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Abstract

Perrie, W. and Toulany B. 1993. An Accurate Efficient Nonlinear Code for Wave
Modelling. Can Tech. Rep. Hydrogr. Ocean Sci. No. 146: iv + 54 pp.

We present documentation and code for a new 'fully' nonlinear wave model. The
model is accurate and relatively economical to run. The basis for the
simulation of the nonlinear wave-wave interactions are the Boltzmann integrals
of Hasselmann (1961), using the algorithms which implement the symmetry rules
and coordinate transformations documented by Tracy and Resio (1982) and
recently exploited by Resio and Perrie (1991) and Perrie and Resio (1993).

Resume

Perrie, W. and Toulany B. 1993. An Accurate Efficient Nonlinear Code for Wave
Modelling. Can Tech. Rep. Hydrogr. Ocean Sci. No. 146: iv + 54 pp.

Nous presentons ici des explications et Ie code relatifs a un nouveau modele
de vagues, «entierement» non lineaire. Ce modele est exact et d'utilisation
relativement economique. La simulation des interactions vagues-vagues non
lineraires est fondee sur les integrales Boltzmann de Hasselmann (1961) et
sur les algorithmes qui appliquent les regles de symetrie et les
transformations de coordonnees erablies par Tracy et Resio (1982) et
recemment exploitees par Resio et Perrie (1991) et par Perrie et Resio
(1993).



1. Introd uction

It may be asked, why is there a need for yet another 'third'

generation (3g) wave model. The WAM model has been presented by Hasselmann et

al (1989) and attempts to accurately simulate ocean surface wave spectra.

However, it is precisely because of the WAM model that we were motivated in

construction of this present attempt at a wave model. The WAM model has its

inadequacies, and we attempt in this model to remove some of these

inadequacies. Essentially, this model that we present, called 'FULL', has a

much more careful treatment of the nonlinear wave-wave interactions than is

possible in the so-called direct interaction approximation (DIA) of the WAM

model. That is the distinctive of this model. The basis of the model is laid

in Tracy and Resio (1982), It is exploited and developed in Resio and Perrie

(1991) and Perrie and Resio (1993). We do not repeat the material given in

these papers in this report. We only document the code as it presently stands.

The main architect of this present code is Don Resio. This document is a

description of the code and it is hoped that this description is complete

enough to allow unfamiliar users easy access to an understanding and

application of wave model FULL.

2. Program Structure

The overall structure of the program is given in this section. Details of the

items of the flow chart are given below. Input-output to the 3g model FULL, is

of the form

TAPE20 TAPElO
OPTIONS.DAT TWOD.DAT

TAPEll
ONEL.DAT

FULL
TAPEl3

ONED.DAT

TAPEl5
WAVES .DAT

T APE2l TAPE06
WINDS .DAT OUTPUT

Figure 1. The input-output of the wave model FULL
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whereas the detailed structure of FULL, in relation to its subroutines, has

the form,

FULL RDOPT
1

IN I TSNL2 LOCUS 2
•

1

CPLE 2
•

2

RDWIN
3

SETSID
4

DPROP
5 BSET6

.
1

K2K4SET6
.
2

SOURCE
6 IREGION6.3

SNL 6.4

OUTp 7
SDI SS6 .5

SINp 6
.

6

Figure 2. The overall program structure to FULL.

The particular function of the subroutines depicted in Figure 1. may be

summarized as follows:

1. RDOPT: reads input options and the grid from TAPE20.

2. INITSNL: initializes SNL- related parameters

2.1 LOCUS: computes the interaction locus for SNL computations

2.2 CPLE: computes the coupling coefficient for SNL

3. RDWIN: reads real winds from input TAPE21, if NORD =0. If NORD = 1, test

winds are provided by TAPE20.

4. SETSID: sets boundaries for special test case, if NORD=1.

5. DPROP: propagation routine

6. SOURCE: calculates source terms and writes to output tapes 10 and 13.

6.1 BSET: sets the energy in the parametric region and adds it to the
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discrete region to form the total energy matrix that is input to the

Boltzman integral SNL

6.2 K2K4SET: sets the energy in the fine mesh K2-K4 grid

6.3 IREGION: sets the region of KI-K3 space that must be included in the

evaluation of SNL

6.4 SNL: uses the information from INITSNL, BSET, K2K4SET and IREGION to

estimate the SNL source term

6.5 SDISS: estimates the wave-breaking dissipation term

6.6 SINP: estimates the wind input source term

7. OUTP: writes results to output tapes 11 and 15

3. Flow Charts:

We present the following flow chart for the overall algorithm structure.

EPJ
set parameters:
I DMN, J DMN, IF, I A

1
common blOCkS]

set constants
PI 2, G, PI, TWOP I
COEFl, COEF2, NPTS

1
Figure 3. Flow chart for algorithm structure (continued next page).
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1
[RDOPT I
read input options:

NX, NY, NFRQ, NANG, DL, DT, MSTA
NORD, NTMS, NHR, MXHR, NSPEC, ICON
DLAT, XLATO
FZRO, PWR
NSTA( ISTA), IOUT( ISTA), JOUT( ISTA), ALT( ISTA), ALON( ISTA)

where ISTA = 1, MSTA
I BOUND ( I , J ) wh ere I = 1, NX and J = NY, 1 , -1

[RDOPT]

i f NORD = 1: rea din put 0 P t ion s
IUWS, IUDIR, FMNO, ISHFT, NSHFT, IWNDN, IDEGN, ISPEC

if NSPEC = 1: read input options
ALP, FMZ, GAM, NNZ, ZNRM

[RDOPT]

define:

I,NFR
"

= 1, NANG

"

AINC
for

3 6 °0 / DT + O. 5
for I =

NFRQ2 = 2. * NFRQ
AINC = TWOPI / NANG
S I NR ( I) = SIN ( I - 1) *
COSR ( I) = COS
KTIMES = NHR *
FREQ ( I) =
DELF ( I) = .,.

Figure 3. Flow chart for algorithm structure (continued next pageL
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1
IINITSNL]

ini t ial ize SNL-related parameters

NANP, NANGZ, NRNG
COSAN( I), SINAN( I); for I = 1,NANGP
ANGLZ(I); for I = 1,NANGZ

SCALF(I)
BOLSCL(I)
WKA ( I )

for I 1, NRNGOMA ( I ) =
FRQA(I)
PHA ( I )

TKMIN, TKMAX

AKZ(i,j,n)

)
for = 1 ,NPTS

WK Z ( i , j , n ) j = 1 ,NANGP
AK4(i,j,n) n = 1,NRNG-l
WK 4 ( i , j ,n )
GRAD( i, j, n)

ILOCUS]

XLOCZ(n)
YLOCZ(n)
XLOC4(n)
YLOC4(n)
DS(n)

) for n = 1. NPTS

ICPLE]

CSQ - the coupling coefficient

I I N I TSNL]

define:

ADU ( j , i ,n)
AD ( j , i , n )
XDU ( j , i ,n)
XD ( j , i , n )
YDU ( i , n )
YD ( i , n)

for j = l, NY
i = 1, NFRQ
n = NANG

Figure 3. Flow chart for algorithm structure (continued next pagel.
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1
IINITSNLJ

define:

I UB ( i) }
JUA ( i )
I AUA ( i )

for = l,NANG

if NSPEC = 1 (option to test with specified initial spectrum)

EFN(f)
2 - 5

= a g f exp(- ~ (f /f)4)
(271:)4 4 P

E ( i , j , f, e) = ~ EFN( f) cos 2 e
71:

~]
I HR = 0]

do ... 1000q = IHR + 11

IHR > MXHR] __~y_e_s ~1 STOP/END I

IRDWI NJ

read new wind map
or set up one, i f NORD= 1

2 2 2
exp(-(f -f) /2<s f)a p p

Figure 3. Flow chart for algorithm structure (continued next pagel.
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1
KTIME

.....------7

do ... 1001

1000

~ME = KTIME +

KT I ME > KT I MES ] ....:y'-e_s----c~----d

no

= 1,NFRQ
( 2 )

1001

up d ate KKNT and d e fin e

KKNT = KKNT + 1
TIMEZ = KKNT • DT

call SETSID if NORD = 1

call DPROP(i ) for i
f f

CC4I SOURCE (3 ) ]

jca I I OUTP ( 4) ]
J

(1) ]

Figure 3. Flow chart for algorithm structure.

Notes:

(]) sets the boundaries for special test case (NORD = 1), depending on type

(ISPEC) specified in the input options: only EMA(NX,NY) and

E(NX,NY,NFRQ,NANG) are affected.
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(2) propagates energy over water

lUB(.. )

JUA( .. )

lUAU( .. )

XD( .. )

YD(.. )

AD( .. )

points ( if IBOUND(

XDU( ..

YDU(..

ADU( ..

.. ) =1) using

using scratch array EN(NX,NY,NANG) for storage and updating

E(NX,NY,NFRQ,NANG).

(3) estimates all source terms S , S , and S and performs one time step
nl ds in

integration (see flow chart for SOURCE below for details)

(4) outputs results in the form of

a) 1-D energy at selected output locations and times (tape 13).

&) significant wave height H and spectral parameters at every time step
s

(tape 11).

c) 2-D energy at selected output locations and times (tape 10).

d) maps of H , mean period T and mean direction e at selected locations
s p

and times (tape 15).

The Flow Chart for SOURCE

Because the structure of SOURCE is central to the program, we present its

detailed structure. A break-down of the subroutines that fit inside it is also

given.

Subroutine SOURCE

called from the
main program

Figure 4. Flow chart for subroutine SOURCE (continued next page).
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1
Call BSET] sets energy density in the parametric region and adds it to

the discrete region energy to form the total matrix that is

input to the Boltzmann integral for SNL. It returns:

EDB( i) for i = NFRQ + 1, NFRQ2

DENS(i) for i = 1,NFRQ

PSUM, EPMAX, LSHFT

Call K2K4SET sets energy in the fine mesh K2-K4 grid and returns:

XMID, WKAT, AKAT

PP(i,j) for i=l,IRS and j=l,IAS

CallIREGION sets the K1-K3 space that must be included in the

evaluation of SNL and returns:

IDO(NRNG,NANG2) and IMX(NRNG,NANG2)

Call SNL] estimates the S source term using information from INITSNL,
n I

BSET, K2K4SET and IREGION and returns:

S NL ( i , j) and SUM I NT ( i , j) at (i, j )

Call SDISS] estimates the dissipation due to wave-breaking S using
d s

S = -0.7Sx10- 5 .3.39.w 4
E w E([,e)

d s p 0

where w is the peak frequency in radians, E(f,e) is the
p

2-D spectral energy and E is the total energy. The
o

subroutine returns SDISSIJ(NFRQ,NANG) at (i,j).

estimates the wind input S using
1 n

Call S I NP ]

S = {I n

0.10S*1.2x10-
3

• CUc/'€ -

O. 0 wh en It:.e I~ 90
0

-3 0 5
1HC

d
/(1.33x10 ) . wE([,9)

when 1t:.9 1< 90
0

Figure 4. Flow chart for subroutine SOURCE (continued next page).
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where 'Uc is the component of the wind in the direction of the

waves, b is the phase veloci ty of the waves at frequency f and

Cd is the drag coefficient. This subroutine returns

SIN I J (NFRQ , NANG) a teach (i, j) po i nt.

integrate the wave balance equation in time

to update the 2-D energy density:

E(x,Y,f,B) = E(x,y,f,8) + [ SI J (f,8) + SI J (f,8) + SI J (f,8)]. M
n 1 dsin

Ca 1 cuI ate I-D forms for energy E(f),

and S (f), S (f) and S (fl
n Ids 1 n

1
remove possible l
negative energiesJ

(option) force the ]
- 4

tai 1 to have an f form

ret urn to
pr 0 gram

main]

Figure 4, Flow chart for subroutine SOURCE (continued next pagel.
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4. List of Variables and Subroutines:

SUBROUTINES

The wave program has 15 subroutines which are, in sequential order,

1. RDOPT: reads all input options and defines the wave grid. It is called only

once from the main program.

2. INITSNL: sets and initializes all SNL related variables, and is called once

from the main program. It calls subroutines LOCUS and CPLE.

3. LOCUS: returns the locus for allowed nonlinear interactions, and is called

once from subroutine INITSNL.

4. CPLE: returns the coupling coefficient for the nonlinear interactions and

is called once from subroutine INITSNL.

5. RDWIN: reads new input wind map each 'NHR' hours, and is called once for

each new input wind map if NORD=O, (Le., 'MXHR' times) from the main

program.

6. SETSID: sets boundaries for special test case (NORD=l), and is called once

each new integration time step (Le. 'MXHR-KTIMES' times) from the main

program.

7. DPROP: propagates energy over water points, and is called 'NFRQ' times for

each new integration time step (Le. 'MXHR-KTIMES-NFRQ' times) from the

main program.

8. SOURCE: calculates an estimate for each of the 3 source terms: SNL, SDISS

AND SINP. It performs one integration time step and updates all wave

variables. It is called once each new integration time step. (Le.

'MXHR-KTIMES' times) from the main program. It also calls 6 other

subroutines 'BSET, K2K4SET,IREGION, SNL, SDISS AND SINP'.

11



9. BSET: sets the energy densities in the parametric region and estimates the

total energy in the parametric region. It is called once from subroutine

SOURCE.

10. K2K4SET: sets the energies in the fine mesh K2-K4 grid, and is called once

from subroutine SOURCE.

11. IREGION: sets the region of KI-K3 space that must be included in the

evaluation of SNL, and is called once from subroutine SOURCE.

12. SNL: uses information from subroutines INITSNL, BSET, K2K4SET,and IREGION

to estimate SNL, and is called once from subroutine SOURCE.

13. SDISS: estimates wave-breaking dissipation and is called once from

subroutine SOURCE.

14. SINPUT: estimates the wind input, and is called once from subroutine

SOURCE.

15. OUTP: outputs results such as I-D & 2-D energy, Hs (significant wave

height) maps, peak period and mean direction at selected ouput locations

and times, and is called once at selected times from the main program.

•VARIABLES
•"(input)" indicates the variable must be read in initially

AA2 = AK2(IPT,NREF,NDIF)·SGN + ANGI

AA4 = AK4( IPT, NREF, NDIF) ·SGN + ANG 1

AD(NY,NFRQ,NANG) = 1 ~ ADU(NY,NFRQ,NANG) , must be .LE. 1.0

ADU(NY,NFRQ,NANG)= the distances travelled along X-axis it cannot be

> 1.0 because the energy cannot travel more the one

grid in one time step.

AINC = angle or (directional) increment in radians

( =2*P I INANG) .

12



AINCQ = angle increment for SNL integration grid

=2-P120/( lAS-I))

AKAT = 1 I AINCQ

AK2(NPTS,NANGP,NRNG-1) = computed in INITSNL for SNL computations

AK4(NPTS,NANGP,NRNG-1) = computed in INITSNL for SNL computations

ALAT = latitude of a specific point (= [ (J-1)-DLAT+

XLATO l - RADC

ALON(MSTA)

ALP

ALPS

ALPCON

ALPSTR

ALT(MSTA)

ANGO

ANG1

ANG3

ANGDIF

ANGLE

ANGL2(NANG2)

ANGZ

AVANG(NX,NY)

= longitudes of all special output points

(labelled MSTA) (input).

= alpha value (=0.01) for optional test with

specified initial spectrum for input. (input)

= 0.076-(FMBAR/3.S)--0. 66667

= ALPS-G-G/TWOPI--4

= the ' UN I VE RSAL' ( not eve n de penden ton

anything) equilibrium constant (=0.0325)

= latitudes of all special output points

(labelled by MSTA) (input)

= the median direction between wind and wave

directions defined as ATAN2(YY,XX) where

XX = COS (WD ( I , J ) ) + COS ( AVANG ( I , J ) )

YY = SIN(WD(I,J) )+SIN(AVANG(I,J))

ANGO defines the central band of the 4-PI/3

region 'LSHFT' used in the SNL computations

and the smallest angle difference between the

wind and the shifted wave direction 'ANGDIF'.

= (I ANG- 1 ) - A INC - PI 20

= (K ANG - 1 ) - A INC - PI 20

= smallest angle difference between the wind

direction at grid (I,J) and the shifted wave

direction (= WD(I,J) - (IANG-LMID-1)-AINC )

= the an g lei n e a c h d ire c t ion (= ( I AN G- 1 ) - A I NC)

= angles array used in SNL integration

(=(IANG-1)-AINC-P120: for IANG=l to NANG2)

= angle position in SNL integration

= (IIA-1)-AINCQ-P120) when IIA=l,IAS

= average wave direction in radians at all points

13



AVANGT

BETA1

BOLSCL(NRNG)

BRCON

C37

C73

CC

CDFAC

CDRAG

CFAC

CG

CGG

COEF1

COEF2

CONJON

CONTT

COSAN(NANGP)

COSR(NANG)

CMP

CSQ

= average wave direction in degrees.

= the ratio of energy-weighted average phase

s pee d tot h e ph as e s pee d 0 f the s pee t r a I peak

(along the direction of propagation: = 0.73)

= scaling factor in the nonlinear SNL computation:

(=(PWR**(IRNG-1»**7.5 for IRNG=l to NRNG)

= breaking constant (=0.75£-5) used in computing

the dissipation 'SDISSIJ(NFRQ,NANG)'.

= 3/7

= 7/3

= wave phase velocity in mls at a given frequency

= the assumed drag coefficient for JONSWAP data

used to convert wind speed U to wind stress

USTAR (=1.2£-3)

= drag coefficient at grid point (I,J)

(= (COEF1+COEF2*U10)*0.001)

= factor (=SQRT(CDRAG/1.33E-3) used in computing

the wind input 'SINIJ(NFRQ,NANG)'

= g r 0 u p vel 0 cit y (M/ S )

= group velocity (MIS)

= parameter for the drag law at 10m height (=1.100)

= par am e t e r for the d rag I a w a t 1Om h e i g h t ( =0. 035 )

= the JONSWAP constant for USTAR normalization

represented by 'M1' in Resio and Perrie (1989)

(=1. 7E-7/CDFAC: the JONSWAP drag coeff i c ient)

= Q3*BETA1/(ALPSTR*XLAM)

= cosine array for angle bands from 1 to NANGP

= COS ( ( I AN G- 1 ) * AINC ) for I AN G = 1 toNAN GP

= cosine array for angle bands from 1 to NANG

= cost (IANG-l)*AINC) for IANG=l to NANG

= phase velocity (m/s)(= G/(TWOPI*FMN»

= SNL coupling coefficient (computed in CPLE)

14



DELX

D1 = action density DENS(IRNG, lANG) at ( IRNG, lANG)

D2 = action density term PP ( IW2, IA2)

D3 = action density DENS(KRNG,KANG) at (KRNG,KANG)

D4 = action density term PP(IW4,IA4)

DEI = EIJ1D(KMAX) - E I J 1D ( KMAX - 1 )

DE2 = EIJ1D(KMAX) - E I J 1D ( KMAX + 1 )

DELF(NFRQ) = frequency increments array (HZ)

DELFF = frequency increment at each tail frequency

normal ized by the highest discrete frequency

(= DELF(NFRQ) - SQRT(FRQA( IFRQ)/FREQ(NFRQ))

for IFRQ = NFRQ+1 to NFRQ2 )

= distance travelled by one wave train in one

time step (units: m)

= CGG - DT

DENS (NFRQ2,NANG) = 2-D energy dens i ty spectrum

= {
EFFX-COS(ANGDIF)--2, if ABS(ANGDIF) < PI2

0.0 otherwise

DGM1

DGM2

DK

DL

DLAT

DS(NPTS)

DS13

DSUM

DT

DX13

DZRO

= sum of all (D4-D2)-GRAD(IPT,NREF,NDIF) over all

locus points: IPT=l,NPTS

= sum of all D4-D2 -GRAD(IPT,NREF,NDIF) over all

locus points: IPT=l,NPTS

= wavenumber increment between 2 adjacent rings

= WKO-(PWR--(IRNG+0.5)-PWR--(IRNG-0.5))

= dis tan c e betwee n g rid poi n t sin KM (i n put) then

converted to meters

= lat itude increment of the grid (degrees: input)

= incremental distance on the locus of

interactions: used SNL computations in LOCUS

= D3 - D 1

= total energy in the main frequency regime, not

including energy in the tail

= time step in seconds (=180) (input)

= D1 - D3

= the circumference of the earth (=40,000,000 m)

15



E(NX,NY,NFRQ,NANG)= 2-D wave energy spectrum at all grid points.

I nit i a I I y i tis par am e t ric 2 - Den erg y s p e c t rum

given by 'EE*COS(ANGLE)**NNZ'. Note that E has

an f- 4 tail (see RR2) (=RR2(f)*E(I,J,f,TETA)

if f~3.0*FMA(I,J) where f =FREQ(IFRQ), for

IANG=l,NANG and TETA=ANGLE(IANG). for IFRQ=

1 , NF RQ. D ire c t ion a lenerg i e s are s ymm e t ric

around the wind in the tail of the spectrum.

dire ct ion.

EDB(NFRQ+1:NFRQ2) = parametric JONSWAP 1-D energy spectrum:

( = ALP*G*G/(TWOPI**4) * FS*GAM**EXP(-XXZ) *

EXP(-1.ZS*(FM/F)**(4) )

EE

EEE

EFF

EFFX

EFN(NFRQ)

EI J m(NFRQ)

EMAX

normalized energy

(=EDB(IFRQ)*ZNRM in the high frequency tail)

(=EFN(IFRQ)*ZNRM in the main frequency bands)

= 1-D energy dens i ty • EI J 1D' at frequency FFF.
- 4

Used to force an f spectral tail variation.

= parametric 1-D energy density in the spectral

t a i I .

If FMA( I,J) ~ FREQ(NFREQ) then EFF is
EFF=ALPCON*FS. for FRQA( IFRQ»3.S*FMA(I.J)

e I 5 e

EFF=ALPSTR*(UST**2*CMP)**O.333*G*F4/TP3

If FMA ( I , J) > FREQ (NFREQ) the nEFF =
FFCE*ALPSTR*(UST**Z*CMP)**O.333*G*FQ4/TP3

= EFF *ZNRM*CGI (TWOP I *OMA ( I FRQ) *WKA (IFRQ) )

= parametric JONSWAP 1-D energy spectrum:

( = ALP*G*G/(TWOPI**4) * FS*GAM**EXP(-XXZ) *

EXP ( - 1 . Z 5 * ( FMI F ) * * ( 4 ) )

= 1-D energy spectrum at grid point (I, J) after

integrating all source terms (note that EIJ1D

conforms to f-
4 tail)

(= EEE*(FFFlf)**4, if f ~ 3.0*FMA(I,J): where

f=FREQ(IFRQ), for IFRQ=l.NFRQ)

= 2-D energy maximum (=DENS(NFRQZ,NANG2)-MAX)
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EN(NX,NY,NANG)

EOLD(NFRQ)

EZZ(NANG)

EZED

= storage for energy spreading into all directions

a t a fix e d f r e que n c y a tal 1 gr i d poi n t s

= 1-D energy spectrum at grid point (I,J) before

integrating all source terms

= COSINE to the power 'NNZ' type of energy spreading

used wi th EDB (NFRQ+ 1 ,NFRQ2) in the high frequency

ta i I reg i me

= total energy at grid point (I,J) derived from

significant wave height (= HSIG(I,J)U2/16.08)

F4

F5

FFCE

= FH ( - 4 ) - f- 4

= F* * ( - 5 ) - f- 5

= EXP ( 1-ZZ2 )

= 1.0 ,

if FRQA( IFRQ) < FMN

otherwise

(=FMA ( I, J )

=FMPM ,

FFF

FM

FMA(NX,NY)

FMBAR

FMN

FMNO

FMPM

FMZ

closest discrete frequency in (HZ) from the

'right side to 3 times the peak frequency at

point (I,]) ( FFF ~ 3.0 * FMA(I,J) ). Used to
-4

force an f spectral tai l.

= peak frequency (HZ)

= peak frequency (HZ) at all grid points

= non dim ens ion a I pea k f r e que n c y (= F MN *UI G )

= pea k f r e que n c y a t g rid (I, J) ( = 1 I TMN ) 0 r

if FMA(I, J) ~ FREQ(NFRQ)

if FMA(I,J) > FREQ(NFRQ)

and FMA(I,J) < FMPM

= 1 I ( (TM* * C7 3 + CONTT * (USTIG) * *1.333 *DT) * *C37)

if FMA ( I , J) > FREQ (NFRQ)

and FMA(I,J) ~ FMPM )

= initial peak frequency (HZ) (input)

= PIERSON MOSCOWITZ peak frequency

(= ZCUT*G/(TWOPI*UI0))

= constant (=0.25) for optional test using specified

initial spectrum as input. (input)
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FP

FQ4

FREQ(NFRQ)

FRQA(NRNG)

FZRO

FS

= estimated peak frequency, using information in

the EIJID array (=FREQ(KMAX)

(=O.S-FREQ(KMAX) +

( o. S - ( (DEI I ( DEI +DE2 ) ) - FREQ(KM AX+1) +

(DE2/(DEl+DE2) )-FREQ(KMAX-l))

= MA X { FMN , F RQA ( I F RQ ) } - - ( - 4 )

= frequency array (HZ)

= frequency array including the high frequency

tai I (=OMA( IRNG)/TWOPI for IRNG=l to NRNG)

= lowest frequency in array (HZ) (=O.OS) (input)

= F--(-S)

G

GSQ

GAM

= gravitational acceleration in m/s--2 (=9.8)

= G--2

= g amm a val u e (= 3 . 3) for 0 p t ion a I t est wit h

s pee i fie din ita I s pee t r um (i nput ) .

GRAD(NPTS,NANGP,NRNG-l) = is computed in INITSNL for nonl inear

transfer (SNL) computations.

HS

HSIG(NX,NY)

= s i g n i fie ant wa v e he i g h t (= 4. 0 - SQRT (SUM) )

= significant wave height at all grid points

(= 4.0-SQRT(DSUM+PSUM))

IA = maximum number of angle bands (=24)

IA2 = AA2 - AKAT + XMID must be in [ 1 , lAS]

IA4 = AA4 - AKAT + XMID must be in [ 1, lAS 1

IANGP = lANG + LSHFT - LMID: kept between 1 and NANG

lAS = number of angle increments in 240 0 sector, used

in PP-matrix (=121)

IAUA(NANG) = coefficients used to determine upstream point

locations
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IBOUND( NX,NY) = flag for type of all grid points (input)

= { ~ FOR
FOR

LAND POINT
WATER POINT

ICON =flag for the type of the tail (input)

FOR
FOR
FOR

UNCONSTRAINED TAIL
F--(-4) TAIL
F--(-S) TAIL

ID

IDEGN

::: win d d ate time cod e (= I HR for t est cas e )

= new wind direction after the wind has shifted

(input)

= {O,
1 ,

IDMN

IDO (IRNG, lANG)

=maximum number of grid columns (=21)

if WKA ( IRNG) 4 - DENS ( IRNG, lANG) ISMAX
otherwi se

< 0.005

IENDWN

IF

II Al

I I A2

II Rl

IIR2

for IRNG=I,NRNG and IANG=1,NANG2

= error check for ID: END OF WIND FILE FLAG

= rna x i mum n urn b e r 0 f f r e que n c y ban d s (= 2 0 )

= index of first angle position in SNL integration

(=ANGZ/AINC + NANGP) must be between 1 and NANG2

= index of second angle position in SNL integration

(=IIAl+1) must be between 1 and NANG2

= i n d e x 0 f fir s t r i n gpo sit ion inSNL i n t e g rat ion

(=(ALOG(XK) -ALOG(TKMIN) )/ALOG(PWR) + 1.0001)

must be between 1 and NRNG

== index of second ring position in SNL integration

(=IIRl+l) must be between 1 and NRNG

IMX (IRNG, lANG) = { ~
i fat I e a s ton e sur r 0 u n din gpo i ntha s I DO=1
i f a I I sur r 0 un din gpo i n t s h a vel DO= 0

for I RNG = 1 ,NRNG and IANG= 1 ,NANG2

IOUT(MSTA)

IPT

IRS

= the I-coordinates of all special output points

(input)

= in t e g e r i n d ex for I 0 c us poi n t po sit ion (= 1 •NPTS )

= n urn b e r 0 f K - inc remen t son the I 0 c us, usedin

PP-MATRIX (=501)
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(input)lSHFT

lSPEC

lUB(NANG)

lUDlR

lUWS

lW2

lW4

lWNDN

JDMN

J OUT (MSTA)

JUA(NANG)

KKNT

KMAX

KTlMES

LMlD

LSHFT

= 0 P t ion for wind s h i f t

= 0 for no wind shift

= 1 for wind shift after NSHFT hours to new wind

speed'lWNDN' in mls and new wind direction

, IDE GN ' in de gre e s

= f I a g for b 0 u n dar y t y p e 0 p t ion (i npu t )

= 0 for normal "solid" boundaries

= 1 for top and bottom reflective boundaries

= 2 for left and right reflective boundaries

= coefficients used to determine upstream point

locations

= wind direction fo r t est case ( input)

= wind speed for test case (m/s) ( input) assumed at

10 m height

= WW2 • WKAT + 0.5 must be in [1, IRS]

= WW4 • WKAT + 0.5 must be in [1,IRS]

= new wind speed (m/s) aft e r the wind has shifted

(input)

=maximum number of grid rows (=11)

= the J - coo r din ate s 0 f a I I s pee i a I ou t pu t poi n t s

( input)

= coefficients used to determine upstream point

locations

= number of integration time steps completed

= discrete frequency index for the peak energy

= number of time steps between wind inputs

(= NHR • 3600.0 I DT + O. 5 )

= NANG2 I 2

= def ines the central band of 4·Pl/3 region for

SNL computations (=ANGOIAINC + 0.5)
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MSTA

MXHR

= n urn b e r 0 f s pee i a lou t put 10cat ion s (i npu t )

must be ~ 70

= maximum number of wind inputs (input)

------ - - - - ---------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - ----

NANG

NANGP

NANG2

NDIF

NFRQ

NFRQ2

NHR

NMID

NNA1

NNA2

NNR

NNZ

NORD

NPA

NPTS

NREF

NRNG

NSPEC

= number of directional angle bins (=24) (input) =
number of radial lines in [0°,120°] in the grid

= number of angles in SNL integration area

(= NANG-0.333 + 1.5) must be ~ NNA1

= 2 - NANGP - 1 ( = NNA 1 )

= KRNG - IRNG

= number of frequency bands (=20) (input)

= double the number of frequency bands (=2-NFRQ)

= number of hours between input winds (input)

= central angle index on SNL grid (=IAS/2 + 1)

= maximum number of angles in 120° sector(=17)

= maximum number of angles in 240° =NNA1-2+1=35

= maximum number of rings (=50)

= power (=2) for cosine spreading for optional test

wit h s pee i fie din i t i a I spec t r urn (i n put)

= flag for the type of winds input (input)

o for winds read in

1 for constant winds

= maximum number of points along the locus (=40),

must be even number (input)

= number of points used along the locus (input),

must be ~ NPA and an even number

= IABS(KANG-IANG) + 1

= number of rings for grid (=NFRQ2), must be :sNNR

(input)

= option to start from a fixed spectrum (input)

o for starts with 0 densities

1 for s tar t s wit h par am e t ric den sit i e s

2 for s tar t s wit h par am e t ric den sit i e s wit h ALP

forced to theoretical equilibrium value
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NSHFT

NSTA(MSTA)

NTMS

NX

NY

= number of time increments (IHR level) before

wind shift to new direction and speed (input)

= station numbers of all special output locations

(input)

= number of time steps between outputs (input)

= number of columns in grid (input), must

be ~ IDMN

= number of rows in grid (input), must be ~ JDMN

------ - - - - - - - - - ----------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

OMA(NRNG)

OMMX

P120

PHA(NRNG)

PI

PI2

PICUT

P P ( IRS. I AS)

PSUM

PWR

Q3

= angular frequency array (rad/s) including

the high frequency tail regime

(=SQRT(G-WKA( IRNG» for IRNG=1 to NRNG)

=peak angular frequemcy at gridpoint (I,J)

( = 2 -P I -FMA ( I • J ) )

= 2-PI/3

= DK-AINC-WKA( IRNG) for IRNG=1 to NRNG

= 3.141592654 = 'IT

= PI /2

= PI 2

= interpolated 2-D energy density DENS(NFRQ,NANG)

onto (IRS, lAS) SNL grid. At SNL grid (IIR,IIA)

where IIR=1,IRS and IIA=1,IAS it is given by:

= {X1-WTA1+X2-WTA2 if IIR1 & IIR2 E [1,NRNG]
0.0 otherwise

and X1=DENS (I IR1, I IA1 ) -WTK1+DENS( I IR2, I IA1 )-WTK2

X2=DENS (I IR1, I IA2) -WTK1+DENS( I IR2, I IA2 )-WTK2

= tot a len ergyin the t a i I 0 f the s pee t rum

(= sum of all EFF-DELFF in the tail regime)

= radial power for the wavenumber/frequency grid

(=1.177225) (input)

= 76. 49-CONJON where 76.49 =

(7/10)-3-(2-PI )--(l0/3)/(4-PI)
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RORAT

RR1 (F)

RR2(F)

= 1. 2E-3: used in computing the wind input

, SIN I J (NFRQ ,NANG) ,

= factor used for negative 2-D energies at

each frequency. It multiplies the 2-D energies

a tal 1 f r e que n c i e sand d ire c t ion s i f S UMZ3 >

1.0E-5, otherwise the 2-D energies remain as

reset to zero.

= { MAX{O, (SUMZ3-SUMNEG)/SUMZ3}, if SUMZ3>1.0E-5
0.0 otherwise

w her e F=FREQ ( I FRQ), for I FRQ= 1 ,NFR Q

factor used in operating on the tai 1 of the 2-D

energy spectrum at each frequency. It

m u I tip lie s the en erg y a t a I I f r e que n c i e sand

directions if the FREQ. > 3-FMA(I,J) other

wise the 2-D energies are unchanged.

= {Z Z 1 - ( EEE - ( F F F IF) 4 ) I E I J 1D ( F) ,
1 . 0 0 the rw i s e

if F~3xFMA(I,J)

where F=FREQ( IFRQ), for IFRQ=l,NFRQ

SCALE = PWR·· ( IRNG-l) f or I RNG= 1 to NRNG

SCALF(NRNG) = PWR·· ( iRNG-1) f or I RNG= 1 to NRNG

SDISSIJ(NFRQ,NANG)= wave breaking dissipation at point (I, J)

computed in SDISS:

(= - BRCON·OMA ( I FRQ ) - STp· E ( I , J , I FRQ, lANG) )

SDSID(NFRQ) = integral of dissipation source term SDISSIJ at

poi n t (I, J) 0 v e· r a I I d ire c t ion s "t i m e s" DT

SGN = {
- 1 . 0 , i fAN G3 < AN G 1
1.0 , otherwise

SIG

SINAN(NANGP)

= JONSWAP sigma parameter

{
O. 07 ifF ::; FM
0.09 ifF > FM

= SINE array for angle bands from 1 to NANGP

= SIN((IANG-l )-AINC)

23

for IANG=l to NANGP)



SIN I J ( NFRQ , NANG) = windin put a t g rid poi n t (I, J ), c omp ute d a s a

function of frequency and direction:

{
0'105*RORA~*(UIO/CC*COS(ANGLE)-1'0)*}'f ABS(ANGDIF)<~

= OMA(IFRQ)*E(I,J,IFRQ,IANG)*CFAC ,1 2

0.0 if ABS(ANGDIF)<~

SINR(NANG)

SINID(NFRQ)

= SINE array for angle bands from 1 to NANG

(= SIN«IANG-l)*AINC) for IANG=l to NANG)

= integral of wind input SINIJ at point (I,J)

o v era I I d ire c t ion s "t i me s" DT

SMAX

SNLID(NFRQ)

= EMAX*WKA(IRNG)**4

= integral of nonlinear interaction SNL at

grid point (I,J) over directions "times" DT

SNLIJ(NFRQ,NANG) = nonlinear wave-wave interaction at

STP

po int (I, J) computed in SNL as a function of

frequency and direction: (=SUMINT(IRNG,IANG)

*WKA( IRNG)*OMA( IRNG)*TWOPI/CG

a t (I R NG, I ANGP) i n [ NF R Q , NANG 1 )

= 3.39*EZED*OMMX**4

SUM = SUM + EE*DELF(IFRQ)

SUMIN = SUMIN + SINIJ(IFRQ,IANG) * DELF(IFRQ) for

IFRQ=l,NFRQ and IANG=l,NANG

SUMINT(IRNG,IANG) = SUMINT(IRNG,IANG) + TR31*PHA(KRNG)

SUMINT(KRNG,KANG) = SUMINT(KRNG,KANG) - TR31*PHA(IRNG)

SUMNEG = sum of negative 2-D energies at point (I,J)

at each frequency

SUMZ3 = sum over directions of the 2-D energy at

point (I,J) at each frequency

T31 = action density term (=DX13*DGMl+DS13-DGM2)

TIMEZ = time i n seconds at eac h

integration time step (=KKNT*DT)

TKMAX = maximum wavenumber ( =WK A (NRNG) )

TKMIN = minimum wavenumber (=WKA( 1))

TMAIN = peak period in seconds ( = 1IFMA ( I, J ) )
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TM = pea k per i od at gr i d (I, J) (= l/FMA ( I , J ) )

TMN = pea k per i od at gr i d (I, J )

{

I/FMA(I'J); if FMA(I,J) ~ FREQ(NFRQ)
= I/FMPM; if FMA( I, J) 2: FREQ(NFRQ) & FMA(I, J) < FMPM

(TM**C73+CONTT*(UST/G)**1.333*DT)**C37
if FMA( I, J) > FREQ(NFRQ) & FMA(I, J) 2: FMPM

TOUT(NX,NY)

TP3

TPEAK

TR31

TSS (NX, NY)

TWOPI

= peak period in seconds at all points

= TW 0 P I * * 3 = ZIT 3

= peak wave period in seconds (=l/FREQ(KMAX))

= SNL term = Z.O * T3I * BOLSCL(IRNG)

= peak wave period in seconds at all points

= Z*PI = ZIT

= win d s pee d a t g rid po i n t (I, J) (=WS ( I , J ) )

= (USTAR) * *Z (=CDRAG*U10**Z)

UIO

USTSQ

UST = USTAR (=SQRT(USTSQ) )

WD(NX,NY)

WKA(NRNG)

WKAT

WKZ

WKZO

= wind direction in radians at all points

= wavenumber array corresponding to FRQA(NRNG),

including the high frequency tail regime

(== WKO * PWR* * ( I RNG-1) for IRNG=I to NRNG)

== 1 I XINC

= wavenumber corresponding to each frequency

= lowest wavenumber corresponding to FZRO

=(TWOPI*FZRO)**Z/G)

WKO = lowest wavenumber corresponding to the lowest

f r e que n c y (= ( TWO P I * F REQ ( 1 ) ) * *ZIG)

= WKZO

WKZ(NPTS,NANGP,NRNG-1) = wavenumber term used in SNL and

computed in INITSNL

WK4(NPTS,NANGP,NRNG-1) = wavenumber term used in SNL and

computed in INITSNL

WS (NX,NY)

WTA1

WTAZ

= win d s pee din mlsat a I 1 gr i d poi n t s

= 1.0 - WTAZ

= (ANGZ-ANGLZ(IIA1)) I AINC
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WTK1

WTK2

WW2

WW4

= (WKA(IIR2)-XK) I (WKA(IIR2)-WKA( IIR1))

= 1 . 0 - WTK 1

= WK2( IPT,NREF,NDIF) • SCALE

=WK4(IPT,NREF,NDIF) • SCALE

XD(NY,NFRQ,NANG) = 1.0 - XDU(NY,NFRQ,NANG), and must be :s 1

XDU(NY,NFRQ,NANG) = the distances travelled along X-axis: cannot

be> 1. 0 be c au see n erg y can not t r a vel mor e

than one grid in one time step

XINC

XK

XLAM

XLATO

XLOC2(NPTS)

XLOC4 (NPTS)

XMID

XX2

YD(NFRQ,NANG)

YDU(NFRQ,NANG)

YLOC2(NPTS)

YLOC4 (NPTS)

YY

= wavenumber (or ring) increment for SNL

integration grid (=TKMAX/IRS)

= wa v en um b e r (0 r r i n g) po sit ion i n SNL

i n t e g rat ion (f 0 r I I R= 1 , IRS: XK = I I R· X INC)

= the factor which converts from FM parameters to

tot ale n erg y. It' s the rat i 0 0 f tot alene r gy to

the integral of the equilibrium range from FM

t 0 00 (=1.76)

= southernmost latitutde in degrees (input),

wh i ch i s negative in southern hemisphere

= computed in LOCUS and used in SNL computation

= computed in LOCUS and used in SNL comp uta t ion

= NM I D + 0.5

= (F - FM ) • • 2 I (2. O· ( S I G· FM ) • • 2 )

IF (XX2.GT.2.5) XX2 = 2.5

= 1 .0 - YDU(NFRQ,NANG), must be . LE. 1. 0

= the dis tan c est r a velIe d a Ion g Y - a xis, and i t

cannot be > 1.0 because energy cannot travel

more than one grid in one time step

= computed in LOCUS and used in SNL computation

= computed in LOCUS and used in SNL computation

= AB S ( S I NR ( NANG) )

------ - - - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - ---
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ZCUT

ZNRM

= controls the position of the peak frequency

for fully developedPierson-Moskowitz (Pierson

and Moskowi tz: (1964)) spectrum (= 0.90)

= norma 1 izi ng factor for energy (=2/PI) (input)

ZPAR ={ 0.0 ,

1 .0 ,

for the tail frequencies

for the main d i scr ete frequencies

ZZI

ZZ2

= fac t or us ed to force theta i 1 to have an

F-- (-4) form: it is givenby

= [ 3.0-FMA( I,JVF, ifF> 3.S-FMA(I,Jl
1 1.0 otherwise

= (FMN/FRQA( I FRQ))U4

if ( ZZ2 . GT. 30.0) then ZZ2 = 30.0
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5. The Program and its Functional Elements

We present in this section an account of the elements that make up

the program as they are called and as they are used in the computation of sea

surface wave spectra.

IThe program I

The program begins with the usual setting of parameters, common blocks and

open statements.

PROGRAM [FULL I

PARAMETER (I DMN = 21, JDMN=ll, I F=20, IA=24)

COMMON IA31 G,PI,DL,NANG,NFRQ,NX,NY,TWOPI,NPTS,DT,PI2,

+ FDISC,NFRQ2,NANG2,NANGP,NSPEC,FMZ,ALP,GAM,NNZ,ANRM

COMMON ICDRI COEFl,COEF2,SPDFAC,XLAMZ,ALPSTR,BETAl,EPMAX,FPMAX

COMMON ICENI E(IDMN,JDMN,IF,IA}

COMMON ID P R I I U B ( I A) , J UA ( I A) , I AUA ( I A) , AD ( IF, J DMN , I A) ,ADU ( IF, J DMN, IA)

COMMON IOPTI MSTA,NSTR,NORD,JPRC,NTMS,NHR,IOUT(70},JOUT(70},KTIMES,

+ MXHR,DLAT,XLATO,DZRO,NSTA(70),ALT(70},ALON7(70} ,PWR

COMMON lOll FREQ(IF),SINR(IA},COSR(IA},DELF(IF},AINC

COMMON 1041 EN (IDMN,JDMN,IA)

COMMON 1051 IBOUND(IDMN,JDMN)

COMMON IPMODI XD (IF,JDMN,IA) ,XDU(IF,JDMN,IA} ,YD(IF,IA} ,YDU(IF,IA}

COMMON IS21 FMA(IDMN,JDMN} ,PSUM,DSUM,KKNT,TIMEZ

COMMON IS41 HSIG(IDMN,JDMN}

COMMON IS51 FMAN(IDMN,JDMN} ,E2(IF,IA) ,EF(IF} ,EFN(IF} ,FKA(IF)

COMMON IS71 AVANG(IDMN,JDMN),TSS(IDMN,JDMN}

COMMON IT MIT I MTOT

COMMON IWNI WS(IDMN,JDMN),WD(IDMN,JDMN}

OPEN (ZO,FILE='optlons')

OPEN (Zl,FILE='wlnds')

OPEN (lO,FILE='TWOD.DAT')

OPEN (ll,FILE='ONEL.DAT')

OPEN (l3,FILE='ONED.DAT')

OPEN (15,FILE='WAVES.DAT')

There follows the setting of constants and coefficients, for example:
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G

PI

TWOPI

PIZ

DZRO =

COEF1

COEFZ

NPTS

KKNT

IENDWN

9.8

3.1415927

Z.O • PI

PI I Z.O

40.0E+06

1.1

0.035

30
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Thereafter subroutine RDOPT is called. This is the subroutine that reads the

input options and configures the model run.

SUBROUTINE IRDOPT I

+

+

COMMON IA31

COMMON 10PTI

COMMON 1011

COMMON 1051

G, PI,DL,NANG,NFRQ,NX,NY,TWOPI,NPTS,DT,PIZ,

F DISC, NFRQZ, NANGZ, NANGP, N SPEC, FMZ, ALP,GAM, NNZ,ANRM

M S T A, NSTR ,NORD, J PRC ,NTMS , N HR, lOUT (70) ,J OUT (70) ,K TIMES,

M X H R, DLA T ,XLA TO, DZRO, NST A ( 70), AL T (70) ,ALON (70) , PWR

FREQ(IF) ,SINR( IA) ,COSR( IA) ,DELF( IF) ,AINC

I BOUND ( I DMN, J DMN )

Essential parameters are read in from 'options.dat' at this point:

READ(ZO,·)

READ(ZO,·)

READ(ZO,·)

READ(ZO,·)

NX,NY,NANG,NFRQ,DL,DT,MSTA

NORD,NTMS,NHR,MXHR,NSPEC,ICON

DLAT,XLATO

FZRO,PWR

and frequencies, wavenumbers and frequency increments are computed:

WKZO = (TWOPI.FZRO)··Z I G

DO 668 1= 1 ,NF R Q

WKZ WKZO • PWR··(I-1)

FREQ(I) = SQRT(G·WKZ) I TWOPI

668 CONTINUE

F1 = 0.5 • (FREQ(2)-FREQ(1»

DO 1Z0 IFRQ=1,NFRQ-1

FZ 0.5 • (FREQ( IFRQ+1)-FREQ(IFRQll

DELF(IFRQ) F1 + FZ

F 1 FZ

120 C ON TIN U E

DELF(NFRQ) 2.0 • F2

FDISC = FREQ(NFRQl + 0.5·DELF(NFRQ)
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IF (MSTA.GT.O) READ(20,·) (NSTA(ISTA),IOUT(ISTA),JOUT(ISTA),

+ ALT(ISTA),ALON(ISTA),ISTA=l,MSTA)

Jwrt=(nx-1)/2

do 9190 ista=l,msta

fetch(ista)=di·ista+di

9190 continue,

the number of time steps computed,

SECBI=NHR·3600.

KT IMES= SECBIIDT+0.5

and arrays defined for sine and cosine functions,

DO 180 IANG=l,NANG

ANGLE=(IANG-1)·AINC

SIN R ( I AN G ) = SIN ( AN GLE)

COSR (I ANG) =COS( ANGLE)

180 CONTINUE

Finally, the boundary geometry of the ocean is read in. Print statements in

the program write out the grid that can be specified here.

Grid Orientation is:

1,1 in iower corner

l,NY is upper ieft corner

To read Top-Down ioop over J=NY,l,-l.

295

DO 295 J=NY,l,-l

READ (20,959) (IBOUND(I,J),I=l,NX)

continue

The major subroutine that is then called in INITSNL. This initializes

coefficients for the nonlinear tranfer computation S . The latter is a
ni

limited region version of the full Boltzmann model. It is valid for arbitrary

spectra. The parameter specifications NNR=50,NNAl=17,NPA=40,NNA2=NNAl*2+1 are

upper bounds for the parameters for the number of frequency bands, angle bands

that can be read in.
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COMMON /A/

COMMON /A3/

+

COMMON /B/

+

COMMON /C/

+

COMMON /D/

COMMON /EFG/

+

+

COMMON /OPT /

+

COMMON /01/

COMMON /04/

COMMON /05/

SUBROUTINE IIN I TSNL I
PARAMETER (IDMN = Z 1 , JDMN= 11, I F=ZO, I A=Z4)

PARAMETER (NNR=50 ,NNAl=17,NPA=40,NNAZ=NNAl.Z+1,IRS=501,IAS=IZ1)

XLOCZ(NPA) ,YLOCZ(NPA) ,XLOC4(NPA) ,YLOC4(NPA) ,DS(NPA)

G , PI, DL , NA NG, NFRQ , N X , NY , TWOP I , NPTS , DT , PI Z ,

FDISC,NFRQZ,NANGZ,NANGP,NSPEC,FMZ,ALP,GAM,NNZ,ANRM

WKA (NNR) ,OMA(NNR) ,FRQA(NNR),

COS AN ( NNA 1) , S I NAN ( N N AI) , EDENS ( NNR ) , EDENS Z (NNR)

SUMI NT(NNR,NNAZ) ,PHA(NNR), SCALF(NNR) ,BOLSCL(NNR),

DENS (NNR,NNAZ) ,EDB(NNR)

IDO(NNR,NNAZ),IMX(NNR,NNAZ),TKMAX,TKMIN

PP (I RS, lAS) ,ANGLZ(NNAZ) ,AKAT,WKAT,XMID,

G R A D (NPA, NNA 1, NNR) ,WKZ (NPA, NNA 1, NNR) ,AKZ (NPA ,NNA 1 ,NNR),

WK4 (NPA,NNAI ,NNR) ,AK4(NPA, NNAI ,NNR)

MSTA,NSTR,NORD,JPRC,NTMS,NHR, IOUT(70) ,JOUT(70),KTIMES,

MXHR,DLAT,XLATO,DZRO,NSTA(70) ,ALT(70) ,ALON(70),PWR

FREQ (IF> ,SINR(IA) ,COSR(IA) ,DELF(IF) ,AINC

EN ( I DMN, J DMN, I A)

I B 0 U N D ( I DMN , J DMN )

Our limited-region computation is the angle wedge:

C NANGP I S THE NUMBER OF ANGLE BANDS IN THE SNL INTEGRA nON AREA

NANGP=NANG·O.333 + 1.5

We first compute the angular-radial grid, as discussed in Tracy and Resio
I

(1982). The radial variation is of the form k i\, where k is the lowest
o 0

wavenumber and i\ the factor relating to higher wavenumbers:

WKO = (TWOPI·FREQ(l»··Z/G

DO 1 IRNG=l,NRNG

SCALE PWR •• (IRNG-l)

SCALF(IRNG) SCALE

BOLSCL(IRNG) SCALE.·7.5

WKA(IRNG) WKO • SCALE

OMA(IRNG) SQRT(G·WKA(IRNG»

FRQA(IRNG) OMA(IRNG) / TWOPI

DK WKO • (PWRU( IRNG+O.5) - PWRu(IRNG-O.5»

PHA(IRNG) DK· AINC· WKA(IRNG)

CON T I NUE

TKMIN WKA(I)

TKMAX = WKA(NRNG)
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DO 2 IANG=l,NANGP

ANGLE (IANG-I)-AINC

COSAN(IANG) COS(ANGLE)

SINAN( lANG) SIN(ANGLE)

2 CONTINUE

Then we compute wavenumbers k
l

and k
3

and their components IRNG and lANG are

Kl parameters. KRNG and KANG are K3 parameters. components are Xl, Yl, X3 and

Y3.

IRNG=l

NST=IRNG+l

Xl=WKA(l)

Y1=O.O

DO 41 KRNG=NST,NRNG

NDIF=KRNG-IRNG

DO 4 KANG=l,NANGP

X3=WKA (KRNG) -COSAN(KANG)

Y3=WKA (KRNG)· S I NAN(KANG)

Then we call LOCUS, which computes the locus of the other 2 wavenumbers k
2

and

k4' necessary to make up the resonant 4-wave interaction. LOCUS is described

in Tracy and Resio (982), and is not given here. LOCUS also computes the line

increment element DS(ipt), which is necessary to do the line-integration

around the locus-of-interaction.

call ILOCUS(Xl, Yl,X3, Y3,NPTS) I

Having the components of k
2

and k
4

, which are X2, Y2, X4 and Y4, we need the

coupling coefficient for the wave-wave interactions. We call CPLE which

returns CSQ, which we do not present as it has been documented in Tracy and

Resio (1982),

CALL ICPLE(Xl, Yl,X2, Y2,X3, Y3,X4, Y4,CSQ) I

We compute the factors that make up the SNL integral:
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DO 5 IPT=l,NPTS

XKZSO=XZ-XZ+YZ-YZ

WKZ( IPT,KANG,NDIF)=SORT(XKZSO)

AKZ ( I PT, KANG, NDIF)=ATANZ(YZ, XZ)

XK4S0=X4-X4+Y4-Y4

WK4 ( I PT, KANG, ND I F)=SORT (XK4S0)

AK4 ( I PT, KANG, NDIF)=ATANZ(Y4, X4)

Z2=XK2S0--(-0.75)

Z4=XK4S0--(-0.75)

ZZX=XZ-ZZ-X4-Z4

ZZY=YZ-ZZ-Y4-Z4

and present the increment to nonlinear transfer (in Resio and Perrie (1991)

this is ~ZI ~~I ds; equations (2.3)-(2.4)).

C GRAD HERE IS 1/DWDN. DS - COUPLING COEFFICI ENT

ZZSUM=ZZX-ZZX+ZZY-ZZY

ZZSUM=ZZSUM-G

DIF14=(X1-X4)--Z + (Y1-Y4)HZ

DIF13=(X1-X3)--Z + (Y1-Y3)HZ

THFNC= 1.0

IF (DIF13.GE.DIF14)THFNC=0.

GRAD ( I PT, KANG, ND IF) =Z .O-DS( IPT) -CSO - GSO ISORT (ZZSUM)-THFNC

5 CONTINUE

4 CONTINUE

41 CONTINUE

Parameter NORD is the flag to determine if we read real winds or use

hypothetical constant SWAMP-type winds:

I F (N 0 RD . EO. 0) GOT 0 13 4 7

REA D ( 20, -) IUWS, I UD I R ,FMNO, ISHFT ,NSHFT ,IWNDN,IDEGN,ISPEC

DO 1360 I=l,NX

DO 1360 J=l,NY

WS(I,J) IUWS - 1.0

WD(I,J) IUDIR - TWOPII360.0

FMA(I,J) FMNO

1360 CONTINUE

1347 ID= 1

We compute coefficients for deep water propagation. These are used later in

the propagation subroutine DPROP. XDU and YDU are X- and Y- distances and thus

must be > I, because energy cannot go more than 1 grid spacing in 1 time step
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C DZRO IS THE CICUMFERENCE OF THE EARTH IN METRES

C CGG = GROUP VELOCITY OF WAVE TRAIN, (MIS)

C DS = DISTANCE TRAVELED BY ONE WAVE TRAIN

C IN ONE TIME STEP, (M)

TINC DT

DO 778 IFRQ=l,NFRQ

CGG = 0.5 • G I (TWOPI.FREQ(IFRQ»

DS = CGG • TINC

C IUB AND JUA ARE COEFF I C I ENTS USED TO DETERMI NE UPSTREAM POINT LOCATIONS

DO 777 J=2,NY-1

DO 777 IIA=l,NANG

XX ABS(COSR(IIA»

YY ABS(SINR(IIA»

ALAT «J-1)·DLAT + XLATO) • (TWOPI/360.0)

XNPTS COS{ALAT)

ADU(IFRQ,J,IIA) = DS.TWOPI/(DZRO.AINC+1.0E-10) • SIN{ALATj·XX

IF (ADU(IFRQ,J,IIA).GT.l.O) ADU{IFRQ,J,IIA) 1.0

XDU(IFRQ,J,IIA) = XX·DS/(DL.XNPTS)

IF (XDU(IFRQ,J,IIA).GT.1.0) XDU(IFRQ,J,IIA) 1.0

YDU{IFRQ,IIA) = YY.DS/DL

IF (YDU(IFRQ,IIA).GT.1.0) YDU{IFRQ,IIA) 1.0

XD(IFRQ,J,IIA) 1.0 XDU(IFRQ,J,IIA)

YD(IFRQ,IIA) 1.0 - YDU(IFRQ,IIA)

AD(IFRQ,J,IIA) 1.0 ADU{IFRQ,J,IIA)

777 CONT I NUE

778 CO NT I NUE

DO 776 IIA=l,NANG

X = COSR ( I I A)

IF (ABS{X).LT.0.001) GOTO 7761

IUB(IIA) = (ABS(X)+O.OOl) I X

IAUA(IIA) = IIA + IUB(IIA)

IF (IAUA(IIA).GT.NANG) IAUA(IIA)

GOTO 7762

7761 IUB(IIA) 0

IAUA(IIA) IIA

7762 Y SIN R ( I I A )

IF (ABS{Y) .LT.0.001) GOTO 7763

JUA{IIA) (ABS(Y)+O.OOl) I Y

GOTO 776

7763 JUA(IIA)=O

776 CONTINUE

To complete the initialization, if winds are read (NORD=O), we set the

following parameters:

DO 250 I=l,NX

DO 250 J=l.NY

IF (NORD.EQ.O) FMA(I.Jl 1.0

HSIG(I,J) = 0.0

AVANG{I,Jl = 0.0

DO 255 L=l, NANG
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EN(I,J,Ll = 0.0

DO 254 K=l,NfRQ

E(I,J,K,Ll 0.0

254 CONTINUE

255 CO NT INUE

250 CONTINUE

NNZ 2

ZNRM 2.0 I PI

ANRM ZNRM

GAM 3.3

Concomitantly, we start from a parameteric spectrum (if NSPEC > 0), with

JONSWAP form and COSINE-type spreading (Hasselmann et al: 1973). Significant

wave height HS is computed, even here,

READ(20,-l ALP,fMZ,GAM,NNZ,ZNRM

fM fMZ

ANRM = ZNRM

DO 290 I=l,NX

DO 280 J=l,NY

If (IBOUND(I,Jl.NE.1) GOTO 280

SUM = 0.0

fMA ( I , J) = fM

DO 281 K=l,NfRQ

If (fREQ(Kl/fM.LT.0.4) GOTO 281

f5 fREQ(Kl·-(-5l

XX = (fREQ(Kl-fM)--2

SIG = 0.07

If (fREQ(Kl.GT.fMl SIC = 0.09

XX2 = XX/(2.-(SIC-fMl--2l

If (XX2.GT.2.5l XX2 = 2.5

EE=ALP-G-GI (TWOPI .-4 l -f5-GAMHEXP(-XX2l-

+ EXP( -1.25-(fM/fREQ(KllH(4l)

EE

SUM + EE-DELf(Kl

EE-ZNRM

282 L=l,NANG

ANG (L-1l -AINC

XX COS(ANGl

EfN(K)

SUM

EE

DO

E(I,J,K,Ll EE - XX--NNZ

If (XX.LE.1.0E-2l E(I,J,K,Ll =0.0

282 CONTI NUE

283 fORMAT(8E9.2l

281 CONT I NUE

HS = 4.0-SQRT(SUMl

280 CONTI NUE

290 CONTI NUE

Begin the time loop. If NORD=l, use constant winds,
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DO 1000 I HR= 1, MXHR

If (NORD. EQ. 1) GO TO 1100

otherwise, read in wind maps by calling subroutine RDWIN(ID,IENDWN). Reads in

sets of wind input, including wind speed and wind direction. Wind speeds are

in units of m/sec and are assumed to be at a lO-meter height. Wind directions

are vector degrees.

SUBROUTI NE IRDW IN( ID, IENDWN) ]

C IDMN MAXIMUM NUMBER Of GRID COLUMNS

C JDMN MAXIMUM NUMBER Of GRID ROWS

C If MAXIMUM NUMBER Of fREQUENCY BANDS

C IA MAXIMUM NUMBER Of ANGLE BANDS

C ID DATE TIME CODE

C IENDWN ERROR CHECK PARAMETER FOR ID

C ID DATE TIME CODE

C WSN(I,J) WIND SPEED IN M/SEC AT POINT I,J

C WDN(I,J) WIND DIRECTION VECTOR DEGREES AT POINT I,J

COMM 0 N 1 A31 G , PI, D L , NAN G , N F RQ , NX , NY, TWO PI, NP TS , DT , P I 2 ,

+ FDISC,NfRQ2, NANG2,NANGP,NSPEC,FMZ,ALP,GAM,NNZ,ANRM

COMM 0 N lOPTIM S T A , N S T R , NOR D , J P R C , NTMS , N HR , IOU T ( 7 0 ) , J 0 UT ( 7 0) , K TIMES,

+ MXHR,DLAT,XLATO,DZRO,NSTA(70),ALT(70),ALON{70),PWR

COMMON IWNI WS{IDMN,JDMN),WD(IDMN,JDMN)

READ ( 21 , 210, END = 98) I D

210 FORMAT(I10)

DO 1 20 J =NY , 1 , - 1

READ{21,·) (WS(I,J),I=l,NX)

120 CONT I NUE

DO 121 J =NY , 1 , - 1

READ(21,·) (WD(I,J),I=l,NX)

121 CO NT I NUE

The loop for the number of time steps between wind inputs is now begun,

DO 1001 KTIME=l,KTIMES

KKNT=KKNT+1

It is necessary at this point to set boundaries for special SWAMP-type winds

(if NORD=l), and to therefore call SETSID, setting reflection conditions

(specified by ISPEC). This affects FMA(NX,NY) and E(NX,NY,NFRQ,NANG).

SUBROUTINE ISETSID(NX,NY ,NF ,NA, ISPEC) I
COMMON ICENI E{IDMN,JDMN, IF, IA)
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E(I,2,ITf,IAA)

E(I .NY-1 ,ITf,IAA)

E(2,J,ITf,IAA)

E(NX-1,J,ITF,IAA)

E(I,Z,ITf,IAA)

E(I,NY-1,ITf,IAA)

E(Z,J,ITf,IAA)

E ( NX -1, J ,ITf , I AA)

COMMON 1051 IBOUND(IDMN,JDMN)

COMMON IS21 fMA(IDMN,JDMN) ,PSUM,DSUM,KKNT,TIMEZ

If (ISPEC.EQ.D) RETURN

If (ISPEC.NE.1) GOTO 10

DO 1 I=2,NX-1

If (IBOUND(I,Jl.NE.1) GOTO

fMA ( I , 1) = fMA ( I , 2 )

fMA ( I , NY) = fMA ( I, NY -1 )

DO 2IAA=l,NA

DO 2ITf=l,Nf

E(I,l,ITf,IAA)

E(I,NY,ITf,IAA)

2 CONTINUE

1 CONTINUE

RETURN

10 CONT I NUE

If (ISPEC.NE.2) GO TO 20

DO 3 J=2,NY-1

If (IBOUND(I,Jl.NE.1) GOTO 3

fMA(l,J) = fMA(2,J)

fMA(NX,Jl = fMA(NX-1,Jl

DO 4 IAA=l,NA

DO 4ITf=1,Nf

E(l,J,ITf,IAA)

E(NX,J,ITf,IAA)

4 CONTINUE

3 CONTINUE

RETURN

ZO CONT I NUE

DO 5 I=Z,NX-1

If (IBOUND(I,Jl.NE.1) GOTO 5

fMA ( I , 1) = fMA ( I , Z)

fMA ( I , NY) = FMA ( I ,NY -1 )

DO 6 IAA=l,NA

DO 6ITf=1,Nf

E(I,l,ITf,IAA)

E(I,NY,ITf,IAA)

6 CONTINUE

5 CaNT I NUE

DO 7 J=2,NY-1

If (IBOUND(I,Jl.NE.1) GOT a 7

fMA(l,J) = fMA(Z,J)

fMA (NX ,Jl = fMA ( NX-1 , J)

DO 8 I AA= 1, NA

DO 8 ITf=l,Nf

ECl,J,ITf,IAA)

E(NX,J,ITf,IAA)

8 CONTINUE

7 CONTINUE

Propagation of energy now occurs by calling subroutine DPROP, one frequency at

a time. This is only first order propagation, with a curvature estimate:
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SUBROUTINE DPROP(K)
COMMON IA31 G,PI,DL,NANG,NFRC,NX,NY,TWOPI,NPTS,DT,PI2,

+ FDISC,NFRQ2,NANG2,NANGP,NSPEC,FMZ,ALP,GAM,NNZ,ANRM
COMMON ICENI E(IDMN,JDMN,IF,IA)
COMM 0 N I DPR/ I UB ( I A) , J UA( I A) , I AUA( I A) , AD( IF, J DMN, I A) ,A DU( IF, J DMN, I A)
COMMON 1051 IBOUND(IDMN,JDMN)
COMMON 1041 EN(IDMN,JDMN,IA)
COMMON IPMODI XD(IF,JDMN,IA),XDU(IF,JDMN,IA),YD(IF,IA),YDU(IF,IA)

NXM1 = NX - 1
NYM1 = NY - 1

C LOOPS FOR THE FIRST ORDER PROPAGATION
DO 100 I=2,NXM1
DO 100 J=2,NYM1

C ONLY PROPAGATE WATER POINTS
IF (I BOUND ( I , J) . NE. 1) GOTO 100
DO 101 IIA=l,NANG

IU = I - IUB(IIA)
EN ( I , J , I I A) = XD( K , J , I I A) • E ( I , J , K , I I A) +XDU (K, J , I I A) • E ( I U, J , K , I I A)

101 CO NT I NUE
100 CONT I NUE

DO 200 I=2,NXM1
DO 200 J=2,NYM1

IF (I BOUND ( I ,J) . NE. 1) GOTO 200
DO 201 IIA=l,NANG

JU = J - JUA(IIA)
E(I,J,K,IIA) =YD(K,IIA)·EN(I,J,IIA)+YDU(K,IIA)·EN(I,JU,IIA)

201 CO NT I NUE
200 CONTINUE

C BEGIN CURVATURE ESTIMATION IN PROPAGATION
DO 300 I=2,NXM1
DO 300 J=2,NYM1

IF (I BOUND ( I, J) . NE. 1) GOTO 300
DO 301 IIA=l,NANG

EN(I,J,IIA) = E(I,J,K,IIA)
301 CONT I NUE
300 CONT I NUE

DO 400 I=2,NXM1
DO 400 J=2,NYM1

IF (IBOUND(I,J) .NE.1) GOTO 400
DO 401 IIA=l,NANG

IAU = IAUA(IIA)
E(I,J,K,IIA) =AD(K,J,IIA).EN(I,J,IIA)+ADU(K,J,IIA)·EN(I,J,IAU)

401 CONT I NUE
400 CONTINUE

We call the SOURCE subroutine to update S ,S and S at all points,
nl ds in

frequencies and angles. This is the central subroutine of the program. Its

structure is to loop on i- j spatial coordinates. All information from

subroutines called here is returned in single-point U,e) matrices in common

blocks ISNI, ISDI AND lSI!.
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SUBROUTINE SOURCE

COMMON IA31 G,PI,DL,NANG,NFRQ,NX,NY,TWOPI,NPTS,DT,PI2,

+ FDISC,NFRQ2,NANG2,NANGP,NSPEC,FMZ,ALP,GAM,NNZ,ANRM

COMMON /BI WKA(NNR) ,OMA(NNR),FRQA(NNR),

+ COSAN(NNA1) ,SINAN(NNA1) ,EDENS(NNR) ,EDENS2(NNR)

COMMON ICI SUMINT(NNR,NNA2) ,PHA(NNR), SCALF(NNR) ,BOLSCL(NNR),

+ DENS(NNR,NNA2) ,EDB(NNR)

COMMON /CDR/ COEF1,COEF2,SPDFAC,XLAMZ,ALPSTR,BETA1,EPMAX,FPMAX

COMMON ICENI E(IDMN,JDMN,IF,IA)

COMMON IDPR/ IUB(IA) ,JUA(IA) ,IAUA(IA) ,AD(IF,JDMN,IA) ,ADU(IF,JDMN,IA)

COMMON /OPT/ MSTA,NSTR,NORD,JPRC,NTMS,NHR,IOUT(70),JOUT(70),KTIMES,

+ MXHR,DLAT,XLATO,DZRO,NSTA(70) ,ALT(70),ALON(70),PWR

COMMON 101/ FREQ(!F),SINR(IA),COSR(IA),DELF(IF),AINC

COMMON 1041 EN(IDMN,JDMN,IA)

COMMON 1051 IBOUND(IDMN,JDMN)

COMMON I PMODI XD( IF, J DMN, I A) , XDU ( IF, J DMN , I A) ,YD ( IF, I A) , YDU (IF, I A)

COMMON ISDI SDISSIJ(IF,IA)

COMMON ISII SINIJ(IF,IA)

COMMON ISNI SNLIJ(IF,IA),LSHFT

COMMON /S21 FMA(IDMN,JDMN) ,PSUM,DSUM,KKNT,TIMEZ

COMMON IS41 HSIG(IDMN,JDMN)

COMMON IS51 FMAN(IDMN,JDMN),E2(IF,IA),EF(IF),EFN(IF),FKA(IF)

COMMON IS71 AVANG(IDMN,JDMN),TSS(IDMN,JDMN)

COMMON ITMI TIMTOT

COMMON IWNI WS(IDMN,JDMN),WD(IDMN,JDMN)

DI ME NS ION E I J 1 D ( IF) , EO LD( IF) , S NL 1 D ( IF) , SIN 1 D( IF) , S DS 1 D ( IF)

The first thing to do is set the energy densities in the parametric region and

estimate the total energy in the parametric region. We call BSET for each

point : I=l,NX and J=l,NY. BSET takes energy from the parametric region, adds

it to the discrete region to form a complete energy matrix which is needed to

input to the Boltzmann integral of SNL.

SUBROUTINE 8SET(I,J)

COMMON IA31 G,PI,DL,NANG,NFRQ,NX,NY,TWOPI,NPTS,DT,PI2,

+ FDISC,NFRQ2,NANG2,NANGP,NSPEC,FMZ,ALP,GAM,NNZ,ANRM

COMMON IBI WKA(NNR) ,OMA(NNR),FRQA(NNR),

+ COSAN(NNAl) ,SINAN(NNAl),EDENS(NNR),EDENS2(NNR)

COMMON ICI SUMINT(NNR,NNA2) ,PHA(NNR), SCALF(NNR) ,.BOLSCL(NNR),

+ DENS(NNR,NNA2) ,EDB(NNR)

COMMON ICDRI COEFl,COEF2,SPDFAC,XLAMZ,ALPSTR,BETA1,EPMAX,FPMAX

COMMON ICENI E(IDMN,JDMN,IF,IA)

COMMON 10PTI MSTA,NSTR,NORD,JPRC,NTMS,NHR,IOUT(70),JOUT(70),KTIMES,

+ MXHR,DLAT,XLATO,DZRO,NSTA(70),ALT(70),ALON(70),PWR

COMMON 101/ FREQ(IF),SINR(IA),COSR(IA),DELF(IF),AINC

COMMON ISNI SNLIJ(IF,IA) ,LSHFT

COMMON IS21 FMA(IDMN,JDMN) ,PSUM,DSUM,KKNT,TIMEZ

COMMON /S71 AVANG(IDMN,JDMN),TSS(IDMN,JDMN)

COMMON IWNI WS(IDMN,JDMN) ,WD(IDMN,JDMN)

DIMENSION EZZ(NNA2)
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The parametric formulation is taken from the second generation model.

Definition of 4 primary parameters affecting wave growth is given

IS THE 'UNIVERSAL' (NOT EVEN DEPENDENT ON ANYTHING)
EQUILIBRIUM CONSTANT
IS THE RATIO OF THE ENERGY-WEIGHTED AVERAGE PHASE SPEED
TO THE PHASE SPEED OF THE SPECTRAL PEAK (ALONG THE

MEAN DIRECTION OF PROPAGATION)
IS THE FACTOR WHICH CONVERTS FROM FM PARAMETERS TO TOTAL

ENERGY. IT'S THE RATIO OF THE TOTAL ENERGY TO THE INTEGRAL

OF THE EQULIBRIUM RANGE FROM FM TO INFINITY.

IS THE JONSWAP CONSTANT FOR USTAR NORMALIZATION

REPRESENTED BY Ml IN RESIO & PERRIE.

IS THE ASSUMED COEFFICIENT OF DRAG FOR JONSWAP DATA SET
USED IN CONVERTING FROM PARAMETERS NORMALIZED BY U TO USTAR

IS THE JONSWAP PARAMETER FOR F> FM

C ALPSTR
C
C BETAl
C
C
C XLAM
C

C

C CONJON

C

C CDFAC

C

C SIGB

Note that in this region of the spectrum, directional energies are always

symmetric about the wind direction. We assume an f-
4 in the equilibrium range

for simplicity.

1100 ZNRMH

FPMAX

LMID

EPMAX

DO 85

2.0/PI

FMN
NANG2/2

0.0

K=NFRQ+ 1, NFRQ2

FMN

FMZ

ANRM

K=NFRQ+1,NFRQ2

= FRQA(K) --(-5)

85 CONTINUE
FMA ( I , J)

RETURN
FM

ZNRM =

DO 281

F5

600

281 CONT I NUE

Now we call K2K4SET to set the energy in the fine-mesh K2-K4 grid. This is one

of the essential new elements of the model.

SUBROUTINE IK2K4SET I
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Here we interpolate the density matrix onto the PP matrix.

NRNG = NFRQ2

P120 = TWOPI / 3.0

XINC WKA(NRNG) / IRS

AINCQ 2.0"'P120 / (lAS-I)

NMID IAS/2 + 1

XMID NMID + 0.5

WKAT 1.0 / XINC

AKAT 1.0 / AINCQ

DO 1300 I=l,IRS

XK = I • XINC

I F (X K . LT. T KM IN) GOT 0 1 29 9

K1 = (LOG(XK)-LOG(TKMIN» / LOG(PWR) + 1.0001

IF (K1.LT.1) GOTO 1299

IF (K1.GT.NRNG) GOTO 1299

K2 = K1 + 1

If (K2.GT.NRNG) GOTO 1299

WTK1 = (WKA(K2)-XK) / (WKA(K2)-WKA(K1»

WTK 2 = 1.0 - WTK 1

DO 1301 J=1,IAS

ANGZ = (J-1)·AINCQ - P120

J1 = ANGZ/AINC + NANGP

IF (Jl.LT.1) J1 1

If (J1.GT.NANG2) J1 NANG2

J2 = J1 + 1

IF (J2.GT.NANG2) J2 = NANG2

WTA2 = (ANGZ-ANGL2(J1» / AINC

WT Al = 1. 0 - WT A 2

If «WTK1.LT.0.Ol.OR.(WTK2.LT.0.0» THEN

PRINT ., 'K2K4SET: K••••• " WTK1,WTK2

DENS(K1,J1)"'WTK1 + DENS(K2,J1)"'WTK2

DENS(Kl,J2).WTK1 + DENS(K2,J2)·WTK2

Xl·WTAl + X2·WTA2

1301

1299

1302

1300

STOP

ENDIf

Xl

X2

PP(I,Jl

CONTINUE

GOTO 1300

CONTINUE

DO 1302 J=1,IAS

PP(I,J)=O.

CONTINUE

CONTINUE

We call subroutine IREGION to set the region of Kl-K3 space that must be

include in the evaluation of SNL ( also denoted S ).
nl
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SUBROUTINE IIREGION I
COMMON /A3/ G ,PI, DL,NANG,NFRQ,NX,NY,TWOPI,NPTS,DT,PI2,

+ F DIS C ,NFRQ2, NANG2 ,NANGP ,N S PEC,FMZ, ALP ,GAM,NNZ,ANRM

+

+

+

COMMON /B/

COMMON /C/

COMMON /D/

COMMON /OPT/

WKA(NNR) ,OMA(NNR),FRQA(NNR),

COSAN(NNA1) ,SINAN(NNA1) ,EDENS(NNR) ,EDENS2(NNR)

SUMINT(NNR,NNA2),PHA(NNR),SCALF(NNR),BOLSCL(NNR) ,

DENS(NNR,NNA2),EDB(NNR)

IDO(NNR,NNA2),IMX(NNR,NNA2),TKMAX,TKMIN

MSTA,NSTR,NORD,JPRC,NTMS,NHR,IOUT(70),JOUT(70),KTIMES,

MXHR,DLAT,XLATO,DZRO,NSTA(70),ALT(70),ALON(70),PWR

The task in IREGION is to set up the matrix of points for which S must be
nl

computed. We first find the maximum value of the density matrix.

DO 400 IRNG=1,NRNG

DO 400 IANG=1,NANG2

400 CONTINUE

DO 401 IRNG=1,NRNG

DO 401 IANG= 1 ,NANG2

401 CONTINUE

DO 402 IRNG=1,NRNG

DO 402 IANG=1,NANG2

IF (ISUM.GT.O) IMX(IRNG,IANG)

402 CONTINUE

Now we put the results of INITSNL, BSET, K2K4SET and lREGION together and

proceed to compute SNL. We call SNL to compute S source term. This is in
nl

principle the same as is documented in Tracy and Resio (1982),
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SUBROUT I NE ISNL( IX, lY) I
COMMON IAI

COMMON IA31

+

COMMON IBI

+

COMMON ICI

+

COMMON IDI
COMMON IEFGI

+

+

COMMON 10PTI

+

COMMON lOll

COMMON 1041

COMMON 1051

COMMON ISNI

COMMON ISZI

XLOCZ(NPA} ,YLOCZ(NPA} ,XLOC4(NPA},YLOC4(NPA},DS(NPA}

G,PI ,DL,NANG,NFRQ,NX,NY,TWOPI ,NPTS,DT,PIZ,

FDISC,NFRQZ,NANGZ,NANGP,NSPEC,FMZ,ALP,GAM,NNZ,ANRM

WKA(NNR),OMA(NNR),FRQA(NNR),

COS AN ( N NA 1 ) , S I NAN ( N N A 1 ) , EDENS ( NNR) , EDENS Z (NNR)

SUMINT (NNR,NNAZ) ,PHA(NNR}, SCALF(NNR} ,BOLSCL(NNR},

DENS(NNR,NNAZ},EDB(NNR}

IDO(NNR,NNAZ},IMX(NNR,NNAZ},TKMAX,TKMIN

PP( IRS, IAS),ANGLZ(NNAZ},AKAT,WKAT,XMID,

GRA D ( N P A, NNA 1 ,NNR ) , WK Z ( NP A, NN AI, NNR ) ,AK Z (NPA ,NNA 1 , NNR),

WK4 (NPA, NNA1, NNR), AK4 (NPA, NNA 1 ,NNR)

MSTA,NSTR,NORD,JPRC,NTMS,NHR,IOUT(70},JOUT(70},KTIMES,

MXHR,DLAT,XLATO,DZRO,NSTA(70} ,ALT(70},ALON(70},PWR

FREQ(IF) ,SINR(IA) ,COSR(IA} ,DELF(IF} ,AINC

EN( IDMN,JDMN,IA}

IBOUND(IDMN,JDMN}

SNLIJ( IF, IA} ,LSHFT

FMA(IDMN,JDMN} ,PSUM,DSUM,KKNT,TIMEZ

DO 5 K=l,NRNG

DO 5 IANG=l,NANGZ

SUM I NT ( K, I A N G ) 0 . 0

5 CONTINUE

DO 1 K=l,NFRQ

DO 1 L=l,NANG

SNLIJ(K,L) = 0.0

CONTINUE

DO 50 IRNG=l, NFRQ

SCALE = SCALF(IRNG)

NST = IRNG + 1

DO 56 IANG= 1 ,NANGZ

IF (IMX(IRNG,IANG),EQ,O) GOTO 56

ANG1 = (IANG-1 )-AINC - P1Z0

D1 = DENS(IRNG,IANG)

DO 60 KRNG=NST,NRNG

NDIF = KRNG - IRNG

DO 61 KANG= 1, NANGZ

IF (IMX(KRNG,KANG}.EQ.O) GOTO 61

ANG3 = (KANG-1}-AINC - P1Z0

IF (ABS(ANG1-ANG3).GT.PICUT) GOTO 61

D3 = DENS(KRNG,KANG)

SGN = 1.0

IF (ANG3.LT.ANG1) SGN = -1.0

T31 0.0

DGM1 0.0

DGMZ 0.0

DX13 D1. D3

DS13 D3 - D1

NREF IABS(KANG-IANG) + 1
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This loop computes the contribution of a single contour integral for a fixed

KI-K3 combination. K2 and K4 vary around the contour which is computed via the

locus equation in the set-up section of this program. THFNC eliminates

insignificant contributions.

DO 70 IPT=l,NPTS

If (GRAD(IPT,NREf,NDlf).LT.1.0E-13) GOTO 70

WW2 WK2(IPT,NREf,NDlf) - SCALE

AA2 AK2(IPT,NREf,NDlf) - SGN + ANGI

WW4 WK4(IPT,NREf,NDIf) - SCALE

AA4 AK4( IPT,NREf,NDlfl - SGN + ANGI

IW2 WW2-WKAT+0.5

IA2 AA2-AKAT+XMID

IW4 WW4-WKAT+0.5

IA4 AA4-AKAT+XMID

If (IW2.LT.l) GOTO 70

If (IW2.GT.IRS) GOTO 70

If (IA2.LT.l) GOT070

If (IA2.GT.IAS) GOTO 70

IF (I W 4 . LT. 1 ) GOTO 70

If (IW4.GT.IRS) GOTO 70

If (IA4.LT.l) GOT070

IF (IA4.GT.IAS) GOTO 70

D2 PP(IW2,IA2)

D4 PP(IW4,IA4)

DGMI DGMI + (D4-D2) - GRAD(IPT,NREf,NDlf)

DGM2 = DGM2 + D4-D2 - GRAD(IPT,NREF,NDIF)

70 CONT I NUE

T31 = DX13 - DGMI + DS13-DGM2

TR31 = 2.0 - T31 - BOLSCL(IRNG)

SUMINT(IRNG, lANG) SUMINT(IRNG,IANG)+TR31-PHA(KRNG)

SUMINT(KRNG,KANG) SUMlNT(KRNG,KANG)-TR31-PHA(IRNG)

61 CONTINUE

60 CONTINUE

56 CaNT I NUE

CG = G / (2. 0 - OMA ( I R N G )

SNLID = 0.0

LMID = NANG2 / 2

DO 180 IANG=l, NANG2

I AN GP = I A N G + L S H f T - LM I D

If (IANGP.LT.l) IANGP = IANGP + NANG

If (IANGP.GT.NANG) lANG? = IANGP - NANG

SNL I J ( I RN G , I AN G P ) = SUM I NT ( I RNG, lANG) -WKA ( I RNG) -OMA (I RNG) -TWOPIICG

SNLID =sNLID + SNLIJ(IRNG,IANGP)

180 CO T NUE

S NL 1 D = S NLID - A INC

50 CONT INUE
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We now compute the contribution due to wave-breaking dissipation S . We call
ds

SDISS(I,J).

SUBROUTINE ISDISS(I,J)!

COMMON /A3/ G, PI ,DL ,NANG,NFRQ,NX,NY,TWOPI,NPTS,DT,PI2,

+ F DISC, N FRQ2, NAN G2, NANGP, N SPEC, FMZ,ALP, GAM ,NNZ,ANRM

COMMON /B/ WKA(NNR) ,OMA(NNR) ,FRQA(NNR),

+ COS A N ( N NAI) , SIN AN ( NNAI) ,E DEN S ( NNR) ,EDEN S2 ( NNR )

COMMON /CEN/ E(IDMN,JDMN,IF,IA)

COMM0 N /0 P T / M S T A , N S T R , NOR D , J PR C , NTM S , N HR , IOU T ( 70) , J 0 U T ( 70) , K TIMES,

;. MXHR,DLAT,XLATO,DZRO,NSTA(70),ALT(70),ALON(70),PWR

COMMON /01/ FREQ(IF),SINR(IA),COSR(IA) ,DELF(IF),AINC

COMMON /04/ EN(IDMN,JDMN,IA)

COMMON /05/ IBOUND(IDMN,JDMN)

COMMON /SD/ SDISSIJ(IF,IA)

COMMON /S2/ FMA(IDMN,JDMN),PSUM,DSUM,KKNT,TIMEZ

COMMON /S4/ HSIG(IDMN,JDMN)

COMMON /WN/ WS(IDMN,JDMN),WD(IDMN,JDMN)

OMMX TWOPI - FMA( I ,J)

EZED HSIG(I,J)--2/16.0

STP 3.39-EZED-(TWOPI-FMA(I,J»--4

BRCON 0.75E-5

DO 1 K=I, NFRQ

DO 1 L=I,NANG

SDISSIJ(K,L) -BRCON - OMA(K) - STP - E(I,J,K,L)

CONTINUE

We compute the energy input by the wind S . We call SINPUT
in

SUBROUTI N E SINP ( I, J )

COMMON /A3/ G,PI,DL,NANG,NFRQ,NX,NY,TWOPI,NPTS,DT,PI2,

+ FDISC,NFRQ2,NANG2,NANGP,NSPEC,FMZ,ALP,GAM,NNZ,ANRM

COMMON /B/ WKA(NNR) ,OMA(NNR) ,FRQA(NNR),

+ COSAN(NNAl),SINAN(NNAl),EDENS(NNR),EDENS2(NNR)

COMMON /CDR/ COEFl,COEF2,SPDFAC,XLAMZ,ALPSTR,BETAl,EPMAX,FPMAX

COMMON /CEN/ E(IDMN,JDMN,IF,IA)

COMMON /OPT/ MSTA,NSTR,NORD,JPRC,NTMS,NHR,IOUT(70),JOUT(70),KTIMES,

+ MXHR,DLAT,XLATO,DZRO,NSTA(70) ,ALT(70),ALON(70),PWR

COMMON /01/ FREQ( IF) ,SINR( IA) ,COSR(IA) ,DELF(IF) ,AINC

COMMON /04/ EN(IDMN,JDMN,IA)

COMMON /05/ IBOUND(IDMN,JDMN)

COMMON /SI/ SINIJ(IF,IA)

COMMON /S2/ FMA( IDMN,JDMN) ,PSUM,DSUM,KKNT,TIMEZ

COMMON /WN/ WS ( I DMN, JDMN) ,WD (I DMN, JDMN)

OMMX FMAO,J)-TWOPI

RORATO. 0012

UI0 WS(I,Jl
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CDRAG (COEF1+COEF2·U10)·0.001

UST SQRT(CDRAG) • U10

CFAC SQRT (CDRAG/l. 33E-3)

SUMIN 0.0

DO S K=l,NFRQ

CC = G I OMA(K)

DO 1 L=l,NANG

ANGLE = WD(I,]) - (L-ll.AINC

IF (ANGLE. GT .PI) ANGLE = TWOPI - ANGLE

IF (ANGLE. LT.-PI) ANGLE = TWOPI + ANGLE

IF (ABS(ANGLE).GT.PI2) GOTO 2

SINIJ(K,L) = 0.10S.RORAT • (U10/CC.COS(ANGLE)-1.0) •

+ OMA(K)·E(I,J,K,Ll-CFAC

IF (SINIJ(K,L).LT.O.) SINIJ(K,Ll = 0.0

SUMIN = SUMIN + SINIJ(K,Ll • DELF(K)

GOTO 1

2 SINIJ(K,L) = 0.0

1 CONTINUE

S CONTI NUE

Finally, we add the contributions of these source terms to form the new energy

density at this time step. We do sums on each of the source terms and get

ready to consider the problem of negative energies.

DO 101 K=l,NFRQ

DO 1028 L=I,NANG

SUMZ = SUMZ + E(I,J,K,L)

1028 CONT I NUE

EOLD(K) = SUMZ·AINC

DO 102 L=l ,NANG

E ( I ,J, K, L) = E( I, J ,K, L) + (SNL I J(K ,L)+SDISS IJ(K,L)+SINIJ (K,L)·DT

IF (E(I,J,K,Ll.LT.O.O) SUMNEG =SUMNEG+EO,J,K,Ll

IF (E(I,J,K,Ll.LT.1.0E-6) E(I,J,K,Ll =0.0

SUMZl SUMZ1 + SINIJ(K,Ll

SUMZ2 SUMZ2 + SNLIJ(K,Ll

SUMZ3 SUMZ3 + E(I, J ,K,L)

SUMZ4 SUMZ4 + SDISSIJ (K,Ll

102 CONT I NUE

Negative energy is set to zero.

4040

RR = (SUMZ3-SUMNEG)/SUMZ3

IF (RR. LT. 0.) RR = 0.0

DO 4040 L=l,NANG

E(I,J,K,Ll = RR· E(I,J,K,Ll

CONTINUE
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We complete the sums, multiplying by the correct increments, and re-calculate

the maximum energy.

4041 SNL1D(K) SUMZ2 - AINC - DT

SIN1D(K) SUMZ1 - AINC - DT

SDS1D(K) SUMZ4 - AINC - DT

EIJ1D(K) SUMZ3 - AINC

DSUM = DSUM + EIJ1D(K)-DELf(K)

If (EIJ1D(K).LT.EMAX) GOTO 101

EMA X = E I J 1D ( K )

KMAX = K

101 CONTINUE

We (OPTIONALLY) force the high frequency tail to be f- 4 variation. This is a

big assumption!

IKK = 0

DO 105 K=l,NfRQ

If (IKK.EQ.O) fff = fREQ(K)

If (IKK.EQ.O) EEE = EIJ1D(K)

If (fREQ(K).LT.3.0-fMA(I,J» GOTO 105

IKK = 1

ZZ = 1.0

If (fREQ(K).GT.3.S-fMA(I,J» ZZ = 3.0-fMA(I,J)/fREQ(K)

RR '= (EEE-(fff/fREQ(K»--4)/EIJ1D(K) - ZZ

EIJ1D(K) = EEE-(fff/fREQ(K»--4

DO 106 L=l,NANG

E(I,J,K,L) = RR - E(I,J,K,L)

106 CONTINUE

105 CONTINUE

We re-consider the maximum energy and peak frequency f , and we compute the
p

significant wave height H ,
s

DO 3000 K=l ,NfRQ

If (EIJ1D(K) .LT.EMAX) GOTO 3000

EMA X = E I J 1 D ( K )

KO = K

3000 CONT I NUE

fP = fREQ(KO)

If (KO.EQ.NfRQ.OR.KO.EQ.1) GOTO 3005
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Df1 EIJ1D(KO) - EIJ1D(KO-1)

DfZ EIJ1D(KO) - EIJ1D(KO+1)

DfTOT Df1 + DfZ + 1.0E-10

fP O. S-fP + O. S- «Df1/DfTOT)-fREQ(KO+1) +(DfZlDfTOT)-fREQ(KO-l»

300S If (EMAX.GT.EPMAX) fMA(I,Jl = fP

HSIG(I,J) = 4.01-SQRT(DSUM+PSUM)

100 CONT I NUE

This~ subroutine SOURCE. We now call subroutine OUTP to output variables

that we have computed.

SUBROUTINE OUTP(IHR,IDN)

COMMON IA31 G,PI,DL,NANG,NfRQ,NX,NY,TWOPI,NPTS,DT,PIZ,

+ fDISC,NfRQZ,NANGZ,NANGP,NSPEC,fMZ,ALP,GAM,NNZ,ANRM

COMMON ICDRI COEf1,COEfZ,SPDfAC,XLAMZ,ALPSTR,BETA1,EPMAX,fPMAX

COMMON ICENI E(IDMN,JDMN,If, IA)

COMMON 10PTI MSTA,NSTR,NORD,JPRC,NTMS,NHR,IOUT(70),JOUT(70),KTlMES,

+ MXHR,DLAT,XLATO,DZRO,NSTA(70),ALT(70),ALON(70),PWR

COMMON lOll fREQ(If) ,SINR( IA) ,COSR(IA) ,DELf(If) ,AINC

COMMON 10SI IBOUND(IDMN,JDMN)

COMMON IS41 HSIG(IDMN,JDMN)

COMMON IS21 FMA(IDMN,JDMN) ,PSUM,DSUM,KKNT,TIMEZ

COMMON IS71 AVANG(IDMN,JDMN),TSS(IDMN,JDMN)

COMMON ITMI TIMTOT

COMMON IWNI WS(IDMN,JDMN) ,WD(IDMN,JDMN)

DIMENSION ETMP1(IF) ,TOUT(IDMN,JDMN)

The output is done by looping through the number of output stations, writing

requested dynamical variables.

DO 100 ISTA=l,MSTA

I = IOUT( ISTA)

J = JOUT( ISTA)

WNDSPD WS(I,Jl

I WDT WD ( I , J)

HT HSIG( I,J)

We sum energy over all directions at each frequency to get I-D energy values,

DO lS9 K=l,NfRQ

ETMP1 (K) = 0.0
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DO 153 IANG=l,NANG

ETMP1 (K) = ETMP1CK) + E(I,J,K,IANG)-AINC

153 CONT I NUE

IF (ETMP1CK) .LT.EMAX) GOTO 159

EMAX = ETMP1(K)

KMAX = K
159 CONT I NUE

define peak spectral period and output 2-D spectral data for each observation

station, to separate files, including I-D energy values for each discrete

frequency. NORD = 1 means no wind field was read in and therefore skip the

following write statement.

TPEAK = 1.0 I FREQ(KMAX)

WRITE( 11,103) T IMEZ, NSTA ( ISTA) ,I DN, ALT( 1ST A), ALON(ISTA),

+ I,J,HT,TPEAK,AVANGT,WNDSPD,IWDT

Loop on i,j to find the maximum energy and peak frequency,

DO 501 1=1, NX

DO 501 J=l,NY

TMAIN = 1.0 I FMA(I,J)

IF (TMAIN.GE.TSS(I,J» GO TO 500

EMAX = 0.0

KMAX = 1

DO 809 K=l,NFRQ

SUM = 0.0

DO 808 MA=l,NANG

SUM = SUM + E(I,J,K,MA)

808 CONTINUE

IF (SUM.LT.EMAX) GOTa 809

EMAX = SUM

KMAX = K

809 CONTINUE

TMAIN 1.0 I FREQ(KMAX)

500 TOUT(I,J) TMAIN

501 CONTINUE

and write files containing matrices of wave height, peak period,and average

wave direction for all grid points.
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coo = (360.0/TWOPI)

WRITE(15,-) 'SIG. WAVE HEIGHT (M)'

DO 200 J=NY,l,-l

WRITE(l5,229) (HSIG(I,n, I=l,NX)

200 CON T INUE

WRITE(15,-) 'PEAK WAVE PERIOD (SEC)'

DO 201 J=NY,l,-l

WRITE(l5,229) (TOUT(I,n-IBOUND(I,J), I=l,NX)

201 CON T I NUE

WRITE(l5,-) 'AVERAGE WAVE DIRECTION (DEG)'

DO 202 J=NY, 1, - 1

WRITE( 15,229) (AVANG (I, J) -COO, I=l,NX)

202 CON T INUE

203 con t 1n u e

END I f

This ends the loops that encompass subroutines RDWIN, SETSID, DPROP and

SOURCE.

1

1001 CONTINUE

.1000 CONTINUE

IEnd of the simulation I

50



6. INPUT EXAMPLE WITH OUTPUT RESULTS.

For a simple fetch limited growth run for a square box SWAMP ocean

(SWAMP test #2), input file WINDS.DAT would be blank, as wind would be

specified in OPTIONS.DAT. The latter would have the form:

13 13 24 20 100. 180. 11
1 1 1 24 1 0
1. 14 .

. 05 1. 1772250
1 2 7 20. 25.
2 3 7 21. 25.
3 4 7 22. 25.
4 5 7 23. 25.
5 6 7 24. 25.
6 7 7 25. 25.
7 8 7 26. 25.
8 9 7 27. 25.
9 10 7 28. 25.
10 1 1 7 29. 25.
1 1 12 7 30. 25.
0000000000000
o1 1 1 1 1 1 III 1 10
o1 III 1 1 1 1 1 1 10
0111111111110
o1 1 1 1 1 1 1 III 10
0111111 1 1 1 1 10
o1 1 1 1 III 1 1 110
0111111111110
0111111111110
01111 1 1 1 1 1 1 10
o1 III 1 1 1 1 1 1 10
0111111111110
0000000000000
20 0 1 . 5 0 0 0 0 1
0.01 0.25 3.3 2 .6366 0

Figure 5. Example OPTIONS.DAT for SWAMP fetch limited growth test.

To explain the numbers in this file:

a). line 1 reads 'OPTIONS RECORD l'

READ(20,*) NX,NY,NANG,NFRQ,DL,DT,MSTA
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specifying a square ocean with NX=NY=13, the number of angles on

180°; NANG=24, the number of frequency bands in the discrete grid;

NFRQ=20, the space grid is 100km; DL=lOO, the time step is 180s;

DT=180 and the number of output points is 11; MSTA=ll.

fit). line 2 reads 'OPTIONS RECORD 2'

READ(20, lO') NORD,NTMS,NHR,MXHR,NSPEC, ICON

specifying constant winds; NORD=l, 1 timestep between outputs;

NTMS=l, 24hr run; NHR=24, initialization from parametric spectra;

NSPEC=l and unconstrained high frequecy tail (observations suggest

f- 4
and f- 5

dependencies and some models use either variation);

ICON=O.

c). line 3 reads 'OPTIONS RECORD 3'

READ(20,lO') DLAT,XLATO

specifying the latitude increment of the space grid on this square

ocean in degrees; DLAT=l, and the southernmost latitude of the grid

in degrees; XLATO=14.

d). line 4 reads 'OPTIONS RECORD 4'

READ(20, lO') FZRO,PWR

specifying the lowest frequency of the frequency grid; FZRO=O. OS,

and the radial power for spacing of the frequency and wavenumber

grids; PWR= 1.1772250.

e). lines 5-15 read 'OPTIONS RECORD 5'

IF ( MSTA .GT. 0) READ(20, lO') (NSTA(ISTA),IOUT(ISTA),JOUT(ISTA),
+ ALT(ISTA),ALON(ISTA), ISTA=l,MSTA)

specifying each station number NSTA(ISTA): ISTA=l to 11, its (x,y)

coordinates on the square ocean grid (IOUT(ISTA),JOUT(ISTA)), and

the corresponding latitude-longitude coordinates (ALT(ISTA),

ALON(ISTA)). These are here aligned across the ocean at fixed

latitude parallel to the wind direction.
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&). lines 16-28 read 'OPTIONS RECORD 6',

DO 295 J=NY,I,-1
READ(20,959) OBOUNDO,J),I=I,NX)

295 CONTINUE

which specifies the land-sea matrix with orientation;

GRID ORIENTATION IS:
1,1 IN LOWER CORNER
I,NY IS UPPER LEFT CORNER

TO READ TOP-DOWN LOOP OVER J=NY,I,-l.

q). line 29 reads constant wind test parameters,

READ(20, *) IUWS,IUDIR,FMNO,ISHFT,NSHFT,IWNDN,IDEGN,ISPEC

where

IUWS = WIND SPEED FOR TEST CASE (M/S)

IUDIR = WIND DIRECTION FOR TEST CASE

FMNO = INITIAL PEAK FREQUENCY ?

ISHFT = OPTION FOR SHIFT (0 FOR NO SHIFT 1 FOR SHIFT)

NSHFT = NUMBER OF TIME INCREMENTS (IHR LEVEL) BEFORE SHIFT

IWNDN = NEW WIND SPEED (M/S)

IDEGN = NEW DIRECTION OF WIND

ISPEC = BOUNDARY TYPE OPTION

o FOR NORMAL "SOLID" BOUNDARIES

1 FOR TOP AND BOTTOM REFLECTIVE BOUNDARIES

2 FOR LEFT AND RIGHT REFLECTIVE BOUNDARIES

h)' line 30 reads

IF ( NSPEC .EQ. 1) THEN
READ(20,*) ALP,FMZ,GAM,NNZ,ZNRM

which are parameters required for an initial spectrum.

With the proper format, ONEL.DAT could then produce significant

wave height as as a function of time and increasing in fetch (the

11 output stations positions). An example, at time step 370 and

time 18.50 hr is as follows:
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wind direct ion, windspeed, TIME, kknt

0 20.00 18.50 370

s ta tion coor ds, station numbe r, wave height, wave per i od, mean wave dir

2 7 1 0.4364E+01 0.8846E+01 O.OOOOE+OO
3 7 2 0.5755E+01 0.1041E+02 O.OOOOE+OO
4 7 3 0.6672E+01 0.1041E+02 O.OOOOE+OO
5 7 4 0.7290E+01 0.1130E+02 0.0000£+00
6 7 5 0.7682E+01 0.1130E+02 O.OOOOE+OO
7 7 6 0.7915E+01 0.1130E+02 O.OOOOE+OO
8 7 7 0.8046E+01 0.1130E+02 O.OOOOE+OO
9 7 8 0.8116E+01 0.1226E+02 O.OOOOE+OO

10 7 9 0.8152E+01 0.1226E+02 O.OOOOE+OO
11 7 10 0.8169E+01 0,1226E+02 O.OOOOE+OO
12 7 11 0.8175E+01 0.1226E+02 O.OOOOE+OO

This is in good agreement with SWAMP-type results. Corresponding output for

the entire space grid from WAVES.DAT at the same time 18.50 hr, could have the

form,

SIG. WAVE HEIGHT (M)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 4.0 5.2 6.0 6.5 6.8 7.0 7.1 7.2 7.2 7.3 7.3 0.0
0.0 4.2 5.5 6.3 6.9 7.3 7.5 7.6 7.7 7.7 7.8 7.8 0.0
0.0 4.3 5.6 6.5 7.1 7.5 7.7 7.9 7.9 8.0 8.0 8.0 0.0
0.0 4.3 5.7 6.6 7.2 7.6 7.8 8.0 8.0 8.1 8.1 8.1 0.0
0.0 4.3 5.7 6.6 7.3 7.7 7.9 8.0 8.1 8.1 8.2 8.2 0.0
0.0 4.4 5.8 6.7 7.3 7.7 7.9 8.0 8.1 8.2 8.2 8.2 0.0
0.0 4.4 5.8 6.7 7.3 7.7 7.9 8.0 8.1 8.1 8.2 8.2 0.0
0.0 4.4 5.7 6.6 7.3 7.6 7.9 8.0 8.1 8.1 8.1 8.1 0.0
0.0 4.3 5.7 6.6 7.2 7.5 7.8 7.9 7.9 8.0 8.0 8.0 0.0
0.0 4.3 5.6 6.4 7.0 7.3 7.5 7.7 7.7 7.8 7.8 7.8 0.0
0.0 4. 1 5.3 6.1 6.6 6.9 7.1 7.2 7.2 7.3 7.3 7.3 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

We plot the fetch growth curves for a SWAMP-type square-box ocean in

Figure 6 using a variation of the source terms for wind input and

dissipation. These are compared to the JONSWAP growth relation found

by Hasselmann et al (1973). It is clear that an appropriate choice of

source terms allows the model to be easily tuned to JONSWAP or any

other fetch relations.
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7. PRESENT MODEL STATUS AND FUTURE PLANS

The model is presently undergoing a number of tests to

expose its characteristics and to help us know where bugs exist in the

code and where errors have been made in the structure of the model.

These include SWAMP-type tests to allow comparison with other models

and with data collected from systems with simple geometry. This phase

of the work will continue until there is a reasonable degree of

confidence in the integrity of the model.

Furthermore, the present propagation scheme within the model

is only first order. This is inadequate for many sophisicated

applications. Therefore an effort is also being made to upgrade the

propagation scheme to a Lax-Wendroff scheme. At the conclusion of this

upgrading and these tests, the code will generally be available for

application to ocean wave modelling in all its diversity.
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10. Caption for Figure 6.

The fetch growth curves for a SWAMP-type square-box ocean using a

variation of the source terms for wind input and dissipation, in

comparison with the JONSWAP growth relation found by Hasselmann et al

(1973).
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