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1. INTRODUCTION

The responsibilities of Dutch and Belgian coastal defence administrations end at the respective
national borders. In order to achieve common approaches, a cross-border project, including some
form of transnational co-operation with the responsible local authorities like the “Zeeuws-
Vlaanderen Water Board”, became necessary. Within the INTERREG IlIB project COMRISK (EU-
project — www.comrisk.org) and under the auspices of the North Sea Coastal Management Group,
an international platform to implement such a cross-border pilot study is founded. The Coastal
Division of the Flemish Community leads the subproject about the Flood Risk in the cross
boundary area Flanders-Zeeuws-Vlaanderen. The study is carried out by the consultant IMDC
and advisers. The calculation of damage in the Netherlands was carried out by “Rijkswaterstaat’
(DWW). A steering committee was established to guide and discuss the results. The committee
consists of governmental organizations of Flanders (Coastal Division and Flanders Hydraulic
Research) and the Netherlands (Rijkswaterstaat, the province and the polder board). The
contribution of the Dutch and Flemish authorities was essential for their data and knowledge of the
coastal defence structures.

The present report concerns the study of flood risks in Flanders and Zeeuws-Vlaanderen (Dutch
name) resulting from possible failures in the sea defence structures between Zeebrugge and
Breskens. The study was made within the scope of the COMRISK InterregllIB project.

Risk is defined as the product of the probability of occurrence of events and the consequences
(damage, casualties). Knowing the risk is interesting because of various reasons: the comparison
of risks in order to set priorities, the determination of the expected damage for insurance purposes,
the implementation of a cost-benefit analysis to assess investments in engineering
works/dikes/beach supplementations.

Two methods exists to determine the risk: a probabilistic and a deterministic method. The
probabilistic method uses the probability distribution of all relevant parameters, including the
uncertainty about these parameters. All parameter combinations are checked to see whether or
not they result in failure (resisting forces smaller than ‘driving’ forces) and the probability of
occurrence is determined for every combination; integration results in the total probability of failure.

In the deterministic method for a number of return periods a determination is made where failure
occurs. By doing so for a large number of return periods, the risk can be determined by means of
integration.

In this study the deterministic method was opted for, for various reasons:

a) the method gives additional information about flood frequency: the same risk may be
caused by relatively common floods involving minor damage or by very high return periods
involving major damage.

b) in order to determine the housing policy in flood plains/insurance of damage during floods,
the government wants to have damage maps for various return periods.

c) with the probabilistic method it is very computation-intensive if flood calculations/damage
assessment must also be linked to the probability of failure. After all, a computation-
intensive flood calculation must be made for all possible combinations. Thus failure may
occur at a low water level and low resistance (e.g. resistance characteristics of the dike
material) or at a high water level and a high resistance. In the first case, however, the
damage will be a lot less than in the second case. In practice, one water level is
determined (the water level contributing most to the probability of occurrence) for which the
flood calculations are then made.

I/RA/M11226/04.059/KTR 1 version 2.0- 21/02/2005
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The drawback of the deterministic method is that it is more difficult to take the uncertainty of
parameters into account. This can be overcome by calculating the ‘expected’ risk and the spread
thereof. The added benefit is that it gives an overview of the sensitivities and the uncertainty of the
end result (in other words, it is avoided that a very high risk is found due to a very high uncertainty
of 1 parameter).

In this study the damage is calculated for a number of return periods. For this purpose, the external
forces and characteristics of the sea defences were determined first. The extreme value
distributions of the wave height and water levels in deep water were transformed, by means of a
wave model, to a location just off the coast where the waves do not yet affect the morphology. To
know the wave height at the toe of the dike, the variation of the bathymetry during the storm must
be taken into account: after all, the beach in front of the dike will erode, resulting in a lower wave
resistance and a greater wave height at the toe of the dike.

For the characteristics of the dikes and dunes, existing data were used (grain size diameters, a
digital terrain model (DTM) to determine the height and geometry, building plans, ...) and additional
measurements were carried out (soundings, borings, groundwater level measurements).

It was then checked whether the dune or dike holds out. The existing (Dutch) method was used in
part to check the sea defence, but it was adapted where necessary.

Once the locations are known where the dune or dike bursts and the necessary assumptions are
made with regard to the dimensions of the dike breach, flood modelling can be carried out.

Based on a high-resolution DTM of Flanders and Zeeuws-Vlaanderen, a 2-dimensional
hydrodynamic model of the hinterland was made. The boundary conditions are determined by the
water level at sea, incorporating the dike breaches.

Both in Flanders and in the Netherlands, models exist to assess the damage and casualties by
means of the maximum water level and the maximum horizontal flow velocity or the maximum rate
of water level rise. Land use maps (GIS) are used, as well as functions that determine the relative
damage compared to the maximum damage (the value of a house, for instance) depending on the
water level.

The report first gives a short description of the hydrodynamic boundary conditions, the
methodology used, the available data, the possible breaches for various return periods, the floods
that may ensue and finally the corresponding damage and casualties.
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3. HYDRODYNAMIC BOUNDARY CONDITIONS

To deduce the hydrodynamic boundary conditions the report on ‘Hydrodynamic boundary condition
book for the coast (‘Hydrodynamische randvoorwaardenboek kust, IMDC-report
I/RA/11226/03.041/KTR) is referred to.

Below, a comparison is made between the hydrodynamic boundary conditions along the Dutch
coast and the hydrodynamic boundary conditions deduced by DVWW.

3.1. Formulation of the hydrodynamic boundary conditions in deep
water

Three boundary conditions are important when designing structures and when predicting the
morphological evolution: the water level, the waves and the wind. The water level has an influence
on the wave height (due to depth limitations for the waves) on the one hand, and determines the
(overtopping) discharge over the dike on the other hand.

The waves determine the action of forces on structures (pier, beach, ...).

The wind determines the sand transport on the beach (aeolian transport) and provides energy to
the waves.

For the extreme values, an extreme value analysis of deep water was made first (where most
wave data are available). With regard to the water level, the time series of the Ostend observations
(since 1925) were analysed.

The extreme values obtained were transformed towards Ostend by means of the numerical wave
model developed.

As no measurement results but extrapolated extreme values are taken into account, certain
assumptions need to be made with respect to the wave periods and the form of the spectrum. For
the wave period a relation between wave height and wave period is assumed, for the spectrum a
typical form during a storm (Jonswap) is assumed. A singular relation between water level and
wave height is also assumed (1 relation per direction) (e.g. a 1000-year water level corresponds
with a 1000-year wave height).

The extreme value analysis is made by selecting POT (Peak over Threshold) values per wind
direction and design duration. POT values are selected per parameter, independent of each other.

3.1.1. Water level

The water level is the sum of the water height caused by the (astronomic) tide and by the (shifted)
storm surge. It is important that this division is made, as only the storm surge is a stochastic
parameter. In addition, no extreme values can be found for (wind) directions with relatively low
extreme water levels if only the water level is considered, as the sum of surge and astronomic tide
height is too small compared to the threshold value (e.g. a storm at neap tide results in a water
level smaller than the water level at spring tide without a storm). It is necessary to know the
extreme value distribution of the water level per direction. After all, the water level is important for
the height of certain constructions on the one hand, but for constructions that can only be attacked
from certain directions, the water level also determines the waves capable of reaching the
construction (because they are limited by the water depth).

A statistical analysis of the storm surge per direction by means of the Peak Over Threshold
method was made. The storm surge was obtained by deducting the astronomic tide (obtained with
a tide analysis) from the measured tide.

I/RA/M11226/04.059/KTR 8 version 2.0- 21/02/2005
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3.1.3. Statistische verdeling

No specific distribution function is assumed in the method used. While a specific distribution
function is assumed in other methods and only the distribution-related parameters are unknowns
(to be fitted), an unknown, being the type of distribution, is in fact added in the method used.

For this purpose, the various possible frequency distributions are categorised. These categories
are then represented by a generalised extreme value distribution, describing the right-hand tail (the
extreme values) of all probability density functions pertaining to that category. The other probability
density functions in the category are called ‘marginal probability density functions’.

The 3 categories or subsections can be categorised on the basis of the extreme value index v,
determining the shape of the tail of the generalised extreme value distribution and consequently all
marginal probability distribution functions in that category. In case of an increasing y the tail of the
distribution becomes heavier, indicating a higher probability of occurrence of high values. The
category of y = 0 (called the ‘exponential’ category) includes, among other things, the following
marginal distributions: the exponential, log normal, Weibull, gamma and Pearson type Il
distributions. The Pareto category (y > 0) includes, among other things, the log hyperbolic and log
Pearson type Il distributions. The latter category concerns extreme value distributions with a
heavy tail, meaning a large increase of the studied quantity with increasing return periods. As y
drops to 0, the tail of the distribution becomes lighter, and finally becomes a normal to light tail for y
= 0. The ‘normal’ tail is reached with the exponential distribution. In addition, the exponential
category includes the Weibull distributions important for coastal engineering. The tail of these
distributions can be described by means of the Weibull index 1. When 1 = 1, the Weibull distribution
can be reduced to an ordinary exponential distribution. As T becomes larger than 1, the tail will
become lighter. This is called a super-exponential tail distribution. As T becomes smaller than 1,
the tail will become heavier (sub-exponential). In other words, there is an intermediate area where
both the sub-exponential Weibull distribution and the Pareto distribution can be used to describe
the extreme values.

Finally, there is the category whereby y < O (Beta distributions), for which a maximum extreme
value exists, meaning that the tail has an upper limit. Distributions of this category may be
expected with depth limitation of waves, for instance, but are rather rare (and will probably not
occur in deep water).

The probability distribution function and the corresponding parameters are determined in various
phases:

phase 1: deduction of POT values;

phase 2: drafting of QQ plots;

phase 3: deduction of the extreme value index y and choice of optimum threshold,
phase 4. deduction of the other parameters;

phase 5. determination of the return periods.

3.2. Verloop van de storm

3.2.1. Verloop van de waterstand tijdens een storm

The theoretical storm can be described by means of the following equation:

4
S=8__cos’(—=
max (7—;)
whereby S is the maximum storm surge at HW as deduced from a statistical analysis of storm
surges and Ty is the duration of the storm. The evolution is shown graphically in Figure 3.
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