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Abstract: Predictions from two different wave models on wave
height, low frequency wave height, wind speed and wind
direction, are compared with observations. The com-
parison is made for the period December 1979 until
April 1980 and for three different locations in the

southern North Sea, and two northerly stations.

Note The time series mentioned in this report are contained in a
seperate Supplement, which is available from the KNMI library

on request.



1. Introduction.

In recent years interest in accurate wave predictions has been
increasing steadily. This interest hes been stimulated by demands from
the off-shore industry. In the Netherlands a special stimulus came from
the envisaged construction of & storm surge barrier in the Oosterschelde
estuarye.

At present a large number of wave prediction models is avallable
(Favre and Hasselmann, 1978; Earle and Malahoff, 1979; Holthuijsen, 1980).
Although many of these are used for hindcasting studies, few are actually
used for operational forecasts cn shallow water (depth < 0.2 wavelength).
Two such models are the Met. Office model (Golding, 1978) and the KNMI
model GONO (Klepper, 1975; Sanders, "976; Saraber, 1980; Bouws et al,
1980; Bruinsma et al, 1980; Sanders, de Voogt and Bruinsma, 1981). The
latter model has been extended to take certain bottom effects into account.
The former considers refraction as well. The Met. Office model makes use
of two different grids, & coarse one covering most of the North Atlantic
and a finer 50 km grid for the North Sea (Fig. 1a). It gives wave
predictions every 12 hours: a 12 and 24 hour forecast, as well as a cal-
culation based on the analysed weather map. GONO gives similar predictions
every 6 hours. Its 75 km (Fig. 1b) grid extends quite far to the North
(75° N). It covers only a small part of the Atlantic Ocean.

In order to monitor the over-all quality of these predictions it
was decided to compare the output of both models with each other and with
available observational data. The comparison started on the first of
December 1979, and continued until the end of April 1980. Preliminary
results covering the month of December only, were given by Bouws et al
(1980). Predictions for 5 different locations were selected for the

comparison. These positions are

depth
0  EURO 51959 "N 3°30'E 20 m
1 IJMUIDEN 52°3L 'y 4°03'E 25 m
2 PENNZOIL £3°13'N 3°13'E 22 m
3 EKOFISK 56°33'N 3°13'E 60 m
L OWS MIKE 66°00'N 2°00'E ©

Wave data were obtained with the help of waverider measurements.
The data from EURO and PENNZOIL came to us via Rijkswaterstaat, Directie
Noordzee; the IJMUIDEN dats have been taken with the KNMI waverider.



The models involved predict wave spectra. In principle, these,
could be compared with the observed spectra. However, because of the
large amount of data involved it was considered more useful to concentrate
on a comparison of the significant wave height.

bl 1/2
H,=L4 (S E (f) af | (1)

where E (f) is the variance spectrum whose integral over all positive fre-
quencies f gives the mean squasre surface displacement. As there is a spe-~
cial interest in the low frequency part of the spectrum an additional
comparison was made of the low frequency (period > 10 s) energy. To this
end a "low frequency wave height"

L 0.1 Y.
Hs,m- (5 E (f) &f ) (2)

. ]
was introduced.

Since the atmospheric input tc the models is important, we also
made a comparison of calculated and measured wind vectors. Wind data for
EURO were taken from the nearby light platform Goeree,'*® for IJMUIDEN from
a nearby coastal station and from PENNZOIL from the oil rig itself.

It should be understood that the preéent comparison is mainly of
interest as a test for tre accuracy of the actual predictions. A search
for weak points in the steps that lead to the predicted values would
require a different apprcach.

The comparison is complicated slightly because at the end of
February a new GONO version became operational. With this version, GONO-HI,
December and January were rerun in order to compare with the older version.
March and April were run operationally with GONO-HI only. If no confusion
is possible we will denote the updated GONO version simply by the name GONO.

The plan of the present paper is as follows. In Sec. 2 a summing
up is given of the differences between GONO and GONO-HI. Section 3
attempts to discuss the cuality of the observational data. Section 4 gives
a discussion of the observed time series, and in Section 5 statistical

results are given. Our ccnclusions are presented in the last Section.

* At KNMI the quantity E1O has also been used as a measure of the low
frequency energy. Its relation to HS 10 is E10 = (E H )2
b

5,10
If missing, Hook of Holland data were used.

*e
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2, Improvements of the GONO-model.

A joint wave modeiling rroject of KNMI and Rijkswaterstaat, led to
several improvements of the GONO model, and resulted in a new version of
GONO, denoted by GONO-HI. This wvarsion has been introduced in the
operaticnal service on March 1, 1980. In order to compare the new version
of the model with the old one, & hindcast run has been carried out for
the period December 1979 until the beginning of February 1980. The results
cf this comparison are included in this report.

In the hindcast run pressure analyses have been used which have
been updated by including retarded otservational data; also occasional
errors have been correctad. Tais sometimes causes slight differences be-
tween the wind fields of the original real-time run and the hindcast run.

The improvements of the GONC nodel will be described in detail

in a forthcoming paper by Sanders, de Voogt and Bruinsma (1981). In short

they are the following:

(1) The windecalculaticn has teen refined, with special attention to
the effect of atmospheric stability as determined by the difference of air
temperature and seawater tempersture. In addition a problem with air pres-
sure patterns when the isobars show a strong gradient and anticyclonic
curvature, leading to singular results for the wind speed,has been overcome;
This problem is intrinsic to the Hesselberg technique of calculating wind
fields from pressure distributions (Hesselberg, 1915).

Also offshore windspeed is reduced near the coast, to account for

lower surface wind speeds on land, with gradual transformation of tre

boundary layer to sea conditions.

(i1) Errors in the group velocity table for shallow water waves have

been corrected.

(i1i) The calculation of the advective part of the energy balance has

beer. improved.

(iv) The spectral shape in extreme wave conditions on shallow water is

now modelled more in agreement with empirical data.

(v) As to the +12 and +2L4 thours prediction the input of pressur:
data has been refined. However, the results could not be used yet brcause

of a programming error.
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3. Observational data.

Wave prediction modzls have been evaluated by comparing four

elements of model data with otservational date - wind direction and

wind speed, significant wave height and low-frequency wave variance -

at five locations:

- three in southern North Sea (west of Hook of Holland, west of IJMUIDEN,
and in block K-13 (100 km west of the Frisian Isles),

- one in €entral North Sea (hortn of Logger Bank: AUK and/or EKOFISK),

- one in Norwegian Sea (Ocean Weathership Station MIKE).

This comparison requires a uniform quality of observational data.

However, this requirement cannct be met fully, as will be illustrated

by Table 1.

TABLE 1.

locations:

wind sensor placed:

wave data from:

0. EURO

1. IJMUIDEN

2. PENNZOIL

3. EKOFISK

L. OWS MIKE

Wind data.

on light platform GOEREE
just cn top of lighthouse
at 30 m height

(sometimes replaced by wind
data from landstation at
Hook cf Holland).

on sotthern pier of IJMUIDEN
harboir at 18 m height

on pletform on top of tower
at about 80 m height

on pletforn AUK
probably similar to 2.
(EKOFISK wind data not
availeble)

in mast of weathership

waverider
near Eurochannel

waverider at the
ammunition dump-site
approx. 40 km

west of IJMUIDEN

waverider near rig.

waverider near
AUK altimeter
om platform EKOFISK.

visual estimates

Table 1 shows that -~ ever. for one location - conditions are not

uniform at all. Wind data at stetion 1| are close to ideal for onshore wind

directions; however it has besn found that offshore winds are less represen-

tative for conditions at sea. Wind at coastal stations - depending on local

conditions - is subject to diurral variations in most cases, with the

exception of strong onshore winds. Stations 0, 2 and 3 are located on tall

structures at sea, with station 0 still rather close to shore and wind



sensors not so far from the water surfuce as at stations 2 and 3. It has
generally been assumed that, aypecxineiely, there is a fixed proportion be-
tween wind speeds at higher levels (up to 100 m, say) and standard level of
observetion (10 m above mean wetar level) sccording to standard wind
profiles. However, comparison c¢f ianstrumental data with calculated data from
air pressure distributicns zhows thst wind speed data of K-13-4 (PENNZOIL)
and AUK are not proporwional to surface wind speed for all wind speeds; it
seems that - in the absence of reduc:ion for height of observation - for gale
wind speeds the reduction .s very small for all heightswhereas for light

to moderate wind speeds the reduction is of the order of 15-30 percent,
depending on the heigh~ of observation and the disturbance of the airflow.
Wind speed of light platform Goeree and of platform K-13-A are reduced
before they are included in the synootical dataset (Meteo Holland). No
reduction seems to have been applied to wind data at AUK; comparison of
simultaneous wind data of AUK and EKOFISK platform since May 1980 (GTS -
via Norway) reveals that the EKOFISK data are reduced to standard height.

No detailed information is available s> far about wind observations at these
locations. Finally, wind data of weath2rships are probably biased a little
by the ship's speed; for safety reasons the ships are steaming when wind
speed exceeds 6 Beaufort. In addition, the movement of the ship will cause

a slight enhancement of wind speed. On the other hand, when wind and sea are
moderate the ship may ve drifting with speeds up to 2 knots, causing some
decrease of wind speed.

To summarize (see Table 2), comparison of wind data must be carried
out with sufficient caution alsc noting that the wind field near coasts is
discontinuous (besides there is & strong impact of wind direction on fetch
lengths near coasts!] and that reiuction for height of observation (when
applied) is sometimes too strong. The fact that model wind fields have been
calculated according to the Hesselberg relation which implies the risk of

singularities at high wind speeds does not seem to have caused any bias.



TABLE 2.
Station direction speed
or location moderate gale
0 onshore (Goeree, Hook <3 Holland) + +(9?)
onshore (Goeree o1iy) <
offshore (Goerea) + <<
1 onshore + +
offshore - -
2 all + <<
3 AUK >> >
EKOFISK + (not known)
L all + >

+ : goaod.
- : less good.

> : observational data assumned to be greater than correct value.

< : idem, less than correct value.

Wave data.

The uniformity of wave data is much better: at locations 0, 1 and 2
waveriders are used. However, location 1 appéars to be quite vulnerable fcr
radio disturbance, due to tie relatively large distance between the wave—
rider at the ammunition dumo-site, and the receiving station (approx.

L0 km) in the vicinity of IJMJIDEN harbour, where walkie-talkies are operated
rather frequently. The quality of wave data from location 2 was variable,

but now and than just as good as rom the southern locations. However, during
the period of observaticn (Dez. 1979 - April 1980) wave data from EKOFISK
through direct line to Rijkswaterstaat are not available for publication.

So data points - with the excertion of the second half of April which are
from location AUK - should ce ignored.

The visual observaticns ¢ the weather ships at OWS MIKE seem to be
of poor quality, in particular whan the Norwegian ship "Pclar Front" was at
station (15 Dec. 1979 - 1L Jan. 1380, & February - 9 March and 4 April -

5 May 1980). This was concluded by comparing with other wave observations

in same area during gales.

Conclusions.

- Wind speeds have been cbservec under very different conditions.
Table 2 shows indicaticrs of the bias that was caused by e.g. the
nearness of land, the extreme height of wind sensors above the water

level and the ship's speed at OWS MIKE.
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- Wave data from stations O, | a1l 2 are of good quality (though some
data at station 1 have been lost due to disturbances); the amount of
data from station 3 .3 1. m:ited: wave neasurements at AUK were only
available in April; FXOFL3K wave daita were only available for restricted
use, pending deliver; of date systen Lo Rijkswaterstaat. However, the
Norwegian Met. Office nas _ncluded the came station in the (TS-network
since April. The vigual cstimates ¢ wave height at station L seem of

oor quality during —ericds thas thae "Polar Front" was at station.
i 2

L. Time series.

We give a qualitive description of the main features of the time
series. It is meant too guide the eye while studying the plots which can be
found in the Supplement of this repors. Time will be
indicated by date and time (GM7Y) as DDJH, or simply by date as DD. We
will mainly concentrats on a comparisoa of calculations starting from
the analysed weather data. Deviations ian the forecast (if present) are

obvious and are not normal.y commanted on.

DECEMBER 1979. (See Supplement, Figs. 1-15.)

The time series for thnis month was discussed by Bouws et al (1980).
However, December has heen rerur with GONO-HI (analysis only, cf. Sec. 2).

Here, we will discuss ihe difference between GONO and GONO-HI results.

oL12-0612.

Southerly winds generated waves of 3 m significant wave height at
EURO and of about 4 m at TJMUIDEN and PENNZOIL. GONO overpredicted by
about 1 meter; with GCNO-HI ths overprediction was reduced to 0.5 m for
EURO and PENNZOIL; IJMUIDEN was about right. The spuricus swell peaks

ri

occurring with GONO on WSt, 3 and 1Cth of December are suppressed in

GONO-HI.

0612-1400.

In this period several peaks occur. Again GONO tends to overpredict
with too high winds. GONO-HI has scmevhat better winds and a better HS’
although it 1s too lew on 11th, with vinds too low at EURO. The behavior
near IJMUIDEN is similar. At PENXZ0IlL GONC and GONO-HI have errors cf
compatible magnitude. For all three locations GONO and GONO-HI fail to

give H correctly.
]

10



1&00-1200.

The main December stcrm occurred in this period with waves of up to
6 m significant wave height. The storm really consisted of two maxima
separated by a sharp mirimum cn “618, when the westerly wind dropped from
L0 to 15 knots and the gignificant wave height from 5 to less than 2 metres.
GONO-HI follows HS quite well for the position considered, in fact, much
better than GONO &id. HS,iO was well described attiURO bty GONO; GONO-HI
overestimates HS,1O by neasrly a facter of 2 on 107 . IJMUIDEN was a special
and interesting case, as toth GONO and Model M underestimated HS,1O'
In Bouws et al (1980) this wss aseribed to the special shape of the
observed spectrum, which was rather brosad. GONO-HI was expected to give
a better representattion >f the spectrum on shallow water and indeed on
comparing the GONO~HI results with the data we find better agreement.
At PENNZOIL both GONO and GONO-HI give a good description of the

observations.

20-25.

Falling sea with some swell. For EURO and TIJMUIDEN GONO gave a fair
description of the observad HS‘ GONO-HI was always too low, but followed
HS,1O reasonable well. At PENNZOIL the description was reasonable.

26-29.

Winds reached 35 knots at all three stations. Unfortunately these
winds were badly overestimated, with an estimated peak of 50 knots. This
led to too much HS and HS,1O for both GONO and GONO-HI at EURO and
IJMUIDEN. Remarkably the GONO-3I wave results agreed well at PENNZOIL,
despite the overpredicted winds. The remarks about the quality of the wind

measurements (Sec. 3) should slso be taken into account, however.

JANUARY 1980. (See Supplenent, Figs. 16-30.)

For this month we conpare GONO, GONO-HI and Model M with data.

01-0312.

During this storm, which started on 30th December, HS was
overpredicted by GONO and GONJ--EI at RURO with winds too strong.
Agreement at IJMUIDEN and PENN7CIL was better. Particularly HS,1O at
PENNZOIL was followed wel.. by GCNO-HI. Model M gave too much low frequency
energy at all locations. HS at EURO and IJMUIDEN were well described, at

PENNZOIL it was overpredicted, the calculated wind being 5 knots too high
on 0200.



0312-0512.
During a second storm GONO and GCNC-HI overpredicted slightly at all

locations, with winds tco high, while Mcdel M underpredicted mildly.

07-13.
This period is merked by easterly winds. At EURO and IJMUIDEN GONO
gives better HS than GONO-HI, which might indicate that the reduction of

wave growth with off-shore winds ' <f. Sec. 2) has been too large.

15-18.

One of the most interesting events of this winter occurred during
these days. A depression (970 mk) passed between Iceland an Norway (See
Fig. 2), giving first a westerly gele at OWS MIKE, later on 1412-1418 a
northerly gale with measured winds cf 50 knots. In the southern North Sea
wind speeds remained low. The galz off ihe Norwegian coast generated a
wind sea with a significant waveh2ight calculated by GONO-HI to be 12.8 m.
The visual estimate was 9 m, whils Model. M calculations were somewhat lower.
It is however important that the Model M grid does not extend up to the
polar ice. The wind sea produced swell with a period of 17 s, which reached
EURO withing 24 hours with an estimated speed of the order of 50 km/h.
The observed extreme swell pericd supports the validity of the GONO
calculation for OWS MIKE. Both GONO and Model M wind input agree well with
observations at MIKE, although the calcilated maximum of the northerly gale
is 6 hours too late in GONO. GONO wind-forecasts were poor, but this is
irrelevant for the swell calculation in the southern North Sea. GONO used
an incorrect group velocity for the prooagation of the swell. As a result
the calculated swell appears 18 hours late at EURO. The level at EURO is
about Tight. PENNZOIL is underpredicted. GONO-HI, with corrected propcgation
speed, has better arrival times. A= PENVZOIL it is about 6 hours late, but
this may be due to the fact that the maximum of the generating storm was
taken too late. At BEURO, the same can be said about the arrival time; the
predicted level is far too high imolying an underestimate of the dissipation
of waves of this extrems length (v 500 m). A definite explanation for the
observed weakening is not available. However, we conjecture that refraction
may have contributed to the effective swell reduction at EURO.Model M, with
time steps of 12 hours for the output, does not show the extreme waves at
MIKE on 1L418. The resulting swell at PENNZOIL started, as nearly always, too

high, and failed to give the observed sharp peak in H The same thing

3,10°
happened at EURO. In Fig. R the criginal swell registration at PENNZOIL is

shown for 1llustration.
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21-25.

Winds at EURO and JMUIZEN wers overpredicted by GONO. Model M had
better winds. As a result GCONO end GONO-ET overestimate the resulting wave
height, while model M givis a juite accurate deseription of HS' At PENNZOIL

similar trends are observ:d. GINO-HI gzives HS too high, as at EKOFISK.

,10

FEBRUARY 1980. (See Supplam=2at, Figs. 31-40.)

This month was a gaizt period. The most striking features are the
poor observations of OWS MIXE when the "Polar Front" is on duty. In the
southern North Sea the most remarkable feature is the overprediction of
HS,1O on the first 6 éays of the month, especially at PENNZOIL. It is not
clear if this is the result of =co high winds in the northern part of the

GONO grid. The difference in H(3 calculation of GONO and Model M is

striking.

MARCH 1980. (See Supplement, Figs, 41-50.)
GONO-HI became operaticnal and is referred to as GONO in the
following. GONO, and Model M results are compared.

02-05.
At EURO and IJMUIIEN GONO winds are a little low. As a consequence
GONO has HS too low. H, > is reasonably given by GONO. As usual Model M
u,-‘
has H too high. At PENNZOIL Model M overpredicts both H, and K .
5,10 S S,10
GONO underestimates HS 10" The two metres swell observed on 0312 were
s -
generated by a storm at GOQN, with Hq = 6 m, which, apparently, is pcorly
handled by GONO.

06-09.
GONO gives HS too high, with a spurious HS 10 peak on 0718, at EURO
9
and IJMUIDEN. For PENNZO.L be:ter results were obtained. Model M performed

well. EKOFISK data are avrailasle from Yth on. GONO is somewhat low, Model M
is somewhat high.

12-17.
GONO has winds too> hige at EURO and IJMUIDEN. The resulting H, of
(o)
over 3 m is twice the observed value. Model M has correct winds and

correct HS. At PENNZOIL 20th models perform well. At EURO the change in

wind direction on 1406 is nicely fcllowing.



18-21.

GONO performs well at EURO, fcllows initial rise correctly; later
winds are too high, but fall-off is well described. Model M is too low.
‘At IJMUIDEN the GONO wind is too low iritially, while the direction is also
given incorrectly. At PENNZOIL both mocels behave well.

22-23.

Available spectra irdicate the presence of several swell peaks. Model

results are too high at EURO and IJMUIDEN. GONO behaves reasonably at
PENNZOIL.

27-30.

Al]l models behave reasonably as far as HS is concerned. HS 10 is

b

(much) too high at all three scuthern stations. Hg is described very well
by GONO at PENNZOIL. At EKOFISK GONO winds are much too low (15 knots

instead of 35 observed on 2718).

APRIL 1980. (See Supplement, Figs. 51-60.)

02-06.

Winds of up to 25 knots (westeriy first, later from the north)
generate waves at EURO and IJMUIDEN, which are very well described by
GONO. Agreement at PENNZOIL and with Model M was slightly poorer. H

S,10
of Model M was too high, especially on 3rd and hth. At EKOFISK both

GONO and Model M performed reascnably.

08-12.

At all three southerly stations Model M has HS,1O too high. HS
is good on the other hand, except in tie tail where calculations remain
too high. GONO overpredicts HS at the mnaximum and then decays too fast.

This may be related to overcompensatioa for the off-shore wind reduction.

17-23.

The main storm of April gave 5 n significant wave height at EURO,
and over 9 m at EKOFISK. The generating wind field was exceptional because
of its extremely long fetch (see Fig. 4). At EURO GONO reacted slowly,
rising a little late and falling off t>0 slow. The calculated maximum for
both HS and HS,1O agreed w=ll wita observations. At IJMUIDEN the same was
found with respect to HS. ﬁS,1O was underpredicted by 1 m. Model M performed
very well at EURO; at IJMUIDEN it remained too low. At PENNZOIL GONO was

slow again, while it underestimeted the maximum HS 10° Model M described
b
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HS gquite well. For HS,1O

because the descrepancy between GONO and the data was at 2006, a time not

comparison tetween GONC and Model M is difficult,

considered by Model M. At EKOFISK both models follow the data quite well.

24-28.
GONO has winds too lcw. ES s low and the small swell peak on 25th

is missed. Mcdel M performs better, btu- at EKOFISK, like GONO, it under-

estimates HS and HS,1O‘

5. Statistics.

For each month summary tebles of the errors are presented to compare
the performances of the differert models quantitatively. The interesting
features of these tables are described in this chapter. Each table consists
of: location, number of cbeervations, sverage of the observations, average
of the errors (calculated ninus observed vaelues), RMS error, number of
cases overpredicted and nunber of cases underpredicted for each position.

We treated wind speed and winé directicon as independent statistical variables.
The average direction is rot given since it is not a meaningful quantity.
For the calculation of the wind direction error, cases with a wind speed
less than 10 knots are omitted., As before, the data of EKOFISK for the month
of December and OWS MIKE fcr the whole period are not taken into account
because of the unreliability of the data. There are tables for the Met.
Office model, referred to es Model M, the original KNMI model, referred to
as GONO, and the revised KIMI model, referred to as GONO-HI.(The latter also
for the period March and April 980 in contrast to the previous sections.)
Analysis on a table means that Tcr the calculations analysed data are used
as input data. There are also tables for the +12 hour and +2L hour forecasts
(GONO and Model M only). The tables are referred to by their numbers between
brackets.

We shall successively discuss the wind direction, wind speed,

significant wave height (Hq) and low frequency energy (HS 10) while roughly

using the following matrix schene:



Models type Period

1. GONO, Model M analysis Dec. 79, Jan. Febr. 80

2. GONO-HI, Model M anslysis Dec. 79, Jan. March Apr. 80

3. GONO, GONO-HI anglysis Dec. 79, Jan. 80

4. GONo, Model M +12, +2L h Dec. 79, Jan. Febr. 80
forecast

Because GONO-HI for Dec. '72 and Jan. '80 has been run in hindcast
mode, a comparison is made between the results of GONO-HI for this period
and for the period March, April '80. Nc significant differences are noted
(3, 6, 15, 17).

At the eind of this chapter we will also look at the scatter-index,
introduced by Holthuijsen (1980). Tne scatter-index is defined as the ratio
of the RMS error and the average of the observations. The application of

this index will be restricted to the significant wave height.

(i) Wind direction.

The wind analysis of Model M includes observations and so it is not
valid tc compare the errors at this time. The wind directions calculated
by Model M systematically seem a little veered (4, 16, 18). No difference
is noted between GONO and GONO-HI (3, ¢, 6, 8). In GONO-HI the wind
direction of PENNZOIL has backed during most of the time, compared with the
observations (3, 6, 15, 17). For the +12 hour forecast Model M deteriorates

more quickly than GONO, which results in errors of the same size (7, 8, 9,
10, 11, 12).

(i1) Wind speed.

The analysis by Model M ggein will not be compered because of the
inclusion of observations in these data. The RMS error for Model M is
about 15-20 dm/sec and for GONO ard GONO-HI asbout 20-25 dm/sec. By
comparing GONO with GONO-HI the letter shows a much smaller average error,
but the RMS error remains cf the same size (3, 5). For January a smaller
change is noted (6, 8). The wind speeds for EKOFISK by GONO and GONO-HI
are too low (6, 8, 15, 17). The wind speeds by GONO for April are also
too low (17). Good wind speeds are calculated by GONO during February (1h4).

The longer the Zorecast psriod, the more the average of the errors
deteriorates in GONO, with a tendency :“or much too low values (8, 10, 12).

After a drop for the 12 hour fcrzcast, the RMS error in Model M remains

on the same level (7, 9, 11).
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(iii) HS.
Both GONO-HI and Model ¥ give a better analysis tnan GONO (3, L, S,
6, T, 8, 13, 14). GONO-HI equals Model M except in January, when Model M
shows & remarkable small V3 error (?, h, £, 7). However, the average error
in Model M widely differs for the differeat positions (4, 7, 13). By
comparing GONO with GONO-1I we nctice an important improvement of the average
error and RMS error in GOVO-HI 2, 5, 6, 3). The results for EKOFISK by
GONO-HI are too low orn avarage .15). This is in consistence with the
average wind speed error aoted atove.

As to the forecast we gsee that the 32 hour forecasts by GONO are
somewhat better than the values tased on analysed data>as to the average
and RMS error (8, 10, 21)! Bcth the 12 hour and the 24 hour forecasts of
Model M score better than GONC (9, 10, 11, 12). Model M overestimates a

little (9, 11) but GONO tends to too low values in the 24 hour forecasts
(10, 12).

(iv) HS,1O°

A comparison between GCND and Model M shows a smaller average error
for GONO (L, 5). Model M overpredicts on average by 20 cm (4, 7, 13, 15, 17).
During the first week of Fetruary GONO overestimates the low frequency,
resulting in a high RMS error (even higher than Model M), especially when

small values are excludec {13, 1k, 19, 2C). It occurs that equals

HS,1O
zero for a long period, s we can see in the time-series for February and
April. So low values have tc he excluded from the statistical analysis.
For a minimum height for observed and calculated values an arbitrary 30 cm
is chosen. However, the tables constructed with a minimum height of 20 cm
lead exactly to the same conclusions. GONO-HI also shows a smaller average
error than Model M (3, 4, 5, 6, 15, 16, "7, 18). A comparison between GONO
and GONO-HI shows that there s aard.y any difference (3, 5, 6, 8). At
EURO and PENNZOIL GONO-HI overpredicts swell (15, 21). The tables for
April earn a closer look: those with all the values and those in which the
small values are excluded (1%, 22). The big difference between the averages
of the observations is due 5 the fact that only a few cases are excluded
in Model M because of the overprediczing of Model M.

The figures for th= 12 hLours and 24 hours forecasts hardly differ

from the analysed data (7, 8, ¢, 10, 11, 12).
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Table 23 gives the scatter-indiczs for HS’ calculated from the
tables 2 - 22. According to this criterion Model M scores better than
GONO-HI, especially fcr EURC.

6. Conclusions and recommandations.

In accordance with the concliusions of Bouws et al (1980) we find
that the cperational GONO model perform:d rather well during the period
December 1979 - April 1980. The wind dasta must be analysed with care
because of the differences hetween the vind-measuring locations, as

discussed in chapter 2.

With regard to the revision in the GONO model we notice that

1. Errors of the shallow water propasgation of swell have been elimated.

In this way a better timing of _ocal swell (HS 10) was obtained.
?

2% The spectral shape performance of GONO-HI is better than that of GONO,
in the case of severe gale ccnd: tions in shllow water (cf. 17/18
December 1979, IJMUIDEN).

Due to & lack of information about the revisions in Model M and
the analysis of the results for the whole period, the conclusion of Bouws
et al (1980) for Model M is mainta‘ned.

For the period December 1979 - February 1980 the +12 and +24 hour
wind forecasts of the GONO rodel show a systematic (increasing) discrepancy
between observed and calculated wind speeds. The GONO winds are too low on
average. This is probably due t¢ smoothing of the forecasted pressure fields
of the KNMI atmospheric model.

For further improvement of the GONO model a closer look should be
teken at the different mechanisms in +he model such as wind calculation,

4

wave generation and dissipation and energy propegation. For example, He, 10
]
in EURO and PENNZOIL has often been overr-predicted. In one special case

(Jan. 10, 1980) this might be attributed for EURO to the absence of

refraction in the model.
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Figure Captions.

Grid of Model M.
Grid of GONO.

Weather map for 14 Jan. 1980, 0000 and 1200 GMT.
Swell registration on Jan. °5, 0900 GMT, at PENNZOIL.

Weather map for 19 April 1930, 1200 GMT.

The time series are given in a Supplement to this report.

Table Captions.

23.

(In the text) Details of data collestion.
(In the text) Estimated quality of wind measurements.

Summary tables, giving results for wind direction, wind speed, HS

and H (from top to bottom). Givan are resp. location, number
$,10

of observations, average of the obsarved values, average error,

RMS error, number of cases overpredicted and number of cases un-

derpredicted.

Scatter indices, for various periods, models and positions.
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PERIOD 79120100-79123112

WIND QIRECTION ¢ DEGREES ) ANALYSIS GONO HI
LOCATION NUMBER AV. 08S AV. ERROR RMS PLUS MINUS
EURO 108 cow cos 017 0718 028
IJMUICEN 105 te s C14 026 082 023
PENNZOIL 106 e - C06 016 031 072
EXKOFISK or7 taw =C00 0113 042 033
STATION N 099 e n -C09 025 031 064

WIND SPEED ( DM/SEC ) ANALYSIS GONO HI
LOCATION NUMBER AV. 235 AV. ERROR RMS PLUS MINUS
EURO 124 106 o1 0zrs 063 060
IJMUIDEN 1264 106 o1 029 056 067
PENNZOIL 123 099 coe 028 084 039
EXKCFISK 106 114 -(29 037 0038 0938
STATIGN M 119 120 -(24 041 024 095

HS SIGN. WAVE HEIGHT( CM ) ANALYSIS GONO HI
LOCATION NUMBER  AV. 085S AV. ERFROR RMS PLUS MINUS
EURD 124 205 ~C04 055 053 069
I JMUIDEN 089 215 -C01 053 046 0645
PENNZOIL 123 229 - (03 055 051 070
EKOFISK 018 192 (93 169 015 002
STATION M 118 283 (45 142 073 045

H S»10 € CM ) ANALYSIS GONO HI
LOCATION NUMBER AV. 1BS AV. ERFOR RMS PLUS MINUS
EURO 124 023 €01 024 069 075
[JMUIDEN 081 044 - €09 028 028 053
PENNZOIL 122 046 - (03 030 047 075
EXOFISK 018 104 (44 125 009 009
STATION M 000

TABLE 3.



PERIND 79120100=-79123112

WIND CIRECTION ( DEGRELS ) ANALYSIS MOOEL M
LCCATION NUMBER  AV. 03S AV. ERROR RMS PLUS MINUS
EURO 049 sea 006 011 035 010
[ JMUIDEN 045 L elc n19 035 009
PENNZCIL 052 tex 003 014 030 019
EKOFISK 060 *a 004 012 028 010
STATITCN M 052 *e o 0Ls 021 051 001

WIND SPEED ( CM/SEG ) ANALYSIS MOOEL M
LCCATICN NUMBER AV. 08BS AV. ERROFR RMS PLUS MINUS
EURO 057 109 -Cd7 018 023 93¢
IJMUIDEN 057 108 =011 n2¢C 013 043
PENNZOIL ‘ 056 009 o18 026 067 OOg
EXKOFI SK 050 109 - C0e6 021 018 N30
STATICN M 055 121 co? p o017 028 224

HS SIGN. WAVE HE[GHTC CM ) ANALYSIS MODEL ™
LCCATION NUMBER AV. 0O8S AV. ERROR RMS PLUS HMINUS
ELRQ 057 211 =017 041 o17 239
I JMUIDEN 034 213 -C13 058 915 J18
PENNZCIL 06 2210 23 254 €35 o211
EKOFISK 0cC9 234 176 213 009 000
STATICN M 0S4 231 162 193 €590 004

H S»1C C CM ) ANALYSIS MODEL M
LCCATION NUMBER AV. 085S AV. EFKROR RMS PLUS MINUS
EURD 057 025 023 032 Cu 009
I JMUICEN 023 050 cec 048 €24 005
PENNZCIL 055 D49 G35 951 049 0066
EKOFISK 007 109 119 131 909 200

STATICN M Coo

TABLE k.



PLRIND 79120100-79123112

WIND OIRECTIUN ( DEGRELS ) ANALYSIS GONC
LCCATION  NUMBER AY. D45  AV. ERROR  EMS PLUS MINUS
ELRC 110 sne 0oe 017 077 029
I JMUICEN 104 ane 14 026 081 023
PENNZTIL 107 ana - 005 016 035 079
ERQFISK 073 rew - 002 023 040 035
STATICN M 098 XX - 009 0295 031 063
WIND SPEED C DM/SEC ) ANALYSIS GGNC
LGCATION  ANUMBER  AV. N8S  AV. ERRCE  RMS PLUS MINUS
ELRG 123 106 006 n3c 073 0ue
1 JMULCEN 123 106 006 028 Ce? 054
PENNZGIL 122 099 10 027 089 033
EXOFISK 105 114 -025 035 010  09S
STATICN M 113 120 =021 041 026 N93
HS SIGN. WAVE HEIGKTC CM ) ANALYSIS GGHO
LCCATIOM  NUMBER AV. 2685  AV. ERRGR  RMS PLUS MINUS
EURG 123 205 037 71 085 036
I JMULCEN 088 215 G4 6 I6 9 %67 020
PENNZCIL tee 229 228 Y61 034 038
EXGFISA N18 192 1S h 198 218 0o
STATICN M 117 281 08 8 156 092 625
HoS»1C C CM ) ANALYSIS GOND
LOCATION  NUM4ER AY. 045  AY. ERROR  RMS PLUS MINUS
ELRG 123 023 601 aze nG6 076
I JMULOEN neo 045 -012 061 024 054
PENNZOIL 121 Cu6 - 006 030 C4h 076
EROFISK 0183 104 852 116 c10  00a

STATION M 009

TABLE 5.



PERIOD 80010100-80013112

wIND OIRECTION ( DEGREES ) ANALYSIS GONO HI
LOCATION  NUMBER AV. 28S  AV. ERROR  RMS PLUS MINUS
EURC 085 LA 010 021 066 018
IJMUIOEN 085 s 921 030 071 O01lé
PINNZOIL 069 ave -005 020 023 045
EKOFISK 032 ase -001 015 017 012
STATION M 060 “oe -010 019 015 044
WIND SPEED ( DM/SEC ) AMALYSIS GONO HI
LOCATION  NUMBER AV. 035  AV. ERROR  RMS PLUS MINUS
EURD 124 973 002 021 055 056
IJMUIDEN 124 or?2 003 026 060 063
PENNZOIL 117 069 004 023 066 046
EXDFISK 049 0995 =021 026 004 045
STATION M4 084 1C4 -0L7 035 023 061
HS SIGN. WAVE HEIGHT( CM ) ANALYSIS GONO HI
LOCATION NUMBER AV. OBS  AVe TRROR  RMS PLUS MINUS
EURO 122 128 =011 051 062 079
IJMUIDEN 076 160 002 052 033 042
PENNZOIL 122 162 =011 055 046 0T
EXOFISK 061 200 -033 083 006 035
STATION M 083 258 053 141 050 033
H Se10 ( CM ) ANALYSIS GONO HI
LOCATION  NUMBER AV. 0OBS  AVe ERROR  RMS PLUS MINUS
EURD 122 0ls 005 518 051 065
IJMUIDEN 074 029 -003 022 026 048
PENNZOIL 121 035 005 027 049 072
EXOFISK 040 068 -022 056 00Ss 035

STATION M 000

TABLE 6.



PERIOOD 800101C0-80013112

KING ODIRECTION ( OEGREES ) ANALYSIS MODEL M
LOCATION NUMSER AV. 08S IV . EFRROR RMS PLUS MINUS
EURC 045 LA (o< 012 030 n1s
I JMUIDEN 038 ok t1¢C 014 032 204
PENNZOIL 040 LR =003 010 013 025
EKQFISK n22 LR 00¢ 15 015 no7
STATION M n3s e €11 014 031 004

WIND SPEED C OM/SEC ) ANALYSIS MOQEL M
LOCATION NUMBER AV. 0OdS AV. EFRDR RMS PLUS MINUS
EURD 062 ere -002 0113 027 0;4
I JMUIDEN 062 cr1 -Qo7 016 015 D46
PENNZOIL 058 C69 ¢1¢C 016 0643 N1z
EKOFISK 025 €25 =05 017 010 14
STATION N 042 104 002 27195 026 014

HS SIGN. WAVE HEIGHTC CM AMALYSIS MONEL 4
LOCATION NUMBER AV. 085 AV. EFfROR RMS PLUS MINUS
£URO 060 132 =00¢ 226 026 234
IJMUIDCN 08 168 =011 037 013 nes
PENNZOIL 260 167 01+ 046 037 023
EKOFISK d2a 203 C34 061 016 004
STATION M 041 266 117 174 033 008

H 5,10 C CM ) ANALYSIS MODEL M
LOCATIUN NUMBEK AV. 085S AV. EFROR AMS PLUS MINUS
EURC 0590 c17 0232 N30 060 noco
LJMUIDEN 036 032 014 019 C30 J0€
PENNZOIL tho C39 027 044 €53 o007
EKOFISK 020 69 gV 067 oL7 7073

STATION M 0co

TABLE 7.



PERIOO 8§001L0100-80013112

AIND DIRECTIUN  DHEGFEES ) AMALYSIS 5000
LOCATION NU¥LITR  Avae 8BS AV. TR?GR RHS PLUS MINUS
ZURD 037 'eow n.1 neo npA . NLR
IJMUIDEN D37 vew n22 D31 nys N
PENNZDIL 072 tew -095 029 N26 046
EXUF ISK 433 wew =305 015 nN19 N14
STATICN M 03) o =010 019 015 D44
WIND SPIED C 2M/55C ) ANALYSIS  GOND
LOCATICN NUYBIR  Av.e 78S AV. ZRP)R RHUS PLUS MINUS
L URD 124 073 006 ney N6 8 031
IJMUINEN 124 N2 0u7 26 arn 053
PNNZOIL 117 060 903 026 076 039
EXOF ISh 0n9 09 -01y 025 N0k 042
STATIOH 4 054 104 -017 D36 n23 961
nS SIoh. WAVZ HCIOHT( CM D) AHALYSIS  GONO
LOCATION YUMSER AV, 1BS AV. SRRGR RMS PLUS  MINUS
£ URZ 122 122 29 N6 2 7S N7
TUMII2EN 876 150 047 70 nss 021
P:NNLCIL 12¢ 150 017 63 TN A
EKOF ISK 041 2 -N15 n7r 13 nzs
STATION 4 33 75 1u9 165 07N 013
H Se10 ¢ CcY D ANALYSIS GONT
LOCATICN NUMLER AV, T5% AV. IKERI? R 45 PLUS MINUS
e URL 122 71 Ny?2 n13 D4k 07D
TJMULIOEN ulg 92 -0J73 V04 n3n Ny 4
PENNZOIL 171 DI no1 032 N4 a 071
ExOF ISK G 064 -022 N43 NS ns3s

STATIGH ¥ 920

TABLE B8.



PLRICD 3001C160-80013112

WIND OIRECTION ( DEGWREES ) +12 MCOEL M
LGCATION NUMBER AV. 085 AV. ERROR RMS PLUS MINUS
EURO 048 axo C15 034 033 014
I JMUIDEN 044 e 02°% 040 034 009
PENNZOIL 038 *aw -C02 020 019 018
EKOFISK g18 tnw -C05S 035 010 008
STATION M 213 LR - €O 025 025 Ncs

WIND SPEED ( OM/SEC ) +12 MODEL M
LOCATION NUMBER AV. 085S AV. ERFROR RMS PLUS MINUS
£URD 062 c72 C13 026 045 016
[JMUIDEN 062 c71 011 027‘ 040 021
PENNZIOIL 058 69 013 023 045 012
EROFISK 025 €95 =C29 . 037 002 023
STATION M 042 104 =007 027 oL7 025

HS SIGN. WAVE HEIGHTC CM ) ¢+12 MUOODEL M
LCCATIGON NUMBER AV. 9BS AV. ERROF RMS PLUS MINUS
EURD 060 132 01¢ 036 036 024
I1JMUIDEN 038 158 C11 042 C24 014
PENNZOIL 060 167 01¢ 48 036 024
EXKQFISK 020 2073 cOE ns51 C13 006
STATIGCN H 041 266 108 177 N33 008

H S»,10 C CNM ) +12 MOOEL M
LOCATION NUMBER AV. 0BS AV. ERROR RMS PLUS MINUS
EURO 360 017/ 023 029 0b0 000
1 JMUIOEN 0736 €32 a1 n21 030 N06
PENNZOIL 060 Cs9 2h 237 052 0ce
EXKGFISK 020 Ce9 06 % N42 016 004

STATION M 0G0

TABLE 9.



WIND DIRECTION (

LOCATION
¢ URG
IJ4UI2EN
PINNLCIL
EROF ISK

STATION

WIND SPIED € DM/STC )

L.CATICN
ZURD
IJAICEN
PTNNZCTL
g£r OF ISK
STATION
HS
LOCATICN
L URC
IJMUIDEN
P NNZOIL
cXJF ISK
STATICH
H
LOCATICN
LURC
IJMUTISEN
PrWNZCIL
EroF IS

STATIGN

M

by

SIGN,

NUMBER
973
056
051
028

033

NUS3OR
123
123
liﬁ
cu8

034

Av. 285

&

Av., 7BS

7=

WAVE HEZIAGHT(

NUYBER  AV. 78S
121 2
076 169
121 162
val 201
4 033 253
10 C Cv )
MUYEER AVe IBS
121 NS
074 n2a
120 3s
0L 16
RS

2uRINY

SEGRELS DY

v

Ave LRRCR

015

D25
=001

no7
-0u7
AVe ERRUR
-008
-011

-N13

Av. TRROR
ool
~00&

=034

TABLE

+12
RMS

n29

N33

154

+12
RMS

10.

20)10100-80013112

GONU
PLUS

N4A

GCNO
PLUS

N&4

ng?2

130

003

J16
20N

FLUS

750

029

n3s

006

065
GGNJ

PLUS

AWK

oA

A42

N4

MINUS
naau

no9

MINUS
nra
08"
085
044

ne7

MINUS
o7l
045
033
03%

N1z

MINUS
oaro
046
NTS

036



PERIOD 80010100-80013112

WIND DIRECTION C DEGREES +24 MODEL M
LOCATION NUMBLCR AV. 0BS AV. ERRCR RMS PLUS MINUS
EURO 045 e 019 037 033 12
I1JHMUIOEN 040 tew C3¢ 045 033 006
PENNZOIL 033 LA goc< 02¢6 020 013
EKOQFISK 018 ras =00 047 010 008
STATION M ¢35 e 00e 024 026 008

WIND SPEED ( DOM/SCC ) +24 MODEL M
LOCATION NUMBER AV. 0BS AVa. ERRCR RMS PLUS MINUS
tEURD 062 c72 008 024 042 019
I JMUIDEN 062 c71 Co6 026 034 027
PENNZOIL 0538 €CH9 5oy 227 c39 017
EXKOFISK 025 095 -0 037 005 019
STATION M 042 104 =011 036 014 027

HS SIGN. WAVE HEIGHTC CM ) ¢24 MODEL M
LOCATION NUMBER AV, 0BS AV . ERROR RMS PLUS MINUS
EURD 0¢eQ 132 015 041 037 023
[JMUIDEN a3s 168 017 048 023 015
PENNZOIL €60 167 17 053 040 020
EKOFISK 020 203 -01¢€ 066 009 o10
STATION M 041 266 067 158 032 009

H S»10 ( CM ) +24 MODEL M
LOCATION NUMBER AV. 035 AV. ERKOR RMS PLUS MINUS
EURDOD 060 017 ¢ 1 028 058 002
1JMUIDEN 026 032 2173 021 631 004
PENNZOIL 0¢0 03y el 239 052 003
EKOFISK 020 C69 3073 034 Cld 006

STATION M 000

TABLE 11.



PERIOCD 80010100-80013112

WIND DIRECTION ( OEGRELS ) +24 GOMNO
LOCATION NUMBER Av. 0B8S AV, EFRRCR RMS PLUS MINUS
EURD 067 .on 020 035 n50 017
LJMULEN 039 ven 039 046 N47 01l
PENNZOIL 045 AR =000 030 024 021
ERGF ISK 022 ke 002 029 014 007
STATICN M 053 s -00S 029 024 029
WIND SPEED C OM/SEC ) +24 GONO
LOCATION NUMBER AY. OBS AV. ERRDR RNS PLUS MINUS
EURO 123 073 =014 033 233 089
IJMUIDEN 123 o072 -016 N34 n32 089
PENNZOIL 116 070 013 533 n2s 088
EXOF ISK o4L8 094 =039 048 nos 043
STATION N 084 104 =033 PSé6 niAa 066
HS SIGH. WAVE HEIGHTC M) «24 GONO
LOCATION HUMSE R AV, OBS AVe SKROR RMS PLUS MINUS
EURO 121 122 =020 060 ou4. 077
IJMUIOEN 276 160 -037 067 020 055
PENNZOLL 121 163 /045 072 030 071
EKOF ISK o4t 200 =751 106 001 040
STATIGN M 083 258 038 127 049 034
H $:10 ( C¥)) +24 GONO
LocAaTIUN NUMBER av., 08S Av. ERROR RMS PLUS MINUS
EURC 121 018 -001 017 036 07+~
[IMUIDEN 074 029 -010 025 022 052
PENNLDIL L20 035 -006 032 0364 0zl
cKOF ISk 040 N6 e -0 4 77 003 037

STATIGN o 000

TABLE 12.



PERIOD 80020100-80022912

WIND DIRECTION ( NEGREES ) ANALYSIS MCOEL M
LOCATION NUMBER AV. 0BS AV. ERROR RMS PLUS MIANUS
CURO 030 v e 005 010 922 008
[JMUIDEN 034 “ue 007 011 025 007
PENNZOIL 039 o =002 n12 015 029
EKOF ISK 004 can =002 014 501 003
STATION M 041 o 016 N19 041 009
WIND SPEED ¢ ON/SEC ) | ANALYSIS MODEL M
LOCATION  NUMBER AV. OBS  AV. ERROR  RMS PLUS MINUS
EURO 058 264 -009 017 010 047
IJMUIDEN 057 061 - 006 016 _  N1S 040
PENNZOIL 0S7 064 003 015 037 018
EXOF ISK 005 09 4 -018 026 001 004
STATION M 044 121 002 013 n31 012
HS SIGHN., WAVE HEIGBHT( CH ) ANALYSIS MCDEL M
LDOCATION NUWBER AV. 08S AV.e ERROR  RMS PLUS MINUS
EURO 058 0e7 003 n2s 033 025
IJMUIDEN 042 099 ; 009 037 023 012
PENNTZOIL 05¢e 123 013 032 040 017
EKOF ISK 008 209 115 123 008  00)
STATION 4  Ob4 248 207 223 044 000
H 5,10 (¢ CM)) ANALYSIS MODEL M
LOCATION NUMBER AV. 08BS AVe ERROR RMS PLUS MINUS
EURO 058 009 022 030 057 ool
I JMUIDEN o042 021 o18 029 oLo 002
PENNZOIL 058 022 025 03s 056 002
EKOF 1SK 008 033 Q49 055 008 000

STATION W 000

TABLE 13.



PRRIDD  HOQWD1O0B00GIONY

WIND OIRECTIUN « OcGFEES ) ANALYSIS MOngL o
LOCATION NUMBER AV, 0BS AV. ERPOR RMS PLUS  MINUS
EUKD 037 LR 203 013 nz29 oo7
I JMUICEN 036 * o (03 011 023 013
PENNZOIL 041 LA 701 009 023 016
EKOFISK 062 ea iG*< a1¢ . 2o 009
STATICN M 048 tew C1¢ 02z C4S 70%

WINC Speep ¢ CM/7CEC ) AMALYSIS MODEL u
LOCATION NUMBER AV, BEN AV. ERRIR RMS PLUS MINUS
EURO 059 TEY =Che 215 019 n3g
LJMUIDEN 060 071 =Cas 014 018 %41
PENNZCIL €60 Ce7 Qra J1¢€ 046 014
EKUFISK 957 095 =012 219 017 040
STATIUN M Cse 115 =gor 014 025 nes

HS SIGN. waVE HELGHTC (M ) AMALYSIS MODEL M
LOCATION NUMsEr vy, 9835 AV. ERSOR RMS PLUS  MInus
tURD 0690 17 ¢ cor 228 041 1o
IJMULIDEN 056 132 1+ 042 039 016
PENNZOIL 047 1643 034 D45 C44a 0073
EKOFISHK C06 183 043 047 006 noo
STATICN M 052 221 Cr7 1172 Cal 010

H 5,10 (¢ ¢M ) ANALYSIS ¥ODEL M
LOCATION NUMER Ay, nes AV. ERROR RMS FLUS  MINUS
cURD 059 221 021 nN32 G659 no=
LJMYIDEN 054 242 013 Q49 040 915
PENNZGIL Q47 Ch4y oz 245 Ca 7 004
EKQFISK 206 eor Ciz2 N29g 04 702

STATION M 000



PERLOD 80020100-80022912

WINO DIRECTIUN C DESRELS D ANALYSIS MODEL M
LOCATION NUM3TR AV, CES  AV. ERROR  RMS PLUS MINUS
EURD 030 waw 005 010 022 005
IJMUIDEN 034 cae 007 D11 025 007
PENNZOIL 039 e =002 012 015 020
EXDF [ SK 024 e =002 016 001 003
STATION M 041 ee 016 019 041 009

WIND SPEZID ( DM/SEC ) ANALYSIS MODEL ™
LCCATION NUM3ZER AV, 0OES  AV. ERROR  RMS PLUS MINUS
LURO 056 064 -009 017 010 047
IJMUIDEN 057 D61 -006 016 N1S 049

~ PENNZOLL 057 064 003 015 037 018
EKOF ISK 095 994 ~-018 26 001 004
STATION N 044 121 002 - 213 n31 012

HS SIGN. AAVE HEIGHT( CM D ~ ANALYSIS MODEL M .
LOCATION NUMBIR AVl 0853 AVe ERROR R MS PLUS MINY
EURC 048 297 001 02s N4 026
[J4UIDEN 042 099 003 037 028 012
PENNZOIL 053 123 013 032 N40 017
EXOFISK 00¢ 209 115 123 008 000
STATION ¥4 04y 248 207 223 044 0D

H S,-10 ¢ cv) ANALYSIS “MONEL M *
LCCATION  NUMBER AV. OBS  AV. ERROR  RMS PLUS MINUS
£Uro 013 v1a n03s 047 018 001
1JMUIOLN 019 030 023 042 017 002
PENNZOLL 030 N33 nig 047 nze N2
EKOFISK 004 033 045 055 d0r 090

STATION M 000

*  OSMALL VALUZS EXCLUDED RESP. <395» <30

TABLE 19.



PERIOD 80020100-30022912

wIND OIRECTION ( DEGREES ) ANALYSIS GOND
LOCATIDN  NUMBER AV. 0BS  AV. ERROR  RMS PLUS MINUS
EURO 066 vou 014 023 056 007
IJMUIDEN 065 o 021 029 056 009
PENNZOIL 064 “uw -003 014 029 034
EKOF I SK 019 vae -002 016 004 006
STATION M 063 vou ~003 017 029 033
WIND SPEED ¢ OM/SEC ) ANALYSIS GONO
LOCATION  NUMBER AV. 0OBS  AV. ERROR RMS PLUS MINUS
EURO 104 065 -009 017 051 049
IJMUIDEN 103 060 005 019 053 047
PINNZOIL 103 065 001 017 056 o@a
EXOFISK 014 101 -024 028 001 013
STATION M 077 111 -021 ¢ 035 016 059
4S SIGN. WAVE HEIGHTC CM ) . ANALYSIS GOND .
LOCATION NUMBER AV, DBS AV, ERROR R MS PLUS MINUS
EURD 080 100 031 052 059 020
TJMUTDEN 069 107 029 048 049 018
PENNZOIL 094 130 ‘012 041 060 034
EXOFISK 016 213 011 059 009 007
STATION 4 077 232 065 108 061 016
H §»10 ( CM ) ANALYSIS GONO .
LOCATION  NUMBZIR AV. 0BS  AVe ZRROR  RMS PLUS MINUS
EURO 018 024 029 042 016 002
IJMUIDEN 017 039 04 058 015 002
PENNZOTL 024 046 049 060 19 005
EXKOFISK 011 037 ~022 033 002 009

STATICN M 002

* SMALL VALUES ZXCLUDED RESP. <36 » <30

TABLE 20.



4

WIND DIRECTION ¢ DEGREES )

LOCATION NUMBTR AV. 23S AVe ZPRROIR
EURQ 066 LA =001
IJMUIDEN 0ht caw ~00°%
PENNZOIL 069 T2 -01?!
EXOFISK 064 ke 00¢
STATION M 083 LA R =009

WIND SPEED ( DM/SEC )
LOCATION NUMBER AV, 08S AY. IRROR
EURO 120 071 -01¢C
[JMUIDEN 120 072 =002
PENNZOIL 119 068 =002
EXOFISK 113 097 =02¢
STATION M 103 112 =02%

HS SIGNe. WAVE HEIGHT(C CM )
LOCATION NUMBER AV. 0BS AVe ZKROR
EURO 095 145 ~00%
IJMUIOEN 091 159 =006
PENNZOIL 079 174 00¢
EXKGFISK 055 24 4 -02¢
STATION M 099 231 021

1 5210 C( CM )
LGCATION NUMBER AV. 08S AVe ERROR
EURC 023 0748 01lé
IJUMUIOEN 036 104 =015
PINNZOIL 038 112 -007
EXKUFISK 036 178 =01%
STATION M 000
¢ SMALL VALUES EXCLUDED RESP. <96 »

TABLE

2.

ERIOD 80040120-80043012
ANALYSIS GOND HI
RMS PLUS MINUS
D14 030 035
017 018 04
217 007 060
011 037 026
023 025 058
ANALYSIS GONO HI
RMS PLUS MINUS
020 029 088
019 036 083
019 048 066
D35 008 104
737 013 099
ANALYSIS GOND HI
R MS PLUS MINUS
745 031 064
051 028 061
053 033 046
060 014 040
112 056 043
ANALYSIS GOND HI
R MS PLUS MINUS
D47 020 003
065 020 016
065 019 019
076 909 027
<30



WIND DIPZICTIGN C DEGREIZS )

LOCATION NUM
EURD 037
IJMULIDEN 036
PENNZOIL 6l
EXOFISK 042
STATIUN M va4e

R

AV. Tdd

LR B ]

& &

LR B4

L & B 4

WIND SPEED ( OM/STC )

LOCATION NuMB
t URG 050
IJMUIDEN. 060
PLNNZUIL 060
EKQFISK nor

STATICN M 052

Hs SLGN.
LOCATICN NUV3
L URD 051
IJMUIDEN 050
PLNNZOIL Qb4
EXGFISK 073
STATION 4 032

H S.10 ¢
LCCATION NUM3
EURC 027
IJMUIQEN 034
PENNZOIL 031
EXOFISK 023
STATION 4 0D

« SMALL VALUES EXCLUDED RESP.

R

TR AV. 085
Ne"
071
067
095
115

WAVE HEZIGHTC

AV, OBS

140

221

1 )
IR AV,

85
040
06!
071

140

AV,
noa
003
001
0us

01>

AV e
-006
~005

008
-012
=002

M)

AV,

005

01y

03%

AVe
032
02

035

<56»

”

UABLE oo,

PERIOD

IRRI?

TRRIR

IRRJR

ERRIR

<30

ANALYSIS MOOEL M

RMS PLUS MINYS
013 229 novr
N1t 023 013
009 023 016
010 029 009
022 065 003

ANALYSIS MCODLL M

R MS PLUS MINUS
J1% 019 038
Ila 018 0641
016 046 014
)19 017 047
014 025 025

ANALYSIS MODEL ™

"RMS PLYUS MINUS
330 033 018.
LA Nty 016
du7 N6l 003
159 D20 nos
113 041 010

ANALYSIS MODEL M

RMS PLUS MINUS
045 025 no?
06?2 028 096
D=4 nzoe 002
273 01s npg

BRO04N130-80043012

*



H, : SCATTER-TNDEX

S
GONO-HI Model
EURO 27 19
IJMUIDEN 25 27
PENNZOIL 24 23
GONO-HI Model
EURO ity 20
IJMUIDEN 33 22
PENNZOIL 3L 28
EKOFISK L2 30
Model M GONO
EURO 28 53
IJMUIDEN 37 L6
PENNZOIL 26 23
EKOFISK 59 28
GONO-HI Model
EURO 35 ok
IJMUIDEN 37 35
PENNZOIL 25 29
EKOFISK 36 27
GONC-HI Model
EURO 23 23
IJMUIDEN o 32
PENNZOIL 33 30
EKOFISK -8 23

* SMALL VALUES EXCLUDED.

PERIOD 79120100-T79123112

M GONO
35
22
o7
PERIOD 80010100-8013112
M GONO +12 Mcdel M +12 GONO +2L Model M
L8 o7 L5 31
Ll 25 36 29
39 29 35 32
39 z5 39 33
PERIOD 80020100-80022912
Model M GONO
26 52
37 45
26 30
59 28
PERIOD £0030100-80033112
M
PERIOD 80010100-800L43012
M GONO-HIT Model M
31 2]
32 30
30 90
25 o5

I'ABLE  23.

+2L GONO
L7
Lo

LU
53



