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OyHKIMA CIEKTPATbHON TIIOTHOCTH SIBISCTCS YHUBEPCAILHON XapaKTEPUCTHKOMN, MO3BOJISAIONICH ONHICaTh pa3HOOOpa3yue CBOMCTB
BOJTHEHHUS M PEIINTh MHOTOUHCIIEHHbIE IPHKIIaHbIe 3a1a4n. [lapameTp muxoBaTocTH Y — Hanbosee TPYAHO ONPEeeNsieMbIil U B TO ke
BpeMs HanOosee BaXKHBIN IS MPAKTUYECKUX PACUETOB, T.K. OMpENEIseT BENNYNHY SKCTPEeManbHO BOTHOBON HArpy3KH Ha cOOpy-
JKEHHE B MOpE, M YBEJINYMBACT BEPOSTHOCTH 00Opa30BaHMs HEOOBIYHBIX BOJH (TaK Ha3bIBAeMbIX BOJH yOWiI). B Tex cmywasx, korma
00 yCIOBHAX BOITHOOOPA30BAHMUS HUYEr0 HEM3BECTHO, PEKOMEHYETCSl MPUHUMATh Y=3.3, 4TO COOTBETCTBYET CPEAHUM YCIOBHUSIM B
MupoBoM okeaHe. JlaHHbIE U3MEPEHHUH TOKA3BIBAIOT, YTO Y MOXKET uzMensaeTcs ot 1 10 20. Ctoip mmpokuii pa3dpoc OIeHoK mapame-
Tpa y HEIIPUEMIIEM IPU PELIEHUN KOHKPETHBIX MPUKIATHbIX 3a7ad. OfHAKO HHCTPYMEHTANBHbBIX (KOHTAKTHBIX) N3MEPEHHH CIIEKTPOB
BOJTHEHHUS M, COOTBETCTBEHHO, OIIEHOK ITapaMeTpa MUKOBATOCTH KpaifHe Mano. bonee Toro, Ha Mopsix BOkpyr Poccun perynspusie n3-
MEpEHUsI BOTHEHHS HE TIPOBOJATCSA. DTO 03HAYAET UTO HEMPEPHIBHBIE (32 MEPUOJ B HECKOIBKO AECSTKOB JIET) PAcUEThl BOTHEHUS 110
THAPOAUHAMUYIECKHAM MOJETSIM MOTYT CIIy’KHTh OCHOBOI COOTBETCTBYIOIIMX CTATUCTUIECKHX 00001IeHNI TapaMeTpa Y. BrImomHeHs
COOTBETCTBYIOIINE PAaCU€ThI Ul HEKOTOPBIX MOpel BOKpyr Poccun. B kauecTBe nmpumepa npuBeieHbl pe3ynbTaThl Ui MOpel ¢ pas-
JYHBIM PEKHMOM BoiHeHMs1 — bepunrosa u bemoro. Jlana oreHka AByMEPHBIX U YCIOBHBIX pactpeneeHui (BBICOT BOIH M apame-
Tpa MUKOBATOCTH), MOMEHTOB PACTIPEIENICHNH U JPYTUX CTATUCTHK.

KaioueBrnle ciioBa: BETPOBOC BOJIHCHUEC, 3])16]), KIIMMAaTUYCCKUEC CIICKTPHBI, HapaMETp MMKOBATOCTHU U €T0 CTAaTUCTHUKA.
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Wind wave spectrum peakedness y is one of the most important parameters as it determines extreme wave loads and may be
responsible for the freak wave generation. Usually, y=3.3 is supposed as the mean value, but measurements show that peakedness is
varying from 1 to 20. This means that real values of peakedness have to be specified and v statistics is needed for applied research.
The ideal decision of the specified problem is continuous wave measurements (for the period of several decades). Unfortunately, the
information about peakedness for various regions is very scarce, mainly due to a restricted number of direct wave spectra measurements.
Moreover, regions where regular wave measurements are not being performed still remain, including some seas around Russia. This
means that continuous wave hindcasting by numerical models is the only database for statistical generalization. Statistics of wave
peakedness based on hindcasting for some seas around Russia were calculated. Data for seas with quite different wave climates,
namely for Bering and White sea, is presented. Statistics include two-dimensional distributions (wave heights-peakedness), regression
(peakedness on wave height), conditional distributions, etc.

Key words: wind waves, swell, climatic spectra, peakedness and its statistics.

1. Introduction. The heights of sea waves depend on a set of external factors (wave formation conditions),
particularly on wind velocity, its duration, fetch, etc. Under invariable conditions, wind waves are a quasi-
stationary, quasihomogeneous process. Changes of conditions are related to a passage of cyclones (synoptic
variability), annual rhythmic (seasonal variability) and long-term variations (year-to-year variability). This,
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in turn, allows defining a wave climate (or regime) as an ensemble of conditions of a wave surface taking
into account the specified variability and hence to describe it in terms of long-term (regime) statistical
characteristics.

Calculation of a wave climate is based on the results of hindcasting by numerical hydrodynamic models.
Such approach has gained the greatest spread and has been approved and exercised for numerous scientific and
applied problems. The models are based on the equation of wave energy balance in spectral form, therefore
they are called spectral, and a wave climate based on these results is «a spectral wave climate» [1]. Wave
Watch for the Bering Sea and SWAN model for the White Sea were used for wave climate hindcasting. A
two-level nested domain was employed and a 40-year period was simulated at 3-hour intervals. A coarse grid
(2°x2°) for N. Pacific and nested high resolution grid (93x66 = 6138 cells) were used for the Bering Sea. A
coarse grid (2°%1.5°) for the Barents Sea and N. Atlantic and nested grid (145x150 = 21750 cells) were used
for the White Sea.

The input for calculation is improved NCEP/NCAR reanalysis wind fields [2]. Time series of directional
spectra S(f, 0) in each grid point (x, y) is a result of a numerical simulation. Total number of spectra in each
grid is 116880. They are the base for the further statistical generalizations, including climatic wave spectra and
their parameters.

2. Climatic wave spectra. Climatic wave spectra are statistics needed for seaworthy qualities of ships.
The climatic spectrum is the spectrum with certain probability, depending on conditions of wave formation.
In the first publications climatic wave spectra were calculated for the sequence of not overlapped intervals of
wave heights and periods, i.e. for each cell values of corresponding spectra were averaged [3]. As a result for
the same combination of heights and periods, spectra of the various physical natures was averaged (e.g. wind
waves, swell and their combination). This approach is acceptable for some applied problems (for example,
the estimation of fatigue parameters of the object which is operating in the fixed point of the sea during many
years, or an estimation of wave energy resources). For a lot of applied problems, it is necessary to take into
consideration not only the probability of spectra for some combinations of wave heights and periods but the
specificity of spectral structure, i.e. it is necessary to consider wave formation conditions. This means, that
selection of functionally similar classes is important, i.e. genetic classification of spectra is needed: wind
waves, swell, mixed situations etc. Automatic classification of directional spectra S(w, ©) or S(f, ©) demands
elaboration of special procedures. The task in view decision includes two basic stages:

» Classifications of the directional spectra taking into account wave formation conditions;

* Approximation of spectra of each class by a set of parameters.

The approach to classification and some results are published in the papers [4, 5] and here only the
information needed for peakedness estimation is presented. The important thing is that it is possible to select
some basic classes of spectra almost for any sea. Total number of classes may vary, but in the open areas at
least 5 classes exist. Below is short characteristic of each class.

One-peaked spectra (classes I, II). One wave system prevails — either the wind waves (class 1) or the
swell (class II). The separation between wind waves and swell is based on the non-dimensional steepness

defined as
_h _2mh_8m - 1
A s g\/m—ofp, (1
here Xp, T, ]; are the wave length, period and frequency associated with the spectral peak. The rule A>0.011 in
the relation (1) is derived for selection of a wind wave system and otherwise, a swell is expected.

Two-peaked spectra (classes 111, IV). Two wave systems exist simultaneously. For two-peaked spectra,
two sub-classes are separated with respect to the swell age.

For the wind waves and “fresh” swell (class III) with close frequencies and different directions the wind
waves and the “matured” swell (class IV) include all other two-peaked spectra with arbitrary relation between
the frequencies £, and f,. There are two pronounced maxima (f;, 0,) and (f, 0,) separated both by frequency and
direction.

Multipeaked spectra (class V). Complicated wave fields with two or more swells (class V). In this case,
the spectrum has more than two pronounced peaks.

The classes of spectra considered above are valid for any area of the World Ocean. The probability of
classes depends only on the regional conditions. In the frame of declared task it is needed to consider the
ensemble of one peaked spectra and estimate their probability. The results are presented in table 1.
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Table 1
Probabilities (%) of one-peaked spectra

BeposiTHOCTb (%) 0IHONNUKOBBIX CIIEKTPOB

Sea Bering White
Probability (total, wind waves, swell) 35,20, 15 48,45, 3

It is seen from the table, that input of one-peaked spectra to spectral wave climate is essential. In the closed
White Sea the total probability is more (48 %), than in the open Bering Sea. But input of swell is only 3%, in
contrast to Bering Sea where probability of swell is 15 %.

3. Peakedness of one-peaked spectra. Function of spectral density is a universal characteristic, allowing
to describe a variety of properties of wind waves and to solve numerous applied problems. Reviews of available
approximations of a frequency spectrum can be found in many publications. Basically, all variety of available
approximations of a frequency one-peaked spectrum of wind waves or swell can be reduced to expression of
type

S(w) = Aw™* exp[-Bo™]. (2)

In the case of fully developed wind waves spectrum (2) is known as Pierson-Moskowitz with parameters
k=5,n=4. Fully developed wave conditions are realized quite rarely. As a rule for the limited fetch JONSWAP
approximation is used, but it was also measured in variety wave making conditions at seas and oceans, and
included in the majority of the standard documents necessary for calculations of wave loadings on vessels and
constructions. Classical expression of JONSWAP spectrum looks like:

S(m) =00 g’ exp [—Bm“‘ ] YR
(0-o, )2

Wh ®)=exp| ————— 3
ere B(w) p Y. 3)

r 0.07, 0<®,
0.09,0>0,

the JONSWAP spectrum (3) is based on the PM spectrum with an peakedness (enhancement) factor y added
to control the sharpness of the spectral peak. This enhancement is only significant in the region near the
spectral peak. Width of the peak region is represented by . Frequency of the peak of spectrum ®, = 2n/t oo
accordingly T, — the period of the peak of a spectrum, g — peakedness of a spectrum. The main difference
between JONSWAP and Pierson—Moskowitz spectra is in energy magnitude on frequency of a maximum of
a spectrum (fig. 1).

There are different recommendations for the estimation of g. If nothing is known about wave conditions
then adopt g = 3.3. This value may be regarded as some generalization of wind wave spectra obtained during
JONSWAP experiment [6]. Below are some approximations for estimation of peakedness mean value.
Particularly, in the book [7]

y=4.42 (f : 429 ) where
f,=rfvlg (4)

V' — wind velocity.
Classification Society Det Norske Veritas [8] suggested the relation:

5.75 I'I_ST” for 3.6 < I, . 5 (5)
=X . - or 5.0 = S).
y p HS HS

T’ — period associated with spectral peak, //, — significant wave height. Out of pointed limit, it is reccommended

T T
to adopt g =5 for —2=<3.6 andg=1 for —2=2>5.
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Smax

¥ = Smax/Sp (fin)

Fig. 1. The principal difference between Pierson—Moscowitz (Sp) and JONSWAP (§j) spectra.

Puc. 1. [lpuanunmansHas pasHuna Mexxay crekrpamu [lmpcona—Mockosuma (Sp) u JONSWAP (.5j).

Wave measurements near the coast of France resulted in the following approximation for high wave
periods 7 (this means also for high waves) [9]:
y=0.219H +0.43 (6)
Our results for Baltic Sea showed that
1.024JH,, h/>1.75 u .
! 1.28+2.0exp(-2H,), H,(1.75 m

Approximations (4)—(7) estimate mean values of peakedness, i.e. only one moment of distribution.

Simulated data allow estimating the probability of peakedness for wind waves and swell spectra.
The main statistic is two-dimensional distributions of wave height and peakedness f{/, g). From these statistics
one-dimensional distributions of both wave heights and peakedness, as well as the moments of distributions,
are estimated. In tables, 2—25 statistical estimations of peakedness of wind waves and a swell for two seas
(Bering and White Sea) with a quite different wave climate are presented.

The main statistic is two-dimensional distributions of wave height and peakedness f(4, g). From these
statistics one-dimensional distributions of both wave heights and peakedness, as well as the moments of
distributions, are estimated. In tables, 2—5 statistical estimations of peakedness of wind waves and a swell for
two seas (Bering and White Sea) with a quite different wave climate are presented.

A lot of conclusions follow from the tables. One of the main is that in spite of different climate, mean
statistics are close. The median value of g for wind waves is about 1.5 for both seas. But for swell g is about
2.5 in the Bering Sea and 1.5 in the White Sea. This means, that low-frequency swell from the Pacific freely
penetrates the Bering Sea. In the White Sea, there are no sources of low-frequency swell. Max value of g is
about 6 for wind wave and 10 for swell in the Bering Sea. In the White Sea, these values are 8 and 10. It is
also important, that for the wind waves peakedness increases with wave height, while for swell it decreases.
Presented data show that the value 3.3 adopted in many publications is a very rough generalization.

Parameters of three-dimensional Weibull distributions of peakedness (8) and lognormal distribution of
wave heights (9) are shown beneath the tables.

F(y)=1-exp(—

where a — scale parameter; k — shape parameter; g, — bias.

F(x)= rj—exp[——ln (x/xos)s}dx. )

where x, . — median of wave height, and 1/s — standard deviation (or rms) of wave heights logarithms.

k

) ®)

Y—Yo
a
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Table 2
Joint probability (%) of wave height (3 % probability, in m) and peakedness g. Marginal probability f{(h), f(g)
cumulative probability F(h), F(g). Conditional mean values (regressions) and rms of wave height m,(g)—a,(v)
for prescribed /1, and peakedness my(h)—cy(h) for prescribed g. Parameters of conditional Weibull distribution
(8) of wave heights and peakedness. WIND WAVES

CoBMecTHast MOBTOpPsieMOCThb (%) BbICOT BOJIH 3%-Holi o0ecriedeHHOCTH /1 (M) M IapaMeTPOB NMMKOBATOCTH g.
Be3yciioBHBIe (MapruHajibHble) noBTopsieMocTH f{h), f(g) u o6ecnieuennoctu F(h), F(g) BbicoT BoJH 3%-Hoii
00ecreYeHHOCTH M IAPAMETPOB MUKOBATOCTH. YCJIOBHBIE CpeHue (perpeccun) m, (g) U CpeTHeKBaApaTHYeCKUe
OTKJIOHEHHUsI G,(Y) MapaMeTpa MUKOBATOCTH /IS (PUKCHPOBAHHOIO 3HAYEHHSI BHICOT BOJIH /1; U yCJI0BHBIE Cpel-
HHe my(h) U CPEIHEKBA/IPATHYECKHE OTKJIOHEHHU G,(Y) BLICOT BOJIH /sl (PUKCHPOBAHHOIO 3HAYEHUSI apamMeTpa
NMUKOBATOCTH g. PacuéTHble mapamMeTpbl annpoKCHMAIMU pacnpee/eHHil BbICOT BOJIH M IapaMeTpa NMUKOBaTo-
CTH TpexmapaMeTpHyecKHM 3aKoHOM Beiidyiia

Bepunroso mope. BeTpoBbie BOJIHBI

Peakedness y
h Wind waves iy | FGy | om@y | o) | a) | kB | v
1-2 2-4 4-6 >6
0-1 2.0 0.7 0.04 — 2.7 100.0 1.7 0.7 0.7 0.8 1.0
1-2 11.1 6.3 0.2 — 17.6 97.3 1.9 0.6 0.9 0.9 1.0
2-3 10.9 8.5 0.2 — 19.7 79.7 2.0 0.7 1.0 0.9 1.0
3-4 10.7 6.5 0.08 | 0.04 17.3 60.0 1.9 0.6 0.9 1.1 1.0
4-5 7.3 4.9 0.04 — 12.2 42.7 1.9 0.6 0.9 1.2 1.0
5-6 5.9 6.1 0.08 — 12.1 30.5 2.0 0.6 1.1 1.1 1.0
6-7 3.0 6.4 — — 9.4 18.5 22 0.5 1.2 1.5 1.0
7-8 1.0 2.9 0.04 — 4.0 9.1 24 0.6 1.7 32 0.7
8-9 0.7 1.2 0.04 — 1.9 5.1 2.3 0.6 1.0 1.0 1.3
9-10 0.3 0.9 — — 1.2 3.3 2.3 0.6 1.1 1.6 1.2
10-11 0.2 0.4 — — 0.6 2.1 2.2 0.4 0.8 1.8 1.5
11-12 0.04 0.4 — — 0.4 1.5 2.7 0.5 1.8 3.6 0.9
12-13 — 0.2 — — 0.2 1.1 2.9 0.4 0.6 1.6 2.3
13-14 — 0.5 — — 0.5 0.8 2.9 0.3 0.7 1.4 22
14-15 — 0.2 — — 0.2 0.3 — — — — —
15-16 — 0.08 — — 0.08 0.12 — — — — —
>16 — 0.04 — — 0.04 0.04 — — — — —
A 53.2 46.0 08 0.04 Wave heights log-normal distributions:
F(y) 1000 | 468 | 08 | 0.04 |} _35(mys=12
m,(g) 3.5 4.6 3.2 — | 3-parameters Weibull distribution of peakedness:
c,(y) 1.8 2.7 2.1 — |a,=1.0;k =10;vy=10.
o (y) 33 46 25 — Iiegression betvglesen wave heights and peakedness:
k,(v) 2.1 21 | 12 | — (}’l(h)__l 13'37}12}’) ’
hy(v) 0.2 0.0 0.8 — 3% T sign

Below are some shortly outlined applied problems, where the information about peakedness is useful:

* Estimation of energy and, as a result, the extreme loads (in peak of wave spectrum) on ships and
constructions operated in the sea;

* Development of freak waves is connected with the kurtosis of wave height distribution, this, in turn, is
associated with the peakedness of spectrum [10];

* Influence of the wave spectrum form on the bottom sediment dynamics [11].
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Table 3
Joint probability (%) of wave height (3 % probability, in m) and peakedness g. Marginal probability f{(h), f(g)
cumulative probability F(h), F(g). Conditional mean values (regressions) and rms of wave height m,(g)—a,(v)
for prescribed 4, and peakedness my(h)—cy(h) for prescribed g. Below are also calculated parameters
of conditional Weibull and log-normal distributions of wave heights and peakedness. The Bering Sea. SWELL

CoBMecTHast MOBTOPsieMOCThb (%) BbICOT BOJIH 3%-Holi o0ecriedeHHOCTH /1 (M) M IapaMeTPOB NMMKOBATOCTH g.
Be3yciioBHbIe (MapruHajibHbie) noBTopsieMocTu f{h), f(g) u odecnieuennoctu F(h), F(g) BbicoT BoJH 3%-Hoii
00ecreYeHHOCTH M IAPAMETPOB MUKOBATOCTH. YCJIOBHBIE CpeHHe (perpeccun) m, (g) U CpeTHeKBaApaTHYeCKue
OTKJIOHEHUS G, () mapaMeTpa MHKOBATOCTH /ISl (PUKCHPOBAHHOIO 3HAYEHHS BHICOT BOJIH /15 M YC/IOBHbIE
cpenHue my(h) U CpeJHeKBAa/ipaTHYeCKHe OTKIOHEHHUS oy(h) BbICOT BOJIH /151 (PMKCHPOBAHHOIO 3HAYECHUS
napamMeTpa NUKOBaTocTH g. PacuéTHble napaMeTphl aNNMpoKCUMAIMH pacnpee/eHUI BBICOT BOJIH
U apaMeTpa NUKOBATOCTH TpexnapaMeTpHYecKUM 3akoHoM BeiiGy1a

Bepunroso mope. BoJsiHbl 36101

Peakedness y

h swell fiy | Fhy | m(h) | o) | afh) | k() | v,(h)
12 | 24 | 46 | 68 | =8

0-1 5.0 8.6 2.8 1.0 0.3 17.7 100.0 3.1 1.7 2.1 0.8 1.0
1-2 11.5 19.2 3.9 0.9 0.3 35.8 82.3 2.7 1.4 1.8 0.9 1.0
2-3 10.4 11.4 1.6 0.07 0.05 23.5 46.5 23 1.0 1.4 0.9 1.0

3-4 6.4 59 0.6 0.05 — 12.8 23.0 2.2 0.9 1.2 0.9 1.0
4-5 3.1 33 0.09 0.02 — 6.5 10.1 2.2 0.7 1.2 1.3 1.0
5-6 1.3 1.1 0.02 — — 2.4 3.6 2.0 0.7 1.0 1.0 1.0
6-7 0.5 0.3 — — — 0.9 1.3 1.9 0.6 0.9 1.0 1.0
7-8 0.09 0.14 — — — 0.2 0.4 2.1 0.6 0.9 1.2 1.2
>8 0.05 0.11 — — — 0.2 0.2 23 0.4 1.3 2.5 1.1

A7) 38.4 49.9 9.0 2.0 0.7 | Wave heights log-normal distribution:

Fy) | 1000 | 616 | 117 | 27 | 07 [hs=19M;s=12
m (0 24 29 15 12 11 3-parameters Weibull distribution of peakedness:
i a,=1.6; ky=0.9; Y, = 1.0.
5,(Y) 1.4 1.3 0.9 0.7 0.6 Regression between wave heights and peakedness:
a(y) 2.4 1.8 1.3 0.9 09 | y(h)=2.77Th"".
k,(y) 2.0 1.6 1.6 1.5 1.2 | (h,, =133h_).

3% sign
h(y) | 0.0 0.3 0.3 0.2 0.2

4. Conclusions. Automatic classification of wave spectra is presented. Probability of one, two and multi-
peaked spectra is estimated. For the one-peaked class of spectra a set of statistics are calculated and presented
in exclusive tables:

» Joint Probability and statistics of the distribution of wind wave heights and peakdness y of the
spectrum.

» Joint Probability and statistics of the distribution of swell heights and peakdness y of the spectrum.

* Marginal distributions of wave heights and their approximations (Weibull and lognormal probability
laws are used).

* Regression: peakedness on wave height, and wave heights on peakedness.

» Similarity and difference of peakedness statistics for Bering and White seas are outlined.
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Table 4
Joint probability (%) of wave height (3% probability, in m) and peakedness g. Marginal probability f(h), f(2)
cumulative probability F(h), F(g). Conditional mean values (regressions) and rms of wave height m,(g)— o,(v)
for prescribed /1, and peakedness — for prescribed g. Below are also calculated parameters of conditional
Weibull and log-normal distributions of wave heights and peakedness. The White Sea. WIND WAVES

CoBMecTHasi MOBTOpPsieMOoCThb (%) BbICOT BOJIH 3%-Holi o0ecriedeHHOCTH /1 (M) M IapaMeTPOB NMMKOBATOCTH g.
Be3yciioBHbIe (MapruHajibHble) moBTopsieMocTH f{h), f(g) n o6ecnieuennoctu F(h), F(g) BbicoT BoJH 3%-Hoii
00ecrmeYeHHOCTH M IAPAMETPOB MUKOBATOCTH. YCJIOBHBIE CpeHHe (perpeccun) m, (g) U CpeTHeKBaApaTHYeCKUe
OTKJIOHEHH G,(Y) MapamMeTpa MUKOBATOCTH /ISl (PUKCHPOBAHHOIO 3HAYEHUSI BLICOT BOJIH /1; U yCJIOBHbIE CPe/l-
HHe my(h) U CPEIHEKBA/IPATHYECKHE OTKJIOHEHHU G,(Y) BLICOT BOJIH /sl (PUKCHPOBAHHOIO 3HAYEHUSI apamMeTpa
NMHUKOBATOCTH g. PacuéTHble mapamMeTpbl aNMpPOKCUMALUH paciipee/eHHii BbICOT BOJH U MapaMeTpa
MUKOBATOCTH TPeXmapaMeTpHiecKHM 3aKkoHoM Beii0ysia

Besioe mope. BerpoBbie BOJIHBI

Peakedness y
h Wind waves fny | Fy | m@y | oy | ahy | k() | v
1-2 2-4 4-6 6-8 >8
0-1 383 8.2 0.2 0.08 0.07 46.9 | 100.0 1.5 0.6 0.5 0.7 1.0
1-2 20.4 12.7 0.2 0.04 + 33.2 53.1 1.9 0.6 0.9 1.0 1.0

2-3 59 7.8 0.06 0.01 — 13.7 19.9 2.1 0.5 1.1 1.9 1.0
3-4 1.8 2.9 — — — 4.6 6.2 2.2 0.5 1.3 2.7 0.9
4-5 0.5 0.7 + — — 1.2 1.5 23 0.6 1.2 2.4 1.1
5-6 0.09 0.2 + 0.01 — 0.3 0.3 2.7 1.3 1.6 1.9 1.1
>6 — 0.02 0.02 — — 0.04 0.04 3.7 0.8 1.5 1.6 2.2

A7) 66.9 324 0.4 0.14 0.08 | Wave heights log-normal distribution:

Fy) | 1000 | 331 | 06 02 | 0.08 |hs=11(Mm);s=15

m (1) 11 13 17 s 0.6 3-parameters Weibull distribution of peakedness:
. . . . . .

a = 0.8; kY =0.8;y,= 1.0.
o,(v) 0.8 1.0 L5 1.6 0.3 Regression between wave heights and peakedness:

a(y) 1.0 1.7 1.6 1.3 0.3 v(h) = 1.724%%

k,(v) 1.6 1.9 1.5 0.8 1.0 (h,, =1.33h_).

3% sign
h(y) | 00 | 00 | 0.1 0.2 0.3
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Table 5
Joint probability (%) of wave height (3% probability, in m) and peakedness g. Marginal probability f{h), f(g)
cumulative probability F(h), F(g). Conditional mean values (regressions) and rms of wave height m (g)—o ()
for prescribed 4, and peakedness my(h) — for prescribed g. Below are also calculated parameters of conditional
Weibull and log-normal distributions of wave heights and peakedness. The White Sea. SWELL

CoBMecTHast MOBTOPsieMOCThb (%) BbICOT BOJIH 3%-Holi o0ecriedeHHOCTH /1 (M) M IapaMeTPOB NMMKOBATOCTH g.
Be3ycioBHble (MaprunaiabHbie) nopropsieMoct f(h), fig) n odecneuennoctu F(h), F(g) BbicoT BOJIH 3%-Hol
00ecrmeYeHHOCTH ¥ IAPAMETPOB MUKOBATOCTH. YCJIOBHBIE CpeHue (perpeccun) m, (g) U CpeTHeKBaApaTHYeCKUe
OTKJIOHEHUS G, () mapaMeTpa MHKOBATOCTH /ISl (PUKCHPOBAHHOIO 3HAYEHHS BHICOT BOJIH /15 M YC/IOBHbIE
cpenHue my(h) H CPEeHEKBAIPATHYECKHE OTKJIOHEHHU G,(Y) BHICOT BOJIH /ISt PUKCUPOBAHHOTO 3HAYEHHSI
napamMeTpa NUKOBaTocTH g. PacuéTHble napaMeTpbl aNNMpoKCUMAIIMH pacnpeie/eHUIl BICOT BOJIH
U MapaMeTpa NUKOBATOCTH 3aKoHOM Beiibyia (8)

Benoe mope. BostHbl 36101

Peakedness y
h swell fny | Ey | m@y | oy | amy | k@) | v
1-2 2-4 4-6 6-8 >8
0-1 64.5 17.1 3.9 3.0 2.3 90.8 | 100.0 2.1 1.7 1.1 0.6 1.0
1-2 4.2 2.9 1.1 0.3 0.14 8.6 9.2 2.6 1.7 1.6 0.7 1.0
>2 0.4 0.14 0.03 — — 0.6 0.6 1.9 1.0 0.9 0.9 1.0

1) 69.0 20.2 5.0 33 2.4 | Wave heights log-normal distribution:
Fy) | 1000 | 31.0 | 107 | 57 | 24 |[hs=040s=14" —
m (1) 04 0.6 0.7 0.5 05 3-parameters Weibull distribution of peakedness:

a =12k =0.6;y,=1.0.
5,(1) 0.3 0.4 0.5 0.4 0.4 Regression between wave heights and peakedness:

a(y) 0.4 0.6 0.7 0.5 0.4 v(h)= 2.20470
k,(v) 1.4 1.4 1.2 1.0 0.8 |(h, =133h

3% sign)'
h(y)y | 00 | 00 | 00 | 00 | 00
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