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IDM: the type of initial distribution in a tail is unknown.
AMS: the type of the tail is known, but the sample is small.

POT: the type of the distributions of both intensity and number of maxima are
known only for limit case (high level ~ small sample)

MENU: the type of initial distribution is unknown



How to compute the extremes at a point?

Some methods for extreme estimation
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IDM Approach
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Extremes at the point: BOLIVAR approach
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Multivariate quantile function of consequent
annual maxima HS. Barents Sea

Ranking procedure of extremes

(h;>h, >...>2h;)

(hi >hs, >...>h5)

n

where n is the number of n—th
consequent maxima in a year,
k is the number of the year.

Approximation of multivariate
quantile function

F(Xy,..- X ) = D PG(Xy,-e00 X )
k=1

Estimation of quantile function — by means of multiscale stochastic modeling



THE STEPS OF MODELING & SIMULATION

NVWMMWVW IDENTIFICATION i

- L OF THE MODEL Jl
Estimation of parameters of Estimation of parameters of
PCSP model (annual & distributions F(s,T), F(©)
year-to-year variability) for all the months

[ Simulation the time series Simulation the triangle
of level Z(t) impulses above the level Z(t)
J

&

[ M times for N years (for interval estimation of N-years extremes) }

-




Year 1 Time in a year

/\ (in synoptic terms)
Year 2 /\ /\ /\ /\ \,/
Year 3

v N simulated years Obtaining the set of N maxima
(for each year)



ADVANTAGES

. The annual and year-to-year variability Is taking
into account.

2.Sample size for model identification is not small
(40-70T, where T is the length
of initial data series).

3.The limit (analytical) “control points” for (h,T,0)
distributions are available.

4. The definition of “event once T years” is natural
(from the annual maxima).

5. The secondary maxima are in consideration.






Univariate extremes of process X(t) - once T years: ~ with probability p(T)

Multivariate extremes once T years:

¥ ¥

Joint extremes Qe P Conditional extremes

Uncertainty in interpretation of joint extremes of (X,Y)

» Expected value of Y, associated with extreme of X , possible once T years
» Expected value of X, associated with extreme of Y , possible once T years

 Joint occurrence of combinations (X,Y), possible once T years



Joint (bivariate) extremes of metocean processes

North Caspian Sea:
Significant wave height h (m) vs.
mean wind speed V (m/s) in different spatial
pwoints (givaria’gf hats szterpratation)

46°

44 L 44°

FhV)=p

Bivariate hat — implicit solution
of quantile equation

1 — sample data;
2 & 3 — regressions (associated values);
4 — 100-years “hat”




- How to estimate the joint extremes of metocean processes

Processing of bivariate Choice the
(multivariate data sample) €| extreme analysis Initial
\ 4 model DataSet

Choice of bivariate distribution model Southern Barents sea: wave height h

 / (m) vs. surface current speed (m/s)
Identification of the parameters  —
of distribution
\ 4 il
Definition of the probability al-
corresponding to extreme events
\ 4 T
Calculation of equiprobable contours il
\ 4 tr
Selection of the “critical” points "0




Definitions of two-dimensional extremes:
1) Composition of one-dimensional (marginal) extremes

toyears T g

________________________________________________________________________________________
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Storm once T-years =

Wind once T years +

Waves once T years

Wind Speed (m/s)

é/p = Fg_l(p)1
n,=F(p)

Significant Wave Height (m) 1 year 5years 10 years




Definitions of two-dimensional extremes:
2) Values, associated to marginal extremes

10 years < =5

2, =(¢,m,($,);

EEQU) — (mé' (np)’np)

m, ($)

.| Storm once T-years =

5 years —+ ]

1 year —+—=

- Wind once T years +

Wind Speed (m/s)

| Associated Waves

OR
| Waves once T years +

Associated Wind

Significant Wave Height (m) 1year 5 years 10 years




Definitions of two-dimensional extremes:
3) Contours of equal probability

10 years : F _
X —
5 years — 5n ( ! y) p
1 year —+
£
®
[%LJ |
e §| Storm once T-years =
=1 | A set of equiprobable
| | combinations of
|| Wind and Waves

Significant Wave Height (m) 1year 5 years 10 years




Definitions of two-dimensional extremes:
4) Contours of equal rarity

10 years —

5 years — For all these
points: the
probability to

tyeary differ from

origin is equal

Storm once T-years =

Wind Speed (m/s)

A set of equiprobable

combinations of
1 Wind and Waves

Significant Wave Height (m) 1year 5 years 10 years




Difference between equal probability

10 years — *

5 years —+

1 year —

Wind Speed (m/s)

and the equal rarity (FORM, SORM)

10 years o 21

w BoDow W

Syears - “|

1year —+ i

Wind Speed (m/s)

T
Signif, \ant Wave Height (m) 1 year | years 10years

1
Signifi ant Wave Height (m) 1year Syez s 10years

—X Gaussian space -
- AN

Transformationto ' |

Isolines of
the same
probability

O
Contour \‘/

around the
origin




Choice of the point in a diagram
(equal probability, equal rarity)

10 years Target Function Q =
5years — e.g. the integral
loading on
the vessel or marine
1 year —+
—  structure
w \
£ O(&,m) — max
= _
o |
)]
o E.g. for moored
= vehicles
2 2
O=al“+bn

Significant Wave Height (m) 1 year 5years 10 years




Definitions of joint 10-years extremes of WS and HS in the North Sea
SNS m/s a WS m/s h
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1 - “hat”, 2,3 — regressions, 4 — probability contour, 5 — quadratic target
function (for mooring objects)



Conditional Weibuli-
Lognormal distribution
techniques

(@) — North Sea
(b) — Mediterranean Sea
(c) — Baltic Sea

Left — WIND, associated
with the WAVE impulses

Right —- WAVES,
associated with wind
impulses.




From individual events — to annual maxima:
how to define two-dimensional annual extremes

Scatter diagram of wind and waves
in the same time (synoptic terms)

Scatter diagram of contaminated
wind and waves annual values

Wind Speed (m/s)

Wind Speed (m/s)
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2 HS/WS, m

Mediterranean Sea

Baltic Sea

10
& : i 3 HS/WS, m

Occurrence once T years

T: W55 w0l o200 2030 =000 050 B s0-750 #5-100 [ 100-150 —] 150- 200 [ 200 - 500 [ > 500



Joint occurrence of wind and waves once T years
in the Central part of North Sea
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Hindcast and forecast of sea waves

Directional wave spectra in grid points

il

Wave parameters (heights, periods, etc)

i

Wave statistics, based on the output

Operational \‘ N O
Long-term distributions =Omnidirectional
*Persistence statistics =Directional

Climatic wave spectra =Joint extremes
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E PART OF THE BLACK SEA

The DIRECTIONAL
WAVERIDER

IS @ buoy which measures
wave heights

and wave directions.

Anapa
5 Novorossiysk
I Specification:
Point of statement
Gelendzhik 1996 -2004
44°30.4 N,
37°58.8 E
85 m
Black Sea > 13 thousand
records

informatio
n




Freak waves measurements in the Black Sea
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Directional waves spectra for the cases of freak waves
measurements in the Black Sea
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Wavelet
(Black Sea, pec.16.2000)
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Freak Waves as Multivariate Extreme

eRefraction around shoals or from
inclined sea beds;

e\Wave caustics from diffraction at

coastlines and around islands;
eYoung waves are steep; especially in

intensifying winds.

oCrossing wave systems and (or)

opposing wave trans.

An inherent energy fluctuation with a
period much lager than 20 minutes.

freak waves than the amplitude modulation.
eCooperative effect of four- and five-wave
interactions.

eThe high-order nonlinearties more than third order
eTemporal-spatial focusing. Nonlinear focusing
(BF instability).

eThe phasing and direction of freely propagating
wave components is such, that large number of
waves crest arise at one point. Directionality of a
wave field play a crucial role. Large ocean waves
occur as isolated events.
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REASONS x
External Internal
e\Wave and opposing current eFrequency modulation in random sea. CRITERIA:
interaction; eVariable met. conditions generated the frequency
eFocused wave groups and their modulated wind wave packets. Frequency h/HS >2 .4
interaction; modulation leads to larger amplification of the o

0=(gT2 [27hs) >0.5

h>2h- ,h>2h+ , ¢>0.65h

1=(c/h)=0.7
A=(L" /L)>2.0
g=c/L’




Sequence of freak wave detection among other waves

&(x)

All waves in a basin

'

N

All waves in the storms

(hshigher, thanlevel 2) ™

F.(X)=F, (xl)Fc\h (x,

xl)Fs\h (x3|x1)---

8

Parametrical
analysis of
multivariate
distributions
of wave parameters
is required

y Flho)

All waves higher,
than 2.4hg

1 Fihlhe)

Stochastic models for
external metocean factors
(winds, currents, etc.)

crest ¢=>0.65h

Waves with
h>2hTh>2h

Waves with Flc |h,h5)

F(R.hh.hg)

Waves with horisontal
asymmetry

asymmetry

1 1

Multivariate joint
distribution of
wave parameters

}

Waves with vertical [, ,,

Calculation of
risk of the freak |l

- — — — —

K
|
|
|
|
|

_|

wave occurrence




Statistical description of freak wave

®_(X) = (1-&)F=(X)+&F.(X)

X vector of wave parameters
-(e.g., height, crest, steepness),

F (X & - probability of freak wave arising in AH
= ( ) specific place at a moment t, due FD (X)
| to external factor |
Joint distribution of wave Joint distribution of wave
parameters due internal parameters due external
reasons reasons
There are some
situations increasing
. _ the freak occurrence Analvsis of
Asymptotic analysis of nalysis o

the rare combinations of ordinary the wave-making conditions
wave parameters in synoptic scale




Probability of freak wave

(Wave heights, crest heights)

N

.......................................................................

0 - -. I. | | E o
0 1 2 3 4 5 | 1

Joint distribution of individual wave -
height and associated normalized wave

_ crest
Here }; - mean wave height




Probability of freak wave

(Wave heights, steepness)

l
1 2 3

I
L]

height and associated steepness

4712}1 /’l
Here /; - mean wave height 0= gl_z - ZRA




PROBABILITY of a FREAK WAVE

Three-dimensional distribution

Prob {(#/4)=3.8, (c/h) 20.65, 5>05}_

6-10~"

l.e. one wave from 1700000 waves will be freak (by
these parameters).

This is lower border of freak wave probability.



Asymmetry A, kurtosis E
and freak waves




External factors, increasing the probability of freak wave

Freak waves may arise

Wave field spatiotemporal / \ Wave field structural
inhomogeneity N inhomogeneity

5(w,®)

10 20 30
— 1% —25% 50% ——75% 99%%

Large gradients of wind fields, Complex shape of sea wave
currents, bathymetry et al. ¥z (X)= I F= (X, g)dq)ﬁ (€) spectrum

Combined distribution multiscale model



System of warning

What factors are increase the probability of freaks?

Direct Indirect
external factors factors

— > Wave and opposing current interaction;

— Focused wave groups and their interaction;

— Refraction around shoals or from inclined M

sea beds:
-, Wave caustics from diffraction at coastlines CLIMATIC
and around islands: WAVE

SPECTRA

Young waves are steep; especially in
— intensifying winds.

|, Crossing wave systems and (or) opposing
wave trans.



ump  states (exist oniy 1 synoptic term — ours

> time

Including: Class | (wind waves) — 1%
Class Il (swell) - 0.5%
Class lll (wind waves & fresh swell) — 3.4%

Class IV (wind waves & old swell) — 1%
Class V (complicated sea) — 1.8%

Total occurrence: 7.7%

“Unstable” states (exist only 1 synoptic term — 3hours)

4

> time
Including: Class | (wind waves) — 0.4%, Class Il (swell) - 0.1%
Class lll (wind waves & fresh swell) — 1.6%
Class IV (wind waves & old swell) — 0.4%
Class V (complicated sea) — 0.9%

Total occurrence: 3.4%



Probability of the spectral jumps

(from wind waves — to wind sea (from wind waves — to complicated
with fresh swell, and back) sea, and back)



Dates and types of spectral jumps from the one class to another
(in comparison with the wave measurements in the North Sea).

Position Date Sequence of classes
(each 3 hours)
North Alwyn 16.11.1993 11333111
18.11.1993 11113331
N. Cormorant 04.01.1993 15531111
12.01.1993 33331111
18.01.1993 13333311
12.03.1996 11111111
Draupner 01.01.1995 11133111




RusSién Register o'::hippi;j'
Saint-Petersburg, 2003.




-3 -term statlstlcs

"pergtlonal statistics: distributions, persistence, climatic
spectra

____Extreme statistics: e e

rJ

(based on WMO publication (WANYY. wmo ch JCOMM
Publications)

Approach to wave heights with return perlod of _Qg@ﬁﬁhd
10000 years.
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Handbook.”

Russmn Register of Shlpplng
: SEE Petersburg,

2006. 450pp.




| -v'erS|stence statistics; |
» Climatic wave spectra:

~—+ Freak waves (with example of the
loss of ship “Aurelia” in February
2005) =




Climatic wave
spectra for
every area
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Possible usual (a) and unusual
(freak 6) waves at the mo it off 1
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1. In order become freak, wave have to obtain
some features.

2. Freak wave is multidimensional extreme.

3. Arising of a freak connected both with nonlinear
property of wave field and some external factors.

4. Statistical description of nonlinear wave
properties is mixture of distribution.

5. All nonlinear processes and events have their
own freaks.
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