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FOREWORD: MANAGEMENTPERSPECTIVE

. ~ This report provides all the details for an engineer, oceanographer or '
limnologist to prepdre a computer program which will predict the significant wave
heights and the peak period of the spectrum, provided the wind velocities are
known throughout the generating area. Both heights and period are forecast as a

function of time and any point in the forecast area may be selected. The

. accuracy and stability of this program is believed to be superior to previdusly

published methods and is recommended for adoption by all engineers or scientists
requiring accurate wave climate forecasts and hindcasts.

T. M. Dick

Chief

Hydraulics Research Division
National Water Research Institute




® | AVANT-PROPOS: PERSPECTIVE - GESTION

Ce rapport fournit tous les détails dont ont besoin un ingénieur, un"

~ océanographe ou un limnologiste pour préparer un programme informatique qui
prévoira' les hauteurs significatives des vagues et la période .de pointe du
spectre, a cdndition que la vitesse du vent soit connue dans tout le secteur de
formation des vagues. La hai.xteur et la période sont toutes deux prévues en

. fonction du temps et il est possible de choisir n'importe quel point du secteur de
prévision. L'exactitude et la stabilité de ce programme le rendent, pense-t-on,
supérieur aux méthodes publiées antérieurment et il est donc proposé & tous les
ingénieurs ou chercheurs de l'adopter s'ils ont besoin de données exactes sur les

prévisions et les prévisions a posteriori du mouvement des vagues.
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ABSTRACT

A computer program for the ﬁme-dépendent prediction of wind waves
and wind stress on a two-=dimensional grid has been designed using the physicdl basis
given by Donelan (1978). At each grid point, the waves are assumed to have the
JONSWAP spectrum, and therefore are described by the peak frequency, average
~ direction and the wave age only. Wave age is the ratio of peak wave phase speed to
wind speed (input), and the peak wave phase speed is uniquely related to the peak
frequency. This short report is intended as an aid to users of the Wave And Wind _.
Stress Prediction computer program. It provides an outline of the computational
scheme in sufficient detail to readily permit changes, which will be required to fit
the program to a different co,mbu’ter with perhaps different wind information. In
addition, there are appendices describing the cards and wind information required
as input to the computer program. A computer listing and sample output are also
appended. Prospective users may obtain a Fortran deck by writing directly to the.
* second author. ' ' '




'RESUME
A Un programme informatique pour la prévision, dépendant du temps,
des ondes dues 3 I'action du vent et de l'effort du vent, sur un quadrillage 3 deux
d,i‘mensions, a été concju en utilisant le fondement physique fourni par Donclan
(1978). A chaque point du quadrillage, les vagues sont censées avoir le spectre
JONSWAP et ne sont par conséquent décrites qu'en'fonction de la “fréquence
maximale, de la direction moyenne et de l'égé de la vague. Celui-ci correspond
au rapport entre la vitesse de propagation de l'amplitude maximale et la vitesse
du vent (données d'entrée), la vitesse de propagation de l'amplitude maximale
n'ayant un rapport qu'avec la fréquence maximale. Ce bref rapport a pour
object d'aider les utilisateurs du prog}amme infbrmatique de prévision de
l'effort des vagues et du vent. Il fournit un exposé co‘nci,s du systéme de calcul
avec assez de détails pour permettre d'effectuer rapidement les changements

qui seront nécessaires afin d'adapter le programme a un ordinateur différent et

 qui comprendrait peut-&tre d'autres renseignements sur le vent. De plus, il y a

des annexes qui décrivent les cartes nécessaires et exposent les renseignements
sur le vent qui sont requis comme données d'entrée au programme informatique.
Un imprimé d'ordinateur et un example d'état de sortie sont également joints.
Les utilisateurs éventuels peuvent obtenir un jeu de cartes Fortran en écrivant
directement au second auteur. ’
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"I.  INTRODUCTION

A time dependent two-dimensional numerical model for wave and wind
stress prediction (given the surface wind) has been devised by Donelan (1978). The " -
model is a finite difference solution to the local wave momentum balance equation,
in which the wave spectrum is assumed to have the JONSWAP (Hasselmann et al,
1973) shape and, as such, is described by three parameters: the peak frequency f_,
the Phillips equilibrium range parameter o and the mean propagation dxrec'non 8 o
In fact, the first two parameters are linked through the wave age g/an U).

a = 0.0097 (ﬁ) i m
P ' :
Effectively then, the wave spectrum, at each grid point, is defined byvfp
and 8o
This short report is designed as an aid to users of the Wave And Wind
Stress Prediction program "WAWSP". Interested users are referred to Donelan

(1978) for the scientific basis of the prediction scheme. The followmg equcmons
-and relationships are taken from that source.




2. ' EQUATIONS AND RELATIONSHIPS

" The local momentum balance equation is solved in the following form:

aM. :

— 4 e O M) -—l— (t ) :

ot | J P f . , (2)
i=x, ¥
j=x, ¥

where the average group velocity v is defined in terms of the peak phase velocity

C L]
P ;
v = 0.365 o m/sec  (3)
C ot Cmisee @)
- p = -2—11_?;—- m/sec |
' M'" and-(t ;) -are the momentum and form drag components respectively. p ns the

densrty of water, g is the acceleration due to gravity and y is the frac'rlon of the
form drag which acts to lncreqse the momentum of the wave field. It is 'quen to
be a constant,

The following relationships are used to simplify the computation. They
are given in or easily derived from Donelan (1978).

Significant Height, H = 4g m ()
where ¢ is the r.m.s. surface deviation.
= 00181 xaxf " m2 . (6)

_ U3\
fp =1{0.01162 x 0.033 x (E) X INT secs. (7)

where INI = ozl'Cp.

«|C

A3 23
) i

&= 0.033x ( ®)




if <0.006, it is set equai to 0.006 in which case (7) Beédmes

PENNT
£ = (a xo.onazx-mT)

o)




3.

PROGRAM STRUCTURE

The following is a brief description of the program and the flow of

~information through it. The program listing and sample output are reproduced in

3.1

Appendix D and a deck of cards may be obtained by w’ri'ringr to the second author.

Main Program | - WAWSP
Explicit Subroutines - WAVE
' - WINDINP
- COMBING
- JULIAN
Implicit Subroutines - EXFLOW
| - - ZEROV
- RTIME .
Calcomp Plotter Subroutines _
' ' - Plot
- Factor
- Symbol
- - Number -

Main Program

"WAWSP" reads in the depth and wind data from tdpe.(unit 1), controls

the other subroutines, plots the wind data, lists the results (unit 61) and also writes
them to disk (unit 42).

l.
2.

3.

4.

5.
6.

The main steps are as follows: _
Read values from the three data cards (unit 60). See Appendix A.
Read the lake depths from the wind data tape and set depihs at all lake points
to 100000 and at all shore points to -100000. See Appendix B.

" Advance the tape to the starting wind time and read a record of wind data

and the next wind time. Convert wind to m/s and direction ™o" rather than
"from".

Shrink the number of grid points, if requested. This doubles, triples or
quadruples the grid spacing. Depths are averaged to decide if expanded grid
square is in lake or on shore. |

Calculate the current time and date. - _

If the current time > wind time, read another record of wind data, and the

next time. Convert wind to m/s and direction "to" rather than "from".

4




7.  Produce synoptic plot of the wind if réquested at this time.
8. Call S/R WAVE. For each grid point:
(@) on the first timestep, initialize some variables
- (b) call S/R WINDINP to calculate the vertical flux
(c) calculate and plot the stress (Appendix E.1)
(d) calculate the horizontal flux |
(e) calculate the new momentum components
(f) call S/R COMBINE to combine momentum components
(@) calculate the frequencies and sighificon'r heights of 'rhe} waves in each
wave field.
(h) plot the significant heights of the waves in the direction of their group
velocities. See Appendix E. 2.
(i)  for the four selected stations, save information for spectral plots.
9. Print the significant wave heights for all grid points at requested times.
10.  Print the results at the four stations. |
Il.  Write the results to disk.

12.  Go to step 5 until-the specified number of timesteps have been performed.

Note:- The time brim‘ed or plotted is correct for the wind and the stress,
~ but the wave information corresponds to one time step later.

3.2 Subroutine Descriptions

"WAVE" is called once per time step and solves equohon (2) in the
following form

o ' | Vi ND, i - VN | -
(N, = (N [;202—6“,;’ (T-f)i$;§ XJ?:J | JJ‘.,is]M -
r i
i=%y
i=x%y

Wherein the top signs are used if Vj is positive and the bottom ones if Vj is negative.




In other words the horizontal derivative term is taken "upwave" rather than

centred; ‘and where
Ni = 0.86 Mi
A X; is the grid size (GRID SIZ)

The pair of equations (10) are solved twice - once for the "active wave
field and once for the "fossil" wave field, where the distinction between them was
made at time step t. The momentum input from the wind (the ’rerm involving T £ in
(10)) is obtained by a call to subroutine "WlNDlNP"

"WINDINP" returns three values of £ in the directions of the wi_r{d, the
active wave field, and the fossil wave field. The first two are input to the active
wave field; the last to the fossil wave field. They are stored as x and y
components. The kinematic form stress ‘tf/ p_ is reconstituted by dividing o by
0.86 b Py /0 R,9- To the x and y components of this is added the kinematic skm
stress C IUIU The skin stress coefficient C is taken to be a constant = 0. 0007
A synophc calcomp plot of the stress field is overlcnd on the wind field (plotted by
"WAWSP") at time (1). The crossed-headed arrows represent the normalized stress
field. Arrow length is proportional 'ro's‘fress, and the dimensionless scaling factor
(STRSC) referred to a full size plot (PLOTFACT=1.0) is lindicated.  The
dimensionless scaling factor STRSC (USCALE) ? *CDSCALE; where USCALE is
the wind speed scale and CDSCALE' is a drag coefficient scale defmed in a data
statement in the main program. To recover the stress in dynes/cm?2, multiply the
length of the stress arrow in inches by STRSCxp x10*/PLOTFACT. :

At this point, the eastwards (STRESX) and northwards (STRESY)
components of the kinematic stress in (m/s) 2 at the grid point (I, J) are available at
time (t). These may be converted to dynamic stress by multiplying by Pg* Note
that Py is the density of air at 15°C and not a variable. The reason for this is
explained_ in the descnphon of the wind input (Appendix B).

At this stage, subroutine "COMBINE" is called with the two pairs of
momentum components and the two wind components. .If the active wave field is
not within 90 degrees of the wind, this subroutine relabels the components so that those
in the quadrant of the wind are the active wave field. The components in the

remaining three quadrants are combined into the fossil wave field. The fossil wave




field is then resolved ih'ro components, colinear with, and, perpendicular to, the
active wave field. If the colinear component is parallel with the active wave field,
that component only is added to it; if anti-parallel, the fossil wave field remains
untouched. , | ‘ .

The recombined values of IN| $+1 determine 90. and are applied to (4)
and (7) or (9) to determine fp and g for the active and fossil wave fields separately.

For the first timestep only, certain values are initialized for each grid
point at the start of WAVE. The significant heights are set to zero and the angles
of the active and fossil wave fields are set equal and opposite to the wind
respectively. Although this sounds paradoxical, the need for setting the angles as
well arises because "WINDINP" must assume that some form drag elements
(capillary waves?) are available at the start - otherwise there would be no waves
generated. Thus we align the form drag elements correctly even though no gravity
waves have yet been produced.

The phase velocities are calculated and stored. In fact, they could be
recalculated when needed in the solution of (10). This would reduce the 'storage
area required, but markedly increase the computation time.

Values of a, fp» and O are saved for four selected (see Appendix A)
stations for later reconstruction of the JONSWAP spectrum by another program.

When equations (10) have been solved for all the grid points in the lake,
an overdge scalar drag coefficient CD is calculated

17T o
Ch = &1 (I
D" T2

where the tilda denotes a lakewide average.

A synoptic calcomp plot of the wave fields is then produced at time
(t+1). The arrows représem‘ the active wave field and the diamond-headed arrows
represent the fossil wave field. Arrow length is proportional to significant heighf,
and the scaling factor referred to a full size plot (PLOTFACT=1.0) is indicated.

Finally, the old momentums are set equal to the new mome‘nfun"\s,_'ond
subroutine "WAVE" returns. o .

Subroutine "JULIAN" simplifies the handling of input and output times
by converting between Julian and Gregorian calendars (see Appendix C).




The implicit subroutines "'EXFLOW", "ZEROV" and "RTIME" do not _
| appear in the listing as they are part of the CCIW program library. . They may
easily be replaced by equivalents.

' "EXFLOW"" is called once and is the first executable statement in the
main program "WAWSP", It sets all overflows and underflows to zero. Without it,
the squaring of a very small number would return a large number if the doubled
exponent were a larger than allowed negative exponent. |

‘ "ZEROV" simply permits the easy zeroing of arrays. Thé first argument
is the first value to be zeroed; the second argument is the number of consecutive
values to be'zeroed. |

"RTIME" is called at the start of each time step in the simulation. It
returns the amount of CPU time left for this job in seconds. If less than 30 seconds
are l=ft, the plot tape is ended, and the job stops. Thus, all the plots are not lost,
and the job does not abort. '




3.3 © Flow Diagram

.  - WAlNSP

call EXFLOW
call ZEROV

read data cards

read depths from wind data tape and find starting wind time
shrink the lake |
call JULBASE
call JULIAN
for each ﬁmes'rep'
1 — .
~ {call RTIME
call GREGOR
read a record of wind data

produce wind plot-
call WAVE ~ —————p  for each grid point
______JQ [

‘ | print results

write to disk . call WINDINP  ————=  calculate vertical flux

» calculate and plot stress
END on wind plot

calculate drag coefficient
calculate horizontal flux

~ check boundary conditions

calculate new momentum

call COMBINE —————» combine momentum components

calculate frequency and
significant height of waves

'produce wave plot

RETURN




4, GRID SIZE, TIME STEP AND NUMERICAL STABILITY

. The Courant condition (Donelan, 1978) limits the maximum time step
At: ‘

| Ax :
At £ _ (12)
‘0.365 | CM AX .
where CM AX is the maximum phase speed likely to occur in the system. This may
be roughly estimated from Bretschneider's (1973) formulas or any of several wave
nomograms.

. Clearly, increasing the grid size by a factor n reduces the number of
grid points and permits an increase in At (12), thereby allowing a computational

reduction of order n?

. The program is designed to permit easy application of this
economy if desired. A single parameter, ISHRINK, causes the effective grid size to
increase by 2, 3 or 4, and the user may adjust At (TIMEST) according to (12) without
introducing numerical instability. Tests have been carried out on Lake Ontario for
- the- storm shown in Donelan (1978) with grid spacings of 5080, 10160, 15240 and
20320 metres and corresponding time steps of 10, 20, 30 and 40 minutes. The
results are not significantly different.

The program is now set up for Lake Ontario on a 5080 metre grid
spacing; so the drrays are dimensioned 60 x 23 (IGD x JGD). For a different lake,
the following need to be changed:

a@)  dimensions of arrays: U, ISIG, CMON, ICMON, C, DEPTH

b)  IGD and JGD which are set at the start of the main program. 1GD and

| JGD are the number of grid points in the x and y directions,
respectively. _ '

d) the grid size, GRIDSIZ, which is presénﬂ_y set to 5080 m. It is set in a
data statement in subroutine WAVE.

d)  the data tape, which includes the depths, times, and x and y components
of wind data (see Appendix B). |

-10-
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APPENDIX A

INPUT
AL THREE DATA CARDS
Columns Format ‘Name Description
Card | l1- 5 15 - ID Identification number for this run
* 6-10 I5 . NOSTEP Number of steps to be performed
Il - 15 F5.0 TIMEST Time interval between steps,
' : " in minutes
16 - 20 F5.0 USCALE . Wind scale for plotting in m/sec
per inch
2l - 25 F5.0 SIGHTSC Scale for plotting significant
: wave height in metres per inch .
26 - 30 F5.0 PLOTFACT  Scale factor for size of plots
| ~ (If PLOTFACT=1.0, 36" paper is needed)
31 -33 13 NOPLOTS Number of plots of wind and waves
34 -35 12 ISHRINK factor to shrink the number of
' : grid points 1, 2, 3 or 4 only
36 - 40 F5.0 INTERV Time interval between plots, in
: o hours .
41 - 80 10A4 IEXPL A brief explanation of this run
Card 2 | IX Blank ' ]
2- 5 A4 NSTAT(1) Station name |- repeat
6 -10 I5 IST(1) - x grid coord:i'nate of station 1 |for four
11 -15 15 - JST(N) y grid coordinate of station | ]stations
16 X . B , ’
17 - 20 A4 NSTAT(2) Station name 2

56 - 60 15 JST(4) Y grid coordinate of station 4

Card 3 [ - 5 15" IYEARW Start year for wind (1900 + 1999)




A.2)

A.3)

A)

- B)

&)

D)
E)

F

6-10 15 'MONTHW  Start month for wind (I + 12)

I1-15 15 IDATEW  Start day for wind (I + 31)

16 -20 15 IHOURW Start hour for wind (0 + 23)

21 - 25 15 MINW Start minute for wind (0 + 59)
26 -50 515  LISTST(I)  Start year, month, day, hour,

minute for listing of results at
. _the four stations - '
51-75 515 IPLOTST(I)  Start year, month, day, hour,
B ' minute for plotting

ONE DATA TAPE CONTAINING: (details in Appendix B)

depths in metres for all grid points |
year, month, day, hour, and minute of wind data

x and-y components of wind for all grid points

repeat until E-f-F

“OUTPUT

listing of all variables controlling this run.

listing of results at the four stations at each timestep, starting at the
listing start time. - _
listing of the significant wave heights at all grid points whenever a plot
is produced, and starting at the lisﬁngn start time. |

. plot showing wind and stress when plots are requested. .

plot showing significant wave heights and wave direc-ﬁons when plots
are requested.
a disk file containing results at the four stations at each timestep.




APPENDIX B
B.l)  DEPTH AND WIND INPUT

The program is designed to accept the lake shape in the form of depths
at all grid points on a 60 x 23 grid. The first record on the "wind" tape contains
this depth information. As it stands, the program assumes that the waves are deep
water waves, and so uses the depth information simply as an indicator of the

~shoreline. To simplify the locating of the shoreline on the expanded grid, the

depths are all set to numbers equal in magnitude but different in sign depending on
whether the grid point is on land (negative) or water (positive). The new grid points
are assigned negative or positive values according as the average "depth" over a
square, of side 2 x ISHRINK - 2 centred on the grid point, is negative or positive.

Cautionary note: This averaging of the shoreline may assign a grid point to the

lake which was originally on the shore on the basic grid. This will producé an error
if the wind was computed only at the lake grid points. The error will arise in the
call to "ATAN2" with the wind components in both "WAWSP" and "WAVE". Two '
solutions are available: compute the wind at the offending grid points - these may
be determined by printing out | and J when U(l, I, J) and U2, 1, J) are both zero; or

] corhpute the wind at the grid points just inside the shore around the lake.

’ The wind information starts at the second record, and the time on each
record is the Greenwich Mean Time corresponding to the centre of the wind record.
The wind is in the form of Westward and Southward components (direction from)
which are in units of cm/sec. The program assumes that the wind has been
measured or adjusted to the standard meteorological height of 10 m. A further
adjustment is made to the wind speed to account for the effect on the stress of
varying air density. That is the wind speed is multiplied by the square root of the
ratio of the air density at temperature to the air density at 15°C. For this reason,
all reference to air density Pq above implies air densify at 15°C. Of course, this
introduces a slight error in the wind speed itself, but it is of less importance than
the consequent stress error without it. ldedlly, the wind speed and temperature
should both be read in by "WAWSP" and the density correction made directly.  This
was not done, b’ecdtlee, it would reduce the length of wind data possible on one tape.
However, it is a simple matter to adjust the program to allow a direct density
correction.:

For our purposes, the density of water is effectively constant and given
its value at 15°C. ‘ '




| The tape is written in binary mode-by WRITEG) . in

B.2) FORMAT OF THE WIND DATA TAPE:

another program. _
The following statements are used to read the tape:

READ (1) ((DEPTH {1, 9, 3=, JGD), 1=1, IGD)
READ (1) IYEAR, MONTH, IDATE, IHOUR, MIN
READ (1) (wil, 1, N, U2 1 J), J=1, JGD), 1=1, IGD)

repeat until E-O-F.

The array subécri'pts are used like Cartesian coordinates in referring 1o/

the position of the point on the lake, i.e. point (1, 1) is the lower right, and (1, JGD)
ht. For

is the upper left, (IGD, 1) is the lower right, and (IGD, JGD) is the upper rig

Lake Ontario, 1GD=60 and JGD=23. ' ‘ _ S

‘ ’ The depths are used only 1o indicq're shorelines,
’ zero are points in the lake, the rest are on land. ‘ -

v (1, I, J) is the west component of the wind at point (1, J) in cm/sec,

andu (2,1, D is the south component.

so values greater than

n o



APPENDIX C:

_ SUBROUTINE "JULIAN"
C.I)  Author: J. Dowell, CCIW, April 1977
JULIAN - defermine the number of days by which a Gregorian
Calendar date occurs after a specified base date, i.e. Julian
Day. |
GREGOR determine the Gregorian Calendar date which applies to a

JULBASE

specified number of days after a base dq'r_e.

initialize subroutines JULIAN and GREGOR by supplying the
base date.

C.2) CALL JULIAN (JUL, IY, IM, ID)

Convert Georgian Calendar date to Julian Day.

JUL - returned value of Julian Day
Yy - supplied Gregorian Year
‘M - supplied Gregorian Month
ID -  supplied Gregorian Day
Note: If day supplied is day-of-year then set month to |
Restrictions 1900 < vyear < 1999

R £ month < 12

| X day < 999

If a limit is exceeded then an error message is printed and JUL is set to

ZEero

INVALID DATE SUPPLIED T@® * JULIAN * 315

JuL -
Yy -
M -
D -

See JULBASE to initialize a base date
CALL GREGOR (JUL, 1Y, IM, ID)

Convert Julian Day to Gregorian Calendar date

supplied Julian Day
returned year
réfprned month

returned day




1900<year<1999
See JULBASE to initialize a base date
C.b) CALL JULBASE (JUL, IY, IM, ID)

Initialize subroutines JULIAN, GREGOR to set a base date (year,
month, day) corresponding to Julian Day = I. |

JUL - dummy

Y - base year
M - base month
D - base day

Same restrictions apply as for JULIAN,

., . Note: There is no guarantee of daccuracy outside the range . -
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3 L0 0T 261320 13 a1 .68 5.0 9,51 0.8 0.31 0.23 3,20 1.84 2,25 2,27 _ 6.8 6.8 6,0 5,3 66 136 163 111 59 130 203 187
| LY 27 1E.0 13 11 1.76 5.0  0.53 0.17 0.32 0.23 3.56 1.79 2.30 2.28 .2 ki 6.0 5.2 66 163 184 118 330 192 207 13D
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13 11 .52 5.1 0.42 017 9,33 0,25 3.19 1.73 2,35 2.22 b5 _“.& .9 E.1

13 1 2.23 5.0 0.37 0.17 0.33 0.25 2.76 1.71 2.36 2,23 he2 4.5 5.7 5.0 94 1%. 188 139 3Lk 190 213 213
31 170 13 12 2.00 5.0 0,29 0.17 0433 0426 2,59 1.70 2.36 2.24% hei 4.5 5.6 5.0 90 157 133 145 157 138 217 23¢
32 1727 13 11 1.8¢ 4.8 0,26 0.18 032 0.26 2.41 1;72 234 2.17 LoD 45 5.7 4.7 89 160 150 183 200 132 215 206

w33 t7.3 13 114 1.84 4.7 0.23 0,18 0.32 0,26 2,24 t.7b 2,33 2.15 3.9 4.6 5.8 L. 89 163 192 152 203 195 22) 204 AJ -

o120 13 114 1.75 445 0,22 0013 0432 0,27 2,00 1.76 2.32 2,13 3,8 b.? ‘5.9 bol 89 1¢€6 193 1S54 206 200 221 202
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37 1320 13 {1 1. €L 4,5 £e17 0,29 0,36 0,26 1,57 1.81 2.3C 2,06 3.7 3.8 6.5 3.8 181 171 197 153 1598 195 2t 137

Jg 1920 1% 11 1.8 beS 0.17 0.18 0.35 0,26 1.61 1.80 2.36 2.03 3.9 3@7 6.4 3.9 8L 172 193 16¢ 203 199 217 133
3¢ 1930 43 11 1,65 b6 0.1€ 0,18 0,36 0.25:1.66 1,80 2,81 2401 6,1 3.7 _6.3 k.1 181 173 199 162 207 202 221 135 _
2703 13 11 t.%51 he? 0.17 C.18 0,36 0.25 1.58 1-29 2¢kn 1.99 k.3 3.6 5 182 174 200 164 211 205 224 231
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2 2930 13 11 1.%2 4 o6 0.18 0417 0435 0425 1473 1.72 2,50 2.06 ko7 3.7 5.6 &L.1 184 177 201 1€6 212 207 227 210
A3 2008 13 11 1479 b5 0019 0,16 0,35 0,25 _1.76 170 2,51 2,08 5.0 3.8 5.3 4.1
o 2120 13 11 1.35 4.6 0420 0.15 0435 0.25 1,37 1.67 2446 2.07 Le8 3.9 5.5 4,0 188 180 203 172 222 206 231 215
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1
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_LNP v 30 1.72 5,6 0,28 0,20 0,43 0,23 2,08 1,76 2,53 2,06 6.3 5.8 7.7 .1 203_ 487212 189 223 232 22% 243

5 el 14 11 1.85 642 0.30 0,21 0,43 0,254 2.13 1,80 2.5€ 2,04 7.4 6.8 8.0 4.4 206 204 216 191 233 2&0 235 247

se 1.3 1t 11 __1.98 6.8 0,34 0.2 0,46 0,24 2,72 1,87 2,65 2,02 8.4 8,0 8,5 L.7 210 212 216 195 236 246_ 241 25C _

s
€E 122 16 1t 2.08 7.7 8439 0429 0,43 0,25 2.36 2.01 2.71 1.87 - 3.5 8.9 8.7 5.8 214 220 213 2063 238 250 ,233 2«7
g b i 14 2.23 2.8 0.4%E 0,35 0,52 0,27 2,56 2,19 2,7¢ 1.86 _10.5 9.9 9.0 €.9 213 2?76 219 206 260 253 236 244
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£ 20 1% 11 2.38 3.5 0455 0.42 0455 0431 2.76 2.40 2,87 1,95 11,7 10.8 9.3 8.0 222 231 220 212 2t2 255 23% 2u2
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X i.g; g.g; g.gg g.gg o.gg g.og 0.00 0.09 n.o% o.o% o.%p , :
. . [ - e - ry's o . o U !
i 0.7 1.0% 1.01 9.85 3:88 2:89 3-89 3:38 3:83 'RIRR:
: f.aL 0,97 0,67 0.8 0.00 0.00 0.00. 0,00 0.00 0,00 0,0
. 0.&& 0,80 0,65 0,35 0.84 0.0 0,00 0.00 9,00 0.00 0.0
¢.£0 ©,43 p,cé 9.93 0,96 0,81 08.00 0,00 n,00 0,00 0,0 W,
P AL T L e TG G 1L S L0V ER T 75 0,00 0 000V 000 ,
; 6,90 £.6% ¢.11 t.11 {.0% 0.€5 0.78 0.00 0.00 0.00 0.0C ¢
7,99 D36 1.15 1,15 1.13 1.03 0.84 0,30 0.0 .30 [
8.00 0,00 1.17 1.21 1.21.1.13 C.23 0,00 0.80 0.00 0.0C _ R —_
Go.03 0.9C 1,12 1.23 1.2¢ 1,19 1,02 0.00 0.0C 0.00 Q.00 "™ 7
0,00 0.90 1.19 1.21 1,22 1.20 1.1% 0.36 0.0 .00 0.00 .
. .00 £,00 1,18 1,18 1417 .44 1,09 0.92 0.0 00 0.0
: g,0¢ 0,00 1.t 1,13 1,11 1,07 1,03 0.8 0,.C .00 0,0 .
e 0 e 00T 1T T 1T 107150 270,97 0.837 0. 00 B00T 04D
9.09 1.41 1.12 1.1t 1.08 .01 0.31 0.77 .0 .00 0.0
N,00 1,11 £,12 1.12 t.11 1.03 n.@g 0.73 o.% 0.00 0.00
o Cn.AA (.12 1013 1.1L 1,12 1.0% 0.37 0.ei 2.00 0.00 0.0 N
.00 1.1¢ 1.1 $.17 1.1t $,CL70.283°0.0070.007°0.,00 Q.00 |
A, 50 4,26 1.21 1.22 1.42 1.C7 0.85 0.00 0.0Q 0.00 0.00 .
.00 €,2L 1,26 1,27 1,23 $1.12 0,90 0.00 %.np D.00 0.00 :
3093 1098 91.23 1.31 1.%¢ 1.21 1.6¢1 8,90 0,00 0,00 0,00 §
AR B K 1 - 0, 3. S WP . B {6 B A Tin VS A PR - B R L i
€.00 £.97 1.21 1.31 1.31 1.29 1.25 1.15 0.93 0.00 0.00 D
6.66 €.00 £.29 t.23 1.28 1.26 1.23 $.15 1,01 0.768 0.00 !
L 000 £.30 0,00 1.21 1020 1.19 1.16 1.09 0.92 .66 0.00 _ — e e o
- 0087 P.G3 0400 14085 1.06 L.C€ 1,05 1.00 0.78 0,00 0.00 "7 ——"""7""~ i
0,93 ¢.00 0,00 0.93 0.80 Q.21 0.82 0,67 D.0% 2.00 0.080 ;
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% SN, S ¢ Y § G e > A & £9- NS PR A P (- -7 S OF AU TE SUEPY-S SR TV IR TLT JNE S PY AR U AR EXLIR I 233268 243 2G5 253 256 25k 26w
70 720 14 11 2,70 13.6 1449 1,40 1461 1.35 %.82 h.58 4,94 4,48 1349 14.3 15.2 3.8 234 2L3 243 246 251 256 250 255
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[ SR Y I T3 S .12 1%.6 [y (T8 2.15 [.5% 5.20 6,97 5.8L 4,91 Ih.b 1k.5 I5.5 TG 6 250 2¥6 25¢ 245 227 257 53 ZRT
. g2 130 % 11 2.7 - 1449 £.7€ 1.61 2419 1.56 5,27 4.96 5,92 4,85 15.4 14.8 15.4 44,9 23¢ 257 252 2L+ 216 264 233 232 }
F"gg“’ifﬁﬁ"iﬂ*—{{ % i S TP Ty I 66 .23 156 528 S 0% 5,95 LoD ¢ 447 {h.6 15,5 14.8 23?“’257—-252_—253*f2{€_-?55_—?5C~‘33S""1
: L 123 b 11 270 1646 - 1.79 1.67 2.23 1.61 £.28 5.08 6.08 &.94 14.6 14.5.15.5 16,7 239 257 253 244 237 288 255 242
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: . 2420 2041 0.00 0,00 0.00 0.00 9.00 0.90 9.00 0.00 0. 00
‘ , 1.92 2,57 2.06 0.03 2.60 0.00 0,00 P.00 090 0.00 900
i 1.32 2.81 2.25 1.81 0.00 0.0C 0-00 0.00 0,00 2.00 0. 04
: : 1e43 2.£% 2.35 1.37 0.00 0.C0 0.00 £.00 0.00 0,00 0.00
: D+32 2487 2,62 2.13 1049 0000 0200 0.00 0.00 0,00 o105 !
. 8+00 2,36 2,L7 2,26 2,06 1.77 0.00 000 9.00 0.09 3. c5 /
; n;53*7122-?;z5-2;33-2::r“r:?U‘I:ST—u:uu'n;on-rrsu-r:uu ; -
. Fe8% 1.9L 2,10 2.3) 2013 1062 1,54 000 1200 0.00 g. 00
; Q.98 1.=¢ 2.t0 2.2 2,05 1196 1160 0200 0200 0,00 0,00
: §:33 0482 2.%3 2.2¢ 2014 1799 17€7 0400 0.00 0,00 000 _ e e
C0T T D22 0000 2028 2013 2008 1166 1475 0.00 0,00 0.09 3009 T
P 9.00 2.38 2,21 2.1 1.99 1,89 1,83 1258 0.00 2.00 3.00
. 803 £e80 2,17 2.04 1,90 1,60 1176 1257 0200 0.00 0. 00 . .
; 0,00 0,00 2,15 2,02 1,85 1.74 1.68 1.32 0.00 ).00 0,00 )
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: Lo27 2.729.2.21 2,93 1,91 1.6F 1,32 2.87 7.00 0.00 0. 00 e
T T OL.C0 2,27 2.74 2,13 1.9€° 4,70 1.29°0.00 0.00 0.00 0.00
Je33 2.2 2.23 2415 2,02 1078 1.34 0,00 0.¢0 .00 0.0
: 5008 9085 2420 2.19 3,07 1,87 1145 0.00 0200 0.00 0,00
.00 1,88 2,12 2012 5,08 1.c4 1262 0200 0,00 0,00 0. 00
S TR ? 7TILCET2VNIT2 DL W B W Ty e 0 Y Rt g o 0800
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0,00 n,00 $.%2 1,73 1.7¢8 l.7g 170 1,60 1.3F 6.01 8.00 i
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- T 7 Ga00 0,00 Co00 13371033 1033 103610311001 0000 0 05 — e ;
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i ) STAMTEICANT MEIGRY OF WAVES IN METRES AN ib oF 11 $972 AT 17 0 GHY B
[ 2419 2.76 0.00 0.00 9,08 9,00 0,00 0,00 0,00 0.20 0,00
R 1.3 2.9a 2.€8 p.3) J.00 3.00 0.00 0.00 9.00 0.00 0.D0
: 1232 .92 2.€0 2435 0.90 0.00 0.90 9.00 .0.00 0,90 0.00
: 1.26 .02 3.02 2.5) 9.00 0.00 0.00 0.00 0.00 0.08 0,090 i
' : 1+40 3.9% 3.09 223 2,31 0.00 0.00 0.00 0.00 0.00 0.99
o “06 2.9 Ylga 3,49 2.7 2,L2 0,00 0.00 0.00 0,00 0.00 4
TG0 PITr 3. 07209372075 2 EF 24167050070, 0070, 0076000
- 0.00 2.37 3,03 2.83 2,73 2.68 2.21 0.00 0,00 0.00 0.00 ;
a 0.6 f.4p 2,67 2.9% 2.70 2.E7 2.27 0.00 0.00 Q.00 0,00 s
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