540.7912560976		1542.4943373984		1824.3634634146		2323.4958211382

		1.7		2593.8497560976		3248.8480609756		3870.2784308943		3765.9537154471		3100.4249268293		2655.5542601626		2344.9719552845		2089.9984837398		1839.2521463415		1788.1362073171		1891.8048333333		2384.4861544715

		1.8		2657.5676178862		3315.1463373984		3938.2969837398		4256.841203252		3855.7130162602		3410.8423495935		2994.3277764228		2633.4220365854		2251.3355365854		2016.3433699187		1986.9515569106		2447.3438780488

		1.9		2723.1528699187		3383.312004065		4035.3846544716		4410.9127439024		4120.3117439024		4137.8704471545		3666.0922804878		3358.7298577236		2759.0295365854		2415.2304593496		2275.3114593496		2512.0689918699

		2		2790.6055121951		3453.3450609756		4135.2734105691		4512.5217764228		4221.9207764228		4260.733796748		4246.0035		3822.6588333333		3454.923		2884.3202642276		2515.8773292683		2578.661495935

		2.1		2859.9255447155		3525.2455081301		4237.9632520325		4646.8611504065		4356.2601504065		4387.3319268293		4246.0035		3822.6588333333		3454.923		3248.6321666667		2943.488296748		2826.6969268293

		2.2		3105.3129268293		3615.3559715447		4328.5037845528		4817.6205569106		4527.0195569106		4550.3500894309		4246.0035		3822.6588333333		3454.923		3248.6321666667		3182.8547113821		3147.5724227642

		2.3		3443.9796422764		3709.054101626		4422.6319837398		4913.0389634146		4622.4379634146		4761.8017520325		4246.0035		3822.6588333333		3454.923		3248.6321666667		3185.4351260163		3317.7659186992

		2.4		3702.2916422764		4656.198101626		5412.8279837398		5946.2869634146		5655.6859634146		4890.9577520325		4246.0035		3822.6588333333		3454.923		3248.6321666667		3185.4351260163		3317.7659186992
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oesgr2

		0		0		0		0		0		0		0		0		0		0		0		0

		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1

		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3

		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6

		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7

		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9

		1		1		1		1		1		1		1		1		1		1		1		1

		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1

		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2

		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3

		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4

		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5

		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6

		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7

		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8

		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9

		2		2		2		2		2		2		2		2		2		2		2		2

		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1
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Jan

Feb

Maart

April

Mei

June

Julie

Aug

Sept

Oct

Nov

Dec

Diepte van oorstroming (m)

Skade per ha (R)

Verliesfunksies vir suikerriet (oesskade)

0

0

0

0

0

0

0

0

0

0

0

0

10.763

7.1753333333

3.5876666667

3.5876666667

28.7013333333

43.052

46.6396666667

46.6396666667

35.8766666667

25.1136666667

19.7321666667

14.3506666667

39.4643333333

14.3506666667

10.763

10.763

46.6396666667

100.4546666667

132.7436666667

147.0943333333

129.156

89.6916666667

59.1965

43.052

82.5163333333

35.8766666667

26.9075

21.526

57.4026666667

111.2176666667

191.9401666667

254.7243333333

290.601

208.0846666667

134.5375

96.867

213.0307479675

144.5708536585

130.1466300813

118.4499349594

153.7606910569

192.6591138211

265.210300813

356.1298902439

458.5990609756

473.2326829268

339.9741178862

239.1516666667

351.0147235772

256.9998211382

228.0778170732

217.2412601626

236.7017439024

275.9679512195

340.3478252033

415.4171422764

569.4886829268

701.5193252033

596.5207520325

431.3184268293

553.3050162602

382.6363617886

327.8763943089

317.8999756098

330.0492845528

361.1441788618

417.3527398374

485.1108821138

640.483902439

874.5649186992

932.3128252033

637.4906138211

790.3401544715

545.4510487805

429.5423617886

420.4260813008

425.2642154472

448.187796748

496.2250447154

556.6720121951

703.4436504065

930.6435609756

1187.7501829268

933.5241260163

1115.5163414634

727.9356178862

557.4763617886

524.8195772358

522.3465365854

537.098804878

576.9647398374

630.1005325203

768.2707886179

988.5895934959

1352.0585528455

1372.1021422764

1542.6183333333

986.6438699187

716.2733130081

631.0804634146

607.7321626016

627.877203252

659.5718252033

718.9605284553

834.9653170732

1048.4030162602

1404.560800813

1718.4816341463

1966.0080894309

1318.1352520325

910.5281341463

739.2087398374

723.9071829268

720.5229918699

744.046300813

795.6937601626

903.5272357724

1110.0838292683

1458.9304390244

1996.7690162602

2250.7577804878

1747.8912154471

1177.4189715447

946.9540894309

826.5916747967

815.0361707317

830.3881666667

874.2943821138

973.9565447154

1173.6320325203

1515.1674674797

2046.5550081301

2303.271300813

2305.0544349594

1490.8249065041

1162.169

1019.4204471545

911.4167398374

918.5974227642

954.7623943089

1028.5978658537

1239.0476260163

1573.2718861789

2098.2083902439

2357.6522113821

2794.199101626

1931.4174268293

1460.9300406504

1237.8042276423

1123.7795528455

1065.731495935

1037.097796748

1103.1920243902

1306.3306097561

1633.2436951219

2151.7291626016

2413.9005121951

3061.1575731707

2492.5983821138

1852.4270487805

1545.1891951219

1343.6119268293

1258.2998577236

1182.4493089431

1179.6535731707

1375.4809837398

1695.0828943089

2207.1173252032

2472.016203252

3121.8536788618

3164.108398374

2345.8498617886

1907.2718455285

1657.9005447154

1500.8974268293

1419.4559796748

1323.2225243902

1446.4987479675

1758.7894837398

2264.3728780488

2531.9992845528

3184.4171747967

3654.7016585366

3042.8300569106

2421.0888373984

2075.8352439024

1867.4504268293

1664.8659065041

1540.7912560976

1542.4943373984

1824.3634634146

2323.4958211382

2593.8497560976

3248.8480609756

3870.2784308943

3765.9537154471

3100.4249268293

2655.5542601626

2344.9719552845

2089.9984837398

1839.2521463415

1788.1362073171

1891.8048333333

2384.4861544715

2657.5676178862

3315.1463373984

3938.2969837398

4256.841203252

3855.7130162602

3410.8423495935

2994.3277764228

2633.4220365854

2251.3355365854

2016.3433699187

1986.9515569106

2447.3438780488

2723.1528699187

3383.312004065

4035.3846544716

4410.9127439024

4120.3117439024

4137.8704471545

3666.0922804878

3358.7298577236

2759.0295365854

2415.2304593496

2275.3114593496

2512.0689918699

2790.6055121951

3453.3450609756

4135.2734105691

4512.5217764228

4221.9207764228

4260.733796748

4246.0035

3822.6588333333

3454.923

2884.3202642276

2515.8773292683

2578.661495935

2859.9255447155

3525.2455081301

4237.9632520325

4646.8611504065

4356.2601504065

4387.3319268293

4246.0035

3822.6588333333

3454.923

3248.6321666667

2943.488296748

2826.6969268293



oesgr2 (2)

		0		0		0		0		0		0

		0.1		0.1		0.1		0.1		0.1		0.1

		0.2		0.2		0.2		0.2		0.2		0.2

		0.3		0.3		0.3		0.3		0.3		0.3

		0.4		0.4		0.4		0.4		0.4		0.4

		0.5		0.5		0.5		0.5		0.5		0.5

		0.6		0.6		0.6		0.6		0.6		0.6

		0.7		0.7		0.7		0.7		0.7		0.7

		0.8		0.8		0.8		0.8		0.8		0.8

		0.9		0.9		0.9		0.9		0.9		0.9

		1		1		1		1		1		1

		1.1		1.1		1.1		1.1		1.1		1.1

		1.2		1.2		1.2		1.2		1.2		1.2

		1.3		1.3		1.3		1.3		1.3		1.3

		1.4		1.4		1.4		1.4		1.4		1.4

		1.5		1.5		1.5		1.5		1.5		1.5

		1.6		1.6		1.6		1.6		1.6		1.6

		1.7		1.7		1.7		1.7		1.7		1.7

		1.8		1.8		1.8		1.8		1.8		1.8

		1.9		1.9		1.9		1.9		1.9		1.9

		2		2		2		2		2		2

		2.1		2.1		2.1		2.1		2.1		2.1

		2.2		2.2		2.2		2.2		2.2		2.2

		2.3		2.3		2.3		2.3		2.3		2.3

		2.4		2.4		2.4		2.4		2.4		2.4
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Feb

April

June

Aug

Oct

Dec

Depth of inundation (m)

Damage per ha (R)

0

0

0

0

0

0

7.1753333333

3.5876666667

43.052

46.6396666667

25.1136666667

14.3506666667

14.3506666667

10.763

100.4546666667

147.0943333333

89.6916666667

43.052

35.8766666667

21.526

111.2176666667

254.7243333333

208.0846666667

96.867

144.5708536585

118.4499349594

192.6591138211

356.1298902439

473.2326829268

239.1516666667

256.9998211382

217.2412601626

275.9679512195

415.4171422764

701.5193252033

431.3184268293

382.6363617886

317.8999756098

361.1441788618

485.1108821138

874.5649186992

637.4906138211

545.4510487805

420.4260813008

448.187796748

556.6720121951

930.6435609756

933.5241260163

727.9356178862

524.8195772358

537.098804878

630.1005325203

988.5895934959

1372.1021422764

986.6438699187

631.0804634146

627.877203252

718.9605284553

1048.4030162602

1718.4816341463

1318.1352520325

739.2087398374

720.5229918699

795.6937601626

1110.0838292683

1996.7690162602

1747.8912154471

946.9540894309

815.0361707317

874.2943821138

1173.6320325203

2046.5550081301

2305.0544349594

1162.169

911.4167398374

954.7623943089

1239.0476260163

2098.2083902439

2794.199101626

1460.9300406504

1123.7795528455

1037.097796748

1306.3306097561

2151.7291626016

3061.1575731707

1852.4270487805

1343.6119268293

1182.4493089431

1375.4809837398

2207.1173252032

3121.8536788618

2345.8498617886

1657.9005447154

1419.4559796748

1446.4987479675

2264.3728780488

3184.4171747967

3042.8300569106

2075.8352439024

1664.8659065041

1542.4943373984

2323.4958211382

3248.8480609756

3765.9537154471

2655.5542601626

2089.9984837398

1788.1362073171

2384.4861544715

3315.1463373984

4256.841203252

3410.8423495935

2633.4220365854

2016.3433699187

2447.3438780488

3383.312004065

4410.9127439024

4137.8704471545

3358.7298577236

2415.2304593496

2512.0689918699

3453.3450609756

4512.5217764228

4260.733796748

3822.6588333333

2884.3202642276

2578.661495935

3525.2455081301

4646.8611504065

4387.3319268293

3822.6588333333

3248.6321666667

2826.6969268293

3615.3559715447

4817.6205569106

4550.3500894309

3822.6588333333

3248.6321666667

3147.5724227642

3709.054101626

4913.0389634146

4761.8017520325

3822.6588333333

3248.6321666667

3317.7659186992

4656.198101626

5946.2869634146

4890.9577520325

3822.6588333333

3248.6321666667

3317.7659186992



funksie3

		Verliesfunksie vir elke maand vir berekening van oesskade

				Tik 1 in ry 3 vir elke maand wat geplot moet word

						1				1																1

		Diepte		1		2		3		4		5		6		7		8		9		10		11		12

				Jan		Feb		Maart		April		Mei		Junie		Julie		Aug		Sept		Okt		Nov		Des

		0		0		0		0		0		0		0		0		0		0		0		0		0

		0.1		0		7.1753333333		0		3.5876666667		0		0		0		0		0		0		0		14.3506666667

		0.2		0		14.3506666667		0		10.763		0		0		0		0		0		0		0		43.052

		0.3		0		35.8766666667		0		21.526		0		0		0		0		0		0		0		96.867

		0.4		0		144.5708536585		0		118.4499349594		0		0		0		0		0		0		0		239.1516666667

		0.5		0		256.9998211382		0		217.2412601626		0		0		0		0		0		0		0		431.3184268293

		0.6		0		382.6363617886		0		317.8999756098		0		0		0		0		0		0		0		637.4906138211

		0.7		0		545.4510487805		0		420.4260813008		0		0		0		0		0		0		0		933.5241260163

		0.8		0		727.9356178862		0		524.8195772358		0		0		0		0		0		0		0		1372.1021422764

		0.9		0		986.6438699187		0		631.0804634146		0		0		0		0		0		0		0		1718.4816341463

		1		0		1318.1352520325		0		739.2087398374		0		0		0		0		0		0		0		1996.7690162602

		1.1		0		1747.8912154471		0		946.9540894309		0		0		0		0		0		0		0		2046.5550081301

		1.2		0		2305.0544349594		0		1162.169		0		0		0		0		0		0		0		2098.2083902439

		1.3		0		2794.199101626		0		1460.9300406504		0		0		0		0		0		0		0		2151.7291626016

		1.4		0		3061.1575731707		0		1852.4270487805		0		0		0		0		0		0		0		2207.1173252032

		1.5		0		3121.8536788618		0		2345.8498617886		0		0		0		0		0		0		0		2264.3728780488

		1.6		0		3184.4171747967		0		3042.8300569106		0		0		0		0		0		0		0		2323.4958211382

		1.7		0		3248.8480609756		0		3765.9537154471		0		0		0		0		0		0		0		2384.4861544715

		1.8		0		3315.1463373984		0		4256.841203252		0		0		0		0		0		0		0		2447.3438780488

		1.9		0		3383.312004065		0		4410.9127439024		0		0		0		0		0		0		0		2512.0689918699

		2		0		3453.3450609756		0		4512.5217764228		0		0		0		0		0		0		0		2578.661495935

		2.1		0		3525.2455081301		0		4646.8611504065		0		0		0		0		0		0		0		2826.6969268293

		2.2		0		3615.3559715447		0		4817.6205569106		0		0		0		0		0		0		0		3147.5724227642

		2.3		0		3709.054101626		0		4913.0389634146		0		0		0		0		0		0		0		3317.7659186992

		2.4		0		4656.198101626		0		5946.2869634146		0		0		0		0		0		0		0		3317.7659186992
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oesgr3

		0		0		0		0		0		0		0		0		0		0		0		0

		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1		0.1

		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2		0.2

		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.3

		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4		0.4

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6

		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7		0.7

		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8		0.8

		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9		0.9

		1		1		1		1		1		1		1		1		1		1		1		1

		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1		1.1

		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2		1.2

		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3		1.3

		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4		1.4

		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5		1.5

		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6		1.6

		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7		1.7

		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8		1.8

		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9		1.9

		2		2		2		2		2		2		2		2		2		2		2		2

		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1		2.1
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Jan

Feb

Maart

April

Mei

Junie

Julie

Aug

Sept

Okt

Nov

Des

Diepte (m)

Skade per ha (R)

Verliesfunksie vir suikerriet

0

0

0

0

0

0

0

0

0

0

0

0

0

7.708072453

0

3.8540362265

0

0

0

0

0

0

0

15.4161449059

0

15.4161449059

0

11.5621086795

0

0

0

0

0

0

0

46.2484347178

0

203.4959922864

0

191.5525974861

0

0

0

0

0

0

0

255.1236077137

0

392.3384119083

0

371.9243724136

0

0

0

0

0

0

0

465.9052113135

0

502.9383388667

0

470.199618451

0

0

0

0

0

0

0

649.0659147327

0

626.7311342726

0

570.5925256621

0

0

0

0

0

0

0

848.1090769541

0

787.1694939631

0

673.1030940468

0

0

0

0

0

0

0

1136.1879911291

0

968.0218931483

0

777.7313236052

0

0

0

0

0

0

0

1566.9951262161

0

1225.5853633661

0

884.4772143371

0

0

0

0

0

0

0

1910.7579677289

0

1557.6894358003

0

993.3407662427

0

0

0

0

0

0

0

2189.2984517367

0

1990.9632980487

0

1202.8549864237

0

0

0

0

0

0

0

2239.5065379659

0

2556.0808169957

0

1420.8398512993

0

0

0

0

0

0

0

2291.8322853687

0

3054.8643402085

0

1724.9274270707

0

0

0

0

0

0

0

2346.2756939452

0

3328.2485067003

0

2125.3247334854

0

0

0

0

0

0

0

2402.8367636952

0

3390.3999877297

0

2632.2387902908

0

0

0

0

0

0

0

2461.5154946189

0

3454.6691299327

0

3351.4237756359

0

0

0

0

0

0

0

2522.3118867162

0

3521.0559333094

0

4100.2560174118

0

0

0

0

0

0

0

2585.2259399872

0

3589.5603978596

0

4610.0091326135

0

0

0

0

0

0

0

2650.2576544317

0

3660.1825235835

0

4770.0688839211

0

0

0

0

0

0

0

2717.4070300499

0

3732.9223104811

0

4875.7058141617

0

0

0

0

0

0

0

2786.6740668417

0

3796.4933207087

0

5002.8478346168

0

0

0

0

0

0

0

3040.958107752



gskade1

		Gewasskade: suikerriet wat heeltemaal vernietig is

		Ctrl r														Beskadig		Hervestig

		Verdiskonteringskoers				0.1						Skade per ha				0		2020.3514836528		9114.8522		18,415,205.17		18,415,710.00		504.83

		Persentasie van normale opbrengs in jaar 1				0.8										0						0.00		9,164,118.00		0.00		6058545

		Persentasie van normale opbrengs in jaar 2				0.9																0.00		9,164,119.00		0.00

		Persentasie van normale opbrengs in jaar 3				1

		Hervestig vir skade >=				30

		Hervestig in jaar				10						Skade as nie hervestig word nie				622.652892562				Skade as hervestig word				0

		Jaar hervestig		1		11						Jaar hervestig		1		11				Jaar hervestig		1		11

		Sonder vloed										Beskadig								Hervestig

		Jaar		Bruto inkomste		Geallokeerde koste		Bruto marge		Jaar		Bruto inkomste		Geallokeerde koste		Bruto marge		Jaar		Bruto inkomste		Geallokeerde koste		Bruto marge

		1		0		4826		-4826		1		0		4826		-4826		1		0		4826		-4826

		2		10579.7		8548.548		2031.152		2		9521.73		8243.988		1277.742		2		10579.7		8548.548		2031.152

		3		10579.7		8548.548		2031.152		3		10579.7		8548.548		2031.152		3		10579.7		8548.548		2031.152

		4		10579.7		8548.548		2031.152		4		10579.7		8548.548		2031.152		4		10579.7		8548.548		2031.152

		5		10579.7		8548.548		2031.152		5		10579.7		8548.548		2031.152		5		10579.7		8548.548		2031.152

		6		10579.7		8548.548		2031.152		6		10579.7		8548.548		2031.152		6		10579.7		8548.548		2031.152

		7		10579.7		8548.548		2031.152		7		10579.7		8548.548		2031.152		7		10579.7		8548.548		2031.152

		8		10579.7		8548.548		2031.152		8		10579.7		8548.548		2031.152		8		10579.7		8548.548		2031.152

		9		10579.7		8548.548		2031.152		9		10579.7		8548.548		2031.152		9		10579.7		8548.548		2031.152

		10		10579.7		8548.548		2031.152		10		10579.7		8548.548		2031.152		10		10579.7		8548.548		2031.152

				55389.7675173147		49142.992296883		6246.7752204317				54515.4121454139		48891.2898175441		5624.1223278697				55389.7675173147		49142.992296883		6246.7752204317
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gskade2

		Gewasskade bereken volgens aanname dat								10		persent elke jaar hervestig word

				Beskadig						Hervestig

		Ratoen				0.1		Ratoen				0.1

		0		1992.4892561983		199.2489256198		0		3590.0456072563		359.0045607256

		1		0		0		1		0		0

		2		1369.8363636364		136.9836363636		2		566.7067768595		56.670677686

		3		1992.4892561983		199.2489256198		3		1081.8947558227		108.1894755823

		4		1992.4892561983		199.2489256198		4		1550.247463971		155.0247463971

		5		1992.4892561983		199.2489256198		5		1976.0226531968		197.6022653197

		6		1992.4892561983		199.2489256198		6		2363.0910070384		236.3091007038

		7		1992.4892561983		199.2489256198		7		2714.9713287126		271.4971328713

		8		1992.4892561983		199.2489256198		8		3034.8625302346		303.4862530235

		9		1992.4892561983		199.2489256198		9		3325.6727134364		332.5672713436

		10		1992.4892561983		199.2489256198		10		3590.0456072563		359.0045607256

						1730.9750413223						2020.3514836528
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