TEMPORAL AND SPATIAL EVOLUTION OF EXTREME EVENTS
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In this study two statistical methods for computtimge- and space-evolving extreme events are imghtad and
assessed. The implementation and application ofntkéhods are carried out with a view towards thietga
assessment of water defences. With this type oficgtipn in mind, the methods are used to produee-t and
space-varying extreme wind fields, which are neeefbrce wave and hydrodynamic models. Furthermtre
results of the two methods are compared and eftédtse choice of distribution, threshold and refere location on
the resulting wind fields are assessed. Althoughwind fields produced by the methods show moratierspatial
variations, due to the associated uncertainties) those of the observed wind fields, they seellistieaand can in
principle be used to drive wave and hydrodynamicei® However, an assessment of the results of ttasistical
methods in terms of the underlying physics stiédeto be carried out and is part of future work.
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INTRODUCTION

In compliance with the Dutch Water Act, the stréngt the Dutch primary water defences must be
assessed periodically for the required level ottgotion against hydraulic loads with return periods
ranging from 250 to 10,000 years. These loads arevetl probabilistically and are referred to as
Hydraulic Boundary Conditions (HBC).

The quality of the derived HBC depends on the adexperformance of a number of components
in the HBC chain. In this chain, statistics of waveind, water levels and river discharges and iphl/s
numerical model results form the input to probakidi models. These probabilistic models in turn
provide the output of the HBC chain, namely therawlic loads, a combination of water level and/or
wave height, wave period and wave direction peation, depending on the water system (coastal
region, lakes or rivers) and on the failure meckrmninder consideration.

Within the HBC chain, typically only one instantrihg a storm is considered, e.g. the instant at
which the maximum water level is achieved in thgioe of the dike section of interest. For the
determination of the required water defence crestll this is an appropriate approach, since the
maximum wave overtopping rate is typically obtainad the maximum water level. For failure
mechanisms other than overtopping, the instartt@htaximum water level does not necessarily lead to
the critical load on the water defence. Furthermfaiture mechanisms such as dune retreat andogrosi
of revetments typically depend on the temporal, #retefore also spatial, variation of the storm.
Currently, for most water systems, spatial variaiof wind fields are schematised, often even asdum
to be uniform. The latter assumption becomes everenunrealistic when temporal variations are
accounted for.

In order to fill in the need for temporally and Sply varying hydraulic loads, numerical models
(e.g. the wave model) should be driven by winddBeévolving in time and space and provided with
fields of other relevant variables (in the cas¢hefwave model: offshore wave conditions, wateelev
and currents) associated with extreme wind speébsre are many possibilities to describe the
temporal and spatial evolution of an extreme evewb leading experts in extreme value theory, Prof.
Laurens de Haan and Prof. Richard L. Smith, wenesalbed for advice on how to approach the
problem. Each expert independently derived a seamasmetric method (Caires et al., 2011). In this
study the two methods, referred to as the MethoHatn and the Method Smith, are implemented and
validated.

DESCRIPTION OF THE METHODS

In this section the implementation of the methodsppsed by Prof. Laurens de Haan and Prof.
Richard L. Smith is described. Each expert indepatid derived a semi-parametric method based on
max-stable processes (see e.g. Buishand et aB).2Dfe proposed methods were implemented in such
a way that for a given reference location the wiieltls associated with a fixed peak value at the
reference location are determined. The followingaisstep-by-step summary of the methods as
implemented.
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M ethod de Haan M ethod Smith

H1. Consider the time series of (for instance) wirdl. As in H1, and determination of the
speed at several locations, indexedspyX (s)} . Apply empirical distribution of the observations.

the Peaks-over-Threshold (POT) method to the time
series at each locatios) determine the threshold,,

and estimate the scale parameter and the shape
parameter y, of the Generalized Pareto Distribution
(GPD).

H2. Fix a valuet >1. Determine thresholdb,(t)=b, S2. As in H2 (although in principle not
such that P{X(9> k(9} =1/t and use the Gpp "ecessan).

fitted at each locatiosin step 1 to determine the scale
parametera (t) corresponding to the GPD describing
the excesses oveb,(t). This is done by using the
threshold stability property of the GPD distributidhe
shape parameter of the GPD is the same ¢.¢.and

a()=a,+y,(b(h-b).

H3. For a pre-chosen number of storms) @nd hours S3. For each location transform all
(nh), select all observations that occur frarn hours observations so that (according to the POT
before tonh hours after eacims highest peak at themodel) they have a unit Frechét distribution,
reference location. The observations at all locestion Y, =—]/Iog( Fs(x)), where F,(X) is the
these time windows (either above the local threslool o, | location-specific ~GPD  model

not) define a resulting set of successive observg ymented by the empirical distribution of

StOfmS,{X(l)(S)}- observations below the threshold at the
location.

H4. Transform the storm observatiof (9} using ~S4. As in H3, but applied on transformed

R observations.
x e
—~ S) — —~
[VM] for 7, =0

s(t
NI as(t)

x@(g-ny )"
exp{A—m] for ;75 =0
as(t)

H5. Use the fitted Generalized Pareto model toregdé S5. Use the fitted GPD model to estimate the
the m-year return levelz, at the reference locati®g. m-year return level,z,, at the reference
Lift the transformed observations in tHstorm from location and transformz, to the m-year
all locations by multiplying each storm value bfaator
that takes the peak of th& storm at the reference
location to z,,:

level, y,,, on the unit Frechét scale. Still on

the unit Frechét scale, lift the observations in
) the " storm from all locations by
z, + é%/y -b o multiplying each storm value by a factor that
= — takes th k of the™ist t th
ol X.(l)(sj)+?g0/;7 Y akes the peak of the"istorm at the
' ® reference location to,, .

H6. Transform all lifted storm observations backite S6. Transform all lifted storm observations

original scale, using: back from the unit Frechét scale to the
v original scale. Use the inverse of the
=R (tOX(Z)(s)) -1 R location-specific transformation of S3.
X0 (g= | BOF——="——+b() for y, #0

S

alog(px?(9)+ b(y for y, =0
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As can be inferred from their description, the methare similar and both involve the following
steps:

» Extreme value analyses of the time series of tm@bies under consideration at each location of
interest;

« Marginal transformations of the time series ushngéxtreme value distributions fitted locally;

»  Selection of storm periods;

e Uplifting of the transformed ‘storm’ data;

* Inversion of the marginal transformations.

The methods differ in the way ‘storms’ are idestifj in the marginal transformations and in thénkft

factors.

Except for the fits of the GPD, the methods de Haaeh Smith are non-parametric. In particular,
no parametric model is used to describe the terhpoadaspatial correlation. In fact, all the infortioa
that is contained in the selected observed stosmstained (used) in the final result. Howeverséhe
methods of ‘lifting storms’ should not be confuseih the procedure of simply applying a constant
factor to each wind speed value in time and sptuejifting per location will depend on the local
distribution of the data.

Contrary to what is the case in Method Smith, ia ifmplementation of the Method de Haan the
fitted location-specific GPD model is not augmenbgdthe empirical distribution of the observations
below the threshold at the location. Although thDGis not strictly valid below the threshold, the
choice was considered acceptable, because the dnapipdies the max-stable processes theory “a little
bit out of context”. However, given that using namymentation can be interpreted as assuming that the
GPD distribution applies right down to zero, whatrely is not valid, we also considered the reflts
the method when the location-specific GPD modelugmented by the empirical distribution of the
observations below the threshold. In that cas@ssk2, H3 and H5 remain as described above and
steps H1, H4 and H6 are replaced by:

e H1. plus the determination of the empirical digitibn of observations, as in S1.

. H4. transform all observations so that (accordmt¢he POT model) they have a unit GPD. Base
the transformation on the fitted location-specifBPD model augmented by the empirical
distribution of observations below the thresholthatlocation.

« H6. Transform all lifted storm observations baaknirthe unit GPD scale to the original scale. Use
the inverse of the location-specific transformatdi4.

APPLICATION AND ASSESSMENT OF THE METHODS

In this section we compare uplifted 10,000-yr storas obtained by both methods. A 10,000-yr
return period is used because that is the periodvfoch many of the water defences need to be
assessed. We start by describing the data usée enialysis. Then the local extreme value anases
described. The last subsections present the basesults of the methods and the sensitivity of the
results to the choice of distribution, thresholdd aeference location. The sensitivity of the resof
the Method de Haan to augmenting the fitted locasipecific GPD model by the empirical distribution
of the respective observations below the thresisoddso presented.

Description of the data

We made use of the CFSR (Climate Forecast SystemmdResis, http://cfs.ncep.noaa.gov/cfsr/)
dataset (Saha et al., 2010) which includes 6-hdiglgs of wind velocity at 10 meters height from
January 1979 until December 2009 (31 years) oroba})l0.312° x 0.312° latitude/longitude grid. The
considered CFSR 10-m wind speed and direction datiee those for the region with longitudes
between 2°E and 8°E and latitudes between 50°N5tid. This region covers the relevant Dutch water
system. Figure 1 (left panel) shows the locationhef CFSR grid points, in total 234, that fall st
region. Figure 1 also shows a comparison, by me&asdensity scatter plot, between hourly averaged
10-m wind speeds measured at the North Sea Kifdptgtlocated at 3.2°E and 53.2°N, and the CFSR
wind velocities at the nearest grid point. The fegghows that the correlation between the measured
and the CFSR 10-m wind velocities is high (the elation coefficient of the two datasets is 0.93),
indicating that the CFSR wind fields can be cons@daealistic.
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Figure 1. Left: Region covered by the considered C FSR data. Right: Comparison between CFSR and

observed wind speeds.

y=0.960x+0.161, ** y=0.976x, p=0.931

Local extreme value analyses

In this section we describe the extreme value arsbarried out per CFSR grid point. The analysis
approach consisted of choosing a POT sample atidgfithe GPD distribution with and without
assuming a type | tail (i.e. fixing the shape patmnequal to zero) to the POT data. Two types®f P
samples have been compiled: Using the same fixadbar of peaks in each location and using an
optimal threshold per location.

In order to choose the optimal threshold the stgbiproperty is used and, following the
conclusions of Caires (2009), a type | tail is assd. More precisely, we have looked for threshold
values around which the estimate of the GPD shapenpeter shows the least variation. Because we are
also interested in choosing a threshold for whielh GPD shape parameter is close to zero, we have
also looked for a threshold within the stable ragiwat would yield the shape parameter estimateeclo
to zero. Since 234 time series had to be analysedautomatized the choice of the threshold. The
samples used in the choice of threshold are ertldcom the original time series in such a way that
data can be modelled as independent observatidis.isTdone by a process of de-clustering in which
only the peak (highest) observations in clustersuzicessive exceedances of a specified thresheld ar
retained and, of these, only those which in sormsesare sufficiently apart temporally (so that they
belong to more or less ‘independent storms’) anesickered as belonging to the collection of POT
points. Specifically, cluster maxima less than 9épart are treated as belonging to the same cluster
(storm).

Figure 2 shows the exponential and GPD 10,000-furmevalue estimates from the automated
threshold choice procedure described above. We tethese estimates as the optimal estimates., Note
however, that the word optimal used here is n@ndéd to suggest that the obtained estimates are as
accurate as possible. It just indicates that we lzéwed at obtaining a more or less justifiableghold
using the stability property. All chosen threshodohsl resulting estimates are crude and have nat bee
analysed in detail. The GPD scale and shape pagamestimates associated with these thresholds are
given also in Figure 2. As can be seen in the éigand as expected, the return values above water a
generally higher than those above land. The erkai@tions in adjacent grid points indicate thad t
estimates are spatially unsmooth. This is dued #ssociated uncertainties. Furthermore, as ¢éxgec
the exponential estimates are smoother than the @8tibnates. However, given the associated
uncertainties, the differences between the expaaleamd the GPD estimates are not significant. That
mostly because the automatized threshold choiceeproe aims at picking a threshold for which the
shape parameter estimate is (in the stable regiol) elose to zero. In fact, the shape parameter
estimates are indeed close to zero, varying betw®éi and 0.12, see bottom left panel of Figure 2.
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In order to check to some extent the effect ofdheice of threshold in the results, we have also
obtained Exponential and GPD estimates using thee $ixed number of peaks in each location. Figure
3 shows the exponential and GPD 10,000-yr retulmevestimates using a POT sample size of 100 per
location (an average of 3.3 storms per year). Fioenfigure it can be inferred that, since the GPD
return value estimates are generally lower thaseho Figure 3, the shape parameters estimates are
general lower than those using the optimal threkhbhe lower shape parameters associated with these
POT samples result in higher return value estimiitasType | tail were assumed. These exponential
estimates are smoother than those obtained usinggtimal threshold (cf. left top panels of Figare
and Figure 3). Note also the rather larger spa@aiation of the GPD estimates in Figure 3. Such
variations in the wind velocities above water aod realistic, since when a storm crosses the region
under consideration wind speeds are not expecta@np so much in intensity more or less intense
above certain grid locations. Such spatial vanai@re only expected in regions with a varying
topography. Figure 3 also shows the exponential @R® 10,000-yr return value estimates using a
POT sample size of 150 per location (an averadestérms per year). Note that the exponential netur
value estimates are even higher than when consgléf0 peaks, indicating that the associated GPD
shape parameter estimates are negative. Theseagstiare in our opinion too conservative and ate no
considered further.

Baseline results
In this section we present the baseline resultschwhre the results of the application of the

methods:

» using as reference location the North Sea locatitimn CFSR grid point coordinates of 4.4°E and
53.9 °E (location 1 in Figure 1),

e assuming that the tail of the data is of typed\ary location,

» using the optimal threshold (cf. top left paneFdajure 2), and

« adjusting the distribution parameters to the thotslgielding 100 peaks at each location. Note that
the adjustment is also made in the Method Smithstefps H2 and S2) although that is not strictly
necessary. The number of peaks is fixed at 100usecthe number of peaks using the optimal
threshold is generally higher than 100 and becagsshall also look at the results of the methods
when the 100 peaks sample is used directly to astimxtreme value distribution parameters (as in
the top left panel of Figure 3).

Figure 4 shows for the storm period with the highgesak at the reference location (the highest
peak of the POT sample at the reference locattmeettemporal snapshots of the original and uplifte
wind speed fields: 6 hours before the peak, the embrof the peak and 6 hours after the peak. The
sequential choice of storms is made in the transfdrspace in the Methods Smith and in the original
space in the Method de Haan. Despite this diffezan selection the resulting storm rankings (aste
for the highest 100 storms) are the same in alliggtfpns we considered. For each temporal snapshot
the figure contains four panels:

» The top left panel shows the original CFSR windespand direction data.

e The bottom left panel shows the time series ofdhiginal and uplifted wind speeds from 48h
before until 48h after the peak of the storm atréference location. The vertical line indicates th
moment in time to which the surface plots correspon

* The top right panel shows the uplifted wind spegsisg the Method Smith.

e The bottom right panel shows the uplifted windesteusing the Method de Haan.

The red asterisk in the surface plots indicatesré¢fierence location. Note that the wind directians

left unchanged in the upscaling process.

Three clear observations can be made from FiguFert, the uplifted fields show more spatial
variation (lack of smoothness) than the originelds. Second, for the temporal snapshots shoven, th
fields uplifted using the Method Smith look rattemilar to those using the Method de Haan. Third,
the uplifted wind velocities derived with the twaethods seem to coincide at the reference location f
the three temporal snapshots considered. Furthey &iam the peak of the storm the temporal change
in the speeds uplifted using the Method de Hadarger and more in line with the temporal variation
in the original time series (cf. bottom left panefghe figures). Note that, as imposed, for bo#thuds
the uplifted wind speed at the peak of the storthateference location is equal to the 10,00Gfurn
value at that location.
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At instants further away from the peak of the stdfigures not shown) the wind speed fields
uplifted using the Method de Haan are lower thars¢husing the Method Smith. The differences in the
temporal variations of the uplifted wind speedsvatat the reference location (cf. time series guFe
4) are also found at the other locations.

In order to assess in more detail the differendevéen the results of the two methods, we have
computed histograms of the uplifted wind speedterstorms corresponding to the highest 30 peaks of
the POT sample at the reference location and frBmikfore until 48h after the peak of the storm.
Given that the data is 6-hourly, the total numiferatues used in each histogram is 17x30. The teglif
wind speed histograms are presented for four lonatdenoted as Northern, Southern, Lake 1Jssel and
Wadden Sea locations and indicated in Figure 1,I8; B and 4 respectively. The Northern location is
the reference location used in the methods. Thedrams are shown in Figure 5.
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Figure 5. Histograms of the uplifted wind speeds at four locations. Optimal exponential estimates.

As was already expected from the uplifted timeesedomparisons (Figure 4), the spread of the
data resulting from the Method de Haan is largentthat of the data resulting from the Method Smith
At the reference location the highest wind speeadduincides, because this bin contains the highest
uplifted values at this location, i.e. the 10,000¢turn value. Given that the plotted data are3or
storms, each method produces at least 30 valdegmfad this bin.

Evaluating, it is difficult to say whether one methcan be preferred over the other, but the larger
temporal changes of the Method de Haan’ uplifteddnspeeds, which are close to those in observed
storms, may suggest that they are more realistich & conclusion can, however, only be drawn after
thorough validation of the results of the two methoThe Method Smith uplifted wind speeds in
principle result in higher loads, which may prowebe more realistic.

Looking at the results in general, one can say hio#th method produce fields that look realistic,
although one should probably try to obtain moretiafip smoothly evolving fields. In principle they
can be used to drive wave and hydrodynamic modelgeneral, it can thus be concluded that the
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methods of de Haan and Smith can both be used ttelntbe temporal and spatial evolution of
multivariate extreme events.

Sensitivity studies

In this section the sensitivity of the results tonge of the choices made in the computation of the
baseline results is analysed. We look namely atahelts of fitting the GPD instead of the exporant
distribution to the local wind speed data, of fiigfithe exponential distribution to the highest FaDT
values at each location and of using other referémeations. For the Method de Haan the sensitofity
the results for augmenting the fitted location-sfiebaseline model by the empirical distributiofitioe
respective observations below the threshold is atsdysed.

Choice of distribution

In this section, the results of applying the methad in the previous section (baseline results) but
without assuming that the data has a type 1 taipagsented. The presented results were thus ebitain
using the GPD fits to the local POT samples obthinsing the optimal threshold and adjusting the
distribution parameters to the threshold yieldif@ peaks at each location.

Figure 6 shows for the identified storm period witle highest peak at the reference location the
original and uplifted wind speed fields 6 hoursdrefthe peak, the peak, and 6 hours after the peak.
comparison with the baseline results, the uplifiedd speeds are generally higher at locations where
the shape parameter estimates are above zero w&ad Where they are below zero. Furthermore, the
spatial variation of the shape parameters leadager differences between the original and uplifted
fields in terms of spatial smoothness.

Figure 7 shows the histograms of the uplifted wampeeds. At the reference location, the GPD
shape parameter estimate is 0.016. This valudhisrralose to zero and therefore the results oftloe
methods do not differ much from those in whichshape parameter is made equal to zero (the baseline
results). However, because the 10,000 year retaitrevat this location is now higher (40.1 m/s iadte
of 38.9 m/s) the spread of the histograms is dlighigher (cf. figures 5 and 7). The differences
between the results of the two methods are sirolénose in the baseline results: the histogranteeof
results of the Method Smith have a higher meanaaadnore peaked that those of the Method de Haan.
For the Southern location the results are alsceratlose to the baseline results. The shape pagamet
estimate is -0.013 which explains the closenesthefresults. For the Lake IJssel and Wadden Sea
locations the shape parameter estimates are -@A060.168 respectively. These light tails lead to
lower means and more peaked histograms (cf. botianels of Figure 7). Furthermore, from the
presented results it can be concluded that theelighe tail the closer the results of the methods.

In conclusion, these results show that the higineertainties of the local GPD fits in comparison
to the local exponential fits lead to larger diffieces between the original and uplifted fieldemmis of
spatial smoothness. Furthermore, the lighter th® GHls at a certain location the closer the updft
local wind speeds of the two methods (De Haan nthg.
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Figure 6. Original and uplifted wind fields for 01-  02-1983 from 6 a.m. until 6 p.m, including wind spe  ed time
series at the reference location (4.375°E and 53.8  59N). Optimal GPD estimates.
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Figure 7. Histograms of the uplifted wind speeds at four locations. Optimal GPD estimates.

Choice of threshold

In this section the results of fitting an exponahdistribution to the highest 100 wind speed POT
values at each CFSR location and using these stiinates in the methods are presented. These
computations differ thus from those of the basetamults in the choice of threshold, since in tdse
no optimal thresholds have been used.

The uplifted wind speed fields show a spatial pattdoser to the one of the original CFSR fields
(figures not shown), which suggests that they mayriore realistic. Of course the opposite is true fo
the GPD estimates using 100 peaks at each loc@tairshown), since the large spatial variationhef t
shape parameter estimates leads to significanbpatiation in the uplifted fields (no spatiakynooth
propagating extreme wind fields).

Figure 8 presents the uplifted wind speed histogrionthe Northern (reference), Southern, Lake
IJssel and Wadden Sea locations, respectively. histegrams are similar to those of the baseline
results, though the results at the Northern, Sontaed Lake IJssel locations are higher and thodea
Wadden Sea location are lower.

In conclusion it can be said that, relative to laseline results, fitting an exponential distribati
to the highest 100 peaks at each location leadplifted fields with spatial variations closer tmse of
the original fields.
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Figure 8. Histograms of the uplifted wind speeds at four locations. Exponential estimates based on loc al fits
using 100 peaks.

Choice of reference location

In this section, the effects of choosing a différeaference location are analysed. The presented
results were computed using the same fits and ssngd those used in the computation of the baseline
results, but using another reference location. rEfierence location used in these computationses th
Lake 1Jssel location.

The dates of the identified highest four storm ge@knked from the highest to the lowest peak
wind speeds before the lifting) are given in Tabléhe ranking of the storms differs thus from tbft
the baseline results, in which the Northern locat®the reference location. The storms nr. 2 an@ n
in these results are respectively storms nr. 4rand in the baseline results. Comparing the wgulift
fields of these storms (not shown) one can conclindé the spatial patterns are similar, but the
magnitude of the uplifted fields is generally higivhen the Lake |Jssel location is used insteathef
Northern location as reference.

Table 1. Ranking of the highest four storm peaks us  ing North Sea and
Lake 1Jssel locations as reference locations.

North Sea ref. loc. (Baseline) | Lake IJssel ref. loc.
Storm nr. 1 1-2-1983 12h 25-1-1990 18h
Storm nr. 2 19-12-1982 18h 14-1-1984 18h
Storm nr. 3 16-10-1987 12h 1-2-1983 12h
Storm nr. 4 14-1-1984 18h 18-1-2007 12h

Figure 9 shows the uplifted wind speed histograms the Northern, Southern, Lake IJssel
(reference) and Wadden Sea locations, respectiValy.histograms are similar to those of the baselin
results, but since the Northern location is in tase no longer the reference location, the hiatogr
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contain values higher than the 10,000-yr returne/at the Northern location and the histogramshier
Lake IJssel no longer contain values above thEOif800-yr return value.
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Figure 9. Histograms of the uplifted wind speeds at four locations. Optimal exponential estimates usin g the
Lake IJssel location as the reference location.

The main conclusions to this analysis are that ¢heice of another reference location may
influence the ranking of the selected storms, thesty of the uplifted fields and the distributiohthe
wave loads. Once restricting the number of considlestorms to the 30 highest in terms of the POT
values at the reference location, the populatiostafms obtained using difference reference lonatio
may differ significantly.

Augmentation of the extreme value distribution i empirical distribution in Method de Haan

The results of method de Haan presented so far baem obtained by applying the GPD
distribution to observation both above and below/ttivesholds. Strictly speaking, the latter is litva
Therefore the effects of augmenting the extremeevdistribution with the empirical distribution tife
observation below the threshold in the Method darHare analysed in this section.

Figure 10 presents the uplifted wind speed histogrior the Northern (reference), Southern, Lake
IJssel and Wadden Sea locations, respectively.\iihg speed time series at the reference location is
plotted along the respective histogram. The figlrews that when also augmenting the exponential in
the Method de Haan the results of the methods @hSand de Haan are really close to each other. The
observations below the local threshold are furthited when augmenting the extreme value
distribution in Method de Haan and the resultshef two methods are close even away from the peak
(cf. the wind speed time series in figures 4 and W are not yet in a position to comment on which
temporal evolution is more accurate and will, thene still consider both versions of the Method de
Haan in further studies.
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Storm nr: 1 (30-Jan-1983 12:00:00: 03-Feb-1983 12:00:00)
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Figure 10. Histograms of the uplifted wind speeds a t four locations. The wind speed time series at the

reference location is plotted along the respective histogram. Optimal exponential estimates =~ augmenting the
fitted location-specific exponential with the empir ical distribution of the observations below the thr eshold.

CONCLUSIONS AND RECOMMENDATIONS

The main conclusions of this study are that:

e The uplifted wind fields show more spatial variati@r noise) than the original fields. This is
probably due to the uncertainties in the extrenteevanalysis per location.

» The methods produce rather similar uplifted windespfields around the peak of the storm.

* When considering the uplifted wind speeds from d8rk before until 48 hours after the peak
of the storm, the Method Smith uplifted wind spebdse a higher mean and a more peaked
histogram than those of the Method de Haan. Moeeigely, the uplifted wind speeds of the
two methods coincide for values close to the peales, further away from the peak (for
lower original time series values) the resultshaf Method de Haan are lower than those of the
Method Smith. In other words, the time evolutiorthed uplifted Method de Haan wind speeds
show stronger increases and decays in time, whéneadethod Smith wind speeds remain at
a higher lever closer to the peak value. Howevan the Method de Haan the locally-fitted
extreme value distributions are augmented belowthiheshold with the respective empirical
distributions, then the time evolution of the ujgd wind speeds of both methods (including
uplifted wind speeds originally below the threshade similar.
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e The higher uncertainties associated with using@R® distribution instead of the exponential
distribution for the local fits lead to larger @ifences between the original and uplifted fields
of both methods in terms of spatial smoothnesghEumore, the lighter (the less extreme) the
GPD tails at a certain location the closer theftgalilocal wind speeds of the two methods.

e For both methods, when assuming a type | tailediffit choices of the threshold may lead to
uplifted wind speed fields with a spatial pattermosther and closer to the one of the original
fields.

e For both methods, different reference locations nead to a different ranking of (and
population of) chosen storms, uplifted fields witigher magnitudes and a different
distribution of the associated wave loads.

To motivate our recommendations, we would like tanp out that in this first application of the
methods only omni-directional statistics have beéetermined. Because only omni-directional stasistic
have been determined, the magnitude of the lifsrfglly determined by the omni-directional statist
In other words, the magnitude of the lifting is g@me for easterly wind directions as for westestyd
directions, which is not in accordance with reakiymce easterly conditions are much milder than
westerly conditions in the Netherlands. In orderotiain more realistic estimates of extreme wind
fields, directional estimates of the local fits dee be obtained.

Furthermore, in order to determine spatially anactionally smoother extreme statistics, more
attention should be given to the spatial continaifythe estimates of the extreme value distribution
parameters per location and variable. In principhe extremes of the wind and associated
hydrodynamic variables are not homogeneous in tilimeg¢or time, or season) and the extreme value
distribution estimations must be direction and piulip also seasonal dependent. Given the number of
analyses that need to be carried out, automatimigees and methods that lead to smooth variations
space, direction and time of the estimate showddefore be investigated.

Another limiting aspect of this study is that tlesults of the methods of Smith and de Haan have
only been assessed in terms of comparisons offtlifeed time series. A more thorough assessment of
the results of these methods should involve using tplifted fields to force the wave and
hydrodynamic models used in the determination efitydraulic boundary conditions and assessment of
the model results.

Last but not least, an assessment of the resulthede statistical methods in terms of the
underlying physics (including their time evoluticst)ould also to be carried out.
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