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ABSTRACT

The objectives of this work were to assess the ability of the
10—paraneter nodel, examined in Part 1 of the study, to represent
hi ndcast directional wave spectra and to provide an apprai sal of how
wel | the ODGP hindcast nodel predicted existing WAVEC observati ons.
The paranetric nodel acceptably reproduced the hindcast spectra over
90% of the tinme, with nearly 70% of the records having residual errors
of less than 10% There was little loss of information as indicated by
t he behavi or of selected spectral statistics. A conparison of the
hi ndcast spectra with field observations showed a significant
correl ation between energy |evels, peak wave direction and vector nean
direction. The hindcast directional peaks appeared to be generally
sharper than the field data. No definite conclusions could be forned
on specific frequency—direction features due to intrinsic limtations
in directional spectral techniques. A coherence anal ysis between
hi ndcast and neasured w nds indicated that the man—nmachi ne m x of
hi ndcast input winds did provide an inprovenent over a purely
geostrophic estimate. The coherence-squared dropped bel ow accept abl e
| evel s at frequencies above 0.75 cycles per day (cpd). This behavior
was reflected in the coherences of the vector nean wave field (ie.
significant wavehei ght at the vector nean direction). Limting the
anal ysis to sel ected wave frequency bands, indicated that the hindcast
nodel did not reproduce the observed swell signature with any
statistical confidence while the "sea” showed acceptabl e coherences to
frequenci es between 0.75 and 1.0 cpd.

RESUVE

Ces travaux visaient a évaluer |’ adéquation de nodele a 10
paranetres, analysé dans la partie 1 de |’ étude, en vue de la
représentation des spectres directionnell es post-anal yses d ondes et
d’ évaluer la corrélation entre | e nodél e post-anal yse ODGP et |es
nmesures WAVEC actuell es. Le nodél e paranetrique reproduisait
correctenent |e spectre post-anal yse 90% du tenps, preées de 70% des
fichiers conportant des erreurs résiduelles inférieures a 10% Le
conportenent de certaines statistiques spectrales indiquait une faible
perte d’ information. La conparaison entre | e spectre post-anal yse et
| es nesures sur le terrain a révéle une corrélation significative
entre les niveaux d énergie, la direction principals des ondes et |la
direction vectorielle noyenne. Il senble qu’ en general, |es pointes
directionnell es rétrospectives sont plus prononcées que | es données
sur le terrain. On ne peut tirer aucune conclusion nette a propos des
caract éristiques fréquence—direction, en raison des limtes inhérentes
aux techni ques spectral es directionnelles. Une anal yse de coherence
entre | es données post—-anal yses et |les vents nesurés a indiqué que |a
conbi nai son honme—nachi ne de vents d’ entrée post—-anal yses constituait
une anelioration par rapport a une estimation uni quenent
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géostrophi que. Le carré de | a cohérence passait au—-dessous du ni veau
accept abl e dans | es frequences supérieures a 0.75 cycle, par jour. Ce
conportenent se retrouvait dans |a cohérence du vecteur nobyen chanp
ondul atoire (c’est—a-dire |la hauteur significative d ondes dans |la
direction vectorielle noyenne). Si on limte |’ anal yse a des bandes de
fréguences ondul at oi res choi sies, on constate que | e nodel e

post —anal yse ne reproduit pas avec une confiance statistique
suffisante |l a signature de houl e observée, tandis que la "ner”
présente une coherence suffisante pour |es fréquences de 0.75 a 1.0
cycle par jour.
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1. | NTRODUCTI ON

The description of conplex directional wave spectra, using a
limted nunber of paraneters, serves not only to reduce data storage
requi renents, but allows for the characterization of the spectra,
which is useful in both theoretical and practical applications. In
Part 1 of this study (Juszko, 1989), data handling techni ques and
sof tware were devel oped to perform and assess the paraneterization of
di rectional wave spectra collected in the winter of 1984 by a Dat awel |
WAVEC buoy noored near the H bernia C-96 drill site. The results
i ndicated that a 10—paranmeter directional nodel could be fitted to the
data by neans of a non-linear, |east-squares fit and woul d adequately
represent the data spectrum approxi mately 90% of the tine.

This paraneterization is not limted to field neasured spectrum
and could equally represent directional wave spectra predicted by a
hi ndcast nunerical nodel. Using the offshore Data Gat heri ng Program
(ODGP) nodel, directional wave spectra have been produced and archived
for nunerous |ocations off Canada’s East Coast. In Part 2 of this
study, hindcast spectra, for a grid point and tinme period
corresponding to the data of Part 1, will be exam ned. The ability of
t he 10-paraneter nodel to reproduce the hindcast spectra will be
assessed. Further, this report will provide an appraisal of how well
t he hi ndcast nodel spectra reproduces the directly neasured wave
di rectional spectra under actual field conditions.

2. STUDY BACKGROUND
2.1 Study Objectives

There were two primary objectives in this study. The first
obj ective was to determ ne whether or not the paraneterization of Part
1, perforned on field directional wave spectra, could equally
represent directional spectra produced by a nunmerical hindcast nodel.
Any devel oped software of Part 1 would be nodified to specifically and
efficiently handl e the hindcast spectra in order to allow for future
routi ne operational processing.

The second objective was to assess how wel | the hindcast
di rectional wave spectra reproduced the directly neasured spectra. The
useful ness of hindcasts nodel s have generally been judged according to
their ability to predict selected statistical properties of the heave
spectrum As the hindcast spectra were available for a tinme period and
| ocation corresponding to the WAVEC data anal yzed in Part 1, this
provi ded an ideal opportunity to assess the full two—di mensional
behavi or of the nodel.
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2.2 Data Sources

Fig. 1 study location

The hi ndcast wave spectra were produced by MacLaren Pl ansearch

Ltd., using the

ODGP Spectral

Ccean Wave Model ,

in order to provide a

wave clinmate data base for the East Coast of Canada. The sel ected

spectra were ca
degrees 15 mn.

culated at grid point
North, 48 deg. 45 mn.

identification nunber
West) chosen as a

1106 ( 46

representative Grand Banks/ Hibernia site (see Figure 10). The tine

period extended from February 27 to Apri

91 1984. The spectra were

produced every six hours and archived as 15 frequency by 24 direction

(15 degree resolution) energy estimtes.
variable with nom na

frequenci es at:

The frequency resol ution was

0. 2545, 0.2792, 0.3142, 0.3491,
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0.3840, 0.4189, 0.4538, 0.5062, 0.5760, 0.6458, 0.7331, 0.8377,
0.9948, 1.309 and 1.9373 radi ans/sec. The hindcast nodel input w nds,
associated with grid point 1106, also forned part of the stored
information as well as selected statistical spectral properties. For
further details on the nodel, grid information, etc. the reader is
referred to a report by MaclLaren Pl ansearch (1988).

The field data were coll ected using a Datawel| sl ope-foll ow ng
WAVEC buoy (Marine Environnental Data Service Station No. 249) noored
at 46 deg. 44.83 min. North, 48 deg. 49.75 min. West, approximtely 55
knms North of grid point 1106. This data set covers the period from
February 28 to April 3, 1984 with the buoy sanpling for 34 mnutes, at
a rate of once every 0.78125 seconds, every three hours except during
storms when a continuous sanpling regi ne was i npl enent ed.

Met eor ol ogi cal information was avail able from MANVAR records of the
West Venture nobile drilling unit, operated by Mbil Ol Canada Ltd.,
stationed at 46 deg, 45.17 mn. North, 48. deg. 44,59 mn. West,
approximately 5 knms East of the buoy. The directional data spectrum
consisted of 16 frequencies (fromO0.314 to 3.14 radi ans/sec at a

uni f orm bandwi dt h of 0.188496 rps or 0.03 Hz) and 90 directions (ie. 4
degree resolution). These were produced using a high-resol ution

di rectional analysis technique and details on the processing are
included in the Part 1 report (Juszko, 1989).

2.3 Met hodol ogy

The paraneterization of the hindcast wave spectrum was perforned
by initially fitting the six—parameter Cchi and Hubble (1976) (OH)
nodel :

9 ) CLN
= 1 4 "I 2 4 @
S(w) = " IE(‘U&[ +1 omj ) 0 e (1)
_ 4

to the anplitude spectrum Here S(w) represents the OH spectrum wm
t he peak frequency, o the significant wave hei ght or variance
paranmeter, and A a spectral shape paraneter. The OH nodel consists of
two portions ideally representing the separate sea and swell
conponents of the spectrum This prelimnary fit allowed for the
initial assessnment of the OH nodel when representing the hindcast
spectra as well as providing a set of first guesses for the heave
paranmeters when performng the full 10-paraneter fit to the node

gi ven by:
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__(MI-H)(am' )4

2 —_
M(w,0) = 71; l§1(4}\| +1 amf' ),‘l 6|ze LY )coszp'( 8- 8m)
T4 2
r(}“)w‘ﬂ 2!

Here A(Pi) is a normalization factor for the area under a COS**2P
curve, P is the directional spread paraneter and ©@mis the nean
direction. A(P) is expressed as

AP) = 2PV ey (2P 1)) (3)

The fit procedure, required functions and derivatives, were discussed
in Part 1 and their general features remained unaltered. Slight

nodi fications were required to handle the variable frequency
resolution and to inprove programefficiency. The fit procedure
consisted of an iterative technique where the nodel paraneters are
altered slightly and a fit residual is calculated in order to decide
whet her or not the change provides for an inproved fit. A conbined

st eepest descent and Newton net hod approach (Levenberg—Mar quar dt

met hod) was used to supply the new paraneter values while the fit

resi dual was cal cul ated as:

2 [E( 2w R I3 212 (4)
z i) = S(op)] “WT" OR '51 51[0(6’"0') =~ M (w7,87)]" W,

where S and Mare the fit spectra, E and D the data or hi ndcast
spectra and the suns are performed over all frequencies and, when
applicable, directions. WI represents a frequency wei ghting given by:

WT1 = BANDWIDTH

TOTAL BANDWIDTRH

In this application, WIi can be given as the frequency resol ution
divided by the total frequency range or the nunber of bands averaged
per frequency divided by the total nunmber of frequency bands (in this
case 60.43 bands). Simlarly, the nodel evaluation statistics RESH,
wher e

N
2 [E(q) - Sp)] *wry?

RESH = (5)

N
'E‘ [E(w;)]2wr?
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for the OH nodel fit and RESD for the 1l0—paraneter directional fit,

N M 2 2
L Z[D(wr8)) -M(w.8p)]" wWH
RESD = ' (6)

N M
Z E[0@poprwrf

al so contain this weighting factor which was not required in Part 1 as
the frequency resolution was constant. New software to performthe fit
was witten in order to provide nore efficient program operation.
Further details on the fit procedure can be found in Juszko (1989) and
on the software operation in the acconpanyi ng User’s Manual .

To aid in the fit assessnent, and | ater the hindcast nodel
eval uation, sel ected spectral summary properties were cal cul ated. These
i ncl ude:

HSI G significant wave height in neters as 4.0 sqrt (Total

Vari ance)

TP Peak period in seconds — period associated with the heave
spectral peak

VMD Vector nmean direction of the record in radians (taken as
FROV)

PDI R Peak direction in radians (FROM — direction associated with
t he maxi num D( w, ®) val ue

TDIR Period associated with the maxi num D w, ®) val ue in seconds
P Spread P about PDI R determ ned through a fit to a

cosi ne—power expression, including isotropic noise (a), given as
2P
S(8) = Acos” (6-0m) + «

To assess the distribution of these properties, of the fit paraneters,
and to allow for conparison between data sets, the follow ng
statistics were al so cal cul at ed:

- N
MEAN = X = (1/N) 'Iz X |
=1

ABSOLUTE DEVI ATI ON (ADEV) = ({/N) # %["l -')'('[
=1
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N
STANDARD DEVI ATION (SDEV)= ¢ = SQRT [ 1/(N-1) * Z( x, - T()z]
I=1

N = .3
SKEWNESS (SKEW = (4 /N) * & [ 3 — X
/M *x[x ~X]

KURTOSI S ( KURT)

fom 2 -%1"}-3
=1 (i)

MEAN ERROR ( ME)

(1/N) *ECxty - x2))

N
ROOT MEAN SQUARE ERROR (RMVBE) = SQRT [ (1/N) *lE( xi - x2|)2 ]
=1

% SCATTER = 100 * .&M%.E.

N S ——
CORRELATION COEFFICIENT (CC) = ,?'__:1( x1p = X1 )( x2,- X2 )

N —_ .2 N == 2
SQRT [ Z( x1,~ X1 )] * soRT [Z(x2 - X2 )"]

SI GNI FI CANCE LEVEL = Significance | evel at which the nul
hypot hesi s of zero correlation is disproved.

The second objective of this study was to eval uate the hindcast
nodel performance with respect to the existing WAVEC buoy
measurenents. In order to performa proper conparison, one would |ike
to elimnate as many factors as possi bl e which could influence the
results. These include such features as |ocation and sanpling regine
of the buoy, frequency and direction resolution of the calcul ated
spectra, geophysical factors such as wave refraction due to water
depth effects or currents and intrinsic features of the nodel and data
processi ng used. The buoy data were subsanpled so that only the
correspondi ng six hourly records were used in the conparison. There
was approxi mately 55 kns separating the buoy and the nodel grid point
hence one may expect sone difference in spectral devel opnent during
storns between the two records. The travel tinme for waves between the
two sites, at expected peak sea frequencies, is |less than the
si x—=hourly sanpling, thus given the tine series resolution, site
effects should not greatly influence the results if the wind field has
a large spatial coherence. This is also true for the travel timnmes of
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swel | waves, however, these may be present in the area for only a
short tinme (ie. possibly mssed by the six—hourly sanpling) or, in
cases of shallow water, may be nmeasured at one site and not anot her
when bottomrefraction is significantly determ ning the wave trave
path on small scales (ie. if the spatial scales of the wave field are
smal l er than the nodel grid). There appeared to be no consi stent
absence of swell energy in the data and the water depth at the study
site was relatively uniformso that small scale refraction should not
be a concern in this experinent. A nmean rotation between the nodel and
data wave directions may be present on a large scale if refraction of
waves travelling fromdeep water onto the bank occurred. As the data
spectra covered a wi der frequency range and had a hi gher direction
resol ution than the hindcast spectra, an interpolation procedure was
used to map the data spectra onto the hindcast frequency—direction
array in order to elimnate effects due to the difference in spectral
resolution. These "interpolated” data spectra were then processed with
the identical progranms used on the hindcast data and the results were
conpared. Geophysical factors and intrinsic features of the processing
could not be controlled and their influence was addressed in Section

401,

The conpari son between the hindcast nodel and data spectra was
extended to include the correspondi ng 10—-paraneter fit spectra.
Qualitative assessnent was nade by exanining overlayed tinme series of
statistics, scatterplots of one statistic against the other and
contour plots of selected directional spectra. Quantitative
conparisons included the cal cul ati on of RESD val ues between the data
sets, of the distribution and conparison statistics listed earlier and
of the coherence of energy vectors between records.

3. PARAMETERI ZATI ON OF THE H NDCAST SPECTRA
3.1 Fit of the Ochi and Hubbl e Si x Paranmeter nodel
3.1.1 Fit Procedure

The Cchi and Hubbl e (1976) nodel describes the surface
di spl acenent spectrumusing two additive conponents, |ow frequency
"swel | ” and hi gh frequency "sea”, each described using three
paranmeters: a nodal frequency (wm, a significant wave height (d) and
a shape parameter (A). The spectrum has the functional form

- (4 +1)(¢oml)4
5% o kgl

2
S(w) = 11 E:l(uq +1 a.vm{l y M
B 4
F()\ ‘)mﬂl-i-l

The required first guesses for the non-linear fit were obtained
in a mnner simlar to the data fit of Part 1. The heave spectrum was
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scanned for the frequencies associated with the two | argest peaks
(wml and w2, wnl < wnR). The first guess for the values of 81 and &2
were cal cul ated fromthe spectrum according to:

8y = 4.0 * SORT ( [2E (w)dw) op = 0.254
t wy =(wm+wmy) * 05
B2 = 40 * SQRT ( LE (#)da) w3 = 1.937

The first guesses for the shape parameters, Al and A2, were
taken as constant at 2.5 and 1.0 respectively.

During the fit iterations, limts were required on the paraneters
to ensure convergence at geophysically realistic values. These limts
were set to:

0 < 61,62, A1, A2< 20
wmq £ @my
0.25 = omy womy < 1.9

The "stop” criteria were set at 100 iterations, or 15 iterations in a
rowresulting in a relative change in the fit residual of |ess than
2.E-5, or 10 iterations in a rowresulting in an increase in the fit
residual. An optional second processing was perforrmed if wn2 > 1.696
or wm—wml < .001. The first guesses for the frequencies were then
reset to wml-. 0314 and wnil+. 094, respectively. This allowed for
better nodelling of |ow frequency energy.

3.1.2 Fit Assessnent

Figure 20 contains the tine series of the six fit paranmeters.

Fig. 30 shows the distribution of the RESH residuals calculated, in a
manner simlar to EQ. 5 with the summati on now over all records at a
gi ven frequency as opposed to over frequency at one record, as a
function of frequency (upper) and when weighting is provided by the
peak spectral density value EMAX (lower). This provides an assessnent
of the nodel behavior over the frequency range, both absolutely and as
a function of the relative energy contribution of the given frequency

to the spectrum Fig. 40 displays the percent occurrence of RESH
values. The time series of fit paraneters are snoother and the RESH
results are better than those observed in Part 1 for the data spectrum

(Figs, 30, 50 and 60, respectively), Hindcast spectra tend to be
snooth, with fewer non-significant peaks which are often found in data
spectra, which may allow for a better fit or sinply reduce

poi nt —by—poi nt error contributions. Figure 5L contains sanple
overlayed OH nodel fits to the hindcast spectra and it appears that
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t he hindcast anplitude spectrum can be represented quite well by the
OH nodel .

3.2 Fit of the 10-Paraneter Mbdel
3.2.1 Fit Procedure

A non-linear, |east-squares fit of the hindcast spectra to the
nodel
4
~(4rx+1)Yom)
2 ~1
L , 2 2p
1 SN+ am)t g e T *A(P; Jcos™ '( 8- 8m;)

was perforned. The A(P) termrepresents a variance nornalization
factor for the area under a COS**2P curve and is given by:

AP) = 2PV 2pa1)/(ar(2p+1))

It acts to adjust the variance explained by & and as such can be
included as a "post—fit” correction elimnating the need to evaluate
both the function and its conplex derivative during the fit procedure.

The first guesses for the ten paranmeters use the six heave
paraneters froman earlier OH nodel fit and obtains P and ®m val ues
froma "quick fit” to the |linear expression:

LN(S(8)) = P*LN(cos(® — & m))
2
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where S(®) is the direction energy array associated wth frequencies
wrl and wn2. A fit to the peak is enphasized by limting the
directions to those associated with energi es above 10% of the peak
val ue. The P val ues are bounded by 1.0 and 100. If wnl=wn?2 (ie. sane
i ndex array position), the directional array S(®) is scanned to see
if it is binodal. If so, and the relative nagnitude of the tw peaks
are conparable (ratio > 1%, the half—point direction between the two
peaks is cal cul ated and assigned to both ©nml and ®©n2 with
corresponding P values of 1.0. The fit procedure would then determ ne
the proper nmean direction for the set 1 and 2 paraneters. If wn2 >1.0
and wn2-wnl > 0,5, two vector nmean directions are cal cul ated (about
the md frequency) and assigned to the correspondi ng ©nml and ©OnR2.
This hel ps to provide the best overall fit when the two peak
frequencies are wdely separated. As the l10-paraneter nodel is limted
to a maxi mum of two direction peaks in a given frequency band, while
t he hi ndcast nodel often showed nmultiple swell peaks in addition to
sea peaks, the fit would not consistently provide the best (ie. |owest
RESD) representation. These "poor” fits tend to occur in series as
they represent a given geophysical condition. The best nethod to
handl e these records was found to require a second processing (if
RESD>20% using the previous records fit paraneters as the first
guesses.
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During the fit, bounds on the paraneters were required and
i ncl uded those previously set on the heave paraneters during the CH
nodel fit, forcing the P value to lie between 0 and 100 and the
direction paraneters to lie between —pi and pi. Due to the circular
nature of direction arrays, the directional spectra was centered about
the nean direction (to mdpoint frequencies) prior to fitting and
re—centered between iterations if the nodal frequencies were separated

by at least O 1 radians/sec. The fit was term nated after 50
iterations, or if 7 iterations in a rowresulted in a relative change
inthe fit residual less than or equal to .001, or if 10 iterations in

arowresulted in an increase in the fit residual.

TABLE 1. Summary statistics for spectral properties of
the hindcast model (M) and corresponding
l0-parameter flt (F) spectra.

HSIG TP VMD PDIR TDIR P
(m) (sec) {rad) {rad) (sec)
No. of 168 168 168 168 168 167
Observ.
Mean M 3.19 10.07 3.93 3.91 10.79 11.24
F 3.07 10.20 3.94 3.92 10.52 10.58
ADEV M 1.18 1.34 0.94 0.95 1.498 8.74
F 1.13 1.49 0.96 0.92 1.51 6.60
SDEV M 1.51 1.75 1.21 1.25 1.85 12.87
F 1.45 1.89 1.24 1.23 1.95 10.04
SKEW M 0.87 -0.11 0.36 0.86 0.39 2.74
F 0.83 0.13 0.43 0.8%7 0.08 2.88
KURT M 0.66 0.89 -0.34 0.07 -0.002 11.05
F 0.67 0.20 -0.33 0.13 0.27 12.34
ME 0.12 -0.13 -0.03 -0.003 0.27 0.73
RMSE 0.20 0.68 0.17 0.21 0.93 9.45
% SCAT 6.28 6.70 4.43 5.46 8.75 86. 36
CcC 0.99 0.94 0.99 0.99 0.89 0.69
SI.LEV ¢ 0 0 0 0 0

3.2.2 Fit Assessnent

The fit assessnent was perforned by exam ning both the behavior
of the RESD val ues and the ability of the nodel fit to reproduce

sel ected spectral properties, Figure 600 contains the tinme series of

the fit parameters and RESD, and Fig. 7Ll shows the histogram
distribution of the RESD val ues. Approximately 93% of the records have
RESD val ues | ess than 20% whi ch can be conpared agai nst the 87%
acceptance for the original data spectral fits. Less accurate fits to
t he hindcast spectra tend to occur under |ow energy conditions or, as
expected, when nultiple directional peaks are present and the

10—par amet er nodel is then not a suitable candidate. Fig, 8L contains
the contoured % residual error calcul ated over all the hindcast
records in order to assess the fit behavior about the direction peak
centered at 180 degrees as a common reference point. The results show



Directory  Table of Contents o List of Tablesg Figures
DND 2

simlar behavior to those of the 10-parameter fit on the data spectra
illustrated in Fig. 31F of the Part 1 report. The directional peaks
are being fit well for frequencies between 0.4 and 1.2 rps. Errors
increase away fromthe peak and at the highest frequencies as these
regions generally contain very |ow energy and a snmall absolute error
may represent a large relative %error. Exanples of the fit,
associated with the two stornms encountered during the study, are

i ncluded in Appendix 1 (along with the correspondi ng data and data

fits which will be discussed in Section 40Ll).

The ability of the 10—paraneter nodel to reproduce sel ected
spectral features is illustrated in the overlayed tine series plots of

HSIG TP and VMD (Fig. 90J). the histogramof the error in HSIG (Fig.
1000) and the summary statistics of Table 10 (previously defined in

Section 2.30]). The agreement in the statistics is very good with the
| argest discrepancy in HSIG (>0 5m occurring during the veering
period and concurrent sea growth on days 92-93. The summary statistics

in Table 10 show simlar distribution properties. The skewness
represents the degree of asymmetry of the distribution around its mean
with a positive value signifying an asymetric distribution extending
towards nore positive x values (and vice versa). The kurtosis neasures
the relative peakedness or flatness of the distribution with respect
to a normal distribution. Positive values indicate a peaked

di stribution and negative values a flat distribution. These two shape
statistics are included to show whether or not the overal

di stribution of selected properties of two data sets are simlar. The
| ar gest shape difference occurs in the period statistics. The nean,
ADEV and SDEV of the directional properties, VMD and PDIR are
simlar, though the VMD shows a flatter distribution than the PD R
(approx. normal). The VNMD statistic contains contributions from swell
whi ch may broaden the distribution. The input hindcast spectra are
taken as absolute so that, when exam ning the direction statistics, a
negative nean error indicates that the fit is rotated cl ockwi se by
this anount fromthe hindcast spectra. There nmay be fewer P estimates
used in the calculation as the estimation procedure for P cannot

al ways provide an appropriate value when the direction spectra is not
unimodal . This is not a serious problemfor the hindcast spectra as
the directional peaks are generally very sharp but does occur nore
frequently in the WAVEC data statistics. Wth the exception of the
spread paraneter P, the ME, RMSE and % scatter are small. The two tine
series are highly correlated with a significance |evel |ess than

. 00001 (entered as 0 in this and subsequent tables). The spread
paraneter P shows considerable scatter wwth an RMSE of 9.5 and scatter
i ndex of 86% The P parameter is non-linear (ie, a |linear change in P
is not reflected by a corresponding |inear change in angul ar

hal f —wi dt h) and the scatter is not surprising given both the nature of
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t he paraneter and observati ons made during Part 1 of the study. As

wi |l be seen in Section 400, due to innate features of the data

anal ysi s and the hindcast nodel, this scatter in P wll| becone

rel atively inconsequential as a conparison of the directional spreads
could not be perfornmed with any confidence.

4. BEHAVI OR OF THE HI NDCAST MODEL
4.1 Factors Influencing The Conparison

Various factors could influence the inter—conparison between the
hi ndcast nodel spectra and the data spectra and their correspondi ng

10-paraneter fits. As nmentioned in Section 2.30, the hindcast grid
poi nt and buoy | ocation were approxi mately 55 kns. apart with the grid
poi nt being al nost due South of the buoy. Waves of frequencies |ess
than 1.9 rps (assum ng deep water phase velocities or 0.96 rps for
group velocities, which is the speed at which energy travels), would
cross this distance in less than 3 hours (ie. half the sanpling
interval). These frequencies were generally associated with the energy
containing region of the spectrumand if the wave field were spatially
coherent and slowy varying, the distance separating the two sites
shoul d not affect the conparison. This may not necessarily be true for
a swell signal of short duration or small scal e nmeteorol ogi cal
features. However, given the six hour sanpling, geophysical features
having tinme scales | ess than 12 hours should not be expected to be
reproduced regardl ess of the nodel accuracy.

H ndcast nobdels are often considered to be as good as their input
w nds. A brief exam nation of the winds will be conducted in Section

4.20. Hi ndcast nodels cannot explicitly nodel swell generated in a
regi on beyond the nodel boundaries. As a selected space and tine step
are required by the numerical nodel, processes occurring on shorter
scal es, such as wave breaking, are either paraneterized or assuned to
have little affect on the generated wave spectra. These factors my
supply a random error and influence the variance of the statistics.

Hi ndcast nodels are able to predict nore than two directional peaks in
a given frequency band, however they include no isotropic noise in the
directional distribution. Conversely, both the data spectra and the
10—paraneter nodel are limted to a maxi mum of two directional peaks
and, at this tinme, there exists no directional spectral analysis

t echni que capabl e of resolving nore than two peaks per frequency when
applied to slope foll ow ng buoys. In fact, in cases of binodal

di stributions, even the high-resolution techni ques (see Marsden and
Juszko, 1987) tend to under-resolve the two peaks resulting in spectra
broader than input test sinmulations. The presence of isotropic noise
(background noise levels of 5 to 10% at the spectral peak w th higher

| evel s away fromthe peak or in binodal spectra, see Juszko, 1988) nay
al so act to broaden the data directional distribution. It will be seen
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in Section 4.40L] that these factors severely linit conclusions about
the directional spread features observed.
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4.2 I nput Wnds

A prelimnary exam nation of the input winds to the hindcast nodel at
grid point 1106 and the neasured MANVAR wi nds (on the West Venture; 5
knms East of the WAVEC buoy) would indicate if there existed any |arge
di screpanci es that could influence the spectra. As hindcast nodel w nd
fields are structured to include a contribution of directly neasured
wi nds, along with geostrophic winds, the two data sets are not fully

i ndependent and one woul d expect generally good agreenent between

them Fig. 110 contains the tinme series of rig winds (solid), nodel

i nput w nds (dashed), and shown on the |ower plot, VMD of nodel
spectra (dashed) and VMD of the WAVEC spectra (dots). The agreenent in
wi nd speeds is generally quite good with the first storm (S1; day
70-71) being reproduced quite well. This storm consisted of a | ow
pressure center approaching the study site fromthe SWresulting in a
rapid increase in wind speeds on day 70 to a peak of approx. 23 nis
after 13,5 hours. The wind directions then shifted by 120 degrees
(fromE to SW, and renmained fromthe SWfor about nine hours and
during the follow ng stormdecay. The second storm (day 87-90)
consisted of a | ow pressure centre which approached the Hi bernia
region fromthe S-SWwi th associated wnds rising to approx. 20 nmis in
18 hrs. The center passed directly over the study region, as noted by
a drop in the wind speed and concurrent veering of the direction early
on day 88, then stalled north of the area for nearly 24 hours. The

wi nds slowy decayed and shifted in direction approx. 110 degrees) as
t he pressure center noved off. The hindcast wi nds did not show as high
arisein wnd speed during the first stage of the stormthough the
tenporary drop in speed and direction shift associated wth the
passage of the | ow pressure centre were reproduced. Simlar maxi num

wi nds were reached during the second part of the stormwhile there was
a slight delay in initiation of the stormdecay. The hindcast w nds
appeared to mss a slight rise in the local wnds on day 91. It wll

be seen in Section 4.40, that the time series of nodel HSIG reflected
these slight differences in the specified winds. The two w nd
directions agree well except when wi nd speeds are |ow (eg. days 77-79,
83). The VMDs tend to reflect the wind direction during nore energetic
conditions. Contributions fromthe swell play a role at all tinmes and
dom nate when wi nd speeds are |low (eg. day 74 through 80, 91-92).

A coherence anal ysis between the hindcast wi nds and observed rig
wi nds woul d provi de sone indication of the shortest tinme scale feature
that coul d possibly be nodelled with confidence. A discussion of
coherence analysis of vector tinme series, as applied here, can be

found in Gonella (1972). Fig. 120 shows the inner coherence squared
bet ween the counter—-cl ockwi se (solid) and cl ockwi se (dashed) rotating

wi nd vectors. Al so shown on Fig. 1201 is the phase in degrees which is
approximately zero over the coherent frequency range. The outer
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coherences were never significant. There were 20 degrees of freedomin
the analysis and a 0.25 cycles per day (cpd) resolution. The solid
l[ine in the upper plot indicates the 95% confidence limt on the
coherence squared (ie. where the coherence is significantly different
fromzero). Also noted are the 0.5 coherence squared cut—-off |evels
(ie. where 50% of the variance in that frequency band is expl ai ned)
when geostrophic winds (1 — Marsden, 1987 and de Young and Tang, 1989)
and wave sl ope derived winds (2 Marsden and Juszko, 1989) are conpared
with directly neasured wi nds. The hindcast wi nds showed a simlar
cut—off around 0.75 cpd (ie. time scales of 1.25 to 1.5 days) which is
sonewhat better than geostrophic (2.5 — 2.0 days) though poorer than
inferred winds fromwave slope information (0.75 days). The peak in

t he cl ockwi se coherence**2 at 0.75 cpd was consistent with the veering
of observed wi nds associated with the passage of | ow pressure centres
through the area. This data set was obviously limted in both tenporal
and spatial coverage and sim |l ar coherence anal yses shoul d be
conducted on the nmuch larger archived wind files. Such an anal ysis
woul d show up the weaknesses in wind field specification in a
guantitative manner and on a geographi c basis.

4.3 Treatment of the WAVEC Dat a

In order to elimnate uncertainties in the conparison due to different
frequency and direction array assignnments, the WAVEC directi onal
spectra (constant frequency resolution of .03 Hz or .1885 rps, between
.314 and 3.14 rps — 16 frequencies; four degree resolution in
direction) were mapped onto the hindcast spectra array. The

i nterpol ati on schene used was a conbi nati on of Laplacian and spline

i nterpol ation as provided by PLOI88 |ibrary and descri bed in Young and
Van Whert (1989). The effect of the interpolation on the nean wave
paranmeters, and |ater, on the 10-paranmeter fit, was assessed. Fig.

1300 contains the tine series of HSIG TP and VMD cal cul ated before
(solid) and after (dotted) performng the interpolation. Both the
overall energy and average directional properties of the wave field
are conserved by the interpolation. Gven the considerable difference
in the frequency array assignnents between the input and output, the
di screpancies in peak period are acceptabl e.

The adj usted data spectra were processed using the hindcast nodel

software. Figs. 140, 150 and 16L] contain the tine series of OH
nodel fit paraneters, the distribution of RESH with frequency, both

absol utely and wei ghted by the peak spectral density as in Fig. 30,
and the histogram of RESH occurrence. The results are conparable to
those seen in Part 1 of the study.

Figs. 170 and 180 contain the tinme series of fit parameters,
RESD val ues and the hi stogram of RESD occurrence for the ful
10-paraneter fit. The residual values are conparable to those for the
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fit to the original data spectra (Fig, 22— Part 1) though it appears
that in the latter case there were a greater percentage of records
with RESD <10% This is deceptive as the fit perfornms better under
hi gh energy conditions, and in Part 1, there were considerably nore

observations during storns which biases the results. Fig. 180l
i ndi cates that approxinmately 90% of the records had RESD val ues | ess
than 20% (conpared with 93% for the hindcast spectra seen in Section

3.2.200).

Fig. 190 contains the overlayed tinme series of HSIG TP and VMD
of the interpolated data spectra (solid) and the correspondi ng
l10-paraneter fit spectra (dotted). The agreenent is generally quite
good t hough slightly poorer than in the fit to the hindcast spectra

(Fig. 9L). This is shown nore quantitatively by the slightly higher
ME, RVBE, and % Scatter and |l ower correlation values in Table 20

(when conpared to Table 1[). The shape of the distributions are
simlar. The slightly poorer agreenent may be due to the flatter
direction spectra of the data (eg. see contour plots in Appendix 1)
whi ch coul d possible hinder the directional fit conpared with a sharp
di rectional peak.

Whet her or not the choice of frequency and direction resolution
has a significant affect on the fit results nay be determ ned through
an exam nation of the summary statistics calculated on the two sets of
fit parameters. These are given in Table 3L. It can be seen that the
maj or differences occur in the shape related paraneters (A1, A2, P1
and P2) and there are lower correlations (and |larger errors) for al
the second ("sea”) set of paraneters which would be expected given the
changes in array resolution and the range of frequencies covered.
Performng the interpolation is necessary for any point-by—poi nt
conpari son between the hindcast and data spectra and shoul d i nprove
t he conparison for the second set of paraneters (seas). However, the
i nterpol ati on appears to be broadening the energy distribution of the
"swel | ” (as indicated by A) perhaps reflecting the mapping froma
coarse frequency grid to a finer one at | ow frequencies which may act
to snooth the spectra.

4.4 Conparison of Hi ndcast Mddel Spectra and Field Measurenents

Throughout the foll ow ng conmparison, the two sets of spectra
(hi ndcast and interpolated WAVEC) and their corresponding fit spectra
wi |l be exam ned.
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TABLE 2. Summary statistics for spectral properties of
the WAVEC data (W) and corresponding
l0-parameter £fit (F) spectra.

HSIG TP VMD PDIR TDIR P
(m) (sec) (rad) (rad) (sec)
No. of 133 133 133 133 133 126
Observ. 97
Mean W 2.77 10.19 2.87 3.37 10.27 6.58
F 2.67 10.48 2.98 3.02 10.69 11.27
ADEV W 0.87 1.41 1.22 1.40 2.09 7.99
F 0.88 1.52 1.23 1.42 1.96 7.25
SDEV W 1.13 1.65 1.47 1.70 2.19 13.44
F 1.12 1.82 l1.49 1.62 2.31 11.83
SKEW W 0.95 0.05 -0.65 -0.34 ~0.24 3.57
F 0.89 -0.05 -0.38 -0.82 -0.37 2.88
KURT W 1.67 -1.04 -0.67 -0.78 -1.41 14.75
F 1.25 -0.29 -0.57 -1.07 -0.49 9.60
No. 133 133 133 133 133 94
ME 0.10 -0.29 0.06 0.07 -0.42 -3.28
RMSE 0.18 0.684 0.26 0.39 1.13 13.68
% SCAT 6.68 8.13 8.78 12.09 10.79 139.95%
CcC 0.99 0.90 0.71 0.49 0.89 0.54
SI.LEV 0 3] 0 0 0 0

4.4.1 Qualitative Assessnent

Appendi x 1 contains contoured directional spectra associated with
t he WAVEC spectra (upper left), the fit to this spectra (lower left),
t he hi ndcast nodel spectra (upper right) and its corresponding fit
(lower right). The contour intervals are set to: 0.01, 0.025, 0.05,
0.1, 0.25, 0.5, 1.0, 2.0, 4.0, 6.0, 8.0, 10.0, 15.0, 20.0 and 30.0
nm*2/ (rps—rad). The records selected represent the two major storns of
March 1984. The nodel generally overpredicted the total energy during
the storns of this particular data set. The overall features of the
directional spectra are reproduced quite well (ie. positioning of the
directional peaks; eg. 1200/87 with two swell and a sea peak) by the
hi ndcast nodel, however, the peaks tend to be nmuch sharper than seen
in the data. Gven that the contour intervals are not linear, this
difference is nore severe than the plots would indicate. Mich of the
di screpancy between the data sets are due to the presence (or absence)
of additional swell peaks. The hindcast spectra will mss a swell peak
due to a nore rapid decay of the signal than observed (eg.
0000/ 70-0600/ 70; 0600/ 71-1800/ 71 where the swell signal persists in
the data through day 72; 1200/ 88- through day 89) or add peaks not
present in the data (eg. 0600/88). The storm seas appear to devel op
(ie. progress towards | ower frequencies) nore rapidly, and to | ower
frequencies, in the hindcast spectra (eg. 0600/70 to 1800/ 70; 0600/87
to 1800/ 87; 1200/90-1800/90). As the winds were initially fromthe
east for all three devel opnent periods (associated with the upper edge
of a | ow noving northeast) one woul d expect that they affect the
nmeasurenent sites at simlar tines given the north-south orientation
of the sites. As during the build-up of the second storm the hindcast
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wi nds were actually |ower than observed while the sea progressi on was
faster, it appears that this overly rapid devel opnment nay be an
intrinsic feature of the nodel. The devel opnent of the total energy in
t he spectrum due to storm seas, however, is linked nore closely to the

magni t ude of the input winds. This can be seen in Fig. 200 contai ning
overl ayed hi ndcast nodel (solid) and data spectral statistics
(dotted). The dashed lines axe the 95% confidence limts on the data
significant wave height and indicate that differences between the two
record sets axe not related to statistical uncertainties in the field
measurenents. During the build-up of the second storm the hindcast
HSIG lags the data while a simlar |ag was seen in the nodel and

observed winds (Fig.110). Fig. 210 contains sinmlar plots for the
correspondi ng 10—-paraneter fit spectra and are alnost identical to
those in Fig. 2000 which is to be expected given the correlation
statistics in Tables 10 and 2LI.

TABLE 3. Summary statistics for the ten £it parameters obtained

from the non-linear fit to the original (0) and
interpolated (I) WAVEC data spectra.
133 Observations.

wnl 41 A Pl Omt Wm2 §2 A2 P2 Bm2
(rps) (m) (rad) (rps) (m) (rad)

MEAN O 0.56 1.84 2.64 31.02 3.15 0.82 1.80 2.06 9.89 3,30
I 0.54 1.93 1.05 9.58 1.62 0.77 2.00 1.69 6.22 3.40
ADEV O 0.09 0.71 1.66 23.05 1.44 0,24 0.83 1.49 8.03 1.29
I 0.07 0.65 0.47 7.16 1,23 0.20 0.79 1.21 4.10 1.13
SDEV O 0.10 0.95 2.92 28.65 1.67 0.29 1.33 2.45 11.84 1.54
1 0.09 0.88 0.60 10.26 1.54 0.28 0.95 1.97 8.78 1.41
SKEW 0 0.03 1.21 3.62 1.10 -.93 1.20 4.40 3.13 2.38 -0.16
I 0.41 1.44 0.88 2.31 1.12 1.58 0.66 3.16 7.48 -0,32
KURT O -0.66 1.81 15.72 0.03 -.98 0.85 32.20 11.66 6.94 -0.90
I -0.21 2.40 1.15 6.70 -.83 1.50 -0.14 12.60 70.92 -0.48
ME 0.02 -0,08 1.58 21.44 0.07 0.05 -0.20 0.36 3.67 0.05

RMSE 0.08 0.50 3,27 31.72 1.12 0.25 1.16 3.03 14.47 0.99
% SCAT 13.8 26.3 177.5 156.2 52.7 30.0 61.0 161.7 179.6 29.5
cc 0.71 0.86 0.18 0.64 0.62 0.66 0.54 0.08 0.10 0.54
SI.LEV 0 0 0.04 0 0 0 0 0.38 0.28 0
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TABLE 4. Summary statistics for spectral properties of the

data (W), hindcast (M) and ten-parameter fit
spectra (WF and MF)

HSIG TP VvMD PDIR TDIR P
(m) (sec) (rad) (rad) (sec)

No. of 133 133 133 133 133 126

Obs. F 133 133 133 133 133 97
Mean W 2.77 10.19 2.87 3.37 10.27 6.58
WF 2.67 10.48 2.98 3.02 10.69 11.27

M 3.19 10.04 3.76 3.83 10.65 10.81
MF 3.07 10.15 3.79 3.83 10.45 10.25
ADEV W 0.87 1.41 1.22 1.40 2.09 7.99
WF 0.88 1.52 1.23 1.42 1.96 7.25

M 1.10 1.35 0.90 0.82 1.47 8.07

MF 1.05 1.50 0.91 0.81 1.54 6.23
SDEV w 1.13 1.65 1.47 1.70 2.19 13.44
WF 1.12 1.82 1.49 1.62 2.31 11.83
M 1.45 1.76 1.16 1.07 1.85 10.81
MF 1.38 1.90 1.17 1.06 1.97 9.01
SKEW W 0.95 0.05 -0.65 -0.34 -0.24 3.57
WF 0.89 -0.05 -0.38 -0.82 -0.37 2.88

M 1.10 0.25 0.34 0.32 0.65 1.69
MF 1.07 0.40 0.26 0.33 0.37 2.83
KURT W 1.67 -1.04 -0.67 -0.78 -1.41 14.75
WF 1.25 -0.29 -0.57 -1.07 -0.49 9.60

M 1.19 0.44 -0.07 0.14 0.28 3.29

MF 1.19 0.14 -0.19 0.23 0.13 14.49
ME 0.43 -0.15 0.52 0.68 0.38 4,37
F 0.40 -0.33 0.54 0.65 -0.23 -0.96
RMSE 0.98 2.21 0.96 1.34 2.34 17.83
F 0.93 2.46 0.99 1.35 2.67 15.¢62
% SCAT 33.00 21.85 27.78 35.81 22.38 203.36
F 32.30 23.89 28.20 36.54 25.29 144.77
CcC 0.79 0.16 0.26 0.25 0.35 0.01
F 0.80 0.13 0.39 0.42 0.23 -0.08
SI.LEV 0 0.07 0.003 0.004 4. .E-5 0.89
F 0 0.13 0 0 0.008 0.43
FOR HSIG > 3.0 m - 42 OBS.; (39 FOR P AND 34 FOR FIT P)
ME 0.78 0.23 0.38 0.7 0.76 3.61
F 0.64 0.21 0.42 0.71 0.19 -1.41
RMSE 1.23 1.78 0.73 1.11 2.27 13.55
F 1.10 2.02 0.73 1.11 1.86 9.73
% SCAT 28.13 16.12 18.26 26.76 19.76 164.76
F 26.00 18.03 17.68 27.10 16.12 108.34
CcC 0.70 0.50 0.71 0.76 0.45 ~0.09
F 0.71 0.45 0.73 0.89 0.61 -0.12
SI.LEV 0 7.E-4 0 0 0.003 0.60

F 0 0.003 0 0 0 0.49
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The period of |argest discrepancy between the hindcast and data
records, occurred fromday 75 to day 86, Selected exanples of the data

(left) and hindcast (right) spectra are included in Figs. 220 to

2700. Fromday 75 to 79, there were | ow wi nd speeds and concurrent
veering wnd directions. Even though both the rig and nodel w nds
agree well, there was consistently nore energy observed in the
hi ndcast spectra which contained a very strong southerly swell
signature not observed in the data fromday 75 to 77 (eg. see Fig.

22[1). On days 78 to 80, binodal swell in the data were not predicted

by the nodel (Fig. 2300). The minor peaks in HSI G on days 81-82 and 85
were offset while the nodel provided a broad featured rise on day 85.
The characteristics of the data and hindcast directional spectra were

quite different on days 81 and 82 (eg. Figs. 240 and 250) due to
differences in both the tinme of sea devel opnent and the presence of
swell. The initial conditions prior to the energy rise on day 85 were

also quite different (Fig. 26L]) with the data showing a "flat” energy
distribution. The 0.6 rps southwest peak in the nodel persisted
through this period while the field spectra "caught up” to the nodel
soon after the wind directions stabilized (late day 85 —-86; Fig.

2700). This feature al so supports the observation that the hindcast
nodel either devel oped too quickly or did not contain a |arge enough
di ssi pation due to waves interacting under veering w nds.

The progression of the directional signature down frequency and

the response to veering w nds, can be observed in Figure 28Ll. As one
exam nes these tinme series, it beconmes apparent that the agreenent
between the directions deteriorates at |ow frequencies. It is only
during the two storns, that the direction tracking agrees at 0,503 rps
(.08 Hz) as wind forced seas are occurring down to this frequency. At
a md frequency of .82 — 1.0 rps, the hindcast nodel directions tend
to lead the field observati ons when veering occurs inplying, again,
that the nodel s response was too rapid.

The behavi or of selected spectral properties can be visualized by

means of a scatterplot, as shown in Figs. 290 and 300 (for the
10—paraneter fits). The 1:1 correspondence line is showm with the

hi ndcast estinmate associated with the vertical axes and the data
estimate with the horizontal axes. There is considerable scatter in
all the estimates though a significant correlation would be expected
in HSIG VMD, PDIR and TDIR. The directions comng fromthe SE through
SWindicate that the hindcast values are shifted cl ockwi se fromthe
data while there is better agreenent in directions fromWthrough NE
This may reflect a time offset, the nore rapid devel opnment of the

hi ndcast nodel, or factors affecting only the field data such as
refraction effects due to | ong period waves noving onto the bank from
the southern half of the conpass or, possibly, current-wave
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interaction (ie. strong inertial currents which lag the winds). The

larger P values in Fig. 300, associated with the data fits, reflects
ei ther a choice being made by the 10-paraneter nodel to fit one peak
in a binodal distribution or its |ack of any noi se conponent thereby
allowing for the spread scanning procedure to resolve a better P

esti mat e.

Simlar scatterplots of the fit paraneters can be seen in Fig.

310. The scatter associated with 81, 82, and OnR indicate that these
paraneters should be significantly correl ated. There was | ess
agreenent in OmlL and no obvi ous agreenent in the other paraneters.
The scatter would limt prediction of one set of paraneters fromthe
ot her which is al so dependent, in cases of nultiple peaks, on whether
the sane peaks are present in the two input spectra and were fit.

4.4.2 Quantitative Assessnent

The behavi or of the spectral properties can be exam ned
guantitatively using sunmary and conpari son statistics. These are

listed in Table 400 (related to scatterplots of Figure 290) with the
spectral properties calculated on both the nodel and data spectra and
their correspondi ng ten—paraneter fit spectra, fully expanded onto the
nodel frequency—direction array. The statistics for the input spectra
and their parameterized forns are alnost identical. A positive ME
(mean error) in a direction statistic indicates that the hindcast
direction is shifted clockw se fromthe data. Correl ations between
HSIG VMD, PDIR and TDIR are significant. G ven any auto—correl ation
within the tine series, neither the peak periods nor the scanned P

val ues associated with the peak direction are correlated. A so shown

in Table 400 are the correlations associated with records when HSI G >
3.0m In these cases, all but the P values are significantly
correlated with nuch better agreenent in the direction statistics as
expected when forced seas dom nate.

A simlar analysis can be perforned on the fit paraneters
t hensel ves, and not the spectral properties as in Table 40, and the
summary statistics axe given in Table 500 (relate to scatterplots of
Fig. 310). The results generally agree with the qualitative
observations of Section 4.4.10. The nodal frequencies, wml and wn?,
show little bias between the data sets (as indicated by the M), &1
and 02 of the hindcast fit are larger than for the data (ie.
overestimating the spectral energy), and Al and A2 and P1 and P2
uncorrel ated (though larger than in the data) and ©ml and ©nR
significantly correlated, with ®n2 show ng better agreenent due to
| ess swell contribution to this statistic. The WAVEC directions are on

average rotated counter—clockwi se fromthe hindcast directions. The
direction statistics are difficult to interpret in a bulk manner as
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they are sensitive to whether or not a given peak was fit. Included in
the table, are the statistics for cases when Onml and ©nR of the two
fits agree within 45 degrees and when the conparison is perfornmed on
the data fits calculated in Part 1 of this study. By limting the
directions, the frequency paraneters show i nproved correl ati ons,
particularly for the "sea” peak. The poorer agreenent in the "sea”
paranmeters for the fit to the original, non-interpol ated spectra, was

expected given the discussion in Section 4.30. The higher P val ues
again may be indicating that the interpolation procedure, or the
direction and frequency grid resolution, may be snpothing the spectra.

The percent of the variance that woul d be expl ained by neans of a
| inear regression between the two sets of fit paranmeters (ie. hindcast
and data), in order to predict one set fromthe other, is
approximately equal to 100.(correlation coefficient**2). G ven the CC

values in Table 50, only a regression between the sea significant
wave heights, 02, could account for slightly nore than 50% of the
vari ance. The predictive equation

Y = 0.643 + 0.6196*X

where X is the hindcast &2 value and Y the expected data val ue, would
account for 51.6%of the variance in Y (wth the standard error on the
intercept and sl ope of 0.128 and .0524, respectively).

The residual statistic, RESD, can be used to conpare the hindcast
and data spectra on a frequency—direction, point-by—point basis. The

time series of these RESD val ues are shown in Fig. 320 with the solid
line representing division by the hindcast energy and the dotted

di vision by the WAVEC energy. The large errors in the latter are due
to the generally | ower energy values at the peaks due to the broader
directional distributions. The poor point-by—point agreenment is easily

di scerned by examni ning the histogram of RESD val ues (Fig. 330]).

A coherence analysis, simlar to that performed on the w nd
vectors, was perforned on the average spectral energy vectors given by
HSI G COS(VMD) and HSI G SI N(VMD), between the hindcast and data
spectra. Like the winds, the analysis would supply an upper frequency
limt of agreenent between the two data sets. The results are shown in

Fig. 340. There were 16 degrees of freedomand a frequency resol ution
of 0.25 cpd associated with the analysis. A positive phase woul d
represent the hindcast spectra |eading the data. The approxi mate
cut—off tinme scale, for 50% coherence, was simlar to the input w nds
at 0.75 cpd (ie. 1.25 to 1.5 days) and showed a correspondi ng peak in
t he cl ockwi se component.
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TABLE 5. Summary statistics for the ten fit parameters obtained
from the non-linear f£it to the hindcast model (M) and
WAVEC data (W) spectra.
133 Observatlons.

onl 81 21 Pl Onl ewmz $2 Q2 P2 Onm

(rps) (m) (rad) (rps) (m) (rad)

MEAN M 0.59 2.12 2.80 20.07 3.87 0.81 2.19 1.43 8.26 3.64
W 0.54 1.93 1.05 9.58 1.62 0.77 2.00 1.6 6.22 3.40

ADEV M 0.08 0.81 1.14 12.63 0.72 0.15 0.85 0.73 4.97 1.16
W 0.07 0.65 0.47 7.16 1.23 0.20 0.79 1.21 4.10 1.13

SDEV M 0.10 1.12 1.70 19.05 0.95 0.19 1.11 1.72 7.13 1.47
W 0.09 0.88 0.60 10.26 1.54 0.28 0.95 1.97 8.78 1.41

SKEW M 0.37 1.26 3.36 2.42 0.04 0.71 1.01 7.23 2.09 0.39
W 0.41 1.44 0.88 2.31 1.12 1.58 0.66 3.16 7.48 -0.32
KURT M 0.53 2.28 21.39 6.56 1.16 0.66 1.16 63.57 5.06 -0.61
W -0.21 2.40 1.15 6.70 -0.83 1.50 -0.14 12.60 70.92 -0.48

ME 0.05 0.19 1.75 10.49 0.55 0.04 0.19 -0.26 2.04 0.31
RMSE  0.13 0.97 2.50 24.26 1.70 0.31 0.81 2.67 11.75 1.10

% SCAT 22.2 47.8 129.7 163.6 48.1 39.5 38.5 170.5 162.3 31.2
cc 0.22 0.57 0.01 -0.04 0.20 0.15 0.72 -0.04 -0.06 0.57

e s e e T e v e T T M e M e e e e e e e e S S AN N M A D M W S GER W M AN S AU G S G S e e G G ——

FOR DIRECTION DIFFERENCES < 45 DEGREES

29 OBSERVATIONS

ME 0.03 0.03 1.85 7.32 0.11 0.003 0.38 -0.13 2.99 0.07
RMSE 0.11 1.24 2.44 16.21 0.46 0.17 0.89 1.65 9.19 0.73
% SCAT 19.1 48.9 125.8 110.5 11.4 22.3 34.3 107.5 144.1 16.9
cC 0.48 0.53 -0.05 0.16 0.12 0.77 0.81 -0.09 0.15 0.89
SI.LEV 0.01 0.003 0.80 0.41 0.55 0 0 0.63 0.45 0

FOR NON-INTERPOLATED DATA SPECTRA

133 OBSERVATIONS

ME 0.02 0.27 0.17-10.96 0.57 -0.01 0.39 -0.62 -1.63 0.25
RMSE 0.13 1.02 3.42 36.43 1.54 0.33 1.39 3.18 14.06 1.13
% SCAT 22.6 51.5 125.7 142.6 41.0 40.1 69.7 182.4 154.8 32.2
cc 0.19 0.56 -0.03 -0.03 0.41 0.13 0.41 -0.10 -0.03 0.48
8§I. LEV 0.04 0 0.71 0.74 0 0.12 0 0.24 0.71 0

As different frequency ranges in a wave spectrum can be
considered to reflect different generation processes, the hindcast
nodel nmay be reproduci ng certain frequency bands nore accurately than
ot hers. The frequency dependent behavior of the hindcast spectra was
assessed by perform ng the coherence analysis on spectral energy
vectors again given by HSI G COS(VMD) and HSI G*SI N(VMD) where HSI G and
VMD were cal cul ated over sel ected frequency bands as opposed to the
entire spectrum Three regions were chosen: bands 1 to 8 (0.25 to 0.5
rps) to represent swell, bands 9 to 12 (.58 to .84 rps) associ ated
Wi th storm sea peaks primarily influenced by non-linear interaction
transferring energy from hi gher frequencies and bands 13 to 15 (1.0 to
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2.0 rps) being the region of directly wind forced seas. The results

are shown in Fig. 35ald for the clockwi se rotating conponent and 35b
for the counter—cl ockwi se conponent. The "swell” bands were

i ncoherent. The high frequency bands 13-15 showed the best coherence
with the cl ockwi se conponent being significant to tinme scales as short
as 1.0 day. The increased coherence at shorter tinme scales may be
reflecting periods of no energy in the selected bands. The peak in the
m d—frequencies, was the main contributing factor to the simlar peak

present in Fig. 340 and corresponded to the cl ockw se peak in the

wi nd anal ysis of Fig. 120]. The phases are generally positive (ie.
hi ndcast | eadi ng the data) though sonmewhat confused in the clockw se
conponent .

5. DI SCUSSI ON

A 10-paraneter nodel was fitted, by nmeans of a non-linear,
| east—squares iterative technique, to directional wave spectra
produced by the ODGP wave hi ndcast nodel. Approximately 93% of the
fits contained residual errors of less than 20% with close to 70% of
the records having errors |less than 10% This agreenent was better
than for the equivalent fits to field neasured spectra (89.5% and 39%
respectively). The inprovenent nay be a result of the sharper
di rectional peaks in the hindcast spectra which could provide a better
target signal and the absence of isotropic noise which reduces the
error contributions from background energy away fromthe peak. The
fitting procedure was generally able to select the two major
di rectional peaks of the record. The fit was | ess successful when
there existed multiple swell and sea peaks of approximtely equal
energy, travelling in different directions. The hindcast spectra,
unli ke either the processed data or the paranetric nodel, nmay contain
nmore than two directional peaks per frequency band, in which case the
parametric nodel (with a maxi num of two direction peaks per record) is
i nappropri ate.

The hi ndcast spectra were conpared to field nmeasured directional
wave spectra. The nost obvi ous features, when conparing the two sets
of contoured directional energy spectra, was the difference in the
directional widths of the peaks and the absence of isotropic noise in
the hindcast spectra. Fromthe current state of know edge, it is not
cl ear whether the sharp nodel peak or the broader data peak are the
nost representative of actual conditions. However, from simulations
(see Marsden and Juszko, 1987), the data processing nethod accurately
reproduces test uni-nodal peaks, including various |evels of isotropic
noi se. Wen the test signal is binodal, it consistently provides too
broad a distribution. The true distribution probably |ies sonewhere in
bet ween the observed hindcast and data directional spectra. The
hi ndcast spectra did nodel the overall energy and direction
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properties, as indicated by correlations |evels between the
significant wave heights and vector nean directions. It provided a
poor representation, however, of the swell reginme (approximtely the
first eight frequency bands) even with the higher frequency resol ution
in this region.

A coherence anal ysis was perforned between the nodel input w nds
and directly nmeasured MANMAR wi nds, and between the overall spectral
directional energy vectors of the hindcast and WAVEC spectra. The
results indicated that the coherence-squared value falls below 0.5 at
approximately 0.75 cpd (ie. approx, 30 hrs.). The man—-machi ne m x of
wind information, used to provide the hindcast nodel input w nds,
shows an i nprovenent over pure geostrophic wind estimtes (cutoff at
approx. 0.5 cpd). The inplications are that geophysical features,
having tinme scales of |less than 30 hours, would not be nodelled in a
statistically confident manner. G ven the six-hourly sanpling rate,
features with time scales of less than 12 hours woul d be aliased.
Therefore, one nust be careful when interpreting specific nodel
behavi or. For exanple, the nodel may be reproducing a storm signature
t hough not the detail ed spectral behavior during build-up. This is
al so true when interpreting bulk statistics (eg. nean error,
correlation coefficient, etc.) which do not have any tinme scale
associated with them Wen the coherence anal ysis was perfornmed on
sel ected frequency bands, the results showed that the directional
energy for bands 1 to 8 (.25 to .5 rps — "swell”) were incoherent and
t he coherence inproved at the higher frequencies. As hindcast nodels
axe tuned to the wind input, it is not surprising that the directly
forced "seas” showed better agreenent. The analysis indicated that the
hi ndcast nodel did not accurately reproduce wave spectral features for
frequencies less than 0.5 rps and applications requiring proper
representation of these frequencies should not use the hindcast
spectra as input.

The results are based on a data set with limted tenporal and
spatial coverage and may not refl ect the hindcast nodel behavior in
different areas or over |onger averaging periods. The study period
contained two storns of different character, nunerous w nd veering
epi sodes and a swell dom nated, |ow energy period of over a week
duration. This should provide a good prelimnary test of both the
10—paraneter fit and the hindcast nodel itself. One would not expect
t hat the behavior of the 1l0-paraneter fit be nmuch different if
exam ned over a long tine series. A proper assessnent of the hindcast
nodel woul d require concurrent field nmeasured directional wave spectra
for a few years at nore than one |ocation as both the nodel and w nd
i nput accuracy mnmust be addressed and the spatial coverage of the
latter is variable. Gven the practice of nodelling only sel ected
stornms for extrene anal ysis, one would have to be careful in
interpreting the nodell ed extrenes as these can occur on short tine
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scal es. Inproved wind input estinmates would nost likely result in an

i nproved coherence for the observed "seas”. I|nproved w nds may not
necessarily inprove the "swell” nodelling and the use of hindcast
spectra in applications where swell is an inportant contributor may be
[imted.
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SELECTED CONTOURED DI RECTI ONAL SPECTRA
Contour lines at: 0.01, 0.025, 0.05, 0.1, 0.25, 0.5, 1.0, 2.0, 4.0,
6.0, 8.0, 10.0, 15.0, 20.0 and 30.0 n**2/(rps-radi ans)
Upper left: WAVEC dat a spectrum
Upper right: Hindcast nodel spectrum
Lower left: 10-Paraneter fit spectrumto the WAVEC spectrum RESD
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