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CHAPTER 1
THE RELATIONSHIP BETWEEN FLOOD PARAMETERS AND INUNDATIONS
1.1
Introduction

Throughout the world floods in rivers form an unavoidable consequence of the hydrology and topography characterising a certain river basin.

Frequently these floods cause flooding and, in most cases, this flooding is not much appreciated by the people living in the affected areas. 

Through the centuries mankind has therefor tried, by means of flood management and flood- control measures, to prevent or decrease the negative consequences of this flooding. 

When people speak about floods and flooding they tend to describe these phenomena in qualitative terms only. They use expressions like ‘extreme flood’, ‘disastrous flooding’,  ‘deep flooding’, ‘limited inundation’, etc. Though, from an emotional point of view, these expressions may well serve their purpose in communication, they do not provide the kind of figures a designer needs to know to understand the magnitude and characteristics of the flooding phenomenon in a particular case. Such understanding is especially needed to enable him to manage the floods and to design tailor-made flood control measures.

By introducing certain flood parameters one can characterise a flood and the flooding it causes in such a particular case by giving values to these parameters.

Moreover, in this manner it is possible to compare different floods and flooding occurring in different basins with one another. And, by extending this system of flood parameters to the mitigating effects of flood management and flood control measures, one is able to measure and compare the effects of newly introduced flood management as well as that of flood control measures implemented in a certain flood-prone area.

Whatever the type of flood or flooding, the phenomenon can always be described as follows: a volume of water enters a certain area and it cannot be discharged quickly enough through the river channel(s) proper. As a consequence thereof, the water level rises until bank full stage is reached, then bank over spill starts and flooding occurs. Apparently, the elements: volume and time play an important role.

When dealing with floods people tend to forget that water is not compressible and that many river valleys, floodplains and deltaic areas tend to be very flat. The fact that water is incompressible is known by everyone, but the consequences are not always fully realised. The huge masses of water causing flooding cannot be decreased. Aquifers cannot accept such huge masses within a short time span, and the water will not evaporate overnight. Consequently, water from bank over spill must be stored locally on the floodplains or in other retention areas adjacent to the river, which is not always possible as they tend to be flat. At most, only a few metres of height will be available and large areas will be required to store significant quantities.

Now, in most rivers the shape of the discharge hydrograph implies that during the high water stages only part of flow can be transported through the river channel(s). The remainder (i.e. the bank over spill) will have to flow over riverine lands where it also, temporarily, will be stored. These riverine lands which are periodically used by the river  for storing and discharging flood water are called floodplains.   

Insufficient discharge capacity of the river system (river channels and floodplain together) can be due to several reasons:

· wet profile of the river system and/or floodplain being too small;

· water depth on the floodplain being too small (hydraulic radius) which results in small current velocities;

· bottom slope of the river channel and floodplain being too gentle;

· roughness of the floodplains being too large due to obstacles and bushes;

· high downstream water levels (sea‑level).

In fact the relative importance of these factors follows from well known discharge formulae.

One speaks about flooding when water enters areas, which, in most years, remain dry. These can be remote areas of the flood plains, higher parts in the cross-sectional profile of the river valley, or lower areas normally protected by an embankment, such as polders. Flooding in the latter case may occur because of overtopping or breaching of the embankment.

1.2
Flood Management 

1.2.1

Definitions

In the context of this Position Paper, the following distinction is made between the commonly confused terms "Flood Management" and "Flood-Control":

· Flood Management refers to the overall process involved in mitigating the extent of flooding and the resulting damage by flooding, whereas,

· Flood-Control refers to the specific process of providing and operating structures designed to eliminate or minimise the damaging effects of floods by retaining, constraining or diverting flood flows up to some, generally economically-based, design limit.

Apparently, the acts of nature related to floods as well as the reactions by mankind can be described by a great number of words and expressions. Though most of these are well known to the authorities and experts dealing with floods, it is considered worthwhile to refer the reader to the list in Annex A, presenting some of the most common words and expressions used in this position paper. Here it is only mentioned that there are principal differences in meaning between such expressions as: flood management, flood-control and flood protection. However, below, for the sake of simplicity, in most cases the broad expression flood management is used and deemed to embrace all three types of measures.

In a particular context other expressions may be used as well.

1.2.2.
Classic methods used in flood management
The classic methods used in flood management are storage of flood waters  and increase in discharge capacity of the river system.

Storage of flood waters can be achieved by, either, storing (part of ) the flood wave in upstream reservoirs or by storing  flood waters  in riverine areas set aside  for that purpose in the lower reaches of the river.

Also for the increase in discharge capacity of the river system several methods are used  like: (i) deepening and widening of the existing river channel(s), (ii) introduction of additional flood ways parallel to the river or conveying part of the flood to another river or to an another outlet into the sea, and, finally, (iii) flood embankments along the river. 

Now, all these methods have been used in the past either on their own or in combination but it is typical for these methods that many of today’s main considerations when designing flood-control measures were ignored. 

Such considerations are: environment, ecology, non-structural measures, risks remaining after implementation of the agreed measures, etc.

 Nevertheless, it is worthwhile to describe the said classic methods in some detail as they are still at the basis of any form of flood management.

The five classic methods used (as mentioned above and discussed below in greater detail) are:

· storage in reservoirs sited in the valleys of the hills or the mountains;

· storage in parts of the floodplain or other flat lands in the lower river reaches;

· improvement of river channel(s);

· creation of additional flood ways (so-called bypasses);

· flood embankments.

Generally speaking, it may be stated that reservoirs, channel improvements and flood ways have a regional impact on flooding while embankments are only effective locally. Also the channel improvements and embankments sometimes result in more serious and frequent flooding elsewhere.

1.2.3
Temporary storage of floods in reservoirs or in parts of the floodplain
As such, it does not matter whether the reservoirs are located in the upper part of the river (in the mountains), or in its middle or lower reaches. In practice, however, reservoirs located in the middle or lower reaches are not very effective, as the land is generally too flat and the reservoir must be very large to provide substantial storage. Obviously, a large reservoir reserved solely for the storage of flood waves and, in many cases, occupying fertile lands is not always looked upon favourably. In addition, as the lifetime of such a shallow reservoir is generally limited, because of rapid silting‑up, this solution is mostly disregarded. This leaves the reservoir located in the mountains as a possible solution for flood control. This would be feasible provided the community, aiming at flood protection in the middle and lower reaches of a river, has the power to carry out works in the upper reaches. However, this is not always the case, as large rivers are, in many cases, also international rivers. 

There are many examples of countries facing this problem but here only Bangladesh is mentioned, which could hope to achieve a (limited) degree of flood control if large reservoirs were built in Nepal to check the floods of the rivers Ganges and Brahmaputra.

1.2.4 
Improvement of river channels

The increase of conveyance capacity in a river or estuary to achieve a certain degree of flood control, is mentioned here for the sake of completeness. As previously mentioned, the enlargement of the wet profile of the river, widening of flood plains, increase of the slope of the river bed and decrease of the roughness on the flood plains, will individually and collectively contribute to an increase in conveyance capacity.

Relatively cheap improvements like removing local bends, and clearing the flood plain of obstacles and bushes, will no doubt be worth considering when contemplating flood control measures. Other measures like lowering of the flood plain or deepening and/or widening of the river channel are either costly or have to be repeated periodically (dredging), and the result (degree of flood control) is often marginal. Moreover, in the tidal zone the increased conveyance capacity will increase the inflow of tidal waves and wind set‑up caused by storm surges. Thus, its effect on flood control in the coastal zone would be negative!

1.2.5 
Creation of additional flood ways 
By creating flood ways an attempt is made to enlarge the discharge capacity of the conveyance system during floods. There are situations where the floodwater can be diverted through an old river course (bypass) to a point downstream where it re‑enters the river, or to a second outlet into the sea. Such flood ways are also called flood diversion schemes.

In Argentina, it was proposed to divert the flood water to another river basin while in Morocco, the combination of a movable weir (already required for facilitating the intake of water for irrigation anyhow), and a flood way to a newly constructed outlet into the sea seemed to be attractive, as well as a diversion channel (bypass) on the left bank (see Figure 1.1).

Again, generally speaking, it can be said that flood ways are only economically justified when formed by natural processes. In this case extensive excavation works are not required and, in most cases, agriculture is not seriously affected by periodic flooding of the land in the flood way. 

Nowadays, it may, however, be difficult to introduce a flood way where none already exists. Advanced agricultural production will not allow such flooding, or alternatively, the landowners will exaggerate the annual damage to crops. All the same, from a technical point of view flood ways are an efficient means of flood control.

1.2.6 
Flood embankments along rivers and around flood prone areas

Flood embankments are also called levees, sea walls, sea defences or dikes. In this Paper the words embankment and levee will be used to illustrate the flood protection function along rivers. Only when the protection against wave attack and high tides is part of the function of embankments would the term sea defence be used. These sea defences will not be discussed in this Paper.

Embankments along rivers, or around specific flood prone areas like towns, are part of what is called impoldering, and have been the standard solution for local protection against flooding through the centuries, in many river valleys and deltas throughout the world. There is nothing wrong with this solution provided that the river retains sufficient space (flood way, floodplain) for the discharge and storage of flood waves, the embankments are well maintained and flood levels are monitored. However, these points also indicate the weakness of the system. In flat low‑lying areas, the river may require its storage and large floodplains at the time of floods (as is the case in Bangladesh), in which case only limited impoldering is possible.

In addition, the continuous periodic inspection and maintenance of embankments, together with a foolproof flood warning system (a non-structural measure , see Section ???), require a mentality of both peasants and local authorities, which can only develop in time. Assuming the embankment is structurally sound (slopes not too steep, no seepage underneath, no danger of slips, no settlement, no lapse in maintenance), it is mainly the height of the crest which determines its risk of overtopping. In time, this risk may increase because of silting up of the riverbed.

BOX A

Horizontal alignment of flood embankments

One of the more difficult decisions the designer has to make when fixing the horizontal alignment of an embankment is the rate of meandering of the river. Obviously, the peasant would like to have the levees as near as possible to the river, while the authorities responsible for maintenance do not like the idea of frequent rebuilding of embankment sections. The designer also has to bear in mind the need for (a) floodplain(s) along the river channel to enable flood waves to pass safely.

In Bangladesh, the 200km long embankment, along the right bank of the Brahmaputra river was constructed at a distance of 0.5 to 1.5 kilometres from the bank. However, this mighty (braided) river is continuously shifting to the left or right resulting in no less than 10km of embankment being rebuilt in a period of 14 years. Clearly, the cost of such periodic re-constructions has to be included in the economic calculations. It must be added that river training works (i.e. works preventing the river from meandering) can only seldom be economically justified for rural areas, so the meandering of the river and the realignment of the levees has to be accepted.

1.3
Flood Characteristics and causes of flooding
The development of a flood (wave) is already a complex phenomenon as it depends on natural factors (like rainfall, its intensity, duration, spatial distribution and date it occurs, the catchment with its aptitude to surface runoff, the morphology of the watercourse, etc.) and on human factors who have led to changes in the natural flow regime (like imperviousness of the soil of the catchment, modification of the low water channel, flood embankments and regulating dams).

People speaking about a flood do not always know why it occurred and from where it originated. In fact the flood wave passing through a river and its adjacent floodplain would appear relatively easy to understand. Somewhere upstream it rained a lot or the snow melted and the water travels down the river towards the sea. Locally, the phenomenon is manifested by a gradual (or abrupt) change in water level. The water level first rises and, after reaching a maximum, it falls again. If this is a  natural phenomenon with a high return period the people will have learned to live with it or in any case are aware of it. The problems only start when there are years with extreme floods (i.e. having a low frequency of occurrence), when a dam break upstream occurs, or because of non- envisaged spilling from a full reservoir upstream.

In this respect it should also be realised that the shape of the locally observed  flood hydrograph not only depends on the characteristics of the particular catchment (hydrology, climate, topography, etc.) but also, if applicable, on the outflow hydrograph of the  spillway of the upstream reservoir.

As far as floods are concerned, interest is not only centred on the water level, but also on maximum discharges, shape of the flood wave, its volume, duration and time of occurrence inside the flood season.

Flood waves travelling down a river may cause flooding. In principle this can be due to either high water levels or impeded drainage. Flooding due to high water levels is more common. As soon as the water level is high enough, bank over spill will commence and flooding of riverine lands occurs. The high water levels in the main river may, however, have other consequences as well. They also give rise to backwater effects in tributaries which may result in flooding along these tributaries. In addition, high water levels will prevent natural drainage of riverine lands. When rainfall occurs in the period that a flood wave is passing, the rainfall cannot be discharged into the river and flooding resulting from impeded drainage takes place.

Obviously, direct rainfall on an area may also cause flooding.

In all these situations the drainage network of the area plays a vital role, as well as the topography. The damages caused by flooding  in many instances are aggravated by  an insufficient  drainage network which is not sufficiently developed to remove rain or flood waters quickly from the fields
).

In coastal areas flooding can also be caused by storm surges. In this case it is the combination of high tides and water level set‑up due to storm surges, as well as the specific shape of the estuary, which leads to extreme high water levels resulting in flooding of coastal lands, overtopping and breaching of sea defences.

In deltaic areas flooding is mostly caused by a combination of storm surges at sea and an increased river discharge due to rainfall on the catchment area. Each of these phenomena may not be very dangerous when taken separately but their combination leads to flooding.

Summarising, flooding can be caused by:

· bank over spill from a river having a high discharge;

· bank over spill in a tributary due to the back water curve  caused by high water level in the main river;

· impeded drainage due to high water levels in the river or particular topography (e.g. river Sabarmati, see footnote 1);

· heavy rainfall on an area in combination with insufficient drainage capacity of that area;

· storm surges along the coast;

· a combination of high river discharge and high water levels at the coast. 

In view of the nature of this Paper only flooding caused by rivers will be discussed., thus the causes listed under the last three points will not be discussed any further.

1.4.
Flood parameters and exceedance curves

1.4.1

General

To compare floods, flooding and various flood control measures with one another it is necessary to check their effectiveness on a common basis.  

In order to do this, one should first of all define flood parameters whose values can represent the magnitude of a flood, of flooding (and of the damage caused by it). 

Secondly, frequency curves (or better: exceedance curves) must be drawn up for values of the parameter selected to represent the flood or the flooding. 

Selection of such a parameter implies that sufficient data are available about floods and flooding which occurred in the past. In fact the whole phenomenon of floods and flooding must be thoroughly understood before a flood parameter can be selected and exceedance curves drawn up. 

In Box B various methods to establish the relationship between a flood and the inundation it causes are described.

BOX B

The relationship between a flood and the inundation it causes

The method preferred to establish the relationship between the hydrograph representing a flood and the typical flooding parameters is that by using hydraulic modelling.

Except for the floodings which are complicated by their conveyance system (especially valid in urban areas), one can state in general that physical modelling (scale models) is not required. Nowadays, mathematical models of flooding events are able to solve most problems. Moreover, many models also incorporate sediment transport or water quality parameters and are therefor able to represent all parameters which characterise the inundation.

Obviously, it is preferred to have at its disposal reference floods (i.e. recorded historical floods) for calibration of the model parameters. Also, an accurate topographic description of the flooded area as well as the bathymetry of watercourse(s) and its banks must be available.

It will depend on the size of the flood prone area, on the complexity of the water movements inside that area and on the interchange between the flows in the river and in the flood prone areas whether one has to apply one- or two-dimensional models.

The advantage of hydraulic models is that they quite easily enable the simulation of  ‘dam break’ or breach growth (either by means of  ‘dam break’ models or on the basis of  schematisations following from theoretical considerations on development of dam failures).

In the absence of modelling of the flood prone area  one has to fall back on the analysis  of as many floods and recorded inundations as possible.

In that case one has to rely inter alia (for instance by correlation methods) on the most representative flood and flooding parameters, such as mentioned in Sections 4.2 and 4.3.

1.4.2
Flood Parameters

A flood parameter should represent a flood in such a manner that the different values of the parameter, valid for the different floods travelling down a river in a certain catchment at a given point (for instance at the point of entry of the flood prone area ), reflect the magnitude of these floods in relation to each other. 

Floods could for instance be defined on the basis of hydrologic models of the basin incorporating regulating structures and rainfall.

It is however more common to define floods on the basis of observed historical flood events. These events are much used for the calibration of the aforementioned hydrologic models.  They can however also be used to define in a stochastic manner more exceptional and extreme floods than those observed in the past.

Whatever approach is used (hydrologic modelling, historical floods, stochastic estimation) a flood at a certain point of a river basin and watercourse can best be characterised by its hydrograph and the related return period.

Nevertheless certain parameters of a flood wave travelling along a river may  characterise a flood quite satisfactorily as well. Such flood parameters are:

· maximum discharge during flood at a certain location;

· maximum water level during flood at a certain location;

· maximum average daily discharge during flood at a certain location;

· volume of the actual flood wave above a given height;

· duration of the actual flood wave above a given height.

As, at a given geographic location, the form of a flood of a given height will, very generally, be a function of the catchment, a single parameter can be used to describe the flood 
).

In large catchments where floods may be the result of aggregate rainfall over a period of weeks or months, this single identifying characteristic is not completely adequate. Two floods of the same maximum flow rate but different duration may cause very different effects, and may lead to different maximum heights further downstream. Floods caused artificially by events such as a dam break or the deliberate release of water from a dam, will also have quite unnatural characteristics in terms of the relationship between peak flow rate and duration 
). In Fig. 1.2 floods of different magnitude are shown for the river Ouerrha (Morocco). The largest flood shown (1970) clearly shows the effect first mentioned.

1.4.3
Flooding parameters

Flooding or (as it is also called) inundation 
) is a complex phenomenon as, on the one hand, it depends on stochastic features (the flood) and the caracteristics of the flood prone area and, on the other, on physical, man-made, structures (dams, flood embankments) which, in turn can modify in a deterministic or stochastic (dam break for instance) manner the relationship between flood and flooding.

The results of hydrological and hydraulic studies should indicate which flooding  parameter best represents the flooding phenomenon (see Box C). 

It is known from experience that the hydrological and topographical situation as well as the size of the area, determine to a major extent the flooding parameter to be used.

The effect of a flood event on the land it inundates is influenced by a wide variety of factors (i.e. flooding parameters), such as:

· maximum extent of flooding in a certain area;

· duration of flooding in a certain area;

· bank over spill in a certain area;

· the depth of flooding;

· the variation in time of these parameters or their relationship (extent of flooding for a water level H and during a time T);

· the rate of rise of floodwaters;

· the (local) velocity of floodwaters;

· sediment carried by floodwaters;

· time available for flood warning;

· the land use on the floodplain;

· the turbulence of the flow;

· the time it takes for the area to be reclaimed after the flood;

· wave action on the inundated area;

· the water quality of bank over spill;

· the large materials transported by the flood (like in the case of torrential streams: trees, boulders, rocks);

· the date of occurrence of the flood (f.i. in relation to the cropping season).

All of these issues (or: flooding parameters) need to be taken into account in developing a strategy for floodplain management.

When the inundation concerned covers a large area, it is necessary to devide the area in smaller units to ensure that the flooding parameters are more homogeneous and also to establish close relationships between flood and flooding, on the one hand, and flooding and damage on the other (see also Box C).

BOX  C

Selection of a flooding parameter

During studies in Morocco (NEDECO, 1973), it turned out that flooding of the Rharb plain by the Sebou and Ouerrha rivers was best represented by the overall bank overspill into the plain. In the case of the Parana‑Paraguay studies in Argentina-Paraguay (Motor Columbus, 1979), which covered a much larger area, no less than seven locations were earmarked at which the maximum annual water level above a certain ‘danger’ level could be considered as the representative flood parameter for a certain river reach including the riverine flooded areas in that particular reach. (such an area was called a sub‑area).

1.4.4
Exceedance curves

Exceedance curves can be drawn for the values of most of the flood and flooding parameters attained during recorded historical floods. In addition, the relationship between various flood parameters can be established such as:

· total discharge over and above a certain flood level vs. the bank overspill;

· maximum discharge during a flood vs. the duration of flooding;

· maximum discharge during a flood vs. the bank overspill;

· maximum water level during a flood vs. the extent of flooding.

BOX D

Exceedance  curves for the selected flooding  parameter

Exceedance curves for the selected flood parameter play an important role in the (economic) evaluation of a flood control scheme. In Figure 1.3 the exceedance curves for the total volume and the over spill volume into the Rharb plain in Morocco are presented. The data for the over spill curve were found by establishing a correlation between the over spill volumes (calculated for a limited number of floods by means of a mathematical model) and the volume of the same floods above 2,100 m3/s as obtained from the hydrographs at the Sebou‑Ouerrha confluence.

The selected parameter for the Parana‑Paraguay studies for each sub‑area was the water level. In Figure 1.4 the frequency curve for the highest annual water levels at Parana (sub‑area A7) is shown.

1.4.5
Importance of flood parameters for different land uses

The flood parameters that determine the suitability or otherwise of the floodplain for a particular use will vary according to the use being considered. This is illustrated in the following Table 1.1 (source: ASK MR. BALLARD). 

Table 1.1:
Flood parameters and land use

Type of use
Values of Flood / other parameters that would inhibit use
Type of decision in considering whether to allow the use

Wetland conservation
Few if any – wetland areas are of value because of frequent and/or prolonged flooding
Social/Environmental

Passive recreation (parks, walking trails, perhaps golf courses)
· High flood frequency

· Long flood duration

· Rapid rate of rise
Social/Economic

Agricultural use
· High flood frequency

· Long flood duration

· Short flood warning time

· Rapid rate of rise

· Lack of flood havens for animals
Economic

Industrial
· High flood frequency

· Flood depth

· Short flood warning time

· Rapid rate of rise

· Lack of evacuation routes
Economic/Safety

Residential
· High flood frequency

· Flood depth

· Short flood warning time

· Rapid rate of rise

· Lack of evacuation routes

· Breakdown of sewage system during floods
Economic/Safety/Social

1.5
Hydraulic Effectiveness of flood control measures

The hydraulic effectiveness compares the situation with a flood control measure in place to the situation without such measure and, for a range of historical floods, calculates the extent to which the flooding would have been prevented by the flood control measure concerned. For that purpose a suitable flood parameter has to be determined which can be considered to characterise the flooding in the area concerned. 

Suitable flood parameters can be: volume of bank over spill, water level, depth of flooding.

Below (Fig.1.5), the calculation of hydraulic effectiveness is illustrated by the upper graph using the selected flood parameter "water level" over and above the 5.50m emergency water level mark at Corrientes, Argentina (river Parana) (19). This calculation can be defined by the following formula:
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in which:


Xi = max. annual water level without protection,


Yi = max. annual water level with protection,

(1) emergency water level (i.e. 5.5 m ),

(2) historical floods (only those exceeding emergency water level),

(3) (h = definition of Hydraulic Effectiveness.

An approximation is illustrated in the lower part of Fig. 1.4 and this approximation can be defined by the formula:

(’h  = 100 x  (area ABED / area ABCA)  [  % ].

In which:

(’h  = Hydraulic Effectiveness by approximation,

(4) = exceedance curve for situation with project,

(5) = exceedance curve for situation without project

(6) = probability of non- exceedance ,

(7) = max. annual water level. 

Using this formula looks easier than it is because of the use of a logarithmic scale for the hor. axis.

Fig. 1.5
Definition of Hydraulic Effectiveness of a flood control measure using the  selected flood parameter water level

Table 1.2 shows that the hydraulic effectiveness rapidly increases if flood storage in a large reservoir or a small reservoir is combined with an increased discharge capacity of the river system downstream of the said reservoir.

TABLE  1.2         HYDRAULIC EFFECTIVENESS OF COMBINATIONS OF

                             DIFFERENT PROTECTION  MEASURES (20)
PRIVATE 

RESERVOIR
LIVE 

STOR​AGE IN HM3
DISCHARGE CAPACITY  WHOLE RIVER SYSTEM D/S

OF RESERVOIRS   (IN M3/S)








AT PRES​ENT

2,500   
 3,000     
  3,500
 4,000
5,000



LARGE
       800

    1,600

   2,100
80

73 - 90

87 - 94
89

85 - 97

94 - 97
95

96




SMALL
 260

  160
36

31
54
70
80
87




The same effect follows from the exceedance curves (Fig.1.6). The over spill volume (i.e. the volume of flooding) decreases for a flood having a certain return period if storage in a reservoir is combined with a higher discharge capacity downstream (20).
1.6.
References

SCARM Report No 73 (2000)  Floodplain Management in Australia – Best Practice Principles & Guidelines.  CSIRO Publishing  ISBN 0 643 06034 0

(to be extended) 







�) This phenomenon was encountered during a short study of the flooding caused by the river Sabarmati in the State of Gujarat, India (Van Duivendijk, 1995). Though the floods only lasted 2 to 3 days, the flooding of areas in the floodplain was reported to last several weeks. This was clearly a case of impeded drainage.





�) For instance, the parameter used in Australia for planning purposes is almost always the annual exceedance probability (AEP) of a flood of a given maximum height or maximum flow rate.	


�) Nevertheless, the AEP of a flood is used in Australia as the single identifier of the magnitude of an event at a given location.


�) There is a subtle difference in meaning between the two words (see Annex A) 
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