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Part 1

CALCULATION METHODS
FOR WIND AND WAVE CLIMATE



Introduction

Wind-generated waves refer to the geophysical processes of assalallrange of variation with the
characteristic time scales of fractions to several tens of seconds and the spatial scales of centimeter
several hundreds meters. Wave disturbancerslaabilistic process, which properties are described by a set
of statistical characteristics (parameters). Wave dimensions are determined by a set of external fact
(wavegeneration conditions), in particular, wind speed, duration of wind effect, &ttci)nder unchanged
conditions, wave disturbance is a qustsitionary, quashomogeneous process. Wave generation conditions
for any water area do not remain unchanged; changes are associated with the passage of baric forma
(synoptic variability),annual rhythmicity (seasonal variability) and letegm variations in circulation
processes (year to year variability). Such variability of different scales makes it possible to determine t
wave regime (or wave climate) as an ensemble of the wave sadiad#ions taking into account the above
variability. In reference books and manuals, the variability is represented by various statistic:
characteristics: wave spectra, regime distributions and their numerical characteristics (for example, me
values,dispersion, quantiles, etc.). The regime distributions of wave elements and wind speeds charactet
the variability of the distribution parameters from a gusagtionary interval. The variability of the spectrum
parameters and the probability of theicorence are described by the climatic wave spectral.Eighows
a schematic diagram that explains the variety of wave disturbance within sstgtimsiary interval and the
regime characteristics of waves.
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Schematic diagram of samplifgy calculation of wave climate



Spatial and tim@&lependent breakdown detail level of regime characteristics, completeness ar
diversity of the set of statistics are determined by the target orientation of the publications. Tl
requirements of the RussidMaritime Register of Shipping* make it possible to be limited to the
information on wind and waves for a finite set of gtta®nogeneous regions of each of the
considered water areas of the Barents Sea, the Sea of Okhotsk and the Caspian Sea. Tthe acc
practice of designing and operating ships and ocean engineering facilities allows dividing the wir
and waves regime characteristics into extreme and operational Tdreesormer defines the so
called survival mode of a structure or vessel, while therlaletermines the mode of their etay
day operation. As a rule, standard procedures are used when calculating the operatio
characteristics. The greatest difficulties arise when assessing the extreme characteristics
because of their greatest imfgrce and criticality regarding the final result of calculations and
because of the unresolved numerous methodological problems.

1 Brief description of reference data on wind and wave regime of the
Barents Sea, the Sea of Okhotsk and the Caspian Seacompliance with the
requirements of the Russian Maritime Register of Shipping

In 1962, the USSR Register prepared and published the reference data on the seas washing
shores of the USSR [1], and in 1965, the first edition of the reference data onnacdand waves
was published [2]. In 1974, the Register prepared and published the reference manual on wind .
waves regime in oceans and seas [3]. That manual has not lost its relevance to this day and is |
in solving numerous applied problems, etample, to design ships, to classify them according to
the areas of navigation, to plan the operations of marine and fishing fleets, etc. Based on the dat
visual observations of waves and wind measurements, the 1974 edition presents, in the thbular
graphical form, the information on the return period of wind and waves by gradation for particule
areas and seasons, and other elementary statistical data (mean value, dispersions, distribt
parameters, etc.)n the 1974 reference book, the Barefesa is divided into three large areas, the
Sea of Okhotsk into four, and the Caspian Sea into three.

Starting from the 70s, more detailed information than before on wind and waves was required
connection with the development of the shelf of the seafkudsia. In response to those
requirements, the Register issued the rules for mobile offshore drilling units [4] and amendmer
thereto [5]. For the first time, those publications provided the detailed data on the joint distributior
of wave heights angetiods, but for the seas in general, i.e. without detailing by areas. In the rule:
of 1987 edition [5], information on extreme wind and waves possible once every 50 and 100 ye:
are detailed by areas. However, a lot of time has passed since those mamubéehgublished. In
the 80s, the Main Directorate of Oceanography Navigation of the USSR Ministry of Defens
published the Hydrometeorological Maps of the Sf&s The Hydrometeorological Service
published reference books on shelf [7, 8] and on the &etlie USSR Project [9, 10, 11]. These
publications contain a wide spectrum of information on hydrometeorological characteristics, bt
they are not focused on the specifics of RS requirements and the activityRefe:@nce books
published abroad [12, 134] mainly reflect the most common patterns of wind and wave regimes
or relate to a specific oil and gas field and are not representative of the sea in general.

* Hereinafter, the Register, RS.



Currently, the development afiavigation, shipbuilding and shelf development imply the
increased requirements for the content, completeness and reliability of information on the wind a
wave regime. At the same time, it became possible to largely satisfy such requirements due to
use of a modern information database, improvement of old and development of new methods
hydrodynamic and probabilistic simulation of wind and wave fields.

2 Approaches to create a new generation of reference data on wind and
wave regime

Since themid-70s, the instrument measurements of waves have been taken from automa
buoys and drilling unitsThis measurement data was obtained mainly in the coastal areas an
despite of the fact that the data is numerous, it does not always reflect the guaesineopen areas
of the oceans and seas. The measurements are successfully used to test the numerical mod
calculate waves and to solve specific tasks of studying the wave climate.

The year of 1975 can be considered as the beginning of satellisainmie@nts of waves. The
data accumulated as a result of satellite measurements made it possible to create the first atlase
the wave regime in 1996 [15, 16]. This data reflects the sjraeevariability of the wave regime of
large water areas. Howevdhe reliability of the satellite information does not meet the RS
requirements and additional research is needed.

The development of the ocean and seas shelf imply many additional requirements for t
content, completeness and reliability of informatiom the wave climate. Such information is
especially necessary for the areas where investigations are not made or made extremely rat
Therefore, for the above areas, a concept has been developed for determining the wave reg
characteristics [17]. Theoacept is underlaid by an approach based on obtaining the regime data
calculating waves using hydrodynamic models. The approach adopted is based on the fact tha
present, the models describing the equation of the balance of wave energy in spectizdve
reached a very high level both in consideration of the wave formation factors and in computatior
terms. These models are used to calculate the frequidrexted spectra for the given wind or
atmospheric pressure field, and from the spectrawthe heights and periods at nodes of the grid
domain. The possibilities of model calculations of waves for long periods of time (years an
decades) have significantly expanded after the implementation of the international large a
demanding project on é&reanalysis of meteorological data [18]. As a result, there is data at free an
partially limited access on the Internet on the fields of atmospheric pressure and wind, which sen
as input information to calculate waves. The approach based on the ynairod modeling to
create the database for calculating wind and wave regimes is the most widely used, recognized
approved by both the scientific community and the users of wind and wave information around tl
world. Statistical processing of the hydym@amic modeling results is one of the most important
stages of the research, it requires that the analysis and synthesis of calculation results be m
ensemble of realizations be obtained, the reliability of the calculated statistics be studied a
reference data on the wind and wave regime be created.



2.1 Hydrodynamic models used in wind and wave calculations seas and oceans

Any hydrodynamic model of waves proposed to date may be described as follows [19, 20]:
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relationship with wave effect densiy(k, b) is determined as follows
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This wave energy balance equation connects the phenomena of energy inflow from the wir
dissipation and its redistribution, and nonlinear interaction between the frequency components
the wave process. Most often, source func@as written as the surof three components:

G = Gy + Gu t+ Gy, (2.3)

where Gi, - energy input from wind to waves;
G - weakly nonlinear interaction in the spectrum of wigeherated waves;
Gys- Wave energy dissipation;

At present, all proposed models differ in the form of representatitime source function and in
the methods of numerical implementation of the computational model for solution to equation (2.1
There is a huge number of models that, with varying completeness and reliability, take into accot
the term of sum in relati@hip (2.3). In principle, all models can be divided into three large groups:

discrete spectral,
parametric spectral;
integral.

In particular, the integral models include sesmpirical relationships used in various calculation
manuals for wave calculatio@onstruction Norms and Regulations (SNiP), etc.

When describing the wave spectrum, the parametric spectral models (for the first time, suct
model was proposed by Klaus Hasselmann) consider not every harmonic separately, but sev:
parameters thapproximate the spectrum. Depending on a number of parameters, the models ¢
be six, five- or even ongarametric. These models solve the partial differential systems by partia
derivatives for the spectrum parameters. An overview of the available gacamedels can be
found in a number of publications (e.g., refer to [2T)e advantage of the parametric models is the
fast implementation of calculationSor this reason, they were widely used until recently, especially
in applicationoriented calculgons. However, the parametric models are gradually becoming
obsolete with the development of computing and, apparently, would be used for the express anal
of wave regimeln addition, the disadvantages of the parametric models are the use of empiric
relationships between the wave formation factors and the spectrum parameters,-timquen
allowance for swell waves and the inability to adequately reflect the spectrum shapes. Due to
need to describe the spectral wave climate, the latter circocessignificantly narrows a field of
applicability of parametric spectral models.



The discrete spectral models are the most theoretically substantiated and differ mainly in t
degree of detail in describing nonlinear interactions. The most widelymeddls developed by
international teams of scientists are WAM (Wave Model) and Wave Watch, as well as SWAI
(Simulating Waves Near Shore) for shallow wafBnese models are open to a wide range of
Internet users. The spectral discrete models are suctgss®idl to calculate waves in various areas
of the oceans including solving particular applied tasks, in particular, determining the wave regin
in particular oil and gas fields. For example, the WAM and Wave Watch models are used
simulate waves both imdividual oceans and for the entire World Ocean in order to study the long
term variability of the wave climat&here is the extensive literature related to the results of their
use (e.g., refer to [22, 23, 24]). In its most recent version 2.22 [25\Wdve Watch model was
used to create a database for calculating the regime characteristics of wind and waves in the Bar
Sea, the Sea of Okhotsk and the Caspian Sea. As input data, there was used the data on the
atmospheric pressure fields obtalrees a result of the reanalysis made at the US National Center fol
Environmental Prediction and the National Center for Atmospheric Research (NCEP/NCAR). TF
computational grid domain for the Barents S
to 81AN and from 30AW to 60AE), which made
swell and windgenerated waves from the Atlantic Ocean into the area covered by the Barents S
For the Sea of Okhotsk, the grid domain includes the northetnparf t he Paci fi c
to 65AN and from 135AE to 165AE). The Casp
domain covers the entire sea (from 36A42'N
spacing is determined by the initr@analysis data. When recalculating the pressure and wind fields
into a finer grid, the method developed by INFOMAR is also used that is successfully applied to tt
calculations of the wave fields, currents and sea level for the needs of developirdygakdields
on the shelf of the seas of Russia.

Computeraided implementation of the calculations based on the hydrodynamic model for th
Barents Sea, the Sea of Okhotsk and the Caspian Sea was carried out using the computing facil
of the Institute 6 High-Performance Computing and Information Systems (IHPC&IS). The data
preparation and test calculations were carried out using the personal computers running the Lir
operating system. At different times, serial calculations were made using two sopetes and
one computing cluster of the IHPC&IS inhouse assemiite wind and waves calculations were
made for every 6 hours (4 synoptic hours per day) at the time interval of 30 years (4x365x30
43800 hours for each computational poiffhe 30year canputational period was chosen in
accordance with the recommendations of the World Meteorological Organization (WMO) to tak
into account the possible year to year variability of waves. As a result, enormous data arrays
created. For example, only infoation for the Barents Sea on twlomensional spectr& ¥, d)
more than 1200 sea poirdfter 6 hours in 30 years at 15 intervals within the frequency range anc
24 values of the direction ( ev elr5yl*TibEbérs fo52n f
million spectra. If the information is added regarding the apparent elements of the waves, then :
amount of information will be further increased by several orders of magnitude.
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Therefore, in order to limit an amount of output data, to incréeseinformation content and to
speed up the calculations, the information is only stored in full for some specifically selected point
For the other nodal points of the grid, it is only saved the integral information on the waves (way
height, mean peod, direction of wave travel). For the analysis of the wiale regime, the
Barents Sea is divided into 11 homogeneous areas, the Sea of Okhotsk into 9, the Caspian Sea
8. In each area, several points of particular interest have been identifiath$agaent statistical
analysis.

80

[

30 35 40 45 50 55

Fig. 2.1

Map of the Barents Sea. The solid lines indicate the division into the areas adopted in this manual (the numbers dirthe area:
given in Arabic numerals)The dashed lines indicate the division into the aofdke sea given in [3] (the numbers of the areas
are indicated in Roman numerals)

In this manual, some homogeneous areas are combined with each other with the aim of limiti
an amount of the provided computational information on the sea areas babkedaoalysis of the
computational data obtaineds a result, this manual gives the information for five areas of the
Barents Sea and the Sea of Okhotsk and for three areas of the Caspkig. 2ea.to 2.3 show the
sea maps and the combined areas ucalesideration.
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Fig. 2.2

Map of the Sea of Okhotsk. The solid lines indicate the division into the areas used in this manual (the numbers oatbe areas
given in Arabic numerals). The dashed lines indicate the division into the areas of the sda [#y€the numbers of the areas
are indicated in Roman numerals)

Verification of the modelsing calculation results and the measurement data from therglitch
buoys in the Barents Sea, from drilling platforms in the Sea of Okhotsk and bottom wave meters
the Caspian Sea showed the acceptability of the model usemhltulation of wind and wave
regime.
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Fig. 2.3

Map of the Caspian Sea. The solid lines indicate the division into the areas used in this manual (the numbers of ¢hgiaeas ar

in Arabic numerals). A division into the areas given in [3] ovenlaitls this division.
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2.2 Verification of compliance of model calculation results to measurement data

The meaning of check (verification) is to compare the characteristics of model calculations wi
the measurement data that were not initially usddentify the model parameters. The purpose of
comparison is to determine a degree of possible differences, which can be both systematic
random due to a number of governing factors not being taken into account in the model.

As the NCEP/NCAR reanalysdata on the wind speed fields are used for the calculation basec
on the WAVEWATCH Il hydrodynamic model, possible differences between the calculation
results and the measurement data can be a consequence of both the error of the model wind field
the mperfection of the hydrodynamic wave model itsdfor this purpose, a preliminary
comparison was made between the NCEP/NCAR wind fields at a height of 10 (m) and the lon
term observation data. As the mixed waves field in the western part of the Baganis &so
determined by the wind regime in the Norwegian, Greenland Seas and the North Atlantic, both t
instrument measurements by weather vesgelarfdL), and the measurements by buoys in the
Barents Sea were used for comparison. Table 2.1 givesfalescription of the initial data

Table 2.1

Characteristics of the series of neawater wind speed based on instrument measurements

No. Station g p Duration Discreteness
1 L 56.9MN-20.0W 1975-1980 3 hours
> [ 66.0N-02.0E | 1970-1980 3hours
3 Seniralbanken Buoy 74.5N-31.0E 1983-1990 3 hours
4 Nordkapp/ST Buoy 72.0N-31.0E 1988-1990 3 hours

As an example, Fig. 2.4 shows the comparison results forsemes fragments of wind speed
module [Vl Fig. 2.4 shows a fairly good correlation between the measurement data and the moc

data.

To verify the wind fields at a height of 1) according to the NCEP/NCAR reanalysis data for
the Sea of Okhotsk, there were used the data of wind speed and direction observations, 4 time
day, at Odoptu WS (58A06' N, 143A28'E) from
coastal WS,tar e were used data on the nearest sea
array.
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Fig. 2.4
Comparison of implementation fragments of wind speed module based on instrument measurements (1) and reanalysis date
The Barents Sea. The numbeosrespond to the data of Table 2.1

As an example, Fig. 2.5 shows the comparison results forsimes fragments of wind

speed modu IV[ for four characteristic months (JanuaApril, July, October). From the figure, it
can be seen that, in the winsason, the correlation between the measurement data and the moc
data is highly satisfactory, while in the summer season, the correlation is slightly worse due to t
prevalence of local winds. This has no esseatiatt on the wind statistics.

mﬁv(t)[ T T (a)l "::l T T} ¢ |V(t)| T T d(bl) T T

Fig.2.5

Comparison of implementation of fragments of wind speed module based on instrument measurements (1) and reanalysis dat:
The Sea of Okhotsk ©) January, (b) April, (c) July, (d) October
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To compare the model calculations of waves with the mmeasant data, there were used the
results obtained at -JanoBsy739333.40B4 @(Maagn. udas
December 1992). As an example, Fig. 2.6 shows an implementation fragment of significant wa
heightshs at point 73N44E for January 1993. Fig. 2.6 shows a satisfactory correlation between th
model calculations and instrument measurements. Minor differences in time between the maxi
and minima of the curves in this figure can be explained by theoioadence between the spatial
nodes of the computational grid and the wave measurement location.

10 b ' T l —
hg (m) %

Fig. 2.6

Comparison of calculation results of significant wave heights using WAVEWATCH Il model (1) and data of instrument
measurements (Zyhe Barents Se&@3N-44E

For statistical comparison of significant heights and mean periods of waves, we will use a thre
year series of measurements at point 7433NE. Fig. 2.7 shows the quantile biplots of these
characteristics: the variation series terms of theddyghamic simulation results are plotted on the
abscissa and the instrument measurements on the ordinate. Fig. 2.7 shows the close correlation
for heavy storms between the model calculations and measurement data for the period from 199
1992.

Buoy Buoy
10 I- T T . — ] T
hg (m) @) T(s)
10
3l C
6 1 3
4 - —
6
Al |
8 l ! | Es(m) 4 '
0 2 4 é 8 10 4 6 8 10
Model Model

Fig. 2.7

Quantile biplots of correspondence of wave heights (a) and periods (b) according to measurement data and ma
calculationsThe Barents Sea, 74.58L.0E, 199G 1992
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S Fig. 2.8 shows a comparison of the ker
' estimates between the joirdistributions of
significant heights and mean periods of wa
based on the measurements and m
calcul ation81la0Ap é1lBOR.1
- Fig. 2.8 shows a fairly good correlation of t
distributions.

Thus, the comparison results of waves andig/
make it possible to assert that the obtained m
calculations do not contradict the data
- instrument measurements.

101

Joint distributions of significant heights and mean period:
waves.l - instrument measurements,
2 - model calculations

3 Specific features of time structure of wind

Currently, many international rules and regulations use thehoue averaged wind speed
estimates. For the seas, it is advisable that a transition from tHeanaveraging to smaller scales
including 35-second gusts shall be made according to thdiagethips recommended by the
Norwegian Petroleum Directorate. According to [26] for strong winds (with almost neutral
stratification), wind speed(z,t) (m/s) at heightz (m) above sea level corresponding to petiad
averaging over 1 hour and le$&t¢=3600 s) is calculated using the following formula:

u(z,t) = U(2)[1 - 0,414, (z)nft/t, )],

(3.1
where average wind speed over 1 hd(@) (m/s) at height is equal to:
z
U(z)—-Uoli1+ Cfn(i}-ﬂ, C =0,0573/1+0,15U  , (3.2)
whereUg - wind speed at a height of 10 m with elmeur averaging.
Turbulence parametéy(2) at heightzis calculated using the following formula:
z ~0,22
I = 0,061+ 0,043/, | — .
.(2)=0.061+ "(10] (3.3)

For the wind speeds of 20 to 30 m/s, Table 3.1 gives the coefficients of the transition from wir
speedJy at heightz =10 meters at-hour averaging to speexz,t)at different heights and different
averaging intervals.

For example, if the wind speed averaged over 1 hour at a height of 10 m is 26 m/s, then a
height of 20 m, it is equal to 2609 = 283 m/s. The wind speed of 26 m/s averaged over 2 minutes
at the same height of 10 m, will be 2868 = 307 m/s, and the 4 second gust of wind will be
261,35 = 351 mk.

17



It shall be noted that the correlations between the wind speeds at different heights that are u
by the International Maritime Organization [27] or presented in the referenceoboible Seas of
the USSR Project [9] are close to correlations (3.1), (Bl@)vever, the latter make it possible to
detail the wind profile depending on a speed at a height of 10 (m).

Table 3.1

Scale coefficients of transition from wind speedtll, at height z =10 m at hour averaging to wind speeds at different
heights z and at different averaging intervals

Uo Z,m u(z)/Us u(z,600§U(z) u(z,120)/U(z) u(z,4yU(z)
10 1,00 1,08 1,16 1,31
20 1,08 1,07 1,13 1,27
20 30 1,13 1,06 1,12 1,24
40 i,16 1,06 1,11 1,23
50 1,18 1,06 1,11 1,22
10 1,00 1,09 1,16 1,33
20 1,08 1,07 1,14 1,28
22 30 1,13 1,07 1,13 1,26
40 1,16 1,06 1,12 1,24
50 1,19 1,06 1,11 1,23
10 1,00 1,09 1,17 1,34
20 1,09 1,08 1,15 1,29
24 30 1,14 1,07 1,13 1,27
40 1,17 1,07 1,13 1,25
50 1,20 1,06 1,12 1,24
10 1,00 1,09 1,18 1,35
20 1,09 1,08 1,15 1,30
26 30 1,14 1,07 1,14 1,28
40 1,18 1,07 1,13 1,26
50 1,20 1,07 1,12 1,25
10 1,00 1,10 1,18 1,37
20 1,09 1,08 1,16 1,32
28 30 1,14 1,08 1,14 1,29
40 1,18 1,07 1,14 1,27
50 1,21 1,07 1,13 1,26
10 1,00 1,10 1,19 1,38
20 1,09 1,09 1,16 1,33
30 30 1,15 1,08 1,15 1,30
40 1,19 1,07 1,14 1,28
50 1,22 1,07 1,13 1,27

18



4 Basic design parameters of waves

The calculation is made at the nodestlé grid domain and the following parameters are
determined for each node:

wind speed and direction;

significant wave heightys;

average period of waves;

frequency and peak period of wave spectrum;

wave direction at frequency of wave spectrum peak;

frequency of the spectrum peak for wind waves;

direction of windgenerated waves.

In addition, frequencylirectional wave spectra are maintained at the characteristic points o
each sea at synoptic hours (sampling of each frequsinegtional spectrum: £ directions, 25
frequencies).

At each of the synoptic hours, the above wave parameters reflect its features at the que
stationarity interval, i.e. with the factors of wave formation taking place at a given time.

Let us consider the main parameters of/@& which are of practical interest in solving issues
related to shipping and the design of ocean engineering facilities.

4.1 Apparent wave heights

The distribution of apparent wave heights in deep water over the-gjaisnarity interval is
describedy the Rayleigh distribution [28, 29, 3] as follows:

F, (B =1 —exP[—%[%]z]’ 4.1)

where'Q> average wave height.

In the oceanologic literature, the occurrence function is often used, i.e. not proligbikty}, but
probability; {y O }.Ahen, relationship (4.1) is writteas

Fo(h) :exp[mg—[%] }

In recent years, the Forristall distribution [30] was also used that belongs to the Weibu
distribution class:

2,126
h
Fo(hy=1- exp{— 2,26[—};) } , (4.2)

wherehs - height of significant waves (average value of one third of the largest waves).

The parameters of the apparent wave elements are determined through the moments of
spectrum of the-th order as follows:

Il

m,

Tzfmfs(m,e)dwda .
/]

Distributions (4.1) and (4.2) normalized to the zero moment of the spegijinave the following
form:
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1| A 1 h
FR(h)—l—CX I:_g{—‘/ﬁ} ‘|, FF(h)_l_eXp!:_&_q.?—'(\/—;;:] :{ (43)

In particular, forthe Rayleigh distribution, average heic E=2,51,/m0,significantheight
By =4,0m,.

The transition from average wave heights to wave heights of different probability is made &

multiplying by the coefficienth,=k,@2 Table 4.1 shows the coefficients of transition to wave
heights 0of50%, 13%, 3%, 1%, ,0% occurrencefor distributions (4.1) and (4.2From these
relationships, it can be seen that both distributions are close in the area of low probabilitie
however, forhigh waves, distribution (4.2) results in lower estimaldse Rayleigh distribution
gives an oveestimate and is most often used in applied research.

Table 4.1
Coefficientskpo f transition from aver ag eentp®balglitytos t o
Rayleigh distribution (4.1) andForristall distribution (4.2)

t, pe| 50% 13% 3% 2% 1% 0,1%
ke (4.1) 0,94 1,60 2,11 2,23 2,42 2,97
ke (4.2) 0,92 1,53 1,97 2,07 2,24 2,71

The Rayleigh and Forristall distributions are theoretically-boanded on the right and can
predict unrealistically large waveeights, although the physically limiting wave height is associated
with its breakingThe extreme wave height that is possible for a given water area (that is, a height
which the breaking is observed) is determined by the equation of theaingktude wave theory
[31, 32]:

Pim H
EF;-CI tanh[C’z ;T?}, (44)
where hiim - limiting height of wave;

g - gravity acceleration;

H - depth;

U- wave period.

In equation (4.4), the constants are equalte0,02711 andC,=28,77. Constantt; defines the
maximum possible steepness of firamplitude waves in deep water, while const@teflects the
influence of shallow water effects. FdlY 0: h;,=0,78H. For a sea of infinite depth, i.e. fefY D :
hi/ % 1/ 7, -cohrespordingwave hgth.

The value oh,, obtained by numerically solving equation (4.4) serves as the upper limit of the
allowable wave heights; if the probability of the design wave hésghttewherets * probability of
limiting height, therh,=h.

4.2 Apparent wave periods and lengths

The distribution of periods and wave lengths is described by the Weibull distribution with shap
parameter k = B for wave periods and k s2for wave lengths:

F(x) = exp[-A(x/%)*]. 4.5
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The relationship between shape k and sd¢algarameters is determined through the gamma
function:

1
A=T=+]).
(k )
Table 4.2 shows the values of the distribution parameters for various wave elements.
Table 4.2
Values of wave element distribution parameters within quasstationarity interval
Wave elements k ()
Height 2,0 0,785
Period 3,0 0,712
Half-period 2,1 0,775
Wave length and crest length 2,3 0,757
Steepness and threlamensionality 2,5 0,742
index
The conventional hydrodynami cs nmaikidualwavetif p o

its period and height are knowlRor example, the linear theory of small amplitude waves, which is
applicable to waves in deep water, gives the following relationships:

E 2 2
A== =150671".
7 T T (4.6)

Where depth is comparable to the wave height, it is required that the approximations of the
potential theory of finitamplitude waves shall be used, for example, the gmaaimeter
expansion of speed potential( G (Stokes solution). The estimates of the waveytlem can be
obtained that are acceptable for practical calculations taking into account the location depth by
conventional relationship

A=-=L72 tanh(22H | 1).
2r

4.3 Wave crest heights

A wave crest is usually understood as an elevation relative to an undisturbed (meglevehve
According to the linear theory of smaiplitude waves, in deepater the wave is symmetric and
crest hei ght d i s equal2 Irtoe watér areavdimiteel deptim i Isi t
required that the nonlinear effects shall basidered that are associated with an increase in the
wave slope steepness and in the crest sharpening when waves move into shallow water.

To calculate the wave crests in deep and shallow water areas up to the first breaking area, i
recommended that tlelution shall be used for a higharder wave profile [33]. In [32], tables and
graphs were published to estimate the wave crest heights in the framework of the modified theory
high-order wave potential expansioAs the analytic formulation of thoselationships is very
cumbersome, and the numerical solution is {fooesuming, Table 4.3 shows the transition
coefficientsthat determine a ratio between the crest height and a height of a single wave for dey
1 .In Table 4.3, the input data is wave height i t s p e r iyo.ldet uigive anrexamplee p t |
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of using the above technique. Suppétel7,l (m), =107 ( m) 35n(s). Pidcedding then
from (4.4.), we obtain the limiting wave height (breakin$y);=128 (m), h/h;,=0,83 and
H/g(#=0,01094. Interpolating the data of Table 4.3, we obtain a ratio of the crest height to the wa
hei gh07266, t hePmfore, d=8

Table 4.3

Ratio of wave crest to wave height #h) as function ofh/h;,, and H/g(F

Higt

Fil Tty

0,0090(0,0140|0,0190 (0,02400,0290(0,0340}0,0390{0,0440 | 0,04200,0540 | 0,0590 | 0,0640{0,0690

0,00 |0,5000|0,5000(0,5000(0,5000 (0,5000[0,5000}0,5000|0,5000 0,5000{0,5000}0,5000|0,500010,5000

0,08 |0,5369|0,5262|0,5193]0,5165|0,5145{0,5130{0,511710,5109(0,5105]0,51020,5098 | 0,5095 | 0,5092

0,16 |0,5724|0,5509[0,53880,5333(0,5294}0,52670,5244}0,522910,5221 [0,52130,5206|0,5199 |0,5193

0,24 |0,6064(0,5751|0,5587|0,5505|0,544710,540910,537710,5356|0,5344 |0,533310,53220,5313 |0,5304

0,32 |0,6382(0,5994}0,5792}0,5681|0,5604]0,5556|0,5514]0,5488(0,5473 0,5459 |0,5447|0,5435|0,5424

0,40 0,6665)0,6234:0,5996|0,5859 (0,576410,5704 (0,5653|0,5622|0,5604|0,5588|0,5574 |0,5560(0,5548

0,48 |0,6926(0,6468}0,6200{0,6038(0,5925(0,5855(0,5795(0,5758(0,57370,5717(0,5700|0,5683 (0,5669

0,56 |[0,7187]0,6698{0,6415|0,6227|0,6095|90,6013|0,5942|0,5898(0,5871(0,5846|0,5824|0,58030,5784

0,64 [0,7422(0,6934|0,6643|0,6433|0,6283(0,6186(0,6103(0,6049(0,6016|0,5985|0,59570,59320,5908

0,72 ]0,7630|0,7178(0,6878|0,6657|0,6493(0,6381|0,6283|0,6221]0,6182,0,6147 |0,6114|0,6085 | 0,6058

0,86 [0,7811/0,7407|0,7112|0,6889|0,671810,6590|0,647910,641010,63690,6332|0,6298;0,6267|0,6238

0,88 |0,79330,756410,729910,7090|0,6924|0,6791 | 0,6676(0,6604 [0,6561 |0,6522|0,6486|0,6454|0,6423

0,96 0,7970|0,7614|0,7371(0,7179{0,7031(0,6918{0,682110,6756|0,6712|0,6673 0,6636|0,6603:0,6573

For the distributions of individual wave crests, various approximative expressions are used, f
example, [34]:

2
F(ﬂ): luexp[_"?%;"[l "Bl %[32 —%)J} (4.7)

where mg - zero moment of spectral density of waves.

The coefficients in th€ormula (4.7) are taken as follows = 4,37,1 , =057 orl ; =4,0,1,=06.
The crest height dbpercentpr obabi | ity i s esti mat 2ds aniniet r i
approximation.

Based on the approximation of the stochastic simulation results using a nonlinear model of
secondorder wavy surface, Forristall [35] proposed a simpler approximation in the form (as
compared to (4.7)):
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B
F(?;)=1—exp!—(az ] :|

Here hs - si gni fi cant wave height ; par ameters

(4.8)

kl.’B

. ) S___EE U — 1/3
hydrodynamic parameters: steepn = = g 7 and Ursell numbev*

k2H3 )
number corresponding t The dependence of parametdis n d ~ Banddinis given by:

where k- wave

e =0,3536 + 0,25685 + 0,0800Ur,

B =2-1,79125 - 0,5302Ur + 0,284Ur*.
For unlimited depth, relationship (4.8) converges to the Rayleigh distribution.
The distributions (4.7) and (4.8) are introduced for the water afdemsited but relatively large
depth as they are based on the Stokedinear theory waves no higher than the third order.

(4.9)

4.4 Joint distribution of wave heights and periods

4.4.1 Conditional distributions.

The conditional distributions of wave periaaisfixed heightr ( Ch) and wave heights of fixed
periodF (h] ) fdllow the Weibull distribution. The parameters of the conditional distributions are
variable and depend on the wave heightsFfgr Uh) dnd on the periods fd¥ (h | u)y. A f:
conditional distributions can be written as follows:

F(xiy)= exp{— 4, (%J } ,
¥ (4.10)

where , - regression (conditional mean afivenx).

The values of paramet&rfor conditional distributions ( Ch) viary from 25 for low wave heights
to 7 for large ones [3, 36].

Fig. 4.1 shows the examples of conditional distributions of wave periods, and Fig. 4.2 shows t
mean values (regressions) and dispersions (skedastic curvgg)andh|U

. I
s Lhih m¥| i

TIT

Fig. 4.1

Ensemble of conditional distributions of wave periods at fixed heigh
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lmtlh

0 0,8 1 1.2 14 6 08 1 12 14
Fig. 4.2

Regression (left) and scedastic (right) normed curves of

From Fig. 4.2, it can be seen that the conditional mean values of the wave periods for a giv
heightls, depend significantly oh within a range of small values (less than the mean value) only.
For a wave height or period above the mean value, these two parameters become practic
constant.The dependence of the conditional varianDgg and Dy, @n the height and period is
noticeable within the entire variability range. The parabolic shape of the skedastic curve indicat
that the greatest diversity is inherent for waves with heights close to the center of the distributic
An analysis based on the segtaon of waves with different wave formation conditions results in a
wider probability interval for the scedastic curve.

For practical purposes, Table 4.4 show the coefficiggts f  t r amksttot thegpariods)
corresponding to the wave heights tefper cent probability that result from generalization of
regression dependenagg, for different seas.

Table 4.4
Ratio between period( corresponding to wave height op per cent probability wave and mean period\V
p, % 50 13 3 1 0,1
T/ T 0,95 1,05 1,10 1,13 1,15

From Table 4.4, in particular, #tan be seen that the period corresponding to the largest wave:
(0,1 per cent probability) is,15 1
For practical purposes, the regression line can be approximated by therelation

wh)=4h°, (4.11)
where¢ , - pprameters.

Dependence (4.11) has proven itself well for deep water areas. According to the observations in
North Atlantic for mean heights and mean periods of waled,8, B=0,5. The same coefficients
are valid for the open water areas of the Barents Sea asg#hef OkhotskAccording to the data

of the instrument measurements in the water area of limited size (the Caspian Sea), tlué tredues
periods will be smallerp =4,0, B=0,35.

4.4.2 Two-dimensional distributions

The fact that the marginal and conditional distributions belong to an ensemble of Weibu
distributions and the universality of the relationship between the wave elements make it possible
write the twedimensional probability density ( »andithe distbution functionF(x,y) as follows:
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y ¥
L k (4.12)
F(x,y)=k4 E L cxp{—l:,d,[—_y—] + A[é) ﬂa’t.
Y x

For calculations, it can be used a combination of distributithf) with F(U ) F(@im) with
F(h). The parameters of these distributions are given i13¢329]. Approximative relation (4.12)
characterizes wind waves or swell. Fig. 4.3 shows an example of théirhe@asional distribution
of wave heights and periods.

2.0

TIT !

Fig. 4.3
Joint distribution of heights and periods of waves.
a - one system of waveb,- two systems of waves.

For mixedwaves, a single relation can hardly be obtained as even the marginal distributions
wave periods have a different form.

The twodimensional distribution can be reconstructed by orthogonal polynomial expansions c
a special form, for example, in termstbé first two moments [21] or using the Plackett's expansion
[37].
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4.5 Spectral characteristics of waves

Frequencydirectional spectra for WW and S can be presented in the following form:
S(w,08)=S(0)No,0), (4.13)

whereS( ¥-)Yrequency spectrum of waves;
Q( v ,- ehgrgyangle distribution function

For frequency spectrur( ¥of wind waves and swell, an approximation is often used that is
also called the Barling formula in shipbuilding [3, 36, 38]:

S{w)y=Aw™exp[-Bo™]. (4.14)

The values of parameteps, | depend on the conditions of wave formation; the conclusions
of the similarity theory and hydrodynamics are also taken into account. Certain conditions a
stipulated on the parameters that relate the frequency of the spectrum peak to the wave proc
dispersion.

The coefficients in Formula (4.14) were first analytically obtained by Neumann in 1953. Ir
terms of .k the ldeuneanncsgectrum is written in the following form:

5 -2
S(w) =1,466H> ﬂ“%exp[—d[—m—} }
W @
(4.15)

or through the average frequency of waves as

—5 - -2
S{@)=039H? “—exp ~1,767(2-J }
) (4.16)

Comparingthese relationships, it is easy to obtain a relationship between a frequency of tr
spectrum peak and the average frequency of waves:

Oy = 0,7676. (4 17)

After Neumann, the coefficients in the Barling formula were estimated by other scientists. In tt
literature, thee is known Bretschneider spectrum, Davidan spectrum, Mitsuyasu spectrum, etc. th
were named after the scientists. Using the similar principle, there were constructed the spec
recommended for use by the International Ship Structure Congress in $39&gpectrum), as well
as the ITTC spectrum (International Tower Tank Conferences 1966,1972).

The most widespread is a modification of spectrum (4.16), known as the PEESkowitz
spectrum. It can be applied to the fully developed waves witmedeask=5, n=4, i.e.:

Swy=40 exp{-Bo ™. (4.18)

Due to the great practical importance of the Peakdoskowitz spectrum, some common forms
of its notation are given:

S(w)=ag’ o exp[—(5/4) @nax/@™], (4.19)

where numerical consta@t=,0081.
The parameters of the Pearddoskowitz spectrum can be presented through the elements of

apparent waves, in particular, through height of significant waygand periods of the spectrum
peak. Then for the cyclic frequency, we have the following:

S(H=0,312(his) T, £° expl(-5/4)(071)* 1. (4.20)
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The PearsoiMoskowitz spectrum can also be written in terms of wave formation factors. For
the fully developed waves, the single factor is wind speed:

S(@)y=ag’w™ exp[— 0,74[(HU” J } (4.21)

g
whereU,, - wind speed at height 40,5 m.

To approximate the swell spectra, Formula (4.14)k=6, n=5 may be takenThe following
notation for the swell spectrum is widely used [39]:

R APANN RGN
-4 p[ 7] } (4.22)

where n3 - zero moment of spectrum;
fo=1/T,- frequency of spectrum peak

The fully developed waves are rarely realized. For limited fetod,most often used is the
JONSWAP (Joint North Sea WAve Project) spectrum approximation that was first proposed by |
Hassellmann et al. based on the results of an experiment in the North Sea [40]. The conventio
notation of the JONSWAP spectrum is akdws:

2

S(f) = -t exp[— 1,25(%)-‘ J-f",

@)y [ »

where § = exp[- s, )2} ,
o

(4.23)

whereO- so called Phillips parameter;
2- peak enhancement parameter;
0 - shape parameter.

The JONSWAP spectrum has become widespread and is included in a number of regulat
documents to calculate wave loads on shipsiestdllations (e.g., refer to [41, 26]).

Fig. 4.4 shows a comparison between the Pedvkmkowitz and JONSWAP spectra for the
same frequency of the maximum.

I { | ] |

——— JONSWAP
e PM

JONFWAP
Smu

Energy spectrum

Frequency

Fig. 4.4
Comparison of Pearsdvloskowitz PM) and JONSWAP frequency spectra.
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From Fig. 4.4, it can be seen that the main difference between the spectra is in thethkies
vicinity of the maximum, which is determined by the value.oFhe highfrequency regions of the
spectrum (approximately for the frequencies twice thguieacy of the maximum) coincide in both
spectra and decrease according to the dependence cfose toWi t,0htheaJ®NSWAP spectrum
coincides with the Pearsdvioskowitz spectrum.

The main problem in the practical use of the JONSWAP spectrum is totdiq@hrameters.
Parametefi = 0,07 is usually taken foi Of, and Q09 for f >f,,Par amet é&©dependon the d
wind speed and its fetch. Depending on the fact, which moments of the spectrum are used
determine the wave period, the relations betwgen,andu will be different [42]:

Jo=0,903/T,,=0,903/T .10, fp = 0,834/ Ty, fo= 0,777/ 702, fr=1/T}. (4.24)

Here, digital index of letter T denotes the order of the moments, by which the period i
determined. For the Pearstoskowitz spectrumT,/ £1,414 or tT,=0,71. Peak enhancement
parameter 92 is the most di ff i c dhe mostiroporthre tore r |
practi cal calcul ations. The measurement 3dat
As a rule, there is no information on its values, therefore, the relations are used that are based or
processing of empirical ¢tk

Based on the analysis of the instrument measurement data in the southeastern part of the Bar
Sea, a regression is found in [43] between peakedness pararaatespectrum peak perigg =
2" ha¥

Y(T,)=AT,", (4.25)

whereA=13,04, B=0,89.

The correlation ratio is( 3,) 870 Fig. 4.5 shows the regression curve corresponding to (4.25).

IO(IIUS) 4+

2R

8 (m/s) T f

115 i \
+

i 1 1 | | |

4 6 8 10 12 Tp s)

Fig. 4.5

Regression (4.25) between periega nd peak e nhanc e meastern past ofthenBarepts Sea.(hjitid data,t h
(2) - regression (4.25), (3)relation (4.26)
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Data for the Barents Sea were obtained at moderate wind speeds. For general understandin
the peak enhancemeparameter variability in Fig. 4.5, a relation is also plotted that takes into
account the dependence of parameter o9 on wi

7 =485, (4.26)

where/» =52V 18-

In particular, it can be seen from Fig. 4.5 that, with an increase in wind speed, the pe:
enhancement parameter decreases, which is explained by the approximation of theastrm
spectrum to a spectrum of fully developed waves.

Many publications for various areas of the seas give the estimates offrgtio be Q6 to Q9,

l.e., g,/T vaiies from 11 to 1,7. On the average, this ratio varies fro/ tb 20 for wind waves in
the Barents Sea and the Sea of Okhdtsk.the Caspian Sea where wind fetch is limited, the peak
enhancement parameter varies frogt® 80.

For shallow wateareas, the expression for the wave spectrum is multiplied by transfer functior
A( F) which determines a change i n tThemosti n
widespread modification of the JONSWAP spectrum is:

St (s H) =@ (S 5 (f)- (4.27)

Expression (4.27) is st called the TMA spectrum (according to the first letters of the names of
the wave projects, according to which the TMA approximation was obtaifexkel, Marsen,
Arsloe). For waves of relatively small amplitude

Zh
q)k(f) = o)
kZ(f ) gﬁ% (4.28)

where| - location depth,
k( f -waye number determined by the dispersion relation:

2 _ 2
f - =4r"kg tanh kH. (4.29)

Fig. 4.6 shows a form of the TMA spectrum for different degth®llows from the figure that
the periods (frequency) of the spectrum peak, in contrast to wave lengths, do not cliagptivi

Sty m?s a St

0
Q

Fig. 4.6
TMA spectra for different depths
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Spectrum p a0 la, m&oa=pBane of flegu@ncies,plane of wave numbers.

Fig. 470shows transfer functi onsbshows anrexamplefof e
approximation of the characteristic wimnhve frequency spectrum in the northern part of the
Caspian Sea using expressions (4.14) and (4.23). It can be seen from the figure that, due to
narrowness of the spectrufprmula (4.23) gies much more satisfactory results than (4.14) even
for sufficiently great valuesf the parameters (here in (4.1 10,n = 8).

a S(hm¥Hz b

Fig. 4.7
a) transfer function (4.28); b) approximation of wiwdve spectrum in the Caspian Sga ¢stimate according to measurement
data,2 - TMA approximation (4.27)3 - approximation byrormula (4.14) wittk =10,n = 8)

Quite often and in some areas, as a rule, both wind waves and swell exist simultaneously in
oceans and seas, i.e., mixed wimaves are observe@he spectrum of such waves has two or more
peaks that are spaced apart or close in terms of frequency. In the latter case, the spectrum peak
be wide enoughFig. 4.8 shows the spectra of mixed waves for some 3é@se spectra we
obtained both from measurements by wave meters of various systems (tHeoalieg
accelerometer buoy in the Black Sea and the bottom wave meter in the Caspian Sea) and from
results of calculations using the Wave Watch hydrodynamic model (thetB&ea).
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the Barents Sea,
computations using
hydrodynamic model

the Caspian Sea

the Black Sea, bug
bottom wave mete

Fig. 4.8
Mixed wave spectra obtained from measurements and hydrodynamic simulation

Fig. 4.9 shows theorrelograms and wave spectra for various combinations of wind waves an
swell.
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Fig. 4.9

Typical wave spectra normalized$ %0 (@b sci ssa i s fr equS/E yrand correldgfass (abscissa is n a
time, s; ordinate i ( Uchr).

00 mixed waves with separation of systems and predominance of swelhixed waves with separation of systems and
predominance of wind waves,- mixed waves without separation of systems with predominance of slvelnixed waves
without separationf systems with predominance of wind waves.

The simplest approximation of such spectra is spectrum sum of wind Gaxgé ¥and swell

Sswen( ¥ )
S(@)=Swmp(0)+SsweL(0)- (4.30)
M. Oshi obtained the general expression for the spectra that have two peaks:
44, +1

St )__Z[ o), ﬁxp{_41j+1(%)]’

}‘1 1—-(’1 } de.I-a-l he 4 k @

wherehs - significant wave heighth{s);
¥ - frequency of spectrum peak;

&- shape parameter;

0 ( agamma function.

Expression (4.31) makes it possible to assign each of sg&ctia)= ¢ht six parameterghs, ,¥
&) ] =12 and classify the waveaccording to these parameters. Fig. 4.10 shows a schematic
diagram of dividing the spectrum into parts (Mnequency and higfrequency).

1,2 | S{w), m?s _
Spectrum
of swell
1 B - :I -
]
!
0,31 Spectrum of wind- —
L generated waves
I |
0,61 |
0,41 =
0,2
0 0 0)5 1 175 D.‘hl‘adfsl

Fig. 4.10
Example of Oshi spectrum of mixed waves

The wave direction is determined by the wave enarmgledistribution functionHistorically,
the first of such functions was the angle distribution function proposed by Arthur in 1952 in th
form: D=(2/" )co<d . Here, d is an angl e mea $ig.d.2lcshovs o I
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a schematic diagram wfave angular propagation.

Storm front

LI

Fig. 4.11
Schematic diagram of wave angular propagation

The later studies showed that the eneaggle distribution function also depends on frequency.
Quite common is the following notation for the angle distribution functio

D, -_-Ct(s)[ccns(ﬁ—ﬁ)]’ for —%11;59_654_%51’

0-6
2 (4.32)
Here,— average direction of wave propagati@(s) and(s) - some normalizing constants
such that the integral dd ( d) over al | directions is equ
ma x i mu mf. ahe pedk sharpness depends on expaémengineering calculations, function
D, is taken to be=2 for wind wavesThena( 2 ) =2/ . F osiis takew eqlal to 6voa evens

greater.
The data of wave measurements accumulated in recent yearsdayyswaave buoys and other

instruments to calculat®( ,€) also make it possible to recommend the following equation:

D, =C,(s)lcos(—)]* for -n<B-B<+m.

D(8,s)= Hs+1) cosz'{g}

2T (s +1) (4.33)

Parametes, which characterizes a width of the wave angular distribution, depends on the wav
frequency. In applied researdhis acceptable to take [42]:

{15( f fp}“ for wind waves,
5=

50(/71,)"  forswell, (4.34)

where,
{0,1 at f1f, <1,
p,:

-2 at flf, 2L (4.35)
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5 Wave climate (Wave regime characteristics)

Within a quasistationarity interval, the waves are characterized by the probability distribution
function of wave elements and spectral den3ibe parameters of these statistics are assumed to be
unchanged. With a change in the wave formation conditions, the parameters of the statisti
characteristics that describe the waves within the egtagonary interval will change. A change in
the wave fomation conditions is associated with synoptic, seasonal, and year to year variability ¢
the atmospheric circulationfhe synoptic variability is due to the passage frequency of baric
formations (cyclones and anticyclones) and has a characteristic &ypeleenal days to several tens
of days.The seasonal variability is determined by astronomical reasons: the change of seasons
middle latitudes, the main cycle corresponds to one year. The year to year variability is due
aggregate factors with a s#tcycles of several years to several decades. A sequence of paramete
from different quasstationarity intervals characterizes a wave regime or wave climate. Usually, th
discreteness of statistics to calculate the regime coincides with the synapsciter, every 3 or 6
hours. Fig. 1.1 illustrates a schematic diagram of the sample multitude compilation to calculate t!
wave regime.

In accordance with the current concepts, a wave climate can be presented as an ensemble o
wave surface conditiortaking into account its differersicale variability.

In the design and operation of ships and ocean engineering facilities, the regime characteris
of waves are usually subdivided into operational and extreme. The operational characteristics refi
thenormal or background conditions, in which an installation or ship will be operated for most of it
life. The extreme conditions (also referred to as survival conditions) reflect the worst conditior
which occur quite rarely, but are critical for the itist#on itself.

5.1 Operational statistics

The generalized characteristic of the wave regime is operational oitdongdistributions.
Analysis of numerous measurement data shows thatliomensional distributions of wave heights
and periods are describdy a lognormal distribution law. In textbooks on mathematical statistics,
this distribution is usually written as follows:

@ 2
Fx) = Eexp{u%[lnx"”) }dx. (5.1)

oN2r o

Given that(lnx—p)Yo = In(x/c”®*, and a median of the legormal distribution is equal td,e
then distribution (5.1) can be rewritten as follows:

IRNE I LI B SRE TRV
F(x)—\% ;[x exp[ 2ln ( /xols) ]dx, (5.2)

wheres= 1/ 0 ;
G - standard of wave height logarithms;
Xo5- Mmedian.

Accordingly, the distribution density (5.1) is equal to:

2

B)y=—3 ~Z (tak- s
f( ) hmexpl: 3 (Inh Inh(}.s) j! (5-3)
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In fact, distributionF(h) of all individual wavesh within v years has a form of combined
distribution:

F(hy= [G(h, 1) f (R)ak,
o (5.4)
where  G(h,Q - distribution of wave heights over quasationarity interval (for example, Rayleigh's law);

f('Q - probability density of the regime distribution parameters (for example, average wave heights in the form of log
normal law).

The operational statistiésclude the normal regime distribution (in particular,-fegmal in the
main area of its variation). The regime distribution shows the more or less a certain value of t
probability of the wave aggregate conditions and does not contain informatioe duartétion of
various storm situations. This gap is filled with data on storms and wave weather windows.

5.1.1 Storms and weather windows of wind and waves.

In the seas of moderate and subtropical zones of the World Ocean, the time series of we
heights brm the alternating sequences of storms and weather windows. This sequence is the re:
of synoptic variability of wave formation factors. The synoptic variability of waves can be mos
vividly represented by the time series of wave heights recorded vegtmoptic hours. Fig. 5.1
shows an example of a segment of such an realization with the appropriate identification. A storm
durati on h" ia usdallywmdéerstamceas an excess of random progssf given level
Z, and a weather window afur at i on Uh ia anderstoar lasifimiing the process below
the level.

h(®),

\
\
/

@i ®i+|

/\i:-: -

1 2 3 4 5t days
Fig. 5.1

Parameters that characterize storms and weather windows
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The highest wave height in the stohnand the lowest wave height in the weather window

B =max {()}s A = min &0}

02153 Gei<@® (5 . 5)
Parameter$”, h, : U make up ensemble 2. Par amet
st or myty) L =( tHig-rtime of the beginning and the maximum strength of the storm,
respectively. The probabilistic characteristics of fdur me nsi on al random v

characteristics of discrete random variable number of storms over a limited period of tie
deermine the features of the alternation of storms and weather windows when passing througl
specific point in the water area. A number of storms as number of runs beyond eeénds
significantly on a height of this level. As an example, Fig. 5.2 slibestorms allocated to three
different levels.

Ir= T T T

h,m

[
1] 100 200 300 ; 0 0 100 200 360

Fig. 5.2
Allocation of storms and weather windows based on the realization of wave Haaftdiéferent levels.
O- low (Z,) level,b - medium (2) level, c- high (Z) level

From Fig. 5.2, it can be seen that the values of average number of storimsir average
duration™Ysignificantly depend on levél. Thus, for low levelZ; only one storm is allocated wit®
> Z; and duratior5;=280 h. For medium level, there are allocated four storms wi»> Z, and
durationS; =70 h,S,=60 h,S;=80 h and5,=30 h (average duratioN= 60 h). For high level Z only
two storms are allocated wit>Z; and duratior, =8h andS, =5 h ("¥=6,5 h). One specific feature
shall be also noted that may arise during the allocation of storms. In particular, it can be seen fr
Fig. 5.2b that, if the level is set to 2 m, then, instead of one s&rntwo storms will be allocated.
Therefore, as theeVel increases, a number of allocated storms does not necessarily decrea
Similar reasoning follows for the weather windows as condition durfXo,.

It shall be noted that the above definition of a storm is not related to the similar concept arisir
from the maritime practice recorded in the instructions of the Committee for Hydrometeorology:
storm is an event where the wind exceeds 16 m/s and sea state 5.

Probability characteristics 2 are estiromat €
measurements or using hydrodynamic simulation.

By definition, andndomrwarihabldeusr ati ons of
their distributions shall be consistent with the relevant theory and asymptotically tend to th
exponential law:

F(x)=1- exp(— é]
* (5.6)

The measurement data confirm the validity of distribution (5.6), therefore, the mathematic:
expectation and the standard shall be close.

36



Valuesh® andh™ are the extreme sample members, therefé(e,), F(h) can be considered in
the framework of the asymptotic theory of limit distributions [46]. In particular, conditional
distributionh™ shall asymptotically tend to the first limit distribution or the Gumbel distribution:

exp{— exp(— W—_‘i@ﬂ, ht =22,
F(r*|9)= B(S)

0, h"<Z, (5.7)

whereA( 1) (, } parameters related to conditional moments )(, )d wi t h the rel ations:

B(S)zgc(ﬁ),

A(3)=m(3)-0,57728(3). (5.8)

Relations (5.6) to (5.8) are rather complicated; moreover, they depend on the parameters, whi
in turn, change depending on the level (storm volume). To perform engigpesiculations, a
simpler technigue can be applied based on the use of regime distributions.

Let us assume that regime distribution of wave hei§litg for the considered period of time
(for example, a month) is approximated by the lognormal law (5.8) parameterghyss). Then,

the average storm duration above leill be determined by a simple relation:

- T
S=T.:FZ,
)

(5.9)

whereT - duration of the considered period of time (for example, a month, i.e., 30 days); p=F(z) - probability of run
beyond levek;
0 - average number of storms per unit of time.

Based on distribution (5.6), RMSD (remteansquare deviation) of the storm duration can be

found by the relation:
o5 =15 (5.10)

The maximum value fof, storm duration (weather window) & random variable with a
truncated distribution (limited by interval lengsh) As its numerical characteristic in the tables of
the second part of this reference book, 5% quaBjl@f distribution (5.6) is taken.

Smax ESS% =3,0§. (5.11)
In the event thaks,, exceeds a number of days in given month, a vali®, efs assumed to be
equal to a number of days in a month.
In order to calculate parameter for different levels, it is not sufficient to know the regime
distributions only. To do this, the methodsloé theory of runs can be used for normally distributed

series Ink). In particular, the average number of storms as runs beyondzlisvéétermined by the
following relation in the stationary approximation

N(z)=0 exp[— i In* [iﬂ .
2 s (5.12)

Value 2=T+-p"(0)/2n ig expressed in terms of thsecond derivative p"(®) of the
normalized autocorrelation function of the logarithms of wave heights or wind speeds and is
general characteristic of storminess (without considering the Iévehall be noted that, due to the
nonlinearity of the transfornian, this function, in general, does not coincide with the correlation
function of wave heights, but their attenuation periods are very similar.
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In the general case, the value@fepends on the form of correlation functipgh U) . Ho we
consideringtie process of synoptic variability to be quite broadband, its value can be approximate
estimated depending on data correlation petrigg(corresponding to the attenuation interval of the
correlogram), see Table 5.1.

Table 5.1
Relationship betweenattenuation interval of correlogram and parameter Q
tmam day 1 2
Q (for month) 4.8 3.4 2,8 24 2,1 2,0

For example, let us assume thgt = 1,0 (m),s= 1,7 (Area 4 of the Sea of Okhotsk, winter). If
the attenuation period of the correlogram is 3 d&ys @,8), then for levek = 2,0 (m) according to
Formulas (5.9} (5.12)0 = 1,4 and™¥= 2,6 days. At the same timé, = 0,2 and"Y= 1,5 days for
levelz=4 (m).

Thus, using~ormulas (5.9} (5.12) and Tabl&.1, it is possible to obtain approximastimates
of the characteristics of storms and weather windows for different water areas. In order to obte
more accurate estimates, it is necessary to rely directly on the processing of observational data
model calculations.

Papers [21, 47] give theorrelograms of wave heights within a range of synoptic variability for
different seas. Valug,.x changes within a period from 2 to 7 days, while its value is smaller for
closed water areas and greater for oceans.

5.1.2 Climatic wave spectra.

The array of measured and model sp@oe realizations of waves makes it possible to describe the
wave regime not only in terms of apparent wave elements, but also in terms of fre§uendy a n
frequencydirectional S(¥, d ) wave spectr dwave Geather engamblen antl gn
ensemble of spectrd ¥ , -~ ,d ) for, sufficiently long time intervals can be taken as equivalent
concepts.

With the passage of storms, the parameters of the sea and its spectra change sigfiifheantly.
climatic spectrunof waves is understood as an averaged ensemble of spectra that have a cert
probability and belong to some characteristic wave conditions of a given water area.

Functionally, similar classes of spectral densities can consist of several wave systearsland c
stylized in the form of approximations that are well known for the spectral wave densities (refer
Ch. 4)

These approximations contain the spectrum moments (and associated quantities), which make
possible to represent any spectral der§ityd,) i n $ hve df, e) mwhere 2 1is
Consequently, all operations on patte®s¥ , d ) within a c¢class are
nonrandom function of random arguments 2. I
average spectrum:

S (w,8) = S(e, 0, ), (5.13)

38



guantile spectrum:
Sp(m59)=8(ma995p)n (5.14)
dispersion of spectra:

o (8S(@)) aS(w) 8S(w)
DS(W)EZ[ J D._+2Z[ ] [ J cov(£,, &)
er BN 8 )\ 9 ). (5.15)

i=l a::

= .
where =*='p - vectors of the average and quantile valfgsarameters;
Dy, cov(&,,8;) dispersion and ecwariance of parameters, respectively

Set of parameters 2 c aystenslg, peak engahcersent pdrametersr
(9), spectrum pr aknd rtelgeu eghecneersal( ¥di r ec tphho NS

In the general case, the spectral density of such functionally similar waves classes can
represented in the fallving form:

¥ ®
S(es0) =109 2 7,8, — 360,55, |,
p=l ©

B

4]

(5.16)
wheremy, - zero moment of spectrum (dispersion of wavy surface);

A!
9, - weight contribution of each & wave systems to total ener (Zp=, T = 1y,

? p- set of parameters that characterize wave system of given class

For the approximative separation of the frequency and angle components of the spectral dens
general expression (4.13) has proven itself well. Therefore, when approximating each wave syst
"p" in the climatic spectrum of wavé¢s.16)the following modéewill be applied:

Sp(mxo|mmax;emax:n:m)=lgf‘(m:mmax,n) Qo(0,0m2,m),

where§, - frequency spectrum of form (4.14):

e ) AT

(5.17)

Qo - angle distribution:

QO (ﬁ,gmu,M)= Cm COSM(H - gmaxllo ﬁamax l<?r/2’ (518)

w h e rnenomnalizing factor.

Expression (5.17) well approximates both the spectra of the wind wave system and sw
depending on the value of parameter

This means that the terms i n expressim@in (
dhax N, Is . The approximation of the spectral density of functionally similar classes (5.16) is
completely determined by indicating total enelsgy, by we jagnhdt sbyo set s &f ¢
i, madh N, m} for each wave system.

Parameterdsg,, ¥moa, mdd are found directly from the spectra, whilg m and 5 are
determined using the Monte Carlo procedure and nonlinear optimization of the functional:
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»2n

7(8y= [ [ plo,0)]8(w,0)- S, (0,8)] dode,

whereSi( ¥ ,- pirgdicted spectrum;
S- approximation of spectrum (5.16);
to( ¥ ,- @eight function.

(5.19)

The spectral densities of waves obtained on the basis of numerical hydrodynamic simulation a
systematic measurements have a large number of local peaks, which, as a result, does not a
them to be easily and reliably classified. Tenéro r e the pri ma&kandglishss
based on the ordimensional (marginal) spect® ¥*) and angQ®ed)di sTthreiibru
first approximation, allows introducing three characteristic classes of wave spectra, which a
dividedinto genetic subclasses.

Single-peak spectrdl) that correspond to the absolute predominance of one wave system:-WW (|

1) or S (-2). In this case? =1 ,; =4 in (5.16), function§ * P, dh)ave one egxtre

dnay ONly that characterize the position of the spectrum peak. To separate WW and S, the value
-

dimensionless steepne 3 4fmpo_ Wi || b e 300G theh.the $péctruin>belongs to S

(swell), otherwise, to WW (wind waves).

Two-peak spectrdll) that corresponds to the WW simultaneous propagation and one S system «
two S systems at once. In this cabe=2 ,,=2 ,, =4 -2 in (5.16), 2 i
characterizes the contribution fraction of the first system. Depending on a numbaxlm‘amf
functions (5.17) and (5.18), at least three subclasses are possible:

II-1. Mixed waves with separation of systems by frequency and direttidhis case, both the
frequency spectrum (5.17) and the angle distribution function (5.18) have twonanalearly
expr esywperthéddiadd ¥oz dnop. This case is the most general, and corresponds to the
superposition of forced and free waves without interactions.

[-2. Mixed waves with separation by direction orily this case, the frequency spectrum (5.17) is
onepeak, and the angle distribution (5.18) has two maxima. As a result, at one frequency of t
frequencydi r ect ed spectrum t hetdgoda@nd( ko-eh&).Thisvaase ma
correspondso a change in the direction of wind waves propagation as compared to swell waves.
[I-3. Mixed waves with separation by frequency onlycharacterizes a process of nonlinear
interaction between wind waves and swell waves that occurred during the tgmpiordrslack.

The angle distribution function (5.18) of such a spectrum is spegd, the frequency spectrum
(5.17) itself is very wide, the second peak can be not pronounced.

Multi -peak spectrdlll) that correspond to a complex mixed wave pattern tithor more swell
systemsin this case, the angle distribution function has more than two significant maxima.

Fig. 5.3 shows examples of approximation of-cared twepeak wave spectra of the Barents Sea
according to the above classification.
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Fig. 5.3
Classification of climatic wave spectra in the Barents Sea.
1 - initial data, 2- approximation (5.16)

Table 5.2 shows the frequency of the mentioned classes in the Barents Sea in the character
months and for a year as a whole.
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Table 5.2

Frequengy of climatic spectrum types by months and for the whole year. Western part of the Barents Sea

Frequency of occurrence, %
Class Subclass January April ; \ yJuly | October Year
-1 45 42 32 48 42
! 2 17 8 24 20 20
I1-1 10 6 3 3 6
Il 112 22 25 30 25 26
1I-3 1 3 3 2 2
1] -1 5 6 8 2 4

Table 5.3 shows the probabilistic characteristics of parametgrsnat he mat i c al

e

- rootmeansquare deviation) of climatic spectra for each of classes | and Il except for class Il
which includes the spectra with a variable number of peaks.

Probabilistic characteristics of typical climatic sgectra parameters in representative months.
Western part of the Barents Sea

Table 5.3

Class Height of waves System Wave system parameters
hy3,(m) 2% Up, (S) Chnax,” n m
{ | & | 1 | a i a [z [ @

JANUARY

o T3z T 17 m WW | 7,7 | 2,0 | 257 | 106 | 45 | 2-4
WW | 66 | 1,4 | 238 | 45 | 46 | 2-6

-1 21 ) L2 | 067 ) 014 g3 T53 64 | 19 | 69 | 8-16
WW | 7,5 1,6 1 266 81 4-6 | 2-6

-2 125 | 12 1070 | 017 ™00 1515 | 63 | 47 | 69 | 816
WW [ 46 | 09 45 | 24

03 | 23 | 15 | 0511014 —g o7 T35 7 | 7 [Tex e

JULY

-1 1,5 0,6 - WW 5,7 1,2 239 95 4-5 2—4

-2 0,9 0,5 - S 6,2 1,6 283 98 46 | 4-10
Ww 5,0 0,7 243 77 4-5 2-6

II-1 1,1 0,6 | 063 | 0,19 S 8,0 14 72 12 6-9 | 618
ww 53 1,2 262 69 4-5 26

=21 09 1 05 ) 061 | 019 m g = e 1" T3¢ T 68 | 69 | 6-18

I-3 | 07§ 03 076 | 020 g0 119 | 139 e

From table5.3, it can be seen that the most strong waves correspond to the WW spgrctra (|
Attenuated waves {2) are less strong, and the tpeak spectra correspond to relatively weak
waves. It shall be noted that, for all three subclasses ep&ak spectral], the average values and
a t i 2. Fhe dederal
directionsof the WW and S propagation differ significantly. In all seasons of the year, WW mainly
spreads from \AEW; swell from E inwinter, and both from W6W and E in summer.

WW contribution RMSDo are quite stable and are on averager50 %
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Let us now give examples of climatic wave spectra for the North Caspian. Fig. 5.4 shows fo
functional classes of wave spectra allocated for the given area in the frequency domain only. He
according to thabove classification (a) isll, (b) is Il, (c) is lll, (d) is42.

One of the most important issues in describing the wave climate is the estimate of the wa
spectrum, which is possible once everyears. For this, it is necessary to calculate a set of

p ar a meg, foregiven prebabilityts In case of singlpeak spectrum, such parameters can be the
wave height and period.

I I 1; T T
S(f) m’s @) S, m2s (b)
6 33047 ©, 270
1 | -
4 | o
2k 49T ]
1 i o l_) ] |
04 01 02 031, He' 0 0, 02 031, Hz
03 ) ! © | “Tse. oo ' @
S(f), m’s 28%% (f), m?s 120%
15t .
02 -
L _
ot -
05 —
. ! | 5 : !
0 0,1 02 031, Hz O 01 02 031, Hz
Fig. 5.4

Typical climatic wave spectra for the Northern part of the Caspian Seawi@@ waves (33%), (b) mixed waves with WV and
S separation (27%), (epackground mixed waves (WW and several swell systems), (d) attenuated \8a\12956).
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5.2 Extreme statistics of waves

When making the calculations of extreme wave heighigto meet the needs of practice, it is
sufficient to use calculation methods assuming the waves simulation as a sequence of ranc
variables. We turn our attention to the most commonly used methods

5.2.1 Initial distribution method (IDM).

When using this calculation method, the estimate of the maximum wave hgigl# taken as
quantileh, of distributionF(h) at given probabilityts If the distribution of individual wave heights
is approximated by the Rayleigh distribution within thesipgéationarity interval, then:

S
h =h1f——l 1-p).
! 7 o-2) (5.20)

Whents G001,h, = 297 Qi.e., one in a thousand waves is almost three times the averag
wave heightQ

For the regime distribution of wave heights that is approximated by theologal distribution,
probability quantildsis determined by the expression:

U,
h_u =h0,5 expt —— |,
§ (5.21)

whereU, - quantile of standard normal distribution.

Quantileh, is interpreted as the waveight possible 1 time (at one of the synoptic hoursy in

years. In applied studiess is called thereturn period, and the corresponding probability is
At

determined a: PZW. For e X a mp 6 leours,tea tG;00684T; d t 3 hpur,tc=

0,000342T. Regardless of the method for obtaining the estimates of the regime distrilfi{hpos

information, there is an uncertainty in the joint interpretation of the estimates of maximum wav

hmaxin terms of quantiles (5.20, 5.21).

IDM is sensitive to the vaes of the parameters of extrapolation expressions, especially
parametes with smalltc According to the measurement data, instead of "true" distrib&(io) its
statistical estimat&*(h) is obtained, whose reliability depends on a sample size. Asatinple
sizes in IDM are usually large (for 3 years with 48 synoptic hours per day, a humberNof
waves can reach 500 thousand), the confidence intervals for the initial distribution parameters
are rather narrow. IDM does not reflect the true \mlitg of the maximum wave estimates, as,
even considering the approximations to be ideal, their parani€téiss, s are random due to
synoptic, seasonal and year to year variability, which increases the uncertainty of point estima
and expands the confidence limits of interval estimates. Thus, the sensitivity of the method to t
guality of the initial data, the uncert&ymn estimating events from the low probability domain, and
the adoption of a number of assumptions for combining the approximated distributions lead to t
need to find ways to improve the initial distribution method.

5.2.2 Annual maximal series (AMS) nethod.

When using this calculation methad, . is considered as an extreme member of an ordered
distribution of wave heights.
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With greatn for initial distributionsFy(x) of exponential type (for example, normal, Jogrmal,
Weibull), independent to e@lly converge to the double exponential distribution (also known as the
first Gumbel limiting distribution):

F(x)=exp(-exp{-an(x-by)]), (5.22)

whose parametef§, andb, depend on the initial distribution. Within the quagationarity interval,
the corresponding relations for the wave heights distributed according to the Rayleigh law, and f
regime distributions of the wave heights approximated by andomal distribubn with the
parameter$ s ands are published in [48, 480].

The estimation of wave heighf3 that are possible once everyears is made on the basis of
the extrapolation of distribution (5 22) according to the following formula [46]:

PO <h}=PT{n,, <h}=expl-expl-alh-b-a? InT)|
Distribution (5.23) is of the same type as (5.22)der Ob; =b-0 Inv .

The maximum that is possible once everyears is a random variable with medi@mn )
G+0,367h..

(5.23)

M =

523Peak Over Threshold ({Juv) method.

To estimateh,o by IDM, a rather large amount of initial data(T years,m hours, 365 days) is
used. For elx#4MpBe, Lua30, 365 a 44000. Il n a s
method), from the analysis excluded are the strong storms that are less segvenrnyaar but, in
other years, might be included in the sample of the strongest storms. For this reas¥d] the
method was started to be used in the practice of calculating maximum waves [51]. Using tt
calculation method, a sample is taken fragy in then strongest storms overyears. As a rule, 20
to 30 storms are considered over a period of 30 to 40 years. It is assumed that there is
relationship between wave heights in different storms. Then, the distribution function of the highe
wave heigpts can be written in the following form:

F(r)=3 @) p. .
n=0 (5.24)

whereG(h) - distribution of wave heights exceeding given level Z during the year;
tg, - distribution of a number of storms per year with wave heightszver

For sufficiently high levels Z, the Poisson distributionisused,asi t h par amet er
average number of storms per year. The double exponential distribution (5.22) is most often usec
G(h). Then instead of (5.24), we have the PoisGaimbeé distribution:

F(h)=exp{_ A{l_exp[_exP[h—B ADH 525

In practical calculations of wave heights that are possible once in a given number of years
sample is used that is composed of one largest wave in each storm. Wavéhgtpht is possible
once eveny years, is found as quantigatte (#1/ v ) % of di stri buti on
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According to (5.25), this distribution depends on the average nuommber st or ms per vy
turn, depends on given lev@l Thus,h, (and its particular cad®,,,) is a function ofZ. From (5.25),

we have:
o (Z)=(4- B)ln[ln[l + ;?[exp[— exp(— -Z—;i) _1- %J—Hl ﬂ

whereN - number of storms i years.

From (5.26), it can be seen that quanhijedecreases with increasirfj i.e., the higher the
specifiedZ level, the lower the estimalg,,, by thePOT method.

For distributiontg, in (5.24), the Poisson distribution is taken, then frequency perisdelated
to F(h) as follows

(5.26)

1

AF(R) (5.27)

It follows from (5.27) and (5.25) that the confidence interval for the estirhatiesdetermined
both by the random nature e$timate©® *andb*i n (5. 22) and by the ra
of the Poisson distribution parameter. This means that, according BOtie met ho d, t
value of hp,o is within the confidence region, one of the coordinates of which characterizes thi
spread in estimatds* over height (due to the spread@fandb*), and the other ovets *(due to

T

thevalueof a&* with a small number iHQ.5Ht or ms) . T

B!

0 T l |
T
95 -
T

g_. -
85 T =
8_ - e
7.5 Z ' ~
7 L i 1

o f 50 100 150 T )

Fig. 5.5

Joint confidence regions of estimates of significant wave heights that are possible once every 25, 50, 100 ye@ns msifgpd

Thus, the estimates obtained by P@T method (as well as by other methods) depend on the
choice ofapproximative expressions for the distributions. However, unlike other methods, in th
POT method, the uncertainty of estimates is also associated both with wavehggigimtd with a
frequency period. For example, in Fig. 5.5, the estimate ahthemum 25year wave is contained
within an interval of 72 to 84 m, and the frequency period is 20 to 45 years.
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5.2.4 Quantile function method (BOULVAR).

In order to eliminate the limitations inherent in A@T method and to take into account the
asymptotic characteristics of the AMS method, let us consider n samples consisting ofthéights
the largest waves of thi n étrongest storms in thieth year { =1, . . ,.p). Each oflthe.
samples includes the wave heights that belordjfterent storms (no more than one height is taken
from each storm). Ranging each sample in descending order, we get a set of variate values:

(b, 2 by > 207 1year
d
(a5 205, 2. 282 2" year
_ _ (5.28)
th
(hr 2h 2. 202) U year
Numberfi n 6f members of théth sample (i =1, ..., T) can be different, m@ 1 . n Elo(ire.,
one storm per year), we receive a sample of annual maxima of wave heights. Maximum wave hei
hmaxt hat i s possible once every u year scshiaret h

estimates of quantile§, their probabilistic properties are described by the joint distribution
function:

G(x,,...,xJ:P{h; <X ek, <xn}, (5.29)

called the quantile functionThe method to calculate the maximum waves based on the use o
relation (5.28) (5.29) is known as the BOULVAR method [52, 53, 54, 50, 55, 56]. The name of the
method comes from the firlgttersof 1t s aut horsdé names (BOUKkAh:
Rozhkov). Heightsh® of the largest waves in a sequence of storms within one year may be
considered as connected random variables. This is due to the fat¢f thlaall, by definition,
decrease in the second, third and subsequent, in terms of intestsitys. Therefore, there is a
correlated sequence of maximum waves in individual storms. It is known from the mathematic
statistics that the ranging operation of even an independent initial sample with distribution dens
f(x) leads to the occurrence afcorrelation between theh and jth order statistics.

Let us consider (5.28) together with distribution (5.29). Let us assumgs tisathe probability
of occurrence, in year n storms of a certain intensity, then the multivariate distributiorhef t
probabilities of the highest wave heights in a sequence of storms exceeding a given level will be:

F(xlg..-xm)=;Pn(xl:-"sxn)’ m=1’2’3'" | (530)

Distribution (5.30) is a generalization of distribution (5.28 the general case, the calculation
of distribution (5.30) is rather timeonsuming. Therefore, unlike the methods discussed above, the
BOULVAR method assumes the use of a set of probabilistic models in the calculations and includ
the following main steps of calculations for fhgear extremes:

1. Using a probabilistic model of a periodically correlated random process (PCRP), an ensemble
T-year realizations of mean monthly wave heigh({s is synthesized that determine the seasonal
and year to year variability of storm activity.
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2. An ensenble of T-year sequences of alternating storms and weather windows is synthesize
relative to levek(t).

3. Based on the model ensemble obtained at step 2, the quantiles of the multivariate distributi
(5.30) are estimated corresponding to extreme winagsare possible one (or several) times every
years.

Thus, the BOULVAR method does not use the assumption of storm sequence independence.
the calculations use not only storms exceeding a certain level, but also maximum storms in e:
year (that is, nlike thePOT method, there are no years, for which data were not taken into accour
for a given year), it the possibility remains to use asymptotic distributions for the maximum wav
heights.

In addition, the use of the multivariate distribution (5.28)ve$ estimating not only the first, but
also the subsequent maxima that are possible in a given number of years, which is a noticec
advantage of the BOULVAR method over the others. In particular, situations are possible when t
second maximum that ioopsible once every 100 years, may be greater than the maximum possib
once every 50 years.

5.2.5 Parameters associated with extreme waves.

Each of the considered methods to calculate the extreme waves has its own advantages
disadvantages. To solapplied problems, it seems appropriate that a risk level shall be determine
that is acceptable when estimating the maximum waves. In particular, it is known that &
underestimation of the maximum wave increases the facility destruction risk, and atiroaéeest
the wave leads to an increase in the offshore installation cost.

The problem of choosing the extreme conditions can be clearly demonstrated when analyzi
two-dimensional distributions of wave heights and periods. This distribution is showqg.ib.6]j
the isometric lines of the different frequency periods of these estimates are also shown in this figu
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Fig. 5.6

Point diagram of significant wave heightsand corresponding (associated) wave periggl the SoutkEastern part of the
Barens Sea, as well as isometric lines of combinat{tgsl,) with frequency period of 1 time per year and 10 years
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Moving along an isometric line of the same frequency period, we obtain a set of differer
estimates of both wave heights and periods, i.g.,pant on the isometric line corresponds to a
wave that is possible once everyears. The problem of choosing the appropriate point depends or
the specific applied tasks and the acceptable risk, which depends on a set of numerous factors.
problem ofrisk in design and operation of offshore installations is the subject of active internatione
research. In particular, the problem of risk was taken to a separate section at the last confere
[57]. Some approaches are indicated in papers [58, 59] angiven in the latest edition of the RS
Rules [60].

To estimate the wave periods, the distribution shown in Fig. 5.6 may be written in terms of tf
product of marginal f(h) and conditional f(

S =fWf(z|h). (5.31)

Then, the regression (the conditional mean) is used as an estimate of the conditional (associa
period corresponding to wave heidijt

€)= [1f (51 ).
; (5.32)

Est i mganéee approximated by the relation:

Tass(h) = AhB ° (533)

For the open areas of the Barents Sea and the Sea of Okhotsk, the gailsievithin a range of
4,6 to 50, andl is approximately equal to,® For the North Caspian, the curve of wave period
growth with height is more flattenedl, 4071 4,3,1 = 0,37 0,4 (depending on a depth). Fig. 5.7
shows an example of regression (5.33) and the corresponding point diagram of the wave heights
periods according to instrument measurements using an instrument in the Caspian Sea.

5 T | T
T (5)

Fig. 5.7
Relationship betweereights and periods of waves in the Caspian Sea

When calculating the periods to compile the tables in the second part of this reference da
information was used on mean peridgld ¢ defined as the time between the crossing of the- zero
level realization in one direction (that is, by changing the sign of the derivative from the proces:

realization). Like any other characteristics, wave permm@sstatistical estimates that belong to a
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certain interval. When solving applied tasks, various relationshipe ased based on the
generalization of measurement data obtained in a particular area. More specifically, there is
number of relationships to find lower bound&ify),ower. FOr calculations ofT()ower, the following
relationship can be recommended:

(T )tower = 3,230 . (5.34)

The upper value ofT,)uuper Shall implicitly correspond to a certain quantile of the conditional
distribution of fixedheight periodsf (|ij. The relevant information on mean wave period
distribution is available in the USSR Register referencé fglo The substantiation of the obtained
approximations is also given in [61] and others.

The above approaches to calculate the extreme wave heights refer to estimates of the higt
wave heights at a particular point in the sea. Such approaches arevhEedestimating the
conditions where a fixed facility would be operated. Thousands of ships ply the oceans and se
and for them, the problem of estimating the extremes at a point is rather important, but not sufficie
for safe operation. Approaches fEstimating the extremes in a certain water area as a whole (i.e., ir
space) are much more complicated than estimating at a point. Even if the extremes are estamated
set of points of a certain water area, this does not mean that an extremum wouktrhaneed that
is possible for the entire water ar&pace is not an elementary collection of points. Here are some
of the problems and results of the spaslated study of waves. Some results were reported at the
conference [62].

5.2.6 Spatial extremesof wave heights.

In order to describe the spatial extremes of wave heights that are possible oneeyeaesy let
us consider a generalization of the BOULVAR method based on the model of thetisgace
variability of storms. Generalizing the definitidor waves at point (as compared with Figl), a
storm is understood as sp&oee domain: -

Q) ={r:ha(r,0)= 7}, (5.35)
whereZ - storm level.

Table 5.4 gives the main spatial characteristics of storms.
Table 5.4

Spatial parameterization of storms

Description Notation Definition

Storm area
S (ff"

Equivalent diameter L(t) z\jsg(f)/ﬂ
Stormaverage wave height @) L(l}h(r,t)dr /Sg(t)
Geometric center of storm ro(t) [ A(r.year / [
Geometric wave height h (t) max, o fA(r,0)] o
Center of maximum waves r(t) {rihtrg)=H" 0}
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It shall be noted that complex? r'} determines theextreme features of storm, an@{ro}
determines the general position of the storm in space. Table 5.5 shows the parameter estimates
Table 5.4 for the Barents Sea. The first lines of the table give the probabilities of storm occurren
Nota; @Nd thecorresponding conditional probabilitidg of the simultaneous occurrenceMEtorms.

In particular in winter, the wave height will be more than 2 (m) at least at one point of the sea
43,7% of cases. However, only ind% of cases, there will be madiean two storms at once.

Analysis of Table 5.5 shows that, in the general case, the consideration can only be restrictec
one storm at each moment of time, whose greatest waves are observed at itg. &&hi€s main
characteristiccomplex{h®,L} whereh® also follows the multivariate distribution (5.29), which is
typical for BOULVAR. As for the extremes at a point, probabilistic models are used to calculat
this distribution; in this case, they also take into account temporal variability. Théason and
verification procedure is rather complicated and described in detail in [62, 63].

Table 5.5
Probabilistic characteristics of spatial parameters of storms
Parameter z=2,0(m) z=4,0 (m)
I v VII X I \Y VII X
t total 43,7 30,6 | 23,2 | 47,3 {20,5 |62 1,0 12,5
N=1 87,3 (94,6 {935 1857 [953 [96,9 | 100 |926
(F:%) N=2 | 11,3 | 5,0 6,0 13,1 | 4,6 3,1 — 6,9
N CB 1,4 0,4 0,5 1,2 0.1 — — 0,5
Average | 2.4 2.4 2.3 2.4 4.5 4.4 4,3 4.4
Fm] RMSD 0,5 0,4 0,3 G4 0,5 0,4 0,3 0.4
95% 4,0 3,7 3,2 3,6 6,2 5,3 5,1 5.8
e Average 3.0 2.8 2.6 2.9 5.1 4.9 4,7 5.0
[m] RMSD 1,1 0,3 0,6 0,9 i.1 Q.8 0.6 0,9
95% 7,0 5,7 4,8 6,2 8.8 7,1 6,5 8,2
Average 460 440 450 543 460 380 360 445
L [km] |RMSD 335 [260 [290 [372 |270 |z216 | 195 [269
95% 1460 | 1200 | 1317 [ 1592 [ 1170 | 1000 | 910 | 1243

The probabilistic simulation of field extremes makes it possible not only to estimate th
maximum waves that are possible once evegears over the entire field. It also reproduces the
motion trajectories of extreme storms, their spatial characteristics (in particular, a size of the ar
where the extreme wave exceeds a given level), as well as the spatial distribution of strong stor
over the water area.
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5.2.7 Extremes of wave heights and wind speeds by directions.

The analysis specifics of such data is that ¢ ) I's a system ofhaddepe
angular b variabl es, and Thadjstiibutiorsgb excemésiwdgheout a
regard to directions is a mixture of the distributions of the highest wave heights or wind speeds frc
di fferent sectors d (or G):

fr)= Z?,-%, (r). (5.36)

H e r ;e weight coefficients that are selected from the matching condition st 1, and

that are proportional to return perifddjdd. Thus, the calcul ation
is reduced to matching a density of the annual maximum distribution without taking into accour
directionsf(h) (of the corresponding distribution functi®ith)) with the distributions of the annual
maxima of the heights of waves propagating from a certain directn). Obviously, wave height
h, that is possible once everyy e ar s f r om t h e hadquangeoidistributiond{h) wi |
without taking into account the directions. This approach makes it possible to correlate the estima
of wave heights (and wind speeds) by directions so that the wave heights that possible onte eve
years will be realied in one of the directions.

As an example, Table 5.6 shows estimates of the conditional return period of directions f
waves over 5 m, i.ef( d)dd h>t5 (m).

Table 5.6

Conditional frequency of wave directions of average heights above 5 (m) in thentral part of the Barentssea

Point N NE E SE S SW W NW
f(lw | w07 | - | - | 36 | 179 | - | 107 | 571

Table 5.6 shows that high waves do not come from all directions. In addition, denghy for
waves above 5 (m) becomesmodal as strong storms can be caused by autumn-westers if
the ice conditions allow sufficient fetch, or by winter winds from the south, southeast and soutl
west directions. Fig. 5.8 shows an example of frequendggeapproximation in directionf H) |
from Table 5.6 using the von Mises distribution with paramegers0,7 ,;=¢ 3 1,5 A g = 0,3,
Eor= 18,6 A ) r

f(ﬁlh)=§mfk(ﬁlh),

(5.37)
1 (pIR= el Bl ) B <s. >0
where
_ @ “—lﬁp j"— 2r
fn (?')‘ !Zu: (ﬂ)g 1:2] (5.38)

T modified Bessel function of zero order of the first kind.
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Varyi ng pandg allewts ebtamingadistributions from uniform to focused ones.
Fig. 5.8 shows a fairly good correlation to the approximation with the initial data.
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Fig. 5.8
Conditional frequency of wave directions with average heights above 5 m.
1 - measurement data,-2pproximation by mixture of von Mises distributions.
The Barents Sea, central part

5.2.8Calculation of wave parameters that are possible once every 1080d 10000 years.

In some situations (for example, when insuring an expensive installation located in the op
sea), it becomes necessary to estimate the wave heights that are possible less often than once
10 years, in particular, once every 1000 amen every 10000 years.

Currently, there are at least two approaches to estimate such wave heights: statistical ¢
physical. The physical approach requires both to estimate the limiting (for physical reasons) wav
during a hypothetically probable (bpbssibly not yet recorded) storm and to take into account
scenarios of a possible change in circulation processes when affected by natural and anthropog
factors. Such problems are being solved by the scientific community within the framework of larg
international projects rated for several years. For example, the STOWASUS project (STOr
WAves and SUrges Scenar isocse.n airStoosr mi owa vtehse axnx

Statistical approach.

Among the various statistical approximations to the l@mbunder consideration, we give the
most substantiated interpretation, which is fundamentally different from the naive extrapolation
regime distributions taken in some papers to a domain of very low probabilities. Let us consider 1
samples of 100 amal maximum wave heights, each of which is distributed according to Gumbel
law (5.22).

Extreme termh,;;00 Of such samples is also a random variable distributed according to law
(5.22), but with paramete¥ o, bioo determined by relations (5.23), as
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FunB)=1F, 00" (5.39)

Thus, quantilet{y10)° of distribution (5.22) is quantilly,0f distribution (5.39) with parameters
(5.23), and quantilehl,m“ of distribution (5.22) is quantildy,00 Of distribution (5.39) with
parameters (5.23).

Therefore, the wave heightsat are possible once every 1000 and 10000 years are interpreted ¢

upper deciléQ, and percentiléQ, of the probabilistianterval of wave height that is possible

once every 100 years. If the values of wave heiahis hy, are given that are possible once every
u; andT, years, and considered as probability quantileswfdrid 1/i5, of the Gumbel distribution,
then parameters (5.22) are uniquely determmgg= b, Qo= © Hn1QD.

So, if for the SoutiEastern part of the Barents Sea, the estimates of significant wave heights th
are possible once every 50 and 100 ydw$s5,7 m, hio0=59 m. Then,© 4,6 m, b=0,3 m. The
median of distribution (5.22) with these parameters,isr, and estimates of significant wave
heights that are possible once every 1000 and 10000 years will 6,5 m, hy10'=7,2m.

This approach can also be applied to estimate the wave heights that are possible once every
and 10000 years by direction$he above approach was applied to calculate waves for the
Prirazlomnoye oil field in the Pechora Sea [64].

Physical approach.

When calculating the limiting waves, consideration shall be given to the fact that it is necessa
to predict the waves farery long frequency periods under synoptic conditions, which did not occur
before, but might be realized without violating the laws of aerodynamics and hydrodynamic:
Therefore, the question of the physical realizability of the wave formation conditiatisdeto
such rare events is of great importance, but does not have a final solution. It shall be noted t
attempts to create a certain synthetic storm, which did not take place, but might have occurred, I
to unrealistically high estimates of wavedt#s and other hydrometeorological phenomena [65].

Several international projects have been completed where an attempt was made to take |
account storm activity (frequency of cyclones, maximum winds) using various scenarios of clima
change. For examp] when the content of carbon dioxide in the atmosphere is doubled compared
the present time. However, all these results have not been brought to a specific applied result.
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Part 2

REFERENCE DATA ON WIND AND
WAVE CLIMATE OF THE BARENTS SEA,
THE SEA OF OKHOTSK
AND THE CASPIAN SEA



Part 2 provides the following statistical characteristics of wind and waves:

Highest wind speeds with retuperiod of once a year, every H), 25, 50,100 years, with no
allowance for directions, and by eight points at averaging intervals of 1 hour, 10 min and 5
(gusts).

Duration of stor ms and weather windows
mean valuesd rootmeans q u aa B d 0 ma x i R)valnesmyiopths.

Frequency%) of wind speed¢vV,m/ s ) by di r e c fViYoandsproldabilityf (V)% q u ¢
of wind speeds and frequency of wind directifngi ) % by mont hs and f or
Wave heights, periods, lengths (mean, of 13 per cent, 3 per cent, 1 per,temr @ent

probability) and crest heights oflOper cent probability, possible once a year, every 5, 10, 25,
50, 100 years.

Duration of stor ms a n theightedd 8 pee gent probabdity bys
gradations (every 2 (m)): mean valudsootmeansquarel,a n d ma x i B walueshyOr |
months.

Frequency (%) of wave heights of 3 per cent probabihity,(m) by directionsd, frequency
f(h)% and probabilityF(h)% of wave heights, and frequency of wave directibhsd ) % Db
months and for the whole idese period.

Joint frequency (%) of wave heights of 3 per cent probabhigy,(m)and mean per |
frequencyf% and probabilityF% of wave heights and periodand regression curves,( U) |,

mgh).
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The Barents Sea

Area 1 (Western part of the Barents Sea)

Table B.1.1

Highest wind speeds (m/s) with frequency of once a year, everyl®, 25,50, 100 years, with no
allowance for directions, and by eight pointsat averaging intervals of 1 hour, 10 min and 5 s (gusts)

v,yearsi N | NE | E | SE | S | sw | W | NW |General:
Averaging interval: 1 hour
1 20,9 21,0 20,4 20,9 21,3 19,9 18,6 194
5 24,6 24,6 24,1 24,7 25,2 24.0 226 23,2
10 26,2 26,2 25,7 20,3 26,9 25,7 24,3 249
23 28.4 28,3 27,8 28,4 29,1 28,0 26,6 27,1
50 30,0 29,9 204 30,0 30,8 298 28,3 28,7
100 31,6 31,5 30,9 31,6 32,5 31,5 30,0 30,4
Averaging interval: 10 min
i 22.6 227 22,1 22,7 231 21,6 20,1 20,9
5 26,9 26,9 26,3 26,9 21,5 26,1 24,6 253
10 28,7 28,7 28,1 28,8 204 28,1 26,5 27,1
25 31,1 31,1 30,5 31,2 32,0 30,7 29,1 29,6
50 33,0 32,9 32,3 33,1 33,9 32,7 31,1 31,6
100 349 348 34,1 34.9 35,9 34,8 33,1 33,5
Averaging interval: 5 s (gusts)
1 27,3 274 26,7 274 27,9 25,9 24,0 25,1
5 32,8 329 32,1 32,9 33,7 31,8 29.8 30,7
10 35,3 35,3 34,4 354 36,2 34,5 324 33,2
25 38,5 38,5 37.6 38,6 39,7 38,0 35,8 36,5
50 41,1 41,0 40,1 41,2 42,4 40,7 38,5 39,1
100 43,6 43,5 42,6 437 45,1 435 412 41,7
Table B.1.2
Duration of storms and weat her windspeedsysgradhtiohsqmean values, root-

meansquarelxa n d

ma x i nmRlivalues)@ay[

vV (m/ St or ms Weat her window
(m/s) 4 | d | max] | tg | max[ U
JANUARY
5,0 6,8 5.4 204 2,0 6,5 6.0
10,0 2,9 2,6 8,7 1,8 1,5 5,5
15,0 1,5 1,2 4,5 42 472 12,7 .
20,0 1,0 0,9 2,9 19,7 12,6 31,0
25,0 0,6 0,4 1,6 30,1 4,7 310
FEBRUARY
5,0 5,1 33 15,3 2.8 7.1 8,3
10,0 3,0 2,4 8.8 2.2 2,1 6,5
15,0 1,5 1,2 4,6 3,0 6,2 14,9
20,0 0,7 0,6 2,0 17,4 11,1 28,0
25,0 0,3 0,3 1,0 28,0 - 28,0
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MARCH

5,0 6,4 6,0 19,3 2.4 6,7 72
10,0 2,8 2.3 8.3 2.2 1.9 6,5
15,0 13 1.0 4,0 6,0 6,6 17,0
20,0 0,6 0.4 1,9 24,3 11,0 31,0
25,0 0,1 _ 04 31,0 — 31.0
APRIL
5,0 5,8 4.2 174 1.4 34 4,1
10,0 1.9 1,5 5.7 2,9 3,1 3.6
15,0 1,1 0.8 3,2 13,8 12,2 30,0
20,0 0,7 0,6 2,2 293 3.6 30,0
MAY
5.0 40 3,5 12,1 1,3 1,0 3.8
10,0 1,6 1,4 4.7 43 42 12,8
15,0 1,0 0.8 2.0 232, 11,9 31,0
20,0 0,8 _ 2.3 31,0 _ 31,0
JUNE
50 3,6 2.8 10,9 1,7 2.3 5,0
10,0 14 1,1 43 6,0 6.9 18,0
15,0 0,6 0,5 1,7 26,2 9,2 30,0
JULY
5.0 35 2,7 10,5 1,6 1,2 4,8
10,0 1,2 0,8 3,5 7,5 7.4 22,6
15,0 0,5 0,5 1,5 28,2 72 31,0
AUGUST
5.0 4,2 3,2 12,6 15 1.2 4.5
10,0 1,6 12 4.6 ) 4.7 15.6
15,0 0.6 0,5 15 25.1 11,1 31,0
20,0 0,2 - 0,5 31,0 _ 31,0
SEPTEMBER
5.0 55 4.4 16,5 1,2 2.4 16
10,0 2,0 14 5.9 3,1 2,7 9.2
15,0 0,9 0,8 2,6 12,5 112 30,0
20,0 0,5 04 1,4 293 3.6 30,0
OCTOBER
5,0 5.5 4,5 16,5 1,8 5,6 54
10,0 2,6 1,9 7.8 2,1 17 6,4
15,0 1,2 0.9 37 5.8 6.4 174
20,0 0,6 0,6 1,9 247 10,8 31,0
25,0 0,4 0,5 1,2 31,0 - 31,0
NOVEMBER
5,0 6.4 4,9 19,1 2,6 7,1 7.8
10,0 2,8 2.4 8.4 1,9 1,5 5.8
15,0 13 1,0 3.0 4,9 438 12,7
20,0 0,7 0,6 2.1 24,0 9.9 30,0
25.0 0,4 0,3 13 30,0 - 30,0
DECEMBER
5,0 7.7 5.4 22, 3.3 8,5 10,0
10,0 3,5 32 10,4 1,9 1,6 5.7
15,0 L5 1,3 4,6 47 37 14.0
20,0 0,7 0.8 22 20,5 12,5 31,0
25.0 0,3 0,3 0,9 30,5 3,5 31,0
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Frequency of wind speedV,

Table B.1.3

m/ s) by dir e &\)and prabability F(V) ofevipdispeeds y

and frequency of wind directionsf( G ) , %.
- JANUARY 7 7 -
Vims)|] N | NE E | se | s [ sw [ w | NW [ fV) | FV
0-3 0,3 0,2 0,1 0,5 0,3 02 | 01 04 22 | 1000
3-6 2,0 1.4 2,0 1,3 1,4 0.9 0,6 0.9 104 97,8
6-9 3,1 3,7 2,4 2,5 2.3 1,7 1,1 2,0 18,9 87,4
9-12 5,7 4,9 3,0 2,3 24 1,6 1,0 2,2 23,1 68,5
12-15 5,1 4,4 3,7 2,7 1,8 1,3 0,8 i3 21,2 453
15-18 33 2,8 1,3 1,5 1.4 0,7 0.8 1,0 12,8 241 |
18-21 1,6 1,6 0,9 1,0 0,7 0,6 0,4 04 7,3 113
21-24 0,6 0,7 0,2 0,4 0,6 -0,2 0,1 0,1 3,0 4,0
24-27 0,2 0,1 - 0,2 0,2 | 006 - - 0,7 1,1
=27 0,06 0,1 - - 0,06 0,06 - - 0,3 0,3
Ao) 22,0 19,9 13,7 12,4 11,2 7,4 5,0 B4 1000 | —
Table B.1.4
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
FEBRUARY
Vimis)| N [ NE E [ se | s | sw ][ w [ NW [ fV) | FV
0-3 0,4 0,5 0,2 04 08 | 02 [ 05 05 | 35 | 1000
3-6 1,8 1,1 2,0 1,6 2,1 1,1 1,0 1,0 11,7 96,5
6-9 3,3 3,7 3,3 2,3 2,8 1,9 1,4 1.4 20,1 84,8
9-12 3,5 5,2 3.5 31 2,9 2,0 0,7 1,1 22,1 64,7
12-15 3,7 4,2 2,7 2,0 2,9 1,7 1,0 i.4 19,7 42,6
15-18 2.4 2,5 1,5 1,4 1,8 1,0 0,8 0,7 12,1 22,9
18-21 1,0 1,0 0,5 1,4 1,2 1,0 0,6 0,7 7,5 10,8
21-24 0,4 0,4 0,2 0,5 0,3 0,4 0,07 0,3 2,7 3,3
24-27 - - ~ 0,07 0,2 0,07 0,1 0,07 0,5 0,7
227 . - - 0,07 - - - 0,07 0,1 0,1
o) 16,6 18,7 14,0 13,0 15,0 9.4 6,3 7,1 100,0 —
Table B.1.5
Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipduspeeds y
and frequency of wind directionsf( G ) %.
MARCH
V(mis)| N NE E | se | s [ sw [ w | NWwW [ fV) | FV
0-3 04 0.6 0,4 0.4 0,7 0,6 0,2 0,6 4,0 100,0
3-6 1,4 2,5 1,6 1,6 1,1 0,8 0,7 1,1 10,8 96,0
6-9 3,7 4.6 3,2 3,3 2,2 1,9 1,2 1,6 21,8 85,2
9-12 4,3 6,0 3,8 34 2,0 1,9 1,6 1,6 24,6 63,5
12-15 4,1 4,2 2.7 2,7 2,3 1,7 i,0 1,1 19,7 38,8
15-18 1,9 2,7 19 2,2 1,2 1,2 1,0 0.6 12,6 19,1
18-21 0,9 0,5 0,7 0,7 0,6 0,6 0,6 0,2 4,7 6,5
21-24 0,3 . 0,2 - 0,5 0,06 0,3 0,2 0,06 1,7 1,8
>24 - - - - 0,06 . 0,06 - 0,1 0,1
) 16,9 21,2 14,3 14,9 10,4 9,1 6,5 6,3 100,0 —
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Frequency of wind speedV,

Table B.1.6

m/ s) by dir e f{\)and prabability F(V) ofevipdispeeds y

and frequency of wind directionsf( G ) , %.
APRIL
V(mis) [ N NE E SE S sw_| W NW__| §(V) F(V)
0-3 1,3 0,6 0.4 0,7 0,9 0,6 0,5 0.4 5,4 100,0
3-6 4,0 2,8 1,9 24 24 2,2 1,5 1,7 18,9 94,6
6-9 5,9 6,4 4,0 2.9 2,4 24 1,5 23 279 75,6
9-12 4,9 54 3,3 3.4 2,4 1,2 1,5 1,5 23,7 47,8
12-15 3,6 2,6 1,8 2,1 2,2 0,8 0,8 0,8 14,8 24.0
15-18 1,2 1,3 0,% 1,2 (0,6 0,3 0,2 0,4 6,1 9,2
18-21 0,4 0,4 0,2 0,3 0,6 0,3 - 0,2 2.4 3.1
>21 0,06 0,2 0,3 0,06 0,06 - 0,06 - 0,8 0,8
f9) 21,3 19,7 12,9 13,1 11,7 7,8 6,2 7,3 100,0 —
Table B.1.7
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G) , %.
MAY
V (m/s) N NE E | se | s | sw | w NW [ f(V) F(V)
0-3 14 0,9 1,2 1,3 1,5 0,8 0,9 1,0 8,9 100,0
3-0 4,5 3,2 3,3 24 2,6 3,0 3,4 4,4 26,7 91,1
6-9 6,7 3,5 32 2,7 2,5 2,0 3,3 4,3 30,3 64,3
8-12 5,4 3,3 2,2 2,2 1,4 1,7 1,2 2,9 20,3 34,1
12-15 1,9 1,4 1,1 1,2 1,0 0,6 0,6 1,6 9.4 13,7
15-18 03 0,2 0,0 0,7 - 0,3 0,2 0,06 0,1 2,8 4,3
18-2] 0,2 0,1 0,6 0,3 - 0,06 0,1 0,06 1.4 1,5
>21 - - - 0,06 . - - - 0,1 0,1
A9) 20,3 14,5 12,3 1,0 9,3 8,4 9,6 14,5 100,0 _
Table B.1.8
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
JUNE
V (m/s) N NE E SE | s | sw [ w NW | (V) F(V)
0-3 0,9 1,9 1,6 1,5 1,9 1,6 1,5 1,4 12,3 100,0
3-6 4,4 3,3 2,4 3,5 3,1 3,5 4,4 4,0 28,7 87,7
6-9 3.9 3,5 3.7 3,9 2.9 3,7 4,9 4,7 31,2 59,0
9-12 2,7 2,3 2,6 2.4 1,7 2,1 1,8 3,2 18,8 27,8
12-15 0,9 L1 0,9 1,5 0,6 0,6 0,8 0,6 6,9 9,0
i5-18 | 04 0,3 0,3 0,2 0,1 0,1 0,06 0,2 1,8 2,1
18-21 - 0,1 0,06 - - “ 0,00 - 0,3 0,3
21-24 - - - - - - - - + 0,1
224 - 0,06 - - - - - - 0,1 0,1
f9) 13,2 12,8 11,5 13,0 10,4 11,6 13,5 140 | 1000 —
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Table B.1.9

Frequency of wind speed¢V, m/ s ) by di r e c tfiV)oandsproliabilityfF¢Veofwine speeds

and frequency of wind directionsf( G ) , %.
JULY
V (m/s) N NE E SE S SW W NW f(\V) F(V)
0-3 1,9 1,8 1,1 1,6 1,9 1,7 1,3 2,1 13,4 100,0
3-6 4,0 3.4 4,7 3,0 4,1 3.5 4,2 4,4 31,3 36,6
6-9 2,8 3,6 3,0 3.9 4,7 4,1 49 4,4 314 55,3
9-12 1,7 1,8 1,8 2,7 2,2 2.5 2,4 2,2 17,4 23,9
12-15 0,9 0,6 0,9 0,7 0,4 0,7 0,4 0,4 5.0 6,5
15-18 0,1 0,3 0,3 0,2 ~ 0,2 0,06 0,1 1.4 1,5
>18 0,06 - - 0,06 - - - - 0,1 0,1
£9) 11,5 11,5 11,8 12,3 13,3 12,7 | 132 137 | 1000 | —
Table B.1.10
Frequency of wind speed{, m/ s) by di r e &\) and prabability F(¥) ofevipduspeeds y
and frequency of wind directionsf( G ) %.
AUGUST
Vvimis)| N NE E SE S Sw W NW | f(V) F(V)
0-3 i1 1.4 1,2 1,4 1,9 0,9 1,5 0,9 10,1 100,0
3-6 24 4,1 4,3 3,9 3.5 3,0 3,7 33 28,3 89,9
6-9 3,5 2,9 4,8 4,1 4,0 3,1 2.9 43 29,5 61,6
9-12 3,2 2,3 3,7 2.4 2,0 22 2,7 24 20,8 32,1
12-15 1,3 1,0 1,2 1,6 0,9 0,4 0,6 0,9 7.8 11,3
15-18 0,6 0,1 0,4 0,3 0,06 0.4 0,6 0.4 2,7 3,3
>21 0,2 0,2 0,06 0,06 0,06 0,06 0,1 - 0,7 0,7
F(0) 12,2 11,9 15,6 13,7 12,5 9,9 12,0 12,2 100,0 —
Table B.1.11
Frequency of wind speed¢V,m/ s ) by di r e c tfiV)oandsproliabilityfF¢Veof speedsand
frequency of wind directionsf( G ) , %.
SEPTEMBER
V(m/s)| N NE E SE S SW wW_ | NwW_ | V) [ _F(\W
0-3 0,5 0.8 04 1.0 0,8 0,6 0.8 0,8 5,6 100,0
3-6 2,1 2.8 2.5 2.0 2,1 2,3 27 1,5 17,9 94.4
6-9 4,0 4,5 4,0 4.1 3,8 2,1 24 2,6 27,5 76,5
9-12 3,1 3,7 3,2 3,5 3,5 22 1,8 2,1 23,1 49,0
12-15 2.5 2,3 2,5 2,2 2.4 1,3 1,3 1,% 16,5 25,8
15-18 1,0 1,4 0,9 1,3 0.5 0,3 03 0,6 6,3 9.3
18-21 0.4 0.4 0,6 0,2 0,06 0,1 0,2 0,2 2,2 3,0
21-24 0,1 0,2 0,06 0,2 - - - 0,06 0,6 0,8
224 . - 0,1 - - - - - 0,1 0,1
A9 13,7 16,2 14,3 14,4 13,2 9,0 9.6 9,7 100,0 —
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Table B.1.12

Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y

and frequency of wind directionsf( G ) , %.
OCTOBER
Vmis) | N | NE | E [ SE | s | sw | W [ NW | fv) | FM
- 0-3 0,7 0,3 0,1 0,7 0,8 03 0,3 0,6 3,8 100,0
3-6 1,0 1,8 1,7 1,7 2,5 0,9 1,1 0,9 12,3 96,2
6-9 3.5 3,3 2,4 2,9 2,7 1,6 1,7 2.0 20,0 839
9-12 5,0 4.6 3.0 3.2 3,0 2,2 2,1 24 25,6 63,8
12-15 4,7 3,5 2,7 3,3 1,9 1,1 0,9 1,6 19,7 38,2
15-18 3,0 1,9 1,5 1,7 1,0 0,7 0.6 1,1 11,4 18,5
18-21 0,7 0,8 0,7 1,1 0,7 0,4 0,06 0,4 4.7 7.1
21-24 0,4 0,2 0,3 0,5 0,2 0,06 - 0,1 1,9 24
24-27 - 0,1 - 0,3 - - - - 0,4 0,6
227 - 0,06 - - 0,06 - - - 0,1 4,1
flo) | 194 16,6 12,5 15,4 12,9 7.4 6,8 9.1 100,0 .
Table B.1.13
Frequency of wind speed¢V, m/ s ) by di r e c tf{V)oandsproliabilityfF¢VEeof speeds and
frequency of wind directionsf( G ) %.
NOVEMBER
V(mis) | N NE E SE S sW_ | W NW f(V) E(V)
0-3 0,5 0,4 0.4 0,6 0,5 0,3 0,3 0,2 3,1 100,0
3-6 0,9 1,7 i,7 1,3 1,3 1,7 1,2 1.1 10,8 96,9
6-9 3.1 3.4 2,1 2.8 2,9 2,0 1,7 1,2 19,1 86,0
9-12 4,4 4,2 34 2,7 3.8 .24 1,5 1,7 24,2 66,9
12-15 4,2 3.4 2,6 2,9 2,6 2.1 1,2 1,5 204 42,8
15-18 2,9 2,0 2,1 2.4 1,4 0,8 0,6 1,1 13,2 22,3
18-21 1,5 1,1 0,9 0,7 0,4 0,7 0,3 0.4 6,0 9.1
21-24 0,6 a3 04 0.4 0.4 0,3 0,06 0,06 2,0 3,1
24-27 0,2 0,06 - - 0.1 0,06 - - 0,4 0,5
>27 - - R 0,06 - - - - 0,1 0,1
- fle) 18,4 16,6 13,4 13,9 13,5 10,2 6,7 7,2 100,0 —
Table B.1.14
Frequency of wind speed¢V, m/ s ) by di r e c tfiV)oandsproliabilityfF¢Veodwine speegds
and frequency of wind directionsf( G ) , %.
DECEMBER
V (m/s) N NE E SE S SW W NW f(\V) F(V)
0-3 0,4 0,3 0.4 0,4 0,7 0,3 0,3 0,2 3,0 100,0
3-6 1.4 1,6 1,2 1,7 1,5 0,8 0,7 0,7 9,7 97,0
6-9 2,4 3,2 2,2 3.0 2,9 1,0 1,5 1,9 18,1 87,3
5-12 5,0 5,2 2,8 2,6 2,2 1,9 1,4 1,3 224 69,2
12-15 45 5,0 2.9 3,2 2.2 L5 1,2 1,2 21,7 46,8
15-18 3,2 3,5 1,9 2,0 1,8 1,1 1,0 0,6 15,0 25,1
18-21 1,9 1,4 0,8 1,1 0,9 0,3 0,5 0,06 6,9 10,2
21-24 0,2 0,4 0,2 0,3 0,4 0,2 0,4 0,2 2,2 3,3
24.27 0,1 0,1 0,06 0,2 0,1 0,06 0,1 0,06 0,9 1,1
227 0,06 - 0,06 - - 0,06 - - 0,2 0,2
flo) 19,1 20,7 12,5 14,6 12,6 7.1 7.1 6,3 100,0 —
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Table B.1.15

Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y
and frequency of wind directionsf( G ) , %.
THROUGHOUT THE YEAR
V (m/s) N NE E SE S | sw W | NW f(V) F(V)
0-3 0,8 0,8 0,6 0,9 1,1 0,7 0,7 0,8 0,3 100,0
3-6 2,5 2,3 24 2,2 2,3 2,0 2,1 2,1 18,1 93,7
6-9 3,8 40 3,2 3,2 3,0 2,3 24 2,7 24,6 75,6
9-12 4.1 4,1 3,0 2.8 2,5 2,0 1,6 2,1 22,2 50,9
12-15 3,1 2,8 2,1 2,2 1,8 1,2 0,9 1,2 15,2 28,8
15-18 1,7 1,6 1,1 1,3 0,9 0,6 0,5 0,6 8,2 13,5
18-21 0,7 0,6 0,5 0,6 0,4 0,3 0,2 0,2 3,7 5,3
21-24 0,2 0,2 0,1 0,3 0,2 0,1 0,07 0,07 1,3 1,6
24-27 0,04 0,04 0,02 0,07 0,06 0,02 0,03 0,01 0,3 0,4
>27 0,01 0,02 - 0,01 0,01 0,01 - . 0,1 0,1
o) 17,1 16,7 13,2 13,5 12,2 9,2 8,5 9,7 100,0 -
Table B.1.16

Heights, periods, wave lengths (medium, 13 per cent, 3 per cent, 1 per cent, fer centprobability),
and crest heights of QL per cent probability, possible once a year, every &0, 25,50, 100 years

T 1 1 l 5 16 | 25 i 50 | 100
WAVE HEIGHTS (m)

h 6,1 7.1 7.6 8,1 8,6 9,0
50% 5.7 6,7 7,1 7.7 8,1 8,5
13% 9.8 11,4 12,1 13,0 13,7 14,4
3% 12,9 15,0 15,9 172 18,1 19,0
1% 14,8 17,2 18,3 19,7 20,8 21,8
0,1% 18,1 21,1 224 242 255 268

WAVE PERIODS (s)

T 11,9 12,8 13,2 13,7 14,1 144
50% 113 12,2 12,5 13,0 13,4 13,7
13% 12,4 13,4 139 14,4 14,8 15,1
3% 13,0 14,1 14,5 15,1 15,5 15,9
1% 13,3 14,3 14,8 15,3 15,7 16,1
0,1% 13,6 14,7 15,2 15,7 16,2 16,6

WAVE LENGTHS (m)

y) 219 256 272 203 308 324
50% 198 231 245 264 278 292
13% 242 282 300 323 340 357
3% 265 310 329 354 373 392
1% 275 321 341 367 387 407
0,1% 290 338 359 387 408 429

CREST HEIGHTS (m) .
0% | 97 | 113 | 120 [ 129 | 13,6 | 14,3
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Table B.1.17
Duration of stor ms oravavd heighasaot 3tper cent\wroballlity iwsgradatiohs
(mean values , root-meansquaredxa n d ma x i nAjvalues)@ay[

hase (M) St or ms We at her wi ndow
o ¥y | (i | max[o] | (i | max[ U
JANUARY
2,0 5,2 23 15,7 3,6 1,9 10,9
4.0 1,9 1,4 5,6 3,0 1.7 8.9
6,0 1,2 1,1 3,7 5,3 2,3 15,8
8,0 0,8 0,9 2,5 9,5 3.1 28,35
10,0 0,5 0,7 1,6 23.6 4,9 31,0
FEBRUARY
2,0 2.7 1,6 8,0 4.9 2,2 14,6
4,0 1,8 14 5,5 3,5 1,9 ' 10,5
6,0 1,1 1,1 34 6,9 2,6 20,6
3,0 0.8 0,9 2.4 14,3 3.8 28,0
10.0 0,6 0,8 1,8 28,0 - 28,0
MAY
2,0 1,8 1,3 5,5 4.2 2,1 12,7
4.0 0,9 1,0 2,8 19,7 4.4 31,0
6,0 1,0 1,0 31 31,0 - 31,0
JUNE
2,0 1,7 1,3 5,1 6,3 2.5 18,9
4,0 0,4 0,7 1,3 20,2 5,1 30,0
JULY
2,0 1,7 1,3 5,0 5,9 2,4 17,5
4.0 0,9 1,0 2,8 27,1 5,8 31,0
5,0 0.5 0,7 1,6 31,0 - 31,0
AUGUST )
2,0 1,8 1,3 5,3 7,1 2.7 21,2
4,0 1,3 1,1 3,9 29,7 54 31,0
6,0 0,8 0,9 2.3 31,0 - 31,0
8,0 04 0.6 1,1 31,0 - 31,0
SEPTEMBER
2.0 2,0 1.4 6,1 2,9 1,7 8,6
4,0 0.9 1,0 2.8 9.5 3,1 28,5
6,0 0,8 0,9 2.4 30,0 - 30,0
3.0 0,7 0,9 2.2 30,0 - 30,0
OCTOBER .
2,0 3,5 1,9 10,3 2.3 1,5 0,9
4,0 1,5 1,2 4.4 4,2 2,0 12,5
6,0 1,0 1,0 2,9 10,3 3,2 30,9
8,0 1,0 1,0 2.9 31,0 - 31,0
10,0 0,7 0,9 2.2 31,0 - 31,0
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NOVEMBER
2,0 3,3 1,8 10,0 2,5 1,6 7,5
4,0 1,3 1,2 4,0 4,7 2,2 13,9
6,0 0,8 0,9 2,3 14,2 3.8 30,0
8,0 0,6 0,8 1,8 30,0 - 30,0
10,0 0.4 0,6 : 1,1 30,0 - 30,0
DECEMBER
2,0 4.8 2.2 14,4 3,6 1,9 10,6
4,0 2,2 1,5 6,7 2,6 1,6 7,9
6,0 1.4 1,2 41 5,0 2,2 15,0
8,0 0,7 0,8 2,1 8,8 3,0 26,4
10,0 0,5 0,7 1,5 1270 5.2 31,0
Table B.1.18
Frequency of wave heights of 3 per cent probabilitynz,,, m) by di r ec tilhhams d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
JANUARY
h30, M N NE E SE S SW w NW f(h) F(h)
0-2 2,0 4.4 3,1 1,3 1,1 2.5 2.5 0.3 17,3 100,0
2-4 6,1 4,6 4,5 4,9 3,4 8.9 4,9 1.6 39,1 82,7
4-6 2,0 1,6 3,2 3,3 4,1 4,2 3,3 1,1 23,0 43,5
6-8 2,1 1,8 0,6 1,5 1,6 2,2 1,0 0,4 11,3 20,6
8-10 0,9 0,3 0,8 0.4 1,9 1,4 1,0 0,2 7,0 9,3
10-12 0,4 0,3 - 0,2 0,1 0,3 0,2 0,2 1,7 2.3
=12 0,2 - - - 0,3 0,1 - - 0,6 0,6
£(6) 13,8 13,1 12,3 11,7 12,6 19,7 13,0 3,8 100,0 —
Table B.1.19
Frequency of wave heights of 3 per cent probabilitynz,,, m) by di r ec tilhhams d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
FEBRUARY
N30, M N NE E SE S SW w NW f(h) F(h)
0-2 2,1 4.8 1,3 4.6 1,9 2,7 2.9 1,3 21,6 100,0
2-4 5,4 6,1 3,1 5.8 3,3 5,5 4.4 4,6 38,3 78.4
4-6 3.2 3.8 2,1 3,1 3,2 4,1 3,1 1,2 23,8 40,2
6-8 1,3 0,9 1,2 2.4 1,7 1,5 1,7 0,4 11,2 16,4
8-10 - - 0,3 1,0 1,3 0,3 1,2 0,1 43 52
10-12 - - - 0,3 - - 0,2 - 0,6 0,9
>12 - - - 0,2 0,1 - - - 0,3 0,3
JiG)] 12,1 155 8,1 17,5 I,5 14,2 13,5 1,7 100,0 _—
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Frequency of wave heights of 3 per cent probabilityhz,

m)

by

di r ectf(hams

Table B.1.20

probability F(h) of wave heights, and frequency of wave directionf§ d ) |,

%.

MAY
| haw,m | N NE E [ SsE | s | sw | w | Nw | fh) | F()
0-2 7.4 5,4 8,2 6,0 7.9 12,2 11,7 7.1 65,8 100,0
2-4 4.4 1,7 2,2 4.7 2,8 4.1 45 4.8 29,4 34,2
-6 - - 0,9 0,8 0,6 0,2 1,0 - 3,5 4,7
26 - - 0,5 0,6 - - 0,1 - 1,2 1,2
9) 11,8 7,2 11,8 12,2 113 16,5 17,3 11,9 100,0 —
Table B.1.21
Frequency of wave heights of 3 per cent probabilityhz,, m) by di r ec ti(h)am s

probability F(h) of wave heights, and frequency of wave directiong d ) ,

%.

JUNE
has,, M N NE E SE S SW W NW | f(h) F(h)
0-2 6,1 10,5 132 9,1 5,2 11,7 13,5 6,9 76,2 100,0
2-4 1,0 3.2 3,1 2,1 3,3 5,9 2.4 0,7 21,9 23,8
=4 0.4 - 0,1 1,0 - 0,1 0,1 0,1 1,9 1,9
A6) 7.6 13,7 16,5 12,2 8,5 17,7 16,0 1,7 100,0 —
Table B.1.22
Frequency of wave heights of 3 per cent probabilityng,,, m) by di r ec ti(h)ams

probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

%.

JULY

N3y, M N NE E SE S SW W NW f(h) F(h)
0-2 5,1 6,0 7,3 10,6 10,3 10,9 20,0 5,7 75,9 100,0
2-4 4.0 3.3 1,7 0,9 2,6 3,5 4,3 0,8 21,3 241
46 04 0,6 0,3 - - 04 0,2 0,4 2.3 2,8
>6 0,2 - - - . 0,3 - - 0,5 0,5
A6) 9,8 10,0 9,3 11,5 12,9 15,1 24,5 7,0 100,0 —_

Table B.1.23

Frequency of wave heights of 3 per cent probabilityhz,, m) by di r ec ti(h)amls

probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

%.

AUGUST
hao,, M N NE E SE S [ sw [ w | Nw f(h) | FE(h)
0-2 23 44 5.0 11,5 5,9 10,7 22.6 6,6 69,1 | 100,0
2-4 0,6 0,6 4,5 4,9 0,9 45 7,9 1,5 25,5 | 309
46 0.2 - 03 - - 1,1 1,9 0,5 40 54
6-8 0,1 - - - - 0,2 0,6 0,2 11 14
=8 - - - - - 0,1 0,2 - 0,3 0,3
(8) 3.2 5.0 9,9 16,4 6,9 16,6 332 8.8 100,0 —
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Frequency of wave heights of 3 per cent probabilityhz,
probability F(h) of wave heights, and frequency of wave directionf§ d ) |,

m)

by

di r ectf(hams

Table B.1.24

%.

SEPTEMBER

haw, M| N NE E SE S SW W NW f(h) | F(h)
0-2 5.8 5,6 5.4 4,5 6,9 5,9 7.6 4,0 45,3 100,0
2-4 4,5 2.8 4,3 6,1 7,2 9.1 7.5 2,4 43,9 54,7
4-6 2.4 0,4 0,6 2.8 0,8 0,8 0,8 0,6 9.4 10,8
68 0,2 0,2 0,2 - - - 0,1 - 0,7 1,5
>8 0,2 0,3 0,2 - - - - - 0,7 0,7
fiB) 13,1 9.4 10,7 134 14,9 154 16,0 7,0 100,0 —

Table B.1.25

Frequency of wave heights of 3 per cent probabilityhgs,, m) by di r e c tf(h)ands

probability F(h) of wave heights, and frequency of wave directionf§ d ) ,

%.

OCTOBER

| hay, m N NE E SE S SW W NW f(h) E(h)
0-2 6,5 5,5 3,4 2,4 2,6 0,6 24 1,2 247 100,0
2-4 11,2 10,2 6,9 3,8 3,6 5,3 49 2,0 48,0 75,3
4-6 3,9 3,3 2,5 2,0 1,0 2,0 1,4 2,5 18,8 27,3
68 1,8 0,6 0.4 0,4 0,5 1,3 0,2 0.4 56 8,0
810 0,7 0,2 - 0,1 0.4 - 0,2 - 1,6 29
10-12 0,3 0,2 0,1 - 0,2 - 0,1 - 0,9 1,3
=12 - 0,4 - - - - - - 0,4 04
K0) 244 20,5 13,3 8,8 84 9,3 93 6,1 100,0 —_

Table B1.26

Frequency ofwave heights of 3 per cent probabilitylisz,, m) by di r e c tf(h)ands

probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

%.

NOVEMBER

hsw, M| N NE E SE S SW W NW | f(h)y | F(h)
0-2 2,0 5,1 6,8 23 4,6 32 22 0,7 26,9 | 100,0
74 9,6 59 44 5,1 71 59 53 1,8 451 | 731
46 34 16 17 43 3,0 33 23 1,5 21,0 | 280
68 0,7 0,1 - 0.3 0.2 1,8 0.9 04 45 | 70
§-10 03 0,5 R 0,1 0,1 0,5 03 0,2 2,1 25
=10 - 0,3 - - - - 0,1 - 0.4 04
£9) 160 | 13,5 128 | 121 150 | 14,8 | 11,1 46 | 1000 | —
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Frequency of wave height®f 3 per cent probability (hze,
probability F(h) of wave heights, and frequency of wave directionf§ d ) |,

m)

by

di r ectf(hams

Table B.1.27

%.

DECEMBER

h306, M N NE E | SE S SW W NW f(h) F(h)
0-2 2,5 2,9 2,6 1,2 1,6 24 0,8 0,7 14,8 100,0
2-4 7,0 4,2 4,1 5,1 30 5,6 3.4 2,1 34,7 85,2
4-6 5,5 3,5 1,4 2,6 4,3 4,5 4,6 1,2 27,8 50,5
6-8 2,9 2,7 0,9 1,9 2,1 1,9 2,0 0,2 14,7 22,7
8-10 1,3 0,1 1,0 1.0 0,6 0.3 1,2 0.4 5.9 8,0
10-12 0.5 0,1 0,1 0.4 - - 0,2 0,2 1,5 2,0
=12 - - - 0,4 - - 0,1 - 0,5 0,5
£(0) 19,8 13.6 10,2 12,7 11,7 14,8 12,4 4,8 100,0 —

Table B.1.28

Frequency of wave heights of 3 per cemrobability (hz%,, m) by di r ec ti(h)ams

probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,
ICE-FREE PERIOD (V-4 )

%.

d,

d,

hag, M N NE E SE S SW W NW f(h) F(h)
0-2 43 5,4 5,5 5,1 5,0 6,6 84 3,3 43,6 100,0
2-4 5,2 43 . 3,6 4,2 4,1 5,8 4,7 2,2 34,1 56,4
4-6 2,1 1,6 1,3 2,1 1,9 2.4 1,8 0,9 14,0 223
68 0,9 0,6 0,4 0,8 0,7 1,0 0,7 0,2 5,3 8,3
§-10 0,3 0,1 0,2 0,3 0.4 0,3 0,5 0,09 2,2 3,0
10-12 0,1 0,08 0,02 0,08 0,03 0,09 0,09 0,04 0,5 0,8
=12 0,02 0,04 - 0,06 0,05 0,05 - - 0,2 0,2
£9) 13,0 12,2 11,0 12,7 12,1 16,2 16,2 6,7 100,0 i

Table B.1.29
Joint frequency of wave heights of 3 pecent probability (hss, m) and average p

frequencyf and probability F of wave heights and periods, and regression curves

mn( Ugh), %. ICE-FREE PERIOD (V-II)

Faves N ]
(m) 24 4-6 6-8 $-10 | 10-12 212 fih) F(h) m(f)
0-2 9.8 29,4 42 0,2 0,03 - 43,6 100,0 48
2-4 - 23,1 9.8 1,1 0,1 0,02 34,1 56,4 5,7
4-6 - 1,9 10,3 1,5 0,2 0,02 14,0 22,3 7,0
6-3 - - 3,9 1,2 0,3 - 5,3 8,3 7,7
8-10 - - 0.4 1,6 0,2 - 2.2 3,0 8,7

10-12 - - - 0,5 0,05 - 0,5 0,8 92
212 - - - 0,1 0,07 - 0,2 0,2 9,7
) 9,8 54.4 28,6 6,4 0,76 0,04

F(1) 100 90,2 35,8 7,2 0,8 0,04 —

my(t) 1,0 2,0 4,1 6,6 6,9 4,0
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Area 2 (SouthWestern part othe Barents Sea)

Table B.2.1

Highest wind speeds (m/s) with frequency period of once a year, everyl®, 25, 50,100 years, with no

allowance for directions, and by eight points at averaging intervals of 1 hour, 10 min and 5 s (gusts)

T,years| N | NE | E | SE | s | sw [ w | NW | General
Averaging interval: 1 hour
1 22,1 20,5 20,3 22,0 23,1 22,8 22,5 22,8
5 25,7 24,1 24,2 25,7 26,3 26,0 26,2 26,7
16 27,3 25,0 25.8 273 27,7 27,3 27,8 28,4
25 294 27,7 28,0 204 29,5 29,1 30,0 30,7
50 30,9 29,2 29,7 3L0 30,9 30,5 31,6 324
100 32,5 30,7 31,4 32,6 32,3 31,9 33,2 34,1
Averaging interval: 10 min
1 24,0 222 22,0 23,8 252 24,8 24.5 248
5 28,1 26,3 263 28,1 28,8 28,4 28,7 29,3
10 29,9 28,0 28,2 29,9 30,4 30,0 30,5 31,2
25 32,3 30,3 30,8 32,4 32,5 32,0 33,0 33,8
50 34,1 32,1 32,7 34,2 34,1 33,6 34.8 35,8
100 35,9 33,9 34,6 36,1 35,7 35,2 36,7 37,8
Averaginginterval: 5 s (gusts)
1 29,1 26,8 26,5 28,9 30,6 30,1 29,7 30,1
5 34,5 32,0 32,2 34,5 35,4 34,9 35,3 36,0
10 36,9 34,4 34,7 36,9 37,6 37,0 37,8 38,7
25 40,1 37.5 38,0 40,2 40,4 39.8 41,1 42,2
50 42,6 39,9 40,6 42,8 42,6 41,9 43,6 449
100 45,1 42,3 43,3 45,3 44,8 44,1 46,2 47,6
Table B.22
Duration of stor ms avimaispegdbygrabatians (nweam véiloes, oot
meansquaretya nd ma x i nAivalues)@ay[
V (mis) Stormso Weat her window
N | (i | max[o] | g | max[ U
JANUARY
5,0 6,5 4,7 194 1,3 4,6 4,0
10,0 2,9 2,5 8,7 1,8 1.4 3,5
15,0 1,4 1,2 47 4.1 34 12,3
20,0 0,8 0,6 2,3 16,6 124 31,0
25,0 0,5 0,3 1,4 30,1 4,6 31,0
FEBRUARY
3,0 6,3 5.3 18,9 2,7 7,0 8.1
10,0 3,3 2,8 9,8 2.0 1,9 6,1
15,0 1,7 1.4 5,1 4.0 4.3 11,9
20,0 1,0 0,8 2,9 15,4 11,6 28,0
25,0 0,5 0,5 1,5 26,5 6,1 28,0
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MARCH

5,0 7.0 48 21,0 1,9 54 5.6
10,0 2,8 23 8.5 2,0 L7 6,0
15,0 14 1,1 43 4.6 4.6 13,8
20,0 0,7 0.6 2,2 22,3 11,7 31,0
25,0 0,6 0,5 1,7 30,4 4,0 31,0
APRIL
5,0 5.9 44 17,7 1,2 3,5 37
10.0 2,4 1.8 7.1 22 1,7 6,5
15,0 1,1 0,9 33 6,4 6,1 193
20,0 0,5 0,5 L5 38,7 5.5 30,0
25,0 0,1 0,1 0,2 30,0 0,0 30,0
MAY
5,0 4,9 3.6 14,7 1.0 0,8 2,9
10,0 1,7 1,4 ) 33 2,8 10,0
15,0 0,8 0,6 24 15,2 12,3 31,0
20,0 0,4 0,2 1.2 31,0 - 310
JUNE
5.0 43 3,5 12,8 12 1,0 3.6
10,0 16 12 46 36 32 10,9
15,0 0,3 0,7 2,3 224 10,3 30,0
20,0 0,4 0,6 13 30,0 . 30,0
JULY
5,0 3,5 2,9 10,6 14 0,0 4,1
10,0 1,3 1,0 4,0 52 5.0 15,5
15,0 0,7 0,7 2.2 27.8 8,1 31,0
20,0 0,3 0,3 0,8 30,8 1,7 31,0
AUGUST
5,0 4,1 33 12,2 13 0,9 3.9
10,0 1.7 1.3 5,1 43 38 12,8
15,0 0,8 0,5 23 243 10,7 31,0
20,0 0,6 0,7 1,7 31,0 0,0 31,0
SEPTEMBER
5.0 a4 34 133 1,2 2.3 36
10,0 1,9 1,7 5,8 2,8 2.2 8,5
15,0 1,0 0,8 2,9 11,2 10,3 30,0
20,0 0,6 0.5 1,9 29,1 3,7 30,0
OCTOBER
5.0 5.8 5.0 17.3 1,0 2,5 2.9
10,0 2.2 1,9 6.7 2,0 1,8 6,1
15,0 1,1 0,8 34 5.7 5,7 17,0
20,0 0,5 0,5 14 25,2 10,2 31,0
25,0 0,2 0,1 0,7 31,0 - 31,0
NOVEMBER
5.0 6,0 4,7 17.9 2,0 5.0 59
10,0 2,8 2.4 8.5 2,1 2.0 6,3
15,0 1,2 0,9 36 4,5 44 13,4
20,0 0,6 0,6 1.9 19,8 12,2 30,0
25,0 0,3 0.2 0,8 29,8 1.4 30,0
DECEMBER
5.0 7.0 52 21,1 14 48 4,1
10,0 2.9 2.5 8,8 1,8 14 55
150 1,3 1,1 4,0 1,1 3,6 12,2
20,0 0,8 0,6 2,3 19,6 122 31,0
25,0 0,8 0,6 24 31,0 ; 11,0
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Table B.2.3

Frequency ofwindspeed Y, m/ s) by di r e &\) and prabablility F(¥) ofevipcuspeeds y
and frequency of wind directionsf( G ) , %.
JANUARY
V (m/s) N NE E SE S SW W | NW f(V) | F(V)
0-3 0,4 0,6 0.4 0,4 0,2 0,5 0,2 0,7 3.4 10,0
3-6 1,2 1,1 1,1 1,1 1,5 1,3 1,3 1,7 10,3 96,6
69 24 2,3 2,5 1,8 2,9 2,0 2,1 2,1 13,2 86,3
9-12 27 2,9 1,7 2,1 3,2 3.0 2,9 3.1 21,5 68,1
12-15 2,9 1,5 1,7 2,0 33 34 2,6 2,5 19,9 46,7
15-18 1.9 1,1 0,5 1,2 2.4 3,2 2,2 1.4 13,8 26,8
1821 1.2 0,2 02 0,5 1,7 1,7 1,2 0,9 7,7 13,0
21-24 0,1 0,06 0,1 0.4 0,9 1,1 0,3 0.2 3,3 5.3
24-27 0,2 0,06 0,06 0,06 0.4 0,2 0,3 0,1 14 2,0
227 - - - 0,06 0,1 0,06 0,06 0,2 0,6 0,6
) 13,1 9,6 8,4 9,6 16,7 164 | 132 13,0 | 100,0 —
Table B.2.4
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
FEBRUARY
V(m/s)| N NE E SE S SW | w NW | f(V) | F(V)
0-3 0,3 0,6 0.4 0,5 0,8 0,3 0,5 0,5 4,0 100,0
3-6 1,3 1,3 1,3 1,0 2,2 1,4 0,7 1,4 10,5 96,0
6-9 1,8 1.4 1,8 1,6 3,5 3,2 1,6 1,5 16,5 85,5
9-12 1,6 1,6 14 2,4 4.9 4,0 3,1 1,9 21,0 69,0
12-15 2.5 1,6 1,0 2,1 4,2 4,5 1,8 1,8 19,5 48,0
15-18 1,2 1,2 1,0 1,3 3.1 3,3 2,2 1.4 14,6 28,5
18-21 1,3 0,2 0,3 0,5 1,5 21 1,5 0,5 8,0 13,9
21.24 0,2 3,07 0,07 0,3 1,0 1,2 04 0,7 4,2 5,9
24.27 0,07 - 0,3 0,1 - 0,3 0,1 0,3 1,4 1,8
227 - - - - - 0,07 0,1 0,2 0.4 0.4
fo) 10,3 8,0 7,7 10,1 21,2 20,4 12,2 10,1 100,0 —
Table B.2.5
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y

and frequency of wind directionsf( G )

%.

MARCH
V (m/s) N NE E SE S | sw W | NW | f(V) E(V)
0-3 0,8 0.4 0,6 0.4 04 0,4 0,9 0,3 41 100,0
3-6 0,3 1,8 1,2 14 22 1,8 1,6 1,2 11,9 959
6-9 1,5 1,8 2.7 1,7 28 3,1 2.3 23 18,2 84,0
912 24 1,9 23 2.5 34 4.4 2.4 2.3 21,6 65,8
12-15 1,6 1,3 1.9 2.6 3,1 4,0 2,8 2,0 19,4 442
15-18 1,2 0,8 1,3 1,7 2.5 4,1 2.2 1,3 15,1 248
1821 0,7 0,1 0.6 1,0 1,2 1.4 0,8 1,2 7.1 9.7
21.24 0,2 0,1 0,06 0,2 0,4 0.4 0,2 0,3 1.9 2,6
24-27 0,2 0,06 - 0,06 0,06 0,2 1006 - 0,6 0,7
>27 - - - - - 0,06 - 0,06 0,1 0,1
o) 9,6 8,4 10,6 11,5 15,9 19,9 13,2 11,0 100,0 —
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Table B.2.6

Frequency of wind speedV,m/ s ) by di r e c tfiVioandsproliabilityfF¢Veofwine speegs

and frequency of wind directionsf( G ) , %.
APRIL
Vm/s)| N | NE E SE_| s swW_ [ w NW f(\V) F(V)
0-3 0,6 0,6 0,6 0,4 0,4 0.4 0,5 1,0 4,6 100,0
3-6 1.9 2.3 1,9 2,4 2,1 2,0 1,9 2,0 16,6 954
6-9 2,2 2,7 2,7 2,9 2,8 2,8 3,0 1,4 20,4 78,8
9-12 3,7 24 23 2,8 4,0 472 2.1 2,1 23,7 584
12-15 3,0 1,7 1,9 2.2 3,8 3,0 1,7 1,5 18,8 34,7
15-18 1,0 1,0 1.7 1,3 2,0 1,4 1,3 0,6 10,2 15,8
18-21 0,5 0,3 0,6 0,8 0,6 0,6 0,3 0,6 4.4 5,6
21-24 0,06 0,06 0,2 0,4 0,1 0,06 0,06 - 1,0 1,2
>24 - - 0,1 0,06 - - - - 0,2 0,2
o) 12,9 11,2 12,0 13,5 15,8 14,6 10,9 9,2 100,0 —
Table B.2.7
Frequency of wind speed{, m/ s) by di r e &\) and prabability F(¥) ofevipduspeeds y
and frequency of wind directionsf( G ) %.
MAY
V (m/s) N NE E | SE | s SW W_ | NW_ | f(V) F(V)
0-3 0,7 1,1 0,5 0,6 1,1 0,7 0,9 1,1 6,8 100,0
3-6 3,0 2,7 2,2 2,5 2,8 2,4 2,5 3.2 21,4 932
6-9 3,8 4,0 2,2 4,3 4,0 3,0 3,1 3,8 28,2 71,8
9-12 3,3 3,0 1,9 3,5 3,1 2,5 2,2 34 23,0 43,6
12-15 2,2 12 1,8 3.5 14 1,0 1,2 2.2 13,5 20,7
15-18 1,1 0,5 0,9 1,1 0,7 0,3 0,3 0,9 5,8 7,2
i8-21 0,3 0,1 0,2 0,1 0,1 0,06 - 6,1 1,1 1,4
221 - 0,1 0,06 - - - - 0,1 G,3 0.3
f0) 14,5 12,8 9,8 14,5 13,2 10,1 10,2 15,0 100,0 —
Table B.2.8
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G) , %.
JUNE
V(m/s)| N NE | E SE S SW_ | w NW fV) |_F(V)
0-3 1,2 1,3 0.8 1.3 . 1,5 1,3 1,2 1,0 9.4 100,0
3-6 2,6 2,6 3,1 3,1 34 24 2,9 2,8 229 90,6
6-9 3,0 2,6 4.4 3.9 3.5 3,1 33 4,6 28,5 67,7
9-12 3,1 2,0 3,1 4,4 3,2 1,6 2,5 3,5 233 39,2
12-15 1.3 1,0 1,9 3,2 0,6 0,5 0,9 1,9 11,3 15,9
15-18 0,3 0,5 0,4 0,6 0,06 0,1 0,4 0,7 3,5 4,6
18-21 0,06 0,2 0,2 0,1 - - 0,2 0,2 1,0 1,1
>21 0,06 - - - - - - 0,06 0,1 0,1
FiC)) 12,0 10,3 13,8 16,7 12,2 9,0 11,3 14,7 160,0 —
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Table B.2.9

Frequency of wind speedV,m/ s ) by di r e c tfiVioandsproliabilityfF¢Veofwine speegs

and frequency of wind directionsf( G ) , %.
JULY
V (m/s) N NE E SE S SW W NW f(V) F(V)
0-3 1,6 1,2 1,1 1,4 2.4 1,1 0,8 i1 10,5 100,0
3-6 29 2,7 3,0 4,5 4.5 3.0 3,2 3.5 274 89,5
6-9 3.6 3.3 4,5 6,3 5,6 3,0 2,3 2,8 31,5 62,2
9-12 1,7 2,0 2.8 3,9 3,5 1,0 1,7 3,3 19,9 30,6
12-15 1.4 0,7 1.4 1.2 1,2 0,4 1.4 1,1 8,7 10,7
15-18 0,4 0,4 0,1 0,2 0,06 - 0,2 0,4 1,7 2,0
18-21 0,06 0,06 - - 0,06 - 0,06 - 0,2 0,3
>71 - . - - - - - 0,06 0,1 0,1
fo) 11,6 104 12,8 17,6 17,2 8,0 9,6 12,2 100,0 —_
Table B.2.10
Frequency of wind speed¢V,m/ s ) by di r e c tfiVoandsproliabilityfF¢Veofwire speeds
and frequency of wind directionsf( G ) , %.
AUGUST
V (m/s) N | NE | E SE S SW W NW f(V) F(V)E
0-3 1,2 1,5 1,2 17 1,3 11 0,6 0,9 06 100,0
3-6 2.4 1.9 3,5 43 33 3.4 1,6 2,8 233 90,4
§-9 2,8 2,7 4,4 6,3 5,0 2,7 2,5 2,5 28,8 67,1
9-12 24 2,9 3,1 4,0 2,7 2,2 1,7 3,2 221 383
12-15 1,8 1,0 1.9 2,1 1,2 . 0,6 1,7 1,7 12,0 16,1
15-18 1,1 0,5 0,7 0.4 0,2 0,1 0,2 0,2 34 4,2
18-21 0,1 - 0,06 - - 0,06 0,2 0,2 0,7 0,7
>21 - . - - - - - 0,06 0,1 0,1
flo) | 118 10,5 14,9 18,7 13,8 10,2 8,6 11,5 100,0 —
Table B.2.11
Frequency of wind speed¢vV,m/ s ) by di r e c tfiVoandsproliabilityfF¢Vveof jpeed ang
frequency of wind directionsf( G ) , %.
SEPTEMBER
Vimis)| N | NE | E | SE | S | Ssw | W [ Nw f(V) F(V)
0-3 0,8 1,1 0,5 0,6 0,9 0,9 0,8 1,0 6,7 100,0
3-6 2,8 1,5 2,2 2,8 32 2,9 2,0 i,8 19,2 93,3
6-9 3,1 1,5 2,1 2,9 4,0 3,6 2,7 3.2 23,2 74.1
9-12 3,9 1,7 2,2 3,1 5,0 3,7 2,6 2.6 24,8 50,9
12-15 1,9 1,0 1,3 1,9 2,3 2,6 1,7 1,8 14,5 26,1
15-18 1,3 1,2 0,6 1.2 1,2 0,6 0,8 1,3 8,3 11,6
18-21 04 0,3 0,2 0,2 0,1 0,3 0,3 0,4 2,2 3.3
21-24 0,3 - . 0,2 0,1 - - 0,06 0,3 1,0 1,1
>24 0,06 I . - - - - - 0,1 0,1
f©) 14,7 8,3 9,4 12,8 16,8 14,6 10,8 12,5 | 100,0 —
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Table B.2.12

Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y

and frequency of wind directionsf( G ) , %.
OCTOBER
V (m/s) N NE E SE | S SW W | NW | fV) [ F(V)
(-3 0,5 03 0,6 0,7 0,8 0,9 0,2 0,4 4.4 100,0
3-6 1.4 1,7 1,3 L7 2.4 2.4 1,9 1,6 14,5 95,6
6-9 33 2,2 1,9 2.8 37 2.8 2,4 2,6 21,6 81,1
9-12 2,7 2,1 1,7 2,2 3.5 4,2 23 2.4 21,2 59,5
12-15 2,5 1,5 1,2 1,7 28 3.1 2.2 3,0 17,9 38,3
15-18 1,4 1,1 1,1 1,2 1,7 1,6 2,2 1,7 11,9 20,4
18-21 0,9 0,3 0.4 0.6 0,7 1,1 0,9 0,9 5,7 8,5
21-24 0.4 0,2 0,3 0,2 0,1 0,1 0,4 0,7 25 2.8
24-27 - 0,06 0,06 - - 0,06 0,06 - 0,2 0,3
227 - - - - - - - 0,06 0,1 0,1
flo) 13,0 0,6 8,5 11,0 15,7 16,3 12,4 13,5 | 1000 —
Table B.2.13
Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y
and frequency of wind directionsf( G ) , %.
NOVEMBER
Vvims)| N | NE | E | se | s | sw | w | NW | fV) | F(V)
0-3 0,6 0,4 0,2 0.4 0,5 0,5 0,3 0,7 3,7 100,0
3-6 1,7 1.4 1,4 1,5 2,1 1,9 1,2 2,1 13,3 96,3
6-9 1,9 1,5 2,2 1,6 2,5 2.4 2,8 2.6 17,5 82,9
9-12 2,5 2,1 1,5 2.4 3,7 5.3 23 | 15 21,2 65,4
12-15 1,9 1,3 1,9 2,0 3,7 5.4 2,3 23 20,9 44.2
15-18 1,3 1,1 1,3 1,7 1,9 3,8 1,5 1,4 14,0 23,3
18-21 0,8 0,4 0,2 0.4 0,8 1,5 0,9 0,8 5,8 9.3
21-24 0,3 0,06 03 0,3 0,3 0,7 0,3 0,4 2,6 3,5
24-27 0,2 0,1 0,06 0,06 0,2 0,1 0,06 - 0,8 0,9
=27 0,06 - - - ~ - - - 0,1 0,1
o) 11,3 8,4 9.1 10,4 15,7 21,6 11,6 11,9 100,0 _
Table B.2.14
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
DECEMBER
V (m/s) N | NE E SE S SW W NW (V) F(V)
0-3 0,2 (0,2 0,1 0,9 0,6 0,2 0,4 0,6 3,2 100,0
3-6 1,2 1,4 1,2 1.4 1.4 1,9 1,7 1,6 11,7 96,8
6-9 272 1,6 1,5 2,1 2,1 3,0 2,7 2,3 17,5 85,0
9-12 26 3.0 1,6 2,0 3,7 4,7 3,4 2,2 23,4 67,6
12-15 23 1,0 10 1,7 33 39 2,6 1.7 17,6 442
15-18 22 1.4 0,9 1,6 2,9 3.4 1,3 0,8 14,6 26,6
1821 12 0.4 0,7 0,8 1,6 1,7 1,2 0,7 8.3 12,0
21-24 0,2 0,3 0,1 0,3 0,5 0,8 0,5 0,2 3,0 37
24-27 0,06 - - 0,1 0,06 - 0,06 0.2 0,5 0,7
=27 - - - - 0,06 0,06 0,06 0,06 0,2 0,2
A) 12,3 9,4 7,1 11,0 16,2 19,7 14,0 104 | 100,0 —
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Table B.2.15

Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y

and frequency of wind directionsf( G ) , %.
THROUGHOUT THE YEAR

V(m/s)| N NE E SE S SW W NW | f(V) | F(V)
0-3 0,8 0,8 0,6 0,8 0.9 0,7 0,6 0,8 5.9 100,0
3-6 1,9 1,9 1,9 2,3 2,6 2,2 1,9 2,1 16,9 94,1
6-9 2,6 2,3 2,8 32 3,5 2,9 2,6 2,6 225 77,2
9-12 2.7 2,3 2,1 3,0 3,7 3.4 2,4 2,6 222 54,7
12-15 2,1 1,2 1,6 2,1 2,6 2.7 1,9 2,0 16,2 32,5
15-18 1,2 0,9 0,9 1,1 1,6 1,8 1,2 1,0 9.8 16,3
18-21 0,6 0,2 0,3 0,4 0,7 0,9 0.6 0,5 43 6,6
21-24 0,2 0,09 0,1 0,2 0,3 0,4 0,2 0,3 1,7 2,2
24-27 0,07 0,03 0,05 0,04 0,06 0,08 0,06 0,03 0,4 0,6
>27 - - - - 0,02 0,02 0,02 0,05 0,1 0,1
flo) 12,3 9,7 10,3 13,1 15,9 15,1 11,5 12,1 100,0 —

Table B.2.16

Wave heights, periods, lengths (mean, of 13 per cent, 3 per cent, 1 per cerit,dr cent probability)
and crestheights of Q1 per cent probability, possible once a year, every %0, 25,50, 100 years.
Areas V, VI of the Barents Sea

T 1 | 5 ] 10 ] 25 | 50 | 100
WAVE HEIGHTS (m)
b 6,5 7,3 7,6 8,1 8,4 8,7
50% 6,1 6,8 7.2 7,6 7.9 8,2
13% 104 11,7 12,2 12,9 13,4 14,0
3% 13,7 15,4 16,1 170 17,7 184
1% 15,7 17,6 18,4 19,5 20,3 21,1
0,1% 19,3 21,6 22,6 23,9 24,9 25,9
WAVE PERIODS (s) |
T 12,2 13,0 13,2 13,6 13,9 14,2
50% 11,6 12,3 12,6 12,9 13,2 135
13% 12,9 13,6 13,9 14,3 14,6 14,9
3% 13,5 14,2 14,6 15,0 15,3 15,6
1% 13,7 14,5 14,8 15,3 15,6 15,9
0,1% 14,1 14,9 15,2 15,7 16,0 16,3
WAVE LENGTHS (m)
A 234 262 274 290 302 314
50% 211 236 247 262 272 283
13% 258 289 302 320 333 346
3% 283 317 331 351 365 380
1% 293 328 344 364 379 394
0,1% 300 346 362 383 399 415
CREST HEIGHTS (m)
01% | 10,3 | 11,6 | 121 | 128 | 133 | 13,9
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Table B.2.17

Duration of stor ms and weather windows U for
(mean values , root-meansquaretya n d ma x i mg values)Rday [
h Stormso Weat her window
3% (M) y | (o | max|o] | (i | max[ U
JANUARY
2,0 4.4 2,1 13,3 4.4 2,1 13,2
4,0 1,7 1,3 5.2 3,8 1,9 113
6,0 1,0 1,0 2,9 6,5 2,6 19,6
3,0 0,7 0,9 2,2 15,8 4,0 31,0
10,0 0.6 0,8 1,8 26,5 5,1 31,0
FEBRUARY
2,0 3.9 2,0 11,6 3,9 2,0 11,5
4.0 1,4 12 43 34 1,9 10,3
6,0 0.6 0.8 1,9 8,0 2.8 23,0
3,0 0,4 0,7 1,3 280 — 28,0
10,0 0,3 0.5 0,9 280 — 28,0
MARCH
2,0 3,6 1,9 10,8 4,1 2,0 12,4
4,0 1,4 1,2 4,1 4.4 2,1 13,2
6,0 1,0 1,0 2,9 11,8 3.4 31,0
8,0 0,9 0,9 2,7 26,7 5,2 31,0
10,0 0.4 0,6 1.2 31,0 - 31,0
APRIL
2,0 2,0 1.4 59 3,0 1,7 9,]
4,0 1,1 1,0 3,1 3,9 3,9 26,8
6,0 0.6 0,8 1,8 30,0 - 30,0
3,0 0.4 0,7 1,3 30,0 — 30,0
MAY
2,0 1,7 1,3 5,1 33 1.8 10,0
4,0 0,8 0,9 2,3 17,0 4,1 31,0
6,0 0,5 0,7 1,5 31,0 — 31,0
JUNE
2,0 1,4 1,2 4.1 53 23 15,9
4,0 1,0 1,0 2.9 30,0 - 30,0
JULY
2,0 1,5 1,2 4,5 6,5 2,5 19,5
4.0 0,9 1,0 2,7 20,6 5,2 31,0
6,0 0,3 0,6 0,9 31,0 — 31,0
AUGUST
2,0 1,4 1,2 4,2 7,5 2,7 22,4
4,0 1,1 1,1 34 31,0 - 31,0
6,0 1,1 1,1 3,3 31,0 — 31,0
8,0 04 0,6 1,2 31,0 — 31,0
SEPTEMBER
2,0 1,8 1,3 5,3 3,7 1,9 11,0
4,0 1,1 1,0 3,2 12,3 3,5 30,0
0,0 0.8 0,9 24 30,0 - 30,0
8,0 0,6 0,8 1,7 30,0 - 30,0
OCTOBER
2,0 3,3 1,3 10,0 3,2 1,8 9,6
4,0 1,4 1,2 4,2 5,5 2,3 16,5
6,0 0,8 0,9 2.4 12,8 3,6 31,0
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8,0 0,7 0,9 2,2 31,0 —~ 31,0
10,0 0,5 0,7 1,6 31,0 - 31,0
NOVEMBER .
2,0 3,0 1,7 8,0 2.9 1,7 8,5
4,0 1,0 1,0 3,0 5,9 24 17,7
6,0 1,0 1,0 3,0 20,9 4,6 30,0
8,0 1,0 1,0 29 30,0 - 30,0
10,0 0,5 0,7 1,5 30,0 - 30,0
DECEMBER
2,0 4.4 2,1 13,2 4,3 2,1 12,8
4,0 1,7 1,3 5,2 3,2 1,8 9,6
6,0 1,1 1,0 3,1 6,9 2,6 20,8
3.0 0,8 0.9 22 15,8 4.0 31,0
10,0 0,6 0,3 1,8 31,0 - 310
Table B.2.18
Frequency of wave heights of 3 per cent probabilityhz, m) by directihhamls d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
JANUARY
h3e,, M N NE E SE S SW w NW f(h) F(h)
0-2 6,0 4,2 0.8 2,2 0,6 1,0 2,3 3,1 20,4 100,0
2-4 11,4 4,1 2,8 33 3,2 3,9 7.0 6,3 420 79,6
4-6 3.2 1,7 0.9 1,7 2,5 2,7 4.4 3,7 21,0 37,6
6-8 1,7 0,6 0,8 0,5 1,1 1,1 24 1,8 10,1 16,6
8-10 1,1 - - - - 04 1,0 1,2 3,7 6,6
10-12 0,7 - - - - 0,1 0,3 0,5 1,6 2,8
>12 0,2 - - - - - 0,2 0,8 1,2 1,2
A0) 24,4 10,7 5,3 7,8 7,5 9,3 17,6 17,4 100,0 —
Table B.2.19
Frequency of wave heights of 3 per cent probabilitynz,,, m) by di r ec tilhhams d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
FEBRUARY
hag,, M N NE E SE S SW W NW f(h) | F(h)
0-2 4,5 2.3 2,2 1,2 1,0 1,0 2,7 3,5 18,5 100,0
2-4 12,8 5,3 6,2 2.4 45 3,8 6,2 6,5 47,8 81,5
4-6 5,3 1,4 1,2 1,2 1,9 3.4 3.1 4,3 23,9 33,7
6-8 3,2 0,1 G,1 0,8 0,9 0,7 1,7 0,7 8,1 9,8
3-10 0,2 - - - 0,1 0,1 0,3 0,3 1,1 1,8
210 - - - - 0,1 - 0,2 0,3 0,7 0,7
£(6) 26,1 9,2 9,7 5.6 8,5 9,0 162 15,7 100,0 —
Table B.2.20
Frequency of wave heights of 3 per cent probabilityng,,, m) by di r ec tilhhams d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
MARCH '
hayw,m| N | NE | E | SE | S | sw W NW | f(h) | F(h)
0-2 6,6 6,7 1,5 2,2 1,6 1,3 3.3 4,5 27,7 100,0
2-4 6,7 6,3 6,1 4,3 2,8 6,7 8,3 4,5 45,7 72,3
4-6 1.4 1,7 2,1 2,3 2,6 3,7 3,2 2.4 19,6 26,6
6-8 0.9 0,4 - 0,5 0,1 0,4 1,0 0,6 3,9 7,1
8-10 04 0,2 - - - 0,2 1,1 0,2 2,1 3,1
10-12 0,4 - - - - - 0,4 - 0,8 1,0
>12 0,2 - . - - - - - 0,2 0,2
@) 16,5 15,2 9,8 9,4 7,2 12,3 17,3 123 | 1000 | —
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Table B.2.21

Frequency of wave heights of 3 per cent probabilityhzss,, m) by di r ec tfih)amls d,

probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
APRIL
h39, M N NE E SE S SW w NW f(h) F(h)
0-2 12,3 6,7 53 3,1 4,1 5,5 4.8 6,6 483 100,0
2-4 6,9 4,0 4,7 2,6 5,1 4,5 6,8 5,3 39,8 51,7
4-6 13 0,8 2,1 0,7 0,5 0,5 2.8 1,4 10,1 11,9
6-8 - 0,1 0,1 0,2 - 0,1 0,5 0,5 1,6 1,8
>8 - - - - - - 0,2 - 0,2 0,2
£0) 20,4 11,6 12,2 6,7 9,7 10,6 15,1 13,8 100,0 _
Table B.2.22
Frequency of wave heights of 3 per cent probabilityhzs,, m) by di r ec tf(h)amds d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
MAY
N30, M N NE E SE S SW wW NW f(h) F(h)
0-2 13,4 16,5 6,9 3,1 2.4 1.4 3,7 16,0 63,5 100,0
2-4 6,4 3.8 4,7 2,0 2,0 0,8 3,4 9,0 32,2 36,5
4-6 0.8 0,7 0.4 0,2 - - 1,0 0,8 3,9 4,3
>6 - - - - - 0,1 0,2 0,1 0,4 0.4
| f9) 20,6 21,1 12,0 5,3 44 23 g4 259 100,0 —_
Table B.2.23
Frequency of wave heights of 3 per cent probabilityhzss,, m) by di r ec tih)amis d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
JUNE
h30, M N NE E SE S SW wW NW f(h) F(h)
D2 13,4 20,9 19,9 3,8 03 0,7 4,7 14,1 77,9 100,0
24 4,0 3,9 4,4 1,0 0,8 0.8 23 3,6 20,8 22,1
24 - - 0,4 - - - 0,4 0,4 1,3 1,2
Fi()] 17,4 24.8 24,7 4,9 1,1 1,6 74 18,1 100,0 —
Table B.2.24
Frequency of wave heights of 3 per cent probabilityhgs,, m) by di r ec tf(h)amds d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
JULY
h39, M N NE E SE S SW w NW f(h) F(h)
0-2 14,6 16,2 14,1 7,0 3,1 0,5 6,4 17,8 79,7 100,G
2-4 3,9 33 2,6 0.4 0,1 ~ 3.0 34 16,8 20,3
46 1,1 0,7 - - - - 0,6 0,7 3,1 34
>6 0,2 0,1 - - - - - - 0,3 0,3
A0) 19,9 20,4 16,7 7.4 3,2 0,5 10,0 22,0 | 100,0 —
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Table B.2.25

Frequency of wave heights of 3 per cent probabilityhzss,, m) by di r ec tfih)amls d,

probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
AUGUST
hgem| N | NE E | SE | s | sw | W | NwW | f(hy | F(h
0-2 10,0 12,8 16,1 7,0 2,1 1,5 7.9 24,2 81,6 100,0
24 1,4 1,6 24 0,8 - 0,8 3,3 6,3 16,6 18,4
16 0,1 - 0,3 - - 0,1 G,1 0,4 1,0 1,8
6-8 - - - - - - 0,1 0,3 0,4 0,8
>8 - - - - - - 0,2 0,2 0,4 0,4
f8) 11,5 14,4 18,9 7,8 2,1 24 11,6 31,4 100,0 —
Table B.2.26
Frequency of wave heights of 3 per cent probabilityhzs,, m) by dir ec tihhamls d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
SEPTEMBER
3o, M N NE E SE S SW W | NW f(h) F(h
0-2 8,7 11,2 9.6 5,3 5,6 3,9 5,2 13,4 63,0 106,0
24 5.4 3,9 2,8 2,6 2.4 2.3 5.4 5.6 304 37,0
4-6 2,5 0.3 0,5 0,2 - - 0,7 1,0 5,3 6,0
6-8 0,5 0,1 - - - - - 0,1 0,7 1,2
>8 0,2 0,1 - - - - - 0,2 0,5 0,5
18) 17,4 15,6 12,9 8,1 8,0 6,1 11,4 204 | 100,0 —
Table B.2.27
Frequency of wave heights of 3 per cent probabilitynz,,, m) by di r ec tilhhams d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
OCTOBER
h30, M N NE E SE S SW w NW f(h) F(h)
0-2 9,2 7,3 5,6 0,9 0.8 0.4 2,3 5.8 32,4 100,0
2-4 11,4 11,4 5,0 2,9 1,4 2,9 3,9 7,1 46,1 67,6
4-6 39 1,0 1,0 0,4 0,9 1,5 4,2 2,8 15,8 21,6
6-8 1,0 0,2 0,1 - - 0,1 1,1 1,1 3,6 5.7
8-10 0,5 0,5 - - - - 0,1 0,4 1,5 2,1
>10 0,3 - - - - - - 0,3 0,6 0,6
FiC) 263 20,4 11,8 4,2 3.1 49 11,7 17,5 100,0 —
Table B.2.28
Frequency of wave heights of 3 per cent probabilitynz,,, m) by di r ec tilhams d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
NOVEMBER
haw,m N NE E SE S [ sw [ w [ NwW_| f(h) | F(h) |
0-2 7,6 3,9 5,0 4,3 2,7 2,1 3,8 4,9 35,9 100,0
2-4 5,0 5.9 5,1 4,6 38 6,4 7,0 34 47,1 64,1
4-6 3,3 1,9 0,5 - 0,7 2,1 1,7 L3 11,5 17,0
68 1,0 0,4 - - - 0,5 0,8 0,1 2,9 5,5
810 0,7 - - - - - 0,3 0,5 1,8 2,6
10-12 0,3 - - - - - - 0,3 0,6 0,8
=12 - - - - - - - 0,2 0,2 0,2
£(6) 22,0 14,2 10,6 8,9 7.2 11,0 13,8 12,4 100,0 —

79



Table B.2.29

Frequency of wave heights of 3 per cent probabilityhzss,, m) by di r ec tfih)amls d,

probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
DECEMBER

h3g6, M N NE E SE S SwW W NW f(h) F(h)
0-2 3,9 2,2 0,7 0,9 1,2 23 2,9 2,6 16,8 1030,0
2-4 10,7 6,4 4.6 3,8 4,3 4,0 5,6 5,2 44,8 83,2
4-6 7,2 1,4 0,9 1,5 1,8 2,7 6,0 2,9 24,5 384
68 3.0 0,4 0,1 - .1 0,6 3,9 1,1 9.3 13,9
8-10 1,1 0,2 - - - 0,3 0.4 0,9 2,9 4.6
10-12 0,1 - - - - - 0,3 0,7 1,1 1,7
=12 - - - - - - 0,2 0,4 0,6 0,6
£6) 26,0 10,6 6,4 6,3 7,5 10,0 19,5 13,9 100,0 —

Table B.2.30
Frequency of wave heights of 3 per cent probabilityhzss,, m) by di r ec tih)amls d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
ICE-FREE PERIOD (I-XII)

h3gs, M N NE E SE S SW W NW f(h) F(h)
0-2 9,2 9.5 7,3 3.4 2,1 1,8 4.2 9.8 47,3 100.,0
2-4 7.5 5,0 43 2,6 2,2 3.1 5,2 5,7 35,8 52,7
4-6 2,5 1.0 0,9 0,7 0,9 1,4 2,5 1,8 11,7 17,0
68 1,0 0,2 0,1 0,2 0,2 0,3 1,0 0,5 34 53
8-10 0,4 0,09 - - - 0,08 0,3 0,3 1,2 i,8
10-12 6,2 - - - - 0,02 0,1 0,2 0,5 0,7
=12 0,03 - - - - - 0,03 0,1 0,2 0,2
FiG)) 20,7 15,7 12,6 6,9 5,8 6,6 13,3 18,5 100,0 —

Table B.2.31

Joint frequency of wave heights of 3 per cent probabilityls,, m) and average p
frequency f and probability F of wave heights and periods, and regression curves
mn( Un(h), %. ICE-FREE PERIOD (I-XII)

B3, Mean per.i Characteristics

m [ 24 46 | 68 | 810 | =10 | Am) | FU) | mdk)
(-2 &1 35.4 3,6 0,08 - 473 100,0 4,8
2-4 - 22,0 13,4 0.4 0,02 35,8 52,7 5,8
4-6 - 1,6 0,1 1,0 0,02 11,7 17,0 6,9
6-8 - - 2,3 1,1 - 3,4 53 7,7
8-10 - - 0,1 1,0 0,03 1,2 1,8 8,8
10-12 - - - 0.4 0,06 0,5 0,7 9.3
>12 ; - - 0,08 0,1 0,2 0.2 10,2
1) 8.1 50.0 | 28,5 4.2 0,2
Fxy | 1000 | 91,9 | 329 | 44 0,2 —
my(t) 1,0 1,9 3,7 7,0 10,6
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Area 3 (Central part of the Barents Sea)
Table B.3.1

Highest wind speeds (m/s) with frequencperiod of once a year, every 510, 25,50, 100 years, with no
allowance for directions, and by eight points at averaging intervals of 1 hour, 10 min and 5 s (gusts)

T,vearssk N | NE | E | SE | S | sw | wW | NW |General
Averaging interval: 1 hour :
i 217 20,5 20,8 22,5 23,4 22,8 22,5 22.5
5 254 24,1 24,3 25,9 26,8 26,5 26,2 26,2
10 27,0 25,6 25,7 27,3 28,3 28,0 27,7 278
25 29,0 27.6 27,7 29,3 30,3 30,1 29,9 29,9
50 30,6 29,2 29,2 30,7 31,8 31,7 314 31,5
100 32,2 30,7 30,6 32,2 33,3 33,2 33,0 33,1
Averaging interval: 10 min I
1 23,6 22,2 22,6 24,5 254 24.8 24.4 24,5
5 27,7 26,2 264 28,3 254 289 28,6 28,7
10 29,5 28,0 281 30,0 31,1 30,7 30,4 30,5
25 319 30,3 304 322 334 33,1 32,9 32,9
50 33,7 321 32,1 33,9 35,1 34,9 34,7 34,7
100 35,5 339 33,8 35,6 36,9 36,8 36,6 36,6
Averaging interval: 5 s (gusts)
1 28.5 26,3 27,2 29,7 30,9 30,1 29,6 29,7
5 34,0 32,0 32,3 34,7 36,2 35,6 35,1 35,2
10 364 34,3 34,5 37,0 38,5 38,0 37,6 37,7
25 39,6 374 37,5 40,0 41,6 41,3 40,9 40,9
50 42,1 29,8 39,8 42,3 44,0 437 434 43,5
100 44.6 42.2 42,1 44,6 46,4 46,3 46,0 46,0

Table B.3.2

Duration of storms and weat her windspeedsysgradhtiohsqmean values, root-
meansquarelya nd ma x i nAlvalues) gy

V (m/ Stormso Weat her window,
(m/s) y Uo max[o] g max [ U
JANUARY
50 7,7 6,4 23,2 1,9 6,2 58
10,0 2.9 24 8,6 1,7 1,2 3,0
15,0 1,6 12 4.9 472 4.4 12,7
20,0 0,8 0,6 2.4 13,8 11,7 31,0
25,0 0,5 0,4 1,6 30,7 2.1 31,0
FEBRUARY
5.0 7,6 6,2 22,9 2,0 6,0 ' 6,1
10,0 3,4 2,8 10,2 20 1,7 6,1
15,0 1,7 1,4 5,1 3,9 3,9 11,5
20,0 1,0 0.8 3,0 15,3 12,2 28,0
25,0 0.4 0,4 1,1 27,0 53 28.0
MARCH
5,0 7.0 5,1 21,0 1.0 2.7 2.9
10,0 2,9 2.4 8.6 2,0 1,6 6,0
15,0 1,4 i,1 42 4.6 4,7 13,8
20,0 0,7 0,7 2.1 223 - 11,9 31,0
25,0 0,5 0,3 1,6 31,0 - 31,0
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APRIL

5,0 5,5 4.4 16,6 1,5 42 4,6
10,0 22 1.7 6.7 2.2 1,9 6,7
15,0 1,0 0,9 3,0 6.2 6,0 18,7
20,0 0,6 0,4 1,7 26,4 8,5 30,0
25,0 0,2 0,1 0,6 30,0 0,0 30,0
]
5.0 4,6 32 13,8 1,0 0.8 3,1
10,0 1,7 1,3 5.1 3,2 2.7 9,5
15,0 0,3 0,6 2.3 13,8 12,1 31,0
20,0 0,3 0,4 0,9 30,8 1,3 31,0
25,0 0,3 - 1,0 31,0 - 31,0
5,0 4.4 3,6 13,1 1,1 0,9 33
10,0 1.6 14 4.9 3.6 33 10,6
15,0 0,8 0,8 24 22,2 10,8 30,0
20,0 0,8 0,5 2.4 30,0 - 30,0
JULY
5.0 3.9 33 117 1,1 1.0 34
10,0 1,5 1,1 44 4.6 4,6 137
15,0 0,6 0,5 1,7 26,0 9,9 310
20,0 0,6 - 1,8 31,0 - 310
R
5,0 5,0 4,0 14,9 1,2 1,0 3,6
10,0 1,7 1,2 5,1 4,0 34 11,9
15,0 0,7 0,6 2,2 20,9 11,8 31,0
20,0 0,1 0,1 0.3 31,0 B 310
SEPTEMBER
5,0 5,6 4.4 16,7 1,9 5.2 58
10,0 2,1 1.6 6,2 2.8 2,5 84
15,0 0,9 0,8 2.8 9,0 5,0 26.8
20,0 0,35 0,5 1,6 28,1 6.3 30,0
OCTOBER
5,0 6,6 54 19,7 1,0 2,6 2,9
10,0 2,5 2.0 74 2,0 1,6 59
15,0 1,2 1,0 37 4,9 4,9 14,8
20,0 0,5 0,6 16 25.6 9,6 31,0
25,0 0.2 - 0,7 31,0 ; 31,0
NOVEMBER
5.0 5.8 4.8 17,4 1,6 5.1 4.9
10,0 2.6 2.3 7,9 1,9 1,5 57
15,0 13 1,1 3,9 45 44 13,4
20,0 0,7 0,6 2,0 214 11,9 30,0
25,0 0,3 0,3 1,0 30,0 - 30,0
DECEMBER
5,0 8,0 6,1 24,0 1,7 5,6 5,1
10,0 30 2.5 9.0 1,7 13 5.1
15,0 1,4 11 4,2 4,1 39 12,2
20,0 0,8 0,6 2.3 182 12,4 31,0
25,0 0,4 0,3 1.3 30,3 3.9 31,0
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Table B.3.3

Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y

and frequency of wind directionsf( G ) , %.
JANUARY
Vims)] N | NE | E | SE | S | sw | W | NW | fV) | F(V)
0-3 03 [ 04 | 0,1 0,5 0,6 0,2 0,6 0,3 3,1 100,0
3-6 1,1 1,3 1,1 1,4 2.2 0,6 1,2 0,7 9.4 96,9
6-9 2,6 1,9 2,1 2,0 3,0 2.2 1,3 1,4 16,4 87,5
9-12 29 22 27 27 29 3,8 2.8 2,2 222 71,1
12-15 2.7 1,9 2,4 2,8 32 32 2,5 1,7 20,3 48,9
15-18 19 1,2 0,6 1,6 2,5 2,4 2,2 1.6 13,8 28,5
18-21 0,7 0,2 0.4 1,0 2,0 1,9 1,2 1,3 8,8 147
21-24 0,5 0,06 0,4 0,3 1,0 1,1 0,5 0,3 4,1 5,9
24-27 0,06 - - 0,2 0.4 0,2 - 0,3 1,2 1,8
=27 0,06 - - 0,06 0,06 .3 0,1 - 0,6 0,6
o) 12,8 9,2 9,6 12,5 17,9 15,9 12,4 9,7 1000 | —
Table B.3.4
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
FEBRUARY
vimisy] N | NE | E | SE | S | sw [ w | NwW | f(V) | F(V)
0-3 0,3 0,3 0,3 0,7 0,4 0,4 0,3 04 | 31 | 1000
3-6 0,8 1,0 1,4 1,2 1,6 1.5 1.4 1,0 9,9 96,9
6-9 1.8 1,8 2,6 2,5 3.4 2,5 1,5 1,3 17,4 86,9
9-12 1,6 21 2,9 3,5 4.6 3,3 3,1 1,6 22,6 69,5
12-15 1,6 1,1 1,7 2.3 3,8 3,5 1,9 1,6 17,6 46,9
15-18 1,2 0,5 1,2 1,6 3,7 3,0 2,0 1,2 144 29,3
18-21 0,7 0,3 0,7 0,9 2,0 2,7 1,5 0,3 9.6 15,0
21-24 0,3 0,07 0,3 0,7 1,0 1,0 0,4 0,6 4,2 3,4
24-27 0,07 - 0,1 - 0,2 0,1 0,2 0,1 0.9 1,2
=27 - - 0,07 - 0,07 - - 0.1 - 0,3 0,3
A©) 8,4 72 11,4 13,3 20,7 17,9 12,4 8,7 100,0 —_
Table B.3.5
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
MARCH
Vims)] N | NE | E [ se | s [ sw [ w | NW [ fV) | FV
- -0-3 0,3 0,7 04 0.4 0,5 0,5 0,7 0,3 3,9 100,0
- 36 0,9 1,7 1,9 1,7 1,7 1,6 1,7 1,0 12,2 96,1
6-9 1,1 2.5 3,0 2,9 S 21 3,3 1,7 1,7 18,2 83,9
0-12 2,4 20 2.5 3,5 3,3 4,1 2.5 1,7 21,9 65,7
12-15 1,2 1.4 2,5 2.4 3,1 3,9 2.8 1,0 18,9 43,8
15-18 1,1 0,8 1,7 24 - 29 3,7 1,9 1,5 16,0 24,9
18-21 0,6 0,2 0,5 0,9 1,5 1,2 0,9 0,5 6,3 8,9
21-24 0,2 0,2 - 0,2 0,2 0,3 0,2 0,5 1,8 2,6
24-27 0,2 “ - 0,06 0,06 0,06 0,06 0,1 0,6 0,8
>27 - - - - - (0,2 - - 0,2 0,2
flo) 8,1 9.4 12,5 14,5 15,4 18,9 12,3 8,9 100,0 —
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Table B.3.6
Frequency of wind speedV,, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y

and frequency of wind directionsf( G ) , %.
APRIL

V(mis) | N NE E SE S SW W NW fvV) | F(V)
.03 0,6 0,7 - 07 0,7 1,0 0,7 0.4 1,0 5.8 100,0

3-6 1,5 2,1 2,0 1,9 1,5 1,8 1,9 1,3 14.0 94,2

6-9 3.5 3,5 2.4 3.3 3.2 3,6 2.4 1,9 23,8 80,1
9-12 3,1 27 2,9 2,9 3,3 3,3 2,9 1,7 22,8 56,3
12-15 24 1,9 2,0 2,8 3,0 2,5 1,9 1.4 17,9 33,5
15-18 1,3 0,8 1,8 2,1 1.3 1,3 0,9 0.8 10,4 15,6
18-21 0,3 0,3 0,7 0,8 0,3 0,6 0,3 0,2 3.6 52
21-24 0,1 0,3 0,1 0.4 0,3 0,2 - 0,06 1,5 1,6

=24 - - 0,06 0,06 - - - - 0,1 0,1

o) 13,0 12.4 12,6 14,9 14,0 14,0 10,7 8,3 100,0 —

Table B.3.7
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
) MAY

V (m/s) N NE E | s | s | sw | w NW [ f(V) F(V)
0-3 1,1 0,4 0,6 1,0 1,2 0,9 0,9 0,9 7,0 100,0
3-6 2,2 2,5 2,3 2,1 3,35 2.4 3,0 3,7 21,7 03,0
6-9 42 3,8 3,2 27 3,5 34 2,9 3,2 27,0 71,3
9-12 4,2 2,9 2,2 3.4 3,1 1,9 2,2 3,1 23,0 44,3
12-15 1,9 1,8 1,8 2.2 2,2 1,0 0,7 2,2 13,6 21,3
15-18 1,2 0,5 0,6 1,1 0,4 0,4 0,3 0.9 5,5 7,6

18-21 0,1 0,1 0,4 0,5 0,2 - - 0,4 1,7 2,2

21-24 0,06 0,1 0,06 0,06 - - - 0,06 0,4 04

>24 - 0,06 - - - - - - 0,1 0,1

£fo) 15,0 12,3 11,1 13,1 14,1 10,0 10,0 14,4 100,0 —

Table B.3.8
Frequency of wind speed¥{, m/ s) by di r e &\) and prabability F(¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
JUNE

V (m/s) N NE E | se | s | sw [ w | N | fv | FWV
0-3 0,6 1,2 0.6 0,6 1,9 1,3 1,0 0,5 7.8 100,0
3-6 3,1 24 3,0 2.8 3,5 2,4 2,8 2,3 22,3 92,2

6-9 3,7 3,0 3,1 3,7 4,0 3,3 3,0 4,0 27,9 69,9
9-12 37 1,5 3,3 45 3,7 1,5 2,6 3,7 245 42,0
12-15 1,3 1,2 22 3.1 1,4 0,7 0,8 1,7 12,3 17,5
15-18 0,5 0,6 0,8 0,8 0,3 0,06 0,3 0,8 4,1 5,2

18-21 0,1 0,06 0,3 0,3 - - 0,1 0,06 0.9 1,1

=21 _ 0,06 - - “ - - 0,1 0,2 0,2

Aw) 13,0 10,0 13,4 15,6 14,8 9,3 10,6 13,2 100,0 —_
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Table B.3.9

Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y

and frequency of wind directionsf( G ) , %.
JULY
Vims)] N | NE | E | Se | s [ sw [ W | NW [ f(V) | F(V)
0-3 0,9 1,0 1,2 1,2 1,6 1,1 0,% 0,7 8,7 100,0
3-6 2,9 2,7 2,2 3,7 4,0 3,3 2,0 2,9 23,7 91,3
-9 4.5 3.2 4.0 5,7 5.4 3,3 33 2,7 32,1 67,6
9-12 24 2,5 3,3 4,7 4,1 1,7 2,0 2.5 23,1 35,5
12-15 1,5 1,1 1,6 1,5 1.4 0,3 0,9 1,2 9,6 12,4
15-18 0,5 0,6 0,2 0.4 0,4 - 0,06 0,3 2,5 2.9
18-21 0,06 0,1 - - - - 0,06 0,06 0,3 0.4
>21 . - - - 0,06 - - - 0,1 0,1
£o) 12,8 11,1 12,5 17,2 16,9 9,7 9,3 10,5 100,0 —
Table B.3.10
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
AUGUST
vims)] N | NE | E | se | s [ sw [ w [ NW [ fV) | FV
0-3 0,6 0,7 L2 | 12 1,3 1,1 0,9 1,0 8,0 100,0
3-6 2,0 24 3,7 3,2 3,5 2,0 1,9 2,3 21,1 92,0
6-9 3,5 4,2 4,0 49 3,9 3,3 2,5 3,3 29,6 70,9
9.12 2,6 3,0 3,1 3,3 3,8 1,9 2,0 2,7 22,6 41,3
12-15 2,0 1,7 24 2,5 0,9 0,7 1,1 1,4 12,6 18,7
15-18 1,2 04 1,2 0,6 0.4 0,2 0,2 0,8 5,1 6,1
18-21 0,3 0,1 0,06 0,2 0,1 - 0,06 0,1 1,0 1,1
221 - - - - 0,06 - - - 0,1 0,1
fl©) 12,3 12,7 15,5 159 14,1 9,2 8,7 11,5 100,0 —
Table B.3.11
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
SEPTEMBER
Vims)] N | NE | E | se | s [ sw [ w | NWwW [ V) | FV
0-3 0,6 0,7 0,6 0,6 1,1 0,5 0,9 0,9 6,0 100,0
36 2,2 2,1 2,1 2.3 3,1 1,8 1,5 1,9 16,9 94,0
6-9 2,8 2,6 2,2 3,8 4,0 33 2.6 3,5 24.9 77,1
8-12 4,7 1,7 2,2 4,0 4,2 3,7 2,1 2,0 24,6 52,2
12-15 -1,9 1,5 1,3 2,1 2,7 2,1 1,7 1.9 15,3 27,7 -
15-18 1.4 1,1 1,3 1,2 1,3 0,7 0,8 1,1 8,8 12,4
18-21 06 - 0,3 0,3 0,2 0.4 0,2 0,06 0,6 2,6 3,5
21-24 0,2 0,06 0,06 0,2 0,06 0,06 0,1 0,06 0,8 1,0
=24 0,06 - - - - - - 0,06 0,1 0,1
fo) | 14,6 9,9 10,0 14,5 16,9 12,4 9,7 12,1 100,0 —
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Table B.3.12

Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y

and frequency of wind directionsf( G ) , %.
OCTOBER
V (m/s) N NE E SE | S SW_| W NW f(V) F(V)
0-3 1,0 0,8 0,3 0,7 0,3 0,6 0.4 0,7 4.8 100,0
3-6 23 1,5 1,1 1,8 1,9 1,6 1,4 1,7 13,4 85,2
6-9 2,8 2,2 2,2 2,7 34 2,3 1,6 24 19,9 81,8
9-12 2,7 2,8 1,7 3,2 3,0 3,1 2,2 3,0 21,8 62,0
12-15 34 1,7 1,7 2,2 2,7 2.3 2,0 2,1 18,1 40,2
15-18 2,0 1,2 1,0 1,5 1,9 1,5 1,7 1,6 12,4 22,1
18-21 1,7 0,4 0,6 1,2 0,8 1,1 0,8 0,9 7.4 9,7
21-24 0,2 - 0,3 0,2 03 0,2 0,2 0,3 1,9 23
24-27 . 0,06 0,1 - - 0,1 0,06 - 0,4 0,4
>27 - - 0,06 - - - - - 0,1 0,1
Aoy 16,2 10,6 9,1 13,6 14,3 13,0 10,3 12.8 100,0 —
Table B.3.13
Frequency of wind speed{, m/ s) by di r e &\) and prabability F(¥) ofevipduspeeds y
and frequency of wind directionsf( G ) %.
NOVEMBER
Vims)] N [ NE | E | se | s [ sw [ W [ NW | fV) [ FV)
0-3 0.4 0,3 0.4 0.4 0,6 0,3 0.6 0,3 4.0 100,0
3-6 1,5 1,6 1,1 1,5 1,5 1,9 1,0 2,1 12,1 96,0
6-9 23 2,0 2,1 1,9 <] 28 1,5 2,3 1,9 17,3 83,9
9-12 2,5 1,9 2,1 31 3,2 4,9 2,7 2,2 22,6 66,6
12-15 2,6 1.3 2,0 2.2 3,5 3,3 2.9 1,2 19,2 44.0
15-18 1,7 0,8 1,2 2.1 29 34 1,6 1,3 15,0 24,8
18-21 1,1 0,4 0,5 0,8 0,9 1,6 0,6 0,9 6,9 9.8
21-24 1,06 0,06 0.3 0,3 0,2 0,6 0,3 0,4 23 2.9
24-27 0,06 - 0,1 0,1 0,1 0,06 - 0,06 0,6 0,6
=27 - - - 0,06 - - - - 0,1 0,1
flo) 12,8 8,5 9,8 12,5 15,8 18,1 12,0 104 100,0 —
Table B.3.14
Frequency of wind speed{, m/ s) by di r e &\) and prabability F(¥) ofevipduspeeds y
and frequency of wind directionsf( G ) %.
DECEMBER
Vims)] N | NE | E | se | s | sw [ w | N | f(V) | FV
0-3 0,2 0,2 0,3 0,7 0,4 0.4 0,4 0,4 3,2 100,0
3-6 1,1 1,1 1,1 1,7 2,0 1,2 0,9 1,7 10,7 96,8
69 1.4 2.0 1,1 2,0 1,9 2.8 23 2,3 15,9 86,1
2-12 2,5 2,7 i,9 3,2 3,5 4.6 2,7 2,2 234 70,2
12-15 2,0 1,5 1,4 2,2 3,5 4,0 3,0 2,1 19,8 46,8
15-18 1,6 0,9 1,6 1.4 2,8 3,3 1,7 0,7 14,1 27,0
18-21 0,9 0,6 1,2 0,7 1,8 1,8 1,1 0,5 8,6 13,0
21-24 0,4 - 0,3 0,7 0,6 0,6 0,1 04 3,2 43
24-27 0,2 - 0,06 0,1 0,1 0,1 0,2 0,06 0,9 1,1
>27 0,06 - - - - 0,1 0,06 - 0,2 0,2
(o) 10,5 9,1 8,9 12,9 16,7 19,1 12,5 104 - | 100,0 —
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Table B.3.15

Frequency of wind speedV,, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
THROUGHOUT THE YEAR

V(m/s)| N NE E | SE [ s | sw | w NW | f(V) | F(V)

0-3 06 | 06 0,6 0,7 0,9 0,7 0,7 0,6 5,5 100,0

3-6 1.3 1,9 1,9 2,1 2,5 1,8 1,7 1,9 15,6 04,5

6-9 2,9 2.7 2.7 3.2 3.4 2,9 2,3 2,5 22,5 78,9
9-12 29 2.3 2,6 3,5 3,6 31 2,5 24 229 56,4
12-15 2.1 1,5 1,9 24 2,6 2,3 1,9 1,7 16,3 33,5
15-18 1,3 0,8 1,1 1,4 1,7 1,7 1,1 1,0 10,2 17,2
18-21 0,6 0,3 0,5 0,6 0.8 0,9 0.6 0,5 4.8 7,0
21-24 0,2 0,07 0,2 0,3 0,3 0,3 0,1 0,2 1,7 2.2
24-27 0,06 0,01 0,04 0,05 0,07 0,06 0,04 0,06 04 0.5

>27 0,01 - 0,01 0,01 0,01 0,05 0,03 - 0,1 0,1

flo) 12,5 10,2 11,4 14,2 16,0 14,0 10,9 109 100,0 —

Table B.3.16

Wave heights, periods, lengths (mean, of 13 per cent, 3 per cent, 1 per cerit,r cent probability)
and crestheights of Q1 per cent probability, possible once a year, every %0, 25,50, 100 years.
Area VIl of the Barents Sea

T | 1 | 5 | 10 | 25 | 50 | 100
WAVE HEIGHTS (m)

h 6,7 7,2 7,5 7,8 8,0 2,3
50% 6,3 6,8 7,0 73 17,5 7.8
13% 10,7 11,6 11,9 12,4 12,8 13,2
3% 14,1 15,2 15,7 16,4 16,9 17,4
1% 16,1 17,5 18,1 18,8 19,4 20,0
0,1% 19,8 21,4 22,2 23,1 23,8 24,5

. WAVE PERIODS (s)

T 12,4 12,9 13,1 134 13,6 13,8
50% 11,8 12,3 12,5 12,7 12,9 13,1
13% 13,0 13,5 13,8 14,1 14,3 14,5
3% 13,6 14,2 14,4 14,7 15,0 15,2
1% 13,9 14,4 14,7 15,0 15,2 15,5
0,1% 14,2 14,8 15,1 154 15,6 15,9

' WAVE LENGTHS (m)

by 240 260 268 280 288 297
50% 216 234 242 252 260 268
13% 264 286 296 308 318 327
3% 290 314 325 338 349 359
1% 300 326 336 351 362 372
0,1% 317 343 355 370 181 393

CREST HEIGHTS (m)
0% | 106 | 11,5 | 11,8 | 12,3 | 12,7 | 13,1
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Table B.3.17

Duration of stor ms and weather windows U for
(mean values , root-meansquaretya n d ma x i nAlvalues)@ay[
h Stormso Weat her window
a% (M) y | (o | max(o] | (g | max[ U
2,0 3,8 1,9 11,3 4.5 2.1 13,5
4,0 1,8 1,3 54 34 1,8 10,1
6,0 1,1 1,0 3,2 5,1 23 15,4
8,0 0,6 0,8 19 9.7 3,1 29,0
10,0 0,7 0,8 2,2 303 5.5 31,0
FEBRUARY
2,0 3.4 1,9 10,3 33 1,8 9,9
4,0 1,5 1,2 4,6 3.4 1,9 10,3
6,0 1,0 1,0 3,1 6,2 2,5 18,7
3,0 0,6 0,8 1,9 15,7 4.0 28,0
10,0 0,4 0,7 1,3 28,0 - 28,0
MARCH
2,0 4,0 2,0 12,0 3,1 1.8 9,2
4,0 1.4 1,2 43 3,8 2,0 11,5
6,0 1,4 1,2 4.1 10,0 3,2 30,1
8,0 1,0 1,0 2,9 18,7 4,3 31,0
10,0 0,3 0,6 1,0 31,0 - 31,0
APRIL
2.0 2.3 1,6 7,5 2,0 1,6 7,8
4,0 1,1 1,0 33 6,2 2.5 18,5
6,0 0,7 0,9 2,2 30,0 - 30,0
MAY
2,0 2,1 i4 6,3 3.5 1,9 10,6
4,0 0,7 0,8 2,1 8,8 3,0 26,5
6,0 0,4 07 | 13 31,0 - 31,0
2,0 1,6 13 4,9 4.2 2,1 12,7
4.0 0,9 1,0 2,7 23,1 4,8 30,0
6,0 0,3 0,5 0.3 30,0 - 30,0
JULY
2,0 1,5 1,2 4,5 ‘ 5,0 2,2 15,0
4,0 0,7 0,9 2,2 21,8 4,7 31,0
AUGUST
2,0 1,5 1,2 4,6 5,4 2,3 16,1
4,0 0,6 0,8 1,9 19,1 4,4 31,0
6,0 0,8 0.9 25 31,0 - 31,0
SEPTEMBER
2,0 2,0 1,4 5.9 2,7 1,6 8,2
4,0 0,9 1,0 2,8 8,3 2,9 24.9
6,0 0,5 0,7 1,4 30,0 - 30,0
OCTOBER
2,0 34 1,8 10,1 2.3 1,7 8,5
4,0 1,5 1,2 4,5 3,0 1,9 10,7
6,0 0,9 1,0 2.7 7.6 2.8 22,9
8,0 0,7 0,8 2,2 24,1 49 31,0
10,0 0.3 0,5 0,8 31,0 - 310
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: NOVEMBER
2,0 3,1 1,8 9.3 3,8 1,9 11,2
4,0 1,5 1,2 4,5 4,5 2,1 13,5
6,0 0,9 1,0 2,7 10,5 3,2 30,0
3,0 0,7 0,9 2,2 30,0 - 30,0
10,0 0,6 0,8 1,8 30,0 - 30,0
DECEMBER
2,0 5,0 22 15,1 4,3 2,1 12,8
4,0 2,0 1,4 5,9 2.4 1,5 72
6,0 Lo 1,0 3,1 4,0 2,0 12,1
8,0 0,7 0,9 2,2 7.8 2,8 23,4
10,0 0,9 1,0 2,8 26,6 5,2 31,0
Table B.3.18
Frequency of wave heights of 3 per cent probabilityhzo, m) by directihhamls d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
JANUARY
hag, M | N NE E SE | s [ sw | w | Nw | fh | F(h
0-2 5,0 2,1 2,2 2,5 3,2 0,9 27 6,5 25,2 100,0
2-4 7,1 1,0 1,8 3,0 5,1 3,9 6,8 5,9 34,7 74,8
4-6 2.5 1,2 1,7 i,4 2,7 2,7 49 43 21,6 40,1
6-8 1.9 - 0,4 0,3 2,3 1,5 3,2 1,9 11,6 18,5
8-10 1,1 - - 0,3 0,3 1,1 1.4 0,7 4,9 7.0
10-12 0,1 - ~ - 0,2 0,4 0,3 0,6 1,6 2,0
=12 - - - - - - 0,1 0,3 0,4 0,4
£6) 17,7 4,3 6,1 7.6 13,9 10,6 19,5 203 | 1000 —
Table B.3.19
Frequency of wave heights of 3 per cent probabilityhzy, m) by directihhamls d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
FEBRUARY
| hag, m | N NE E SE | s SW | W | NwW | f(h) | F(h)
0-2 24 1,2 1,1 2.8 3,4 0,9 1,5 4,6 18,0 100,0
24 6,1 44 34 5.9 6,6 6,0 54 6,2 44,0 82,0
4-6 2.7 0,7 0,7 2,5 22 45 45 4,5 223 37,9
6-8 1,5 0,3 0,1 1,1 0,7 3,4 2,2 2.1 11,5 15,6
8-10 0,2 - - 0,1 0,2 14 0.4 0,4 2,9 4,1
10-12 - - - - 0.3 0,2 0,2 0,3 1,1 1.2
212 - - - - - - - 0,1 0,1 0,1
£9) 12,9 6,6 53 124 13,5 16,5 14,4 18,4 | 100,0 —
Table B.3.20
Frequency of wave heights of 3 per cent probabilitynz,,, m) by di r ec tilhhams d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
MARCH
hag,, M N NE E SE | s [ sw | w | Nw | fh | F(h)
0-2 4.2 4.4 2,1 2,3 2,4 3,1 5,9 4.8 294 100,0
24 2,3 3,8 4.4 4.5 4,5 3,0 0,9 4.7 39,2 70,6
4-6 1,0 1,6 1,7 1,9 3,6 4,2 4.5 1,5 20,2 314
6-8 0,6 0,2 - - 2,1 1,9 1,0 0,8 6,7 11,2
8-10 0,6 0,3 - - 0,1 1,1 1.4 0,2 3,7 4,5
210-12 0,2 - - - - 0,1 0,1 0,4 0,8 0,8
£8) 5,0 10,4 8,3 8.8 12,8 13,4 19,9 12,5 100,0 —
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Frequency of wave heights of 3 per cent probabilityhzo,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

m)

by

Table B.3.21
dir ectf(h)ams

%.

APRIL
hawe.m | N NE | E SE | s | sw | W | NwW | fh) | F(h)
0-2 8,9 4,2 33 1,5 4,1 5,6 7,4 6,4 412 | 100,0
2-4 6,1 2.4 3,0 3,4 7.5 7,7 6,5 4,5 41,1 58,8
4-6 1,6 1,0 1,7 0,7 0.5 2.7 4,5 2,2 14,9 17,6
>6 - - - 0,3 0,5 0.9 0,7 0,2 2,7 2,7
f0) 16,6 7,6 8,0 5.9 12,6 17,0 19,1 13,2 100,0 _
Table B.3.22
Frequency of wave heights of 3 per cent probabilityhs,, m) by di r e c tf(h)ands

probability F(h) of wave heights, and frequency of wave directiorf§ d ) |,

%.

hav, Sw W [ NW | f(h) | F(h)
0-2 16,2 6,7 3,7 2,6 34 3.9 6,9 14,3 57,8 100,0
24 5,9 3.1 2,2 2,8 3,5 3,0 4,1 9,6 34,4 42,2
4-6 0,5 0,8 1,0 0,8 0,7 0,4 0,7 1,9 6,9 7.9
26 - 0,3 - 0,2 - 0,1 0,3 0,1 1,0 1,0
A0) 227 10,9 7,0 6,5 7,7 1.5 12,0 259 100,0 —

Table B.3.23

Frequency of wave heights of 3 per cent probabilitynz,,, m) by di r ec ti(h)ams

probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

%.

JUNE

hae, M | N NE E | SE S SW w NW [ f(h) | F(h)
0-2 15,5 13,1 10,6 4,7 3,8 4,4 7,6 11,8 71,5 100,0
24 5,8 2,8 5,0 1,3 22 1,9 22 3.4 246 28,5
4-6 0,5 0,1 1,6 0,3 0,6 - 0,3 03 3,8 4.0
>6 . - 0,2 ] - - - - 0,2 0,2
f{6) 21,9 16,0 17,4 6,3 6,6 6,3 10,1 15,5 100,0 —

Table B.3.24

Frequency of wave heights of 3 per cent probabilityhzy, m) by directi(h)ams

probability F(h) of wave heights, and frequency of wave direction d ) ,

%.

JULY

hag, m | N NE E SE S SW W NW f(h) F(h)
0-2 164 8,3 7.4 6,5 6,5 6,7 8,2 14,3 74,1 100,0
2-4 6,0 1,7 2,3 1,6 2,1 0,3 2.8 5,4 22,4 259
24 0,4 0,9 0,4 0,1 0,1 - 0,2 1,4 3,5 35
A0) 22,9 10,9 10,1 8,2 3,7 7,0 11,2 21,2 100,0 _

Table B.3.25

Frequency of wave heights of 3 per cent probabilityhz,, m) by di r ec ti(h)amls

probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

%.

AUGUST
hag,, M N NE | E SE S SW W NW | f(h) F(h)
0-2 8.9 10,0 10,0 4,2 45 4.9 76 23.9 749 | 100,0
2.4 2,1 2.1 2.2 1,0 1,0 2.5 33 72 21,3 251
4.6 0,7 0,2 11 0,2 . 0,1 0.2 0,8 33 3.6
>0 - - - - - - 0,3 - 0,3 0,3
A6) 11,7 12,3 14,2 54 55 7.6 114 31,9 | 100,0 _

90

d,

d,

d,

d,

d ’



Frequency of wave heights of 3 per cent probabilityhzo,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

m)

by

Table B.3.26
dir ectf(h)ams

%.

SEPTEMBER

N30, M N NE E SE S SW W NW f(h) F(h)
0-2 8,0 5,9 6,3 6,1 3,2 3,2 6,0 9,8 48,6 100,0
2-4 8,0 2,7 3,1 5,3 3,8 4,9 7,2 5,3 40,3 514
4-6 2,1 1,0 0,5 0,8 1,6 0,4 1,0 2,0 9,5 11,0
=6 0,2 0,5 0,2 0,1 0,2 - - 0,3 1,6 1,6
A& 18,3 10,2 10,1 12,4 8,7 3,5 14,3 174 100,0 —

Table B.3.27

Frequency of wave heights of 3 per cent probabilityhz,, m) by di r ec ti(h)amls

probability F(h) of wave heights, and frequency of wave directiong d ) ,

%.

OCTOBER

hag,, M N NE | E SE S SW W NW f(h) F(h)
0-2 6,5 2,7 4,6 2,0 2,5 1,6 24 43 26,7 100,0
24 8,7 5,7 5,1 2,6 3,5 2,7 6,8 7.5 42,6 73,3
46 3,9 0,6 1.4 1,8 0,9 2,4 5,6 3,1 19,9 30,6
6-3 2,8 0,1 0,7 0,3 0,3 0,6 1,9 1,2 8,0 10,8
8-10 0,3 0,2 0,2 - 0,2 0,3 - 1,1 2,3 28
=10 0,2 - - - - - - 03 0,5 .5
A8 224 9.4 12,1 6,3 7.5 7,7 16,7 17,5 100,0 —

Table B.3.28

Frequency of wave heights of 3 per cent probabilityng,,, m) by di r ec ti(h)ams

probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

%.

NOVEMBER

hag, M N NE E SE | S SW W NW | f(h) F(h)
0-2 6,8 6,7 3,3 2,0 3.9 3,3 2,8 3,8 32,7 100,0
2.4 6.4 2.5 23 2,6 49 6,7 7.8 6.5 39,6 67,3
4-6 2,6 0,6 0,8 2.4 2,0 4.3 4.6 2,1 19,5 27,7
68 0,8 0.4 - 0,5 0,9 i4 1,1 1,0 6,3 8,2
8-10 0,5 - - - - 0,2 0,5 0,2 1,5 2,0
10-12 0,1 - - - - 0,2 - 0,1 0.4 0,5
>12 - - - - - - - 0,1 0.1 0,1
£9) 17,2 10,2 6,8 7,5 11,7 16,0 16,9 13,8 100,0 —

Table B.3.29

Frequency of wave heights of 3 per cent probabilityhz,, m) by di r ec ti(h)amls

probability F(h) of wave heights, and frequency of wave directiorf§ d ) ,

%.

DECEMBER
v e e P A A B AR A AP AR AR
h3o p, M N NE E F (h)
0-2 2,6 0,8 1,0 2,1 1,6 2,6 1,2 1.4 13.4 100,0
2-4 7.3 2,8 2.3 2.6 5,1 5.8 4,4 43 34,8 86,6
4-6 4.5 1,5 0,6 3,0 3,0 5,5 6,1 4.6 29,0 51,8
6-8 2,2 0.4 0,2 1,6 1,4 3,2 39 1,2 14,2 22,8
8-10 13 0.1 02 0,5 0,5 0,7 0.8 1,0 51 2.6
10--12 0,5 - ~ - - 0,7 0.6 0,5 2,3 34
212 - - - - - - 0,2 0.9 1,1 1,1
A8) 154 5,6 43 9,9 11,7 18,6 17,3 14,0 100,0 —_
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Table B.3.30

Frequency of wave heights of 3 per cent probabilityhzss,, m) by di r ec tfih)amls d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
ICE-FREE PERIOD (I-XII)
haw, m | N NE E SE S SwW W NW [ f(h) | F(h)
Q-2 8,5 5,5 4,7 3.3 3,5 3.4 5,0 8.8 42.9 100,0
2-4 6,0 2,9 3,1 3,0 4,1 4,4 3,3 5,9 34,8 57,1
46 1,9 0,9 1,1 13 1,5 2.3 3,1 2.4 14,5 22.3
68 0,8 0,2 0,2 04 0,7 1,1 1,2 0,7 5,3 7.8
810 0,3 0,05 0,03 0,08 0,1 0,4 0.4 0,3 1,7 2.5
10-12 0,09 - - - 0,04 0,1 0,1 0,2 (.6 0.8
>12 - - - - - - 0,03 0,1 0,2 0,2
A 17,7 9,5 9,2 8,1 10,0 11,8 15,2 18,5 100,0 —
Table B.3.31
Joint frequency of wave heights of 3 per cent probabilitysz,, m) and average

frequencyf and probability F of wave heights and periods, and regression curves
mn(0, mgh), %. ICE-FREE PERIOD (I-XII)

Ry Mean peril Characteristics

(m) 24 4-6 6-8 8-10 210 fB F(h) m.(f)
0-2 9,9 30,6 2,3 0,1 - 42,9 100,0 4,7
2-4 - 25,7 8,7 0,4 0,03 34,8 57,1 3,9
4-6 - 2,6 11,2 0,7 - 14,5 22,3 6,7
6-8 - - 4,5 0,8 0,06 5,3 7,8 7,3
8-10 - - 0,5 1,2 0,03 1,7 2,5 8,6
10-12 - - - 0,6 0,04 0,6 0,8 9,1
=12 - - - 0,09 0,09 0,2 0,2 10,0
A7) 9.9 58,9 27,1 3,8 0,3
F(7) 100,0 90,1 31,2 4,1 0,3 —
(1) 1,0 2,1 4.4 7,4 9,5
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Area 4 (Southern part of the Barents Sea)
Table B.4.1

Highest wind speeds (m/s) witlirequency period of once a year, every 3,0,25,50,100 years, with no
allowance for directions, and by eight points at averaging intervals of 1 hour, 10 min and 5 s (gusts)

Tvears] N | NE | E | SE [ S | sw | W _ | NW |General
‘ Averaging interval: 1 hour
1 19,5 18,1 18,6 20,0 20,8 21,4 22,0 21,4
5 23,1 21,3 22,0 233 23,7 24,3 25,6 25,5
10 24,7 22,8 23,5 24,8 24,9 25,5 27,1 27,2
25 26,8 24,6 25,4 26,7 26,6 27,1 29,2 29,5
50 284 26,1 26,9 28,2 27,8 28,3 30,7 31,3
100 30,0 27,5 284 | 29,6 29,1 29,5 32,2 33,0
‘ Averaging interval: 10 min
1 21,0 19,5 20,1 21,6 22,6 23,3 23,9 23,2
5 25,2 23,2 23,9 254 25,8 26,5 28,0 27,8
10 27,0 24,8 25,6 27,1 27,2 27,9 29,7 29,8
25 - 294 26,9 27,8 29,3 29,1 29,7 32,1 32,5
50 ] 312 . 28,5 29,5 309 30,5 31,1 33,8 34,5
. 160 33,0 30,1 31,2 32,6 32,0 32,5 35,6 36,5
‘ _ Averaging interval: 5 s (gusts)
1 25,2 233 24,0 26,0 27,2 28,1 29,0 28,1
5 30,6 280 289 309 314 323 343 34,1
10 33,0 30,1 31,1 33,1 33,3 34,1 36,6 36,8
25 36,2 32,8 34,1 36,0 35,8 36,6 39,8 40,4
50 38,6 35,0 36,3 383 37,7 38,5 42,2 43,1
100 41,1 37,2 38,6 40,6 39,7 40.4 44,7 46,0

Table B.4.2

Duration of storms and weat her windspeedwysgradhtiohsqmean values, root-
meansquarelya n d ma x i nAlvalues)@ay|

vV (m/ Stormso Weat her window
(m/s) “ | Uo | max[o] | Wy | max[ U
JANUARY
5,0 5,7 42 17,1 1,5 4.6 44
10,0 3,1 2,8 9,3 2.1 1,8 6,4
15,0 1,6 14 4,9 4.4 4.6 13,1
20,0 0,9 0,6 2,6 17,2 12,8 31,0
25,0 0,4 0,4 1,3 31,0 - 31,0
FEBRUARY
5,0 6,0 44 17,8 1,2 2.7 3,5
10,0 3,0 3,0 9.0 2.3 1.9 6.8
15,0 : 1,5 1,3 4.5 4.7 5,5 14,2
20,0 0.8 0,6 2.3 22,0 10,4 28,0
25,0 0,3 0,2 0.9 278 3,1 28,0
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MARCH

5.0 6.3 5.3 18,8 1,5 4,5 4,4
10,0 2.8 2.7 83 2,5 23 74
15,0 1.2 1,1 37 7.0 ) 20,9
20,0 0,7 0,7 2,2 26,3 10,1 31,0
25,0 0,4 0,5 L1 31,0 = 31,0
APRIL
5,0 53 4,1 15,8 1,0 0,8 3,0
10,0 2.1 15 6,2 2.7 2,1 8.0
15,0 0,9 0,8 2.6 10,3 96 30,0
20,0 0,4 0,2 1,1 28,8 52 30,0
MAY
5.0 4.6 3.4 13,7 1,0 0.7 3,1
10,0 L6 1,2 4.9 33 3.0 10,5
15,0 0,6 0,4 1.8 19,5 12,6 31,0
20,0 0,1 0,1 04 31,0 ; 31,0
JUNE
5,0 4,0 2.8 12,0 11 0.9 34
10,0 1,4 1,1 4,1 40 37 12,1
15,0 0,7 0.6 272 76,2 8.9 30,0
20,0 0,4 _ 13 30,0 ; 30,0
JULY
5.0 3,5 2.8 10,5 1,4 1.1 4,1
10,0 1,3 1.1 4,0 53 56 16,0
15,0 0,6 0,5 1,9 28,1 8.0 31,0
20,0 0,3 ; 0,8 31,0 ; 31,0
AUGUST
5,0 4.3 34 12,9 1,4 13 4,1
10,0 1,5 12 4.6 4.2 4,0 12,5
15,0 0,7 0,5 2.2 24,7 104 31,0
20,0 0,2 N 0,6 31,0 N 31,0
SEPTEMBER
5,0 5,0 4.2 15,0 1,2 23 3.7
10,0 1,9 14 5,7 2,7 24 7.9
15,0 0,9 0,6 2,5 12,1 10,8 30,0
20,0 0,5 0,5 1,4 30,0 ~ 30,0
25,0 0.3 ; 1,0 30,0 - 30,0
OCTOBER
5.0 6,6 4.9 19,6 1,2 3,6 35
10,0 2.2 1,9 6,7 2.0 14 5.9
15,0 1.2 1,0 36 5,5 5.8 16,6
20,0 0,6 0,6 1,7 78,1 7.8 31,0
NOVEMBER
5,0 6,7 5,3 20,1 17 5,3 5.2
10,0 2,8 24 84 2,0 17 5.9
15,0 12 0,9 3,7 46 43 13,9
20,0 0,6 04 1,8 243 10,5 30,0
25,0 0,2 0,2 0,6 30,0 - 30,0
DECEMBER
5.0 7.8 5,6 233 2.3 6,8 6.9
10,0 3,0 2,5 9.0 1,8 14 54
15,0 1,3 1.0 4.0 43 4,1 13,0
20,0 0,7 0,7 2,0 20,9 12,5 31,0
25,0 0,5 0.4 15 31,0 ) 31,0
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Table B.4.3
Frequency of wind speedV,, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y

and frequency of wind directionsf( G ) , %.
JANUARY
|V (m/s N | Ne [ E T sSe | s ] sw [ w_T N [ iV [ FW
0-3 (3,6 0,2 0,3 0,2 0,6 0,9 0,3 0,6 3.8 100,0
3-6 1,1 1,5 1,7 1,3 1,6 1,7 1,5 1,2 11,6 96,2
6-9 1,2 1,7 1,7 1,5 3,1 3.4 24 2,1 17,2 84,6
9-12 1,9 1,2 1,7 2,8 3,5 4,3 3,6 2,8 21,8 67,4
12-15 1,0 1,2 1,4 1,8 3,3 3,7 | 472 2,6 19,1 45,6
15-18 1,2 0.4 0,6 1,1 2,4 4,5 2,1 1,4 13,7 26,5
13-21 0.4 0,3 0,2 0,4 2,0 2,0 1,7 0,7 7.9 12,8
21-24 0,3 - - 0,2 0,7 1,8 0,6 0,5 4,1 4.9
24-27 - - - 0,06 0,2 0,06 0,1 0,2 0,6 0,8
=27 - - - - - 0,06 0,06 606 | 0,2 0,2
A0) 7,8 6,6 7,7 24 17,2 22,4 16,6 12,2 100,0 —_
Table B.4.4
Frequency of wind speed¢V,m/ s ) by di r e c tfiVoandsproliabilityfF¢Veofwire speeds
and frequency of wind directionsf( G ) , %.
FEBRUARY
V (m/s) N NE E SE S SW W NW f(\V) E(V)
0-3 0,3 0,4 0,5 04 1,0 0,6 05 0,4 4,1 100,0
3-6 1,0 1,4 1,3 1,6 3,5 1,7 1,4 1,0 12,8 95.9
6-9 13 1,8 1,9 2,3 3,1 3,5 2,2 2,5 18,5 83,1
9-12 1,2 1.4 2,0 34 5,2 4.8 3,6 1,6 23,2 64,6
12-15 0,7 0,8 1,0 1,4 34 5,7 2,5 2,0 17,5 41,4
15-18 0,5 0,3 1,0 0,9 2.8 48 3,0 1,5 14.8 239
18-21 0,4 0,07 0,3 0,3 1,6 2,5 0,9 0,6 6,7 9,1
21-24 0,2 ~ 0,07 0,1 0,3 0,4 0,5 0,3 1,9 2,5
=24 - - 0,07 - 0,07 - 0,2 0,2 0,5 0,5
£9) 5,6 6,2 8,1 10,5 20,9 24,0 14,8 10,0 | 100,0 —
Table B.4.5
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G) , %.
MARCH
V(m/is)| N NE E_ | SE | S sSw_ | w NW_ | (V) | F(V)
0-3 0,7 0,6 0,9 0,5 0,3 0,5 0,8 04 4.6 100,0
3-6 1,5 1,4 1,5 1,7 2.5 24 1,5 1.4 13,8 95,4
6-9 1,4 1.4 19 2.7 472 4,7 2,8 1,9 21,1 81,6
9-12 1,5 0,9 2.2 2,2 4,7 7,6 4,5 2,0 23,5 60,5
12-15 1,2 0,7 2,2 2,2 2,0 4,9 3,6 1,2 18,1 35,0
15-18 0,8 0,3 0,8 1,1 1,9 3,2 1,6 0,9 10,5 17,0
18-21 0,1 0,06 0,4 0,4 1.1 1,2 0,7 0,6 4,5 6,5
21-24 0,1 0,06 - - 0,2 0,5 0.2 0,4 1,6 2,0
24-27 - - - - - 0,2 0,06 0,2 04 0,5
»27 0,06 - - - - . R - 0,1 0,1
Fi() 7.4 53 9,7 10,7 16,9 25,1 15,8 9,0 100,0 —
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Table B.4.6

Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y

and frequency of wind directionsf( G ) , %.
APRIL
V (m/s) N NE E SE S SW w NW f(V) F(V)
0-3 0,6 0,7 0,6 0,9 0,8 1,3 0,9 0.8 6,5 100,0
3-6 1,7 1,7 1,7 2,6 2,6 2,4 28 1,9 174 93,5
69 2,9 2,2 2,1 2,9 4,0 5,1 4,0 3.3 26,5 76,0
9-12 2,6 1,6 2,6 29 3.6 4,7 2.7 2,0 22,6 49,5
12-15 1,3 1,0 1,5 1.9 2.1 33 2.8 L5 15,8 26,9
15-18 0,6 0,7 14 1,0 0,6 2,0 12 1,0 8,5 11,0
18-21 0,1 0,3 0,4 0.4 0,1 0,4 0,06 0,1 2,0 2,6
>21 - 0,1 0,1 0,06 0,1 0,1 - - 0,6 0,6
Sp) 10,3 83 10,4 12,7 13,8 19,3 14,5 10,6 100,0 —
Table B.4.7
Frequency of wind speed{, m/ s) by di r e &\) and prabability F(¥) ofevipduspeeds y
and frequency of wind directionsf( G ) %.
MAY
V (m/s) N NE E SE S SW W NW f(V) F(V)
-3 14 0,8 0,8 1,4 1,9 1,5 1,0 1,1 9.5 100,0
3-6 2,1 2,0 2,0 2,9 2,9 2,5 2,9 3,2 20,5 90,5
6-9 4,3 3,2 23 2,9 3,8 3,5 4,3 49 29,2 70,0
9-12 3,2 3.2 3,0 2,8 3,1 2,9 2,0 3,6 23,7 40,8
12-15 1,7 1,4 1,3 1,5 1,4 1,9 0,7 1,9 11,8 17,1
15-18 0.4 0,6 0,9 0.4 0,2 0,4 04 0,9 4,2 5,3
18-21 G,1 0,4 0,1 0,06 - - 0,06 0,4 1,1 1,2
=21 - - - - - - - 0,06 1 0,1
Aw) 132 11,7 10,4 120 13,0 12,5 11,3 16,1 100,0 —
Table B.4.8
Frequency of wind speed¥{, m/ s) by di r e &§\) and prabablility F(¥) ofevipcuspeeds y
and frequency of wind directionsf( G ) , %.
JUNE
V (m/s) N NE E SE S SW W NW f(V) F(V)
0-3 1,2 0,7 1,2 1,2 1,7 14 1.3 1,2 9.9 100,0
3-6 2,5 22 24 3,2 4.4 2,7 2,7 32 23,3 90,1
6-9 3.7 3.2 4.4 4,1 36 3,5 3,0 4,2 29,7 66,8
9-12 2,9 24 3,0 4,2 32 2.4 1,5 3,5 23,0 371
12-15 24 1,4 1.9 1,3 0,8 0,6 0,3 1,9 10,6 14.0
15-18 0,2 0,1 0,3 0,3 0,06 0,1 0,3 0,8 2,7 3.4
18-21 - 0,1 0,06 0,06 0,06 - - 0,2 0,5 0,7
>21 0,1 0,06 - . - - - - 0,2 0,2
fio) 12,9 10,3 13,8 14,4 13,8 10,7 9,0 15,1 | 100,0 —
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Table B.4.9

Frequency of wind speed¢vV,m/ s ) by di r e c tfiVioandsproliabilityfF¢Veofwine speey

and frequency of wind directionsf( G ) , %.
JULY
vims)] N [ NE | E SE S SW W NW | f(V) [ E(V)
0-3 0,7 1,6 1,3 1,7 2,3 i4 1,5 0,9 114 100,0
3-6 2,0 4,0 3,5 4,3 4,5 3,4 2,9 2,6 28,2 88,6
6-9 43 4,0 33 53 5,6 2,8 2,0 2,3 29,8 60,4
0-12 34 2,7 3,4 2,1 2,9 2,1 1,6 2,5 20,6 30,6
12-15 1,9 1,6 1,1 0,7 0,4 04 0,1 1,5 7,6 10,0
15-18 0,4 0,7 0,1 - 0,4 - 0,06 0,4 2,2 2.4
18-21 - - 0,06 - 0,06 - - 0,06 0,2 0,2
=21 0,06 - - - - - - - 0,1 0,1
o) 13,6 14,6 12,8 14,2 16,2 10,1 8,2 10,2 | 100,0 —
Table B.4.10
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G ) , %.
AUGUST
V(m/s)| N NE | E SE S SW_| _w NW__[ fVv) | F(V)
0-3 0,9 0,8 1,7 16 2,2 1,2 0,9 0,7 10,1 100,0
3-6 2.4 3,2 3,5 3,5 3,5 2,7 2,5 2,2 23,7 89,9
69 3,1 4,1 3,3 4,0 5,0 3,6 2,7 2,9 28,7 66,2
9-12 3,3 45" 3,0 2,6 2,6 2,2 1,8 2,5 22,5 37,5
12-15 1,6 1,6 1,5 1,3 1,1 0,8 1,0 1,6 10,4 15,0
15-18 1,2 0,2 0,9 0,2 0,1 0,1 0,1 0,8 3,7 4,7
18-21 0,2 0,1 0,1 - 0,1 - - 0,3 0,9 0,9
221 0,06 - - - - - - - 0,1 0,1
fo) 12,8 14,5 14,0 13,3 14,6 10,7 9.1 10,9 100,0 —
Table B.4.11
Frequency of windspeed{/, m/ s) by di r e &\) and prabability F(¥) ofevipduspeeds y
and frequency of wind directionsf( G ) %.
SEPTEMBER
{vimie)| N | NeE | E | SE S SW W NW f(V) E(V)
0-3 i1 0.4 0,8 1.3 12 0,8 0,8 0,7 7,0 100,0
3-6 2,3 2,7 1,9 1,3 2,3 1,9 24 2,8 18,2 93,0
6-9 3,2 2,6 1,8 3,8 4.2 4,0 3,3 3,7 26,5 74,8
9-12 2,2 1.9 1,2 3,1 3.8 4,2 2,8 2,6 21,9 48,3
12-15 2,1 1,6 1,7 ] 13 2,6 2,9 22 2,1 16,5 26.4
15-18 1,1 0,6 0,8 0,7 1,2 1,0 0,5 1,6 14 9,9
18-21 0,2 0,3 0,1 0,1 0,3 0,3 0,3 0,5 2.1 2.5
21-24 0,06 - - 0,06 - - 0,06 0,2 0.4 0,4
>24 - - - - - - - 0,06 0,1 0,1
f0) 123 | 10,1 8,2 12,2 15,6 15,0 12,4 14,2 100,0 —
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Frequency of wind speedV,

m/ s)

by

and frequency of wind directionsf( G ) ,

%.

Table B.4.12

di r e &) and prabability F(V¥) ofevipdispeeds y

OCTOBER
V(mis)| N _NE E SE S SW W NW f(V) F(V)
0-3 0,2 0,7 0,6 0,6 0,5 0.9 0,3 0,5 43 100,0
3-6 1,7 1,0 1,2 1,4 1,7 2,2 2,1 24 13,8 95,7
6-9 2,8 1,6 1,6 2,2 2,7 33 2,6 3,3 20,2 81,9
9-12 2,2 2,0 2,1 2,6 3,0 34 34 3,1 21,8 61,7
12-15 2,7 1,2 i1 1,9 2,8 3,0 3,7 2,9 19,4 39.8
15-18 1,9 0.8 0,7 0,9 2,0 2,6 2,6 1,7 133 20,5
18-21 0,2 0,1 0,7 0,7 0,7 1,2 0,8 1,4 5,8 7.1
21-24 0,06 0,06 0,06 - 0,06 0,2 0,2 0,6 1,2 14
=24 - - 0,06 . - - 0,06 - 0,1 0,1
Fo) 11,7 7.6 8,2 10,3 13,5 17,0 15,8 15,9 100,0 —_
Table B.4.13
Frequency of wind speedV, m/ s) by dir e &\ and prabability F(V¥) ofevipdispeeds y
and frequency of wind directionsf( G) , %.
NOVEMBER
vims) [ N__ | NE E_| SE S SW W [ N [ (V) | FW
0-3 0,6 0,4 0,4 0,6 0.6 0,2 0,4 0,7 3,9 100,0
3-6 1,3 1,3 1,1 19 1,4 15 1,8 1,4 11,7 96,1
6-9 2,1 1,6 1,8 1,3 2,5 2.7 3,1 2,3 17,4 84,4
9-12 1.7 1,6 1,3 2,8 3.9 4,6 3,6 3,0 22,6 67,0
12-15 1,7 0,7 1,9 1,7 3.5 6,2 3,5 2,2 21,3 444
15-18 1,3 0,3 0,2 1,5 2,6 4,1 24 2,0 15,0 23,1
18-21 0,4 0,1 0,4 0,6 1,0 1,8 1,0 0,6 5,9 8,1
21-24 - 0,1 0,2 0,3 0,3 0,3 4,3 0,2 1,6 2.2
24-27 - - 0,06 0,2 - - 0,06 0,2 0,5 0,6
227 - - - - - - - 0,06 0.1 0,1
) 9,2 6,2 8,0 10,8 15,8 213 16,1 127 | 1000 | —
Table B.4.14
Frequency of wind speed{, m/ s) by di r e &§\) and prabability F(¥) ofevipduspeeds y
and frequency of wind directionsf( G ) , %.
DECEMBER
V (m/s) N NE E_ SE S SW W NW f(V) E(V)
0-3 03 0,6 0,4 0,2 0,7 0,5 0,2 0,6 3,5 100,0
3-6 0.8 1,2 0,8 0.9 1.4 1,9 1,6 1,5 10,1 96,5
6-9 1,6 1,4 1,4 2,1 34 3,7 2.8 1,5 17,8 86,4
9-12 2,2 i,1 14 2,6 43 4.9 4,3 22 23,2 68.5
12-15 1,6 1,1 1,3 2,2 3,1 3,5 3,3 2.7 20,8 45,3
15-18 0.6 0,6 0,6 0,7 2,6 4,8 3,0 0,9 13,8 24,6
18-21 0,6 0,2 0,2 0,4 1,1 2,7 1,4 0,7 7,3 10,8
21-24 0,2 0,06 0,1 0,4 0,3 0,7 0,6 0,4 2,9 3,5
24-27 - - - 0,06 0,2 0,06 0,06 0,2 0.6 0,6
>27 ) - : ; - 0,06 - - 0,1 0,1
Ao 7.9 6,1 6,3 9,7 17,2 24,8 17,4 10,7 100,0 —
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Frequency of wind speedV,

m/ s)

by
and frequency of wind directionsf( G ) ,

Table B.4.15

di r e &) and prabability F(V¥) ofevipdispeeds y

%.

THROUGHOUT THE YEAR
V(mis) | N | NE E | SE s | _sw W[ NW | _f(v) | F(\V)
0-3 0,7 0,7 0,8 0,9 1,1 0,9 0,8 0,7 6,6 100,0
36 1,8 2,0 1,9 2,3 2,7 2.3 2,2 2,1 17,1 034
6-9 2,7 2,4 2,3 2.9 3,8 3,6 2.9 2.9 23,6 76,4
9-12 2,4 2,0 2,2 2,8 3,6 4,0 2,9 2,6 22,7 52,8
12-15 1,7 1,2 1,5 1,6 22 32 23 2,0 15,7 30,1
15-18 | 09 0,5 0,8 0,7 1,4 2,3 1,4 1,2 9,1 144
1821 | 02 0,2 0.3 03 0,7 1,0 0,6 0,5 3,7 52
2124 | 0,1 0,04 0,05 0,09 | 02 0.3 0,2 0,2 1,2 1,5
24-27 - - 0,02 0,03 0,04 | 003 0,05 0,08 0,2 0,3
227 - - - - - 0,01 - 0,01 + 0,3
o) 10,4 8,9 9.8 11,7 15,7 17,7 134 123 | 1000 —
Table B.4.16

Wave heights, periods, lengths (mean, of 13 per cent, 3 per cent, 1 per cerit,d&r cent probability)
and crestheights of Q1 per cent probability, possible once a year, every %0, 25, 50,100 years.
Area IX of the Barents Sea

T 1 1 | 5 | 10 | 25 | 50 | 100
WAVE HEIGHTS (m)

h 6,0 6,8 7,1 7,5 7.8 8,1
50% 5,7 6,4 6,7 7,0 7,3 7.6
13% 9,7 10,8 11,3 12,0 12,5 13,0
3% 12,8 14,3 14,9 15,8 16,5 17,1
1% 14,6 16,4 17,1 18,1 18,9 19,6
0,1% 18,0 20,1 21,0 222 23,2 24,1

WAVE PERIODS (s)

T 11,8 12,5 12,8 13,1 13,4 13,7
50% 11,2 11,9 12,1 12,5 12,7 13,0 .
13% 12,4 13,1 13,4 13,8 14,1 14,4
3% 13,0 13,7 14,0 14,4 14,7 15,0
1% 132 14,0 14,3 14,7 15,0 15,3
0,1% 13,6 14,4 14,7 15,1 154 15,7

WAVE LENGTHS (m)

A 217 243 254 269 280 292
50% 196 220 230 243 253 263
13% 240 268 280 297 309 321
3% 263 294 308 326 3390 353
1% 273 305 319 338 352 366
0,1% 287 322 336 356 371 386

CREST HEIGHTS (m)
0,1% | 9,6 | 10,7 | 11,2 I 11,9 | 12,4 12,9
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Table B.4.17

Duration of storms U famrd wawawd hreegi gvh tngd oowfs 3
(mean values , root-meansquaretyan d ma x i m & valuesy daly
Stormso Weat her window
3%, M o 5 =
Y | (i | max[o] | i | max[ U
JANUARY .
2,0 3,2 1,8 9.6 4,1 2,0 12,3
4,0 1,3 1,2 4.0 4.7 2,2 14,1
6,0 0,8 0.9 2,3 8.4 2.9 25,2
8,0 0,7 0,8 2,1 24,1 4.9 31,0
10,0 0,9 10 2.8 31,0 ~ 3,0
2,0 2.5 1,6 7.5 4.3 2,1 12,9
4,0 1,5 1.2 4.4 5,7 2,4 17,2
6,0 0,5 0,7 1,6 15,5 3,9 28,0
8,0 0,6 0.8 1,9 28,0 - 28,0
10,0 0,3 0,6 1,0 28.0 - 28,0
MAY
2,0 1,6 1,3 4.8 4,3 2,1 12,9
4,0 0,8 0,9 2.4 21,7 47 31,0
6,0 0,2 0,5 0,7 31,0 - 31,0
JUNE
2,0 1,5 1,2 4,6 4.8 2,2 14.4
4,0 0,8 0,9 24 29,2 5.4 30,0
6,0 0,4 0,7 i3 30,0 - 30,0
JULY
2,0 1,3 1,2 4,0 5,5 2.4 16,6
40 0,5 0,7 1,4 31,0 - 31,0
AUGUST
20 1,2 1,1 3,5 54 2,3 16,1
4.0 1,0 1,0 2,8 30,0 5,5 31,0
SEPTEMBER
2,0 1,9 L4 5,7 3,6 1,9 10,6
4,0 0,8 0,9 2,5 13,3 3,6 30,0
6,0 0,6 0,7 1,7 30,0 - 30,0
OCTOBER
2,0 2,6 1,6 7.9 2,5 1,6 1,5
40 13 1,2 4.0 49 2.2 14,6
6,0 0,9 1,0 2,8 11,8 3,4 31,0
8,0 0,5 0.7 1.6 31,0 - 31,0
NOVEMBER
2.0 2.8 1,7 8,3 2,6 1,6 7,7
4,0 1,1 1,1 3.4 57 2,4 17,1
6,0 0.9 1,0 2,8 19,1 4.4 30,0
8,0 04 0,7 1,3 30,0 - 30,0
10,0 0,4 0,6 1,1 30,0 - 30,0 |
DECEMBER |
2,0 4.1 2,0 12,4 4.4 2,1 13,2 '
4,0 1,6 1,3 4,8 2,8 1,7 8,5
6,0 0.9 1,0 2,8 7.3 2,7 22,0
8.0 1,3 1,1 39 26,3 5,1 31,0
10,0 0,8 0,9 2,3 31,0 - 31,0

100

per



Table B.4.18

Frequency of wave heights of 3 per cent probabilityhzss,, m) by di r ec tfih)amls d,

probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
JANUARY
N30, M N NE E SE S SW W NW f(h) F(h)
0-2 8,3 2.0 1,6 29 34 3,5 4,2 10,8 36,8 100,0
24 64 1,1 1,8 22 43 3,5 6,9 9.3 35,5 63,2
4-6 2,7 0,3 0,t 0,2 1,5 2,9 4,8 4,8 17,4 27,7
6-8 1,3 - - 0,1 0,3 1,4 2,1 24 7.1 10,3
8-10 0,1 - - - - - 0,2 1,2 1,5 2,6
10-12 - - - - - - 0,1 0,5 0,6 1,1
212 - - - - - - 0,1 0,4 0,5 0,5
£6) 18,8 34 3,5 5.4 9,6 114 18,4 294 | 100,0 —
Table B.4.19
Frequency of wave heights of 3 per cent probabilityhgs,, m) by di r ec tf(h)amds d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
FEBRUARY _
h30, M N NE E SE S SW w NW f(h) F(h)
0-2 7,3 1,9 2,0 3.4 5,2 5,2 24 8,0 36,1 100,0
2-4 5,1 0,6 1,4 2,0 3,8 9.7 7.5 10,5 40,6 63.9
4-6 1,9 - - 0,1 0,7 43 4,0 7,9 18,8 233
6-8 1,1 - - - 0,4 0,2 1,0 1,0 3,8 4,5
8-10 - - - - - - - 0.4 0,4 0,8
10-12 - - - - - - - 0,2 0,2 0,3
212 - “ - - - - - g1 0,1 0,1
A6) 15,4 24 34 5,5 10,1 19,5 14,9 28,3 100,0 —
Table B.4.20
Frequency of wave heights of 3 per cent probabilityhzs,, m) by di r ec tf(h)amls d,
probability F(h) of wave heights, and frequency of wave directiorf§¢ d ) , %.
MAY
h39, M N NE E SE S SW wW NW f(h) F(h)
TableB.4.21
Frequency of wave heights of 3 per cent probabilityhzo, m) by directf(hhamis d,
probability F(h) of wave heights, and frequency of wave directiorf§ d ) , %.
JUNE
h30, M N NE E SE S SW W NW f(h) F(h)
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