














The wave crest is perfectly straight. How does it grow from 
a group of short-crested waves to a huge, long-crested wave 
just breaking on the top? There must be a mechanism for 
that wave to acquire energy; otherwise, it would not grow 
laterally. There is apparently also a mechanism, and it is 
obvious in the photo [Fig. 2], for dissipating energy. Other
wise, a large, short-crested wave would result. Visual ob
servations of these waves also suggest that they may be 
nondispersive, at least within an observer's field of view. 
The long-crested uniform height of the wave implies that 
it evolved over a fairly long time, not briefly as in the case 
of a typical short-crested wave. The governing equations 
must account for simultaneous acquisition and dissipation 
of energy, which is different from the usual modeling of 
conservative gravity waves. 

Also, in some of the radar wave images from satellites, 
the waves are moderately long-crested, but every now and 
then some are inclined to the general wave direction at fairly 
sizable angles, perhaps 15° or 20°. Why? 

HASSELMANN: If you watch from a plane flying over the 
ocean, you also see waves going at a different direction from 
what you expect. These can normally be explained away, 
by a theoretician at least, as being just random Gaussian 
fields that you would expect occasionally. But this freak 
wave that you described-have these waves really been 
recorded quantitatively so that you can get theoreticians up
set, or are they just discussed in narratives? 

BUCKLEY: There are several different types of storm-driven 
waves. So-called episodic waves are those that visually stand 
apart from the others in the sea. They are very clear, so 
that observers have absolutely no trouble telling you about 
them. You suggest they are part of a "random sea," but 
believe me, these waves stand apart. The type shown in the 
photo is the most common, as far as I know. Coast Guard 
officers characterized them as occurring every seventh or 
ninth large wave in a severe storm. 

The other type are the so-called three sisters waves, a 
group of three waves that intervene in the seaway. Two 
Coast Guard officers told me you can see these waves com
ing at an angle of about 30° from the dominant wave direc
tion, with a distinct intersection between this group of three 
and the other large waves in the sea. Waves of a similar 
character have been observed to evolve from steep, long
crested, regular waves as the result of nonlinear instabili
ties [see Fig. 19 in Su et al., 1982]. The intersection was 
described as "walking toward you." These waves coming 
in at an angle are also of an appreciably longer period than 
the others. Ship radars have tracked these wave groups ap
proaching the observers. 

PHILLIPS: There is a lot to learn about waves. It is not impos
sible that there are a few things of this kind still to be learn
ed. After all, it was only twenty years ago that we fIrst realized 
that a train of fInite-amplitude waves was unstable. The 
Benjarnin-Feir instability was discovered fairly recently. And 
there has been a lot of numerical work on the instability of 
periodic waves. I would not be a bit surprised if there is not 
some sort of "instability phenomenon," or maybe you can 
imagine something on a storm-size scale analogous to the 
wavemaker developed by Ken Melville [MIT] that changes its 
frequency. There may be some combination of winds that 
produces high-frequency waves, and then low-frequency 
waves that converge at one point to give you a couple of 
great big waves. The fact that it is long-crested suggests that 
it comes from a distance. It is not a random local superpo
sition or anything like that. If it is a real phenomenon, it 
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is probably the result of something fairly distant that some
how accumulated in this particular area. 

Implicitly, I believe in all of these things. I think they 
are very challenging to try to understand. We clearly do 
not understand them now. 

HASSELMANN: Owen's description sounds highly speculative. 
Of course, we do not know what it is, so we just speculate. 
Let me speculate more conservatively. Maybe these freak 
waves do not presently come out of our models. But it is 
quite possible that if yo1,l take the small-scale gustiness of 
the wind into account-instead of having just the normal 
homogeneous Gaussian fIelds with a certain, maybe not very 
large, probability of something drastic happening on a 
smaller scale-you can get a modulation of that Gaussian 
field. You suddenly get a large local rms expectation val
ue. Then maybe you could do something in the way of 
producing freak waves just by chance superposition. But 
that is just pure speculation. 

In the present models, what Bill Pierson was referring 
to, and I think it is quite true, is that we have not really 
calibrated or tested the models with respect to the dissipa
tion of swell over long distances. The reason we have not 
done that is that we do not have good data at this point. 
And, of course, Bill was also complaining about our dis
persion of swell, which Liana Zambresky [to be published] 
showed in WAM, and we also saw in the NASA model of 
Dean Duffy [to be published], which does excessively spread 
the wave energies. On the other hand, I refrained from say
ing anything about your previous technique, Bill, because 
you were doing the "water sprinkler" technique, which we 
know is also not good. So what you really need is a model 
which has a linear dispersion as the waves propagate, and 
none of the present numerical schemes do that. On the other 
hand, looking at the errors that we have, we do not think 
this dispersion problem is a major one at this point. Other
wise, we would all be much more upset. It is very easy to 
quantify and understand. If you want to improve it, you 
just go to a higher-order scheme, if you think it is worth 
the effort. So I do not think it is a big problem to do that. 
But just to go back to what we used to use, the sort of pure 
Lagrangian propagation, with a little bit of jumping around 
from one grid point to another, does not have the right char
acteristics for a spreading, finite-bandwidth wave packet. 

PIERSON [added in proof]: The water sprinkler technique for 
GSOWM did not originate with me. The method used in the 
SOWM can be easily applied to spherical coordinates. Waves 
do not diffuse, they disperse. 

HOLTHUIJSEN: Van Vledder [1983] looked at the statistics of 
wave groups, and he did find that roughly every sixth or 
seventh is the highest wave. So there is observational evi
dence that every sixth or seventh wave is the highest. 

PIERSON [added in proof]: Extreme waves are diffIcult to un
derstand, but they have been modeled. Cummins [1962], 
Smith and Cummins [1964], and Davis and Zarnick [1964] 
created extremely high transient wave forms for the study 
of ship motions. Unfortunately, the analysis tools and the
oretical concepts at that time were inadequate. These tran
sient waves are very nonlinear, and these techniques do not 
appear to have been pursued by naval architects. Present
ly, two laboratories in Canada and one in the United States 
have produced extremely high breaking waves for various 
purposes, but most of their results are not yet available in 
the literature. 
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LEWEX Panel Discussion 

Closing Remarks 

PERRIE: Do you think I can hope that all these LEWEX obser
vations will be understood, so that if I change the WAM 

model or introduce a new dissipation function, I can go 
back to this data set and check it with the buoy data and 
all the observations and be able to understand whether I 
have made an improvement or not? 

What about the Geosat winds? I am very naive about 
how those are derived. Will they improve the wind field? 
What is the next step beyond this present comparison? 

BEAL [added in proof]: The next step will be to produce a per
manent record of the LEWEX intercomparisons, including 
accurate documentation of the measured and modeled spec
tra. But I really doubt that the LEWEX observations will 
ever allow one to choose unambiguously which model is 
superior. As Peter Kjeldsen has commented, a much longer 
database is required. Geosat passes during LEWEX are 
sparse, but should at least illustrate the spatial structure of 
the wind field errors. 

DONELAN: That opens an opportunity for me to raise a ques
tion regarding the role of future remote sensing systems. 
How can the planned SIR-C SAR flight be coupled with the 
European ERS-l scatterometer to improve our understand
ing of winds and waves over global scales? 

JANSSEN: One could use the SIR-C SAR spectra in a wave as
similation scheme, supplemented by the winds derived from 
ERS-l, and show that they improve the wind analysis over 
the ocean. This improved wind analysis should, in tum, im
prove the wave field analysis. 

DONELAN: This seems to be a good point to call it a day. I 
believe Bob Beal has some closing remarks. Does anyone 
on the panel have anything else? 

PHILLIPS: I would like to thank Bob and the people who were 
responsible for the local arrangements. They have done a 
splendid job for all of us during these last three days. 

BEAL: To the panelists and to the audience, I want to express 
my appreciation for your many insights and candid criti
cism. Your comments will be part of the record, and will 
certainly influence the way we handle the data and the way 
that we look at this problem in the years ahead. An impor
tant step, of course, will be to produce a written record of 
the LEWEX results that can be reviewed by the wave com
munity. At the very least, LEWEX has stimulated many new 
ideas on how to conduct future open ocean experiments, 
such as SWADE, the ERS-l validation and application efforts, 
and the SIR-C/ ERS-l wave intercomparison work. Perhaps 
the most valuable contribution of LEWEX will have been to 
serve as a unifying force to bring together those who pre
dict and measure ocean waves with those who must live and 
operate in them. 

On a personal level, I must say that much of the excite
ment of LEWEX has been its international aspect and the 
close relationships with colleagues that have developed and 
will surely endure well beyond this single experiment. 
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