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Extreme Value Theory & It's Application

Two types of extrapolations for
examining sea extremes

Toshikazu Kitano
Nagoya Institute of Technology
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OFFSHORE WAVE CLIMATE

An extreme statistics for offshore storm waves of different directions of propagation was
estimated by Prof. Y. Goda, mainly based on 13 years (1076-1988) of scalar Waverider
buoy records located just outside the bay in 30m and 50m water depths, visual wave
data for the Bay of Biscay for the period 1350-1985 provided by National Climatic Data
Center of the US Navy, Ashville, and hindcast of larger storms in the period 1955-1981
provided by the Danish Hydraulic Institute.

Only larger storms with offshore wave directions within the sectors NW, NNW, N can
have significant impact on the brealwaters. Table 1 gives the central estimate of return
period of max significant wave heights H, within single storms and the estimated standard
deviations ¢ covering the statistical uncertainty due to limited data and an empirically
determined uncertainty due to unknown true distribution.

Table 1. Estimated long term “offshore” wave climate at bay enirance in
30 m waiter depth.

central estimates | 10% exceedence probability estimates
all directions NW NNW N
Return period H, a H, H, H,
(vear) (m})  (m)
1 G.4 0.5 6.7 6.0 4.0
110 8.3 0.6 3.6 Tl 6.4
o) 9.0 0.9 10.1 9.0 T
100 10.0 1.0 10.7 9.6 7ol
200 10.5 1.2 11.4 10.7 8.4
500 11.1 1.4 12.3 11.0 9.0

Burcharth et al. (1995): Design of the Ciervana breakwater, Bilbao, Proc. of Coastal Structure and Breakwater.
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The Commercial Harbor of Bilbao

The city of Bilbao, located at the northeast coast of Spain, was founded in 1300 as an Administrative
Center for the control of harbor activities along the Nervion River and the Bay of Bilbao. In 1511, the
Consulate of Bilbao, an old version of the Chamber of Commerce was crealed. In 1872, the
Administration of the harbor was transfered to the Federal Government.

Al that time, the entrance bar limited the development of the harbor. To solve the entrance problem
the construction of the jetty of Portugalete was started in 1877, (Fig. 20). In 1901, the Harbor
Authority finished the construction of the east breakwater, and, in 1902, King Alfonso XI1 placed the
first stone of the breakwater Digue de Santurce in 20 m water (Fig. 21). During the construction, a
storm destroyed part of the breakwater, and it was decided to start the construction again leewards of
the destroyed structure, under its protection which worked as a submerged breakwaier.

In the early 1970s, a new breakwater 2,500 m long was designed, Digue de Pta. Lucero, in 33 m waler
depth. Similar to the Dique de Santurce, during the construction, several storms delayed the completion

of the works for several years. Actually, it may be said that the quantity of quarry used for the
construction of the core was enough 10 build it twice. In December 1976, a storm with Hs > 8.5 m

damaged several sections of the breakwater. The wave buoy failed afier recording a wave height of

16 m. The breakwater was rebuilt with a new main layer of 150 Tn concrete blocks (Fig. 22).
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Nowadays, a new 3,150 m long breakwater is being built in the leeside of the Digue de Pia. Lucero
(Fig. 23). The cross section of the breakwaler is the traditional section used in Spain, following
Inbarren’s methodology: a main layer with a screen wall. The armor units are concrete 100-Tn. blocks
(Fig. 24). The head of the breakwater is built with a caisson of approximately 29 m length. Again,
during the construction, it has suffered some damages.

Bilbao is a very good example of the difficullies coastal engineers are facing to provide adequate
protection against the wind waves generated in the Bay of Biscay.

History of Coastal Engineering in Spain
M.A. Losada, R. Medina, C. Vidal, L, LOSRAA .......oooooieieiieeeciieieriisiiesresssmsssssesssssssssesssnsssesssnssnssssanns 465

History and Heritage of Coastal Engineering, ASCE, 1996
Edited by Nicholas C. Kraus
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OUTLIER SENSITIVITY

ON THE SEA EXTREMES

BY THE TEMPORAL AND
CLIMATE INDEX COVARIATIONS
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- Indices for Two Types of
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* In this study, we discuss on
the restrictions on the statistical analysis for

the design wave heights and the design sea levels.
* Extreme value analysis is a technique of
extrapolating the observed data set for

the target return period. However, we have NOT
recognized the different types of extrapolations,

NOR been aware of the limitations.



Return period:

We employ 50, 100 years (breakwaters in Japan),
200 yrs (principal rivers in Japan) and
1250 yrs (standards for the Netherland dikes).

Question: Does this return period lie on the time
axis, extending from the present to the future?

In other words, will the validity of the estimating
50 vears return level be kept over the 50 years for
future?



Return period

is just the reciprocal number of the exceedance
probability, or the occurence rate,

1 year 1 time
or

50 years 50 years

It 1s NOT a part of real time.

We have been unconcerned about this fact, or

we don't have any tool for recognizing the return
period and the elapsed time toward the future,
even 1if we are aware of distinguishing this feature.



Wave Height

Compare these figures!
Same data (on the y axis),
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Wave Height

Compare these figures!
Same data (on the y axis),
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Occ. rate can be rearranged again
in different scales. (log <- hormal)

Wave Height

15
I

Wave Height

300

Return Period

Log scale

15

10

ISOPE-2012

0

25 50 75 100 125

Return Period

Normal scale



Wave Height

ISOPE-2012

We can NOT extrapolate
the fitted line without the limitation. Rhodes
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a frame for limits



We can show a time history for extremes,
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Wave Height

We can show a time history for extremes,
and the estimated return levels with CI
In conventional way. But we believe it?
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Wave Height

This is NOT tolerant of the probable trend.

Stationary Cl is very weak for the probable trend.
A reviewer also pointed out ... the peculiar properies ...
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Wave Height

Our solution is
stationary estimation with non-stationary CI.
Thus, It is tolerable for the probable trend.
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Diffractive effect:
The Cl becomes larger along the passage of time.
How to make this Cl ? It requires the new concepits:

Degree of experience, and D
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Degree of experience (Kitano et al., 2008) defined as:

1 N
= = V(log})

2 questions come into our head.

Q1) Why is it for the occurence rate ),
not for the return level § g directly.

Even if using V(@R) is easy to accept for us engineers, ...

Q2) Why is log transformation adopted?
Somehow log transformed?

No, there are several theoretical bases.



Degree of experience (Kitano et al., 2008) defined as:
1

= = V (log \)

Q1) Why is it for the occurence rate ),

not for the return level g directly.

0.2

V(yr) = ~ funcs. ()

O = scale and f = shape parameters of ann. max. distribution.
V(Jr)
E(yr)
Rule of thumb: whether an amount of CV(QR) is small/big?
It will be difficult to be in connection with any theoretical basis.

We have few idea. C'V (yr) = sounds no good.



Degree of experience (Kitano et al., 2008) defined as:

1 .
= = V(log})

Q1) Why is it for the occurence rate ),

V(A),or V{A(yr,0)} is also helpless for inference theory.
Therefore, we need the log transformation.

Q2) Why is log transformation adopted?

The derivative is d log A = 5T)\ thus,

(60 _ V(N

V(logS\) = E(élog)\)Z — E)\Q o {E(S\)}2



Occurence Number k is distributed by

k
a Poisson distibution: p(k) — (L]j;) eXp(—L)\)
and the natural conjugate distribution is
a Gamma distribution: f(\) = (L™ exp(—LA\)
AT(K)

which is for the Estimated Occurence Rate ).



_ (N
- AIN(K)

which is for the Estimated Occurence Rate.

exp(—LA\)

a Gamma distribution: f(\)

B counts/years
© - p All same rates,
_ 90/150 but different degrees
Z 4 - - - 18/30 of belief, or
2 -- 35 of experience
g o (0.6/1)
Caemn TS .

0.0 0.2 0.4 0.6 0.8 1.0 1.2

Occurence Rate

K is the number of counts, L is the length of observed years.
The value of K governs the concentration of the densities.



Rule of thumb:
The critical value of K could be 2.

Density

Occurence Rate

Proverbs also tell us:
What happened twice will happen three times. (Japanese)
Non c'e due senza tre. (ltalian) Non hay dos sin tres. (Spanish)

(please, let me know the others (Greek, ...)
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For a gamma distributed )\, we can obtain

K K
E(\) = —; A) = —

then, we make it straightforwdly,
vy K/LF 1

(BN (K/L)? K

We remember it (the definition for degree of experience)

1 V(A)

—:VIOS\: -
g = Ve = Ty




The evaluation for degree of experience

% = V() = V{1ogAyn.0)}

= V,log Mygr,0) I~ Velog A(yr, 0)

where the occurrence rate function is:

AMyr,0) = exp{—%log (1 +€@>}

as an implicit function for the relations of return level Y R and
the parameters @ = {u, 0, &} of GEV distribution. (i.e.
annual max. distribution) for stationary process model.
and the inverse of the information matrix ]_1 is used

in place of the estimation errors matrix V(H).



The evaluation for degree of experience for stationary case

o = Valog Ay, 0) I VologA(yn, 0)
b o Tug
I = | oy ftoo foe
gy o leg
O
Velog AN(yr;0) = oo | log AMygr; 1,0, &)

93



The evaluation for degree of experience for non-stationary case

1 _
T = Volog A(yr,0) I~' Velog A(yr, 0)
/ iu,u 7:#,0 iu,i iu,b’# \
I — io-alu 7:0-70- 7:0-75 Z‘O-aﬁ,u
e Yo lgg  lop,
\ ZBLH/'L 7/6“70- ZBM)S ZB,LHB/J )
(20
oo
V@ IOgA(yRae) — 85 log)‘(yR;Naaafaﬁu)

\ 98, |



To distinguish 2 cases, we denote K() to
the evaluation for degree of experience for stationary case

1
— = VylogA(yr,0) I ' Velog A(yr, 0)

Ky
Y lpo g
I = bow  Yea  dog
e o g
O
Velog AN(yr;0) = do | log \M(ygr; 1,0, &)

93



By some manipilation techniques of matrix algebra,
The degree of experience for non-stationary case
is decomposed into 2 parts:

the stationary part and the time dependent part.

For the Gumbel type model (shape f = 0), simply,
11 (t —1)?

K~ K @ X1
Even for a feneral GEV model (shape & # 0),
1 1 (t —1)*

— = — +

K Ko — m}. (t; —1)?
It is notable that the time dependent part does NOT depend
on the magnitude of trend steepness.

(m = func. of &)



As the time dependent part independent from the magnitude
of trend steepness, the time dependent part would be included
even for stationary case (trend steepness = zero).

Durability is defined as the composition of
the degree of experience and the time dependent part.

1 1 (t —1)?

KT Koy om0

As seen before in the figure, the CI of return levels become

enlarged along the time progressing. So, it should be named
as diffractive effect term.



Durability decreases, as the degree of experience decreases,
or as the elapsed time increases.

11 t—t)?




After the value of durability K is given,
the Cls of return levels are obtained in an easy manner.

The upper/lower value for the occurence rate are

throgh the gamma distribution governed by /.

3 J A

© 7 | | | |
0.00 Lower 0.02 Upper 0.05

Density

Occurence Rate

A

AL < Mygr;0) < My

Then, simply solve it.

A A

yr(Av; 0) <yr < yr(Ap;0)



Conclusions:
1) The degree of experience

15

IS introduced to show

the limitation to the extrapolation W\
for rare occurence rates. e T T 3
2) Durability is defined by modefiet | .

the degree of experience to show=

the limitation to the extrapolation

for the time progressing.

3) The resultant Cl is tolerable for o -

a probable trend, and we can believe 50 -25 0 25 50 75
it a feasible solution, Year
rather than the conventional ones.



300 500

0 100

Future works:

Applcation to the analysis for Hook of Holand sea level data

(= modern records + ambiguous historic data).

A dilemma is arised in this case, due to additional historic data.
The modification in the future sea level is positive, or negative?

500

300

0 100
|

1500 1700 1900 2100 1500 1700 1900 2100
Year Year



Our answer is simple:
no change!

1888 1994
Year

It is because the diffractive
effect is considered, which
includes the possible trend
(increase/decrease). »
Rather,
it is of our interest to know Il
how long the limitations are .
postponed by adding the e
historic data.

y1250

y20

Sea Level
L 7 l‘
L I

1500 1700 1888 1994 2200 2400

Year



Presumed Question:
Why are the data

at lower levels
outside of the frame?

Our answer is that
the larger extremes

are only of our interest.

So, we cut the peak of
degree of experience.

It is a kind of thresold.

Degree of Experience

Wave Height

10

0.1 0.5

I I
2 10

Return Period

I
50

300
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Proportionality in Crisis!
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_ (N
- AIN(K)

which is for the Estimated Occurence Rate.

exp(—LA\)

a Gamma distribution: f(\)

B counts/years
© - p All same rates,
_ 90/150 but different degrees
Z 4 - - - 18/30 of belief, or
2 -- 35 of experience
g o (0.6/1)
Caemn TS .

0.0 0.2 0.4 0.6 0.8 1.0 1.2

Occurence Rate

K is the number of counts, L is the length of observed years.
The value of K governs the concentration of the densities.
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