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1. Aim of the Study

 |dentifying the parent distribtion of extreme
waves may contribute to an improvement of
statistical reliability of the estimated return
wave height. From this point of view,

* by using a Monte-Carlo simulation model, we
make a huge size sample of typhoon-
generated(TG) annual maximum(AM) wave
height on the East China Sea with extensive
shallow water area, where AM wave height is
usually produced by a strong typhoon.




The extreme value analyses using the sample
are conducted for two purposes.

1) Estimation of a parent distribution of TG-AM
wave height

 a TG-AM sample with size of 10,000

2) Investigation of sample distribution of return
wave height

« 200 sets of a TG-AM sample with size of 50



2. Description of the Method

Model for Pressure Distribution in a Typhoon

Elliptical distribution( considering decay of typhoon power)
p=p. + (1013-p,)- exp[-{(x/a)*+(y/b)?} ']

X.,Y. P ,0,a,b

6 parameters

R=(a+b)/2 :
mean typhoon radius




Monte-Carlo Simulation Model

consists of 4 sub-models for

1) stochastic generation model for parameters
of a typhoon

2) gradient wind model

3) 2-G shallow water wave model

4) LSM-based extreme value analysis model



Modeling Domain
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Stochastic Typhoon Model

consists of 3 sub-models for

1) the annual occurrence rate : Poisson dist.

2) generation of the parameters of a typhoon
on the boundary

3) change of the parameters with movement

of a typhoon in the inner region




Flow for Sequential Generation of Typhoon Parameters
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LSM-Based Extreme Value Analysis Model

« Candidate distributions:
a) Gumbel distribution
F(x)=exp[-exp{-(x-B)/A}]
b) Weibull distribution with 27 kinds of

fixed shape parameter (k=0.5 - 10)
F(X)=1-exp[-{(x-B)/A}¥]
where A : scale parameter, B:location parameter

e Criterion of the largest correlation coefficient



Conditions of Wave Computation on
the East China Sea (40 km grid)

1) about 40,000 typhoons
simulated over 10,000 years

2) 315 strong historical typhoons in
51 years from 1948 to 1998




3. Estimation of a Parent Distribution

a) Simulated typhoon case
* A sample of TG-AM wave height
with size of 10,000

b) Historical typhoon case
* A sample of TG-AM wave height

with size of 51



« Gumbel distribution (A, B) is also represented by
Hso and 7so (FHs50/H 1)

Vs0.spread parameter(Goda)

H, : r-year return wave height

« Welbull distribution (k, A, B) is also represented by
k, Heq @and 750 (FHgo/H )
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4. Sample Distribution of Return Wave Height

« Extreme value analyses for 200 sets of
a TG-AM sample with size 50 are conducted in

a) Fixed Shape Parameter (FSP) case

<> shape parameter is fixed to that estimated using
a sample with size 10,000.
and

b) Variable Shape Parameter (VSP) case
<> shape parameter is variable.
(criterion of the largest correlation coefficient)




From a return wave height sample with size 200 in
FSP or VSP case,

statistics such as

mean H.
standard deviation H
skewness g

kurtosis g,

are calculated. r: return period
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The LSM — Based Model is also applied for
approximating a distribution of return wave

height sample with size 200 in FSP or VSDP
case.
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5. Conclusions

1) Parent distribution of typhoon-generated AM wave
height is well-expressed by the Weibull distribution.

2) Shape parameter and the other parameters of the
parent distribution are space-dependent.

3) ldentification of the parent distribution of AM wave
height contributes to more efficient estimation of return
wave height.

4) Sample of return wave height is subject to the normal
distribution in a rough sense, but is well approximated
by asymmetrical distribution such as the Weibull or
Gumbel distribution in detailed aspects.
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A typhoon is represented with 6 parameters

such as

1) position of typhoon center ()& ’ic)
2) central pressure p,

3) inclination angle of ellipse®

4) typhoon radii (a, b) ,

R=(a+b)/2 : mean typhoon radius



Spatial variation of parameters of estimated
parent distribution in simulated typhoon case.

1) Hg, Is more than 16 m on the southeastern area and reduces to
6 - 8 m towards the northwestern area due to the decay of
typhoon intensity.

2) Shape parameter k tends to decrease from 4 on the central and
southeastern areas toward around 1.4 on the northwestern area.

3) Spread parameter y., indicates almost opposite spatial
distribution to the case of shape parameter.

Frequent passage of typhoons on the southeastern area may
bring about a sharper probability distribution of typhoon -
generated AM wave height data.



Spatial distribution of return wave height statistics Iin
historical typhoon case.

1) Distribution of return wave height and spread parameter are
similar to those Iin simulated typhoon case.

2) Standard deviation from 0.5 to 1.5m is much larger than the
maximum value of 0.07m in the simulated typhoon case.



Spatial distribution of return wave height
statistics( Hso, Hso, Y0 ) IN FSP or VSP case

1) Mean value Hso, 75, in Fixed SP case almost
completely agrees with Hso, /5,0btained form
10,000 sample respectively.

2) Fixed Shape Parameter case gives a bit smaller Hsx,
smaller A5 , and smaller spread parameter y,, than
Variable Shape Parameter case.



In FSP case
e p, k. Is independent of return period.
e p, k, Is greater than in VSP case.

better fitting of optimum distribution and smaller
variability of return wave height.

In VSP case
* o, k. Is smaller with increasing return period.
lesser fitting and larger variability of return wave height.

with increasing return period.









Conditions of Wave Computation on the
Northwestern Pacific Ocean(80 km grid)

A. Typhoon case
<-About 150,000 - typhoon simulations over 20,000 years yield
* an AM sample with size 20,000 or

* 400 sets of sample with size 50




2. Analysis Method of Sample

LSM-Based Extreme Value Analysis Model

e Candidate distributions:
a) Gumbel distribution
F(X)=exp[-exp{-(x-B)/A}]
b) Weibull distribution with 27 kinds of
fixed shape parameter (k=0.5 - 10)
F(x)=1-exp[-{(x-B)/A}]
where A : scale parameter, B:location parameter

to be estimated by the least square method

- Criterion of largest correlation coefficient



« LSM - Based Model is applied for

extreme value analysis of typhoon - generated
AM sample

a) a sample with size 20,000

b) each of 400 sets of sample with size 50

 Low case Is the same as typhoon case.
a) a sample with size 10,000

b) each of 200 sets of sample with size 50



3. Sample Distribution of Return Wave Height
1) Typhoon — Generated Wave Case
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Shape parameter tends to decrease from 4 or 5 on the southwestern area
toward around 1.4 on the northwestern area and on the northeastern area.
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4. Conclusions

@ Identification of the parent distribution of
return wave height contributes to more
efficient estimation of return wave height.

Sample of return wave height is subject to
the normal distribution in a rough sense, but
IS approximated well by asymmetrical
distribution such as the Welbull or Gumbel
distribution in detailed aspects.

@

Shape parameter
return period R In

Kr hardly depends on
KPD case, but it

decreases in UKP

D case (growing variability

of return wave height).



