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CHAPTER 3
DESIRED LEVEL OF PROTECTION

3.1
INTRODUCTION

(Note: parts of introduction PP-1/PP-2 to be repeated if PP-3 becomes stand-alone document)
The level of protection ascertained by the measures taken to prevent, or in any case decrease, flooding is normally expressed as protection against flooding by a flood having a return period equal to or of less than n years. This flood is commonly referred to as the ‘design flood’.

Various considerations are taken into account when determining such a return period n. In this Position Paper an effort will be made to formulate recommendations for the application of a certain n as a function of the considerations mentioned. This will result in a range of values of n depending on local circumstances.

Advantages and disadvantages of a standard level of protection will be briefly mentioned. Reasons for adopting a certain level of protection for a certain area; such as loss of human life, will be discussed including related political, economic or psychological considerations. Each of these reasons will be elaborated upon trying to establish what was the quantitative and/or qualitative basis on which a decision was ultimately taken. Some case studies will be presented.

3.2 Aspects to be considered when determining the ‘Design Flood’

3.2.1 General

One of the points of departure for the discussions in this Section is the identification of the flooding problem
):

· What is happening exactly during a flood and the consequential flooding, what is the type of process (flooding, erosion, deposition and flow of debris, blockage of flow channels, dam breaches);

· What is the intensity of the impact (depth of flooding, current velocity, duration of flooding);

· What is the probability of occurrence (frequent, seldom, very seldom, exceptional).

Knowledge about the flooding hazard determines to a certain extent the outcome of the considerations discussed in the following sub-sections. Topics to be discussed are:

· danger to human life,

-
uncertainty on upstream hydrology,

-
cost of flood protection measures versus their effectiveness,

-
maintenance required,

-
economic feasibility,

-
psychological considerations,

-
political problems and failures,

· natural constraints.

3.2.2 Danger to Human Life

A number of conditions within the flood hazard area can have a direct bearing on the risk factor associated with potential loss of life.  These include:

· 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. 

The general feeling is that, where identifiable human risk is at risk, protection measures must be designed to prevent such loss, even if that involves meeting standards of protection having an order of risk of flooding once every 500 years.

The term ‘identifiable human life’ is understood to cover people whose homes or work sites are inside a flood-prone zone and to exclude possible contingent victims such as farmers at work in the fields, travelers, and so on.

When neither developed urban areas, nor rural communities, are involved, and the impact of flooding is limited to a very small number of people, it is generally preferable to address the problems of their re-location rather than taking expensive flood protection measures.

(check Vrijling et al)
3.2.3 Uncertainty on upstream hydrology

The quantitative or qualitative insufficiency of data to establish the recurrence interval in an acceptable manner may make it recommendable to adopt a certain safety coefficient in calculations. It is, however, more reasonable for such coefficient to affect the estimated discharge for a given return period n than the value of such return period.

To illustrate the problem Table 3.1 (source:…..) is reproduced. The values in the table are based on the measurement of water levels and discharges of the river Meuse at Borgharen (Netherlands) during a period of more than 80 years (1911 – 1993). Moreover, detailed hydrological studies of changes in the catchment, hydrodynamic modeling and treatment of data has taken place in order to arrive at a homogeneous set of discharge data.

Frequency analyses have been carried out using five different distribution functions.

During this exercise it was, for instance, found that the return period for peak discharges of two historical extreme floods (1926 and 1993) is much less than could be expected on the basis of the average return period.

For a return period of 1250 years
) the calculated discharge varies for the various distributions between 3630 and 3989 m3/s. The average value is 3802 m3/s, a design discharge of 3800 m3/s was adopted.

The figures in the table show that, even when a reasonable set of hydrological data is available, there is still a lot of uncertainty involved when drawing conclusions regarding the peak discharge for a certain return period.

Table 3.1
Discharges calculated for various return periods by using different methods (River Meuse at Borgharen, Netherlands)
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-
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-
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-
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-
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3.2.4 Cost of flood protection measures versus their effectiveness

Apart from any economic considerations (see Sub-section 3.2.6) it is a well-known fact that there is always an optimum between, on the one hand, the effectiveness of a flood protection scheme and, on the other, its cost.

The effectiveness can, for instance, be measured using the definition given for the ‘Hydraulic Effectiveness’ in PP-1, Section 1.5. 

For the cost one can take the cost of investment increased by the capitalized cost of operation and maintenance of the flood protection cost involved. The results of such an exercise
) are presented in Figure 3.1 for a number of alternative flood protection schemes.

One can observe that a design discharge of the (enlarged river discharging) system of 3000 m3/s has a hydraulic effectiveness of approximately 58 % while the cost of such a scheme would amount to US$ 110 million. Following the same curve one can see that design discharges of 3500 and 4000 m3/s increase the effectiveness to 72 and 80 % respectively (an increase of 24 and 38 %), while the cost goes up to US$ 133 and 160 million, respectively (an increase of 21 and 45 %). It follows that, based on this cost / effectiveness relationship, the optimum design discharge will be somewhere between 3500 and 4000 m3/s.

The hydraulic effectiveness is a useful tool for engineers to compare the effects of alternative flood protection schemes at the pre-feasibility stage.

The approach can be improved upon, however, by using damage curves. As explained in PP-1, Section 1.5, the hydraulic effectiveness is calculated on the basis of a selected flood parameter. Given the relationship between such flood parameter and flood damages (PP-2, Section 2.3) as, for instance, shown in Fig. 2.4, it is also possible to compare the aforementioned cost with the avoided damages by calculating what one would call the ‘financial effectiveness’. This ‘financial effectiveness’ is in fact the same as the quotient of avoided damages in the situation ‘with the project’ and damages in the ‘situation without the project’. Taking the figures from Box E, one finds as ‘financial effectiveness’ for the project concerned (i.e. design discharge of 3000 m3/s, see Fig. 1.6): (38,293 – 20,677) / 38,293 = 17,615 / 38,293 = 46 %.

Because of the stochastic nature of floods and the usual shape of the damage curve the ‘law of decreasing incremental benefits’ is apparently also applicable here: there is an increasing scarcity of benefits (i.e. avoided average annual damages) when more costly protection systems are introduced. This is clearly illustrated in Fig. 3.2, which compares the cost and the ‘financial effectiveness’ for the same alternative flood protection schemes as shown in Fig. 3.1.

3.2.5 Maintenance required

It is not much use to invest a large sum in a flood protection system and, subsequently, refrain from further maintenance. Practically all hydraulic engineering works call for continuous maintenance as they are subject to erosion and wear. 

A typical example of flood protection works requiring regular maintenance are flood embankments along rivers: goats remove the protective layer of grass from the slopes, the slopes tend to erode by rainfall or wind, shifting river channels and outer bend scour threaten the stability of the toe of the embankment. It also can happen that, due to deposition of sediment, the river channels and the adjacent flood plains come gradually at a higher level which, in turn, requires heightening of the embankment (insert box H on flood plain lowering Netherlands and elsewhere) 

If no maintenance is carried out in situations as described above it may well be that the situation ‘with the project’ in the long run is more dangerous than the situation ‘without the project’. 

This can be illustrated by the following: In many countries (for instance in China and Italy) sedimentation in the river and flood plain results in higher water levels during flood and, consequently, in an increase in water depth when the embankment is breached and flooding takes place. If, moreover, the population behind the flood embankment has, because of the embankment, perceived a feeling of safety, flooding will be much more dangerous and cause much more damage than in the previous situation when there was no flood embankment.

A type of flood protection system, which is difficult to maintain, is the reservoir solely built for flood control. In many rivers sediment transport takes predominantly place during the high water stages and in such situations flood control reservoirs will silt up rapidly. There are many instances the world over where reservoirs have silted up in just a few years time, rendering huge investments virtually futile. Removal of sediment from reservoirs is difficult if not virtually impossible and the effectiveness of regular sediment removal by spilling through bottom outlets is limited.

It also must be borne in mind that sediment deposition in reservoirs gives the water an enlarged transport capacity in downstream reaches. This in turn leads to scour and loss of stability of flood embankments. It can therefor be concluded that in these circumstances flood control reservoirs are not an appropriate solution for a flooding problem.
3.2.6 Economic Feasibility

In most cases nowadays the return period of the design flood follows from economic calculations: the flood protection system has to be economically feasible otherwise it will not be implemented. The benefits (i.e. the avoided damages) have to be equal to or higher than the costs to be made and these costs, in turn, determine the magnitude of the design flood against which one can protected himself.

In this reasoning there will be no significant protection against floods in a certain area if there are no benefits to gain and/or if the cost of flood protection is relatively high.

Such a situation will be encountered in rural areas without sophisticated agricultural or industrial development. In such situations protection of the fields can only be economically justified for floods having a return period of 10 to 20 years or less. One sees that in such areas usually only human settlements will be protected against floods: either by building the (small) settlement on an earth mound or by surrounding the (larger) settlements by a flood embankment. These, larger settlements (towns, cities) will be protected against floods having return periods of 50 to 100 years, this again depending on the extent of the damages which can be avoided by flood protection.

An example of the economic cost / benefit calculations for a flood protection scheme is given in Sub-sections 2.4.2 and 2.4.3 and Boxes E and F of PP-2.

As the economic life of a project is rather short (35 to 50 years, depending on the opportunity cost of capital) it can be advantageous to build it in stages, i.e. to, gradually, increase the design flood. The technical life of a flood control project can easily be in the order of 100 to 200 years but this is in most cases heavily depending on the degree of maintenance carried out.

The main physical flood protection measures are reservoirs and flood embankments. A reservoir can normally not be built in stages (it is difficult or even impossible to increase the height of a dam). 

The situation is different for flood embankments: the height can be increased gradually while also the area to be protected can be divided in sub-areas, each with its own section of flood embankment and corresponding design flood. 

All such measures render it more easily to arrive at an economically feasible project.

3.2.7 Psychological Considerations

There is an important difference between the situations with ‘no or limited flood protection’ and with ‘significant flood protection’. In the first situation the inhabitants of a flood prone area know what to expect. They have adopted themselves to frequent flooding by means of ‘non-structural measures’ or in any case they have developed a certain flood awareness and, in case of flooding, the damage is less than one would expect on the basis of investment in the area. 

This is illustrated in Table 2,6 of Sub-section 2.2.3 (PP-2): In Australia reduction factors are used to calculate ‘potential’ damage when the community is ‘experienced’. In The Netherlands it was found that, after the experience of the 1993 flooding caused by the river Meuse, the damages due to the 1995 flood in the same area were considerably less than one would expect on the basis of flooding depth and 1993 damages.

This flood awareness, resulting in non-structural measures taken by the authorities and the public, decreased consequential damages and less distress has led some authorities and flood protection designers to promote the idea (for areas having limited flood protection only) of  ‘having on average one flooding in each generation’. This would imply a return period for the design flood of 25 to 30 years only. In this connection it is argued that the design flood should be, either, 25 to 30 years, or, 100 years or more.

A further conclusion from this approach could be that, in the latter situation, such non-structural measures, which are based on ‘flood awareness’, will not work.

It is practically impossible to keep alert
) for a flooding and, for instance, to encourage flood proofing of houses, if the politicians and the general public do not believe in a possible flooding in the near future (‘it never happened and I am already an old man!’). 

Such false sense of security has also led to undue and unlimited development in protected areas, regardless of the severe risks to human life and damages in the event of an extreme flood beyond the design flood. Therefor there is nowadays a tendency to advocate a risk-based approach (taking account of what would happen if the design flood is exceeded) rather than a ‘standardized protection level’ approach. The consequences of the latter are illustrated in Box I for the situation in Australia.

A possible conclusion could be that it is preferable to combine moderate civil engineering works, having a moderate ‘financial effectiveness’, (see above) with the appropriate non-structural measures (as for instance described in ICID – Manual NAFM, 1999).

The latter approach will also be more easily acceptable for environmentalists and conservationists. 

3.2.8 Political Problems and failures

It is fair to say that in many countries the political processes have in general failed to deal adequately with floodplain management.

The reasons for this are not difficult to discover:

· Floodplain management planning issues, particularly the land management and zoning elements, are a political “no-win” area. They involve saying “no” to proposals for development, and zoning land with existing development as flood prone, which arguably lowers its market value (assuming the buyer is not well informed). Politicians detest being responsible for such regulatory activities.
BOX I

The consequences of standardized high levels of protection

Previous floodplain management philosophies in Australia tended to concentrate on selecting a standard desired level of protection. For example, in Victoria the level of protection for residential development was set by statute in the 1970s at 1% AEP. It was recognized that different levels of protection might be appropriate for rural land, industrial estates, recreation areas and so on.

The idea of standard levels of protection has a number of disadvantages:

· Some rural residential developments, and parts of some towns, are flooded much more frequently than the standards indicated as acceptable. The affected communities, especially where adequate warning can be provided, in some cases learn to live with flooding, have well developed evacuation and damage minimization routines, and consider that the benefits (cheap housing, attractive holiday locations, productive but flood-prone agricultural land) outweigh the dis-benefits and disruptions of flooding;

· Levee banks can be constructed to protect against a given probability of flooding. However a larger flood will overtop the levees. The levees may therefore give a false sense of security, and encourage intensive residential development behind them. A flood that overtops (high) levees may cause extremely rapid rates of rise of floodwater, and more damage and danger to life than previously;

· In rural areas, different farming enterprises require different levels of protection. For example, if an area is known to be flood prone, farmers can plant flood tolerant pastures and make arrangements to move stock, irrigation pumps etc as necessary. Improved pasture may tolerate flooding for short periods – the important parameter may be flood duration rather than flood frequency. Other agricultural enterprises such as vegetable growing or orchards may require a high degree of flood protection;

· There can be political difficulties with standard protection levels. 



· One result of this problem was for instance (in Sydney, Australia) the hiding of risk factors from the population for political reasons. Some years ago, detailed flood investigations showed that large areas of residential development in the western suburbs of Sydney were subject to flooding with a probability greater than 1%. If this ‘standard level of protection’ (see Box I) was adhered to, many properties would have been formally designated as “flood prone”, thus substantially lowering their market value. That was not politically acceptable, and the result was that information and flood maps were hidden from the general public of Sydney for many years.

· On the other hand, after a major flood politicians love to be responsible for handing out flood relief to those unfortunates who have been rendered homeless or bankrupt by floods. This is true even if the misfortune is caused partly or wholly by ignoring available information, taking silly risks, or even appealing to politicians to over-ride planning decisions prohibiting development that is subsequently damaged by floods.

· Because floodplain management is essentially a regulatory function, it is carried out by agencies responsible to politicians. Those agencies usually include technically proficient floodplain managers, but they are too close to Government to be able to publicly criticize political decisions.

Fortunately, a number of recent developments in some countries have tended to resolve the above difficulties:

· Flood plain management, perhaps because it is politically unattractive and perhaps because government activity in general is being reduced wherever possible, has been pushed sideways from Central / State governments to local governments in most countries. Local governments are more likely and more able to air their criticisms of Central or Federal governments than Provincial or State agencies.

· The insurance industry (see Topic E) has become increasingly aware of a possible market in the area of flood insurance
). Its investigations have highlighted State and Federal government failures to act, and it is quite aggressive in demanding that flood risk information is publicly available, and that governments manage flood risk.

· The availability of vast quantities of data in electronic form has made it more difficult to hide information. Informed non-government interests are able to access GIS databanks, planning overlays, hydrologic information and so on, at decreasing cost. In a nutshell, increased information flow has forced increased Government accountability. 

3.2.9 Natural constraints

The designer of flood control measures must always remain aware of natural constraints. 

It is, for instance, possible that the non-synchronisation of heights and placement of different levees according to the hydrological and topographical characteristics of a floodplain, will only transfer flood damage from one location/farmer to another and not solve the problem.  Conflict among floodplain inhabitants may then increase.  A neutral public body, with no vested interests in a floodplain, should be responsible for levee planning and implementation.

The natural situation can also be such that structural flood control measures are virtually impossible and only non-structural measures provide a (part-) solution to the flooding hazard. Such a situation is presented in Box J.   

BOX J

Case study: Hawkesbury Nepean Flood plain New South Wales, Australia

The Hawkesbury Nepean floodplain has an unusually serious flooding problem because of the unique topography of the area. A narrow gorge downstream of the floodplain is unable to provide the high rates of discharge required in a major flood event. This means that in a major flood the depth of water that would build up on the floodplain is much more than one might expect from extrapolation of smaller flood events.

In a major flood the towns of Richmond and Windsor, and many smaller towns, would be inundated to considerable depth. Before inundation occurs they would be turned into islands after which further land based evacuation would not be possible.

The situation is complicated by the existence of a large dam (Warragamba Dam) upstream of the floodplain. Upgrading to modern safety standards has required the installation of a new auxiliary spillway, which decreases the mitigating effect of the dam during severe but not extreme floods. Investigations associated with the upgrading have shown that, because of the topography, it is not possible to adequately protect the population of the floodplain by modifying flood behavior or by works such as levee banks.

While damage to residential property in rare floods (say exceeding 1% AEP) is acceptable in planning terms, large losses of life in these floods are not acceptable. As a result, one of the prime aims of the Hawkesbury – Nepean Floodplain Management Strategy is to protect the populace by providing adequate flood evacuation routes and flood evacuation plans in the event of a major flood.

Questions that need to be faced include:

· What level of redundancy in evacuation routes is needed to allow for temporary closure of a route due to events such as embankment collapse or traffic accident?

· What storm probability and severity should be used in design to “proof” a route against local flooding during evacuation (an AEP of 0.2% has been suggested)

· How much traffic can be allowed to enter the area to be evacuated before the inflow compromises the evacuation objective?

· How quickly will floodwaters rise, how soon must evacuation start after the decision to evacuate is made, and how long will evacuation take?

· Should evacuation planning allow for all lanes on an evacuation route to be used for outbound traffic, thereby totally denying road space to inbound vehicles?

· In designing evacuation routes, what allowance should be made for future development of towns on the floodplain?

Because of flood forecasting inaccuracies and the time needed for evacuation, it is probably inevitable that on occasions evacuation will be started and then found to be unnecessary. This will create a potential problem with community acceptance.

Despite the disadvantages, major and costly ($A44 million) upgrading of evacuation routes is considered essential for adequate flood protection of residents of the Hawkesbury – Nepean floodplain, and the design of evacuation routes is well advanced (situation mid-2000).


3.3 Desired Level of Protection

From Table 3.2 it can be derived that absolute safety from flooding does not exist. Even with a high level of protection flooding may occur next year.

Safety is a feeling, which is perceived differently for each human activity. The perception of safety in traffic is, for instance, totally different from that in flooding.

The degree of protection against flooding which we allow ourselves is, on the one hand, the outcome of a political – societal evaluation of costs (in a broad sense) required for flood control measures and, on the other, of expected benefits.

Both, sentiment and ratio play a role in this evaluation.

Moreover, a political evaluation, comprising more aspects than only flood control, always results in a compromise and not in a maximum protection against flooding.

Table 3.2
Return periods of peak water levels / floods used for design of flood protection works in various countries

Country
Condition or item
Agricultural areas
Residential/

industrial areas

Australia (Victoria)


100

Bangladesh

10 to 25
Check

Canada
Residential development

‘life line’ structures

‘vital life line’ structures

100

500

1000

Germany


50 to 100 (check)

Hungary

100
1000

Netherlands
Flooding from sea

Flooding from rivers

Flooding in trans. zone 
4000

1250

2000
10,000

1250

2000

Spain
roads
10 to 25

50 to 75
125 to 500

Switzerland
???
5 to 20

10 to 50
50 to ‘EHQ’

100 to ‘EHQ’ 

United Kingdom


100 (check)

USA


100 (check)

Note: all figures to be checked, figures to be added, sources to be mentioned
One can say in general that society will ask for more and better protection against floods if (a) human life is in danger, and (b) flooding, as experienced, disturbs daily life in an unacceptable manner.

What level of protection is actually achieved is, first of all (for the lower levels of protection, say, up to a return period of 50 years), a matter of economics: will the costs be borne by the benefits.

After such protection on an economic basis has been established, any additional protection (which, from an economic point of view, will only render low additional material benefits) is a luxury: the society concerned can afford to spend part of its affluence on such additional flood control
). 

This approach is not new: a rich person will also buy a more expensive larger car than a person having a moderate income.

One finds the same attitude in flood control as can be learnt from comparison of return periods valid for The Netherlands and Bangladesh respectively (Table 3.2).

In both cases it concerns a densely populated country situated in the delta of a number of large rivers. And in both cases the danger for loss of human life originates predominantly from the sea rather than from these rivers.

But BNP of The Netherlands amounts to US$…. And that of Bangladesh to US$….!

As in many other countries the people in Bangladesh have learnt ‘to live with floods’, while in The Netherlands they do not any longer want to and (much more important!): so far, they can afford to maintain this principle.

Obviously, the above greatly simplifies the situation in both countries:

· In Bangladesh, the combination in the wet season of inflow into the country by rivers and heavy rainfall renders it impossible to ever attain the level of flood control achieved in The Netherlands.

· The size of the estuary and the average low level of densely populated islands and mud flats render it impossible in Bangladesh to fight against the high water levels of cyclones by constructing a ‘Delta Project’ as was done in The Netherlands after the storm surges in 1953.

From the considerations given in Section 3.2 and from the above it can be concluded that it is not possible to give firm recommendations regarding the desired level of protection. There are too many aspects to be taken into account and the situation differs too much from country to country, from river basin to river basin, to enable the drawing up of a table with firm figures.

However, based on the figures in Table 3.2 and what has been said earlier, it can be safely concluded that:

· Economic considerations
) in first instance will determine the return period of the design flood;

· Rural areas will normally be protected up to the design flood having a return period in the range of 10 to 25 or 100 years;

· Residential and industrial development areas will be protected taking account of return periods of 100 to 500 years;

· If the reliability of basic data is dubious and/or flooding will result in a substantial loss of human life, the return period is taken much higher. In The Netherlands 10,000 years is taken as return period for its low-lying densely populated areas; for major reservoir dams in most countries also a design flood having a return period of 10,000 years is taken into account.

The ‘degree of protection’ has, in most cases discussed so far, been based on the probability of exceedance of a certain water level in front of an embankment and/or 

peak discharge in a river at a certain point. In the case of an embankment the other uncertainties are then translated in a certain freeboard and cross-section of the embankment. It was felt in The Netherlands that this approach is not correct as it may result in an ‘under-design’ as well as in an ‘over-design’ of the flood protection system. Box K provides further details of this new approach.

BOX K

From probability of exceedance of a water level to probability of flooding

The present safety concept for flood embankments in The Netherlands is in fact based on a practical approach. Every section of a flood embankment is designed such that it can retain a certain design water level. This (local) design water level follows from a certain probability of exceedance (applicable to the area concerned) of a peak discharge in the river concerned where it passes the border or on peak water levels at sea. Depending on the characteristics of the area concerned (see Table 3.2) the said probability varies between 1/1250 and 1/10,000.

However, if the design water level is reached, flooding will not occur immediately. This is because certain safety margins have been built into the design. One of them is the freeboard which is determined by (a) requirement to use the crest of the embankment during high water stages; (b) wave run-up and, (c) uncertainties in calculating the design water level.

It was felt that the relationship between, on the one hand, the design water level and, on the other, actual flooding is not clear and also ambiguous.

It was considered that:

· Flooding of an area is caused by failure of the retaining function of the flood embankment or by failure of a structure placed in the embankment;

· The ‘area’ in this case can be defined as the area enclosed by a continuous ‘ring’ of flood embankment sections (a so-called ‘dike ring’ );

· Also, all uncertainties must be incorporated in the calculation of the probability of flooding in a systematic and controllable manner.

In the calculations of the probability of flooding the following failure scenarios are considered:

· For an embankment section:

· overtopping and overflow of the crest;

· slips in the outer or inner slope;

· erosion of the ‘protective layer’ on the slope (grass, rip rap, etc.)

· piping.

· For a structure (sluice, pumping station, etc.):

· overtopping and overflow of structure;

· collapse of foundation due to high water stages, waves, extreme settlement, etc.;

· piping and seepage under or along the sides of the structure;

· no timely closure of gates/valves in structure resulting in inflow of water into the ‘dike ring’ .

The following uncertainties are accounted for in the calculations of flooding probabilities:

· natural uncertainties like variations in the permeability of the subsoil;

· modeling uncertainties due to schematizations;

· statistical uncertainties due to lack of basic data, this is especially applicable to extrapolations.

So far, the new method has been tested on four ‘dike ring’ areas of different prob. of exceedance of design water level and size and is now being studied for all 53 defined ‘dike ring’ areas in The Netherlands.



3.4
Risk management approach
The various considerations elaborated upon in Sections 3.2.and 3.3 have led to a recognition in some countries that it is not appropriate (or politically astute) to standardize on desired levels of protection. The preferable floodplain management planning process is one based on risk management, i.e. identifying and managing the risk associated with human occupation of the flood plain. An essential difference between the risk management approach and the earlier concentration on standard levels of protection is that risk management requires the assessment of the full range of floods up to and including the PMF. The risk management approach requires extensive consultation with the affected community, and a decision by that community on the nature of the risks acceptable to it. An example of such a risk management approach is presented in Box L.

BOX L

Case study on risk management approach in Euroa (Victoria, Australia)

Euroa is a small rural town in Victoria, and is located on a floodplain between Seven Creeks (which is a single creek as it flows through the town) and Castle Creek. Seven Creeks flows through the town near the east side, and Castle Creek flows roughly parallel, on the west side of town. A flood in 1992 (about 8% AEP for Seven Creeks and 2.5% AEP for Castle Creek) caused considerable flooding. A larger flood (about 3% AEP for both streams) in 1993 flooded parts of 700 occupied properties, causing some $A1.4 million of damage. Following that flood it was estimated that a 1% AEP flood would be about 0.6 meters higher, flood over 1000 properties (almost the whole town) and cause about $A3.2 million in damage.

Although it had been known for many years that the town was flood prone, the local community had not seen flood protection works as a priority. However the 1993 flood raised local awareness and provided the impetus for the Euroa Floodplain Management Study.

A local Consultative Committee was set up in 1996 to steer the study, and was supported by agency representatives. Funds for technical analysis were provided by the State Government. Public meetings were held to explain the process, and data was gathered by field interviews and distributing questionnaires. By June 1997 a set of alternative strategies was prepared, and this was presented to the local community at a public forum and workshop.

A variety of options were presented for consideration, ranging between:

· minimal intervention – doing little apart from minor waterway improvement and low blocks across ana-branches;

· low levee banks protecting parts of the town;

· a full structural solution including levee banks along both creeks to provide full protection to the town during a 1% AEP flood.

The low cost and high cost options can be compared as follows:


Low cost option
High cost option

Works required
Works confined to low barriers across entries to ana-branches, clearing of obstructions on ana-branches, minor roar lowering. Reliance on planning controls etc. 
Levees on both creeks to 1% AEP standard plus freeboard, waterway management improvements. Planning controls to support structural solution.

Flood impacts
Little change from present. Some reduction in damage from small floods; whole town still flooded in a major flood
Elimination of flood hazard in town up to 1% AEP. Potentially large damage if levees overtopped. Flood severity increased for several km downstream because of levees.

Economic impacts
Low capital cost (approx $0.1 million). Minor reduction only in average flood damage.
Capital cost about $2.5 million. Virtual elimination of flood damage to 1% AEP.

Social effects
Continued disruption to social and commercial activity with resultant stress, anxiety and hazards.
Greatly reduced risk of disruption to social and commercial activity. Some increase in flood effects downstream.

Environmental effects
Few adverse effects. Bushland creek verges retained.
Visual barrier to creekside residents. Reduction in width of bushland verges on Seven Creeks. Increased flow velocities and scour potential

Planning impacts
Constraints on community progress, new developments etc. Effective emergency response difficult.
Removal of planning constraints from central urban area. Level of protection consistent with common national standard. Simplified emergency response procedures (but potential for severe emergency in case of floods worse than levees were designed for)

Feedback from the community indicated that:

· capital and maintenance costs borne by locals must be affordable;

· the visual impact of structural measures is an important consideration when determining the level of protection;

· any detrimental effects on flora and fauna must be kept to a minimum;

· flood inundation is a fact of life.

After several iterations and changes to details, the currently proposed scheme now includes the following elements:

· Flow capacity improvement works along both creeks;

· New levees along the north-east bank of Castle Creek up to 1.4 m high but averaging about 1.25 m high;

· Bunds at the upstream and downstream ends of an ana-branch of Seven Creeks, generally about 0.5 to 0.7 meters high.

The proposed scheme does not provide a uniform level of protection for Euroa. The Castle Creek levee is designed to provide protection up to the 1% AEP level for the western side of the town, but the Seven Creeks works will only improve protection from about the 10% AEP level to the 6% AEP level. This highlights the importance of ongoing community education and awareness of flooding risks, and appropriate emergency plans.
In summary, the Euroa community is prepared to accept a lower standard of protection for part of its town in exchange for lower capital costs and a better aesthetic and environmental outcome.



3.5
Recommendations

To be discussed whether this makes sense
3.6
References

To be inserted at a later date












�) After Petraschek (2000)


� ) This is the return period normally used in the Netherlands for determining design water levels for flood embankments along the main rivers.


�)  carried out for a large number of different flood protection schemes for the Rharb plain in Morocco (source: NEDECO (1973))


� ) by means of evacuation schemes, relief organizations, etc.


� ) John Parker of the Association of British Insurers (ABI) in a recent presentation (Parker, 2000) stated that 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. He further asked for ‘proper arrangements….be put in place for maintenance of defenses’  and  ‘would welcome the introduction of a Flooding Direction (in the UK)’.  


� ) like having a second house somewhere else or a second car in the family.





� ) Also insurers may have firm ideas in this respect: Parker (2000) stated that any area having a risk of flooding of more than 0.5 % (i.e. a return period of 200 years) should be considered  ‘high risk’. If building is permitted within these areas, a return period for flooding of 200 years should be adopted  
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