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•
1. INTRODUCTION

• HISWA is

progress

the last

a numerical model, deve10ped to hindcast waves in sha110w water. The

in the imp1ementation, documentation and testing of this model since

progress report (Booij et al., 1984) is described in this report. The

• mathematica1 formu1ation of HISWA is on1y inc1uded in this report in so far as

significant modifications have been imp1emented. For a complete description

reference is made to Ho1thuijsen and Booij (1983, chapter 5) and Booij et al.,

(1984, chapter 4).

• The status of the computer programs is described in chapter 2. In chapter 3 a

test is presented to verify the app1icabi1ity of the simp1e approximation of

diffraction effects in HISWA. Tests for the various source terms are presented

in chapter 4. The conc1usions of this report are given in chapter 5.•

•

•

•

•

•

•
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•
2. STATUS OF THE PROGRAMS

• The model HISWA consists of 3 computer programs PREP, COMPU and OUTP of which

the status will be specified below. The latest version of the user's manual of

HISWA is included in appendix I. A complete overview of subroutines is given in

appendix 11.•

•

PREP is a program that reads the commands given by the user and prepares

instructions for the programs COMPU and OUTP. It is a modified version of the

program PREP of the refraction/diffraction model CREDIZ of Rijkswaterstaat.

PREP has been implemented and tested. Presently no system documentation of this

modified program is available. We plan to make a document with the

modifications in this program which together with the system documentation of

CREDIZ will form a provisional documentation of PREP.•

•

COMPU forms the computational body of the model HISWA. In this program wave

conditions are determined on a rectangular grid through an explicit scheme

applied to two balance equations. This program has been implemented and tested.

The latest version of the system documentation of COMPU is included in appendix

111.

•

The original plan to develop two output programs (OUT1 and OUT2, see Booij et

al., 1984) has not been carried out because the development of OUT2 has

progressed more rapidly than was expected. OUTP processes the results of COMPU

in print, plot and tape output. It is a new program in which various parts of

the program UITV of CREDIZ are incorporated. OUTP has been implemented and

partly tested. A preliminary version of the system documentation of this

program is included in appendix IV.

•

•

•

•
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3. A TEST FOR DIFFRACTION

In the two balance equations implemented in HISWA (eq. 1 and 2) diffusion terms

are included to obtain diffraction-like effects. The purpose of these terms is

not to produce an accurate representation of diffraction but merely to spati­

ally smooth wave conditions in areas with strong gradients in wave height. The

equations are:

So= _-
A . dwo 0

wdto
Cl(w A )

{ 0 0
a cyo dX -

(1)
<1o

Cl(w A )
o 0 })
dy

=
w So 0

<1o
(2)

with

A frequency integrated wave actiono
W mean action frequencyo
<1 relative frequencyo
S source termo
cxo' cyo' ceo wave action transport velocity components

diffusion coefficient

The terms between brackets and preceded by the coefficient ~ represent the

diffraction-like behaviour in the model.

To investigate the applicability of this formulation and the value of the

coefficient a, the following test is carried out. In an area with a constant

depth (large compared with the wavelength) waves diffract around the tip of a

semi-infinite breakwater. In this test the mean wave direction is perpendicular

to the breakwater and the wave field is almost uni-directional (narrow directio­

nal energy distribution). The situation and information on the numerical grid

and incident waves are shown in fig. 1. The results of this test, for three

values of the coefficient a(a = 0, 0.01, 0.02) are presented in fig. 2. In

fig. 2 the value of the diffraction coefficient KI (defined as the ratio of the

local significant wave height over the incident significant wave height) is

-3-
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plotted at various locations behind the breakwater.

For the case of an infinitely thin, semi-infinite, rigid breakwater Wiegel

(1962, quoted from Wiegel, 1964) presented diffraction coeffieients obtained

through numerieal computations based on the Sommerfe1d solution of the

diffraetion of light of one single wave component. In the Shore Proteetion

Manual (CERC, 1973) these results are presented in the form of diagrams whieh

show isolines of equal wave height reduetion. These isolines (for incident wave

direetion perpendieular to the breakwater) are ineluded in fig. 2.

Fig. 2 shows that increasing the value of a yields more wave energy in the lee

of the breakwater but the diffraction eoeffieients for a = 0.02 (fig. 2c) are

still eonsiderably lower than the theoretical values of Wiegel. Unfortunately

for higher values of a numerieal instabilities appeared. In this test the mesh

size in the eomputational grid was chosen a fraetion (1/5 and 1/2) of the wave

length. Since HISWA is designed for computations with considerably larger mesh

sizes, an even lower value of will have to be ehosen for most applieations of

HISWA to avoid numerieal instabilities. This implies that ~he smoothing of the

wave field by the diffraction-like behaviour of HISWA is much less than by

diffraction proper. In fact, considering the required low value of a to avoid

the numerieal instabilities one may well deeide to remove the diffusion terms

from the HISWA model (unless a very small mesh size is used). The effect of

sueh a removal need not be dramatie for the results as the wave field in HISWA

will be smooth anyway (compared with a monochromatie model) due to the inherent

distribution of wave energy over the directions in HISWA.

-6-



•
4. TESTS FOR SOURCE TERMS

• 4.1 Wind induced wave growth

The wind induced growth of the directional energy density has been implemented

•
as formulated in Holthuijsen and Booij (1983):

d-I" 2 I c~1uio E /B d~ { E /B d} {I E /B d Fe= -g- B abcd(~) 1 - (~) b atanh[(~) ]f (3)

with

•
2 4

Eo = Eog /U10 UlO is the wind speed relative to the mean current

B - the directional distribution: Eo(6) - B(6)E.

Values for the coefficients a, b, c and d are determined from the SWAMP study

(1981, fig. 7.6):

a - 3.6 • 10-3
4t b _ 0.21 • 10-21

c - 4.667

d - 0.3

The test results indicate a satisfactory performance of this formulation.•

•
The formulation of the wind induced evolution of the wave frequency in

Holthuijsen and Booij (1983, eq. 62) did not give satisfactory results. A

different formulation is therefore presented here.

This formulation is based on an assumed universal relationship bètween the

dimensionless energy E and the dimensionless peak frequency f. From the SWAMP

study (1981, figs. 7.6 and 7.7) we found (roughly):

• (4)

with

• 2.91 x 10-2a2 -
b2 - -0.283

This relationship agrees weIl with the growth curves of the Shore Protection

Manual (see fig. 3). From equation (4) the rate of change of the dimensionless

frequency is readily obtained:•
(5)

•
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This expression is the basic expression for the wind induced evolution of the

peak frequency in HISWA. However, HISWA accepts wave boundary conditions which

are given by the user. These wave conditions need not be in agreement with the

assumed universal relationship (4). The use of the evolution equation (5) is

then not appropriate. To remedy this situation, which mayalso arise due to the

effect of the other source terms in HISWA, we have chosen to let the waves

develop towards the universal relationship (4) whenever the wave situation

deviates from this relationship. The rationale for this development is based on

the effects of nonlinear wave-wave interaction (see Günther, 1981). The manner

in which this development takes place is modelled with a wave dependent

coefficient for the rate of change of the dimensionless frequency f:

(lf)
l; wind

modified

== (~)
dt wind

original

x C (6)

in which

(7 )

The effect of this term is tested in a one-dimensional model in which eq. 6 and

the same wave growth formula used in HISWA (Holthuijsen and Booij, 1983,

eq. 52) were implemented.

The computed behaviour of the development of E and f is illustrated in fig. 4

for m - 5 and m - 10. This can be compared with the results of Günther (1981)

who obtained his results with a five parameter deep water parametric model (his,..., ,...,
fig. 14 transformed to E-f domain). The agreement in general behaviour and in

time scale seems fair considering the absence of any empirical information. The

value of m is aroitrarily chosen to be 5 in HISWA.

The formula for wind induced evolution of directional wave frequency Wo
implemented in HISWA is

(8)

with

Wo - WoUlO/g

For the coefficient a2 a larger value was chosen (0.04) which proved to give a

better fit with empirical data reviewed by Holthuijsen (see below).

In fig. 5 growth curves of wave height and -period in deep water, computed with

HISWA, are plotted together in one graph with a few relations from literature

-9-
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•

•
and empirical data from Wilson (1965,quoted from Holthuijsen, 1980).The wave

periods computed by HISWA are mean wave periods unlike the included results

from literature which deal with significant wave periods. Therefore, the

computed periods should be somewhat smaller (about 15%) than the significant

periods.

• The overall
2

F g/U10 =
agreement is

0(10 103»
satisfactory

the predicted

'"although for small fetches (F =
wave heights are slightly below the

growth curves from literature (which are all in the upper part of the envelope

of observations).

•

•

4.2 Bottom dissipation

The formulation of bottom dissipation, implemented in HISWA, deviates slightly

from the one used by Hasselmann and Collins (1968)and described in Holthuijsen

and Booij (1983). The reason for this is the fact that this formulation

contains a bottom friction coefficient which is not dimensionless. In addition

its value and relation to wave and bottom conditions is not very weIl known.

However, the basic assumptions underlying the formulation of Hasselmann and

Collins (1968)are maintained. This basis is the quadratic friction law:

(9)

• in which T is the shear stress vector at the bottom, p is the density of water

and u is the velocity vector at the bottom. The rate of dissipation of the

total energy Df is then given by:

• (10)

or

(11)

• Substituting the orbital motion at the bottom for a uni-directional mono­

chromatic wave component with height Hand frequency w from the linear theory

of gravity waves gives:

• (12)

•
in which k is the wave number and d is the water depth.

A commonly used value for the dimensionless coefficient cf is 0.01. This

-12-
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•
expression can be extended to a uni-directional random wave field (Dingemans,

1983) by considering the joint distribution of Hand T: ~(H,T).

00 00

Df '"% ipCf J f (Tsin~ kd)3dP(H,T)
o 0

Arealistic function p(H,T) has a complicated form. To simplify the analyzing

(13)

• p(H,T) is restricted to one wave period and a Rayleigh distribution of wave

heights. This approach is rather crude but it is deemed justified regarding the

uncertainties in the validity of eq. 13 and the value of cf. The result is:

• J w3 H3Df = -- P cf ---:::---
8h sinh\d rms

(14)

•
A comparison of eq. 12 and eq. 14 shows that the dissipation rates of a regular

wave train and a random wave field are approximately equal for H ~ 1.1 Hrms
Ot 0.78 H •. s
Expressed in terms of wave energy density E eq. 14 becomes:

•
(dE) = -2 I%.. c 2 <u> E
dt Vn f wbottom dissipation 2

gsinh kd

in which <u> is the orbital velocity at the bottom (linear wave theory).

(15)

w E1/2
<u> = slnh kd (16)•

In order to apply eq. 15 to a directionally decoupled model the dissipation

rate is assumed to be distributed proportional to the wave energy density in a

direction:• dEo-- ...dt
dE

B dt' Eo = BE (17)

•
in which B is the directional distribution of wave energy.

dEo
Accordingly the dissipation rate <ft: is expressed by:

2fi W
- -2 vfn c 0 <u >E

dissipation TI f sinh~ d 0 0
o

dEo(<ft:)
bottom

(18)

• The orbital velocity at the bottom <u > is approximated by (Collins, 1972):o

<u >o {

2TI w2 }!
= J _----:0..-_ E d8

sinh2k d 0o 0

(19)

•
-13-
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•
The effect of a mean current on bottom dissipation is included in the same way

as the effects of orbital velocities. The equivalent set of equations

(frequency Wo is replaced by relative frequency 00) is:

dEo
(crt)

bottom dissipation
=

022A 0
1T • h2k dgs~n o

(20)

• -{r 2

Eodef
o

<uo> 0

sinh2k d
0 0

<u > = lu cosê + u sine Ic x y

(21)

(22)•
The value of the coefficient cfc has to be determined empirically (in HISWA

values of cfw and cfc of 0.01 respectively 0.005 are assumed).

• Further the influence of bottom friction on W is expressed by:
0

dtJ 2
dE b3

(~) = W a3 {_g-2w~ (~)} (23)
dt bottom dissipation 0 o dt bottom dissipation

• Since there is practically no information on the coefficients ~and b3this term

is assumed to be 0.0 in the tests presented in this report.

The decay of waves due to bottom friction was tested in shallow water (constant

depth) in absence of currents (fig. 6a). The computed decrease of H plotteds
distance x is given in fig. 6b. A comparison with the analytical formu-• versus

lation can be obtained as follows. For a monochromatic uni-directional wave

train in water of constant depth the ratio - ~H2 is constant:
dx

• - - (24)

Substitution of eq. 12 in eq. 24 yields:

• dH-_=
dx , n

c
=~

c (25)

•
In fig. 6c this analytical expression (the parameters c, c and k areg
evaluated from linear wave theory) is given together with numerical results of

HISWA. The agreement is good.

Empirical information on bottom dissipation is indirectly available in obser­

vations of wave growth 1n shallow water. Characteristic for these observations

-14-
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•
is the value of the total wave energy (or the significant wave height Hs) and

of the significant period in a stationary situation for a limitless water basin

and a homogeneous stationary wind field. Fig. 7 gives the HISWA results in

dimensionless form (determined with wind speed UlO = 10 mis) and the review

results of Holthuijsen (1980). The agreement is good but the computed (mean)

wave periods are not asymptotic values since periods will continue to grow when

growth and dissipation of energy balance each other. The indicated results are

based on the value of the wave period at the moment when the energy attained

its maximum value. A refinement in the model to stop the development of the

period in these conditions should be considered.

•

•

•
4.3 Surf dissipation

The source terms for energy dissipation due to wave breaking in the surf zone

and in strong adverse currents implemented in HISWA (based on Battjes and

Janssen, 1978) are:

dEo
(ërt)

surf dissipation
(26)

•
-1

Hm = 0.88 ko tanh (y kod/0.88) (27)

•
E'"-8-
H2m

(28)

dissipation

dE b
2 -2 w3(_0)} 4= w a {-g
o 4 0 dt surf dissipation

(29)

•

A test was carried out with waves perpendicular to a beach having a bar-through

profile (fig. 8a). Wave conditions and dimensions of the beach profile were

taken from Battjes and Janssen (1978).

These authors checked their theoretical model with a laboratory experiment. The

values for al = 1.0 and y = 0.8 are used in this test. For this test

(dW Idt) f is assumed 0.0 since there is hardly any information on theo sur
values of a4 and b4•

In fig. 8b the computed variation of wave height is plotted versus distance to

the coast for both the HISWA results and the theoretical and laboratory results

of Battjes and Janssen. The agreement is good except for very small distances

to the coast where predicted wave heights are too large. This is at least

partly due to the absence of wave set-up in HISWA.

•

•

•
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4.4 Dissipation due to currents

In addition to the surf dissipation mechanism (which operates also for strong

adverse currents, some dissipation is assumed for energy at high frequencies in

situations with strong opposing currents. This model is described in Booij

et al. (1984). The resulting source terms are:

• dE
(_0) =
dt currents

_1 (E - E )
T 0 00
1

(30)

•
dw
(_0) =
dt currents

(w - w )
T2 0 00

(31)

The relations between (Eo E ) and (w - w ) and w Iw (w is a critical
00 0 00 c 0 c

frequency above which wave components loose energy) is shown in fig. 9. The• time scales Tl and T2 are assumed to be equal to the mean wave periode

The above source term is tested only in the following hypothetical situation.

In deep water a narrow stream is assumed with high current velocities and• strong gradients (fig. 10a)• The direction of incidence of the waves is 600

relative to the main direction of the stream. In fig. lOb through 10d the

•
variation of wave height, -period and -direction in a section perpendicular to

the channel is shown with and without current induced dissipation.

The decrease of wave amplitude and -frequency and shift in wave direction seem

realistic although there is at the moment no empirical data to support these

results.

•

•

•

•
-19-

•



• - 00' • -

•
1

•

•

• 0
5

Wc. Iv.; ...

• (w - woc) /w

r
•

•

•

•
5

• Fig. 9 Decay of wave energy and -frequency in adverse currents.

•
-20-



LlliL
Hs· = 0.5 m d :; 1000 m1

T. = 3.0 s llli!1

Co;S e distribution

•

•

•

•

•

jY
area 4800 x 19200 m

grid 25 x 25 x 10 points

mlnlmum direction of propagation -600

maximum direction of propagation +600

mesh size 200 m x 800 m x 13.30

1 ~ Dy (mIs)

oJ-----.JL----r'---r'-----~~-=-oo=-ll!m x (m)

!lliL

lill!
A A._._._.

-1 r-

-2 ~
• - • __ .,--_ ....1-2.5

-3 r-

• a) situation test.

Hs(m)

1.0•

•
0.5•

•

current velocity profile in section AA

*' - --f(. without dissipation

~._.-() with dissipation

,Y. -)( -x-Ac\" ,x I,
I ,
I

I

X-1< -)(- 1(-1(- 11,->(-)( -1(-)(

,
'0-. 0-·0-.0-.0 --'0 _.0-'0- '0-'0--~o- '0-'0-'0

• o .__------~--------~--------~---------~-------~~x(m)
500

b) variation of significant wave height in section AA

•
Fig. 10 Dissipation in currents.
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•
5. CONCLUSIONS

• The implementation of the numerical model HISWA is almost finished. Following

the tests of wave propagation (Booij et al., 1984) a number of tests is carried

out to check the representation in HISWA of diffraction effects, wind

generation and dissipation processes.

The computation of diffraction-like behaviour in HISWA seems only practicabIe

in situations in which the distance between the grid points is a very small

fraction of the wavelength due to numerical instabilities. We feel, however,

that this is not a significant limitation in the applicability of HISWA.

The results of tests for wind generation and dissipation processes agree weIl

with empirical data and analytical solutions in sofar as these were found in

relevant literature.

•

•

•

•

•

•

•

•
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r0_~t;.on~h::';:,:<: ...... ~4 !"'a;.::.dC;'ë1I1JSS i-n·the bottom' or c ur r-ent
p~~~ern ~r ~nrou~h user-i~~oS2d ~oOndary conditions), the
iVO!U io~ ~f ~ha maan tr2~ue~cy ~s adapted t6 forc~ the ~ave
~a; I 't 0 ~ .:1 r j s t !.~ r a:. ::l --:~ 0nship • ~,:'

,~ , '-,~,' .

c f c u r r e n t s is
Bn:J d i re c t i on

r:::tn~r -:hll!"lthe

:.nclud:)d'
l.!"'l the

rei'llUlind

by. u sLn ç thl3 apparent
:;rotu+.h. and 9volution
sp~ed önd direction.

:n sn~:_c" 8~· ~ tna wave enerJY in eaCh spec~ral direction
_~ ~~5_!~~te~ in H::Jft b~ Dottom~fr~ct!on. ~hii dissipation
~~ je"tarn:'n",d .Ji't.'1 '2 4ö:rl~' con\c.ention~"! nonlinear bottorn
.1.r.ic,,;.:.o.na o d e ; z n c ; ..d.:..nj ,,;he. e t fe c t, of .a. meen c ur r errt..•. !t is
b~ ~~ n 3 conve~t:.onDl 4ornu13tio~" 10r periodic waves
.('~uajr~~!c fri:1!on'lJ~) ~;.tn th~ app~opriat9 'parameters

5U~"t a ranjo~ ~~va fiald as ccnsidered in HISWA.

,
r >?:. a t ; (1,") :: h :...)
'fr:'ct':'on.

is only in~i~ect~y
.1n h!SWA, virt~~ll~ '.~Y

~ith ~n W9ve enerJY di~sipat!on

affected by
an essumed

d ue "to bot t om

"

!n ~x~r~~o!. sh~::ow water !h? ~aves break in a surf zone.
Tha c~rre~~~nd~n_ ~na~]: :!s~!~3tion is ~etermined in HISWA
~l~n = ~or~-~vJ)l ·or ~he ~aves ~n:ch 3r~ hiJh~r thsn some
~rw_h~:~ V~:U0. :~l/ th2 ~ota! rate of en~rgy dissipation
':'5 ~nus d~~srm~n~j (i.e. :nte;r3ted over a~l d~r~ctions) •.'
T~~~ ~~:~l r~1~ :~ d:5trioute~ OVGr the directions
1_r c ,)=- r t ~0 n .; ::. ~0- .._:ie .JJ '3 v s ..n .? r :;'j :..n a dir e c~ ion.

Tht' ::1J:;nu~v~ frf::;u~nc/:s ;f"'ec~-=d ~nly .lndirectly by surf
d;'Ss:~~~!on:n ~:S~A, virt~all; by En a5s~mad relationship
~.:.t~ ~~J ~~v: aner~/ d.:.:!ip~tion dUB to surf breakin;.

;h~ ~f':~c": of
:n~o :::c;:;o:.Jn't.

is not taken

In ~ ~~r~~_ cjv~rs~ curr2nt !on~ ~!V9 enarJY is c3rried away
~~. :h~ ~urr~n~. 7n!~ :: .~n5rjy w"ic~!n 3 ~ull speetr~l
~~j~_ CJ~_ ::r3:~~6n3 3~~ ':ra~~3nci!s !nc~udad) !s carried
D. ~~V~ CO~;~A~~t3 ~~~: can~o~ tr3ve! a;ai~~t th~ current
(;.rv;))__".,_0;-, ,;;;:.::- cl" .)s ::--:1'1 C:J:'"re .1~ S iJ 'S od). Th i sen'? r9y is

,,'•.,';.

"r~ ,'J~n.: ..
~,_?C~;~~'.

~~e ~:S~A ~od~l t~rou~h ni~h
35S~~2~ 5~~n~arj ~req~ency
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~omnE~ds ara 3vailabl~ ~o users of HISWA:

PR:JJ:S'T
P::.!_
j':~T

T~tl~ of tne ~~?o!em to be comput3~
, ~ .; ;) .;._ n S I..t. c ,) f 0 r d:/ :1 : m .!.c d -!!t iS .p0 01
r~~u3s~~ the outpJt o~, intermediate rasults fo,.
tc~~~nj ~urposes.

TJ? E~: ~f û~~r's ~npu~. S:arts a compu~~tion.
~r~n_~ jSt3 vi o:j ryn back 1n:o memory.

~,.,'

,\' '. t=:

sets VS!U2S o~ c~rt3in Jener!l parameters
~o~it~on an~ size of c01putational,grid
~os~tion and'si:e of ~ottom Jr~d' "
r~ad oottom ~nd/cr curr2nt velociti v31~es
dGf!nes !nC~d9n~ ~ va
coun~Jr~ co~d~ti ns
co~pu:a:io~al ;r~j
u:n~ :nflu9nc~ on UJve
ore~kln. of ~cves
~ 0 t"t c ,j ~",.:.c : i.o n
c.:..tfr3ct:"::ln

cus V:
c::f.;_nr::s
~~(:n~s
:l,::i:'n~",

en outP!.Jt +r2me
s n 'Ju':;)..Jt curve
e se t v" èu:,...J~O::I!T:

I "" ~I::t_ .. _Ilo

fi:..ald
::ï: lat~r.öl!. si::les 01 the

field

TA:>~=
PP,?;;;:
P~.JT
St-: J 11

r~~~est; ~ ~lock ;r~nt
ra ..JS!t3 ;r~ntin~ 04 ~ ~3ble
c~t5 :on:~rnin~ ~~ott~n_ ~a~er
re~Ja ~3 ;:o~~~~_ of ~ fi~ure
r~~~e:~5 3 vari~!c~tion plot

'.,'. ''.., ,
it~ !

•••• t
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.Tha ~np~\ f~r rl!S~; is orJ3n~=ej. !n the form of cornmands.
~~:~ co~~an~ is les~Jne~ed ~1 a keyword corisi~tin~ of
l~~:ers ~nj (50~s~~~!s)di~:~5, but alw3~s be;!nninG wit~ a
lz!:ar. Af~tr :h:s ka~~ord usually 6ther data nppear, such
a~ real or ~ritaJ~r numbars, or char~cter strings. Character
5tr~n~~ GUS! ~:~a:s os 9nclosej in quotes; k~ywo~ds ara not
~n .:~O~05. ~~r~n~s snd ke/~ords h3ve an entirely different
~ç~~:,;to t~~ ~ro~r~~; ~tr!nJ_ is a variable. a key~ord
n~- ~ ~:~~~ ~a2n:n~ ~n3~ruc~in; the pro;ram t~ perform
car~.:J:':1 zc t i c n s ,

:'l«:c<z-ssz,rrto èlctual!.ymri't~ down all the
!n many.cases the pro~r~m will

:-----------------------------------------------~-~--------: 10,

I ST ' r... r. ~J::: ' eX) CYJ I., ......1-

K:YHJRJ < >_
I -) i,!'J C r,~J (~:-: J I

:----------------------------------------------------------:
T~~ f~:~ ~_n~ r~~!~ ~~~:i ·or th~ co'~and d25cr!ption:

~3.~0rC& Jre nct anç!C52d ~ I S1~3ra br3:kets or QUotêS,
:,~ :?~~~rs ~~at ~re ~n~e~l!ned ,ust be copied literally;
~:~Jr ~~~~~rs or ji~1~s m,y je added, as ~ell as the.
:nt~~c:~r~ - Jr~ _. :0 i~ tn~ COM~3~Ç outlined above one
,J. ur i t s : r,:':' cr K::':':'I 'Jr !(,:Y-y::R:: c r KEYHCLE etc.
7h? f~r$~ kJ;~,r~!n ~~e co~m~nd- sch9ms is ,3250 the
C ..):7l;, :_ :;: n ; ;";':;•
~ nJ'J ~~~~dln S~~Jr3 br2ckets 1S to ba re~laced by 3
(r.:,.j:!. c r ::.nte":'Er) , !"IU"1c-z:r; a n en s j~ti,:Jeen q-'ot~s is vc !:le
r :::I' .:...l : :; ~ ;) .' ::. s t r ; r.::; , 3 }_S0 .? nel 0 s e j i '1 quo t .~s • !n t h e
=~~'~:;J d€sc~::.;t~on o~e c~n fin~ ~h3~ tha pro~~am does it
3 V3rl~~:~ ~s ~,~ ~3~i..)nej ~ V~:U9 ~I ~he US9r. Th9
j .)_;cr _.' -:_ J!1 :J l ::0 3.-,0 '.. l·j :'1. :;. k,~ C19", r Wh eh ter are Cllor

=.X;J<:,?c't-?d.
.;,o ::.n t .:..;;n o t inte;er~ G~ _ '1;;,:' in an

~, ~~, :J :? r •
"-:1"'; ~--'.--' "'i,; .. : :,:; _,_V'2Hi ::'i ..,,~S' E3;';19 '~rder JS 't:,;z:/ ap p e s r in
-: .-':": .: _,._ <., r _ ,_-:i: :J r;. :. o j'j I~ .. J i.n "t.;,. t o ,:1 S ;: : :; ii t h I~ v .31U ·3 5 tot h ~- ,- . "

" - , s.
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fJr ~~e corn~~nd, the ~onnand 6~n b~ continued on the next
!_n!J i4 ~h~ last one his 3 cDntinua~ion mark as lts last

Th .. l' .' .. _. _",',' •. e~t~1"l. 1.0 ,C __ cu ao .. c on t z.nu st Lon -mar k s c an he us-ad. I.A or
(~ne und2r~:ore, ~ot t~9 minus siJn). !n the com~and
da3;r~~~_)n5 ~ne ~ also s~~n:..fi~s,a :on~inu3tion mark.
~ _r0.J ... o f ::::~...:? oe tu een rn,.~nthe.s~,s'·, ( ) is optional; the
;o~;n21nd j?$,:r::.;;t~on ":12:':':5 what 'h3~P9n$ i1' the ,gro~.p of
d~t3 jee; not 5p~9ar ~nt tha us~r's cornmsnd.

- A ~ro~p o~ d3t~ 0:..th~n nn~le ~,.ackets < ) can be given
!"''''':;::;:J:c.;I:';;.:n' ~,'1:: .ss r "s :.n;)ut t n e end of 't~e repe'tition
~~ _n~::':3t:~ ~~ th_ end of t~e lin9, by tne a~pearance o~
3 K~.~~!",j, cr J~ one ot ~he followinJ char3ct9rs: / or J.
~ha ~r~J~ ~f d~t3 ~us1 be ;iV9n a~ least onca, unlass'it
~~ ~:50 5_rro~nd3j by ~ar3ntheses.
~1~ar~~t~v5 Q~~~~ns ~n ~he command
DrçC~S o~ 1he follouin; farm! ~ ~~-,~

'Ii ..._ ........
writ'te.n. bet:lleen

~." ,.",.

< .°1 ,':_.,
, '."C. ï .'i'~:."\>

I
kèywor.d (in t he

! • .~n Or:1~:'t..,' in ;:l

rJcojn!zed ?n!~ i1 !t ~s ~urround9d by
a-' r 0 ...r ':~... "J ::'1 :. _:;.s s um:? -:h~-: "l d a't a, "f iel dis:
,u k2.'J:.r.:f'.:Jheraa. :J3ta .:.."':",:r, is ex o ec t e d,
: f :::1? :.:s : r .J ,;)n--:Ei -: 0 :.J r ~t ':-~ se t- 0f i cl enti C...a1
ns C ;J:1 <J :: '? ": 11,? r (? ;:- ':: t i "t ion t i.~C 1;or, 9.':;.

one
is chosen l'f,

:."b "

A keyword is
= or •

is
commas. 41so the
empty is i{ finds

data fields,

:5 :.~. ':.:':.J.'J 3:;.:,:'.,
in front of a'
a n~1iJ 1ine of
of empty data

CO~f"'':'':::''3n"t t n z t ~lèl/ 3,;;:"'~iJr as -:h;
~n~J~$ ~or c~n ~t 'j9 ~5e~ to ~ive

first on
ël numo-?r

;:J c:':,r:.~/ t ns nes nLn , of t he input, one ean insert
comn31t. :o~~ont must ce !nc!osed in $ si;n5. !f th~re is
~n:. ~n! S 3~;n ~n ~ 1~n0 it is aS3urned t~J~ th~ and of
~hi llne i~ tha enj ~4 the comment; tne next 1ine is
con;~J!re~ !~31n as ord!nJr; ~np~t.

e,- ~ :;'Jide •f-, of this
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:-----------~------------------------~---------------------:
I
I
J
J
I
1
I
I

''''''T·, t':'~'\ - I. ....... _

:----------------------------------------------------------:
'Ä j'::scr:.;:~.:.o:t jiven in

of these
':'::he j ~~ne5 'T!TLE1-,

max. 56 characters
,the ou t p u t bey -the'

~mpty.
lon",. Tn... 1::.n·:5 1.:1:'.. 1:.- , )0.:. ...

O~ r·? p r ooucs d. in'
'thrge 2in~s' are

;._.

:----------------------------------------------------------:
I'
I
! ,,'

, ~',.•
s~~r~3 ~o~t nun~e~s ~n t d)~a~ic d~ta pool, which must

i~ !sr.~ 310U h ~o h~ld all ~his ~nfor~atio~. The iommand
p~w~ ':'sU59d :0 .:va tha ~ool ~ prop2r size. rNPODLJ is the
s~:"-:':'i':lof ::,,,, ;;"0,,1 z n b:,OCKS of ••• nun ner s , The initial
'\i'.51u·~ (;1' :llPJ':!..J is :.:, wh:'ch is ~ui'ficiant for smaller-
.Jr,;):J J.. ,';0;11 s ,

'.'.
!m;.>or:.:ln-::
CO:!1tre:nd .:.n

'":Î~ CO::I.,_'nd PJCL ;+ ..,us-: b~ tne
:;:.v·?n D ""

:----------------------------------------------------------:
1

. .1
1

( ~!J~U~! ) ( SA,V:: :Hf=J )

:----------------------------------------------------------:
Msrks t~e an~ 04 t~0 ~s?rs ~nput.
, Af ~0 r ~ ij _ :: cc :1 ,~l;J ;ï j t r.:: i)r Q J r :J ['11 w;' 1 2. s t Clr t ~0 tIJ rit'? t hem 0 del
d~s c r c.. "':.:..0 n <.. 11je": h ;? ree r.1 i)Ut :"l't l 0n :I1 .::..r; s":!"Uc "t ion s tof i 1e
:NST~ (ço;·lf"' ...~,~t.:.:l:lJl :'!"1<;"t!'"'J::t.:.ons),- unLa s s ";,,e ke;{word N~RUN

. "
::..S ,) r ~S c: :"I 't •
~~r"':n0rncr9 0~1~ ~r:'~~ ~n~ O~~~U": p3reM9~ers
re" .J :0 ~ -: .:. ".: :> of:' :.:? :!J :: i '; C 0 u ~;: :Jt :.n :;": r u c 1: .: 0 n s ) !
!f "':h 2 k ,:::' ..: '.)r :;; :::~~I? ;~r ':> S .?n":, ~h := r.1 0 d :;> ~
o ~ -; ,J..J -: ~ ;: ..~ _j ...: rol .: C"....i ~; __ ~ r ,3 .4 U '3 :: t s :. r ,a :.u r ; ~ "':13 n t 0

r G f -:r ;:î ::'2 :l.J: '.:" ::,.r : ',F :. T ii .:'.::of:..:.? _.:. c aL'.,z.0 th e

and output

j"

description,
the file with,. \.! 0 r k f i }.e t i1:

c u t .3 series o-f
th.; 1"1ode~

~e r e s t ore d
:'~~~J=l:

': 'J :: !'".' ~:-:':.
~c·rc?: to
":".Î,~ ~rV::J

r\?~~ ~t
:l2~a C5!')
:'~f (';~1t :

.>
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:ne SAV~ fac~:ity ~s nct ~et aV3ilable

:--------~--------~----~--------------~---------------~----:

~------------------------------~---------------------------:
"", .->'

Ulere :SAVED ,by the
:'n

, :0~ ijr '':V_ C :..::;, c 0m:TIa n j s
~nf~r~~:~o~ ~ron t~0

:'.îltna
ru~ ':'1'1

run. !n~t! CWFJ=12
should ~e the fir~t in th3t run.
de5~rol all information entered
zarna run, and will rep13ce 11 by
which tha SAVS was done.

PESTJR5 and a SAVE on the same

Z ,pr",V:'OU5
iS.:.J;;o::l, :+

:nnt :.'t '.:1:11
:f :n':'s :)r;:,,:;nd
Tr.o r e a s c n zs

:l ':J :. n
-:ha~

run .:3

-of
-'

ca~:; ~h~ :.n'form;J't':'onfrom :he previ'Ous"run,is
~ant5 to r~tain tha informition from ihe
~:;e 'v~l.'U'? f or [WfJ " in cornm:::lnd:'R=ST!J~E mus"t
ene ':'n'~he=om~and ~AVE.

h~i to enter only the cornmands,needed, to

~nexpect~d rasult!, t~{s command can
~n5tr~ct t~e ~ro;r$n ~c producs 1ntermediate

the com~uta~~on ~roc&ss.

P~r:,'"'";'?:~r$:
~ns~ru:ts ~:~W~ to ;rod~=e te:t o~t~ut; the large~
tne VJ:U3 cf C:T~ST:I the ~O~9 output is produced.
=or VJ~~'S un~e~ l1J ~~e zrnoun~ is usually
r~~~=~~b:~J ~or valu35 2~ove :or i~ C3n b~ hUJe.
_~_.' ::T:STJ=~, sO no test output is ~ade;
:?~~~:::[:!:STJ=3~J tast output !s ~ade that can
~J ~n~?r~r~~3~ ~/ tne user. Fer hiJh~r vplues of
::T~S~: 0Ut~~~ :5 ~~je, ~h~t can only b9
_:1t2:"'"r>2t..:: 'J/ t!";:::>se JlÎI·:i h s v s t n e pro:;r3M souree
:_5t~n_ a~ :n~~r 1~5posal.

::: i t:':" ....:: ~ .:..n ~ .._r u c -:.;;. ;.! ::;:::,4:'\ t:> :: r 0 :ju C? 3 ., ; 5 3 Z; Je'; of 5 IJ h rou tin e s
.::r~, ~Î-:~rl?;J.
::7~~S~:~1:~n:j tha f~rit !ntry is s!Jn911~d;
-._~~:~:~:: ~V0r. ~ntr~ is si:n3!lgj;
:n:~:::T~~C~J=~ (~C ~lS3S~~!).
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ManJ, 1 ,~
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J
J
I

~ J ' 'i ...
• ' 1~~ •

,~I~ 1>" \, .to .:~ner!:ll par~m'e:ter's'.,
•\~:t 1

. ;

~3 t~~ (co~sta~t) ~at9r !evel in the region Cin' m).
'na ~eJ~~s. Jsed ~n ~h~ wave propaJ~tion'compu1ation are
&~~31 t~ the sJ" 'of t~a ~ater level ~etined~by 'this
ccnoan d, snd th~ j"ttom LevaL read 'Ol. the ccrnman d .READ.
!n!~: :L~V~L:=~~ .
~.. '..... '

_in:i::'c-.J:es at ".;Jhich error lével, ..à c~omputation may be
s"":,',:;rted •. T~e e r r c r 2.~v?l' as "é'ód~d "~s :'follo~s: 1:
w:.rn.!.n,,;3s 2: (tCJss:'oly r,9tia;.r;;]b'l~)" error,sJ. 3-:' $ev'~re

, ,~.'; _'~~;. z n~t: I:'~'~X;~:~]:'~'... :;":~.::,I;!:~·:'.::;~~.~.:;:~l®~J::~::~L{~.,~j~~~::;:,~-'~..':
VJ, i'S",' 'the Jrav:' t.::.t':'on'al :accel-eration', (i~' m/s'2)·.,' :rhit:

. 'r- i' '\V., -9 'Q 1 ' '- -e-'; ," ,\f,li; "t>_.. ".-
.... :.J iI"\ .. - •• .J , ' '~;:~~",( .'fi'

, . . ~-----------------~---------------------~----------------:
-:.. "

[rL;'!!J ,!:S'=CTJRJ r~tX J CMYJ
" e .

:XPCJ CA~?CJ

<
1
t

:XPR] exen :YCRJ

r
I
.)

1
I

±------------------------------~---------------------------:~.>
~efines tna posi~ion and s1:2 of ~he ~onput3t1onal ;rid~
.,Tna X-Jx::,~ of ~'J:'':; ~rid is th~ conp.J't3'üonal darect Lo n , the

~~-3xi3 ~s n~r~J! ~o ~his ~~roc~!o~~ Tne X-axis should ba
rcu~h!j in ~hi ~~an m~vs pro~a;a~icn direction. The
or1~~:J~~on of the ~rid can n~ther be F!XED, or ROTAT!NG.
In ~n~ lJt~0r :~SJ tn9 ~r~:rJ' chooses the X-~xis to be
c inc:'~Jn~ ~1~~ t~a 5ver~_9 ~!rec1ion of t~e inc~min: waves
.;iv?11 »: ~n:: CO::1:'.'l;;:"1d ':::'lC; this is al:!.owed only f er-

\. '"..,'.;'. p.ca r 3 ;-(! Co ot:. r :..c .:.r: c .:.j <; n t ..J ~ v :::~ C S "a ,= c 0 Mm3 ~ d : ~JC ? ,Ä ~ ,l;. ••• ).
" ',l."

,,' ,

04 t~~ ~6r~~a~ers:
:!.:'J,:~~ o· tne _ri1 ~n X-jirect!on (in ro).
_;.,:):".: ~ 'j :> of ': h ~ _ r ; j :..r, Y - :! :. r ? c -:::.0n (i n :"'l).

-~: T~~J ~_r3:~!:~~:~'~9rV!! o~ prc~a:E"":'::'on direc~ion5
~~~:~ ~~2 W~Vi ~n?r~~ ~ensltJ w!!~~e deter~ined
- .... ..J r .::.~:5 ~ • . ~: :.J ~':.: : c :- :"'1 w st:) ~ s ~~11 .:a r t h s n
~~~reQs. 7~i X-~ir?:~~~n S~:~~ je :'n the ~iddle

for
(in
180
of

i'+~:.i,n:' n .:
CXL:. '~2
~r; -.~:

'•.
": I·



pa:_ie 12
.: ( • ~;- ~F-.·

~;"':r.3 s e c t or ,
nl..":ljer .of mi?sh~s .:..n X-direction. In' view of
nUA~r~ca: st~o~l~ty -the p~oJran mill check ~h9ther.·
XL~NJ/CMXJ is s~a!ler tnan ~YL:NJ/CMYJ divided oy

11 error, m,~ssa~e'_:.;::.r;_nt~C:.
n~~oer ~1 nasn.s in Y-direction.
nunber of s~bjivision5 Df ~he directi~nal inter~alt'
s o :S5CT·.iRJ/r:r:1C!J ':"$ "the .spectrêll. directi~nal
reJo~ui~on. ~
F~x~d _r~~: ~osition OT
CQ~~ut~~~onal :rid in ~errns
ccor~.:..natQj!n ~)~

the· ori~in' of' the
cf USêr coerdinat9s <X-

, J CY-coo~dinate, in
m). . .~;.,

l'-;

FiX~(l .,,;r-id! erien't'i;!'tlori .'0 ·f·
u;_~n r?s~e=t to th? X-axis
e ;, ~.~ .,,~, ' , r\ .....~"',,; '. ,...."
.;J ti ~ -.. ..... 11 ... ~_ • I .J _ .. l. rl .
c o un t e r-c r o c l :.!Jiso).
Rota~~nj Jr!j; ;osit~on,.bf th. rot~ti~n point

.' : IJ i0- r :;oor .ji d 41t a'$ . Ci:i m j ~,....".: .~" " '..'

? ~~t:'!1:J ~;~d:'~pós!!.l;~:" 0'1 the rotat!on POi~~
com~utst!onj: ~r~d ccord~n3tes·(in ~).

the ,c'ompu"tati'onal, _grid
of tha ~ser coordinate

~', de'::;'r'ee·s,"!1'.:01~i···measured ..

in,

in

,, .:'

CMXJ

r:XJ :J'I')

:----------------------------------------------------------:."~..
-/'1 ~'

~'~efirt·;.:; of the bottolll
:,i;1S "to De

grid. 1t a
]iven at thec ur-r en ; f~~ld ~s ;.r~~0nt ~h~ current

;:J::i :1"1';': b c t t o m,

, '
o~ ~n,;: or:;._:n of ' the be t t on :;;rid

:o~rj~~3~~S.(~n m).
in user

(Y:JJJ
U._'h ~

,,
c~i~n~3~~on o~ ",:h~ ~otto~ jr!j with resp9ct
.:c.:~:"'t.:.'J,,:: X-,:,',.<::.5 of th':? us e r c c orc i n s t e s y s t e m
i n j ~~r ? .: ~, ~:~J s ure::! C 0 :.J :"l -: ,~ r c ; 0 C kl.:; i SIe ) •
!î ",Hl'; ,:;;r c f '1? s 'l.? s ':;"1 .x - d : r 9 c t ::.0 not t h ~ I:> ot te m
~~,icr of ~0S~3S in Y-j:r!ct~cn of th3 bettem
r~.;h s:'~e !n :~~ ~O~~O~ ~r:j (in ~).

to the
<an~le

:: !.~X J
C:·" Y.]
t ; X)

;ri~.
aride

:.;rij (.:.n .,); de f :3 U 1 t :
• r - _. ,/ ,"
... ....,,' ._ - }, - '"

. , the(':'n m); i1
o u t s i c e

;.. ,

','

I'" •
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..I lwv_ls, th~r.:;'?lv~s ar? raad b tbe command·,I?EAO
T~as3 Zr'S ~aken posi~iv,ly downward,

~ ~a~un cb:sen ~y th~ user. A certain ~ater
Cj :~T LSV~L~ constant ova~ th~ re9ion can-be:

~:1; UJa-:...r ':'eval ':'5' n ot hori~on'tal, oné sho'uld,
~na ~c~~a: ~_pth, :.~. th? oottQm 'level ~e~sured fro~

~3~2r ~ur~~c~J i~s~aad,nf tha depth ralative to th~
c h 0..5 ~!1 ..::1.:: -:.J ti • ' . ;J'

I< ,.,.

C'JR?':!lT

" I -) se? i
l:.

< >
,I C:::MB r . ,
','I f

\~,

,
c: ' , "j_k_

.: '. j

, ,

;~~-------------------------------------------------------~:".,~;?~
thlS cOD~5~j th;

'f:'~:d _"" r c s d 0:,
confiJuration and/or the

~ot:o~ l~vols ,r ~nG currant vglo~ity :o~~onants are
r;~::i 'f:,,)r; ,,:r,i:: 7i2.'" .:iccord:;').:, to :!.3:'-outLn cex '"!:!OLAJ, and
~ul~l~l:Ed DJ C=ACJ. Oefau!ts: C~ACJ~l~ and C!JLAJ=l.
r!JLA:=_ ~23n~ ~h3t tha nun~Drs a~p05r li~e bi 1in9 Ca lin~
is J _~n! ~n f-j:ra:~~on), ~ltn saCh l~ne 3t6r~inD on a new
~n~~~ ~~nc. ~:~LA~=: rn~sn5 the ~ane order, ho~~ver, a new
~~ne nU5~ n~t ne:]:33~!!; 5~D!ar on 3 n~w inpu1 11ne.
C:)~AJ~3 m~~ns ~h~~ :he numbers ~ppear column by column
(..:):.-:h .3 c::>::'um'1~$ r.1Qant ~ !oin:? in Y-d:lrection), l:Iith a new
column ~~:rt~n~ on . nGw :n~ut 1~n9,:4 means the sam9
ord~rJ nOQ~V2r, _ n?~ Column nust not necissar!!y start on a

.:.n,) ..J ": l:..,?.' ''. J1ven. ~~J ~::>~~s-:
!: for~~t~_.~~) ~r
(l':!F:),'::: FC?:~;:'ï
'C:~~J:2~5)'

wr:~~en must glso ba
in·erpretad as follows!
~lac!s, 6: (12F6), 8:_' .~,'

'\' such as:

Rt~_I' ..s r : ..:..rl_
,.

r uLe s 'for
::or-:r..;n -:ont:"iiU3-::"~:ï

:'l?xt ::':'n; .~f "2
"arks

:2.n0 is

crdinary
öra not
not 10n;1'.

W~ __ :~~ _~V_: c~ ~~=
-hJ-~fJrc ~ ~~~:"~iv~

o c t t c »
tj.? ;.)t!'1

.. - ....
\.... - .
~~1:!.:. 1

resp?ct t~ a
usunll:>' me a n

,~..~.- ,
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l~Vi?!.'·· :::f
b~' ~s~..:.:nin·;

" .
, ' ,'. ~ " .'..t.. ,,' ...~/t." .

nacessari ~he si:n 01 thê valu~"~-
a ne;ati~e value t6 the nu.~ar

I,}.
) ""'. ,/

'. :,'

:;c'jn~our plo~
o :; r,l ~ r. C :

sM J~! :.c TT D t~
f~r d~~~~~5 ~ee CQ~mand

01 th~ botto~ l~vels by the

ol .:

'.":

- "
'.. I ':----------------------------------------------------------:

.1
r.

L
!
1
I
1
1
'1 '-i~

I
CFR~QJ > I

.~.. ' .:.." ".,.:~ t
::~;~..~:----------~:----_._---------~~-~:-.:~:~------::-:-~~---_:.._--:

CHS:SJ CO:::RJ CDSPRJ'
.)

(. ,,'
. .- '. r.\' 't "l~

'" :'~
'f, ';,\,f'~.'",'"

, ,. 1
.1
(

,I

LIFJ ,..',
._---,

.J
..... < r::i

... ~- f, '

.>

.'~'....;
,~

C ~ma~d def!nes the
co~~u~sor;; .• ~he

~~~rc ar~ no ~nc:d2nt

ülciden~ 'i:Jöve .field. This command
ccmnand iS'absent it is aS$umed-
Wèves.

~aves
form.".

can ~o Jiven s!ther in PAP.AMET.R!C or in

•n .

In t~l?
s:'_nii:.cö:
'n~3 me an

P'~~~ET?:C Cl5E th~ USGr pr~5cribes: CHSIGJ,
~:V3 hGi_h~J [ E~~, ~he ~3~n ~3~e period, CJIRJ,

d~roc~:on of ~~e W~VG5, and rOSFRJ, which is a
tor ~~0 j_r~c:~cnj2 5~r=ad, def:n~d 3S fellows.

~~e i~ci~ent ~3ves zre distributed
acc?rdinj to tne function

Tn_ jgfault !s: COSP~J:2.

I~ ~~Q SP~CT~~L C~~~ ~he 5p0ctru~ is prescribed either by
. :;;.v ~n.. 2! -:? -: ;) f v : ~ u ::s f 0 r c n 9 r j'j j \Ît n s .tti a n d meanp erio d ,
~s ~unc~~on o~ ~re d!ract:on Tneta, :n which case the sams

,..,fjûctl·Jll :.:.; JS.SU:l:?':: -for 't n s u.:!-i·.)le b o un d s ny x=0j o r by
raJd~n_ ~~9 v~l~tS f~o~ d file, !n ~hich case t~e spectrum
~u~-: _~ _:V0n ~or 3:C~ ~o:nt cf this b~uncary.

Ln~ ~~~::J ru~t be ~iven tor B3Ch spectral
lo~est vsl~e of Thet3, so
~~5t ce ~rasent. The cO~~3nd

jira:~~~nJ 5tJrt:~_ ~~~h th~
~~)J.:~CCJrrenCe3 of ~~:: p:!r

:1 ( , .-J .:. v 0 !"1 ~::":_ 0 r -:0 T tJ':
for t'13t

in ~h:S c~~e. L:J is ~h~
11rg:tion, and CF?~:J is~;::'c::-::_

.. ' ~.__ c..... ,

,:; ,'" : .; ".j r") t.: '1' i;'" : r! ~:: "': ""'i ~ S ~ ~?c ~r El l
"t. •.,~;1 f.:...:_·; re r :.>I;(:r.r:~ :!lwI;",'~(.~r ~tt=""l

V"'~U9S
:::U.3t

ara r~:::;d
':J9 ;iv·?n.

frolll
!=or

, .- .



, .
x==o, star'tin~ ;'with ';the'point'y=O,
~resvnt on , ~he fil~.f ""< ;~',~,

!NC ' "
I

" I
".,' 1. ...
...... ~ : ',f -,

I
t

! -..:. I~ ,
!

<.:
~.~ ,''-"l

<
I
1

)

I
!

.',,' .. '"

:---------------------- -----------------------------------:
"Th15 C~~; ~nc det9rn~nes the ~oundar~ condi~ion at the·

~~je cf ~he çom~uta~iona! re;~on, i.s. ~he ~ave that
~nc~cJnt ~ver ~na~ par~~cular, bo~ndary. The command.has·

0Ï1 tn..:: t;Javes lê8vin0 " '"tne' ,cornp~tational· region;';\
~1~D:5 ~~30r~~~ 0 the bo~ndary. !f ihe commend
n~ . _t ;:.~ ~,ssu~e:j t'h<:l't no"-'~ave:;' ent9r -th~' rè;ion~:-

':

:GH- o oun
,..~!:",Y J •

3r ;'. boundary
. '.

'L- .

:'Gf'! ~ounCJr/
+-~-------------------------------

,,/ '

co~~~t3tional ~~rection -),

+---------------------------------

- ."" . uI~V? 3; .ect rum "'-: ":he'bowndary (only t~e incomin~
-_ ~~e ~~me a3 ":hQt. of tne ~ave f~eld entering
x~~, ~~~ch _5 cef~ned Dl ~he cDm~and I~C. Applic~ble
t ...,.? c s s a 0'" !:I : P ~ R ~,/'1:: TRI C •

r : L:: :: :!C J: : n ';? .:.s r:e C ~ r 3 .;:J r 0 r (' a d f r 0 rn' .3 f i 1 ,? • := 0 r ~ Clc h
of: i;~ :> :) IJ :'1 ~ :::;.r__ '":n9 ;J h o !.~ iJ;: ~ :: : r u r;o rnus t ~e IJ r ':l San t
f!:~J ~ J!~o v~:u~: for wove jir~c":ions ~~i~tinJ out

\r •• !:~ ~~~~~c ~v=!la;13 ~n ~n9 file~ al~nouJ~ t~9S~
h s v e .:n..- ·~-f..:,.;::t

point
on the
of the
do not

0,"

:----------------------------------------------------------!'.•\' ~ -./.... " ...
.•L_ r • .,

...-I ~
,..:,,\,_""- (32)

:----------------------------------------------------------:

c-
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COMMÖlnd a souree term du e t e ;'ind influence is
tne ener~; balance equa~ion. D~ly the val~es for

lIJ:'., -: v ~ loc:'t:' ( Clt a nel e v 3 't i. 0 n 0 f 10 . m, u n i t !
j!~J t~e d~r~ctio~ in which the ~ind blows, with

r~~pJct to th~ ~~ar co~rj~nat9 system (in jeJrees),: are
r"~::juir J. For th.;)c t ner ;:JaraMeters reasonable vaLue s are
.as su c ec !:)~' t ne j..ro:_;r":':1.Tnese values are empirical~ .Ref:.'" .
:----------------------------------------------------------:

I '
I
I

~ (~R:' C~4J (~4 ) I
t.r.';"(', J.' ---- J
!l~..r e ": ~--------------.---------------~ ----.-. _ .. __ :

" .

:ALFAJ

, ., \~.'

t:1'::''3 CO.":1(;13n:: a z o ur c e te~'n~',due to"'; br.eakin-g c an b'e
?or ea:h coef·icient in the 4or~u!a for the

t(!r:n 3 d~fau:'t: v sLu s is as sumec bI' the'" pro:)ram.
·h0 ~reak'::'~j t r~ is already. resen~, i~ contrast

't~e I.J':':îO ;_nè ::;o~ton fric:+:":'on ' terms, IIJhicn, must
. ~~itc~a~ on ~~~n; th3 ·commands W!N ~nd·FR!CTrON.

no :n+!uanca of 'tho oreak!ns rrocess on' the
~t ~E5U~od. T~e freque~cy iniluence. can be

:;r::: :=K::-~.

:-f 'th;:ka;word :=~:::~ i~ nc t p re ssn t , ttl.? prOJram assume s th at
t~e Dr~~k~n~ ~~oca~s 1085 not influsnc9 the frequancy of th~
w!ves. :f cp:~ .:.s_~venJ t~~ :han;9 ~~ frequency is relEted
to 't~J cn~n~e c~ ~JVS en~r~:, by ~e3ns of a formula
des:r.:. a~ !n r~~ •••

------------------------------------------------~---------:
:C=I-i: CCFCJ ( I:83J )

:-------------------------------------------------~--------:
Upon ~~~S :on~Jnj a so~rce ter~ jue to bottom frictio~ is
adjsJ. ~cr ~a;n cOlf~~ci~~t! de~3ult value is 3ssumed by
th.:: »r t: ..;rY1; u:;~=.:'':;' :."':. s ...Ii!'f::.ç,~~ ~o ;ive ths cO:1l!':1and:FRIC

F.: ~ f : •••

~lc ~j ÏI :." .::

Z. C :: ~'I:
o'-f i,:r_i:l-:ter.;5:
:o~~"f~:i.en"': ~or
:J2~·::.c::.an-: for

,,_ ....... ,
- .. ,. t
~ I ~ .." ...

""r!c~ion 'c!ue
f r Lc t ao n ei ....?

to c.:3ves,
'to tne current,
assu'1l'?d th3t 'the.-_.;;

."""V0 ·r:?~u<nc; ::'5 ':'n~lui;nca:!b: -:1'".3 ~ott?m friction.
~~~:cr :n r~~J 0f ~~~~~e ~f frp~uenc.y
~0~~r ::.~r~~~ o~ c~!n~e of ~ra~uancy.
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:------------------------------------~--------------------_.~. ~

,>

I
r
I

..~.
:.._ F C:,:' ~ ( T : ç 'l . / i

,"h·~--------------- ~ :
• 't

t : : ~ c 0 !TI "1S.:1d di f f r :'Icti? n ter m s
~s s~r5ssad tn~~.diffr3ction

are ~dded to the
approximQtad

mode.l.
rat her

-v '

,1_""_.. va:' '"'~
..ra $'-:r.:..c-:ej o/ ~ne
is ~oo !~rJ~ n~~

of :ALF~~ cannot ~9 Jiven,
forword step $izs. A value of
;3U53 numer~c!l instabilities~

sinCê it
(ALFAJ

is
which

\ ',.'~.~.

'e , "',"I..1,~ r. ...;

..' ?..' '". -,'

".,',

,,'

-j

, "
"

-,

;"'.,~- .
r:'~



", '

k::'nds -0;"
c:af/n:"n.:; S0'tS of

Output

OlJtp t.
fo_l_~~n~ t,~e5 of

r ec t e n j uLe r- s r r-e ,: o~
,:; c ur ve . ,:!:lT) :.:1 set of
n a : e e ê:lnc ::'':':HS ,,:n.:ï't can
'.I::in;;; of ".O.:ln5
e r s ~of::':-)'?c ~.

or r?_,:.ons
:om PLAC:;,

cer~,J_n-,1v~n~ 'tha .:on~our of a'
"': ., -3 con. 13 nd :..: ~l:: s •
com~~n:s relu2~t.:.n; cer~ain

of ou~~u~ avail~jle
_~ ~r:,~~d ior ~

o z c n p o z n t o f ' a

"

tn~ comr.l:lnd SHJH
cf output

:. 1-1 :,~: a :. ::c n.3 S
v~':'cci::'':$. The

;.

, ',..

!- ---1.------------ - ------- - ---------.-.--------~-~-------- ...---:.

" ,

i
I,
J
,I . ,

1
I
1
J
I'

, S t" 1:.;1:: ' CYL:: 'J r X'P J tYPJ

:----------------_-------------~---------------------------:
...J.:.t, r ac t an ç uLa'r
5 .~ti:; , SUf,.!" :: ' • '

, ,

sha~e is detined. :-ihe
. ",

_,j ::!.;> ~ _:1 ei :n t·~rms of user coordinat,es; (XP:!
't:1'? c oo r d i n a t s s cr ":h1! ori,;'':'n 01 the tra,me (in

.:..~ ~:')e 3:"l:,le in ':i::Jrees • th~ x-axis of 'the0•
r ':I "':" ~.) .- - • ':0 the x-ax':'s of the user coordinate_ .;;t" ~ _ ..

s~·s : ~~1.
::X;_;.~:: .?n~ :Y:._:iJ~ ~('':) ":h~ o z n e n s x o n s of the trST"Ie (in IT..);
~h~sc VJ:U1~ Jr~ rl~Ji~ed. :~XJ 3Md :MYJ are the number of
maS~2S .~~un_ 3~:~ of tn3 s:jes of the ~ra~e. Defau~t:
:;!';.J::.:; :: ':Y:=.::~. r.e5~(':ct:c,n: if th'? fra~G is used in a
P.. J7 ~Jr :r~::11 :';·J"'lr.;_n !:':':'.} ,"'1U~~ ~; sm s Lkc r t n e n 74.
~:C~~:: _5 t~3 3C~:J ~o ~h::.:h ~n~ reJ~on ~ust be plotted (if
~:~~~:~~ ~~ ~~;u~s~ej),:n C~ on p3~er per m in reality.
Th~ c31~~_: ::'3 t~:~ ~,s~ ~ ~':'c~ure wi~n! w':'~th (in y-, -

- j
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o~t~~t ~o~n: set is ch5r3cteri~ed 09 it~ name, denoted
~~!s rnnu~! as ~NtME. :f ,one ~ives two definitions for
~t~~ ,S2~ 'a~e, the ~irst definiti6n"is lost.

:- --_._--- ---- ----- -------- --- .:_._-,--_.,..:. __ .:__ ._-_._--------------:

< CXP1:'; CYP!J < C!NTJ [XP) CYPJ >

.1
I
f
I
1
I

:: ;; V_ t . "'.~ .

·"1,..
>

!----------------------------------------------~-----------:.
curv-9

3 se! of out~ut points alon;
is è; b rckan .1ine, defined ,by

a curve.
meand of

.;:'';Ir;16r,.;")o':'ot:;;.
.l c Dn~nd cmn b~ uss d ':0 dGf!ne more than one curva.

"::'iL\~~:' r.:';:'11 ~ 0 f -+: he po int s.at, mcS x., 8 eh Clr èleter s•
CYP1~ user coordiri3t95 of tha f1rst point 01 a curve

. '. ( =.n rn.). ..~
n~rn~Qr of suS-inter~~:i~ (in~eg~r)' be~ween two
cons'~~u~iva b_t~een tWQ corn9~S of the curve; the
~roJr~rn ~ill ;enerat~ :!NTJ-l i~~e~~ediate output
;...o á n t s , f:

:YP: ~s~r coorji~ates OT a corner po~nt of the curve.
'.r x.

:----------------------------------------------------------11
1 . t; y
1 .

, I")t.' ,., \1 ~ ,
r\i,n,.J_

CY P! J C'fQ1J

< r: -r ~I""1
_.;,. " I _ ::YPJ tx: J CY~J )

:----------------------------------------------------------:
t~e co~~~nd JEP (see next comrnan~) this

~c j~f!ne ~ 30t cf output curves tnat follow

T;"\ ~ ~:>.1 :hè ilj r;: .:, v j ? f .:..i1 ~~:; ase tof 5 t r ZliJ h t r :3 y S 310 n:;J wh i c h
~~- ..r~_rJn ~~_~ a:t~n~~' ~o find a point with a certain
C:~:~. ~~C~ ~ ~;!nt ~~ll ba gjd~d to tn9 S~~ ot output
p~!nts. :~c~ o~ tn~se r~:~ is char3cterized by its end
;;;o.:.n:::; C::XPJ, :yn 2.n;:1 ([X':J, .[YQJ). 3=tl.ljeel1, two rays
~~f~n~a J/ ~h] W3ar :~9 ~roJrJ~ wi!1 ]snerate CINTJ-l

'?, J,',' 1 :' r. :, Î 3 :; 'f ".::-:: s ,,'" c f r Ç. ~.' s • T1e comm~nd J~P will refer

,.. .,..,.- ''!

coor::!i.nates of end

n:..J~;;)~' ~ J of

_4.._



'(

I ~. ,

"

,-1. '

" ,

~_~TJ-:ln-_r~~dia~e rays.
CVPJ 'ex.}) CYCl.. u s e r c oo r d an a t e s. of the
, 0 ~ ;J" r a ~'• '

end 'points

. , '':---------------~------------------------------------------!~., "•
1 'fWAME'

I
I
I'
1

:---------~-----~--------~------------~--------------------:
Tc ~t~or ûi~h t~e ccrnnan~ ~AYS
c'O.'1:1..:n"\ s s r v e s 1.0 d e f z.n e a '::;.gt
ö c~rta~n jep~h cont.our.

c ur v e s ,
n::lil1?of of r '15;

de;Jtlj :D:::DJ
, "

(see pr~vious command) this
of output curves thêt follow

c u r v s , c r the outputse't of

tne 'pro~iram
a L o n ; e s c h

will, search
ray in this

~C-:.
":he 'd':?th on one c f t h s output c ur v ss ,
values na' ba J~ven. ~a:h value' leads

-:

,"1ore t'na", one
to an output

:----~-----------------------------------------------------:.
p:::rHS "S~l M::" < ,:X~J---_. CVDJ )

:----------------------------------------------------------:
:'ndivi~ual

- '': ~'Jt;>,:.:' t1;:' nG
ex?] CY~:

CT the :t;"ti't s a t
USJr C00rjin2~as of

of output points.

on~ cu'tPiJt po':'nt.

:-------_---------------------------~----------------------:
? : ',"':::-"",..,, ....

.-: ' ? 'l.~~1E ' CYPJ r ~,..,.::,_. ... .1 CSrTJ, )

:----------------------------------------------------------:
Jif:n~~ n~ne ~~ ~O~~SJ re_i~ns etc.
~h3 ~~Jur3S ~rc1ucej ~: tne ;~o]ra~.
~~ ?~t)~~d ~or_ than onea. :acn ~irne
":hQ ">':. ç,f n a.ne a ,
, P - J • ~~:" ::..... t h_ n e o e 04 a ~c~n cr re;lon within the problem

~~ rax. '6 çh3rDc~9rs 10nJ •
ç00r~::.~~~~s of ~he pOlnt c· reference
'thr) n a n e ' r:JUS~ i)'? ,:J:'ctte:l.

~', ~
'1: ,
..... >'
~..4';~'~.
"t, . )

'., .,. op. c u n
,,

- X !' - ,..
"0 , ê :","Q .. n~ ,.j ) - " - . ::
( _n G ) w~ G-r ''J.~ r ." - 1 :'5 :h? s l.:!·r:- ~- - " ...

th3t cen :,e 'plotted ,in
Th! com~and PLAC~ can

new nam~s are added to

'.~"....,....-", fi' ~

;):ot ein cm).
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. '-

,. ...... .,...,... ~_.-
}.

En inteJer nunber indica~inJ how tne ~ame
t:,:'::':::.c~d on ~h~ ;:l:ot.' ,,' '," .
1 ~~648ult): tha f:r5~ letter is plsced a~ ~he point
cf r é f e r e n c e (:.f t he . ,Jac~ alloUJs). This is intended
tcr n:~~s of ~OJn5 ~~c. . ,
~. ;:h~ n ~ .':1 0 .:.::;;.; lot te d w i.th . th e P 0 i.n t' 0 of 're f ere nc e
.:._'"t n o r:i.:..:1dle (if "th-a s pa c e ':I11ows). This is
~~~onjad f~r n~ne5 of ra~!ons, .:.sl~nds etc.
-~ the pc.:..n~ of raferenee ~s near one of the edQas
c~ t~~ fra~aJ tn, none mill ba shifted 35 far as

must ba

:------------------------------~---------------------------:
._',;, .Lr' •...

J
I
I
I
I

< :XPJ' CYPJ·>,'r'>,~~,,,

!-----------------------------------------~----------------:,',- -

, . . j;,~ , .

"!:I'~o!in'ès "~ne ''Or n c r e 1:'ne5 'thëlt c an tle;\p'lót't,~.cf 'in "the 'figu~'es'
r 0 ::hJ ce ::1' :; v t h <?' pro.:r ::> rr. • Th 9 1 i n ~s': 'C0 ris i 5 tof st r~i 9h t

rods, of ~~!ch t~a 2n~ poin~s n~st be ~iven in the command.
Tho ::'·;).ll.,~,:"d L!'J::~ ct. Ds ea t e r e c n o r e than onc e, =ach time,

·'n~:.Jl':':ï~sar e u:j~ed te ~h'? set of 1'::"n_s.·

p_ :5. enJ C3~
l;:nj~ar~:.s ~~c.
on -:Gr e''::
:L!:J'r-,;p:J .:..nj::::;J",:G5 '":n} ~.':-Ie of linej

:\: .1.a:ïv; c on t Ln uc o s ::"n':'J

,.;rovi.dcd
:"nj.!.c3":.0
::or e zcn

to föcilitate orient3tion on
coastl:n~s, con~curs of
line th~ followi"; data

certain
mus't be

..

.;. . T~:n :on":.:n;JOU5 l'::"ne,
Co~~:nuo~s l!!1G u:t~ cr~ss-h~~ches,
~n:n bro~an :.:..n3 •

., .- .
.:. ..

X?J, CYP: coorjln~tss Of & cornar ~oin't of the
n;Jnoer of :orn~r ~O~!1ts is free.

For ~~ch n0~ :ine (;xçe~: the ~!r5~) the
Q~5~ ~~)c~r on ~ neJ !:1put :ine.

nU!'1b~r CLINTYPJ

\,.l
"':.4',1

, '
:0;'

'~---~"
-11,



~ t:. q
. ,'<It',

.' . . "

..._ I'

r .'::--------------------------~-------------------------------:,,',,."
'·1

',' ..
I -) PAPE'1:1 :.;:

I I
< > ~

: ...
I = T' 1 e rN t=J I ~,- ... ~
,I .t " ,j'

,<I"
;,0:'

'I ' "

!

"~~'I\Mr '............. ,-

'1 S.: Stl

, " ,

I
I
I
I
I
I
I
I
f
I
t .
I
1
I
! '~',... ,. -,
r
I
I .
(, ,."

, " -,'~ ":,' '.1- ..,
"J' 't

I
t
I
I
I
I
I
I
I
j
f
I
I
I
I
I,
I

-----~--------------------------~---------------------~----:

'.-'1:';"

~~~3 :~~~J~~ ~r3:ru::$ ~hc O~~~U~ ~ro;r?m ot H!SWA to
;r~c~c~ b~ock ~r!n~ or a ~un~Gr of ~lock prin~s. The bloek
'c~ :~~nlr ~~ ~!d~ on ~a~ar, o~ on s fi:~ for further
,~~:~~~~~_. :n t~9 lJ~:9r C!S2 C~fJ is t~e file referenc~

I.
! '\0, ~..'
~.-_.---.

< :UN!'rJ >

1
l'

- . Tn:'.:
:-r, ::' ;:;;_ o cL : r:_.,: of o~~::>ut

~Jo.int set
.,-.

- ,....' "",,'"
,'" _" .. on;)::; ..:; r"

p~ints
mu s ; b e

denoted
of the



)r.:'.rito·~. Tha nU,f'!1~er
J:v:.de':.!
3ut~:'C1.~n-:
":'n't~':'l.?r
~h~. c',._ i)

;) ;)lac'~$
of ó'.Jt;"ut

"10 tho file
"to
in

r

,'::''':.or,r..:t.:.ef: ,4.1s
.:elf een ;;;:t::rde

,"

T~~ blo:k ~rin~ ca" ~e nade'for
rl,S:G:J t ha s:..,:.n':f.:.cant iL'.3ve h-ai6Jh't",1".; " ,;,', ,
P~.R:=.... t h a me a n qI3V'~ ~'~riod'~' ;.}:"h:., -,_.~J;~\-,'~.

• , '" "',., ';' ,",:' " ; ""'{' ',' ", ,'<C, ' • ,<'" .
tne ~aan ~~V~ d~~ection ~:(in d~;re~s~ measured
cc un te r cä c cx e Ls e "fr 01'1 ,: th(;, x::-:~xis,;. of:;: Üre o.utpu't
~r a.n'::); t:ii 5.. iS ..~:t11e.: ,. 'cL~tf,:~ç;ti o.:t:'l,,',\,pttrra 1,/4.\,t e., 't,l:H::.\>lila v.e
cr ec t s t n ote that,' ,if curr;:e;,ts" àr:-epresent,; this
d.:. ree t.;_ o n ':" s d'i'f f e re·n t:'r'~;:··from,~~·:;:/t'h.e~J~n'e·"'.,tJy··;.'1:'r'an5p'O,'rt'
dire ct ; 0:"1. , • , "":" t<t" ; ;}4:: , " ,:'~;."'.' '" ::~'i ;
the, dir~ct.:.on31 spread of, the' :.IJ,.a,v;es-:"Cinlde,ree's)"
t.h a d'spt h t .;_ ,-.;':'.7':') .;:,;;';'~/:~!';2i~i.lf.~i:~;~g~~:~~#~}1·i·f;~~,{/I':; ;:J',;~1t~~i!:::,.: .

,'{-:h~ c o r r en t vs so c ... -Y'f " bo1.h{,,: t tti;e;,~;\...~, l;lL:an~ ,;::.'th~".y "
coctponent . '.!s:i."th respa'C~t), 'tö~'::'t,:ne,<::>f'raié coor,d,inat~ }"':'.
S :~s'-:l~ t)' a r z· pr i:n ~'~3'd' • ...~~~~I' • -~.~:-;~},.~~;".:·':.l·'~">\f~:,:~,,';~:~"'~':!',;' "'. c. ~,c',:1~1' ~ ~ ..
th·a rzd':"at::';):1 ,.3~re3S ::;r::H:fien't, ~hich is' equa L t:,Q ·the
r c s c Lt an , force e x er-t e d by . th~ l.!JàVO'S per, uni"'t
s ur f a c e t oo t h .~hc x- and . the y-componen"t. 'with
r05~act to the fra~~ coordinate ~~s~em are printed.
tno enBr~.' ~r2ni~ort vector, ~oth the x- and the y­
cO::JijOne:i~ .J.,i,:h r es r ect tö', th'3 'fr3me ce er-e i na t e

~-., ,

TRY

I s: " ~'
- _1' ......

t U.I'l:: T J
v as ~.- , '>: ; ..;~~~':, " ;',

vàri~'ble's:,
-.".

.',t

':.,." .. ",'!'"

5.·~~en~r~ ~r~n~ad.
~~! e~l~~. ~r~nsport in y-direction~
.th..; sn3r_~ :issi;J~tiûn, ~
the !EJka~? :~ oncr;y over th~ s~ctor boundaries,
":ha f rac t z cn o~ br,aakin'-:;o !.!ISV'?S (.:; p3r'3'1e'ter i'n the
surf jr?ak::.nJ fo~~ula).

~lt~rn~~':"ef: v~c~or~e!e ~roo~hed9n
fr;;;:l~-coor:J..i.:1è~<)n, naar "':.o.v. us e r

, "
nia~ weerJeven t.o.v~
coorCina'tes.

J""
\ '~ ,

1"1 "

'.~'''"'''~-'



.'

1

";_e--

.. '

! l' rr ',., \

ce r -:l2:n'Jd... page 24"
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I
I

<

'. ';'.

+-,, .,

=!L~ CN!=.J

.... :1 •• ,

,. :~';'.
I

.,' ~'"

I
I
,I
,j

, " > >
T~,U1S ,0

,J S?~

:;:SS!P

L :,'.I,K..,.--
,~ I..) . ,

XP

yp

-1 ....~ ..,.-\
~••• w I

";

"~ .

!

I'

"----------------------------------------------------------:
'... "'" ........ ::I t::lole.

file for
... - ~.',I -,• _ .., ft . to pro1uce

or on aT r.»

t.o'

, '1
I
t
I
1
J
I
1
)
I
J,
1
I
I
.J .. , ; ,
I
I
I
I
J
t ..':'
I
I
,I
I
I
I
I
I
I
J
t
I
t
I
I
I
I
I
I
I
I
I
I
I
J
I
I
J

'. :t~

J~..:
'I->
·'t,.
",'

, ,

-',



f~rtn~r process~nJ.
r, f-e r e n c e nuo c e r ,

:n the
.1' , / _~, '. '

,t ~'.
13~ter: C :3S e

•• 1

CNFJ is the
~.l}!~.

file ..'
"}q-.

'" .. " ,
, '

s'?":. n ac s '::~IA ::'.
e~ ~ cu~~ut ~o!nt

1nis
all

~, \ .!" r .•
,<

out~ut points de~o~ad by
point- set can be of an~
differoni variables ·are

taj~.::
;;o.:..nt

.:.s n acs ror :h'? se't of

.~,,
;- .......

, -.:- ..-'.
Tha :~~:2 C!~ ~_ ~3je 4cr'several dif4erent'variables; most
o~ 'th353 ~re Jlread' ~escr~Dad w~th the cornmand BLOeK. The
v - c -: c r : .'31 N ;;.n t ; 't!~s V:::LOCI TY, F,O KC E a n d TRA N SP.O ~ T :Iren 0 W
_ivJn D.:.~h ,r~-~~ct ~o ~hE ~ser coordinate ~ystem.';~'
::i;I::J:: v.:;r_.J;)!.es sre aéj~d,' cWh':'ch indicate '~he output
lcc~~.:..onsJ and ~hi=n ni;ht ?e na~ded 10r further processing,
v.:..:.: ~.. '_"'"

;_;robl,~",x-coor(Linate~ of·, :the·~otJtputöpoint· 'r:.,1'~l~·i"',~'~'"
-coor~~n3~Q ~f i~e output,~oint

d!~t2nc~ a!?riJ ~n out~ut ·curv~·(only ~§e'ur '11
~o~n~ S~1 !S 0~ tiP3'~U VE). f~r the first ~oint

" " .<..... '-' :~~:~. r.. , ....
• ~ ' .. >:'1,,-, "'.~"'~.., '.

;..roj)l~."1
thé
the

is :;.
, ""<IJ

~" . ",
> • :1":. " .

.,'
: r

.:----------------------------------------------------------:
~rov~das informa~ion about th3 plottin~;rpaper

tv De u~oc.

_,="\Cj ,~ :.n e :".r:e!"lent factor. for t' tiJures made by_::. t n e
:h.? ;lr~.:.r:;::1. ': n th~ pr::>;J3ration phase one can
,cn003':;: r F;~ç J s,.,~':'l'i!r than , in or.:ler to save plot
<:'::1~ CC.'1, û-+;'~r COG,t. !n~t.: :FACJ=l •

.: I': : :'1'7' rL ,. ":h s ;)::.,'? r ti::' d t:-: ': 0 beu sed f 0 r th e ti çure s•r

,.

..•----
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• ' r ~ .,----------------------------------------------------------:

CSTE'!'J '(M!NJ t:MAXI )

I
I
I
I
I
!
I
•I
I

"II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

?!.JT '-.- -1 c"1 __ ...

.J
I
I
!

!
'1
1

" .;..~ ," ;.. 'I • -,

.:.
" ,

• •• ~. t, "'~

'1

j ::SCI\LEJ )

,1

1
.1

( p.:r-·~._ ...,--.,

:------------------------------------------------------~---:
T~~ ou~~u~ ~o~ule o~ ~:!~h ~s ~nstruct9j to pro1uce a figure
ccn~J:~:n~ ~ con~our ::~i plet and/or ~ vector plo~.

T~? )!ot _~ ,:do 4~r ~~? S9t of out~~t points danotej by the
;~C: :1 -_ :::? t :1'::; ~', ".; , S1,1.(, ~i:: '. i h :.S ;J 0 i :"lt s e ~ mus t tl 9 0 f -t h·! typ e

Th:? 'T:7!..':" :_; ;i:Q-:":?-:J 'J.!_~:ï t~? fi,Jure. :.f no 1itle is ::;iven
!:l. -:~,) u $,0 r , t n .:; " r o ~ r ':1'" .Li i! 1 :;,8n ,= r ,3 ot e 3 ti"; Le •

c: r. l: c c n t c.rr ,Jlo,,:
v ~r ~ :3 c :!.? i,s

is if the part
.~~ ••• _5 ~~~s~,~.
~-: :: Ol' ..J l~ r : (~ : ::; 1, P :_-: : ~ ~~I ,
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Appendix 11 List of subroutines.

• Name

PREP

used by program(s)

COMPU OUTP

• ADDURI

ADDURR

BRTRflF

COPYS

• GETKAR

INBOPD

INCHAR

ININT

• INKEY

INREAL

INREKP

lNUPT

• IRAAI

LEESEL

NEWUR

NWLINE

• ODALPR

ODAPT

ODDELP

ODDELR

• ODEXP

ODSHIF

PLODEP

PLOSIT

• PLOTX

PLSTRM

PLTKOP

PLYN

• PNAMES

PRCON

PROUT

REDEP

• REINVA

SRTVAR

STARTW

•
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BOCUR
DIFT• DISPA

FRABRE

ITWN

NUMSC• PREDT

SBOT

SDBR

SSURF• STARTB

SWIND

SUMDE

TERMD• TRSY

TRST

VWPRO

WAVPA• WRlRE

BLKHFD

BLKPT• BLOKX

Gl

G2

ISOVEC• IXPOL

ODGETR

PSET

TABPRT• TOGPCP

UVDEP

UVDIR

UVDISS• UVDIST

UVDSPR

UVENX

UVENY• UVFRX

UVFRY

UVHSIG

•
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UVIPOL
UVLEAK• UVPER

UVQB

UVUX )UVUY• UVXP

UVYP

ADPOOL• COPYCH

DISTR

DIVKOP

INKAD• INPDC

INPOOL

KARSEL

KOMPAR• MSGERR

ODGET

ODLOC

OPENF• PCOAST

PENTO

PLNAME

SNYPTl• SNYPT2

STRACE

VERSIE

WRCOM• WRCOMX

WRDUMP

WRPOOL

•

•

•
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• Appendix 111 System Documentation of COMPU
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• 1. INrRODUCIION

..
1.1~~n~al ~h~l~Iistic~ of !he m~l
In this document the system documentation of a numerical
shallow water waves hindcast model named HISWA is presented.
Ihis model is expected to provide realistic estimates of the
wave conditions in the Oosterschelde. It is a directionally
decoupled parametric model containing bottom refraction,
.wave growth, dissipation due to wave breaking (surf zone)
and bottom friction as weIl as a simple representation of
diffraction effects. Further the effects of currents on
refraction, wind generation, bottom friction and wave
breaking in deep water is included.
for the mathematical formulation of this model reference is
made to Holthuijsen and Booij (1983).
Iwo balance equations in the parameters AO (frequency
integrated wave action) and WO (mean wave action freguency),
containing gradients in three dimensions x, y and & (wave
direction) , are solved :

•

•
!_(CXO.AO)+!_(CYO.AO)+!_CC&O.AO+Cdif {CYO.!_AO
tx ~y ie iX

• -CXO.!.AO)}=SO-aQ.S_WO (1)
i)Y 0'0 WO dl

!_(CXO.WO.AO)+L(CYO.WO.AO) +!_(CeO.WO.AO
~x ~y iS

• +Cdif (CYO.2_(WO.AO)-CXO.L(WO.AO»)=~~SO
iX ~Y 0'0

(2)

in eg. 1 and 2 :

• CXO, CYO, C&O are the components in X, Y resp. e
direction of wave action transport velocity

0'0is the relative frequency

•
SO is the souree term including wind generation, bottom
friction and wave breaking (surf zone and deep water)

Cdif is a diffraction coefficient

(expressions for these terms are given in chapter 3)

• A numerical grid is defined in three dimensions x, y and &
(fig. 1). Ihe direction of wave propagation 9 is defined as
the angle between the wave number vector and the positive x­
axis, measured counter-clockwise.

•

•
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• y
b!l__ ___t_

1 • I
I • I
I • I
I • j• I • I, • I
I • I

1<EI-~~ • I
• I
• I• I eb • 1

l • I
I • I
1 • 1__ 1__________________ 1_ x

Ol n*DX ILX• fig. 1 the computational region

•
The computation progresses in the positive x-direction and
propagation of wave energy is limited to a sector defined by
ea and eb around the direction of the x-axis. The
computations are carried out line by line with an explicit
predictor-corrector scheme. Ihe number of corrector steps is
tree but two steps are sufficient to obtain a stabie scheme.
Lines are defined parallel to the y and e axis.

• Beside the computational grid described above two other
grids are used in the model HISUA :

- a problem grid in which the user defines
his problem (in x-y plane)

- a bottom grid containing the bottom topography
and current field (in x-y plane)

•

•

l.~~Q~~~ program~
The model HISWA consists of three computer programs :

PREP input preparation and control part
COMPU computational part
OUIP output of results

Here the the computational part COMPU will be considered.
The programs PREP and OUIP are adjusted versions of the
programs PREP and UITV of the refraction/diffraction model
CREDIZ of Rijkswaterstaat.

• INPur :
In the program COMPU instructions, definitions of grids,
coefficients etc. (formulated in PREP) and arrays containlng
bottom topography and current field are read from a file.
PROCEDURE :
first the values of the frequency integrated action AO and

•

•
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• mean action frequency ~o are determined at the boundary x=O.
Further depths, currents, wave numbers and wave propagation
velocity components are computed at this boundary. For every
new line (x=n*dx) AO and WO are obtained through the
application of the numerical scheme described in section
1.1.
OUTPUr :
For every line the following results are written to a file
that will be read by the program OUIP :

•

•
wave action, -frequency, relative frequency, group
velocity, wave number and components of wave action
transport velocity (in every grid point in the y-e
plane)

leakage of energy through the e boundary (for every
value of y)

• dissipation of energy due to bottom friction, surf- and
deep water breaking (for every value of y)

the fraction of breaking waves (for every value of y)

• l·l ~Q~~m~nSä!iop
A description of the computer program COMPU is given in
ehapters 2 through 4.
In chapter 2 the strueture of the program COMPU is
explained. The relations between the subroutines in COMPU
are shown in block diagrams. An example of a block diagram
is glven below.

•

•

A
I
1---
I
I
I
,--- 0

B
r
J--- C

fig. 2 bloek diagram

• In the program or subrutine A, subroutines Band 0 are
called. Further subroutine C is called in subroutine B.
Ihe structure of a program or subroutine is presented in
Nassi-Schneidermann diagrams. For convenience the
conventional construction in the left part of fig. 3 is
replaced by the one on the right.•

•

•
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• l if •••••••••
, I F I
1---------------:------------1
t •••••• -l ••••••• I
1 I I
1 I I
I I I

I if ••• then I
I :---------------~--I
I I··. ••I---:---~------------~-I

•
l else
L :------------------J
I I· •••·

.fig. 3 representation of a conditional statement

•

Descriptions of ~he various subroutines are given in chapter
3. Ihe sequence in which the subroutines are discussed
corresponds with the place in the program COMPU at which the
subroutine is called for the first time. Parameter lists of
the subroutines are described in which input- and output
parameters are denoted by (I) resp• (0).
In chapter 4 the storage of variables and arrays in common
blocks and files is described. A flexible handling of
computer storage, necessary for the considerable number of
arr3ys in COMPU is obtained through the application of a
Dyn3mic Data Pool.
In this report reference is made to the system documentation
of CREDIZ for a detalled description, in so far as
subroutines and other facilitles of the model CREDIZ are
implemented in the present model.

•

•

•

•

•

•

•

•
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• 2. SIRUCTURE OF THE PROGRAM COMPU

Ihe computational part COMPU of the model HIS~A is a FORTRAN
program eonsisting of a main program and varlous
subroutines. Input is read from a file named INSTR and
output is written to a file named REKRES (seetion 4.3).

• Fig. 1 shows a diagram of the maln program_

:------~-----------------------~-----_._-----~~---------:I :ALL OPENF open all neeessary files

• I------~------------------------------------------------II read dimension of pool and testparameter 1
1 from file INSTR f
I------------~-----------~------------------------------I

•
I CALL INPOOL initialize the pool and fill I
1 it with empty arrays I
1-------------------------------------------------------II CALL WRCOM read eommon bloeks and pool r
1 arrays from file INSTR (
1-------------------------------------------------------I
I CALL WRCOMX write eommon bloeks and pool ,
f arrays to file REKRES r

• I--~~------------~--------------------------------------II CALL ADPOOL enlarge the dimensions of pool arrays
J-------------------------------------------------------I
I CALL DIVKOP write a title
I-~--~-----------------------~----------~---------------I

•
I CALL STARTB eompute wave parameters on line J
I x=O and write the results to file REKRES I
1---------- .._---------------_-._--------------------:------I

for every 11ne do
:-------------------------_ ..·_----------------------1
I CALL NUMSC eompute wave parameters on this I
1 line and write the results to file REKRES I

• ._---_._-----------------------------------------------_.. . .
fi9- 1 diagram of the main program

•
A bloek diagram showing the relations between the var10us
subroutines of COMPU 15 given in fig_ 2. Separate àiagrams
for the subroutines URCOM, WRCOMX, UAVPA and IERMD are
1neluded in fig. 3 through 6. The subroutines STRACE, COPYCH

• and MSGERR are called in various parts of the program.

".
•
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•

COMPU
I
I---OPENF
I I
I (---VERSIE
1
1
f ---INPOOL
I I
I I---REQOA
r
I---LJRCOM
I 1
, l---
1
I---WRCOMX
1 I
, 1---
I
, ~--AOPOOL
I l
I l---REQOA,
l---DIVKDP
I
,---sTARrB
I I
I I
J I---OISTR
I I
I l---WAVPA
I , I
1 I 1---
1 I
I I---WRIRE
I.
l---NUMSC

I
I---PREOT
1
1
I---OISPA
f 1
I l---FRABRE
I
l---TERMO
I I
1 1---
I
(---SUMOE,
I
l---WAVPA
1 t
I 1---,
I---WRIRE

•

•

•

•

•

•

•

•

open all necessary files

a message is given at the moment
the model HISWA is generated

initialization of the dynam1c data pool

expansion of the dynamic data pool

a major part of the common blocks
is written to and read from a file

ditto except for the comrnonblock UITVOA

reduction or expansion of a pool array

expans10n of the dynamic data pool

a title is written above the output

computation of wave parameters at the
boundary x=O

computation of directional distribution

computat1on of wave parameters at a line
in the computational grid

results of computations are written to a file

computation of wave parameters at a new line

wave action and frequency are computed throug'
11near extrapolation from the former lines

computatlon of parameters in source terms

the fraction of breaklng waves is computed

the terms of the two balance equations
are computed in a grid point

evaluation of balance equations yields the
wave action and -frequency in a grld point

computation of wave parameters at a line
in the computational grid

results of computations are written to a file

• fig. 2 relatlons between subroutines in COMPU

•
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•

WRCOM
l
I---WRPOOL a pool array is read from or written
I I to a file
r l
1 l---ADPOOL reduction or expansion of a pool array
I I
I l---REQDA expansion of the dynamic data pool
I
I---URDUMP an array is printed

• fig_ 3 relatlons between subroutines in URCOM

•
URCOMX
I
l---WRPOOL a pool array is read from or written
lito a file
( l
I I---ADPOOL reduction or expansion of a pool array
l I
I I---REQDA expansion of the dynamic data pool
I
I---WRDUMP an array is printed•

fig. 4 relations between subroutines in WRCOMX

•
WAVPA
I
I---BOCUR
1 I
t •
I 1---INPDC
1
t
l---ITWN
1
I
I---VWPRO

depths and currents are determined
at a line

depth and current are determined in
a bottom grid point

• wave number and relative frequency are
computed in a grid point

propagation velocity components are
computed in a grid point

• fig- 5 relations between subroutines in WAVPA

fERMD,
t---IRSY divergence of transport in y-direction
t• I---IHST divergence of transport in e-direction
I
l---DIFT diffraction terms
I
l---SWIND wind generation souree terms
I• l---SBOI bottom dissipation souree terms
I
I---SSURF surf breaking souree terms
I
l---SDBR deep water breaking souree terms

• fig_ 6 relations between subroutines in TERMOE

•
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• 3. OESCRIPTION OF SUBROUTINES

In this chapter the subroutines of the program COMPU are
described. A number of these subroutines is copied from the
model CREOIZ with a few adjustments in the souree text. Only
a short description is given of the function of these
subroutines and reference is made to the documentation of
CREDIZ.•
~.!~~broy.tln~ OP~
In this subroutine all necessary files are opened in order
to reserve input/output buffers. This action is taken in
connection to repeated calls of the standard routine REQOA.
This subroutine is copied from CREOIZ.•
~.~ ~~~QY.!!ng VER~~
A message is printed at the moment (time and date) the model
HIS~A is generated.

• Ihis subroutine is copied from CREDIZ.

~.~~~illill.!l~!NPOQk
The dynamic data pool is initialized by this subroutine.The
dimension of the pool is determlned from the common variabie
NPOOL (NPDOL * 1024). A number of empty arrays is initiated
(SO in he program COMPU) •
INPOOL is eopied from CREOIZ with minor adjustments.•
~.!~y'b[outing REQDil
Ihe standard routine REQOA,eopied from CREDIZ, is used for
expansion of the dynamic data pool.

•

•

~.2~y'b[o~~ WRÇQH ênQ WBCOMX
A major part of the common bloeks is written to and read
trom a file by the subroutines WRCOM and WRCOMX. This is
necessary for the communication between the programs PREP,
COMPU and OUIP. Ihe difference between WRCOM and WRCOMX is
the fact that WRCOMX doesn't read or write the common bloek
UIIVOA, containing instructions and information for the
program DUTP.
WRCOM and WRCOMX are copied from CREDIZ wlth minor
adjustments.

• ~.~ ~br2.Y.!ill~URPOOL
The subroutine WRPOOL reads or writes a pool array
(unf~rmatted) from resp. to a file.
WRPOOL is copied from CREOIZ with minor adjust~ents.

•
~.l~~Quting ADPOOk
Ihis routine is ealled
program for shrinking
dynamic data pool.
Subroutine ADPOOL is
adjustments.

by WRCOH,WRCOMX and in the
or expansion of an array in

main
the

copied from CREDIZ with a few

•

•
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• ~.~ ~b[Q~ing WRDUMP
Ihe contents of an array is printed by the subroutine
WRDUMP.
WRDUMP is copied from CREDIZ with minor adjustments.

~.2~~illuti!lg DIVl<Qf

• function:
..A title is printed above the output of the program COMPU.
DIVKOP is copied trom CREDIZ.

~.!Q~ubroutine STAR!§

• function :
In the subroutine STARTB the wave conditions at the boundary
x=O are determined. further the directional distribution of
waves in an ideal wind field with given wind direction is
determined.

• Method :
The wave action AO(y,8) and -frequency WO(y,8) are read from
the file INSrR.
Depths and currents are determined
Wave number, relative frequency,
components of propagation velocities
gri~ point in the Y-8 plane.
Next these parameters are written to the file REKRES.

at the boundary x=O.
group velocity and

are computed in every•
Structure :

• *STARIB*
._------------------------------------------------_.. .
I determine wind direction relative to the
I computational grid
I-----------------------~--------------------------

•
I CALL DISIR compute the directional
I distribution of waves
1--------------------------------------------------
f read wave action and -frequency from the file
I INSTR
1--------------------------------------------------

•
I CALL UAVPA determine wave parameters
I at boundary x=O
J--------------------------------------------------
j CALL WRIRE write wave parameters to file REKRES
._---------------------------------------------~--­•

• The callof this subroutine is :
CALL STARTB

•
I •
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• Function :
In subroutine OISIR the directional distribution of waves is
complJted.

Method :
For the directional distribution a cos*~eOEF distribution is
chosen. Ihe parameter eOEf is supplied by the user.

•
eOEF

B(&)=c.cos (&-OIR).A(Y)

=0

for 1&-vl<90 deg_

for 1&-vl~90 deg.
(1)

(DIR 1s the mean wave direction)

Ihe callof this subroutine is :
:ALL DISIR{OIR,eOEF,NORM)• Parameters :

OrR (I)
eOEF (I)
NORM (I)

mean wave direction
parameter of direct~onal distribution
= 1 the normalization coeff_ c is computed
= 0 c is assumed to be known•

Function :
In this subroutine wave numbers KO, relative frequency 00,
group velocity eGO and propagation velocity components CXO,
CYO and eeo are computed at a line IX in the computational
grid.•
Method :
In order to evaluate these parameters first the depths 0 and
current velocity components UX, UY at line IX are
determined.•

•

•

•

•



••

12

• Structure :

*~AVPA*

•

•

•

•

I._----------~~--------------------------------------_.. .
I if predictor is passed or line is boundary I
I x=O then I
I
J
I
I
I
I
I
I

:------------------------------------------------1
I if predictor is passed then
I :--~----~----------------------------~------~II I move arrays containing depths and currents I
I J at line IX to arrays with old values I
1------------------------------------------------1I CALL BOCUR compute depths and currents I
I at line IX I

1----------------------------------------------------1
I for every y do
I,
I
I
I
I
I
I

:------------------------------------------------1
I for every e do
I
I
I
I
I
I

:--------------------------------------------1
I CALL Ir~N calculate wave number and I
I relative frequency I
I--~----------------~------------------------l
, CALL VUPRO calculate group velocity and I
1 components of propagation velocity l

._-_._-_ .._-----~-----------------------------------_.. . . .
Ihe callof this subroutine is :

CALL WAVPA (IX)

• parameter :
IX (I) line in computational grid at which wave

parameters are computed (X=(IX-l)DX)

Function :
In this subroutine depths D(Y) and current velocity
components UX(Y), UY(Y) are determined at a line in the
computational grid.

•

•
Hethod :
For every grid point, bottom grid coordinates are computed
and depth and current velocity components are determined
tnrough bilinear interpolation.

•

•

•
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• Structure :

*B:>CUR*
._-------------------------------------------------_... . .

•
1 tor every y do
I
J
I
I
I
I
I
I
1
I

:-----------------------------------------------1
I determine bottom grià coordinates of point l
1-----------------------------------------------,I CALL INPDC determine depth and current I
I in point t
1-----------------------------------------------1if current is on then

• :-------------------------------------------1
I determine current relative to
1 computational grid._-_._-_._-----------------------------------------_.. . . .

• Ihe callof this subroutine 1s :
CALL BOCUR (IX)

parameter :
IX (I) line in computational grid at which depths

and currents are computed (X=(IX-1).DX)•
Function :
Depth and current velocity components are computed in a
point given in bottom grid coordinates (IB,JB).• Method :
A bilinear interpolation is carried out
points in the bottom grid. If point
outside the bottom grid then a constant
is assumed ,

with the surrounding
(IB,JB) is located

depth and no current

•

'e

•

•

•
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• Structure :

~INPOC*

•

•

•

.~----------------------------------------------------_.. .
I if point is located in bottom grid then
I
I
1
I
I
I
I
I
I
I

:--------------------------------------------------1
I compute depth
I----------------------------------------------~---II if depth is positive and current is on then
I :------------------------------------------·---1
I I compute current components
1---:----------------------------------------------1
I else
1 :----------------------------------------------1, 1 current is O.

1---:---:----------------------------------------------J
else

:--------------------------------------------------1
, depth is constant value outside bottom grid I
I and current 1s O. I

._-_._------------------------------------------------_.. . .
Ihe callof this subroutine is :

• CALL INPOC

1-12 ~Y.2[Quti.~ IrWN

Function :
In II~N the wave number KO and relative freguency 00 in a

• grid point (IX,IY.II) is determined.

Method :
Ihe current component in the direction of wave propagatien
is determined.

• u = Ux.ces9 + Uy_sin9 (1)

If U ) 0 then the wave number KO 1s computed through a
Newton-Raphson iteration process. applied to eg. 2.

• 1/2
F = WO-KO(UX.coS9+UY.sin9)-(g.KO.tanh(KO.O» = 0 ( 2)

Ihis procedure reguires an estimate of the wave number KO as
a start value. Here the value of KO on line IX-1 is used as
an estimate for KO. At the boundary x=O the following
appr~ximation of KO is applied.

•

•

•

g.KO 1
= ( 3)

2
~O

2 1/2
(tanh(WO •O/g))
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• Ihe relative freguency do is calculated with eg. 4.

1/2
~O=(9.KO.tanh(KO.D» (4)

• If U < 0 first the freguency Wc is determined which is the highest
frequency capable to transport wave energy against the current U.

,Foe this purpose eq. 5 is solved through a Newton-Raphson iteration
process.

1 o

• ~ - U + dl.( ---- + ------------ ) =0 (5)
2.KI sinh(2.Kl.D)

with

•
1/2

fl = (g.KI.tanh{Kl.D)} (6)

Wc is given by

(7)

• If WO <
computed
2 has no
KO resp.

Wc (eg. 2 has a
wlth the procedure
solution) then Kl
do.

solution) then KO and aO are
described above. If WO > Wc (eg.
and al are used as estimates of

•
A source term Sdbr is introduced to dissipate wave
components with freguency > Wc (section 3.28).
For points outside the bottom grid KO is computed with eg. 8.

2
KO=WO Ig (8)

• If a negative depth is encountered then KO and ~O are given the
values -1.0 resp. O.O.

•

•

•

•
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• StrIJeture :

*IrWN*

•

•

•

•

•

•

•

•

•

•

._-------~---~--------------------------------------_.. .
I if point is loeated outside bottom grid then
1 :------------------------------------------------1
I j compute wave number and relative freqlJeney
1---:------------------------------------------------1
, else if depth is negative then
I :------------------------------------------------1
I I wave number is -l.,relative frequeney is o.
I---:---~---------------~----------------------------II else
, :---------------~--------------------------------lI
I
I
I
I
J
•I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
1
I,
I
I
I
I
I
J
I
1
I

t give an estimate tor the wave number Ke
1------------------------------------------------1
I eompute current component in direction of
1 wave propagation

I
U 1

1------------------------------------------------1I if U < 0 then
I
1
I
I
I
I
I
I
I
I
I
I
1
I

:--------------------------------------------1
I cornpute estimate for wave number Kl
I---------------~------_·_-------------------I
j cornpute flJnetion G
,----~---------------------------~-----------lI tor i= 1 to 50 while G ) accuracy do
I
I
I
I
1
I

:---~~-------~-~-------------------------II compute derivative of G
1----------------------------------------1
I eompute wave number Kl
1----------------------------------------1
I compute funetion G

1---:----------------------------------------1
I cornpute critical frequency

1---:-----------------------·--------------------1
I else
I :------------------~-------------------------II I eritical frequency is -1.
1---:--------------------------------------------1
I it eritieal frequency < 0 or > wave frequeney
1
1
I
I
1
I
1
I
r
I
I
I
I
l

:-----------~-----~--------~--------~--------II eompute funetion F
1--------------------------------------------
I for i = 1 to 50 while F ) acclJraey do
I
1
I
I
I
I

:----------------------------------------
I compute derivative of F
,----~--------------~--------------------I eompute wave nurnber Ke
I-----------------~----------------------I eompute function F

I---·---~----_·_---------------------------~-. .

I else, :-----------------------------~----------,I I wave numbe r is Kl
._-_._-_._-_._--------------------------------------_.. . . . .
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• The callof this subroutine is :
:ALL ITWN(IX,IY,IT)

Parameters ..
IX (I)

)

• IY (I)
)

II (I)

coordinates of point In computational grld

• Function :
In subroutine VWPRO the group velocity CGO
components of wave action transport velocity CXO,
ceo are determined in a point (IX,IY,IT)
computational grid.

and the
CYO and

in the

• Method :
Ihe relations for the parameters mentioned above used in
this model are :

1 0

• CGO : co ( ---- + ------------ ) (1)
2.KO sinh (2.KO.0)

exo = CGo.cose + UX (2)

CYO = CGO.sine + UY (3)

• ao ~o aD ~UX ~UX
eeo: - ------------(-sine--+cose--)-cose(-sins---+cosS---)

sinh(2.KO.D) ~X ~Y iX ~y

i'UY iUY
-sin9(-sinS---+cosS---)

~X iY
(4)•

•
The terms containing current velocity components UX and UY
in eg. 2 through 4 are omitted if no current is present.
The term eeo Is evaluated intermediate lines IX and IX+l.
Derivatlves of depth and current are determined through a
central difference scheme (after the predlctor step).
If negatlve depths are encountered then all velocity
components are given the value 0 ••

•

•

•
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•

•

•

•

._-----------------------------------------------_.. .
if depth is negative then

:---------------------------------------------J
I give velocity components and derlvatives I
I the value o. r

I---:--------------------~------------------------II else
1
I
1
J
1
1
1
I,
I
J

:-------------------------------------~-------II compute group velocity
I-------~-------~-----------------~-----------I

if predictor step is passed then
:-------------------~---------------------If compute depth derivatives and current I
, derivatives ,

1---:-----------------------------------------1
1 compute components of wave action transport I
I velocity I
I (eSO only if line 1- boundary x=O) I

:---:--~------------------------------------------:
Ihe callof this subroutine is :

CALL VWPRO(IX,IY,IX)•
Parameters :

IX (I)
)

IY (I)
)

II (I)
• coordinates of point in computational grid

• Function :
In the subroutine NUHSC wave parameters are computed at a
new line IX+l in the computational grid.

Method :
Ihe following numerical scheme is applied :
Estimates for the wave action AO and -frequency UO at line
IX+l are obtained through a linear extrapolation from the
lines IX-l and IX (predictor step). With these estimates the
other wave parameters at line IX+l can be determined. Linear
interpolation between the lines IX and IX.l yields the wave

.parameters at line IX+l/2, necessary for the corrector step.
Ihe corrector step (which can be repeated several times)
consists of an explicit differential scheme,applied to the
two balance equations described in section 1.1.
Ihe amount of energy lost through dissipation (FD) and
leakage of energy through the boundaries &a and Sb (FL) is
kept.

•

•

•

•
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• Results of the computations are written to the file REKRES.

Structure :

*NUMSC*• :-----------------------------------------------~----:I CALL PREDT predictor estimates tor wave action I
I and -frequency on line IX+1 I
l-------------------------------------------~--------I

•
I move contents of arrays with new values of wave 1
I number.relative and critical frequency and propaga-II tion velocity components to arrays with oid values 1
I------~-----~---------------------------------------JI CALL WAVPA compute wave parameters at line IX.1
1----------------------------------------------------1

•

I determine depths and currents 1
I intermediate lines IX and IX+1 I
1----------------------------------------------------1I tor every corrector step do I
I :------------------------------------------------1
lidetermine wave parameters intermediate Iines 1
f I IX and IX+1 I
I 1------------------------------------------------1I 1 CALL D1SPA compute parameters in dissipation I
1 1 terms I
I ,------------------------------------------------11 I tor every y do
I I :---~~---------------------------------------I
I I • if last corrector step is in progress then I
I I 1 :-----------------~-·--------------------I1 1 , I initialize leakage and dissipation I
I 1 1 1 in point x.Y t
I I 1---:----------------------------------------1
I I I if depth is positive then
( I , :---------------~------------------------lI I • 'for every e do
I I I 1 : ------------------------------------
I I I I I CALL IERMD compute terms of the
I I 1 1 I two balance equations
I I I I 1------------------------------------, 1 I I 1 CALL SUMDE determine wave action
, 1 I I I and frequency
, I I I~--:--~~--------------------------------I I I I if last corrector step in progress then
f I I t :---------------~--------------------, 1 t I I compute leakage and dissipation 1n
I I I I I point x.Y
I 1---·---·---·------------------------------------.. . .
I I CALL WAVPA compute wave parameters on line IX+l

•

•

•

•

•

J---:-----------------------~------------------------I
( CALL WRIRE write results of line 1X+1 to REKRES
._--------------------------------------------------_.. .

•

•
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e The callof this subroutine is :
CALL NUMSC (IX)

Parameter :
IX (I) wave parameters are determined at line IX+l

in the computational grid (X=IX.DX)•
Function :
Estimates for the wave action AO and -frequency WO at line
IX+l (predictor step) are determined in this subroutine.

e
Method :
The predictor is a simple extrapolation procedure. AO and WO
at line IX+l are determined as follows :

e
IX+l IX IX-1

AO = 2.AO - AO (1)

IX+l IX IX-l
WO = 2.WO - WO (2)

e
If a negative depth is encountered
the value 0••
If the estimate of the wave
obtained thus. exceeds the
(gamma*d) then the predictor
are reduced accordingly.

then AO and WO are given

height in a grid
local maximum

estimates of AO

point (x.y),
wave height

in this point

•

•

•

•

•

,e
I
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• Structure :

*PREDT*
._------------------~-----------------------------_.. .
I if line is boundary x=o then
I
I
I• :--------------------------~-------------------I, wave action and -frequency.on new line are t

I given the values on the oid line (
1---:----------------------------------------------1
I else
I :--------------------------~-------------------I
I
I
I
I
I,
I
I
I
I
I
I
I
I
I
I
I

•

•

•

, for every y do,
I,
I
I
I
I
t
I
I,
1
I
I
I
I

:------------------------------------------1
I if depth is positive then
, :~-------------------------------------I1 for every 6 do I
I :----------------------~-----------It I move wave action and -frequency I
I I to arrays with oid values and I
I I I compute new values t
1---:---:----------------------------------11 else I
I :--------------------------------------1I for every e do
I :--------------~-------------------,I t move wave action and -frequency
I I to arrays with old values and
I , give new values the value O.,_---------_._------------------------------------­. . . .

I if surf breaking is on then,
I,
I
I
1
I
I,
I
I
I

•

•

._--------------------------------------------­.
I for every y do,
I
I
I
I
I
I
I
I
I

:---~--------------------------------------1 compute wave energy in grid point x,y
1------------------------------------------
t if ~ave energy exceeds Iocal maximum
J wave energy then,
I
I
I,

:---------------------~----------------tor every e do
:----------------------------------1
I reduce wave action in grid point I
I x,y,t I• :---:-~-:---:---:----~-----~-----------------------:

The callof this subroutine is :
CALL PREDT (IX)

• Parameter :
IX (I) wave parameters are determined at line IX+1

in the computational grid (X=IX.DX)

•

•
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• function :
In this subroutine parameters at line IX+1/2 are determined,
necessary tor the evaluation of the dissipation terms in the
two balance equations.

•
Meth:>d :
Ihe tollowing parameters are determined :

orbital velocity at the bottom Ubot
current velocity at the bottom Ucur
wave energy density Et
local maximum wave height Hm
the fraction of breaking waves Qb

for these parameters the following relations are used :•
3

eTO.AO 1/2
Ubot = ( De. ) ------------ ) (1)

2

• 9 sinh (KO.Ol

•
Et = De.) CJ'O.AO (2)

9

--1 1
Hm = O.88.KO .tanh(gamma.KO.D/O.88) , KO = --. )KO (3)

N9
e

• (the coefficient gamma is given by the user)

1-Qb Et
= -8.---

2
lnQb Hm

(evaluated in fRABRE) (")

•

•

•

•

•
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• Structure :

*DISP~*
._-----------------------------------------------_.. .

•
f if bottom dissipation is on then
I
I
I
I

:---------------------------------------------1
I for every y do
I :-------------~---------------------------II I compute orbital velocity at the bottom

I---:---~-----------------------------------------Iif surf breaking is on then
:----------~----------------------------------I• I for every y do
I
I
I
I
t
I
I

:-----------------------------------------1
t compute wave energy density
1-----------------------------------------1
I compute local maximum wave height

• I CALL FRABRE compute fraction of breakingl
I waves I

1-----------------------------------------1

._-_._-_._-----------------~---------------------_.. ... .

•
The callof this subroutine is :

CALL DISPA

Function :
In this subroutine the fraction of breaking waves in a point
x.y in the computational grid (Qb) is computed.•
Hetho:i :
The fraction of breaking waves 1s given by the implicit
relation :

• Et
F = 1-Qb+8.---.lnQb = 0

2
Hm

(1)

•
The following approximation is applied (Dingemans, 1983) ..

2 1/2
b = (8Et/Hm ) (2)

2
QO = (2b - 1) 0.5 < b < 1 ( 3)

= 0 b < 0.5•

•

•
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• Qb = 0 b < 0.3 (4)

2= QO - b

2
QO - exp «QO-1)/b ). -------------------- 0.3 < b < 0.9

•
2 2

b - exp «(QO-1)/b )

= QO 0.9 < b < 1.0

•
Ihe parameters Et and Hm (in eq. 1) are determlned in
subroutine DISPA.

Ihe callof this subroutine is :
CALL FRABRE (IX)

•
Parameter :

IX (I) y-coordinate of point in which the fraction
of breaking waves Qb is computed

•
Function ;
In this subroutine the terms of the two balans equations are
evaluated in the point IX+1/2,IY,IT. The souree terms SO
and dWO/dT are split up in components of wind generation,
bottom friction, surf breaking and dissipation in adverse
currents.

•

•

•

•

•

•
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• Structure :

._-----------------------------------------------_.. .

•
I CALL TRSY compute transportation terms in I
I y-direction I
1-------------------------------------------------1I CALL TRST compute transportation terms in I
I a-direction r
1-------------------------------------------------1

•
I if diffraction is on then
I :~------------------~-------------------------II I CALL DIfT compute diffraction terms
1---:---------------------------------------------1
I else
1 :--------------------------~------------------II I give diffraction terms the value o.
I---:~-----------------------------------~--------l• I if wind generation is on then
I :---------------------------------~-----------II I CALL S~IND compute wind generation terms
I---:----~----------~---------------------------·-l

•
I else
1 :-----------~---------------------------------II I give wind generation terms the value o.
l---:-------------~-------------------------------IJ if bottom dissipation is on then
J :---------------------~-----------------------I
tiCALL SBOT compute bottom dissipation terms
I---:---~-------~---------------------------------,• I else
1 : --.---~--------------".-----"----------------',
I I give bottom dissipation terms the value O.
I---:-------------------~---------------------- ..--I

•
I if surf breaking is on then
I :--~------------------------------------------II I CALL SSURF compute surf breaking terms
I---:-~-------------------------------------------II else
, :---------------------------~-----------------II t give surf breaking terms the value o.
1---:---------------------------------·-----------1

• I if deep water breaking is on then
I :------~-------------------·----~-------------II r CALL SOBH compute deep water breaking terms I
1---:--------·------------------------------------1

•
I else
I :-------------~--------------~----------------II I give deep water breaking terms the value o. I
._-_._------------------~------------------------_.. . .

The callof this subroutine is :
CALL TERMD(IY,IT)

•

•
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• Parameters :
IY (I)

IT (I)
) coordinates of point in computational grid

• Function :
.Xhe transportation terms of the two balance equations 1n y­
direction :

•
L (CYO.AO) and L (CYO.WO.AO)
~y iY

are determined in this subroutine.

Method :
A conservative central difference scheme is applied :

• IX+l/2,IY+l,IT IX+l/2.IY-l,IT
f - f
---------------------------------- (1)

• Energy entering the computational region through the
boundaries Y=O and Y=LY is not taKen into account. At these
boundaries somewhat different schemes are used.

Structure :

• *rRSY*
._-----------~---------------_._-----------------_.. .

if point is located on boundary and wave energy I
is entering the computational region then I

:---------------------------------------------1• I give flux of wave energy at boundary the I
• value o. I

r---:-~~------------------------------------------II compute transportation terms in ,-direction
:-------------------------------------------------:

• Ihe callof this subroutine is :
CALL TRSY (lf .II)

Paralleters :
IY (I)

• ) coordinates of point in computatlonal grid
IX (I)

~.~ ~Y!U:Qut~ ~

function :

•

•
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• The transportation terms of the two balance equations in
~-direction :

L (CeO .AO) and L rceo , wo .AO)
~9 ~9

• are determined in this subroutine.

.Method :
A conservative central difference scheme is applied :

•
IX+l/2,Iï,IT+l IX+1/2,IY,IT-l
f - f

ll=
~9

--------------------------------- (1)
2.d9

Energy entering the computational region through the
boundaries 9=9a and 9=9b is not taken into account. At these
boundaries somewhat different schemes are used. The leakage
through these boundaries ICeOI.AO.OO is kept.•
Structure :

• *TRSI*
._-----------------------------------------------_.. .

if point is located on boundary and wave energy I
is entering the computational region then I

:---------------------------------------------

•
, give flux of wave energy at boundary
I value O.

l---:----------------~----------------------------I compute transportation terms in a-direction
1-------------------------------------------------

if point is located on boundary and wave energy
is leaving the computational region then

• ._-------~------------------------------------.
I compute leakage of wave energy

:---:---------------------------------------------

Toe callof this subroutine is :
• CALL TRST(IY,II)

Parameters :
IY (I)

IT (I)

l·ll ~~Q['Q~li~ QlEI

coordinates of point in computational grid

•
function :
The diffraction terms in the two balance equations :

•
I

•
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• i_(Cdif(CYO.i_AO-CXO.~_AO»
~& ~X ~Y

and

!_ (Cdit (CYOe.!_ (WO.AO) -cxo -ä,(WO.AO)))
~e ~x ~Y

• are determined in subroutine DIf!.

Method :
Derivatives in x,y and e direction are approximated by
central difference schemes :

• Glf
IX+l,IY,II
f

= ------------------------ (1)
iX dX

•
IX+l/2,IY+l,II IX+l/2,IY-l,II

Glf f -f
= -------------------------------- (2)

2.dY

IX+l/2,IY,It+l IX+l/2,I!,I!-1
~f f -f

• = -------------------------------- (3)
~9 2.d9

At the boundaries in the y-e plane somewhat different
schemes are applied.

Ihe callof this subroutine is :
CALL nrrr (I!,II)•

Parameters :
IY (1)

• II (I)
) coordinates of point in computational grid

function :
In this subroutine the wind generation components

• 50 and
wind

LIJO
dt wind

of the souree terms in the two balance equations are
deterlDlned.

• Method :
Ihe followlng relations are used for the terms mentioned
above :

•

•
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• d-1 c-1
~ !

3 d d d c
UlO IEIBI I E/B I 11 E/B I

SO = Babcd < --- > < 1- (---) > < - atanh «---) ) > (1)
wind 9 I a , I a I Ib a I•

3 (b2-1)Ib2 I 15
9 1/b2 lol 1 I lol t

d 1010 = 2PI.a2 b2 (---) - SO < ------------ > (2)
dt 5 2PI S windl b21• wind UlO I 2PI.a2 (EIS) I

with
2

• 9
E is the dimensionless wave energy density EO.---- "EO=CfO.AO

q
UlO

•
UlO

lol is the dimenslonless mean action frequency 1010.---
9

B is the directional distribution of waves"EO(Y,O)=B(&).Et(Y)
UlO is the wind velocity at lOm elevation relative

to the current velocity
a"b"c and d are coefficients derived from literature

• Eq. 1 and 2 hold only tor growing waves (E<aB).In the case
E>aB then the wind generation terms are assumed to be O.

•

•

•

•

•
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• Structure :

*SUINO*
._--------------------------------------------------_.. .

•

I if current is on then
I :------~-----------------------------------------II I determine wind speed vector relative to I
I , current vector 1
I 1------------------------------------------------1I 1 CALL DISTR determine directional distribution ,
I 1 around wind vector I
1---:------------------------------------------------11 compute dimensionless wave energy density E I
I and frequency U I

•

1----------------------------------------------------1

•
I i f E < aB then
r :--------------------·-----~---------------------I1 1 compute wind generation terms 1
1---:------------------------------------------------1
J else 1
I :------------------------------------------------1r I give wind generation terms the value o. 1
._-_._----------------------------------------------_.. . .

• The callof this subroutine is :
CALL SUIND{IY,IT)

Parameters :
IY (I)

• IT (I)
) coordinates of point in computational grid

•
function :
Ihe b~ttom dissipation terms

50
bot

and !i_WO
dt bot

are computed in this subroutine.

• Method :
The following relations are applied :

S 0 = -U .0'0 • A0
bot bot

(1)

• dlJO

dt bot

2 -2 3 b3= IJ0 • a3 (g • IJ0 • IJ • (10 • A0 )
bot

(2)

with

•
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• 2
1/2 0'0

w :: (a/pi) -------------.(Cfw.Ubot+Cfc.Ucur)
bot 2

g.sinh (KO.D)

(3)

• The second term in eg. 3 is omitted if no current is
present. In this formulation the effects of currents on

.bottom dissipation are included in the same way dissipation
due to wave orbital velocities is determined. The same
procedure with somewhat different relations is applied in
the model CREDIZ.
The terms•

W
bot

and Q_WO
dt bot

•
are determined in point IX+l/2,IY,IT in the computational
grld. Ihe wave action AO in the linear term SObot is
included lmplicitly in the two balance eguations (section
3.27)•
The coefficients Cfw,Cfc,a3 and b3 have to be determined, by
the user, empirically.

• The callof this subroutine is :
eAU. ssor (IY.rn

Parameters :
IY (I)

• IT (I)
) coordinates of point in computational grid

Function :
The terms representing dissipation of wave energy due to

• surf breaking

SO and g_WO
dt surfsurf

are determined in this subroutine.• Method :
Relations for these terms applied in this model are :

•
50 :: -w .O'O.AO

surf surf

dWO 2 -2 3 b4
:: WO .aLl.(g .WO .'1 •(JO.AO)

dt surf surf

(1)

(2)

with

•

I.
I
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• 2
1 Hm~ = alfa1.---.Qb.WO.---

surf 8pi Et
(3)

The terDIs

• and sl_lolO
àt surfsurf

•
are àetermlned in point IX+l/2,IY,IT in the computational
grid. rhe wave action AO in the linear term SOsurf is
includeà implicitly in the two balance equations (section
3.21) •
The coefficient alfa1 is of order 1 while the coefficients
a4 and b4 should be determined empirically.

• The callof this subroutine is !
CALL SSURF(IY,IT)

Parameters :
IY (I)

IT (I)
) coordinates of point in computational grid

•
Function :
The terms representing dissipation of wave energy in
currents with direction opposite to the direction of wave

• propagation

50
dbr

and !i_WO
dt dbr

are determined in this subroutine.

• Method :
Relations for these terms applied in this model are :

f

•
50 = -w .aO.AO, lol =

dbr dbr dbr taul
(1)

dWO

dt dbr• witt\

t aut , tau2

•

9= - ----.lolO
tau2

(2)

are time constants to be determ1ned empirlcally
-1

(initially values WO are assumed)

•
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-4
f = 0.3326 (Wc/WO) tor Wc ) 0.8547 WO

2
= -5.712 (Wc/WO) .. 6.830 (Wc/WO)-1.042 for 0.5979 WO < Wc

< 0.8547 WO

= 1. for Wc < 0.5979 WO•
-3

1 - 0.4434 (Wc/WO)

• 9 = 1 - ------------_._----- for Wc ) 0.8547 WO

•

-4
1 - 0.3326 (Wc/WO)

3 2
0.66667 (Wc/WO) - 0.59788 (Wc/WO) + 0.071238

= 1 - --------------------------------------------
2

(Wc/WO - 0.59788)
tor 0.62 WO < Wc

< 0.8547 WO

• = 1 - Wc/WO for Wc < 0.62 WO

If EO = o. then 9 is given the value 0••

Ihe callof this subroutine is :
• CALL SDBR{lY#II)

Paralleters :
IY (I)

II (I)
) coord1nates of point in computational grid

•
.Function :
In this subroutine the wave action AO and -frequency WO in
the grid point IX+1,IY,II are determined.

• Method :
Ihe two balance equations 1 and 2 are solved.

•

•

•



•

• 50
~ wind
--(CXO.AO) = -(transportation+dlffraction terms) + ------
~X ao

• 1 dWO
-(W + W + W - --.---)AO

bot surf dbr wo dt
(1)

50
~ WO. wind
--(CXO.WO.AO) = -(transportation+diffraction terms) + ---------

• ~X aO
-(W + W + W )WO.AO (2)

bot surf dbr

• For brevity the transportation- and diffraction terms as
weIl as the source term dWO/dt have not been written in full
in eg. 1 and 2.
Ihe numerical scheme applied to these eguations is:

IX+l.IY.II IX+l.IY,II IX,IY.IT IX.IY,IT
• CXO f - CXO f

-~--------~----._---------------------~----~-----dX

•
H IX+l,IY.II IX,IY,IT

= G - -Cf + f )
2

(3)

witl'l:

•
f represents the terms AO (eg.l) or WO.AO (eg.2)
G contains the non-linear terms of eg. 1 and 2
H contains the linear terms of eg. 1 and 2

Furtl'ler the dissipation of wave energy
(~bot+Wsurf+Wdbr)AO.aO.de is determined in point
IX+l/2,IY,IT in the computational grld.

Structure :

• *SUMOE*
._---------_._-~----------------------------------_.. .

•
I determine wave action and -frequency I
l---------------------~----------------------------r
J if last corrector step is in progress then r
I :-~-----~--------------------------------------I
J I compute dissipation of wave energy
._-_._--------------------------------------------_.. . .

Ihe callof this subroutine is :
CALL SUMOE(IY,IT)•

•
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• Parameters :
IY (I)

II (I)
) coordinates of point in computational grid

• Function :
.In the subroutine WRIRE arrays containing wave parameters at
a line in the computational grid are written to the file
REKRES.

• Structure :

*WRlRE*
:------~--_._~-----_._--------~----------------------:

• I if line ~ boundary x=O then
I
I
I
I
I

:------------------------------------------------1
I write leakage of energy FL.dissipation of I
, energy FD,fraction of breaking waves QB and thel
I wave a~tion transport velocity component C&O J
I to the file REKRES I

f--~:--------~---------------------------------------I• I write depth D,current velocity components UX,UY (ifJ
I current is off then fill arrays with O),wave actionl
J AO.-frequency WO,relative frequency aO,wave number I
I KO.group velocity CGO and wave action transport I
J velocity components CXO,CYO to the file REKRES I
._--------------------------------------------------_.. .• Ihe callof this subroutine is :

CALL \lRlRE (IX)

Parameter :
IX (I) results of line IX in the computational grid

• are written to the file REKRES

J·l~ ~Y.!!tQ.Y~ STR8~~

Ihis subroutine, called at the start of every subroutine and
the main program, provides a message of the entry of this
subr~utine resp. program.
SIRACE is copied from the model CREDIZ.•
Ihe subroutine MSGERR, called when an error is encountered

• during the execution of the program COMPU, provides an error
message.
MSGERR is copied from CREDIZ.

•

•
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• In subroutine COPYCH character strings are copied to real
variables and back. It is copied from CREDIZ.

•

•

•

•

•

•

•

•

•

•
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• u, SrORAGE OE"DATA

~.!Q.ï!l!m!~ gata l?00!

•

•

•

•

•

•

•

•

•

•

As in CREDIZ a dynamic data pool is used to obtain an
efficient and flexible storage of arrays. With the
subroutine ADPOOL the dimension of an array can be extended
or rejuced. The structure of the pool is the same as in

.CREDIZ.
An element of an array A is found by :

A (1)=POOL(IA+I) • IA is the adres of array A
A two-dimensional array is stored row by row :

eg. : array B(1:n.1:m)
storage in pool :

B{l.l) ••••,B(n,l),B(1.2)•••••B(n.2) ,Bel.ml ••••,B(n.m)
thus B(k.l)=POOL(IB+(l-l)n+k)" IB is the adres of array B

for more detailed information on the structure of the
dynamic data pool, reference is made to the system
documentation of CREDIZ.
The following arrays of the program COMPU are included in
the pool :

r- 1 -.,. ------ ---------_._--,, numberl na.me 1 adres I descr.iption It----t -t--..;__;---- ----~----- ---1
I 1 I DEP. l lOEP I depths II 2 I VX l IVX I x-component current velocity II 3 I V'i I IVY I y-component current velocity II " I WAO I IWAO 1 wave action (old line) fI 5 I WE"O I IWfO I wave frequency (old Ilne) II 6 I WKO I IIJKO I wave number (old line) I
I 7 I RFO I IRFO I relative frequency (old line) I
I 8 I CGO I ICGO 1 group velocity (old line) II 9 I CXO I rCXD I x-component wave action I
I J t I transport velocity (old line) I

10 l C'iO I ICYD I y-component wave action
I I I transport velocity (old line)

11 I WA , IIJA I wave action (between oid and new line)
12 I WF I nlF I wave frequency (between oid and new line)
13 , IJK I lIJK I wave number (between oid and new line)
14 J RF I IRF I relative frequency (between old

I 1 I and new line)
15 I CG , ICG I group velocity (between oid and new line)
16 I CX I ICX I x-component wave action transport

I J I velocity (between old and new line)
17 I C'i 1 ICY I y-component wave action transport

I I I velocity (between old and new Ilne)
1 18 L cr 1 ICT I e-component wave action transport
I I I I velocity (between oid and new line)
I 19 I WAN I IWAN I wave action (new 11ne)
I 20 I IlFN I IIJFN I wave frequency (new 1ine)
I 21 1 IlKN I IUKN I wave number (new line)
I 22 I RFN 1 IRFN I relative frequency (new line) ., 23 I CGN [ ICGN I group velocity (new line)
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• I 2Ll
I
I 25
I
I 26
I 27
r 28
I 29
I 30
I 31
1 32
1 33
1
I 3Ll
, 35
I 36
I
I 37

•1 38
, 39
I
I ''0
I
I "1
I 42
1
I 1&3,
1 LlLl
I
I "5
l
I

•

•

•

•

•

I CXN
I
I CïN
I
• DO
1 DC
I HM
I QB
I Er
I FD
I FL
, CRN
I
1 UCUR
I DEO
1 UXO
I
I uro
1
, OEH
, UXM
I
I UYM
I
I DEN
, UXN
1
l urN,
I CRO
1
I CR
1
I

r. ICXN
I
I ICYN
t
I 100
I IOC
t IHM
I IQB
lIET
1 IFO
, IfL
t ICRN
1
I IUCUR
I IOEO
I 1UXO
I
I IUYO
I
I IDEM
I IUXM,
I IUYM
I
I IDEN
I IUXN
J
I IUYN
I
t ICRO
1
I ICR
I
I

38

I x-component wave action
I transport velocity (new line)
I y-component wave action
I transport velocity (new line)
I derivatives in bottom geometry
I derivatives in current field
I Iocal maximum wave height
I fraction of breaking waves
I directionally integrated wave energy
I dissipation of wave energy
I Ieakage of wave energy
I maximum frequency that is able to transport
t wave energy against current (new line)
leurrent velocity near the bottom
I depths (old line)
1 x-component current velocity
I (old Iine)
t y-component current velocity
1 (old 1ine)
I depths (between old and new line)
I x-component current velocity
I (between old and new line)
I y-component current velocity
I (between old and new line)
1 depths (new line)
I x-component current velocity
I (new line)
I y-component current velocity
I (new 1ine)
I maximum frequency that is able to transport
I wave energy against current (old line)
1 maximum frequency that is able to transport
I wave energy against current (between old
land new line)L--------A.------~ ~ ~____J

• table 1 arrays in dynamic data pool

~.~ ~QmmQn ~i~~ A number of common blocks are defined in
which principal data for the model HISWA is included.Each of
these blocks contains a certain category of information :

•

•

•

•
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r- -----• ------,
I name I description It----t---------------------------i
I flrEL I title I
I DEPROS I location and dimensions of bottom grid It REK.RoS I location and dimensions I• I I of computational grid I
I fRANSf I transformation coefficients between 1I I different grids I
I NUMS I information on the numerical scheme I
I rERMOE I terms of the balance equations J
1 rESTOA I information for output control ,

• 1 I (especially the tracing of errors) J
I fïSPAR I physical parameters ,
& UlrVOA I information for the program OUTP II I (not used by the program eoMPU) I
I REfNRS I data set reference numbers I
I LEESOA , information for reading data I• I P::lJL I references to arrays in the I, I dynamic data pool IL --- --------------- _________ -4

table 1 description of common bleeks

Most of the common blocks are copied from the model CREOIZ.
In the following only the changes with regard to the common
blocks in CREOIZ are discussed. For more information
reference is made to the system documentation of CREOIZ.

•
TITEL

•
as in CREDIZ

REKROS

OEPROS the elements AKX.CCGX and WKCX are omitted

•

•
TRANSF

NUMS

•

•

•

the following elements are added :
MTR number of grid points in a-direction
TETA~

) boundaries of computational grid in &-direction
rETAB
OT grid size in a-direction

as in CREDIZ

contains the following elements :
NCOR number of corrector steps
IPRE indicator of predictor step
ICOR indicator of corrector step
IOaW option for the representation of the boundary

condition at x=O
leUR switch for the introduction of current
IOIF switch for the introduction of diffraction
IWINO switch for the introduction of wind
IBOT switch for the introduction of bottom dissipation
ISURf switch for the introduction of surf breaking
IOBR switch for the introduction of deep water breaking
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•

•

•

•

•

•

•

•

•

•

•
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~DIP wind direction relative to problem grid
WDIC wind direction relative to computational grid
UlO wind velocity at 10 m. elevation
U10C wind velocity at 10 m. elevation relative to current
ADIR coefficient for directional distribution of waves
AI(300) wave action at boundary x=O
WI(300) wave frequency at boundary x=O
BDIR(30) directional distribution of waves
CDIf diffraction coefficient
PWIND(10) parameters of wind generation (a,b,c,d,a2,b2)
PBOT{S) parameters of bottom dissipation (Cfw,Cfc,a3,b3)
PSURf(S) parameters of surf breaking (alfal,gamma,a4,b4)
PDBR(S) parameters of deep water breaking terms (tau1,tau2)
:NORM normalization coefficient of directional distribution

TERMOE contains the following elements :
E'YA

) transportation terms in y-direction
FYF
E'IA

) transportatien terms in &-direction
E'TF
DIFA

) diffraction terms
DIFF
WINDA

) wind generation terms
WINDE'
WBOI

) bottom dissipation terms
BOTF
USURE'

) surf breaking terms
SURFF
WDBR

) deep water breaking terms
DBRF
TDIS dissipation of wave energy
TLEAK leakage ef energy

TESTDA as in CREDIZ

fYSPAR the following elements are omitted :
IM,DEP1,DEP2,DEP3,UX1,UX2,UX3,UY1,UY2,UY3,
AK1,AK2,AK3,CCG1,CCG2,CCG3,WKC1,UKC2,WKC3,
ISTA1,ISTA2,ISIA3,SIGMA1,SIGMA2,SIGHA3,
SINH1,SINH2.SIN~3,AMPL1,AMPL2,AMPL3
the following elements are added :
DEPTH depth in a point in the bottom grid
UXC

) current velocity components relative to computational grid
UYC
WNU wave number
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• UIIVDA as in CREOIZ (for the time being)

REFNRS the elements HULPFI and HULPF2 are omitted

LEESOA as in CREDIZ

• POOL this block will be adjusted to the new construction
of the dynamic data pool (section 4.1)

• In the m~del HISWA a number of files are used that serve as
communication too1s between the programs PREP, COMPU and
OUIP. Two of these files are used by the program COMPU :
a) INSTR
Ihis file contains instructions formulated in PREP and data
necessary tor the computations carried out in the program
COMPU.
contents :

NPO~L dimension of pool
lIES! test parameter
common blocks :

TIIEL, OEPROS, REKROS, IRANSF,
NUMS, FYSPAR, REFNRS, UITVOA, TESIDA

•

• arrays:
OEP,VX,VY,OUIREQ,OUTDA

b) REKRES
In file REKRES the results of the computations carried out
in the program COMPU are stored. Ihis file will be read by
the program DUIP.
contents :•

•

common blocks ....
TITEL, DEPROS, REKROS, TRANSF,
NUMS, FYSPAR, REFNRS

arrays ....
DEP, VX, VY

DEN, UXN, UYN, WAN, WFN,
, ) line x=O

RFN, WKN, CGN, CXN, CYN

FL, FO, QB, CT ) line x=(i-l/2) .dx

DEN, UXN" UYN, UAN, UFN,
) line x=i.dx

RFN, WKN, CGN, CXN, CYN

)
)
)i=l,MXR-l
)
)

•

•
Each array in the files described above is preceded by the
dimension of the array. The same conventions as described
under 4.1 are applied with regard to he storage of two­
dimensional arrays. Files are read and written unformatted.

•

•
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• Output Program HISWA/OUIP

•
Ihe program HISWA/OUIP processes the results computed by the
progra~ HISWA/COMPU. Ihe results are stored in the file
'COMPRES'. Ihe processing is controlled by the output
requests encoded in the pool array OUIREQ, and using data in
the array OUIDA.

•
HISWA/OUIP
data. For
the output
that file.

starts reading the output requests and output
each output request the file COMPRES is read, for
points values are interpolated from the data in

•

•

•

•

•

•

•

•
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• !1ulii!9~g!.ä,gramQf Hi~~2L2Y.!Q

Outp MAIN

______WRCOMX etc. $ read output instructions

•

I
I
I
I
I
I
J
II TABPRI
1 1
I I PSET
I 1I I UVIPOL
I 1 I
I I I IXPOL
1 I 1I I 1 __
I 1
I I UVHSIG
1I ISOVEC
1 II 1 __
1I__ WSPEC

___ BLOKX
II PSET
I
I UVIPOL
I II I IXPOL
I I
I '__ ._G1
I I, l G2
I1 BLKHfO
11__ BLKPT

1
I UVHSIG etc.

$ prints a block table•
$ determines output pOint set

$ reads results and interpolates

•
$ interpolation

$ functions

• $ bloek heading

$ prints numbers

• $ prints a table

$ determines output point set

$ reads results and interpolates

•
••• $ see above

etc. $ determines values

$ produces a plot

••• $ see next page

$ spectral output to disk

•

•

•
•
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• l.i!l~ä9~ .§9l~~ Qf. IÜ.Q! !:out~
ISOVEC

II PSET
II UVIPOL
I ,
I ,__ •••
I
I TOGPCP $ writes certain numbers to file

•
___ PENTO $ pen moves to certain position• PLYN $ a line is plotted

1
1_- SNYPTl $ determines crossings
I
1 SNYPT2 $ with frame edge• __ PNAMES $ plots names in the figure
I
1_- PLNAME s plots one name

__ PCOAST $ plots lines in the flgure•

•

____ PENTO $ pen moves to certain position
JI PLYN

I
I SNYPIl
I
I SNYPT2

•

•

•

•

•
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•

•
Ihe main program reads the output instructions that have been com~osed
by the Reading progralllof HISWA. Furthermore it reads some general dat
c~ncerning the computation from the file containing the computational
results.
Oepending on the type of output request MAlN branches to the subroutin
that produces that particular output.
After this subroutine has finished its task, HAIN will process the nex
o~tput intstruction.

•
HISWA/OUTP Main program

--------------------------------------------------------------
Read from file INSTU: some genera I output parameters and
p~ol arrays lOUTR (output requests) and IOUTO (output data).

• Call WRCOHX $ reads data concerning the computation from the
$ file REKRES

•
for each output request do

Obtain from array OUTREQ:
- pointer to next request
- type of output request RTYPE
-----------------------------------------------------------

•
Case RTYPE == 'BlK' : Call BlOKX
= 'TAB' : Call TA8PRT
= 'PLOT' : Call ISOVEC= 'SPEC' : Call WSPEC

$ block output
$ tabular output
$ plot
$ spectral output

----------------------------------------------------------------

•

•

The output routines BLOKX, TABPRT and ISOVEC have to a large
extent the same structure. Each of these works in the
f~llowing way: It obtains from array 10UTR the necessary
parameters for the output at hand. 1t calls PSET, which
determines the type of the output point set, and which
stores the user coordinates of the output points in the
arrays 1XP and IYP. It calls UVIPOl, which reads the
c~mputational results and interpolates these to the output
points. It calls UVHSIG or another routine which calculates
the requested variable, which it then prints, writes to
disk, or plots, as the case may be.

•

Parameters
RrïPE
lUREC

are:
type of output request
place where to find the
array IOUTR

8LOKX, TABPRT and lSOVEC

output instruction in

•
----------------------------------------------.---------
Obtain from array IOUIR:

KNA~M $ name of output point set
Call PSET $ determines KTYPE, type of the point set,

•
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$ HIP, number of points in the set.
(in the case of BLOKX and ISOVEC:)
If KTYPE is not 'KAOR' (frame)
Then Error message

page 5

---------------------------------------------------------

•
Obtain NVAR, number of variables that must be output.
Determine IUR1, and IUR2, indicating where to find ISOORT,
which indicates the type of variabie wanted for output.

•
Call UVIPOL $ reads computational results and

$ interpolates to output points

For JVAR from 1 to NVAR
Determine ISOORT $ type of variabie
Depending on value of ISOORT,
output UVHSIG, UVDIR, UVPER etc.
$ see section on coding and processing of variables

---------------------------------------------------------•

•

•

•

•

•

•

•
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• fQ~i 5ll.n~~i.n 2ll~ut !!!Qdule

r----r-- ------------------, ---,
I 11 lOEP I depths in the bottom grid tI 21 lVX I x-velocities in the bottom grid I
I 31 lVY I y-velocities in the bottom grid I• I Iq lOUTRI output requests I
I 51 lOUTOI output data II 61 lFF 1 unused 11 11 lWAN I wave action density I
I 8 I IWFN I mean frequency I1 91 IRFN I mean relative frequency I• I 101 IWKN I wave number
I 111 lCGN 1 group velocity
I 121 lCXN I x-comp. of group velocity
I 131 lCYN 1 y-comp. of group velocity
I 141 lFL I energy leakage on a line halfway
I I I between two lines in comp. grid• 1 151 IFD I dissipation
I 161 IQB I fraction of breaking waves
I 111 ICI transfer velocity in Iheta-dir.
1 181 lXP the set of output points in
1 1 problem coordinates
I 191 lYP ••• J 201 lXC the set of output ,points in
1 I computational grid coordinates
I 211 lYC ••I 22' IDEN depths on a line of the
I , computational grid
I 231 IUXN x-velocities t• I 241 lUYN y-velocities I
I 25& INF indicates for each variabIe JVAR I
1 J where data can be found in array IFOP I
I 261 lFOP function values in the output I
I 1 points I
J 21, lAl auxiliary array 1• I 281 IA2 •• 1
I 291 IA3 •• IL_~ ___ -L ------- ----- ..

••
Add to common area /UITVOA/:
p~lnt in user coordinates
YPQ
UCOS
USIN

XPQ coord. of frame base

coeff. to transform from computational to
frame coordinates

•

•

•
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•
Ihe output requests are coded in array OUIREQ (pool array
with pointer IOUIR). Ihe coding of the output requests as
given by the user is carried out by the subroutine PROUI in
the reading program. Each output request is represented by
one record in the array.

The structure
- OUTREQ (1)
- OUTREQ (2)

starts.
for each record the following data:

- NEXI pointer to next record
- rYPE type of output request

SNAME name of point set
requested,

•

•
of the array OUTREQ is as follows:
number of places occupied in the array.
place in the array where the last record

in the array

for which output is

• occupying plaees in the array.
- other data specifying the output request (see below).

The following TYPEs of output request occur:
'BLKP' or 'BLKO' bloek type print or output to file
'PL~T' plot of iso-lines and/or vectors

• 'SPEC' output of spectra to file.

The data
request.
follows:

•
in the record depend on the type of the output
For eaeh type they are described in detail as

Bloek output

- tBLKP' or 'BLKO' type of output
- SNAME output pOint set
- NREF file reference number of destination
- NVAR number of variables which is to be written.
For each of the NVAR variables:

- ISOORI type of physical variabie
- DFAC factor with whieh each value is multiplied.

•

• - 'PLOr'
- SNAME
- prI
- ISOORI
- FSIEP
- FMIN

FMAX
- ISOORT
- SCALE
- IPLAC

ILINS

•

Plot

type of output
output point set
title of the plot

type of physical variabie in iso-line plot
step of function
minimum function value
maximum function value.
type of physical variabie in vector plot
vector scale.

flag for plotting names of places
flag for plotting lines

• Spectral output

- 'SPEet
- SNAME
- NREF destination of the output (unit referenee number)

•
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• Co~lug àllQ processing Qi Y2~!êb!~ types

In the output requests the type of
on output is encoded by the number
of variabie a different procedure
subroutine UVIPOL.

•
variabie that is wanted
ISOORT. With each type
is carried out by the

In the fOllowing table one finds for each value of ISOORT:
code of the type in the user's output request, description
of the variabie type, procedure carried out by the
subroutine UVIPOL. In the procedure description Sum( ••)
means the sum over the directions.

• 1. HSIG
Proc.

•
Proc.
DIR
Proc.

3.
Proc.
PER
Proc.

• Proc.
DEPT
Proc.
Proc.
VEL
Proc.
Proc.
Proc.
FORC
Proc.

5.

•
6.

•
7.

Proc.
Proc.
TRAN
Proc.•

8.

Proc.
Proc.
OSPR
Proc.•
A3.
Proc.

9. OISS

• Proc.
Proc.

10. LEI\K
Proc.
Pr::>c.

11. QBI.
I

significant wave height
UVIPOL: Sum(RFN*WAN) into aux. array Al

Into array IFOP: interpolated value of Al
UVHSIG: 4*Sgrt(Fl)
dominant wave direct ion
UVIPOL: Sum(Theta*WAN) into Al, Sum(WAN) into A2

Into IFOP: interp. Al, interp. A2
UVDIR: Fl/F2
mean wave period
UVIPOL: Sum(WFN*WAN) into Al, Sum(WAN) into A2

Into IFOP: interp. Al, interp. A2
UVPER: 2*PloF2/F1
depth
UVIPOL; into IFOP: interpolated value of OEN
UVDEP: F1
current velocity
UVIPOL: into IFOP: interp. UX, interp. UY
UVUX: Fl
UVUY: F2
resulting force exerted by the waves
UVIPOL: n= ••, cost=cos(theta), sint=sin(theta)
Sum «n*cost**2 + (n-.5» * WAN) into Al
Sum (nOcost*sint * WAN) into A2
Sum «nOsint**2 + (n-. 5» * WAN) into A3
Into IFOP: x-derivative of Al, y-der. of A2,

x-der. of A2, y-der. of A3
UVFRX: Fl+F2
UVFRY: F3+F4
energy transport
UVIPOL: Sum(CXN*RFN*WAN) into Al,

Sum(CYN*RFNOWAN) into A2;
Into IFOP: interp. Al, interp. A2

UVENX: Fl
UVENY: F2
directional spread
UVIPOL: Sum(WAN) into Al, Sum(ThetaOWAN) into A2,

Sum (Iheta**2 * WAN) into A3;
Into IFOP: interp. Al, interp. A2, interp.

UVOSPR: Sqrt(F3/Fl-(F2/Fl)**2)
dissipated energy
UVIPOL: Into IFOP: interp. FO
UVOISS: Fl
energy leak over sector boundary
UVIPOL: Into IFOP: interp. FL
UVLEAK: Fl
fraction breaking waves
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• Proc. UVrpOL: lnto rFOP: interp. QB
Proc. UVQB: Fl

12. XP x-coordinate of output point
Proc. UVXP: Pool (IXP+IP)

13. ïP y-coordinate of output point
Proc. UVYP: Pool (IYP+lP)

• 14. DIST distance of output point along curve
Proc. UVDIST: 0, if IP=1;

Value in IP-1 + distance to point lP, otherwise

•

•

•

•

•

•

•

•

•


