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Executive summary
General

According to the Dutch Water Defence Act (“Wet op de Waterkering, 1996") the strength of
the Dutch primary water defences must be checked every five years (1996, 2001, 2006,
2011, etc.) for the required of protection from loads with return periods varying from 250 to
10,000 years, depending on the area protected by the water defence. These loads are
determined on the basis of Hydraulic Boundary Conditions (HBC) and must also be derived
anew and “approved by the Dutch Ministry of Transport, Public Works and Water
Management (VenW) every five years.

With the aim of filling knowledge gaps in the determination of the strengths and loads of the
water defences, Rijkswaterstaat - Centre for Water Management in The Netherlands is
funding the long-term research project “Strengths and loads of water defences” (in Dutch:
“Sterkte en Belastingen Waterkeringen”; in short: SBW).

In 2008 a number of no-regret actions were defined in the framework of the SBW-Belastingen
project; the present document reports on a part of one of those actions within the sub-project
SBW-Wind. The no-regret actions were undertaken to gain insight into methods, models and
techniques that are relevant for the short-term project WTI (Wettelijk Toets Instrumentarium;
in English: Legal Assessment Instruments). WTI is based on the HBC and on the Safety
Assessment Regulation (VTV: Voorschrift Toetsen op Veiligheid). Given that the presently
available extreme wind statistics have not yet been updated and are based on a small data
set (1962-1976; see Wieringa and Rijkoort 1983), the current no-regret action is an attempt to
update such statistics and make them available for WTI 2011.

Problem statement

For the assessment of the HBC, information on wind conditions over open water areas
pertaining to return periods up to thousands of years is required. This information needs to be
derived from the KNMI-stations data. Two aspects are relevant here:

A The KNMI-data cover only some decades, which means that statistical extrapolation
is required.

A The KNMI-measuring stations are located on land, typically several tens of kilometers
away from the centre of the open water areas considered (such as Lake |Jssel and
the Wadden Sea). This means that spatial interpolation of wind information, taking
account of transitions from land to water and vice versa, is required.

Wieringa and Rijkoort (1983) developed a wind modelling concept to provide adequate
estimates of extreme wind statistics. This modelling concept is based on wind measurement
data at KNMI stations and relies on some assumptions pertaining to the physics and the
statistics of wind over the Netherlands. Potential wind speed is the measure used to describe
the wind and represents the wind speed 1 hour average at 10 metres height after correction
for nearby sheltering, so that it is representative for an open grass area with a so-called
roughness length of 3 cm.

About five years ago it was noticed that for storms, it was not possible to translate KNMI-

winds to open water (and vice versa) without significant (greater than 10-20%) violation of
either broadly accepted theories or broadly accepted measurements. In some cases,
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statistically extrapolated wind extremes (or even observed wind extremes) over land were as
large as those over open water, which is physically implausible. Also, the observed extreme
value distributions of open water wind differed in shape (curvature) from the distribution of
land-based wind observations. Hence, the above-mentioned situation was described as the
curvature problem. It was clear that the curvature problem needed to be solved in order to
derive reliable estimates for the required wind information (for the assessment of the HBC).

Within the framework of the 'SBW Belastingen' project, a project was set up to derive (update)
the required wind information for the assessment of the HBC, SBW-Wind, which consists of
three phases. In Phase 2, the current study, the new potential wind series are subjected to
statistical analyses in order to update the wind statistics at the KNMI stations. The results of
the present study should be interpreted with care, given the fact that the other phases of
SBW-Wind (as described below) indicated that no simple solution for the curvature problem is
in sight.

The other phases of SBW-Wind all relate to the translation of (observed or statistically
extrapolated) KNMI-winds to open water locations. Phase 1 of SBW-wind attempted to solve
the curvature problem by improving the exposure corrections that are needed to convert
measured KNMI-winds to standardised potential wind speeds. It provided improved exposure
corrections, but the effect on wind speeds was often less than 5%, so that the curvature
problem was only slightly mitigated. Given this result, a Phase 1b was added to the project,
aiming at gaining further insight into the curvature problem. It was then concluded that the
curvature problem has not got a single cause but is, to a large extent, caused by a number of
fundamental aspects of both the available data and the present wind modelling concept.
Phase 3 will focus on the spatial interpolation of the wind statistics and on the spatial and
temporal schematisation of extreme wind events in order to determine the input for the water
level and wave models.

Study aim

The primary objective of this study is to determine updated extreme potential wind statistics
for the KNMI wind stations for which long time series are available. These should be
computed based on data over a period longer than the original period of 1962-1976 (15
years) used, and at more stations than the original 13 considered, by Wieringa and Rijkoort
(1983). They also include distributions per wind direction sector. The updated wind statistics
are to be made available for the inference of HBC for the Dutch primary water defences by
the WTI team. The decision of whether to replace the 1983 statistics by those being
determined here is to be taken by the WTI 2011 project team.

Approach

The data considered in the analysis are from the 1970-2008 period (39 years) and as much
as 21 stations with almost no data gaps can be considered in this period. The considered
stations are: IJmuiden, Texelhors, De Kooy, Schiphol, De Bilt, Soesterberg, Leeuwarden,
Deelen, Lauwersoog, Eelde, Twenthe, Cadzand, Vlissingen, L. E. Goeree, Hoek van Holland,
Zestienhoven, Gilze-Rijen, Herwijnen, Eindhoven, Volkel and Beek. The data were analysed
using the standard extreme value approaches based on annual maxima and storm maxima
data. The hypothesis of a so-called type | tail in the extreme value distribution was extensively
tested. This corresponds to a exponential distribution if the underlying data consist of storm
maxima and a Gumbel distribution if the data are annual maxima for the potential wind data.
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Furthermore, data transformations were considered to try to accelerate the convergence to a
type | tail. Hence, not only the wind speeds U were analysed but also squared wind speed
(U? and U¥, k being the shape parameter of the Weibull fit to the whole data). Both omni-
directional and directional estimates were obtained. The sensitivity of the results to the use of
data from different periods was also assessed.

Conclusions

The conclusions of this study were as follows:

A A significant result in WTI context is the observation that the new estimates of KNMI
wind extremes do not differ much from the currently used estimates of Wieringa and
Rijkoort (1983). More precisely, the omni-directional 10,000 yr return value estimates
of this study differ by less than 3% from those of Wieringa and Rijkoort (1983) in 10 of
the 13 stations considered by them. Only the Deelen and Leeuwarden stations have
differences larger than 10%. However, the estimates for those stations were adjusted
‘by hand’ by Wieringa and Rijkoort (1983) and discrepancies would even be larger if
they had not been adjusted.

A The estimates obtained from exponential fits to the storm maxima data were found to
be realistic and reliable and are given as final/best estimates, compared to the
alternative of Gumbel fits to observed yearly maxima.

A The sensitivity of the results to different periods was also analysed and found to be
reasonable. l.e. the found differences do not exceed the uncertainty associated with
the estimates.

A The assumption of a type | tail seems to be valid for the potential wind data
considered. Applying the extreme value analysis on transformed (i.e. U? or U¥) data
does not appear to improve the convergence to a type | tail, nor do they seem to be
needed. In fact this might even cause some bias in the results.

Recommendations

This study suggests that for KNMI-stations, sound estimates of extreme wind speeds may be
obtained through statistical extrapolation. However, the translation of (extreme) KNMI-winds
to open water remains an issue that needs further investigation. Even though the curvature
problem seems to have been partly circumvented in this study (thanks to the assumption of a
type | tail, especially in the statistics for Hoek van Holland), it is paramount that the curvature
problem be fully understood. The gquantification of its main components and the determination
of corrections eventually needed in the potential wind time series may allow the estimation of
extreme values without constraints on the tail type, and for spatial wind transformation
methods that are consistent with both theory and observations. This would require a follow-up
to the Phase 1b of SBW-Wind that was described above.

In the next phase of this project, Phase 3, the point estimates computed here will be used to
interpolate the estimates in space. Preliminary results of this phase indicate that assumptions
of simultaneous occurrence of a certain return value with the same return period at distant
stations should be treated with care.

Finally, the potential wind data considered here were found to show some unexplained

inhomogeneities. It would be useful to investigate the origin of such inhomogeneities and
remove them from the data.
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Introduction

Framework

According to the Dutch Water Defence Act (“Wet op de Waterkering, 1996") the strength of
the Dutch primary water defences must be checked every five years (1996, 2001, 2006,
2011, etc.) for the required level of protection, which, depending on the area protected by the
water defence, may vary from the 250 to 10,000 year loads. These loads are determined on
the basis of Hydraulic Boundary Conditions (HBC) and must also be derived anew and
approved by the Dutch Ministry of Transport, Public Works and Water Management (VenW)
every five years.

With the aim of filling knowledge gaps in the determination of the strengths and loads of the
water defences, Rijkswaterstaat - Centre for Water Management (to be called RWS-CWM in
the remainder of this report; in Dutch: “Waterdienst”) in The Netherlands is funding the long-
term research project “Strengths and loads of water defences” (in Dutch: “Sterkte en
Belastingen Waterkeringen”; in short: SBW).

The SBW program presently comprises nine projects, of which seven are related to the
strengths and two to the loads of water defences: SBW-Waddenzee and SBW-Belastingen®.
They aim at determining the quality of models and methods and improving them where
needed, in order that in 2011 and onwards more accurate HBC can be determined.

In 2008 a number of no-regret actions were defined in the framework of the SBW-Belastingen
project; the present document reports on a part of one of those. The no-regret actions were
undertaken to gain insight into methods, models and techniques that are relevant for the
short-term project WTI (Wettelijk Toets Instrumentarium; in English: Legal Assessment
Instruments). WTI is based on the HBC and on the Safety Assessment Regulation (VTV:
Voorschrift Toetsen op Veiligheid). Given that the presently available extreme wind statistics
were defined in 1983, the current no-regret action is an attempt to update such statistics and
make them available for WTI 2011. The decision of whether to replace the 1983 statistics for
those being determined here is for the WTI 2011 project team.

Background and motivation

An important component in the determination of the HBC for the water defences is the
statistical analysis of the natural variables that, directly or indirectly, may cause the water
defences to fail. One such natural variables is the wind.

The software package used for the verification of the required level of protection of the Dutch
primary water defences is called the HYDRA-family or the probabilistic HYDRA models
(Beckers et al.,, 2009). The current HYDRA software uses extreme potential wind speed
statistics that were determined 25 years ago (Wieringa and Rijkoort, 1983). Potential wind
speed is the measure used in this context to describe the wind and represents the wind
speed 1 hour average at 10 metres height in a location with a local roughness of 3 cm. The
Wieringa and Rijkoort, (1983) statistics are not only used directly in the HYDRA package, but

1. Dutch for loads.
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also indirectly, as the available wind extreme statistics are used to force the hydrodynamic
models. The latter providing the wave and water level loads on the water defences.

In an attempt to update the wind statistics, by extending the time series used in the estimation
and improving the estimation methodology, the KNMI-Hydra project (not to be confused with
the  software package) was carried out from 1998 to 2005 (see
http://www.knmi.nl/samenw/hydra). The project was a joint project between Rijkswaterstaat
(the former Institute for Inland Water Management, RIZA, and the former National Institute for
Coastal and Marine Management, RIKZ) and the Royal Netherlands Meteorological Institute
(KNMI). The KNMI-Hydra project was very important for the consolidation and improvement
of the wind modelling knowledge, as the several documents available at the KNMI-Hydra
project webpage (see above) indicate. The knowledge acquired in the KNMI-Hydra project is
seen as one of the building blocks of the current project. Nevertheless, the KNMI-Hydra
project failed at updating the available wind statistics because unexplainable differences
according to the developed wind modelling concept were found in the tails of the potential
wind data from stations near the coast and stations further inland. The latter problem has
been named the “curvature problem”. More precisely, when comparing omni-directional
extreme potential wind velocities from coastal and inland stations, the higher potential wind
velocity peaks for the inland stations exceed those for the coastal stations. When fitting
through the data, the return value lines cross each other and for longer return periods the
estimates for inland stations are higher than for the coastal stations. This is considered
implausible because the surface roughness over land is generally much higher than over
open water, while the intensity of storm depressions over land is generally less. The stations
used to illustrate the problem were the Hoek van Holland and the Soesterberg stations (see
Wever and Groen, 2009, Fig. 1.2.1). In order to update the 1983 wind statistics (at the wind
stations) and to create wind fields above land and open water from the point statistics, it is
imperative that the curvature problem be solved or dealt with in the modelling.

After an initial reconnaissance study by the KNMI in the 2" half of 2007, where it was
concluded that the curvature problem is not (or to a lesser extent) present in the raw wind
measurements, i.e. before they are transformed into potential wind, it was postulated that the
problem should probably be in the factors used to compute the potential wind from the raw
wind, the exposure correction factors (ECF). Reasons for the faulty ECF were that wind
variations at a time scale of 1 hour are not solely due to the surface roughness, but also due
to thermal effects. In 2008, KNMI and Deltares started a joint venture project. The project was
divided in three phases (see KNMI and Deltares wind modelling team, 2008). The goals of
phases 1, 2, and 3 were to correct the ECF, to compute extreme statistics using the (since
1983) extended time series per point (wind station) and to spatially interpolate the point
statistics, respectively.

In Phase 1 of the project, the algorithm to calculate the ECFs was improved, by making use
of measurements of the 10 minute wind standard deviation to relate ECFs based on 1 hour
gustiness analysis to ECFs based on 10 minute wind standard deviation (see Wever and
Groen, 2009).

There are indications that the curvature problem is slightly mitigated in the newly derived
data. The correction typically led to a 1 to 5% downward revision of the ECFs over land.
Nevertheless, Wever and Groen (2009), based on Gumbel fits to U? annual maxima from the
period 1993-2007, report that the crossing point has moved towards longer return periods.
However, a thorough study on the extent of the curvature problem in the newly derived data

Extreme wind statistics for the inference of the hydraulic boundary conditions for the Dutch primary water 2
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has not yet been carried out. It was also suggested that the curvature problem is to a certain
extent present in the raw data (Bottema and Van Vledder, 2009). This may imply that the
curvature problem is (to a greater extent) related to real physics, which are probably not well
described by the used wind modelling concept. Another hint in this direction is the 10-30%
difference between measurement data and expectations based on the presently used wind
modelling concept as reported by Bottema (2007, p. 184) and Taminiau (2004).

Preliminary rough potential wind speed return value estimates computed by Wever and
Groen (2009) compare well with the estimates from the Rijkoort-Weibull model in a qualitative
sense. l.e., the spatial patterns obtained with both approaches are similar. However, in
general the Wever and Groen (2009) estimates are 10 to 40% lower than the Rijkoort-Weibull
model estimates, which if confirmed is a difference of consequence in practical applications.
Nevertheless, the results from Wever and Groen (2009) suggest that the newly obtained wind
speed return value estimates can be considered as a refinement of Wieringa and Rijkoort
(1983), giving the possibility to make use of the longer measurement period and new wind
measurement sites currently available. Definite potential wind statistics still need to be
derived from the newly-derived data.

Since the curvature problem is in principle still present in the newly-derived potential wind
series (Wever and Groen, 2009), it was decided to add a sub phase, Phase 1b, to the original
SBW plans (KNMI and Deltares wind modelling team, 2008) to gain more insight in the
curvature problem. To that end, some basic tests were carried out on the data produced by
Wever and Groen (2009). The main conclusions put forward a number of causes (cf. Section
3.3), among which that differences in stability between land and sea regions and storm
dynamics might partially explain the curvature problem. Furthermore, that no further
improvement of newly-derived potential wind series can be envisaged on short term. No
attempt to solve the curvature problem will therefore be made in the current study, which
concentrates on the extreme value analysis of the newly-derived data.

1.3 Objectives

The primary objective of this study is to determine, for the KNMI wind stations for which long
time series are available, updated extreme potential wind statistics for several directional
sectors. These should be computed based on data over a period longer than the original
period of 1962-1976 used by Wieringa and Rijkoort (1983). Associated uncertainties are also
to be studied. The updated wind statistics are to be made available for the inference of HBC
for the Dutch primary water defences by the WTI team.

1.4 Approach

The currently available extreme wind statistics have been determined using the so-called
Rijkoort-Weibull model (Rijkoort, 1983), which is a rather intricate model. Estimates were
provided separately for 12 wind measuring stations in the Netherlands (Schiphol, Eelde,
Soesterberg, De Bilt, Deelen, Vlissingen, Gilze Rijen, Eindhoven, Beek, Leeuwarden, L.V.
Texel and Zestienhoven). Hourly averaged potential wind speed data from 1962-1976 were
used for the estimation. The model is described in Geerse (1999) and Smits (2001) and
further summarized in Diermanse et al. (2007).

The Rijkoort-Weibull model is based on fits to the whole dataset (not only storm peaks) and
extrapolating from it. However, due to dependence and non-stationarity, wind speed series

Extreme wind statistics for the inference of the hydraulic boundary conditions for the Dutch primary water 3
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violate the assumptions of independence and identity in distribution. Also, there is no
scientific justification for using one particular distribution to fit the data. In contrast, if for
example one concentrates on averages, maximum values, or excesses over a high threshold
of very general variables, statistical theory provides a scientific basis for the use of,
respectively, the normal, Generalized Extreme Value (GEV) and Generalized Pareto
Distributions (GPD).

In the KNMI-Hydra project it was attempted to improve or find alternatives for the Rijkoort-
Weibull methodology used for return value estimation (see
http://www.knmi.nl/samenw/hydra/documents/storms/storms.htm), but such attempts failed
because, due to the curvature problem, no available data could be used with confidence to
assess different statistical approaches.

For WTI 2011 is however paramount that reproducible extreme wind statistics are computed
from the newly available data using more stations and longer time series than in the Rijkoort-
Weibull model. The objectives of Phase 2 of this project is therefore to compute for several
measurement locations extreme value statistics and associated uncertainties from the new
potential wind time series. Not only omni-directional estimates are to be computed, but also
directional (per wind sector). The directional estimates are those needed by WTI to infer the
HBC for the Dutch primary water defences.

The following procedure will be applied in this study:

1 The approaches used in the extreme value analyses are the standard AM/GEV and
POT/GPD analyses (see e.g. Caires et al., 2007).

2 Although not without controversy, it is common practice to assume that wind data have
a type | tail. This assumption is also investigated in this study.

3 Furthermore, according to Galambos (1987) the rate of convergence at which the tail of
the distribution function of observations can be approximated by the tail of the GPD or
the GEV distribution in the case of distributions such as the normal, which are rather
concentrated around the mean, can be very slow, demanding comparatively high
thresholds/large sample sizes. However, applying a, say, a power of 2 to the data will
make the data more skewed and “nonnormal” and hence improve convergence. The
suitability of applying such transformations to the wind data is therefore also considered.

4 The results of this study are compared to the estimates provided by Wieringa and
Rijkoort (1983) and the spatial consistency of the results to be judged in a qualitative
way.

5 Furthermore, we look at the effect of considering different periods of data in the extreme
value analyses.

This study should form the basis for the WTI project to decide whether the estimates of
Wieringa and Rijkoort should again be used or these newly derived estimates.

1.5 Project team

The project team consists of KNMI and Deltares employees with expertise in wind modelling
and extreme value analysis. The team is referred to as the wind modelling team and includes:
Jules Beersma (KNMlI), Sofia Caires (Deltares), Hans de Waal (Deltares), Douwe Dillingh
(Deltares), Geert Groen (KNMI), Jacco Groeneweg (Deltares) and Nander Wever (KNMI).

Extreme wind statistics for the inference of the hydraulic boundary conditions for the Dutch primary water 4
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The analysis and reporting presented here was carried out by Sofia Caires with critical advice
and help from all the involved.

There were a number of discussions on the analysis and results presented here with the
participation of the wind modelling team, the Phase 2 project reviewer, Chris Geerse, from
HKYV, and the RWS-CWM project leader, Marcel Bottema. Chris Geerse and Marcel Bottema
have provided valuable and constructive input also outside such meetings.

1.6 Outline of this report

Chapter 2 of this report presents the basic elements of extreme value theory. Chapter 3
describes the data considered and outlines the conclusions of Phase 1b of this project.
Chapter 4 describes the data analysis including the sensitivity of the results to different
choices and data periods. Chapter 5 describes the presently obtained statistics and compares
them with those used for WTI 2006. The report ends in Chapter 6 with conclusions, important
caveats to the results presented here and recommendations for further work. For
completeness, the appendices contain the report review and several analysis results figures
and tables, only a few examples are given as illustration in the text.

Extreme wind statistics for the inference of the hydraulic boundary conditions for the Dutch primary water 5
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Statistical methods

Introduction

This chapter briefly introduces the principles of extreme value theory and describes the
methods used in extreme value analysis (EVA) and other statistical analysis.

2.2 Extreme value theory

221

Block maxima

In order to explain the basic ideas of the extreme value theory, let us define
M, =max{X1,>,Xn}, where X,,X,> is a sequence of independent random variables

having a common distribution function F. In its simplest form, the extremal types theorem
states the following: If there exist sequences of constants {s, >0} and {m} such that
P{s,M,+m ¢z} —G(z) as n— &, where G is a non-degenerate distribution function,
then G must be a Generalized Extreme Value (GEV) distribution, which is given by

6 & 4 s oA YXg
Iexp?— gl gz ”’83 3 forx, 0
] é g
c=; f° ° y 2.1)
T é ¢ 3z-moel
TEXPi-eXpg-p Byl for x =0,
i i e ¢ S -y

where z takes values in three different sets according to the sign of the shape parameter x:
z>m-s/x if x>0 (the domain of z has a lower bound), z<m-s/x if x<0 (the domain of
z has an upper bound), and -8 <z<z if x=0.

In other words, if the distribution function of (a normalization of) the maximum value in a
random sample of size n converges to a distribution function as n tends to infinity, then that
distribution function must be a GEV distribution. Moreover, this and other results of extreme
value theory hold true even under general dependence conditions (see Chapter 5 of Coles,
2001).

In Eq. (2.1) the parameters g, 0 and x are called the location, scale, and shape parameters
and satisfy -o<m<ao, s>0 and -vo<x<wa, For x=0 the GEV is the Gumbel
distribution, for x>0 it is the Fréchet distribution, and for x <0 it is the (reverse) Weibull
distribution. For x >0 the tail of the GEV is “heavier” (i.e., decreases more slowly) than the
tail of the Gumbel distribution, and for x<0 it is “lighter” (decreases more quickly and

actually reaches 0) than that of the Gumbel distribution. The GEV is said to have a type Il tail
when the shape parameter is positive (x >0) and a type lll tail when the shape parameter is

2. A distribution function is said to be degenerate if it allocates probability 1 to a single point.
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negative (x <0, the domain of z has an upper bound)®. The tail of the Gumbel distribution
(x=0)is called a type | tail.

The extremal types theorem gives rise to the annual maxima (AM) method of modelling
extremes, in which the GEV distribution is fitted to a sample of block maxima (e.g. to annual
maxima, though biannual, monthly or even daily maxima can of course be used as well).

One of the main applications of extreme value theory is the estimation of the once per m year
(m-yr) return value, the value which is exceeded on average once every m years. The m-yr
return value (for m>1) based on the AM method/GEYV distribution, z_, is given by*

-X

e & & 3 5070
Tm—fael—?—lnael igﬂ 0, forx,0
T x% § ¢ m:y 9
=1 ¢ | (2.2)
] | 6 0
Tm slog.—lnael igﬂ for x =0.
i T ¢ M=y

The sample sizes of annual maxima data are usually small, so that model estimates,
especially return values, have large uncertainties. This has motivated the development of
more sophisticated methods that enable the modelling of more data than just block maxima.
These methods are based on two well-known characterizations of extreme value distributions:
one based on exceedances of a threshold, and the other based on the behaviour of the r
largest, for small values of r, observations within a block. The first method is considered here
and described in the following section.

Peaks Over Threshold

The approach based on the exceedances of a high threshold, hereafter referred to as the
Peaks Over Threshold (POT) method, consists of fitting the generalized Pareto distribution
(GPD) to the peaks of clustered excesses over a threshold, the excesses being the
observations in a cluster minus the threshold, and calculating return values by taking into
account the rate of occurrence of clusters (see Pickands, 1971 and 1975, and Davidson and
Smith, 1990). Under very general conditions this procedure ensures that the data can have
only three possible, albeit asymptotic, distributions (the three forms of the GPD given below)
and, moreover, that observations belonging to different peak clusters are (approximately)
independent. In the POT method, the peak excesses over a high threshold u of a time series

are assumed to occur in time according to a Poisson process with rate [, and to be
independently distributed with a GPD, whose distribution function is given by

3. Please note that some articles (e.g. Hosking and Wallis, 1987) use another convention for the
signal of the shape parameter: a negative shape parameter in those references corresponds to a
type Il distribution.

4. In this report the natural logarithm of x is written as In(x).
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e 0 ~
11-§1+x§8 forx_ 0
Fy=1 ¢ y; (2.3)
1 d 0
AL-expp-=4, forx=0,
i Y

where, y>0, ¢ >0 and (1+x(y/8))>0. The two parameters of the GPD are called the scale
(8) and shape (3) parameters. When x =0 the GPD is said to have a type | tail and amounts
to the exponential distribution with mean 4 ; when x >0 it has a type Il tail and it is the Pareto
distribution; and when x <0 it has a type Il tail and it is a special case of the beta distribution.
If x<0, just as with the GEV, the support of the GPD was an upper bound, -4/x, which is

called the upper end-point of the GPD and is to be thought of as the upper-limit of the variable
of interest, the upper limit being then u - $/x .

The m-yr return value based on a POT/GPD analysis, zy, is given by

+§{(lum)x -1}, forx .0
z, = X

m

(2.4)

—r) —f—&m

u+gin(1,m), for x =0.

Just as block maxima have the GEV as their approximate distribution, the threshold excesses
have a corresponding approximate distribution within the GPD. Moreover, the parameters of
the GPD of threshold excesses are uniquely determined by those of the associated GEV
distribution of block maxima. In particular, the shape parameter is the same, and the scale

parameters of the two distributions are related by 8 =s +x(u - m) .

The sample to be used in the POT method has to be extracted from the original time series in
such a way that the data can be modelled as independent observations. This is done by a
process of declustering in which only the peak (highest) observations in clusters of
successive exceedances of a specified threshold are retained and, of these, only those which
in some sense are sufficiently apart (so that they belong to more or less ‘independent storms’)
are considered as belonging to the collection of POT points. Specifically, in the present
applications we have treated cluster maxima at a distance of less than 96 h apart as
belonging to the same cluster (storm). The 4 days period considered is a bit longer than the
usually considered 2 to 3 days period, but recent research has shown that storm durations
are maybe longer than previously thought. In any case, analysis results are not very sensitive
to whether 2 or 4 days are used.

The choice of threshold (analogous to the choice of block size in the block maxima approach)
represents a trade off between bias and variance: too low a threshold is likely to violate the
asymptotic basis of the model, leading to bias; too high a threshold will generate fewer
excesses with which to estimate the model, leading to high variance. An important property of
the POT/GPD approach is the threshold stability property: if a GPD is a reasonable model for
excesses of a threshold u,, then for a higher threshold u a GPD should also apply; the two

GPD’s have identical shape parameter and their scale parameters are related by
4, =4, +x(u-u,), which can be reparameterized as:
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s =8, +xm (2.5)

Consequently, if g is a valid threshold for excesses to follow the GPD then estimates of both
0* and 3 should remain nearly constant above g,. This property of the GPD can also be used
to find the minimum threshold at which a GPD model applies to the data.

2.3 Other approaches

231

232

Choice of distribution

The choice of distribution with which to fit AM and POT data is limited by the extreme value
theory as mentioned above. However, mostly for historical reasons, in many studies the
Weibull distribution is fitted instead of the GPD to POT data.

This Weibull distribution is not the (reverse) Weibull distribution of maxima referred to in
Section 2.2.1, but the Weibull distribution of minima (a form of the GEV distribution for
minima). In particular, while the latter has a type Il upper tail, the former has a type |
(exponential) upper tail. It was introduced by Weibull in connection with failure data because it
is the approximate distribution of the minimum of many variables, which could be seen as the
weakest link among many links that can be broken in a structure. Popularized by reliability
engineers, its use has spread to other areas, in particular to ocean engineering. Its
distribution function is given by

k
y
S v

O: 0

(2.6)

-1-OD: O

a
F,(y)=1-expg-
¢

O e

Although it is not generally recommended, fitting a Weibull distribution to the peak excesses
in place of the GPD model makes sense in certain situations. Indeed, suppose that the data
really follow a type | tail, or at least that this has been convincingly demonstrated on the basis
of some statistical analyses. Then the asymptotic distribution of the excesses is exponential.
Since the exponential is a special case of the Weibull distribution, one might think that there
would be no harm in fitting a Weibull rather than an exponential distribution to the data. Now,
if the data are truly exponential, this would actually entail more uncertainty in parameter
estimates, which would be undesirable (intuitively, to know that the data are exactly
exponential amounts to more information than knowing that they are Weibull). However, it
may happen that, because the exponential is only valid asymptotically, the Weibull distribution
will provide a better approximation to the data (since it has one more parameter and hence
more flexibility), and in that case fitting the latter would provide better results than fitting the
former. In any case, if one is to step outside the GPD domain one should do so on the basis
of some justification.

When there are indications that the asymptotic distribution is of a certain type (for instance of
type 1) but the rate of convergence to this asymptotic distribution is slow, data transformations
are often used to accelerate convergence.

Data transformation

As mentioned before, the rate at which the tail of the distribution function of the observations
converges to the tail of the GPD or the GEV distribution in the case of type | tail distributions
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such as the normal, which is rather concentrated around the mean, can be very slow,
demanding comparatively high thresholds/large sample sizes. In such cases, a data
transformation can help accelerating convergence and hence improving the fit of the
observed by the asymptotic tail (Galambos, 1987). For instance, although the convergence
required by the POT method is slow in the case of standard normal random variables, it will
be rather fast with their squares, which are essentially chi-square variables.

Although not without controversy, it has been common practice since the landmark work of
Cook (1982) to assume that wind data have a type | tail. Furthermore, it is known that in the
case of wind data the convergence to the relevant asymptotic distribution is slow and can be
accelerated by data transformations such as taking a power of two, U?, or, as also suggested
by Cook (1982), or taking power equal to the shape parameter of the Weibull distribution fitted
to the whole data set (i.e. not only to the extremes), U*. However, in the case of the data
considered by Cook (1982) the shape parameter k varies between 1.8 and 2.2, and he fixes
the power at 2. He advocates thus the use of squared wind speed in place of wind speed, on
the grounds that the rate of convergence to the asymptotic distribution improve, and also
because engineers are usually more interested in dynamic pressure instead of wind speed.
The former being proportional to the squared wind speed. His final argument for using the
dynamic pressure rather than wind speed when fitting the Gumbel distribution to extreme
value time series rests on the assumption that the parent population from which the extreme
speeds are extracted is fitted by a distribution that is, approximately, of the Rayleigh type.

Discussions around such transformations as a means to improve approximations are

therefore as old as Cook’s paper. Here are some examples:

. Holmes and Moriarty (1999) argue that fitting a type 1ll tail to U is “more appropriate”
than fitting a type | tail to U since the data have in principle an upper bound. Cook and
Harris (2001) reply pleading for fits of a type | tail to U*.

. Harris (2004) reply to Holmes's (2003) comment on the article of Cheng and Yeung
(2002): Holmes (2003) argues that Cheng and Yeung (2002) find estimates of the shape
parameter of the extreme value distribution that are too low and that values closer to
-0.1 are more reasonable and vyield reasonable (not too low) upper bounds. Harris
(2004), however, counter argues that using a type | tail is a better option and that both
type | and type Il can be obtained by transforming the data using U* or U?,
respectively.

. Simiu et al. (2001) argue that it is considerably better to fit the GEV (the resulting fit
being then a type Il tail) to the (not transformed) wind speed U than to fit a Gumbel
distribution to U?.

More recently, Smith (2009) argues that “in the case where the true tail is in the domain of
attraction of Gumbel, the theory of the “penultimate approximation” shows that in many cases,
approximating the tail by GEV gives a faster rate of convergence than if you approximate by
the true (Gumbel) limit; the rate of convergence is never worse. Therefore, there is never any
reason to restrict to the Gumbel law (or exponential in the case of GPD).” In contrast, Van
den Brink and Kénnen (2008) argue that extreme winds should be estimated by fitting a type |
(Gumbel) tail extreme value distribution to annual maxima of U*. In Phase 1 of this study
Wever and Groen (2009) fitted the Gumbel distribution to U* based on the observation of
Wieringa and Rijkoort (1983) that the estimates of k of the Weibull distribution fitted to whole
(i.e. containing not only extreme values) sets of the Dutch wind data vary around 2, similarly
to Cook’s (1982) estimates obtained from British data.
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2.4 Estimation and diagnosis

There are several numerical methods available for the estimation of the parameters of
extreme value distributions. Most of them, for instance the methods of moments and of
probability weighted moments (PWM), give explicit expressions for the parameter estimates.
The maximum likelihood (ML) method tends to be the preferred estimation method since it is
quite general and more flexible than other methods, especially when the number of
parameters is increased as for instance when extending the extreme value approach to
account for non-stationarity (see Section 2.5). However, for the range of tails typically found
with wind data (not too heavy-tailed distributions) and for small to moderate sample sizes (15-
500) the method of PWM performs better than the ML method in the estimation of the GPD
and GEV parameters (for details, see Hosking and Wallis, 1987, and Hosking et al., 1985).

When estimating it is not only important to obtain the (point) estimates, but also the
uncertainty in the estimation. There are several methods for computing the confidence
intervals (uncertainty) of the estimates (see e.g. Caires, 2007):

. The standard approach is based on the asymptotic variance of the parameter estimates
(the asymptotic covariance matrices of the GDP and GEV parameter estimates based
on the ML or the PWM methods are available in Hosking and Wallis, 1987), the delta
method (see Ferguson, 1996, p. 45)° and assuming that the estimates are
asymptotically normal centred at the parameter values. The (symmetric) confidence
intervals obtained in such way are known as asymptotic intervals.

. The assumption that extreme value estimates are asymptotically normal centred at the
parameter values is usually not valid. For the computation of confidence intervals based
on maximum likelihood estimates (e.g. Coles, 2001) the profile likelihood method is
usually preferable. This method is based on the likelihood ratio and is valid under
certain regularity conditions (see Coles, 2001, and references therein for more details).
The generally asymmetric confidence intervals obtained in such way are known as
profile likelihood intervals.

. In some cases the delta method cannot be used to find explicit expressions for the
variances of the estimators. In such cases, resampling methods like the bootstrap offer
a simple and reliable alternative for estimating standard errors of estimators.
Furthermore, the bootstrap method also allows one to compute percentile confidence
intervals (Efron and Tibshirani,1993) which also work asymptotically and can be
asymmetric. However, Tajvidi (2003) investigated the performance of several bootstrap
methods for constructing confidence intervals for the parameters and quantiles of the
GPD and concluded that none of the bootstrap methods gives satisfactory intervals for
small sample sizes (20-200). In addition, Coles and Simiu (2003) state that “it is well
known that bootstrap procedures are not consistent for extreme value problems—there
is a tendency for the bootstrap sample to generate shorter tails than the true sample
distribution™. Coles and Simiu (2003) propose an ad-hoc method to correct/adjust the
bootstrap estimates which consists of applying a bias correction to the bootstrap
parameter estimates assuring that the bootstrap sample mean coincides with the
parameter estimates. We shall refer to such confidence intervals as adjusted bootstrap.

5. The delta method allows the determination of the asymptotic distribution of estimators that are
functions of other estimators whose distribution is known, by means of a Taylor expansion.
6. Shorter tails I lighter tails.
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Caires (2007) studied the coverage rate of confidence intervals of extreme value estimates
based on the methods above and that concluded the adjusted percentile bootstrap method
generally produce the best confidence intervals from the point of view of coverage rates.
Furthermore, that the quality of the coverage rate does not depend much on the bootstrap
sample sizebthe number of samples randomly generated (using resampling) to obtain the
bootstrap estimates; a bootstrap sample size of 1000 seems to be quite adequate for most
practical purposes. Adjusted percentile bootstrap confidence intervals are to be given with the
estimates presented in this report.

Another parameter that needs to be estimates is /,, the yearly cluster rate. It can generally

be estimated by the average number of clusters/peak excesses per year. However, for yearly
series with different numbers of observations (gaps) the estimation of /I, should account for

the gaps in the data (see Ferreira and Guedes Soares, 1998). In order to account for gaps,
1, is estimated by dividing the total number of peaks by the actual number of years of data

(the total period of valid data). The gaps in the summer months are not counted for, since the
expected number of peaks in the summer months is very small.

2.5 Climate change

In the methods described so far the extreme wind climate is assumed to be stationary.
However, it is believed today that climate is not stationary, as the detection of both decadal
variability and long term time trends in different climate variables, reported by several authors,
indicates (see e.g. Smits et al., 2005). Both the AM/GEV and POT/GPD approach can be
extended to the non-stationary situation by making the parameters of the distributions
functions of time (see Coles, 2001 and Caires et al., 2006).

The non-stationary analogue of the POT/GPD approach is the non-homogeneous Poisson
process (NPP). In the point process approach to modelling extreme values (Smith, 1989), one
looks at the times at which “high values” occur and at their magnitude. If t denotes the
generic time at which a high value occurs and if x is the corresponding magnitude of the
variable of interest, then the point process consists of a collection of points (t,x) in a region of

the positive quadrant of the plane. Thus the point process, or rather its “realization”, consists
of a collection of points belonging to the plane set C ={(t,x):x>u,0¢t¢T} where T is the

number of years over which observations are available and u denotes the threshold at time
t. The NPP model of extremes is specified by the following two properties. Firstly, if A is a
subset of C, then the number of points occurring in A, which we denote by N(A), is a
random variable with a Poisson probability function with mean r(A), where, writing

x, =max(0,x) forreal x,

r(A) = i (t, )dt dx, I(t,x):stt)ghx(t)x;ggt) 3“ for (t,x)T1C, (2.7)

and m(t), s(t) and x(t) are respectively the location, scale and shape parametersbor rather

“parameter functions”bthat may depend on time and need to be specified and estimated in
practice.

The m-yr return value, x,, is determined by solving
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The above expression incorporates the time variability of the parameter estimates in the
particular return value estimate. However, in general one is interested in the yearly variation
of return-value estimates because of the time changes in the parameters, that is, in the
variation of the return values once the estimates of the parameters for a given time are fixed.
Treating the parameters in (2.8) as constant in t and solving for x,, we find that the m-year

return value based on the NPP parameters at a fixed time t is

sM&17" o
x =820 9+ m(t). 2.9
X(t) gem? ] (2.9)

In order to infer the non-stationarity of the POT extremes in the most complete case the
following models for its parameters are to be considered with time and time square
covariates:

m(t) = my+mt+mt®, s(t)=s,+s,t+s,t”> and x(t) = x (2.10)
with t=1,2,..,T, m, m,, etc.

Our assumption is therefore that climate change and variability may be felt in the form of
shifts (m ., 0 and/or m,_ 0) and/or changes in spread (s,.0 andlor s,_ 0) in the

distribution of extremes, which can be interpreted as increases/decreases in severity and/or
variability of extreme the extreme wind, respectively.

The parameters of the NPP model outlined above are estimated by the maximum likelihood
(ML) method. In order to assess whether the dependence of the NPP location and scale
parameters on the time covariates are statistically significant, we use the likelihood ratio test
(Coles, 2001). The models are to be tested hierarchically with the first model considered
being a linear trend in the location parameter.

mt)=m,+mt, st)=s, and x(t) =x. (2.12)

In the case of the NPP model the choice of the threshold is less obvious than in the
POT/GPD approach, where some experience and empirical rules exist. We will therefore, in
the non-stationary extreme value analysis, use the same threshold defined as in the
stationary extreme value analysis.

The data sampling follows the usual POT approach, with the peak exceedances and the
times at which they occur being represented by {t.,j,xi,j}, i=12,.,n,1i=12,.T, where nis

the number of clusters in the i-th year. They correspond to the peaks of cluster exceedences
above the threshold u and the times at which they occur.
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2.6 Hypothesis testing

In order to check whether the data have a type | tail, goodness-of-fit tests will be used. When
analysing AM data the Anderson-Darling statistic (D'Agostino and Stephens, 1986) will be
used for testing the Gumbel versus any other distribution. The null hypothesis will be tested at
the standard 5% significance level, for which the critical value is 0.757. The Gomes and
Monfort (1986) test of the exponential distribution against the GPD is to be used when
analysing POT data. The null hypothesis is to be tested again at the standard 5% significance
level and given that the statistic is normally distributed the critical value is 1.96.
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3 Data description

3.1 Choice of stations

Hourly time series of potential wind speed, U, and direction were delivered by the KNMI to

Deltares for the purposes of this study. The potential wind speed data represent hourly means
of wind speed at 10 metres height in a location with a local roughness of 3 cm. Wind
directions are reported in units of 10 degrees, starting from 10 to 360 degrees. The wind
direction is always an average over the last 10 minutes preceding the full hour.

Figure 3.1 shows the stations for which data were received and the periods on which the data
are available. The station names and reference numbers are given in the figure. Most of the
stations became operational after the 80’s. Wieringa and Rijkoort (1983) considered the data
from the stations with the name labelled in red in Figure 3.1 in their analysis of data from 1962
until 1976. Rijkoort (1983) considered also data from the station L.S. Texel, but that station
stopped operating at the end of the 70’s and its data was not considered by Wever and Groen
(2009).

For the determination of the extreme value statistics we have tried to find a period of at least
30 years in which data from a maximum number of stations would be available with a good
coverage of the period considered. The period chosen was 1970 until 2008 (39 years) and as
much as 21 stations can be considered in that period (cf. Figure 3.1). Namely, IJmuiden,
Texelhors, De Kooy, Schiphol, De Bilt, Soesterberg, Leeuwarden, Deelen, Lauwersoog,
Eelde, Twenthe, Cadzand, Vlissingen, L. E. Goeree, Hoek van Holland, Zestienhoven, Gilze-
Rijen, Herwijnen, Eindhoven, Volkel and Beek, see Figure 3.2. The green lines and the pluses
in Figure 3.1 indicate the stations considered in this study.

The chosen period does not fully cover the period considered by Wieringa and Rijkoort
(1983), namely 1962-1976, because if we were to choose the period 1962-2008 only 13
stations, which have a good data coverage in that period, could have been considered.
Namely, IIJmuiden, Schiphol, De Bilt, Soesterberg, Leeuwarden, Deelen, Eelde, Vlissingen,
Hoek van Holland, Zestienhoven, Gilze-Rijen, Eindhoven and Beek. We shall analyse the
sensitivity of the results to the chosen period using the data of these 13 stations.

Note that the present period of 39 years is more than 2.5 times longer than the original period
of 15 years.
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Figure 3.1 Data availability. Stations labelled in red were used in the Rijkoort-Weibull model. The green +
before the station reference number indicate the stations considered in this study.
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Figure 3.2

3.2 1970-2008 mean climate

Figure 3.3 shows the wind roses of the potential wind data from 1970 until 2008 at 18 of the
selected 21 stations. The stations for which the roses are not shown are De Kooy, De Bilt and

Location and reference number of the considered stations.

Vlissingen. They have been excluded to improve the readability of the figure.

The figure shows that wind above Beaufort 3 force (5.4 m/s) blows more frequently from the
Southwest. Coastal stations are affected by extreme winds from the Southwest to the
Northwest sectors, whereas land stations are less affected by Northwesterly extreme winds.
The percentage of time with lower wind speeds (below Beaufort 4) is higher in the land
stations than in the coastal stations. However, stations like Zestienhoven and Herwijnen seem
to be equally affected by extreme conditions as the coastal stations at the same latitude, cf.
the red percentage (wind above 24.4 m/s, Beaufort 9) in those and in the Hoek van Holland

station.
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Figure 3.3 Potential wind speed roses for the 1970 — 2008 period. The bar lengths indicate the occurrence

percentages. Directions are to the centre of the roses. The numbers in the centre of the roses
are the percentage of occurrences in the lowest class.

3.3 Known features contributing to the curvature problem

In Phase 1b of this project a number of causes for the curvature problem have been
analysed, see Caires et al. (2009). As also reported by Taminiau (2004) and Bottema (2007),
discrepancies have been found between what should be the relation between extremes
above water and above land according to the used modelling conceptba simple two-layer
model, in which neutral stability and constant geostrophic wind in the region considered is
assumedband the relations inferred from the data. The following major factors have been
identified as contributing to the curvature problem:

. Non-neutral atmospheric stability : The assumption of a neutral atmospheric stability for
all conditions in which the wind speed exceeds 6 m/s appears to be invalid (at sea and
coastal stations). This implies that the (shape of the) wind speed profile is not
guaranteed "logarithmic and governed by surface roughness only", complicating the use
and interpretation of the concept of ‘potential wind'.

. Wind speed dependent water roughness: The roughness of water increases with
increasing wind speed, whereas the roughness at inland sites does not depend on the
wind speed. Furthermore, in the homogenisation of the series of measurement data, a
“constant” (wind speed independent) exposure correction factor is applied. In case of
advection over water, the actual roughness, which the factor is supposed to correct for,
does depend on the wind speed. Neglecting the wind speed dependence in water
roughness and in the determination of the potential wind series, both enhance the
difference in curvature of wind speed statistics at inland sites versus coastal sites.

. Non-stationary anemometer height: Certain coastal stations, such as at Hoek van
Holland and lIImuiden, are exposed to the sea. It is expected that when high surges
accompany extreme sea wind, a rather common situation, that the considered height of
anemometer relatively to the mean sea level is an overestimation of the effective
measuring height and the computed potential wind an underestimation.
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Further uncertainties have been identified in the data, which influence the quality of the data.
The uncertainties may have an influence on the curvature problem.

. The potential wind time series contain inhomogeneities: jumps and trends. Furthermore,
a relationship was found between trends in potential wind and trends in exposure
correction factors. If this indicates changes in meso-scale roughness, this can have a
strong impact in the way potential wind is used in extreme wind statistics.

. The scatter between the turbulence and the land-use maps roughness length estimates
is high.

Given that it is not feasible to produce potential wind time series for this project without such
discrepancies and given that they are to some extent a true physical feature, the results of the
analysis that follows should be interpreted having these aspects in mind.

Furthermore, this list is probably not comprehensive. As recommended in Caires et al. (2009)
more research is needed to quantify each of the factors above and remaining uncertainty.
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Data analysis

Data from 1970 until 2008 at the selected stations were analysed using the AM/GEV and the
POT/GPD approach. Most of the stations have hardly any gap in the considered period, but
the stations IIJmuiden, Texelhors, De Kooy, Twenthe, Cadzand and L.E. Goeree miss some
years of data. The data availability per month and per station are given in the tables T.1 of
Appendix B. Table 4.1 shows the stations with missing data in the severe storms over the
Netherlands identified in the period 1970-2002 in the KNMI-Hydra project (see
http://www.knmi.nl/samenw/hydra/cgi-bin/storm_list.cgi).

13-Nov-1972 L.E.Goeree
02-Apr-1973 L.E.Goeree
02-Jan-1976 Texelhors
14-Feb-1979 Herwijnen
01-Feb-1983 b
12-May-1983 b
27-Nov-1983 b
14-Jan-1984 b
16-Oct-1987 Texelhors, L.E.Goeree
25-Jan-1990 b
26-Feb-1990 L.E.Goeree
13-Jan-1993 Texelhors
09-Dec-1993 b
01-Apr-1994 b
03-Mar-1995 b
04-Jan-1998 b
03-Dec-1999 Texelhors
28-May-2000 Texelhors
30-Oct-2000 Texelhors
26-Feb-2002 b
09-Mar-2002 b
27-Oct-2002 b
Table 4.1 List of stations with missing data in the severe storms over the Netherlands identified in the

KNMI-Hydra project (see http://www.knmi.nl/samenw/hydra/cgi-bin/storm_list.cgi).

The EVA of the data included omni-directional analyses and directional analyses over 30°
sectors. The sectors considered are: 345°N-15°N, 15°N-45°N, ..., 285°N-315°N and 315°N-
345°N. Given that wind directions are given in units of 10 degrees, starting from 10 °N, three
discrete values of the wind direction are considered per sector. In the omni-directional
analysis all data are considered. In the directional analysis only the data falling in the sector of
interest are taken into account. The data are stratified into sectors before the EVA is carried
out, meaning that a given storm may be considered in more than one sector. The stratification
into sectors before the analysis is necessary because we are interested in the return value for
the above enumerated fixed sectors. If only storm peaks were to be stratified, the return
values obtained for a given sector could have been underestimates.

We will first describe the omni-directional AM/GEV analysis of the data. Subsection 4.2 will
present the more sophisticated POT/GPD analysis. The two types of analysis are compatible
(can be carried out with different subsets of the same dataset) and are expected to give
compatible results (similar estimates of the shape parameter, similar return value estimates,
etc.). The POT/GPD analysis is expected to provide more reliable estimates thanks to its
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more efficient use of the data. However, given that the AM/GEV analysis is rather simple and
fast it is often carried out to get a first idea of the results, and as a global check by comparing
its results with those of the POT/GPD.

4.1 AM/GEV analysis

For each station the 1970-2008 period was considered and in each year for which less than
50% of the data were missing the annual maxima was computed. Annual maxima at a
distance of less than 96h were treated as belonging to the same storm and occurring at the
year of the maximal value. The sample sizes of the time series of annual maxima per station
are given in Table 4.2.

The GEV and the Gumbel (GEV with x = 0) distributions were fitted to the AM samples of U ,
U§ and UF'j . The value k was estimated by fitting the Weibull distribution to the entire hourly
dataset per station, not only to the annual maxima (AM).

Figure 4.1 to Figure 4.3 show the estimates of the GEV shape parameter, x, obtained from
the fits to annual maxima of u,, U§ and UF'j . Estimates between -0.05 and +0.05 are given in

green, those above 0.05 in red and those below -0.05 in blue. The estimates of k are given in
the Figure 4.4. In the figures it can be seen that the estimates from the fit to annual maxima of
U, vary mostly around zero, the respective Figure 4.1 showing the most green digits. On the

other hand, the figure of fit to annual maxima of U§ shows the least green digits and the
shape parameter estimates are higher than those of the other fits.

Table 4.3 gives the GEV shape parameter estimates, associated 95% confidence intervals
and the results of the Anderson-Darling test, for testing the Gumbel versus any other
distribution. The cases for which the null hypothesis was rejected are indicated by 1.

Station Sample size
1IJmuiden 38
Texelhors 34
De Kooy 37
Schiphol 39
De Bilt 39
Soesterberg 39
Leeuwarden 39
Deelen 39
Lauwersoog 39
Eelde 39
Twenthe 38
Cadzand 37
Vlissingen 39
L.E. Goeree 33
Hoek van Holland 39
Zestienhoven 39
Gilze-Rijen 39
Herwijnen 36
Eindhoven 39
Volkel 38
Beek 39
Table 4.2 Sample size of the AM data in the 1970-2008 period.
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Figure 4.1 Shape parameter estimates of GEV fits to U p AM.
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Figure 4.2 Shape parameter estimates of GEV fits to UFZJ AM.
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Figure 4.3 Shape parameter estimates of GEV fits to UE AM (with k as given in Figure 4.4).
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Figure 4.4 Weibull shape parameter k estimates from fits to the whole U b data.

Recall that we consider the power 2 and power k data transformations to try to accelerate the
convergence to a type | tail (in this case Gumbel). Note that the null hypothesis is rejected
only in one station in the U, and in the UF'j AM analysis (just below 5% of the cases) and in

four stations in the U§ AM analysis (about 19% of the cases). From these results it can be
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concluded that data transformations do not, in the cases considered, appear to improve the
convergence to a type | tail, nor does it seem to be needed, since the type | hypothesis
seems to apply to the U, AM data. Furthermore, when applying a power 2 transformation the

tail of the data appears to be closer to the type Il domain (x >0). Indeed, in general the

transformations result in an increase of the shape parameter estimates, the increase being
greater when a power 2 transformation is used (cf. Table 4.3). In the review (Appendix A.1,
Section 3.4) some comments are made on the basic assumptions underlying the use of the
Uy analysis.

It is also interesting to note that in some of the cases in which the null hypothesis is rejected
by the Anderson-Darling test the confidence intervals for the shape parameter still include
zero. This means that an eventual t-test would have been less stringent in terms of rejecting
the null hypothesis of a type I tail than the Anderson-Darling test.

The results presented here are only for the omni-directional case. The complete set of the
GEV shape parameter estimates and the Anderson-Darling statistics are given in tables T.2 of
Appendix B . In addition to the omni-directional analyses, a brief directional analysis has been
performed in the review in Appendix A.1, Section 3.3. There it is concluded that the AM
analysis in terms of U, instead of UF'j or U§, seems appropriate not only for the omni-

directional case, but also for the directional sectors 225°N-255°N, 255°N-285°N, 285°N-315°N
and 315°N-345°N, which are the most important directional sectors with the highest extreme
wind speeds. For the other directional sectors however, with less extreme wind speeds, other
analyses could be more appropriate, leading probably to lower extremes (cf. Table 4.4). It is
concluded though, that the analysis in terms of U, seems sufficiently reliable for the

determination of the HBC.

GEVfitto U, AM GEV fit to UﬁAM GEV fitto U;AM
X AD X AD X AD| k
IJmuiden -0.04 (-0.24, 0.14)| 0 | 0.02 (-0.17, 0.19)] 0 | 0.01 (-0.17, 0.18)| 0|1.88
Texelhors 0.10 (-0.11, 0.27)| 0 | 0.18(-0.05, 0.33)] 0 | 0.18 (-0.05, 0.35)| 0/2.00
De Kooy -0.03 (-0.28, 0.18) | 0 | 0.06 (-0.19, 0.25)] 0 | 0.04 (-0.21, 0.24)| 0]1.82
Schiphol -0.08 (-0.34, 0.15)| 0 | 0.02 (-0.24, 0.25)] 0 |-0.01 (-0.28, 0.22)| 0|1.66
De Bilt -0.01 (-0.24, 0.22)| 0 | 0.10 (-0.09, 0.31)] 0 | 0.07 (-0.14, 0.27)| 0|1.72
Soesterberg | 0.08 (-0.18, 0.29)| 0 | 0.18 (-0.11, 0.37)] 0 | 0.17 (-0.10, 0.36)| 0/1.88
Leeuwarden | 0.17 (-0.02,0.32)| 1 | 0.25(0.06, 0.39)[ 1 | 0.23 (0.05, 0.37)| 1|1.75
Deelen -0.03 (-0.22, 0.17)| 0 | 0.07 (-0.13, 0.26)] 0 | 0.07 (-0.13, 0.25)| 0]1.98
Lauwersoog | 0.06 (-0.21, 0.25)| 0 | 0.14(-0.08, 0.32)[ 0 | 0.13 (-0.13, 0.31)| 0/1.83
Eelde 0.08 (-0.11, 0.26)| 0 | 0.15 (-0.04, 0.33)] 1 | 0.13 (-0.06, 0.31)| 0/|1.68
Twenthe -0.00 (-0.25, 0.21)| 0 | 0.09 (-0.16, 0.29)] 0 | 0.08 (-0.17, 0.28)| 0|1.86
Cadzand -0.05 (-0.30, 0.17)| 0 | 0.02 (-0.21, 0.22)] 0 |-0.00 (-0.25, 0.21)| 0]1.68
Viissingen 0.06 (-0.13, 0.24)| 0 | 0.13(-0.04, 0.29)[ 0 | 0.12 (-0.07, 0.28)| 0|1.73
L.E. Goeree |-0.16 (-0.39, 0.04)| 0 | -0.08 (-0.28, 0.11)] 0 |-0.07 (-0.29, 0.12)] 0]2.15
Hoek van Holland|-0.23 (-0.53, 0.02)| 0 | -0.14 (-0.45, 0.10)| 0 |-0.14 (-0.40, 0.10)| 0[2.03
Zestienhoven | 0.00 (-0.21, 0.20)| 0 | 0.11 (-0.10, 0.29)] 0 | 0.08 (-0.13, 0.27)| 0[1.73
Gilze-Rijen | 0.09 (-0.14, 0.27)| 0 | 0.17 (-0.04, 0.35)| 1 | 0.15 (-0.05, 0.34)| 0[1.73
Herwijnen 0.02 (-0.19, 0.20)| 0 | 0.12(-0.09, 0.30)| 0 | 0.08 (-0.11, 0.25)| 0|1.57
Eindhoven 0.07 (-0.17, 0.28)| 0 | 0.15(-0.08, 0.34)| 1 | 0.13 (-0.08, 0.32)| 0|1.79
Volkel 0.09 (-0.17, 0.30)| 0 | 0.20 (-0.05, 0.41)| 0 | 0.16 (-0.09, 0.37)| 0/|1.63
Beek -0.24 (-0.50, -0.01)| 0 | -0.13 (-0.38, 0.09)| 0 |-0.17 (-0.41, 0.05)| 0|1.61
Average 0.00 0.09 0.07 1.80

Table 4.3

Estimates of x and associated 95% confidence intervals from the fits to omni-directional Up ,

UFZJ and UE AM data. The Anderson-Darling test results are also provided as well as the shape

parameter k of the Weibull distribution fitted to the whole U b data.
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Figure 4.5 shows the 10,000-yr return value estimates obtained from the GEV fitto U, AM.

Figure 4.6 to Figure 4.8 show the 10,000-yr return value estimates obtained by a Gumbel fit to
U,, U2 and U; AM data, respectively.

Although the assumption of a type | tail seems to be valid for the considered U, data, given

the large uncertainty associated with the estimates the differences between the GEV and
Gumbel estimates based on fits to U can be rather large. The GEV estimates are quite noisy

and show an unrealistic (in terms of physical arguments, although not statistically significant)
spatial variation of the 10,000-yr return value estimates. Especially extremely high 10,000-yr
return values at the northern and south-eastern stations, varying between 40 and 60 m/s, and
a quite low 10,000-yr return value (and shape parameter estimate) for the Hoek van Holland
station. Such noisy (highly uncertain) estimates are not desirable in the further inference of
hydraulic boundary conditions. For the inference of the hydraulic boundary conditions, it is
desirable that there be some robustness/smoothness in the spatial variation of the estimates
since they need to be further interpolated.

Fixing a talil of type | it can be concluded that the 10,000-yr return value estimates obtained by
a Gumbel fitto U are typically 10-20% larger than the estimates obtained by a Gumbel fit to

U?Z and to a lesser extent than the estimates obtained by a Gumbel fitto U AM, cf. Table 4.4

Such differences are to be expected given that the GEV shape parameter estimates for the
transformed data are generally greater than zero (cf. Figure 4.1), meaning that when
assuming a type | tail the extremes are underestimated. The underestimation being larger the
bigger the (positive) shape parameter estimate.
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Figure 4.5 10,000-yr return value estimates of the GEV fit to U p AM data.

Extreme wind statistics for the inference of the hydraulic boundary conditions for the Dutch primary water 25
defences



29 September 2009, final D e l ta fe S

Gumbel fit to Up

>40

38-40
36-38
34-36
32-34
30-32
28-30

Latitude

26-28
24-26
22-24
20-22
18-20

<18

1
35 4 45 5 5.5 6 6.5 7 7.5
Longitude

Figure 4.6 10,000-yr return value estimates of Gumbel fits to U » AM data.
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Figure 4.7 10,000-yr return value estimates of Gumbel fits to U§ AM data.
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Latitude

Figure 4.8

Table 4.4

Gumbel fit to U';

4.5 5 5

I
5

Longitude

6 6.5

10,000-yr return value estimates of Gumbel fits to U'; AM data.

7.5

Gumbel fit to U, AMGumbel fit to U 2 AMGumbel fit to U ; AM

10,000-yr rv (m/s) rl\? '(?no/g)yrdiffzfelﬁtc“e/grlx? k%gg)yrdiﬁzfelﬁtc“elg

IImuiden 35.1 32.2 -8.3% 32.4 -7.7%
Texelhors 39.1 35.0 -10.5% 35.0 -10.5%
De Kooy 38.5 341  -11.4% 34.7 -9.9%
Schiphol 37.5 32.6 -13.1% 33.8 -9.9%
De Bilt 33.3 273  -18.0% 28.5  -14.4%
Soesterberg 30.4 26.8 -11.8% 271  -10.9%
Leeuwarden 36.1 323  -10.5% 33.0 -8.6%
Deelen 35.6 30.00 -15.7% 30.1 -15.4%
Lauwersoog 35.0 31.8 -9.1% 32.2 -8.0%
Eelde 32.7 29.3  -10.4% 30.1 -8.0%
Twenthe 33.5 28.5 -14.9% 28.9 -13.7%
Cadzand 37.1 33.1 -10.8% 34.1 -8.1%
Vlissingen 35.1 31.6] -10.0% 32.3 -8.0%
L.E. Goeree 36.0 317 -11.9% 313  -13.1%
Hoek van Holland 35.8 31.8 -11.2% 31.7 -11.5%
Zestienhoven 37.3 320 -14.2% 33.1 -11.3%
Gilze-Rijen 32.0 28.00 -12.5% 28.8  -10.0%
Herwijnen 37.9 323  -14.8% 34.2 -9.8%
Eindhoven 30.6 271  -11.4% 27.6 -9.8%
Volkel 33.6 28.8  -14.3% 30.2]  -10.1%
Beek 35.1 29.4 -16.2% 311 -11.4%
Average -12.4% -10.5%

10,000-yr return value estimates from Gumbel fits to U, Us and U'; AM data.
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Figure 4.9 presents for four stations (2 coastal stations and 2 inland stations) the omni-
directional return value plot of the fits considered. The full lines give the return value
estimates and the dashed lines the associated 95% confidence intervals. The horizontal lines
when present indicate an eventual upper-limit of the GEV fit. The omni-directional return value
plots of all the stations are given in a larger format in figures F.2 in Appendix C.
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Figure 4.9 Return value plot with Gumbel (blue) and GEV (black) fit to U b Gumbel fit to U ; (red) and

Gumbel fit to U E (green) AM data. The dashed lines are the associated adjusted bootstrap 95%
confidence intervals. The AM data are represented by the asterisks, with plotting positions
n+l g,
0 -
n+l-i:

3
2%
¢

In Figure 4.9 it can be seen that, as expected, given the extra parameter, the GEV generally
fits the data better. The Gumbel fits to U generally follow the data well. The Gumbel fits to

U§ and UF'j do not differ much from each other, only for Eelde, the station for which k deviates

more from 2 (cf. Table 4.3), can the red and green full lines be clearly identified. Furthermore,
the Gumbel fits to U§ and UF'j generally underestimate the highest observed storms. Hoek

van Holland is the only station for which a type lll tail (a GEV with x<0) is inferred and the
Gumbel fits to U§ and UF'j seem to follow the data better than the other fits.

Comparing the return values lines in Figure 4.9 of the GEV fits (full black lines) to the Hoek
van Holland and Soesterberg u, AM data, it is clear that the lines cross each other. On the

7. In the review (Appendix A.1, Section 3.3) some remarks are made concerning the plotting
positions used.
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other hand, if a type | tail is assumed in both stations (full blue lines) that is no longer the
case.

4.2 POT/GPD analysis

421

Having presented the results of the AM/GEV analysis we now present the results of the
POT/GPD approach. The results of this approach are in principle more reliable since more
storm peaks are considered. Also, as said by De Haan and Zhou (2009); “By choosing the
threshold in an intelligent way, either by visual inspection or by using a theoretically justified
threshold selection procedure, it is possible to improve the tail estimation substantially. The
AM/GEV approach has no room for this improvement since the year is usually the only
realistic time period one can consider”.

Choice of threshold

We have used the threshold stability property mentioned in Section 2.2.2 to choose the most
appropriate threshold for selecting a sample of peak excesses and fitting the GPD and the
exponential distribution to it. More precisely, we have looked for threshold values around
which the estimate of the shape parameter shows the least variation (cf. Section 2.2.2).
Because we are also interested in choosing a threshold for which the GPD shape parameter
is close to zero, we have also looked for a threshold within the stable region that would yield
the shape parameter estimate closer to zero. We have tried to automatize such a choice of
the threshold using the following procedure:

1 POT samples with at least 10 and at most 300 peaks are collected by systematically
decreasing the threshold, and for each of these samples GPD fits are obtained. Note
that if there is a POT sample with, say, 20 peaks, does not mean that there is also a
POT sample with 19 peaks, since different peaks may have the same value and even a
small increase of the threshold can eliminate more than one of the peaks collected at a
lower threshold.

2 For each sample size n, a set of parameter estimates based on sample sizes ranging
from n-I to n+l peaks, where | is some fixed value (see below), are obtained, and the
standard deviation (v) and the mean of the absolute values (a) of such a set of estimates
is computed. In the case of the shape parameter, for example, this procedure yields one
standard deviation for each value of n, and each standard deviation quantifies the
variability of the parameter estimates around a ‘window’ of 2l+1 sample sizes
(21+1=(n+1)-(n-N)+1).

3 The threshold, or sample size n, that is then by this procedure suggested for the
inference is the one yielding the smallest v+a value computed in bullet 2.

Several tests were carried out to determine the best choice of the window size on which the
standard deviations of the second bullet are computed. 1=10 turned out to be the best: using
about 21 (2I+1 for 1=10) estimates, the automatically determined threshold coincides often
with the one that we would have chosen by visual inspection of plots like those in Table 4.5.
In most cases the results are resistant against changes in | for | between 10 and 15. With
larger values of | the threshold chosen is often too low.

Following this procedure all threshold plots were visually inspected and the threshold was
adjusted where deemed necessary.
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Analysis

Figure 4.10 shows the threshold plot for the omni-directional POT/GPD analysis of the
IJmuiden and Deelen U, U§ and UF'j POT data. The GPD shape parameter estimates based

on the U, data are given in blue, those based on the U§ data are given in red and those
based on the UF'j data given in green. As noted in the AM/GEV analysis, the data

transformation results always in an increase of the shape parameter estimate, which not
always implies a faster convergence to a shape parameter of zero. In fact, if we look at the
Deelen threshold plot in the stable region no shape parameter close to zero can be found in
the GPD fits to the U§ and UF'j POT data. The vertical lines in the figures indicate the

threshold suggested by the automatic procedure described above using the U POT data.

Iy i-directional
oE 243 210 165 138 I%'?e"o‘mnég'rec'fma 61

17
fr. peaks

wr -0.5 -

+  Fitto U2 Fitto UK, k=1.88 —s+— Fitto U
P P P
_1 5 fhreshold (m) | l I 1 I I I I \ I
16.5 17 17.5 18 185 19 19.5 20 20.5 21 215
Deelen omni-direction:
04, 256 192 149 120 92 7% jrectiong] 25 17
: ‘ J J ‘ nr. peaks
0. 29: ¥ ol o ® W 3¢
E M*%I
ol
ur '%
02
04k
+ Fitto U? Fitto UK, k=1.98 —s+— Fitto U
P p P
08 threshold (m) | T T T T |
12 13 14 15 16 17 18

Figure 4.10

k

Variation of the GPD shape parameter with the threshold for fits to U | (blue) UFZJ (red)and U,

(green) POT data from 1IIJmuiden (top panel) and Deelen (bottom panel). The vertical line
indicates the threshold chosen for further inference.

As was also concluded in the AM/GEV omni-directional analysis the power 2 and power k
transformations do not yield the intended accelerated convergence to a type | tail distribution.
The power transformations always result in an increase of the GPD shape parameter,
independently of the original value. We have therefore decided to fix the threshold solely on
the basis of the U, data analysis. For illustration, the variation of the 10,000-yr return value

estimates with the threshold for Exponential and GPD fits to the considered U, POT data is
given in Figure 4.11.
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The threshold plots of the Ijmuiden and Deelen stations were chosen to be presented here
because they provide illustrative examples, the conclusions taken form these plots are
general and supported by the all the other plots. Figures F.3 in Appendix C present in a larger
format all omni-directional threshold plots. When present, the red vertical lines in the plots
indicate whether a different threshold was chosen by visual inspection for compiling the final
POT sample (there were no different thresholds chosen in the examples presented in Figure
4.10).
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Figure 4.11 Variation of the 10,000-yr return value estimates with the threshold for Exponential (red) and

GPD (blue) fits to U , POT data from IIJmuiden (top panel) and Deelen (bottom panel).
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Station \ Sector | omni-directional
IJmuiden -0.01 (-0.24, 0.18)

Texelhors 0.01 (-0.21, 0.19)
De Kooy -0.00 (-0.20, 0.16)
Schiphol -0.01 (-0.27, 0.19)
De Bilt 0.00 (-0.17, 0.15)
Soesterberg -0.02 (-0.17, 0.14)
Leeuwarden 0.00 (-0.19, 0.16)
Deelen -0.00 (-0.18, 0.17)
Lauwersoog -0.01 (-0.16, 0.13)
Eelde -0.00 (-0.23, 0.18)
Twenthe 0.00 (-0.21, 0.18)
Cadzand -0.02 (-0.20, 0.15)
Vlissingen -0.00 (-0.22, 0.18)

L.E. Goeree 0.02 (-0.17, 0.19)

Hoek van Holland{ -0.05 (-0.27, 0.15)

Zestienhoven 0.00 (-0.17, 0.15)

Gilze-Rijen -0.02 (-0.18, 0.12)
Herwijnen -0.00 (-0.23, 0.20)
Eindhoven -0.01 (-0.20, 0.16)
Volkel 0.01 (-0.19, 0.18)
Beek 0.00 (-0.23, 0.19)

Station \ Sector 345°N :15°N 15°N : 45°N 45°N : 75°N 75°N : 105°N 105°N : 135°N 135°N : 165°N
1Jmuiden 0.00 (-0.22, 0.20) | 0.02 (-0.18, 0.18) | -0.04 (-0.36, 0.23) | -0.01 (-0.22, 0.16) | 0.00 (-0.20, 0.18) | 0.01 (-0.14, 0.14)
Texelhors -0.06 (-0.41, 0.22) | 0.01 (-0.15, 0.15) | 0.00 (-0.21, 0.18) | -0.01 (-0.17, 0.13) | 0.02 (-0.16, 0.19) | -0.00 (-0.17, 0.16)
De Kooy 0.01 (-0.23, 0.21) | -0.00 (-0.24, 0.22) | 0.01 (-0.20, 0.20) | 0.01 (-0.19, 0.18) | 0.01 (-0.28, 0.26) | 0.06 (-0.22, 0.30)
Schiphol -0.00 (-0.15, 0.14) | -0.01 (-0.24, 0.21) | 0.02 (-0.15, 0.17) | -0.02 (-0.26, 0.17) | 0.01 (-0.15, 0.14) | -0.06 (-0.30, 0.15)
De Bilt 0.01 (-0.30, 0.27) | 0.01 (-0.16, 0.18) | -0.01 (-0.24, 0.18) | -0.04 (-0.21, 0.14) | 0.01 (-0.22, 0.20) | -0.00 (-0.23, 0.18)
Soesterberg | -0.01 (-0.18, 0.13) | 0.01 (-0.19, 0.17) | -0.00 (-0.26, 0.20) | -0.06 (-0.34, 0.17) | 0.03 (-0.19, 0.22) | -0.05 (-0.25, 0.12)
Leeuwarden 0.02 (-0.16, 0.16) | -0.00 (-0.21, 0.19) | 0.00 (-0.36, 0.30) | -0.01 (-0.24, 0.17) | 0.02 (-0.24, 0.23) | 0.00 (-0.15, 0.14)
Deelen 0.00 (-0.24, 0.21) | -0.00 (-0.22, 0.19) | -0.04 (-0.29, 0.18) | 0.00 (-0.19, 0.17) | 0.01 (-0.35, 0.29) | 0.01 (-0.23, 0.19)
Lauwersoog | -0.01 (-0.19, 0.14) | -0.01 (-0.23, 0.17) | -0.02 (-0.23, 0.17) | -0.02 (-0.33, 0.25) | 0.03 (-0.27, 0.26) | 0.02 (-0.24, 0.22)
Eelde -0.00 (-0.15, 0.14) | 0.03 (-0.21, 0.20) | 0.02 (-0.19, 0.19) | 0.01 (-0.18, 0.17) | -0.04 (-0.30, 0.17) | -0.00 (-0.20, 0.15)
Twenthe -0.01 (-0.19, 0.16) | -0.03 (-0.23, 0.16) | 0.02 (-0.15, 0.18) | -0.01 (-0.18, 0.16) | -0.01 (-0.17, 0.13) | 0.02 (-0.23, 0.21)
Cadzand 0.02 (-0.29, 0.26) | 0.03 (-0.17, 0.19) | -0.04 (-0.26, 0.16) | 0.03 (-0.22, 0.24) | 0.01 (-0.18, 0.17) | 0.00 (-0.16, 0.15)
Vlissingen -0.00 (-0.17, 0.14) | -0.03 (-0.37, 0.25) | -0.04 (-0.27, 0.17) | 0.01 (-0.17, 0.17) | -0.00 (-0.24, 0.20) | -0.03 (-0.27, 0.17)
L.E. Goeree | -0.02 (-0.22, 0.17) | -0.03 (-0.29, 0.18) | 0.01 (-0.16, 0.15) | 0.03 (-0.34, 0.33) | -0.01 (-0.19, 0.16) | -0.03 (-0.29, 0.22)

Hoek van Holland| -0.02 (-0.33, 0.22) | -0.01 (-0.24, 0.20) | -0.03 (-0.25, 0.16) | -0.03 (-0.24, 0.15) | -0.00 (-0.23, 0.19) | -0.02 (-0.22, 0.16)

Zestienhoven | -0.04 (-0.24, 0.12) | -0.04 (-0.21, 0.11) | -0.02 (-0.36, 0.24) | -0.01 (-0.21, 0.15) | -0.01 (-0.23, 0.17) | -0.03 (-0.24, 0.14)
Gilze-Rijen 0.00 (-0.17, 0.16) | 0.00 (-0.19, 0.18) | -0.03 (-0.30, 0.21) | -0.04 (-0.24, 0.13) | -0.01 (-0.21, 0.16) | 0.02 (-0.15, 0.16)
Herwijnen -0.01 (-0.20, 0.16) | -0.02 (-0.20, 0.15) | -0.02 (-0.21, 0.15) | 0.02 (-0.20, 0.21) | 0.01 (-0.21, 0.19) | 0.01 (-0.23, 0.23)
Eindhoven 0.00 (-0.16, 0.16) | -0.00 (-0.17, 0.14) | -0.01 (-0.21, 0.15) | -0.01 (-0.19, 0.15) | 0.06 (-0.24, 0.31) | -0.01 (-0.18, 0.14)
Volkel 0.02 (-0.16, 0.16) | -0.02 (-0.21, 0.14) | -0.01 (-0.30, 0.24) | 0.05 (-0.19, 0.24) | 0.01 (-0.39, 0.31) | 0.06 (-0.10, 0.19)
Beek -0.04 (-0.20, 0.08) | 0.04 (-0.11, 0.19) | 0.05 (-0.25, 0.25) | -0.04 (-0.22, 0.13) | 0.00 (-0.27, 0.22) | -0.02 (-0.17, 0.12)

Station \ Sector 165°N : 195°N 195°N : 225°N 225°N : 255°N 255°N : 285°N 285°N : 315°N 315°N : 345°N
IJmuiden -0.02 (-0.27, 0.19) | -0.01 (-0.22, 0.18) | -0.02 (-0.23, 0.15) | -0.01 (-0.27, 0.18) | -0.00 (-0.31, 0.23) | -0.05 (-0.29, 0.15)
Texelhors 0.01 (-0.19, 0.18) | -0.01 (-0.19, 0.15) | 0.02 (-0.13, 0.15) | -0.03 (-0.21, 0.12) | 0.00 (-0.36, 0.27) | 0.01 (-0.21, 0.21)
De Kooy -0.01 (-0.28, 0.23) | 0.01 (-0.44, 0.32) | -0.01 (-0.37, 0.28) | -0.01 (-0.29, 0.20) | -0.10 (-0.48, 0.19) | 0.00 (-0.24, 0.21)
Schiphol 0.00 (-0.23, 0.20) | 0.01 (-0.19, 0.18) | -0.01 (-0.30, 0.23) | 0.01 (-0.23, 0.20) | -0.11 (-0.44, 0.16) | -0.01 (-0.25, 0.21)
De Bilt -0.01 (-0.19, 0.16) | 0.02 (-0.22, 0.22) | -0.01 (-0.19, 0.14) | -0.01 (-0.16, 0.13) | -0.00 (-0.31, 0.23) | -0.01 (-0.20, 0.16)
Soesterberg | -0.04 (-0.30, 0.18) | 0.01 (-0.16, 0.16) | -0.01 (-0.26, 0.21) | 0.01 (-0.15, 0.15) | 0.02 (-0.16, 0.17) | -0.01 (-0.20, 0.15)
Leeuwarden 0.00 (-0.23, 0.21) | 0.01 (-0.23, 0.21) | 0.01 (-0.22, 0.20) | -0.01 (-0.28, 0.22) | -0.01 (-0.42, 0.30) | -0.04 (-0.30, 0.18)
Deelen -0.00 (-0.16, 0.15) | -0.07 (-0.25, 0.07) | -0.01 (-0.21, 0.16) | -0.02 (-0.17, 0.12) | -0.01 (-0.22, 0.15) | 0.01 (-0.24, 0.22)
Lauwersoog | -0.06 (-0.28, 0.14) | -0.01 (-0.18, 0.14) | 0.03 (-0.19, 0.21) | -0.01 (-0.23, 0.19) | 0.00 (-0.21, 0.19) | 0.01 (-0.25, 0.23)
Eelde -0.00 (-0.16, 0.14) | 0.01 (-0.19, 0.19) | 0.02 (-0.16, 0.20) | 0.01 (-0.19, 0.17) | -0.01 (-0.20, 0.15) | -0.01 (-0.21, 0.16)
Twenthe -0.01 (-0.22, 0.17) | 0.03 (-0.20, 0.20) | 0.00 (-0.19, 0.17) | 0.00 (-0.17, 0.16) | -0.01 (-0.21, 0.16) | -0.00 (-0.17, 0.13)
Cadzand -0.05 (-0.22, 0.11) | -0.01 (-0.27, 0.20) | 0.05 (-0.24, 0.28) | -0.01 (-0.25, 0.19) | -0.02 (-0.17, 0.12) | -0.01 (-0.22, 0.16)
Vlissingen 0.01 (-0.20, 0.19) [ -0.01 (-0.22, 0.18) | -0.01 (-0.29, 0.18) | -0.01 (-0.25, 0.19) | -0.01 (-0.26, 0.20) | -0.01 (-0.20, 0.16)
L.E. Goeree | 0.02 (-0.31, 0.30) | 0.04 (-0.11, 0.19) | 0.01 (-0.19, 0.17) | 0.03 (-0.16, 0.21) | -0.13 (-0.40, 0.11) | -0.02 (-0.19, 0.14)

Hoek van Holland| -0.00 (-0.24, 0.20) | -0.06 (-0.34, 0.16) | -0.02 (-0.31, 0.19) | -0.02 (-0.36, 0.23) | -0.01 (-0.20, 0.17) | 0.02 (-0.37, 0.31)

Zestienhoven | 0.00 (-0.18, 0.15) | -0.04 (-0.30, 0.18) [ 0.00 (-0.15, 0.15) | -0.01 (-0.22, 0.17) [ 0.03 (-0.27, 0.25) | 0.02 (-0.17, 0.18)
Gilze-Rijen -0.03 (-0.20, 0.11) | -0.00 (-0.16, 0.14) | -0.00 (-0.26, 0.20) | 0.00 (-0.19, 0.18) | -0.02 (-0.27, 0.20) | -0.02 (-0.19, 0.12)
Herwijnen 0.00 (-0.17, 0.16) | 0.00 (-0.31, 0.24) | 0.02 (-0.29, 0.27) | -0.02 (-0.27, 0.18) | -0.01 (-0.24, 0.19) | 0.00 (-0.14, 0.12)
Eindhoven 0.03 (-0.15, 0.20) | -0.09 (-0.27, 0.06) | -0.02 (-0.22, 0.15) | -0.00 (-0.24, 0.20) | -0.05 (-0.32, 0.17) | -0.01 (-0.19, 0.14)
Volkel -0.01 (-0.17, 0.13) | 0.00 (-0.24, 0.19) | 0.00 (-0.15, 0.14) | 0.05 (-0.17, 0.24) | -0.02 (-0.21, 0.14) | 0.02 (-0.14, 0.16)
Beek -0.02 (-0.20, 0.13) | -0.01 (-0.21, 0.17) | -0.07 (-0.37, 0.16) | 0.02 (-0.11, 0.14) | -0.00 (-0.19, 0.17) | 0.01 (-0.18, 0.19)

Table 4.5 Estimates of the GPD shape parameter and associated 95% confidence intervals.

Table 4.5 presents the shape parameter estimates of the GPD fits to the U, POT data. The

Gomes and Monfort (1986) exponential-versus-GPD test was used and there were zero
rejections of the exponential at a 5% level when applying the test to the U POT data. When

applying the test to the Ug and Uﬁ POT data the hypothesis was rejected for 12 (~4%) and
25 (~9%) of the 273 considered samples (21 stations * (1 omni-directional+12 sectors)),
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respectively. The hypothesis is therefore only rejected for more than 5% of the samples in the
Uﬁ case. That a type | tail is a good approximation for the U POT data is not surprising.

First, that was also the case for the U 0 AM data. Second, in this analysis we have also tried

to chose a threshold that would yield, when possible, a GPD shape parameter estimate close
to zero.

Texelhors Eelde

Up (m/s)

Return period in years Return period in years

HoekvanHolland Soesterberg

10" 10° 10* 10 10° 10*
Return period in years Return pericd in years
Figure 4.12 Return value plot with Exponential (blue) and GPD (black) fit to U b Exponential fit to Ui (red)

and Exponential fit to U E (green) POT. The dashed lines are the associated adjusted bootstrap

95% confidence intervals. The POT data are represented by the asterisks, with plotting positions

(x.(n+1)/(I(n+1-i))).

Figure 4.12 shows, for the same stations shown in Figure 4.9, the return value plot of the
considered fits to the POT data. It shows that, as expected, the fit with no constrains to the
tail, i.e. the GPD fit, generally follows the data better. The exponential fits to U do not differ

much from the GPD fits and also depict the data well. The exponential fits to U§ and UF'j do

not differ much from each other and, except for Hoek van Holland, underestimate the highest
storms. Again, for Hoek van Holland a type Il tail seems to depict the data better.

Comparing the return value lines of the GPD fits to the Hoek van Holland and Soesterberg U

POT data, the lines do still cross each other, but only at a return value of about 4,000 years. If
a type | tail is assumed in both stations the lines do not cross each other.

The return value plots all the stations are given in a larger format in figures F.4 in Appendix C,
which also include the fits per directional sector.
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Figure 4.13 Potential wind speed 10,000-yr return value estimates in m/s. GPD (top) and exponential

(bottom) fit to omni-directional POT data.

Figures F.5 in Appendix C show comparisons between Schiphol and all other stations GPD
and exponential fits to the selected POT data. The empirical distribution of all peaks above 6
m/s are shown in the figures. From comparisons between all stations it can be said that in
general when fixing the tail at type I (exponential fits to U ) there is no crossing of the return

value lines of land and coastal stations for offshore wind. When fitting the GPD, the small
deviations of the shape parameter from zero lead to crossings in some cases.
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Figure 4.13 shows the 10,000-yr return value estimates obtained by the GPD and by the
exponential fit to the U, POT data. Overall the differences between the exponential and the

GPD estimates are not significant (for the omni-directional case the maximal difference
between the GPD and the exponential 10,000-yr return value estimates is 9% and the mean
difference -1.2%, cf. Table 4.6). The spatial distribution of both estimates is also rather similar.
However, the GPD estimate for Hoek van Holland is rather low in comparison with the
corresponding estimates for inland stations. The pattern of the exponential estimates looks
rather plausible and is quite similar to the pattern defined by Wieringa and Rijkoort (1983)
which is based partially on expert judgment. There is a Northwest/Southwest (coast/land)
gradient, with a hump in the region of the large rivers. l.e. the 10,000-yr return value
estimates for the stations located close to the Rhine and Meuse rivers are close to those of
the coast stations.

Table 4.6 compares the omni-directional 10,000-yr return value estimates from Exponential
and GPD fits to u,,POT data and Gumbel fits to U, AM data. The small differences between

the estimates testifies to the compatibility of the different analysis.

Exponential fitto U, POT|GPD fitto U POT |Gumbel fitto U AM
10,000-yr 10,000-yr| Relative10,000-yr; Relative
rv (m/s) rv (m/s) |differenceslrv (m/s) (differences
IIJmuiden 35.6 34.9 -2.0%| 35.1 -1.4%
Texelhors 38.8 39.3 1.3% 39.1 0.8%
De Kooy 38.4 38.0 -1.0% 38.5 0.3%
Schiphol 35.7 35.0 -2.0%| 37.5 5.0%
De Bilt 31.4 314 0.0% 33.3 6.1%
Soesterberg 34.0 32.5 -4.4% 30.4 -10.6%
Leeuwarden 37.8 38.2 1.1% 36.1 -4.5%
Deelen 34.2 33.9 -0.9%| 35.6 4.1%
Lauwersoog 36.3 35.7 -1.7%| 35.0 -3.6%
Eelde 34.5 34.4 -0.3%| 32.7 -5.2%
Twenthe 34.2 34.6 1.2%| 335 -2.0%
Cadzand 375 35.9 -4.3%| 37.1 -1.1%
Vlissingen 35.3 35.0 -0.8%| 35.1 -0.6%
L.E. Goeree 35.7 37.7 5.6% 36.0 0.8%
Hoek van Holland 34.9 31.7 -9.29% 35.8 2.6%
Zestienhoven 35.9 36.0 0.3% 37.3 3.9%
Gilze-Rijen 33.0 31.0 -6.1%| 32.0 -3.0%
Herwijnen 36.4 36.3 -0.3% 37.9 4.1%
Eindhoven 31.0 30.0 -3.2%| 30.6 -1.3%
Volkel 33.4 33.9 1.5% 33.6 0.6%
Beek 32.7 32.8 0.3% 35.1 7.3%
Average -1.2% 0.1%
Table 4.6 10,000-yr return value estimates from Exponential and GPD fits to U Pt POT data and Gumbel

fits to U » AM data.

According to hypothesis tests carried out a type | tail is justified. Furthermore, the spatial
coherence and smoothness of the exponential estimates is in line with the expectation of
experts about the spatial variation of wind extremes. For these reasons it was decided to use
the POT/exponential estimates as final estimates. Given that the convergence of the U data

to a type | tail does not seem in need of improvement, it was further decided not to transform
the data. The omni-directional and directional final model estimates are described in Chapter
5. The full model parameters are given in tables T.3 in Appendix B.
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It is, however, important to note that the given 95% confidence intervals do not account for
the uncertainty pertaining to the choice of the exponential instead of the GPD distribution. For
the estimates given in Table 4.6 the 95% confidence intervals associated with the exponential
estimates have an amplitude of about 20% of the estimate, whereas the 95% confidence
intervals associated with the GPD estimates are five times wider. The real uncertainty of the
estimates provided here is thought to be somewhere between these two values.

Seasonal variability

The analysis presented so far has been based on the entire yearly period. However, the
frequency of storms varies throughout the year, the most extreme months being the winter
months. Figure 4.14 shows the distribution of extreme values per month in each of the 21
stations. January is the month with the largest percentage of storms and, as expected, the
summer months have the lowest percentage of storms. This shows that the process of
exceedences within a year is not homogeneous, and one may wonder to what extent the
violation of the homogeneity assumption may affect the results.

Annual maxima
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Figure 4.14 Monthly percentage of U » AM and highest POT data.

Table 4.7 shows 10,000-yr return value estimates obtained by fitting the exponential
distribution to peak excesses of U, data from two coastal and two land stations. Three

different sets of estimates are shown: one based on the data from the whole year, another
based on data from January and February, and a third based on data from November and
December. As expected, the largest two-monthly estimates are those from the January-
February period. Moreover, these are also slightly largerband systematicallybthan the current
estimates based on the data from the entire year. However, the differences between taking
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the entire year and only the more extreme January-February period, being approximately 1
m/s for the two coastal stations and less than 0.5 m/s for the landstations, do not appear to be
significant in view of the statistical uncertainty of the estimates.

Entire year| January to February]  November to December|
IJmuiden| 35.6 ( 32.9, 38.5) 36.8 (32.5, 41.3) 32.8 (130.0, 36.1)
Texelhors| 38.8 (35.4, 42.6) 39.6 (33.5, 46.0) 37.8 (33.6, 43.0)
Schiphol| 35.7 (32.4, 39.3) 36.1 (30.8, 42.2) 32.2 (28.4, 36.5)
Soesterberg  34.0 (31.3, 36.9) 34.2 (29.4, 39.7) 33.0 (29.2, 37.0)
Table 4.7 10,000-yr return value estimates from exponential fits to U , POT data from the whole year,

January and February and November and December.

Entire year October to May

% available datalActual nr. yr§% available datalActual nr. yrs
ljmuiden 95.20% 37.13 95.10% 37.08
Texelhors 85.30% 33.26) 85.20% 33.22
De Kooy 93.90% 36.61] 94.00% 36.66)
Schiphol 97.30% 37.94 97.70% 38.12
De Bilt 96.00% 37.45 96.70% 37.72,
Soesterberg 94.80% 36.98 95.20% 37.12
Leeuwarden 98.50% 38.40 98.70% 38.51]
Deelen 94.50% 36.85 95.30% 37.15
Lauwersoog 98.50% 38.42 98.50% 38.42
Eelde 96.40% 37.61] 97.00% 37.85
Twenthe 92.20% 35.97| 93.20% 36.34
Cadzand 92.00% 35.89 91.40% 35.63
\Vlissingen 99.40% 38.76) 99.50% 38.80,
L.E. Goeree 80.00% 31.22 79.20% 30.88
Hoek van Holland 98.50% 38.41] 98.50% 38.41]
Zestienhoven 95.50% 37.26) 96.40% 37.58
Gilze-Rijen 96.90% 37.80, 97.30% 37.96)
Herwijnen 88.30% 34.42, 88.30% 34.42,
Eindhoven 96.80% 37.76 97.30% 37.95
\Volkel 93.00% 36.26) 93.90% 36.60,
Beek 97.00% 37.83 97.50% 38.01]

Table 4.8 Percentage of available data and actual number of years considering gaps throughout the entire

year and only throughout the October-May period.

Contrary to what was done in the AM analysis, data from years with several gaps were also
included in the POT analysis, the gaps being accounted for in the yearly cluster rate. Given
that gaps in the June-September period will hardly contribute to the POT sample, the gaps in
these summer months were ignored. Table 4.8 shows the actual number of years of data
available in the 21 stations that results from ignoring and not ignoring the existence of gaps in

the summer months. The estimates of [, using the corresponding figures for the actual

number of years do not differ critically. The effect of using one [, estimate instead of the
other in the 10,000-yr return values estimates being less than 0.01 m/s.
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4.3 Climate change and sampling variability

43.1

Trends

In order to check the stationarity of the data, linear fits were preformed to the annual mean
and annual maxima time series. The standard Mann-Kendall non-parametric test was used to
identify the significant resultsbnamely the existence of trendsbat a 5% level. Furthermore, the
POT data was modelled using a non-homogeneous Poisson process (NPP) with linear trends
in time in the location parameter (cf. Eg. (2.11)) and likelihood ratio test was used to identify
the significant results at a 5% level. The identified significant trends are presented in Table
4.9.

Note that the obtained linear trends in the NPP location parameter imply trends in the m-year
return values, which are in absolute value independent of m, cf. Eq. (2.9). Therefore the
trends given in Table 4.9 can be interpreted as trends in the 1-year return values and directly
comparable with the identified trends in the AM data.

In 10 of the considered stations, trends were identified in the extremes. Generally when
trends are found they are present in the annual mean, annual maxima and POT data. In all
cases, besides for the L.E. Goeree case, the identified trends are negative. The larger trends
are found in the AM data and the lower in the annual mean data.

For two of these stations, Texelhors and Cadzand, linear trends in the scale parameter of the
NPP model were also identified (cf. Eq. (2.10)). Analysing the data from this stations it seems
that the considered linear models in time are not good models for the found variations. The
data seems to be inhomogeneous due to changes (jumps) in the mean. Figure 4.15 shows
the Texelhors and Cadzand AM and the identified trends in the annual maxima. It looks like
that different periods with different means seem to explain better the time variations in the AM
data than the identified negative trend in time.

Station Annual mean|Annual maxima POT
cm/slyr| % |cm/slyr| % |cm/slyr| %
IIJmuiden 225/ 1.0 [0.15| bb bb bb bb
Texelhors 229 -1.7 |-0.25| -12.2 |-0.56| -5.4 |-0.27
De Kooy 235/ -1.0 |-0.17| -11.3 |-0.54| -6.1 |-0.32
Schiphol 240| bb bb bb bb bb bb
De Bilt 260 bb | bb | -11.3 |-0.73| -6.6 |-0.49

Soesterberg 265/ bb | bb bb bb bb | bb
Leeuwarden 270( -1.2 |-0.23| -12.2 |-0.62| -3.0 |-0.17

Deelen 275| -2.6 |-0.56| -8.3 |-0.48| -4.2 |-0.27
Lauwersoog 277| -1.0 |-0.15| bb bb bb | bb
Eelde 280 bb | bb bb bb | bb | bb
Twenthe 290 bb | bb bb bb | bb | bb
Cadzand 308| -4.0 |-0.65| -11.7 |-0.57| -6.7 |-0.36
Vlissingen 310] bb | bb bb bb | bb | bb
L.E. Goeree 320 3.6 | 054 119 |0.61 ]| 11.3 |0.62

Hoek van Holland|330| bb bb bb bb bb | bb
Zestienhoven 344| -1.8 |-0.36/] bb bb -2.4 |-0.15

Gilze-Rijen 350| -1.9 |-0.43| -9.8 |-0.60| -6.0 |-0.43
Herwijnen 356| -1.3 |-0.30] bb bb | bb | bb
Eindhoven 370, -2.4 |-0.54| -7.1 |043| -4.7 |-0.31
Volkel 375 bb | bb bb bb bb | bb
Beek 380| bb | bb bb bb bb | bb
Table 4.9 Trends in the potential wind annual mean, annual maxima and POT data. Only the trends that

were found significant at a 5% level are shown.
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Figure 4.15 Trends in the annual maxima.

Figures F.1 in Appendix C show for completeness plots as those in Figure 4.15 for each
station.

We cannot with certainty point out what is the origin of the detected trends. They seem to lack
spatial consistence (e.g. significant trends are found in the De Bilt data, but no significant
trends are found in the Soesterberg data, cf. Table 4.9). The analysis in Section A.1,
however, notes that (although not all significant at a 5% level) they are negative for all
stations besides L.E. Goeree. In principle the identified trends can have multiple origins, for
instance, they can be due to inhomogeneities as a result of variations in measuring practice,
local and meso roughness or climate change. This makes correcting for them rather difficult.
Furthermore, it cannot be assumed that these trends will persist, and with the magnitudes
identified here, in the future, therefore affecting the considered stationarity of the extreme
climate. For these reasons the estimates presented here are not adjusted for these trends.

As noted in the review, it seems that the L.E. Goeree measurements until 1990 suffer from
serious systematic errors (cf. Appendix A.1l, Section 3.6) and the estimates provided in this
report based on that data may not be reliable and should be interpreted with care.

Sampling variability

In order to investigate how the chosen period influences the estimated return values, we have
fitted the Gumbel distribution to U omni-directional AM from different periods. The periods

considered are the current 1970-2008 period, the period considered in the Wieringa and
Rijkoort (1983) study and the extended 1962-2008 period. Only data from 13 stations could
be considered for this analysis.
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No POT/GPD analysis was carried out, because given the compatibility between the two
approaches, such an intensive analysis was deemed unnecessary for these relative
comparisons.

Table 4.10 compares the 10,000-yr return value estimates from the different periods.
Differences are at most 11.4% when comparing the 1962-2008 with the 1970-2008 period
and at most 18.7% when comparing the 1962-1976 with the 1970-2008 period. Given that on
average the amplitude of the confidence intervals for the 1970-2008, 1962-2008 and 1962-
1976 estimates are 26%, 23% and 37% of the estimates, respectively, the estimates from the
different periods are generally compatible. Deelen and Eindhoven are the stations for which
the lager differences are found and IJmuiden and Zestienhoven the stations for which the
lower differences are found.

1970-2008 1962-2008 1962-1976
Station n 10,000-yr n 10,000-yr| Relative n 10,000-yr| Relative
name rv (m/s) rv (m/s) |differences| |[rv (m/s) |differences
IIJmuiden 38 35.5/46 34.8 -2.0%|15 35.6 0.3%
Schiphol 39 35.7|47 38.0 6.4%|15 35.1 -1.7%
De Bilt 39 31.4|47 32.2 2.5%|15 28.9 -8.0%
Soesterberg 39 33.9|47 32.0 -5.6%|15 33.1 -2.4%
Leeuwarden 39 37.8|47 34.9 -7.7%|15 36.0 -4.8%
Deelen 39 34.1|47 38.0 11.4%|15 38.6 13.2%
Eelde 39 34.5|47 32.3 -6.4%|15 33.7 -2.3%
Vlissingen 39 35.3(47 34.6 -2.0%|15 35.8 1.4%
Hoek van Holland|39 34.8|47 35.9 3.2%|15 37.3 7.2%
Zestienhoven 39 35.9(47 35.9 0.0%]15 35.8 -0.3%
Gilze-Rijen 39 33.0(47 324 -1.8%|15 35.6 7.9%
Eindhoven 39 31.0(47 324 4.5%|15 36.8 18.7%
Beek 39 32.7|47 33.9 3.7%|15 35.6 8.9%
Average 0.5% 2.9%

Table 4.10 10,000-yr return value estimates from Gumbel fits to omni-directional U p AM from different
periods
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5 Directional extreme climate

5.1 Model description

In the preceding analyses it was decided to estimate the wind speed extremes using an
exponential fit to wind speed POT data. The model results are described here in detail.

5.2 10,000-yr return value estimates

Table 5.1 shows for each sector considered the 10,000-yr return value estimates and the
associated 95% confidence intervals. Please be aware that the given confidence intervals do
not account for uncertainty pertaining to the choice of the exponential instead of the GPD
distribution.

Figure 5.1 to Figure 5.12 show for each directional sector the 10,000-yr return value
estimates:

. Sector 345°N-15°N — The estimates for this sector are lower than the omni-directional
ones (cf. Figure 4.13) and decrease with the distance to the coast.

. Sector 15°N-45°N — The estimates for this sector are along the coast lower than those of
the adjacent northern sector.

. Sector 45°N-75°N — The estimates for this sector show a band of higher values south of
Lake 1Jssel.

. Sectors 75°N to 165°N — These sectors are characterized by mild estimates without
much spatial variation.

. Sector 165°N-195°N — Higher estimates start to appear in this sector.

. Sector 195°N-225°N — Spatial gradients are smaller than in the previous sector and both
southern locations show high values.

. Sectors 225°N to 285°N — Spatial patterns and estimates are quite similar to the omni-
directional ones (cf. Figure 4.13). The spatial gradients being rather small.

. 285°N-315°N — The spatial patterns for this sector are similar to the omni-directional
ones, but the coast/inland gradients are higher.

. 315°N-345°N — In this sector the coastal stations are those mostly affected by storms.
The coast/inland gradients are high.

Figure 5.13 to Figure 5.19 show the directional variation of the 10,000-yr return value
estimates per station. The highest return value estimates show an absence of a spatial
pattern, for some stations the highest return value estimate is for the 255°N to 285°N sector
and for other the 225°N to 255°N sector (cf. Table 5.1). Note that in this study the omni-
directional and directional return value estimates were computed independently. In principle,
the omni-directional return value estimates should be equal or higher to the highest directional
return value estimate. Due to the statistical uncertainty associated with such estimates, in a
number of stations the omni-directional estimate is exceeded by directional estimates. The
stations for which it occurs are 1IJmuiden, Texelhors, De Bilt, Vlissingen and Beek (cf. Table
5.1). Only for the case of IJmuiden and De Bilt the differences exceed 0.3 m/s, and are of
1.7 m/s and 1.1 m/s, respectively. It is common practice to adjust in such cases the directional
estimates so the omni-directional estimate is the highest (see e.g. Verkaik et al., 2003,
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Section 3.5.3). We have chosen not to apply such a procedure because the differences are
lower than the associated statistical uncertainty. Furthermore, only directional estimates are
needed for the WTI project and, given the in principle uniqueness of the population in a given
sector, the directional estimate is in principle more reliable than the omni-directional estimate,
which may have been obtained from a mixture of populations. In case omni-directional
estimates are needed we advise that, when the omni-directional estimates are exceeded by
the sector estimates, that the former be replaced by the higher directional estimate. In the
review (Appendix A.1, Section 3.5) it is suggested that, instead of adjusting the directional
estimates, the omni-directional estimates should be adjusted using the directional estimates.
For example the omni-directional estimate for IJmuiden would be 38.1 m/s and that for De Bilt
would be 33.5 m/s. These are, as already predicted in the review, bigger than the maximal
directional estimates, which are 37.3 m/s and 32.6 m/s, respectively.
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Station \ Sector

omni-directional

IJmuiden 35.6 (32.9, 38.5)
Texelhors 38.8 (35.4, 42.6)
De Kooy 38.4(35.1,41.9)
Schiphol 35.7 (32.4,39.3)
De Bilt 31.4(28.8,34.1)
Soesterberg  ]34.0 (31.3, 36.9)
Leeuwarden |37.8 (34.4,41.3)
Deelen 34.2 (31.2,37.7)
Lauwersoog  |36.3 (133.9, 38.6)
Eelde 34.5(30.9, 38.5)
Twenthe 34.2 (.30.8, 37.9)
Cadzand 37.5 (34.6, 40.6)
Vlissingen 35.3 (32.4, 38.4)
L.E. Goeree |35.7 ( 33.3, 38.3)
Hoek van Holland |34.9 ( 32.5, 37.4)
Zestienhoven |35.9 (133.3, 38.8)
Gilze-Rijen 33.0 (30.6, 35.5)
Herwijnen 36.4 (. 32.9, 40.5)
Eindhoven 31.0 ( 28.4, 33.6)
Volkel 33.4(30.0, 36.8)
Beek 32.7(29.8, 35.9)

Station \ Sector

345°N -15°N

15°N -45°N

45°N -75°N

75°N -105°N

105°N -135°N

135°N -165°N

IJmuiden

29.0 (26.5, 32.2)

26.2 (23.9, 28.6)

24.1 (21.5, 26.8)

25.2 (23.1, 27.7)

20.9 (19.2, 22.8)

26.5 (24.2, 29.0)

Texelhors

30.9 (27.5, 34.6)

32.1 (29.4, 35.0)

27.3 (24.4, 30.2)

29.9 (27.4, 32.5)

27.5 (25.1, 30.0)

31.6 (28.5, 34.9)

De Kooy

30.0 (26.2, 34.1)

29.8 (26.2, 33.6)

31.0 (27.9, 34.5)

27.4 (25.0, 30.0)

21.5 (19.2, 24.3)

24.4 (215, 27.3)

Schiphol

27.1 (25.0, 29.5)

22.2 (19.9, 24.7)

24.0 (22.0, 26.0)

21.8 (19.8, 24.0)

18.9 (17.5, 20.3)

20.7 (19.0, 22.8)

De Bilt

18.0 (15.9, 20.4)

20.2 (18.4, 22.1)

21.1 (19.0, 23.4)

20.4 (18.7, 22.2)

18.2 (16.5, 20.1)

17.6 (15.8, 19.6)

Soesterberg

10.7 (18.2, 21.3)

18.2 (16.6, 19.8)

16.1 (14.5, 17.7)

18.1 (16.3, 19.9)

15.1 (13.8, 16.4)

16.8 (15.7, 18.1)

Leeuwarden

28.1 (25.5, 30.9)

23.8 (21.5, 25.9)

28.7 (24.5, 33.5)

24.1 (21.7, 26.7)

19.0 (17.3, 20.8)

23.1 (21.3, 25.1)

Deelen

10.8 (17.8, 21.8)

19.9 (18.3, 21.7)

21.0 (18.9, 23.3)

20.3 (18.5, 22.2)

18.0 ( 15.6, 20.7)

19.7 (17.9, 21.8)

Lauwersoog

31.2 (28.7, 33.6)

26.1 (23.6, 28.8)

26.7 (24.1, 29.2)

24.8 (22.2, 21.5)

20.6 (18.5, 22.8)

22.9 (20.3, 25.7)

Eelde

22.4 (20.8, 24.0)

19.2 (17.5, 20.9)

21.5 (19.4, 23.8)

19.4 (17.7,21.3)

17.6 (15.6, 19.5)

21.7 (19.8, 23.7)

Twenthe

18.4 (17.0, 20.0)

18.7 (17.1, 20.6)

17.7 (16.4, 19.0)

16.6 (15.3, 18.0)

16.0 (14.9, 17.1)

18.7 (16.7, 20.9)

Cadzand

32.7 (28.6, 36.9)

24.5 (22.5, 26.7)

25.7 (23.1, 28.4)

24.5 (21.6, 27.9)

20.1 (18.2, 22.1)

25.2 (23.0, 27.5)

Vlissingen

23.0 (21.0, 25.1)

19.3 (17.4, 21.5)

22.0 (20.1, 24.1)

22.3 (20.6, 24.1)

22.7 (20.6, 24.8)

24.3 (22.2, 26.6)

L.E. Goeree

30.6 (28.1, 33.2)

26.9 (24.1, 29.7)

29.0 (26.7, 31.2)

25.7 (22.3,29.9)

25.0 (22.9, 27.3)

24.1 (21.9, 26.2)

Hoek van Holland

28.7 (25.8, 31.7)

28.4 (25.5, 31.8)

25.1 (22.8, 27.5)

22.5 (20.6, 24.4)

22.1(20.1, 24.2)

24.4 (22.3, 26.4)

Zestienhoven

26.2 (23.7, 28.4)

24.1 (22.1, 26.1)

18.2 (16.4, 20.0)

19.6 (17.9, 21.6)

18.5 ( 16.8, 20.2)

21.5 (19.8, 23.4)

Gilze-Rijen

21.9 (20.1, 23.8)

20.6 (18.7, 22.5)

20.2 (18.1, 22.3)

21.4 (19.7, 23.2)

17.9 (16.4, 19.5)

18.3 (16.9, 19.8)

Herwijnen

21.7 (19.6, 23.7)

22.1 (20.2, 23.9)

22.9 (20.8, 25.0)

21.9 (19.6, 24.4)

20.2 (18.3, 22.4)

19.7 (17.5, 21.8)

Eindhoven

21.2 (19.4, 22.9)

19.4 (18.1, 20.8)

20.3 (18.6, 22.2)

18.5 (17.1, 20.0)

17.2 (15.1, 19.4)

17.8 (16.3, 19.2)

Volkel

17.4 (16.0, 18.8)

18.0 (16.6, 19.4)

19.1 (17.3, 21.3)

19.5 (17.6, 21.4)

16.1 (14.2, 18.2)

19.0 ( 17.6, 20.5)

Beek

20.0 (18.5, 21.6)

19.9 (18.5, 21.3)

17.1 (15.3, 19.1)

20.3 (18.6, 22.1)

18.6 (16.1, 21.5)

21.2 (19.4, 23.1)

Station \ Sector

165°N -195°N

195°N -225°N

225°N -255°N

255°N -285°N

285°N -315°N

315°N -345°N

IJmuiden

29.8 ( 26.9, 32.9)

35.0 ( 32.6, 37.6)

37.3 (34.4, 40.7)

35.6 (32.3, 39.3)

33.5 ( 30.3, 36.8)

33.0 (30.1, 36.0)

Texelhors

32.0 (29.2, 35.1)

35.3 (32.8, 37.9)

39.1 (36.1, 42.2)

38.3 (34.9, 41.9)

37.0 (32.7, 42.1)

34.0 (30.7, 37.7)

De Kooy

30.2 (26.8, 33.7)

30.6 (27.2, 34.4)

32.6 (29.1, 36.4)

37.1 (33.1, 42.0)

34.0 (30.6, 38.0)

35.0 (31.3, 38.9)

Schiphol

25.6 (23.2, 28.2)

33.1(30.2, 36.2)

34.6 (30.6, 39.1)

35.4 (31.7, 39.2)

33.2 (29.3, 37.3)

30.6 ( 27.0, 34.4)

De Bilt

21.7 (19.7, 23.8)

27.0 (24.6, 29.8)

32.6 (29.4, 35.5)

32.2 (29.4, 35.1)

26.6 (23.3, 30.4)

23.7 (21.5, 26.4)

Soesterberg

20.1 (18.2, 22.3)

25.9 (24.0, 28.0)

33.2 (29.5, 37.0)

32.8 (29.9, 35.9)

28.4 (25.7, 31.1)

23.8 (21.7, 26.2)

Leeuwarden

26.4 (23.9, 29.1)

34.2 (30.4, 38.4)

34.9 (31.4, 38.4)

35.9 (32.4, 39.9)

32.6 (28.3,37.7)

32.9 (29.4, 36.8)

Deelen

22.7 (20.7, 24.7)

26.5 (24.7, 28.5)

34.0 (31.0, 37.2)

33.7 (30.8, 36.8)

30.5 (27.7, 33.4)

23.0 (20.7, 25.7)

Lauwersoog

29.0 (26.7, 31.5)

35.0 (32.1, 37.8)

35.3 (32.1, 38.8)

35.4 (32.2, 38.7)

34.6 (31.5, 37.9)

31.8 (28.8, 35.1)

Eelde

24.6 (22.6, 26.7)

30.3 (27.3, 33.2)

34.0 (31.1, 36.8)

32.8 (29.9, 35.9)

30.5 (27.7, 33.4)

25.0 (22.8, 27.5)

Twenthe

22.0 (19.9, 24.3)

24.3 (22.3, 26.5)

32.0 (28.3, 35.7)

32.4 (29.3, 35.6)

30.4 ( 27.5, 33.5)

21.8 (20.0, 23.7)

Cadzand

29.1 (27.1, 31.5)

31.9 (28.7, 35.1)

34.9 (31.5, 38.9)

36.9 (33.7, 40.5)

36.7 (34.0, 39.4)

33.1 (30.3, 36.0)

Vlissingen

28.4 (25.8, 31.2)

29.9 (27.5, 32.6)

35.5 (32.1, 39.2)

35.0 (31.5, 38.7)

30.5 (27.2, 34.1)

26.8 (24.1, 29.5)

L.E. Goeree

25.7 (23.2, 28.2)

33.1(30.8, 35.4)

35.0 (32.0, 38.2)

35.8 (32.7, 38.8)

34.6 (31.5, 37.8)

35.0 (31.9, 38.1)

Hoek van Holland

27.9 (25.5, 30.6)

28.4 (26.1, 30.8)

33.9 (30.7, 37.4)

34.8 (31.1, 38.7)

34.6 (31.7, 37.8)

29.9 ( 26.3, 34.0)

Zestienhoven

25.1 (23.4, 27.1)

28.1 (25.7, 30.6)

35.2 (32.5, 37.8)

35.8 (32.6, 39.3)

34.9 (30.4, 39.8)

31.8 (28.9, 34.8)

Gilze-Rijen

25.4 (23.0, 27.9)

28.3 (26.3, 30.5)

33.1(29.3, 37.5)

33.0 (30.1, 35.9)

30.9 (27.7, 34.4)

22.5 (20.9, 24.4)

Herwijnen

24.9 (22.9, 27.0)

27.0 (23.9, 30.0)

34.9 (30.8, 38.9)

36.2 (31.5, 40.9)

34.0 (30.1, 38.0)

27.1 (25.0, 29.3)

Eindhoven

21.8 (20.0, 23.7)

27.8 (26.0, 29.7)

30.8 (28.2, 33.5)

30.1 (26.8, 33.7)

29.4 (26.1, 33.2)

23.7 (21.7, 25.8)

Volkel

23.4 (21.7, 25.3)

27.7 (25.2, 30.4)

32.9 (30.3, 35.5)

33.1 (29.2, 37.3)

29.2 (26.2, 32.4)

20.4 (18.5, 22.1)

Beek

25.1 (23.0, 27.4)

27.4 (25.6, 29.4)

30.5 (26.9, 34.1)

33.0 (30.1, 36.1)

27.0 (24.2, 30.0)

21.2 (19.2, 23.5)

Table 5.1

10,000-yr return value estimates in m/s based on all-year data.
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Figure 5.1 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.2 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.3 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.4 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.5 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.6 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.7 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.8 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.9 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.10 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.11 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.12 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified sector.
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Figure 5.13 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified station. The horizontal line indicates the omni-directional estimate.
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Figure 5.14 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the

specified station. The horizontal line indicates the omni-directional estimate.
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Figure 5.15 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the
specified station. The horizontal line indicates the omni-directional estimate.
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Figure 5.16 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the

specified station. The horizontal line indicates the omni-directional estimate.
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Figure 5.19 Potential wind speed 10,000-yr return value estimates in m/s. Exponential fit to POT data to the

specified station. The horizontal line indicates the omni-directional estimate.
5.3 Comparison with the presently used estimates

Table 5.2 compares the values obtain by Wieringa and Rijkoort (1983) and those from this
study. Please note that the values presented in Table 5.2 are not the direct Rijkoort-Weibull
model results for stations Leeuwarden, Deelen and Eelde, since they were adjusted by hand
by Wieringa and Rijkoort (1983). They were previously 31.7 m/s, 43.6 m/s and 31.1 m/s,
respectively (cf. Rijkoort, 1983). For a number of stations, namely Leeuwarden and Deelen
the discrepancy between the estimates of this study and those of Rijkoort (1983) are
significant. These are however stations for which the Rijkoort (1983) were adjusted by
Wieringa and Rijkoort (1983) and for which the discrepancies would even be larger if they
were not adjusted. In the remaining stations the discrepancies are less than 3%, with the
exception of Eindhoven, and they all are well within the uncertainty of the estimates.

Rijkoort (1983)|This study Relative bias (%)
L.S. Texel /Texelhors 39.5 38.8 (35.4, 42.6) -1.8%
Schiphol 36.2 35.7 (324, 39.3) -1.4%
De Bilt 32.3 31.4(28.8,34.1) -2.8%
Soesterberg 33.6 34.0 (31.3, 36.9) 1.2%
Leeuwarden 34.2 37.8 (34.4,41.3) 10.5%
Deelen 38.0 34.2 (31.2,37.7) -10.0%
Eelde 33.8 34.5 (30.9, 38.5) 2.1%
Vlissingen 35.0 35.3 (32.4, 38.4) 0.9%
Zestienhoven 35.6 35.9 (133.3, 38.8) 0.8%
Gilze-Rijen 32.2 33.0 (30.6, 35.5) 2.5%
Eindhoven 334 31.0 (28.4, 33.6) -7.2%
Beek 32.3 32.7 (29.8, 35.9) 1.2%
Table 5.2 Comparison between the Wieringa and Rijkoort (1983, taken from Smits, 2003, Table 3.3) and

the current 10,000-yr return value estimates.
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Table 5.3 shows a comparison between HYDRA-K (a program of the HYDRA-family
dedicated to the determining the coastal HBC) and the current 10,000-yr return value
estimates. The HYDRA-K values are also plotted in Figure 5.13 and Figure 5.17. The values
and directional variation of the HYDRA-K data compare rather well with the present estimates
with the average relative bias being of less than 5%.

Sector IIJmuiden Texelhors |L.S. Texel Vlissingen Hoek van Holland
This study HYDRA-K |This study HYDRA-K This study HYDRA-K |This study HYDRA-K
Omni-directional |35.6 ( 32.9, 38.5)]  36.9|38.8 ( 35.4, 42.6) 39.4[35.3(32.4, 38.4)] 34.934.9(325,37.4)] 358
3459N -15°N  [29.0 ( 26.5, 32.2)|  26.6]30.9 ( 27.5, 34.6) 29.8/23.0 (21.0, 25.1)] 23.1|28.7(25.8,31.7)] 252
159N -45°N  |26.2 (23.9, 28.6)]  23.7|32.1 ( 29.4, 35.0) 26.8/19.3(17.4,215)] 20.5|28.4(255,31.8)] 22.4
459N -75°N |24.1 (21.5, 26.8)| 24.4]27.3 (24.4, 30.2) 27.6/22.0 (20.1,24.1)| 21.4[25.1(22.8,275)] 23.2
75°N -105°N  |25.2 (23.1, 27.7)| 23.7]29.9 (27.4, 32.5) 26.7|22.3(20.6, 24.1)| 20.6|22.5(20.6, 24.4)] 22.4
105°N -135°N |20.9 (19.2, 22.8)] 22.2[27.5 ( 25.1, 30.0) 25.3[22.7(20.6,24.8)] 19.0]22.1(20.1, 24.2)] 20.9
135°N -165°N |26.5 (24.2, 29.0)]  23.6/31.6 ( 28.5, 34.9) 26.9|24.3(22.2,26.6)] 20.4[24.4(223,26.4)] 224
165°N -195°N |29.8 (26.9, 32.9)| 27.2[32.0 (29.2, 35.1) 30.3[28.4 (25.8,31.2)] 24.2[27.9(255,30.6)] 259
195°N -225°N |35.0 (32.6, 37.6)|  32.3]35.3 (32.8, 37.9) 35.0[29.9 (27.5, 32.6)] 29.9]28.4(26.1,30.8)] 31.1
225°N -255°N |37.3 (34.4, 40.7)] 35.5/39.1 (36.1, 42.2) 37.9|35.5(32.1,39.2)] 33.3[33.9(30.7,37.4)] 34.1
2550N -285°N |35.6 (32.3, 39.3)]  36.9]38.3 (34.9, 41.9) 39.2[35.0 (31.5, 38.7)] 34.9]34.8(31.1,38.7)] 35.6
285°N -315°N |33.5 (30.3, 36.8)]  35.7|37.0 (32.7, 42.1) 38.0[30.5 (27.2, 34.1)] 33.2[34.6 (31.7,37.8)] 34.1
315°N -345°N |33.0 (30.1, 36.0)|  30.4]34.0 ( 30.7, 37.7) 33.4[26.8 (24.1, 29.5)] 26.8[29.9 (26.3,34.0)] 28.9

Table 5.3 Comparison between the HYDRA-K and the current 10,000-yr return value estimates.

Figure 5.14 shows the comparison between the currently used 10,000-yr return value
estimates for Schiphol (Van Twuiver and Geerse, 1999, Figure A.1) and those from this study.
Again, the comparison with the present estimates is rather good, the average relative bias
being of less than 2%.

Name KNMI-Hydra (2005)[This studylRelative bias (%)Maximal U p Storm peak

IJmuiden 30.2 35.6 17.9% 25.7
Texelhors 38.5 38.8 0.8% 28.7
De Kooy 35.5 38.4 8.2% 27.6
Schiphol 34.1 35.7 4.7% 27.0
De Bilt 27.9 31.4 12.5% 20.5
Soesterberg 30.3 34.0 12.2% 24.0
Leeuwarden 39.5 37.8 -4.3% 26.8
Deelen 32.0 34.2 6.9% 22.6
Lauwersoog 37.7 36.3 -3.7% 26.6
Eelde 33.1 34.5 4.2% 23.3
Twenthe 36.1 34.2 -5.3% 22.3
Cadzand 29.9 37.5 25.4% 25.8
\Vlissingen 29.4 35.3 20.1% 25.6
L.E. Goeree 30.2 35.7 18.2% 24.4
Hoek van Holland 27.3 34.9 27.8% 25.4
Zestienhoven 32.1 35.9 11.8% 26.0
Gilze-Rijen 29.0 33.0 13.8% 22.2
Herwijnen 32.7 36.4 11.3% 25.3
Eindhoven 31.2 31.0 -0.6% 22.0
\Volkel 35.7 33.4 -6.4% 25.7
Beek 27.5 32.7 18.9% 21.9

Table 5.4 Comparison between the KNMI-Hydra project (http://www.knmi.nl/samenw/hydra/cgi-

bin/phasel4.cqi) and the current 10,000-yr return value estimates (m/s).

Although it is outside the scope of this study to analyse differences between the estimates
obtained here and those obtained in the KNMI-Hydra project, in order to make the
comparison with previous results complete we have also quantitatively compared the current
10,000-yr return value estimates with those from the KNMI-Hydra project
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(http://www.knmi.nl/samenw/hydra/cgi-bin/phasel14.cqi). The comparisons are shown in Table
5.4. The maximal U, per station are also presented in the table. Without going into details, it

can be observed that the estimates of this study are on average 9% higher. The higher
differences are for the Hoek van Holland estimates. The value obtained here is 27.8% higher
than that obtained in the KNMI-Hydra study, the latter being only 1.9 m/s greater than the
maximal Hoek van Holland U, storm peak.

As reported in the Section 1.2 the 1,000-yr return value estimates obtained by Wever and
Groen (2009) based on Gumbel fits to U? annual maxima from the period 1993-2007 are 10

to 40% lower than the Rijkoort-Weibull model estimates when considering also locations
where estimates were obtained using a subjective spatial interpolation method. At the 13
stations for which an extreme value analysis was carried out by Wieringa and Rijkoort (1983)
the Wever and Groen (2009) estimates are about 20% smaller than the Rijkoort-Weibull
model estimates. Such difference can probably be explained by sampling variability (cf. Table
4.10, and its discussion) and chosen EVA method (cf. Table 4.4). A detailed analysis of the
Wever and Groen (2009) estimates is however outside the scope of this study.
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6 Concluding remarks

6.1 Overview

Updated extreme potential wind statistics were computed for 21 KNMI wind stations with long
time series available. The updated wind statistics are to be made available for the inference of
HBC for the Dutch primary water defences within the WTI project.

The period of data considered in the analysis was the 1970-2008 period. Both omni-
directional and directional estimates were obtained. The sensitivity of the results to different
periods was also analysed and found to be reasonable. l.e. the found differences do not
exceed the uncertainty associated with the estimates.

The data was analysed using the standard AM/GEV and a POT/GPD approaches. The
hypothesis of a type | tail for the potential wind data was extensively tested. Power 2 and
power k (k being the shape parameter of the Weibull fit to the whole data) data
transformations were considered to try to accelerate the convergence to a type | tail.
However, in the cases considered, the transformations do not appear to improve the
convergence to a type | tail, nor do they seem to be needed. In general the transformations
result in an increase of the extreme value distributions shape parameter estimates, the
increase being greater when a power 2 transformation is used. The assumption of a type | tail
seems to be valid for the considered u, AM and POT data. Furthermore, the estimates

obtained from exponential fits to the POT data were found to be realistic and reliable and are
given as final/best estimates.

Mainly due to the type | tail assumption, the curvature problem does not seem to strongly
affect the computed estimates. Furthermore, these new estimates do not differ much from the
currently used estimates of Wieringa and Rijkoort (1983). More precisely, the omni-directional
10,000 yr return value estimates of this study differ by less than 3% from those of Wieringa
and Rijkoort (1983) in 10 of the 13 stations considered by them. The two stations for which
the differences are the largestbabout 10%bare the Leeuwarden and Deelen stations.
However, the estimates for those stations were adjusted ‘by hand’ by Wieringa and Rijkoort
(1983) and discrepancies would even be larger if they had not been adjusted.

6.2 Caveats
The following caveats apply to the estimates provided here:

. A type | tail is assumed in the estimation. Although this assumption is here extensively
motivated, it remains an approximation. The presented confidence intervals, with
amplitudes of about 20% of the respective estimates, do not account for such choice
and its amplitudes are therefore underestimated.

. Trends, mostly decreases in time, have been identified as significant, but not accounted
for in the return value estimates provided. The main reason for ignoring the trends was
that they lack spatial consistence and may have multiple origins as inhomogeneites due
to variations in measuring practice, local and meso roughness or climate change. This
makes correcting for them rather difficult. Furthermore, it cannot be assumed that the
trends that will continue in the future and thus affect the considered stationarity of the
extreme climate.

. The omni-directional and directional return value estimates were computed
independently. In principle the omni-directional return value estimates should be equal
or higher to the highest directional return value estimate. Due to the statistical
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uncertainty associated with such estimates, in 24% of the stations the omni-directional
estimate isbby at most 5%bexceeded by directional estimates. It is common practice to
adjust in such cases the directional estimates so that the omni-directional estimate is the
highest (see e.g. Verkaik et al., 2003). We have chosen not to apply such a procedure
for two reasons. Firstly, because only directional estimates are need for the WTI.
Secondly, given the in principle uniqueness of the population in a given sector, the
directional estimate is in principle more reliable than the omni-directional estimate that
may have been obtained from a mixture of populations. In case omni-directional
estimates are needed we advise that, when the omni-directional estimates are exceeded
by the sector estimates, that the former be replaced by the higher directional estimate.

6.3 Recommendations

The curvature problem (see Caires et al.,2009) seems to have been partly circumvented in
this study (especially in the statistics for Hoek van Holland), thanks to the assumption of a
type | tail. It is, however, paramount that the curvature problem be fully understood. The
guantification of its main components and the determination of corrections eventually needed
in the potential wind time series may allow the estimation of extreme values without
constraints on the tail type.

In the next phase of this project, the point estimates computed here will be used to interpolate
the estimates in space. Assumptions of simultaneous occurrence of a certain return value with
the same return period at distant stations should be treated with care.

The potential wind data considered here shows some inhomogeneities. It would be useful to
investigate the origin of such inhomogeneities and remove them from the data.
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Project : SBW - Belastingen - Wind

Date 1 July 31, 2009

Subject : Review on report “Extreme wind statistics for the inference of the hydraulic

boundary conditions for the Dutch primary water defences”.
From : Chris Geerse
To : Sofia Caires (Deltares)

1 Introduction

In the project “Extreme wind for the WTI-2011", carried out by KNMI and Deltares, extreme wind
statistics for the Netherlands have to be derived [Plan of Approach, 2008]. The project concerns
several phases. In phase 1, already completed, newly derived potential wind time series were
established, for several wind stations in the Netherlands [Wever and Groen, 2009]. In phase 2 of
the project, currently in progress, extreme value statistics have been derived. The analysis and
the results are described in the preliminary report [Caires, 2009], written by Sofia Caires from
Deltares.

I was asked, in accordance with section 3.6 of the [Plan of Approach, 2008], to review the
preliminary report [Caires, 2009]. In a mail by Sofia Caires from Juli 14, 2009, the review
instructions are given. The review has to cover the following aspects:

Are the background and objectives given in the report clear and unequivocal?
Is the chosen approach suitable to fulfil the objectives?

Are the objectives met?

Does the report provide the desired insight?

Are the results reasonably concrete and applicable?

u b W N =

In the following these aspects are treated in several chapters. Items 1, 2 and 4 are treated in
chapters 2, 3 and 4, whereas items 3 and 5 are treated together in chapter 5. Chapter 6 gives a
brief overall conclusion.

As a side remark, I note that this review can not be looked upon as “completely independent”,
since I visited some of the team meetings of the Deltares/KNMI wind modelling team, and took
part in some of the discussions.

2 Are the background and objectives given in the report clear?

2.1 Background

The backgrounds of the analyses in the report [Caires, 2009] are described in section 1.2 of the

report. In short, these backgrounds cover:

1. The need for extreme value distributions as input for the probabilistic Hydra-models, which
models are used to derive the Hydraulic Boundary Conditions (HBC) for the Dutch primary
water defences.

2. The history of the Hydra-project, running from 1998 to 2005, in which a first attempt was
made to derive the extreme value distributions needed.
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3. The curvature problem, which became apparent in the Hydra-project, i.e. the problem that
land stations after extrapolation often lead to higher extreme wind speeds than coastal
stations, which is contrary to the expectations. This problem was one of the main obstacles in
the Hydra-project to obtain reliable wind statistics.

4. Brief discussion of the curvature problem in relation with the newly derived potential wind
series of [Wever and Groen, 2009], in which it is concluded that the curvature problem is still
present, though perhaps to a slightly lesser extent. It is also mentioned that the curvature
problem partly might have a physical explanation, because of differences in stability properties
for land and coastal stations.

5. Comparison of preliminary derived extreme wind speeds by [Wever and Groen, 2009] with the
“old” Rijkoort Weibull model (RW-model) currently used in the determination of the Dutch
HBC.

My comments on these backgrounds are the following. All in all, it is a brief, but rather complete
summary of aspects relevant for the determination of extreme wind speeds, which is the aim of
the analyses in the report [Caires, 2009]. Moreover, I would add the following:

e« I would include a reference concerning the Hydra-models in point 1. There is a lot of literature
about these models, but f.i. referring to [Beckers et al, 2009] would do, since this report
contains an extensive list of appropriate references.

e Concerning point 4, I would add that the curvature problem will be discussed in more detail in
section 3.3 of the report, since there are more remarks to be made about it then given in
section 1.2 (this section seems to imply that stability problems are the only explanation). Also,
I would stress more clearly that the curvature problem largely will be ignored in the extreme
value analyses in the remainder of the report.

e Concerning point 5, I would stress more clearly that the preliminary results of [Wever and
Groen, 2009] are very much lower than the old results of the RW-model, hence their results
are really not comparable to those of the RW-model. (A difference of 10% of extreme wind
speeds has already huge implications for the HBC, let alone a difference of 40%.)

Note: the fact that 10% difference in extreme wind speed need not be very large compared to
statistical uncertainties, should not be confused with the fact that a difference of 10% is very
large for practical applications.

2.2 Objectives

Section 1.3 of the report is titled “"Objective”. However, the objectives of the study are partly also

given in section 1.4, titled “Approach”. These objectives seem to be:

1. The determination of extreme wind speed distributions for stations with sufficiently long data
series, both omni-directional as per direction (for the 12 directional sectors 15°-45°,
45°-75°,..., 345°-15°, abbreviated in this review as 30°, 60¢,..., 360°).

2. The determination of Confidence Intervals (CI's) for the extreme value results.

It would be wise to rewrite sections 1.3 and 1.4 a little, in such a way that the objectives are all

mentioned in section 1.3. Also, I would add in section 1.4 that the spatial consistency of the
results will be judged in a qualitative way.
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3 Is the chosen approach suitable?

In chapter 2 of the report the statistical methods used are described. These involve Annual
Maxima (AM) and Peaks Over Threshold (POT), for which respectively the Generalised Extreme
Value (GEV) and the Generalised Pareto Distribution (GPD) are fitted. This description is brief, but
rather clear and to the point. Maybe I would disagree a bit on certain points, or I would stress
different aspects, but in my opinion the “best” assumptions and preferred methods are highly
subjective. The discussion in chapter 2 certainly makes clear, to my satisfaction, that all kinds of
choices are to some extent subjective, and that these assumptions may lead to quite different
results. Also I mention that my personal knowledge on the theaory of Confidence Intervals is
limited. So I take for granted the remarks concerning the theory of these intervals.

After a description of the data in chapter 3, chapter 4 of the report performs the actual analyses.
In the following subsections I will treat a number of aspects which I think are relevant.

3.1 Choice of extreme value distributions

The analyses in the report consider AM/GEV and POT/GPD methods. These analyses are standard
and basic in Extreme Value Theory, and many people, as I am aware off, favore these methods.
My personal view is that a more pragmatic approach should also be possible, in which other kinds
of distributions are fitted, which often yield equally convincing, or even better results. A big
disadvantage, in my opinion, of the GEV and GPD is that these distributions often yield very non-
robust results, unless the shape parameter ¢ is put equal to 0, in which case the more robust
Gumbel and exponential distribution result. Precisely this choice of ¢ is, in combination with some
transformations, extensively studied in the report. On the whole, I agree with the approach of the
report.

3.2 No information about seasons and missing data

In the data selection for POT analyses, it is (implicitly) assumed that peaks exceeding a chosen
threshold occur with the same frequency throughout the year. This is evidently wrong, as is well
known from the RW-model and from [Verkaik et al, 2003]. The most extreme storms occur during
the winter, especially in the season january-february. A proper analysis should consider also
variants in which selections per season are made. I don't think (personal guess) that these
analyses would have a serious impact on the results. I would recommend however, to perform a
sensitivity study.

Repeat f.i. the most important POT analyses, per direction, for the most important season jan-feb,
and check whether these differ very much from the current results. If both results are almost
comparable, or the season jan-feb yields sligthly lower extreme wind speeds, the (erroneous)
assumption that the threshold frequency does not change during the year (homogeneity in time)
seems rather harmless. If, however, the results for jan-feb yield much higher results, there would
be a problem. It would also be interesting to study to what extent the second most important
season november-december contributes to the exceedances. So I suggest to derive the statistiscs
for the seasons nov-dec and jan-feb, to compare the results, and next to compare those results
with the statistics based upon the whole year.

Related to this point is the problem of missing data. On p 12 of the report a correction for missing

data is mentioned. This correction does not account for the inhomogeneity in time. So if there
would be a lot of missing data, this correction will be a poor one. Actually, the report does not
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provide much information on the amount of missing data. There is information on the
accompanying CD-ROM, but no summary of the amount of missing data is present. I think more
information about missing data should be present in the report, and some comments on the
correction of p 12 should be given.

3.3 Analysis variants: U, U and U?

An important analysis in the report is to fit the AM with the GEV, which is done for U, U to the
power k > 1, and U to the power 2. The transformations in terms of powers > 1 of U are
considered because they are assumed to “speed up convergence of the distribution of the AM” to
the Gumbel-distribution (GEV with shape paramter ¢ = 0), with the AM here built from a parent
distribution that is not a GEV. Such a transformation should be especially suitable if the parent
distribution is rather concentrated around the mean, such as the normal one. The value of k is
obtained by fitting the Weibull distribution to hourly measurements U of the whole dataset (k is
the shape parameter of the fitted Weibull).

The assumption in the report is that the best analysis corresponding to U, U* or U?, is the one
leading to a GEV distribution with shape parameter ¢ = 0, i.e. the Gumbel distribution, motivated
by the assumption, shared by several experts, that the wind parent distribution should belong to
the domain of attraction of the Gumbel distribution. I share this opinion. In the following, based
on the information of the report and the accomponying CD-ROM, results will be discussed for the
three variants of the analyses (in terms of U, U and U?). After conclusions are drawn, at the end
of the current section 3.3, some additional comments on the transformation U* will be given in the
next section 3.4.

Omni-directional

The analysis in the report is only given for the omni-directional case, for 21 stations. The

corresponding results per direction are given on the (accompanying) CD-ROM. For the omni-

directional case the results for U seem to be more satisfying then those for U* and U2. The reasons
are:

1. The shape parameters ¢ for the 21 stations are closest to 0 for the U-analysis. For the
Uk-analysis they are a bit further away from zero, often being positive. For the U2-analysis
they are even further away from zero, and even more often positive.

2. The assumption that the true distribution is a Gumbel is rejected in 4 out of the 21 stations for
the U?-analysis and only in 1 out of the 21 stations for het U- and U*-analyses. (The rejection
is at the 5%-level, so statistically about 1 rejection out of 20 stations could be expected.)

On the basis of this, the U2-analysis, with 4 rejections, seems inappropriate. It also seems to
favor the U-analysis instead of the U*-analysis, although the evidence against the U*-analysis
seems not really that strong. However, a further investigation of the results (by myself) shows
that for the U*-analysis 5 out of 21 stations have a negative ¢ and 16 have a positive £, whereas
for the U-analysis 10 of the stations have a negative ¢ and 11 have a positive &. If the proper
distribution indeed would be Gumbel, about half of the stations should have negative and half of
the stations should have positive &’s. So the proper analysis indeed seems to be the U-analysis.

Directional

The CD-ROM contains also results for the 12 directions 30°, 60°,..., 360°, which are not discussed
in the report. These are interesting, though. So I have performed a quick investigation. The
results are shown in Table 1 and Figure 1 and Figure 2. The omni-directional case for Table 1 was
already discussed (f.i. 10 stations with & < 0 and 1 station with Gumbel rejected for the U-
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analysis). Unfortunately, for the respective directions the situation is much more unclear. The
following conclusions can be drawn:

1. The U-analysis seems the proper one, or certainly gives acceptable results, for directions

240°, 270°, 300° and 330°, whereas for the other directions this is not the case.
2. For directions 90°, 120° and 150°, the proper analysis seems to be U or U?, and not U. For
240° all three types of analyses seem acceptable.

The reason that the preferred analysis for the omni-directional case is in terms of U, is simply that
the omni-directional distribution is almost completely determined by the most extreme directions
240°, 270°, 300° (other directions then 240°, 270°, 300° have much lower wind speeds). So the

conclusion seems to be that the U-analysis is preferable for the most extreme directions, but not
for the other (less extreme) ones.

# stations shape par. <0 (out of 21 stations)
omni| 360 30 60 90 120 | 150 | 180 | 210 | 240 | 270 | 300 | 330 |average (excl omni)
U AM 10 18 14 15 18 18 21 20 18 16 11 10 12 15.9
U2 AM 3 11 9 12 14 8 15 13 17 9 7 7 7 10.8
Uk AM 5 12 10 12 14 9 16 14 17 11 8 8 9 11.7
Figure 1 Plot of number of stations with negative & for the directional results.
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