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ABSTRACT

We present a generalization of the equivalent triangular storm
model of Boccotti for the long-term statistics of extreme wave
events, where the actual storm is modeled in time ¢ by a power
law ~ |f/*, with  as a shape parameter. Given the largest wave
height H,,.x, we first identify the most probable storm in which
the largest wave occurs. Then, we derive an explicit expression
for the return period of a storm in which the maximum wave
height exceeds a given threshold. We apply the new model for
the analysis of wave measurements retrieved from some of the
NOAA buoys in the Atlantic and Pacific oceans. We find that
extreme event predictions based on the new model are less
conservative than those from the peaks-over-thresholds
method. Estimates of the expected maximum wave energy are
also provided.

INTRODUCTION

Stochastic modeling of significant wave height (H,)
time series provides the basis for efficient statistical methods
for the prediction of extreme wave events during sea storms. In
these type of analyses, the effects of the sea state on the short-
term scales T;~3 hours are nonlinearly cumulated to predict the
wave conditions on the long-term time scales T~years. To do
so, it is reasonable to assume that on the short-term scale 7, the
sea state is a homogenous and stationary stochastic field whose
properties are fully characterized by the associated directional
spectrum S(K) in the wave number space k and its spectral

moments m; = J‘S (k) @’ dk . Wave parameters such as H and

mean periods can be easily estimated from the sea surface time
series or the associated wave spectrum. On the long-term scale
T), we then have a succession of sea storms, where each storm,
according to Boccotti (2000), is identified as a non-stationary
sequence of sea states in which Hy exceeds the fixed threshold
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l.SH_S and it does not fall below it for a continuous time

interval greater than 12 hours. Here, FS is the mean annual

significant wave height for the examined site.

Given a succession of storm events in time, Boccotti
(1986,2000) proposed the equivalent triangular storm (ETS)
model to predict the return period of individual extreme wave
events during sea storms. In the ETS model, a triangle of height
a and base b is associated to each actual sea storm. The
equivalence is realized by imposing that a equals the maximum
H of the actual storm, and the associated b is chosen such that
the maximum expected wave height during the actual storm
(Borgman, 1970, 1973) equals that of the ETS. In Boccotti’s
model, the long-term statistics of extreme events is uniquely
characterized by three key elements: the Weibull distribution
for the significant wave height A, , the conditional average base

Z(a) , and the p,(a) distribution of the ETS peak amplitudes a.
The ETS model led Boccotti (2000) to obtain analytical
solutions for the return period R(H; >h) of a sea storm in which
the maximum significant wave height H; exceeds /. Further,
Boccotti (1989, 2000) derived the return period R(H) of a sea
storm in which the maximum individual wave height exceeds a
fixed threshold H. Recently Arena (2001) extended this
solution to deal with the return period R(C) of a sea storm in

which the maximum nonlinear crest height exceeds the fixed
threshold C. The solutions for R(H; >h), R(H) and R(C) solve

the problem of the prediction of extreme individual waves
during sea storms. Arena & Pavone (2007) showed that the
predictions from the ETS model are less conservative than
those from the standard peaks-over-thresholds (POT) method.
This is due to the property of the ETS model to accurately
represent H, locally at storm peaks. Is it thus possible to
improve the predictions of extremes by a more accurate
modelling of storm peaks? Or equivalently, can we measure
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the goodness of the ETS model in predicting extremes in sea
storms?

In this paper, we provide answers to these queries by
presenting a generalization of the ETS model of Boccotti where
each actual storm is modeled in time 7 by a power law ~ |,
with 4 as a shape parameter. The paper is structured as follows.
We first provide an overview of sea storm modeling, and then
introduce the Equivalent Power Storm (EPS) model for the
stochastic characterization of extreme wave events in sea
storms. In particular, we derive an explicit expression for the
return period of a storm in which the maximum wave height
exceeds a given threshold. We then present results from the
analysis of wave data measurements retrieved from some
NOAA buoys moored off the Georgia coast, USA. To assess
the quality of the EPS predictions, a sensitivity analysis is
performed with respect to the shape parameter 4. We find a
systematic pattern in the variations of the predictions as A is
varied. To further validate our results, we compared the best
EPS predictions for the return period R(H, > h) against those

from the peaks-over-thresholds method (Goda, 1999, Van
Vleddler et al. (1993). EPS estimates of the expected maximum
wave energy are finally provided.

SEA STORM MODELLING AT A GIVEN SITE IN TIME

To model sea storms, consider a time interval 7 during
which N(r) storm events occur at the examined site in time.

We assume that the probability that recorded H stays above the
threshold 7 is given by the Weibull law

P(H,>h)= exp[—(h_hl )”}

which is defined for %2> #;. The parameters #;, w and u are

estimated by the iterative procedure of Goda (1999). We have
considered the data of the buoys 46059 and 46006 moored far
from the coast and the data of the buoys 46022, 46014, 46042,
46023, 46054 moored close to the coast as well (see Figure 1).
Figure 2 shows the P(H,>h) of two buoys plotted on a

Weibull paper. The parameters (u,w, A ) of the P(H, > h)

have been estimated for each buoy and are showed in Table 1.
The statistical properties of waves in the sea storm can be

easily derived according to Borgman’s theory (1973). Indeed,

the probability of exceedance of the maximum wave height

H_,. inasea storm is given by

D
P(H,, >H)=1- exp{[

1
) T[h()]

In[l-P(H |H, = h(t))]dt} ,

where D is the storm duration, Ai(¢) is the significant wave

height at the time ¢, ;(h) is the mean period (Rice, 1944, 1945)
and P(H|H,=h) is the probability of exceedance of the
individual wave height given a a sea state with A, = h . This is

the Boccotti wave height distribution valid for finite band
spectra (Boccotti 1981, 1997, 2000) that tends to the Rayleigh
law for narrow band waves (Longuet-Higgins, 1952). The

maximum expected wave height H during the sea storm is

max

given by

Ho = | P(H g > H)H
0

The Equivalent Power Storm (EPS) model
We define an equivalent model whose significant wave
height /4 is defined by the power law

Gl
h=all-|—| |
b

where b is the duration of the storm, a is the peak amplitude
and 0 <A <o is a shape parameter. The EPS model has one
degree of freedom in 4 to better represent the actual storm
peak. In particular, (4) has smooth peaks for 0 <A <1, and
sharp cusps for A >1. Further, as 4 increases from zero, peaks
become smoothly sharper, and at A=1 the ETS model of
Boccotti with linear cusps is recovered. As A increases from 1,
cusps become nonlinearly sharper. For the EPS model (4), the
probability of exceedance of the maximum individual wave
height follows from (2) as

P(H > H;a,b)= M
1
a —]4+—
1-exp i‘[ln[l—P(fI/Hs :h)](l—ﬁj “ant
Aay 7(h) a

Then, given an equivalent storm (4) with parameters a and b,
the maximum expected wave height H,,  follows by

integration of (5), with respect to H, as in (3). We also
introduce the joint probability density function (pdf)
pas(abF=p,y(@)pg (b,a)of a and b and define

papla,b)dbda as the fraction of equivalent storms having a
duration in [b,b +db] and peak amplitude in [a,a+da] during

a long time intervalz. Note that the conditional average
duration

b(@)= [ pya(b,axib
0

and the peak distribution p,(a) arézghe key parameters that
uniquely characterize the EPS model.
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The estimation of a, b, b (a) and p,(a) proceed from the

storm data by imposing the following equivalences between the
EPS model and the actual storm. The height a (storm intensity)
of the EPS is equal to the maximum significant wave height

during the actual storm. The duration b is chosen so that H

of the EPS equals the maximum expected wave height of the
actual storm. Then, b (a) can be estimated from the N (T)

pairs (a;b;). Figure 3 shows the actual storm, the associated
EPS and the respective exceedance probabilities P(H,,,, > H)

computed from (2) and (5), respectively.  These two
probabilities are practically the same, implying the full
equivalence between each actual storm and the associated EPS.
Note that b is correlated with the storm peak a. In particular,
short durations b~12-24 hours are typical of very strong and
fast actual storms (see Figure 3a-b where two sea storms
having a small base are shown). Long durations »~100-200
hours generally occurs in sea storms having a large single peak,
or in a sea storm with multi peaks (see Figure 3c¢).

Finally, the pdf p,(a) is obtained by imposing that the

max

total time during which the significant wave height is, during a
given interval 7, above any given threshold % is equal in both
the actual storm and its equivalent EPS model (see Fig. 2). For
the actual storm, the time 7 during which H stays above 7 is
given by

Tp(h)=7Pr(H, > h). (7

For the EPS model, the time 7., during which H; is above &

can be derived as follows. Consider first
dN(a,b) = N(c)p 4(a) p 4(b,a)dbda ®)

as the number of equivalent storms having a duration in
[b,b+db] and peak amplitude in [a,a+da], and recall that

N(z) is the total number of storms in 7 . From Fig. 2,

Toes)= | [ t,(hapran(ap), ©)
a=hb=0

where #(h,a,b) is the time when H, stays above 4, during an
equivalent storm. This follows from (4) as (see also Fig. 1)

1/2
ts(h,a,b)zb(l—ﬁ] . (10)

a

Thus, from (6) and (8), (9) can be further simplified as
o p\VA
Tops(h) = N(‘[)I b(a)[l —;J p(a)da. (11)
h

To derive p,(a), we impose that T;zq(h) =T, (h). This leads
to the following integral Volterra equation of first kind

® 1/4
rP(h):N(z)J' E(a)[1—ﬁ) p(a)da, (12)
a
h
where P(h) = Pr(H & h) The analytical solution of (12) for

p4(a) is given by (13) (see appendix)

T a
= =—— G(4,a), 13
P4(a) N(T) b(a) ( a) (13)
where
sin(;r//i)oodzP ( -1/2 ;
x—1)"* dx, if A>1
”//1 1 d22 ax
2
Gl4,a)=1 4L igoa-1 (9

()" a" sinzu [ d"?P|

x=1*" dx, if A<1,
o ) (x=1)* dx, if

ax

and the first three derivatives of P(z) are given by

dp__u(z\", &P _dP1| (zY)'
B ’ dzz_dzz w ’

dz wiw

and

d*P d*Pu 2 z\" u—1
e |25 S ———— |
dz>  dz* z| u \w) l—utu(z/w)

Note that for the case1<1, the integer n>1 and the real
number 0< g <1 are such that 1/A=n+u. If =0, from

(14)

(_l)f’l an dn+1P

s
n] da}’H—l

G(A,a)=-

if A=1/n<l.

The return period R(Hs >h)

Consider a time interval 7 during which N(z) storm events
occur. According to the EPS model, dN(a,b) of (8) is the

number of equivalent storms having a duration in
[b,b+ db] and peak amplitude in [a,a + da] . Thus, the number

of storms N(r;a >h) with the peak significant wave height
a>h is given by
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N(z;a>h)= j I dN(a,b) = N(T)J. payda.  (15)
a=h b=0 h

Since a is the storm peak amplitude, we define the return
period R(H, >h) of a storm in which the maximum significant
wave height H; exceeds the threshold / as

R(H,>h)=—" = ‘ . (16)

Nlrt;a>h B s
(T “ ) N(T)ij(a)da
h

The mean persistence of the significant wave height H_ above

the threshold 7 in the storms where this threshold is exceeded,
is given by the general expression (Boccotti, 2000):

D(h)= R(H, > h)P(H, > h). (17)

This yields the alternative formulation R(H > k) as

R(Hs>h):ﬂ. (18)
P(H > h)

Some examples of the mean persistence B(h) off the
Californian coast are showed in Figure 8.

4. Extreme wave events in sea storms

We now proceed with the statistical properties of the largest
wave occurring during storms. We first derive the conditional
pdf  papme(f,a), which is interpreted as the fraction of
equivalent storms whose largest wave height H,,, is equal to H
and the peak intensity 4 is in [a¢,a+da]. To do so, consider the
number dNW(H ,a,b) of equivalent storms, with a duration
in[b,h+db] and peak amplitude in[a,a +da] , during which the
maximum wave occurs with an height H,,, in [H JH+dH ] S
that is

dN,(H,a,b)=dN(a,b) p(H na = H;a,b)dH . (19)

Here, p(Hmax =H ;a,b) is the pdf of H,,, that follows from

(5) and dNis given in (8). From (19), we define the
conditional pdf pnmel(a.H) as

TdNW(H,a,b)

pA‘Hmax (a’H)da _ _b=0 _

o 00

I j dN ,(H,a,b)

a=0 b=0

(20)
= PA((I) p<Hmax = H;a,g(a))da

[ P(@ plH s = Hiab(@) e
0

The conditional expectd®)storm intensity, given the largest
a,(H)=A|H,, and the

wave height H, is denoted as

associated variance is o-ic (H)=var(4|H max) . We shall show

via comparisons with buoy data that

ot 17
H Oa,c
aC(H)~7, T]_I)<<1, fOV H>>1. (21)

c

Thus, the most probable height of the largest $8) in a storm is
as twice as its peak amplitude. To obtain the exact analytical
solution of R(H >H ), consider the number NW(H ) of

storms in which the largest wave occurs with a height greater
than H. This is given by
N, (H)= j deW(H,a,b). (22)
a=0 b=0
Then, we can define by (23)

max

T

R[H

max

>H]: LI
N \H

w

N(Z‘)T pa(@P(H, . > H:a,b(a)la
h

The return periods R(H, >h) for some locations off the
Californian coast are showed in Figure 7. Table 3 shows also
the significant wave heights for fixed values of the return
period R(H, > h), calculated for the buoys of Figure 1.

3 Sea storm modelling over an area in time

The EPS model can also be extended to predict extreme wave
events over a given area. To do so, we just need to define the
exceedance probabilities (2) and (5) of the actual and
equivalent storms appropriate for the maximum wave height
H over a given regionQ . To do so, we model the wave

height H,,,(€2,¢) as a non non-stationary process depending

max

on a wave parameter H(f), and define the wave height
exceedance according to (24)

PlH,, (Q)> H]= j Pr{H, . (Q)> H | H, =w}p(H, =w)dw.
0
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Here, the probability p(H, =w)dw is interpreted as the

fraction of time during which H,(?) stays between w and w+dw,
that is

p(H =w)dw= lim timewhen /is in [w,w+dw]in t

70 T

»(25)

and Pr{H, . (Q)>H | H, = w} is the probability that the wave

height exceeds the threshold H over the region () in a sea state
n with H=w. This is given by (Adler 1981, Adler & Taylor
2007, Piterbarg 1995)

Pr{H . (Q)>H |H, =w}=

Ag, (27[)—3/2 0_72|A|1/2 656752/2

max

max

(26)

where, £ =H /o is the normalized threshold amplitude, O is
the standard deviation of 1, A, is the area of region £, and A
is the covariance matrix of the gradient V7 . For each actual

storm of duration D, during which H; varies according to /(?),
we can write

PlH . (Q)> H]=

max

D

@7
[Pelt (@) > H | 1, = 1)} p(H, = o)W @)
0

where prime denotes time derivative. For the EPS model,

P[H (Q)>H]:j—l;-

max

b (28)

14—

: j Pr{H,, (Q)>H | H, = h}[l —ﬁj * p(H, = h)dh.
a

0

Extreme storms recorded off the Californian
coast

The analysis of the sea storm recorded off the Californian coast
has been performed. In particular, for each actual storm the
height and the base of the equivalent triangular storm have
been calculated. Some examples of ETS are showed in Figure
3. The severest storm is showed in Figure 3a: it was recorded
by buoy 46006 and it had intensity of 16.3m and duration of
32.2hours.

Finally, the mean height a;, and the mean base b;, of the N’
strongest ETS at the examined location are obtained for each
buoy (N’ is equal to 10 times the number of observation years).
The values of a;, and b, are showed in Table 1. As we can
see, we find the highest values of a;, (and therefore the
strongest storm) for the buoys 46006 and 46059 far from the
coast (see Figure 1). For the buoys close to the coast, g, is
generally smaller, as we can see from Table 1. From Table 1 we
can see also that by, (that is the mean duration of the strongest

storm) is more uniform than q, .

Storm duration

The storm duration can be estimated by using the exponential
base-height regression proposed by Boccotti (2000) (see also
Arena and Barbaro, 1999):

- a
o
where K, and K, are characteristic parameters of the location

(these parameters were estimated in the Central Mediterranean
Sea, in the Northwest Atlantic Ocean and in the Northeast and
Central Pacific Ocean — see Boccotti, 2000 and Arena and
Barbaro, 1999). Figure 4 shows the relation between the storm
duration and the storm intensity for the NOAA buoy 46006.
Each point in the figure represents an actual storm having
intensity a and duration b. The parameters K|, K,, a;, and

b, of b_(a) for the examined locations off the Californian
coast are showed in Table 1.

Comparisons with the Total Sample Method
Consider the estimated P(H,>h)from H data at the

sampling rate, say At

TP(H, > h)/ At

samp - Given the large time interval 7,

samp 18 an estimate of the number of records in

which His greater than A, during 7 . In the Total Sample
Method (TSM), the return period R, (H, >h) of a sea storm in

which the maximum significant wave heights exceeds % is
computed as that of a sea state whose H, >/, viz.

A tsamp
Ry(H, >hy=—"0
R P(H; > h)

From (18), we clearly see that R, (H,>h) is obtained

assuming the mean persistence B(h)zAt For NOAA

samp *

buoys data, At,,,,=1 hour. In reality H, can stay above 4 for

samp
several hours. Indeed, B(h) equals dozens of hours for

average h=1.5H,, and it decreases as / increases, as was

pointed out by Graham (1982), Sobey and Orloff (1999) and
Boccotti (2000). This tendency can be clearly seen in Fig. 8.
As a consequence, the TSM tends to overestimate the extreme
significant wave height during severe storms, as shown in both
Figure 7 and Table 3, where we report both the predictions
based on the TSM and EPS models, respectively.

CONCLUSIONS
In this paper a bi-parametric analysis of sea storms by using the
data of some NOAA buoys moored off the California is done.
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The equivalent Power storm (EPS) model is presented. We
have estimated the return period R(H, > h) of a sea storm in
which the maximum wave height exceeds the fixed threshold 4
(Boccotti, 2000), assuming the lower-bounded three parameters
Weibull distribution for the significant wave height. Therefore
we have compared the EPS model prediction to the total
sample method predictions finding that the latter tends to
overestimate the significant wave height for fixed return
period.

Finally in order to predict the direction of the strongest sea
storms, a directional analysis is done, using the data from the
directional NOAA buoy 46042.

Appendix
In (12) set

f@-NP@ (al)

Tal/i

to obtain an integral Volterra equation of first kind for f(a),
that is

P(h) = j f(@a-h)"* da. (a2)
h

After we solve for f(a), the solution for p ,(a) easily follows

from (al). To solve for (a2) we distinguish three cases:
a)A=1,b) A>1,andc) 0<A<]1.

Casea): 1=1

Note that (a2) reduces to
P(h) = J' f(a)a-h)da. (a3)
h

The solution of f{a) proceed by differentiating both members of
(a3) twice, with respect to 4, and setting #=a. This yield

d*p
fla)= Pl (ad)
Caseb): 1>1
Consider the ansatz
f@= g HE-a)d, (@)

where g(z), for z>0, and H(z-a), for z>a, are arbitrary
functions. Substituting (a5) into (a2) yields the new integral
equation for g

P(h) = j j g H(z—a)(a—h)"* dadz. (a6)
a=hz=a

The domain of integration of the double integral in (a6) is

shown in Fig. Al. If, for given z, we first integrate along a

within the limits [4,z], and proceed with the integration along z,

between /4 and o0, then (a6) can be written as

P = [ g2 K (h,2)dz, @)
h
where the kernel K is defined as
K(h,z):J‘H(z—a)(a—h)l/l da. (al)
h

The integral equation (a7) can be easily solved for g(z) if H is
chosen so that K ~ (z-4). To do so, consider the change of
variables
z+h z—h
+
2
that transforms the kernel (a8) to (al0)
K(h,z) =

CoTz—h —n)" —h
_.[H[Z (l—cose)}(%) (l+cos¢9)l/}“ZTsin6d6

a=

cosd (a9)

2

If we choose
1
(Z _ a)lm >

Then, for A >1,

H(z—a)= (all)

7Z'(Z —h)

K(h,z) = _mz=h)_
(2.2) sin(z/A)’

z—hJ'(1+c050 (al2)

1/4
j sinfdl =
2

1-cosé

and (a7) simplifies to

Py =—ZLA I g(2)(z—h)dz. (al3)
sin(z/ ) .
This is the same type of Volterra equation as in case (a). We
thus solve for g(z) by differentiating both members of (al3)
twice with respect to 4, and then setting #=z. This yield

2(z) = sin(;z//l)dz_P

. al4
TlA  dz? (al4)
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7

h a

Figure Al: Domain of integration of the double integral in (a4)

From (all) and (al4), (a5) yields the final solution of (a2)

Csin(z/2)fd*P 1
flay="=10 !ﬁ?(pﬂwﬂ&’ 251 (als)

Casec): 0<A<l1

Find an integer » >1 and a real number 0 < x <1 such that
1 n+u; (al6)
PR

then (a2) becomes

PM):Imea—MH”da. (al7)
h

We first differentiate » times both members of (al7) and get

(v ap

O<u<l. al8
P u (al8)

=fﬂm@—mﬂmh
h

This is the same type of integral equation as in case b). Thus,

NV o R an+2
f@)=D “ﬂmojd LS — (a19)
nt w2 dz"? (z-a)
REFERENCES

Arena, F., 2001. Non-linear statistics for the return period of high
wave crest, Proc. 3 EGS Plinius Conference ‘Mediterranean
Storms’. 1-6.

Arena, F. and Barbaro, G, 1999. Risk analysis in the Italian seas (in
Italian), Publ. CNR-GNDCI num. 1965, BIOS, 1-136.

Battjes J. A., 1970. Long term wave height distribution at seven
stations around the British isles. Report A44 National
Oceanographic Institute, Worley U.K.

Boccotti, P., 1981. On the highest waves in a stationary Gaussian
process. Atti Acc. Ligure di Scienze e Lettere, 38, 271-302.

Boccotti, P., 1986. On coastal and offshore structure risk analysis.
Excerpta of the Italian Contribution to the Field of Hydraulic
Engng., 1, 19-36.

Boccotti, P, 1997. A general theory of three-dimensional wave
groups. Ocean Engng., 24, 265-300.

Boccotti, P., 2000. Wave mechanics for ocean engineering. Elsevier
Science, 1-496.

Borgman L. E., 1970. Maximum wave height probabilities for a
random number of random intensity storms. Proc. 12" Conf
Coastal Engng. 53-64.

Borgman, L., 1973. Probabilities for the highest wave in a hurricane,
J. Port Coastal and Ocean Engng.

Burrows, R. and Salih, B.A., 1986. Statistical modelling of long-term
wave climates. Proc. 20" Int. Conf. Coastal Engng., 1, 42-56.

Goda, Y., 1999. Random seas and Design in Maritime Structures,
World Scientific.

Graham C., 1982. The parameterisation and prediction of wave and
wind speed persistence statistics for oil industry operational
planning purposes. Coastal Engng., 6, 303-329.

Guedes Soares, C. 1989. Bayesian prediction of design wave height.
Reliability and Optimization of Structural System ’88. Springer-
Verlag, 311-323.

Isaacson M. and Mackenzie N.G., 1981. Long-term distributions of
ocean waves: a review. J. Waterway, Port, Coastal Ocean Div.,
107, 93-109.

Longuet-Higgins, M. S., 1952. On the statistical distribution of the
heights of sea waves. J. Mar. Res., 1952, 11, 245-266.

Mathiesen, J. and Bitner-Gregersen, E., 1990. Joint distribution for
significant wave height and zero-crossing period. Appl. Ocean
Res., 12, 93-103.

Muir, L. R., and El Shaarawi, A. H., 1986. On the calculation of
extreme wave heights: a review. Ocean Engng., 1, 13, 93-118.
Ochi, M. K., 1998. Ocean waves. Cambridge University Press,

Cambridge, 1-319.

Rice, S. O., 1944. Mathematical analysis of random noise. Bell Syst.
Tech. J., 23, 282-332.

Rice, S. O., 1945. Mathematical analysis of random noise. Bell Syst.
Tech. J., 24, 46-156.

Sobey R.J. and Orloff L.S., 1999. Intensity-duration-frequency
summaries for wave climate. Coastal Engng., 36, 37-58.

Van Vledder, G., Goda, Y., Hawkes, P., Mansard, E. Martin, M.H.
Mathieses, M., Peltier, E. and Thompson, E., 1993. Case studies
of extreme wave analysis: a comparative analysis, Proc. 2" Int.
Symp. Ocean Wave Measurement and Analysis, ASCE, 978-992.

Winterstein, S. R., Kleiven, G. and Hagen, O. 2001. Comparing
extreme wave estimates from hourly and annual data, Proc. 11th
Int. Offshore and Polar Engineering Conf. (ISOPE 2001),111, 700-
707.

Young L. R., 1999. An intercomparison of GEOSAT, TOPEX and
ERS1 measurements of wind speed and wave height. Ocean
Engng., 26, 67-81.

7 Copyright © 20xx by ASME



