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ESTIMATION OF DESIGN WAVE HEIGHTS
IN THE GULF OF MAINE

The purpose of this study was to gencrate wave height information
for the Gulf of Maine by means of a model which calculates synoptic wind
velocities for Northeast storms and other numerical wave hindcast
nodels. A paremetric type wave model was used with a set of the 22
strongest Northeast storms from a 32 year record, and the highest wave
height at each grid point of the model for each storm was used to
generate the extreme wave statistics. A discussion of the results is
presented along with scope for future work in this area, The extensive
appendices indicate the method of application of the different computer

programs in computer wave heights.
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CHAPTERI

INTRODUCTION

Quantitative wave data in the coastal and offshore regions of the
culf of Maine (Figure 1) are almost non-existent. In this part of the
Atlantic Ocean, which is viewed as an economically developing area, a
study of the wave climate 1s desirable, and as such, information about
the wave climate in the Gulf of Maine is sought.

In engineering studies concerned with the design and certificaticn
of offshore structures it is essential to have probability estimates of
most extreme wave conditions expected during the lifetime of the
structure. Similar data are needed for problems of coastal enginccring
design and sediment transport. Reliable estimates of extreme wave
statistics require a long time base of statistical observations from
which to extrapolate to return periods of 50 or 100 years. The only
method availahle at the present time for constructing wave statistics
therefore has to be based on a wave hindcast approach using historical
wind fields, and in view of the long periods and high cost inveolved in
gathering wave measurements, a numerical model offers the only way of
establishing a statistically valid data base.

The purpose of this study was to gencrate long term cxtreme wave
statistics of the Gulf of Maine using hindcast wave data. Large ocean
waves are gencrated predominantly by strong winds accompanving a storn;
consequently, wave data were hindcast from severe "Northeast" storms
occurring over a 32-vear period from 1944 to 1976. The entire region
was ravered by a nesh, and wind velocities at each grid-point were
obtained by feeding certain characteristics of the storm, described in
detail in the following pages, to a "Northeaster” wind field model. The
wind field so generated was utilized by a deep water, hybrid parametric
wave model (Hydraulics Research $Station, 1977; Gunther, et al., 1279)
whence wave-heights at each grid-point were obtained. The wave model
has been verified against wave measurements near the British Isles
(Ewing, et al., 1979) and wave measurements for hurricane Camille in the
Gulf of Mexico (Puri and Pearce, 1981), Finally, a distribution of the
Weibull family, to which, incidentally, the Rayleigh distribution
belengs, was usad to estimate the long-term wave statistics, vis,, the
50-year and 100-year wave heights.

A method to obtain wind velocities from known synoptic pressurcs 18
described in Chapter II. The pressure field of a Northeast storm is
simulated, and wind velocities are calculated by application of the
geostrophic equations to the simulated pressure pattern.
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Chapter ITI deals with spectral and parametric wave models. The
choice of the parametric numerical technique, and the incorperation cf
swell into it is described. The method suggested by Petruaskas and
Aagard (10=970) for fitting a Weibull distribution to the calculated
wave heights at each grid peoint is discussed in Chapter IV.
Extrapolations to return periods of 50 and 100 years is explained at
some length.

Chapter V highlights the role of the boundary conditions of the
wave model in the choice of the grid system for discretizing the
equation representing the conservation of energy. The 50-vear and 100-
year significant wave heights in the Gulf of Maine are presented as
results. The validity of the model in certain regions and the scope of
future work are discussed in Chapter VI.



CHAPTER I

COMPUTATION OF THE WIND FIELD

winter extratropical storms or Mortheast storms, or "Hortheastersg”
as they are generally known, are responsibie for the extreme wave
conditions in the Gulf of Maine. While hurricane activitv is intonse
south of Cape Cod, Northeast storms reach thelr greatest intensity as
they pass New England. Characteristic paraneters of B3 mgeverc storms
responsible for high storm tide elevations along the llew England Coast
are shown in Figure 2. Only one oI these storms is a hurricane, and in
light of its considerable distance from the study area and relatively
smaller length scale, hurricanes were not chosen for wave hindcasting.

The northeaster presents, in general, a more complicated event tkan
a hurricane. Whereas hurricane isobars can be acceptably modelled as
circular, asymmetrical pressure patterns and large storm diameters
(600~1500 nautical miles) are typical of lortheasters. Nevertheless, it
is possible to define certain synoptic parameters like pressures,
maximum radius, storm track, etc., from which surface wind velocities,
needed as input to the wave model, can be calculated. This is
acconmplished with the aid of a Northeaster model developed by Stone &
Webster Engineering Corporation (1978a).

2 typical synoptic surface pressure chart with a Northeast storm is
shown in Pigure 3. The wind model must somehow approximate or otherwise
deseribe this intricate and rather chaotic pattern of the pressure
field, use the momentum eguations, calculate wind speed, and finally
deal with the atmospheric boundary layer in an appropriate manner.

Synthetic Pressure Pattern

1t is obvious from Figure 3 that a wind field can be derived only
if a mathematical relationship to describe the pressure distributieon
within the storm is developed. Teo this end, a group of 8 "typical"
Northeast storms were chosen by Stone & Webster Engineering Corporation
and analyzed. Figure 4 shows a storm schematic where

PO = central pressure of the storm

r = peripheral pressure of the storm
Rﬁax = maximum radius to storm periphery
r = radius to point within the storm
RO = radius to periphery at 0 from Rmax'



Srora
Mumbep

a\ﬂt‘qmwluu_

* Ragius to the maxioum wind for Hurcicane Carol

Storm Locanion and Parameter

AT Hrartiaog Time

Sterm location and Parameters

at MAturity

Timwe

AE5TY

GO30,11/230 744
1530, 11299 £u0%
033U.34/D2,u7
1330, 11 2u .47
THID, 2237747
T330,12,.00/68
063U, 1127 /uA
183,24 73,49
2110, 04,0549
0913, 12 211/50
$230,01/07/9
1832, 11 02,51
OX3a,%31152
QB630,02,22,52
TRIG. G4 /12453
0630, 10,2us53
8930, 1! A u S
QO3 .2H/ 3T/ 50
0430, 1 /13,35
1230,02,11,/55
183, 02,/96/5%
QY30,03/08 %
0630, 1210457
8010,/ 1657
V830,02 1657
1830, 0400 ,53
V230,02,07 58
1230,U1,07/5
100, 12,28/59
0000, 12,2160
1800,01,19/61
150G, 43 /06/762
100, M 2963
FEOD, 11,0163
2100, 11/30 /64
1B0D, 11,18 /04
2100,09,07 /b6
0400, 12,24 /66
0000, 03,0564
0300,04,27/07
10U, 05, 2usbT
1500,0:,29 /48
VOO, 12,23/68
Ql00,12,26/69
0906,02,/03/b9
210012110769
0900,02/10,70
2100,03/264T1
0300,02.119/72
0300,1:702 /72
1RGO, 12,01/70
Q300 ,0a,03,175
2100,12 /17775
1800, 122115
500,031 /16/76

lall "'I-'. Lony !°‘n‘!

36
g
6
41
i
17
19
39
k1
33
3H
37
19
35
37
Kt
k13
a7
41
47
w0
35
a5
34
35
i3
37
33
[}
ag
37
31
L1i]
35
3
%0
43
3
19
36
33
36
48
hl
RO
38
19
as
38
36
39
LK)
17
h1
L 1s]

Lusation

75
T
™
71
T8
15
76
T8
79
LE]
75
75
80
12
76
69
7

P
{m3)

1
¢
10
13

1

Time

JEST)

1930, 1,30 740
1930, 11,/20,u5
0730,03/0347
0730,1%/25/u7
D130,02/09,47
1%30,12/31,/ud
1920, Y127 04
1330,0u 10 /09
0130 ,04 07 749
0730,12,12,/50
4720,01/04/51
1930, 11,/01,51
V320.,33,32,53%
D130,02,24,%2
9730,0u8,13753
0730,10/,25,51
10, ¥ 15,25
GOGD, Q4 31,5
0730, 11,2045
a4 30,02/12/55
1030,02,07,55
Gy 30,03/12758
0830, 92/11/57
630,01/ 16,47
1630,02,15/5%
1630,04,/07 /58
Quin, 2,049,538
0730,01/08, 50
13006,12,/24,54
QU000 , 12/22.,00
1308,01,20/610
0700,03,07 /862
1300, 11,3063
D100, V10361
07200, 12/01/64
WO, Y1,20/0m
2200,01/08/00
oul0,12/25/66
2200,03/05/46
BuOD, 04/ 2807
Y900,05/28/67
OF00,03,0% /00
0B0G, 1272004
1900, 12,27/69
0400 ,02,/0us69
1000, 1211764
1300, 02/11 770
106,013,271
1600 ,02/14972
13080,12/97,73
1000, 12,/03,74
1900 ,0u /03,75
1600 ,12218,25
1300, 272275
B700,03/97/76

[ 1954)

locavion

Lac {MH) Long (9Wy  jmb)

50
45
(3]
wy
46
a2

"
66
72
[3:]
70
12
63
&y
10
6%
&6
70
54
13
67
66
(34
T4
(3]
Y]
&5
&6
[
1]
59
69
&9
B
69
67
&6
6B
n
0
19
L
&7
0
715
(1]
bb
70
™
68
67
T

P

i
21
37
10
37
13
22
11
27
T
28
16
s
[ 9
15
13!
25
52
»
45
16
7
33
Fa
17
1?7
23
Lk
17
35
46
36
50
32
53
20
FL
s
24
32
21
n?
kL)
a5
0
25
L1
28
3
24
38
%2
27
20
46

Figire 2. Characteristic Parameters of 55 Selected Storms

Rmay

DMy

755
Ta
T0ug
a0
960
167
960
615
334
Te5
128
382
%61
Bud
3015
993
850
22+
a5
Bui
402
#0H
1365
831
g3
913
1157
1640
834
785
963
831
1629
1264
1031
660
660
305
1363
77
518
641
1239
1408
1046
693
212
323
81s
632
1443
1000
764
61
734



L]

g’
g

X \
B33 2L ML '
»

~
0861

-1
B4

=i

=T
::_ W
Ig )

TErre

;\nfo o
:";ﬂ:
1"-‘:{'};’
AL

;g

Vo

T
"
a

2

ST
S
\‘l.
S

WA R e
T

ha-od o
'I“;\ dgr Dl,_g‘a'
RIS
= N
EEN

}:dlr

Figure 3. 4 Surface Pressure Chart Depreting Isobars of a Typical Northeast Storm



STORM
OIRECTION
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The angle 135° between R and the storm direction has been chosen
max . .
as an average for these storms and is constant in the model. After
examining the 8 storms, average values were obtained for certain
parameters, leading to the following empirical description of the
synthetic pressure field within the Northeaster:

R (1)

where:
P is the local pressure at ¢

r is local radial distance of a point where
pressure is calculated

a is an empirically determined coefficient

3 4 (2)

a= 0.07254+40.038068-0.13348%40.038628°-0.002919¢

in which

R = angle ({clockwise) in radians from one storm track

direction

The peripheral isobars can be described by the equation

of the form

R
& = A + Bg + C82 {(3)

R
max
The coefficients A, B, & C were determined by a least squares
fit in the analysis of the 8 storms, and the following equation resulted

Rg 2
= 1-0.31438 + 0.05003s
Rmax
where — is measured clockwise from R .
nax

If the central pressure, peripheral pressure and maximum storm

are known as initio, the entire synthetic pressure field of

radium R
For

a maturemﬁértheast storm can be described in equations 1, 2, and 3.
instance, an observed isobaric pattern shown in Figure 5 can be modeled
to give a more orderly appearance of isobars (FPigure 6}.



Figure 5. Qbserved Pressure Field tmb) for the Northeaster of Decernber 28,

{978

1969, 'From Stone & Webster Engmeering Corp,



Figure 6. Synthetic Pressure Field () for the Northeaster of Decen ber 28,
1969, (From Stone > Webster Engineering Corp., 1978}
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Synthetic Wind Field

Once a set of eguations has been fitted to the pressure
distribution of a Northeast storm, wind velocities must be computed.
The factors that determine local surface wind speed include the Coriolis
force, the pressure gradient force, the centripetal force, and surface
friction. Two wind models commenly used are the geostrophic wind model
and the eguilibrium wind mcodel. Though the latter incorporates more of
the pertinent physical factors in the computaticn of wind speeds, the
geostrophic wind model is appropriate for storms of large length scales,
and is discussed below.

Geostrophic wind is a very useful approximation to the actual wind
by means of which the direction and the width of the iscbaric channels
are converted into the wind velocity. The approximation implies the
following simplifications-

1. The current is assumed to be nearly straight so
that the centripetal (or turning) acceleration can be
ignored. In other words, curvature of the isobars is
neglected, which is a reasonable premise, since a North-
caster is characterized by iscbars of very large radii of
curvature. {(In contrast, centripetal cffects should be
accounted for when dealing with hurricanes).

2. The motion is assumed to be free of friction.

3, It is assumed that the wind speed changes so slowly
that acceleration along the path may be neglected.

The three assumptions imply that the horizontal pressure force
E‘ {3p/9n)is balanced by the Coriolis force V205ing¢,so that

I S )
V = 578sins n (4)
1 ]
or V = pf an
where
V = Geostrophic wind speed

3p/sn = Pressure gradient normal to isobars
o = Air density = 0.00231 slugs/ft’
f = 205in¢ = Coriolis Parameter
¢ = Angular velocity of the rotation of the earth

¢ = Latitude.

11



The angle of incurvature of the wind in a Northeast storm can range
from 10 to 45 degrees. For this geostrophic model, the value of 22.5
degrees reported by Peterson, et al. (1964) is employed.

The balance betwean the Coriolis force and the horizontal pressure
force given by eguation 4 is nearly realized in the large scale currents
above the layer directly influenced by surface friction {(Petterssen,
1958). Surface friction sharply reduces the wind speed near land and
sea surfaces. Surface winds can be estimated by reducing the
geostrophic wind by a fixed percent; alternatively, some curve from
Figure 7 could be chosen. The different curves in Figure 7 are from
different sources, and details may be found in Peterson and Goodyear
{1964). Curve V, based on 180 ship and Coast Guard observations of
surface winds and computations of geostrophic winds, has beer used in
this simulation.

Application of the Wind Model

A set of the strongest Northeast storms to pass through the region
has been prepared by Stcone and Webster Engineering Corporation (1976b).
From this, a subset of 22 storms which had a pressure difference (P -P )
of 35 mb or greater was chosen for wave hindcasting. po©

The entire area under consideration is covered by a mesh. The
input consists of storm central pressure, maximum peripheral radius and
coordinates of the storm center at each instant of time. These can be
cbtained from synoptic pressure charts. For each instant of time, the
program jumps from point to point in the grid and employs the
geostrophic approach to calculate wind speed and direction at each
point.

12
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CHAPTER 11

THE WAVE MODEL

The current approach to the study of sea waves identifies the
energy spectrum as the ordering and governing principle in the apparent

confusion of the ocean. The energy spectrum of a time record made at a
fixed point is simply the Fourier cosine transform of the
autocorrelation function of the record (Kinsman, 1965). Most modern

wave prediction schemes are based on the energy balance eguation for the
wave spectrum:

[«
=]

3F

i 3x,
1 i.

+ vV = 5 (5)

|

Lo E
las

HereE‘(f,e;SE,t)is the two-dimensional wave spectrum energy
density, i.e. energy per unit frequency (f) per unit direction
(B)EHGA\flf V2 are the components of the wave group velocity for
frequency f and direction -. (|V[ = g/d4rvf in deep water). S is the
energy source function governing all wave generating and dissipating
processes. The resolution of equation 5 requires a knowledge of the
source function. This has been a topic of intense theoretical and
experimental research, and, following Hasselmann, et al. {1973}, it can
be resolved as

5 =85, + + S &
in Sds nl (6)
where
Sin = Energy input from the atmosphere
Sds = Energy dissipated due to various causes
Snl = Energy transfer among the various frequency
bands due to conserving non-linear wave-wave

interactions.

Usually, S. 1is explained on the basis of the theories of Phillips
(1957) and Milesn(1957}. Phillips' mechanism leads to lincar growth of
wave energy in the early stages of wave development. The thecretical
estimates of Miles' exponential growth are much smaller than those
actually observed, and the exponential growth coefficients are taken
from experimentg. In a growing wind-sea, energy is dissipated mainly by
wave=breaking in the high frequency parts of the spectrum. Other
possible dissipative processes include attenuation of swell through
interaction with short waves (Phillips, 1963), scattering by turbulence
(Phillips, 195%) or topclogical effects (Long, 1973}.

Spectral Approach
In the spectral approach to wave prediction, the spectrum is

represented by some finite though large number of frequency-direction
components at each point in a numerical model. The most commonly used

14



source term representation which treats the spectral components that
travel within % 90° of the local wind is of the form

2
s = [A+ B.E(£,6)] .[1 - (E(£,0) 1

B (f,8,0 7

where
A represents the linear growth rate
B represents the exponential growth rate

E is the Pierson-Moskowitz spectrum (Figure 8), whose
99 functional form was discovered by Pierson and Moskowitz

(1964) as
L10 -

B o(F) = 2-10X10-3.2  (-0.74 ( g % in m’.sec.
en® amlyg, 5t

In practice, the adopted magnitudes of A and B are empirically
calibrated against field measurements of net observed wave growth., As
the terms & and B adopted in any applicatien are fitted constants, they
reflect, in additicn to Phillips' and Miles' mechanisms, other present
mechanisms. The non-linear contribution S__, in this approach, enters
in the balance equaticn 7 only indirectly s rough A and B, and a direct
account of this component of S is simply ignored.

The equation 5, with 7, is now completely determinate and isg
numerically integrated for the energy spectrum over various frequency
and direction bands. Thus, for instance, if the directional spectrum is
divided into 24 direction bands and the frequency spectrum into 24
frequency bands, then 576 unknowns, each satisfying eguation 5, will
have to be solved for, leading thereby to an economically prohibitive
and error-prone operation.

Physically, each of the above frequency-direction bands propagates
with its own group velocity without any interaction from the other
bands. This is an advective process which is quite appropriate to the
propagation of swell where the advective term dominates the transport
equation. In wind-sea, cn the other hand, it has been established by
Hasselmann, et al. (1973, 1976) that the non-linear transfer rates are
an order of magnitude larger than the transfer rates associated with the
advection. Accordingly, the spectrum responds much more rapidly to the
non-linear interaction than tc any other mechanism present and,
therefore, it should not be ignored. The absence of a direct
contribution from non-linear wave-wave work, required to solve the
spectrum, leads us to a new generation of wave models, vis., the
parametric models.

15
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Parametric Approach

The parametric models, introduced by Hasselmann, et al. (1973,
1976), assume that the spectrum can be given an analytical shape defined
by five parameters. These models originated in the analysis of
measurements of wave growth with fetch in the Joint North Sea Wave
Project (JONSWAP) experiments. These models highlight the role played
by the non-linear wave-wave interaction in the distribution of energy
across the spectrum. Most of the observed characteristics of the
development of the spectrum with fetch can be explained by non-linear
energy transfer.

While the discrepancy in Miles' exponential growth of wave energy
between the theoretical estimate and observations can be attributed to
non-linear energy transfer, results from the JONSWAP study (Hasselmann,
et al., 1973) have also shown that these non-linear wave-wave
interactions in conjunction with the energy input from the atmosphere
have a shape stabilizing effect on the wind-sea part of the spectrum
giving rise to a mean spectral shape (Figure 9). If the spectrum
becomes too broad, the wave~wave interactions act, as in Figure 10, to
transfer energy to the peak from the central frequencies, causing the
peak to grow. If the spectrum becomes too peaked, the wave-wave
interactions move energy from immediately under the peaX to the sides
thus reducing and broadening the peak (Figure 11). In general when the
spectrum has the mean shape, a dynamic balance exists where the
wave-wave interactions act to transfer the energy input from the
atmosphere at the peak and higher frequencies of the spectrum to the
forward face of the spectrum (Figure 12), causirg the peak to grow and
migrate to lower frequencies, while maintaining the near spectral shape.

These findings are significant not only from the viewpcint of
proper identification of the source functicn in eguation 5, but alseo for
the choice of the appropriate numecrical procedure. Once the non-linear
interaction is accepted as one of the effective agents in the process of
spectral evolution, some form of parameterization of the spectrum
becomes necessary, because the exact evaluation of the non-linear
interaction is enormously complicated and extensively time-consuming on
the computer. The following findings of the JONSWAP study indicate the
process of such a parameterization:

1, The direction of the wave spectrum will follow the wind direction
(Hasselmann, et al., 1976) as a consequence of the wave-wave
interactions. Therefore, it is assumed that, for a growing wind-
sea, the two=-dimensional spectrum has a universal

17



max

max
PM

Figure Y. Mean Jonswap Speciruni. (From Hasselmann, et al, 1975)

18



| PIERSON-
0-05 L MOSKOWITZ
} (¥ =1)
[
0-04F |
I -~
L8 l E
—_ ! o
f | *
= 002} I 0
w 1238
! c
& 0-01 - i o
2 ) ,' -
Lil o
0-0 : 0.2
1 c
! 2
|
|
| S
i 4{-2
|
]
1 1 1 1
0-0 04 08
H

Figure 1. Energy Transfer for a Broad Spectrum. (From Hydraulics Research
Statron, 1977

19



g =70
Cq =007

021

I

|

{
| -

| ]
| =
1 =)

- !
é‘o.i_ | - 80 3
k= A\ e 1 08
3] a | 440 &
> | S
= 1 =
& o
¢
=

wn
]
1
o~
O

H

'
(us)
O

Figure 11. Energy Transfer for a Sharp Spectrum. (From Hydraulics Rescarch
Station, 1977)

20



ENERGY BALANCE
S.,= Input from Atmosphere
S,= Non-linear Wave- Wave Tronsfer

S = Dissipation

Net Transfer S=5,+S5,+Sss

Figure 12, Fnergy Balance Schematic. (From [vdraulics Research Station, 1977
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{frequency-independent) angular distribution D, centered on the local
wind direction -- i.e.
F{f,e;x,t) = D{s-¢) E(f;x,t)

. . 2 . . . . .
(It 1s also assumed that D is & cos distribution, in accordance with
the JONSWAP study).

If equation 5 is integrated over direction, we have

JE — LR )
oL 4 L
st T Vs 3% 5 (8)

where E{f{;x,t)= JF(f,e;x,t)da is the one-dimensional

spectrum, 8’ = | Sdo, and V is the directionally averaged

group velocity in the direction of the wind, i.e.,

u.

_ fViFde ‘ . 8 g i
vi = —= which can be shown to egua X e i
where u is the wind velocity.
2. The one—-dimensional energy spectrum can b :uproximated by the
expression suggested by Ilasselrmann {(JONSWAI, 1¢73), 1i.e.,
2
: f-f 3
. 2 -4 -5 5 f - ) (
E(f)=ag™(27) f {exp - (5 )  + lny.expi- = | (9)
4°f - 2.2 1}
m a7 f .
m

where
n = Phillips' “constant"
f = frequency of the spectral peak
v = peak enhancement factor {(over a Piersoin-

Moskowitz spectrum having the same o, f
see Figure 8) "

0 = a peak width parameter = °, if f=f
m

S if f<fm

Tho one-dimensional spectrum (equation 9) provides 5 parameters,
o, ﬁn,yg g, Oyt The energy balance equation 5 ¢an be transformed to a

parametrical {form

% 4p.. %y =9y k=1,2 i,j=1,2,3,4,5 (10
— ijk — i
3t b4
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where a, = fm, a, = a, = ay = a,b and the propagation
velocities D .. and the source tefms §,, are now functions of these 5
parameters. l%ﬁe details of the procedﬁre for the projection of the
energy balance equation onto the JONSWAP parameter space are given in
Hasselmann, et al. (1976).

The five equations in 10 are numerically intergrated by using the
Leap-Frog difference scheme. At and near the model boundaries, the
finite difference eguations have to be modified because the variables at
some grid-points are not available. For incoming boundaries, where wind
is directed into the model, the NONSWAP fetch limited equations for the
evolution of the wave spectra (Hasselmann, et al., 1973) are used with a
fixed fetch length of one-half of the grid spacing. The outgoing
boundaries are modeled to roflect no energy. Moreover, it is not
generally necessary to solve for all five parameters; scme may be held
fixed, or directly related to others. Ewing, et al. (1979) reported
negligible increase in accuracy and enormous increase in computation
when using all five parameters instead of fewer; in this preoject,
consequently, —-- and -- were held fixed.

A complete description of the programs is given in a Hydraulic
Research Station Report (1977}, and a revised version {Puri and Pearce,
1981) was used. The values of the parameters a, solved at a point are
subgtituted into equation 9 to obtain the spect%um at that peint.

The above parametrical model can be applied only to the wind-sea
region of the spectrum, aracterized by the wind-sea parameter vV = fmU >

0.13, For wind speed U f13 g, the phase velocity of the wave N
exceeds the wind speed and khen is assumed that no energy is absorbed
from the atmosphere. The atmospheric input needed to support the
spectrum at a level at which the wave-wave interactions become effective
is thus lacking, and the wave field propagates freely as swell. The
problem therefore reduces teo solving the transport equation 5 without a
source function input (i.e., S = 0). The transport equation can be
modeled by using a finite difference scheme. This has the disadvantage
of requiring the use of the high-order finite different schemes
(Gunther, et al., 1979) which, moreover, are not amenable to the
inclusion of refraction effects.

The alternative is to represent the swell field on a set of
characteristics (rays). For each swell frequency f reguired, the model
is covered with a mesh of rays at appropriate angles and spacing. Swell
is represented as discrete energy packets at points spaced along each
ray at intervals of L = AtL.v where At is the model time step and v is
the group velocity at frequency f{v=g/4nf in deep water). The
characteristics (shown in Figure 13 for the final grid) are thus divided
intc bins, and these bins resemble the way an energy parcel propagates
during each time step. As the swell field is to interact with the
Cartesian grid, it is necessary to transform values from the
characteristics grids to the Cartesian. The method used can be
summarized as follows: Energy density changes defined on the Cartesian
wind-sea grid are transferred to the first ray point of each segment by
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linear interpclaticn from the surrounding four Cartesian grid points,
The energy density changes at the remaining points are obtained by
linear interpolation along each ray. FPor the inverse process the energy
density at a Cartesian grid point is simply taken to be the value at the

nearest ray point.

The overall model described here is thus a hybrid medel in which
the wind-sea component of the energy spectrum is treated by a
parametrical approach and swell by a characteristic ray method. Energy
needs to be transferred between the two fields as either swell becomes
absorbed by a growing wind-sea in a rising wind, or energy from the
wind-sea is lost to swell when the wind falls., For instance, if an
additional energy peak in the wind-sea frequency domain is caused by
incoming swell from a distant source, it will be attenuated by wave-wave
interacticns, and the energy and momentum of the swell will be partly
distributed cver a larger freguency-direction space or dissipated due to
turbulence. Dynamical criteria for such redistribution of energy
between the two domains of the wave spectrum are formulated on intuitive
grounds. First, it is assumed that the total energy {wind-sea and
swell) is conserved in any exchange. Second, the non-linedr interaction
hetween swell and wind-sea is very weak unless the swell and wind-sea
frequency domains overlap, and when they do, the interactions is such
that coupling or decoupling of the two is rapid {i.e., within cne model
timestep). The following criteria have been adopted for wind-sea to
swell transfer:

a. When the peak frequenc¥ fm falls below the peak frequency of
a fully developed sea ‘pM i.e. when fg < 0.13g = fpy.
S

O fm is set egual to fPM
o is adjusted to a new value ' such that the spec-
tral energy for freguencies above fPM is conserved

in the wind-sea, i.e.
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= o :
J E g (a,fm,y)df = J Ew5 (o ,fPM,l)df

f
pr M
E denotes the parametrical wind-sea spectrum,
ws
o Overall energy conservation is achieved by transferring to

swell the wind-sea spectrum for f:EC where the cutoff
frequency fe defined so that the energy in the remaining
wind-sea spectrum is equal to the energy in the original
wind-sea spectrum for f>fc,

o

J E o (o, £ ,y)dE = J E.o (a'rfpy
£ 0

C

ry)dt

o' and fC in the above integrals are computed numerically.

b. The reverse exchange of swell to wind-sea is called into play
whenever swell energy is found at a frequency greater than ,9f.
The swell within this frequency range is assumed to be
instantaneously absorbed (i.e. within one model time interval) into
the wind-sea irrespective of the direction. The energy is
conserved by adjusting the frequency of the wind-sea peak for fm to
f'm keeping a,y fixed, i.e.

[+

Eswell + JO EWS (U-rfmr'\")df = J EWS (O‘-:fer)df

0
where Egye]l is the total swell energy transferred. The details of

the process are given in Gunther, et al. (1979). The transfer
process is illustrated in Figures 14 and 15.

Once E (f) has been calculated, this information is used to compute
the significant wave height Hg and the zero crossing period T,. Writing

m = J§ E(f) f0 df, the above quantities are defined as,

H=4mk
s o (11)

T={m,/m) %
z o 2 {12)
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Figure 14. Transfer of Wind-Sea to Swell. (From Puri and Pearce, 1981)
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Figure 15. Transfer of Swell to Wind-Sea (From Puri and Pearce, 1981)
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The JONSWAP spectrum is not analytically integrable for Y # 1 and
s0 the quantities MMp,®) are evaluated numerically. To facilitate this,
first an integration by parts is used to obtain

2 -4
m =g (2)  1/5 (I+1) (13a)
[&]
here I = [ - 2 2
wheEe [ exp[- % (l+yo) 4]y exp[- %— + lny e ¥ /2]ay
-1/¢
with
£-£f
y = =
cfm

T is regarded as a function of o and ¥ only and a two-way table can be
formed for I in terms of ¥ and ¢, and Hg then calculated using the

equation (11).

gimilarly, m can he written as

2
2 - -
m, = ag” (271) 4 £ 2 J (13b)
where

® -3 5 —(x-1) 2 £
J = X ~ exp{- — + lny exp[—=——1} dx ; ¥ = —

4 2 £
2o m

0

is again a function of o and ¥.

Again a twc-way table for J can be set up to calculate my from the
equation (13b}. An application of the equation (12) then yields I,.

The above apprcach produces Hg and Tz from the wind-sea. Swell
energy is incorporated by first summing over the directicns to produce
swell frequency bins and then using the formulae for Bp and mz. These
are then added to the m, andmy produced for the wind-sea and the final
Hg and T, for the total energy then follows.
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CHAPTER IV

EXTRAPOLATION OF HINDCAST DATA FOR
ESTIMATING DESIGN WAVE HEIGHTS

Hindcast wave height information for the design wave studies
usually covers a period of historical record that is shorter than the
return period selected for acceptable engineering risk. Returh periods
cormonly used for selection of design waves are 50 years, 100 years or
mere, but good meteorological data, on which the calculated wave heights
are based, can rarely be obtained for periods covering more than 50-60
years. As a conseguence, extrapolations to longer return periods are
necessary. The method suggested by Petruaskas and Aagard (1970) for
making such extrapolation is employed here.

Most methods for making the extrapolation to longer return periods
employ probabilistic models through the use of special prebability graph
papers on which a family of distribution functions plot as straight
lines. The wave heights are plotted against their "pletting position®
return period, and a straight line fitted to the plotted data is
extended beyond the data to estimate extreme wave heights for return
periods of interest (Gumbel, 1958). The drawbacks of these methods are:
(1) the straight line drawn through the data is in most cases visually
fitted to the data, and is thus subject to error; and {2) no information
is available on the uncertainty of the resulting extrapolation. In
contrast, the method used here offers {1) greater flexibility in the
choice of distribution through computerized procedures, (2) guidelines
for picking the "best" distribution from several implemented in the
method, and (3} procedures for estimating the uncertainty of
extrapolated wave heights.

In the following, those facets of the Weibull distribution that
were used for actual working are described. Other details may be found
in Petruaskas and Aagard (1970). The primary function of the present
extrapolation method is te find a conditional distribution for wave
heights fitting input hindcast wave height data. The following
restrictions apply to the input data:

(1} The data must have a common definition and be
derived by consistent methods, i.e., all "expected
maximum wave heights" E(Hpax) must be obtained
from the same wave height calculaticn model. In
this project, all wave heights are computed using
the hybrid parametric model based on Hydraulics
Research Station (1977).

(2) The E{(Hpax) value for each storm must be the largest
E(Hpax) @t the site of interest.
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{3) The data set must include all stecrms occurring in
the hindcast period that exceed the threshold of
the conditional distribution. A common practice
is to specify a hindcast of the N largest storms
that effect the site of interest. The threshold
of the conditional distribution is then the
smaliest F(Hmax} value greater than the threshold value.

{4} All storms must be from the same population. For
example, hurricane generated waves should not be
mixed with waves generated by frontal systems, etc.
In this project, for instance, waves generated only
by Northeast storms were considered.

Incidentally, it may be noted that the method is not applicable
where the wave height population is truncated by natural phenomena such
as breaking-height limitations in shallow water.

The Weibull distribution functions used here to describe the
conditional probability that the E(Hpax) 1s less than or equal to x
meters, given that such an event cccurred, is defined by

k
_ {x-B)"~
Cond Pr [E(H ) < x] =1 - e A (14)
max -

where
Cond Pr [ ] = conditional probability statement
A, B, & k are parameters to be determined.

It may be noted that if k = 1, an exponential distribution results,
and if k = 2 and B = 0, a Rayleigh distribution results. Equation 14
leads to the plotting-position formula

m—a

Cond Pr [E(H ) < X ¢ = 1~ §ig (15)
where
N = sampling size
m = rank., The wave heights are ranked in descending

order, so that m=1 refers to the highest E{H ).
max
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x = height of the mth highest out of N sample values

of E(H ).
max

o, R = constants that are functions of the distribution
for which the parameters are being determined.

The parameters o and B are functions of k and N - 20,

a (k) = 0.30 + 0.18/k
(16)
8 (k) = 0.21 + 0.32/k

A value of k is chosen and and are calculated with equation 16.
The conditional probability is then calculated for eachm (m =1, —-=-——,;
N). The reduced variate,r, . is related tc the Cond Pr [E(Hmax) < %]
for the Weibull distribution by

1
= [=- - 1
£, [- In {1 Cond Pr [E(Hmax) f_x]}] /k (17}
and the return period Rp is given by

P % (Cond Pr [ECH__) > x])

where
N

time in years

and Cond Pr [E(Hmax) > x] = 1-Cond Pr [E(Hmax) < x]

The value of k is changed until the reduced variates can be plotted
against the wave heights as a straight line (Figure 16}. This
presentation of the distribution function as a straight line is
advantageous in that it indicates how gocd the distribution is as a
probabilistic model of the data and extrapolation to higher wave heights
can be done simply by extending the straight line beyond the data.

The computer program that was developed to accomplish this reads
the largest wave height at each grid point for each of the 22 storms
from a disk file {on which these had been previously written by the
program "HSTZ"), and for each point, ranked the 22 value of E(Hpax) in
descending order. An initial value of 0.5 was chosen for k and the
reduced varieties were calculated using equation 17. It was impractical
to plot the wave heights against the reduced variates for each trail
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of k, and therefore the correlation coefficient was calculated instead.
k was then gradually increased until the correlation coefficient reached
a maximum. & typical value for the maximum value of the correlation
coefficient is 0.9768. (Theoretically, a coefficient of 1 indicates an
exactly linear correlation between the wave heights and the reduced
variates.)}
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CHAPTER V

ANALYSIS AND RESULTS

It was mentioned in Chapter II that the Northeaster program solved
the geostrophic wind velocity equations for each time-step at each point
of the grid system. The wind model and the wave model discretized the
corresponding equations using the same grid. The extent of the grid was
chosen to approximately correspond with the average length scale of a
Northeast storm, i.e., 500-1000 nautical miles. The finite difference
scheme discussed in Chapter II inputs wind speed and direction at each
point and computes the significant wave height, HS' for that point.

The boundary conditions play an important role in the choice of the
grid. Wave heights calculated near the model boundary are noct
appropriate because of the limitations on the fetch imposed by the
presence of the boundary. When wind is directed into the model at a
boundary, the boundary is assigned near-zerc energy a priori, and a
fixed fetch equal in length to one-half of the grid spacing is used to
generate waves in the first grid. Consequently, acceptable estimates of
the wave heights are obtained only some distance away from the
boundaries. 2 sensitivity study was therefore done by progressively
expanding the grid until it was so large that the area of interest was
free from the fetch-limiting effects of the model boundaries.

The original grid is shown in Figure 17, and the entire region
encompassed by it is shown in Figure 18. Each sguare is 32.9 nautical
miles on a side, and the mesh contains 11 columns. The 100-year return
period wave heights computed with this grid are shown for the western
points of this grid in Pigure 19. Values at all points of the grid are
not shown because the proximity of the model boundary to the Gulf
reduces the computed wave heights there by limiting the fetch. It was
felt that the points where the values are shown in Figure 1% were far
enough to the west of the boundary to have no such fetch limitations,
and that the computations were correct at these western points. These
were subseguently found tc be in error; even the most western points on
this grid were effected by the effects of the boundary, as will be seen
in the following paragraph. Nevertheless, this run did serve to
illustrate this aspect of the working of the wave model (compare Figure
19 and Figure 25) and to eventually free the Gulf of Maine from the
boundary effects.

A second attempt to compute the wave heights was made by expanding
the grid tc the east. This grid contained squares 27.4 nautical miles
on a side, and it had 21 rows. The eastern boundary of the mesh is
indicated by A-A in Figure 20. The wave heights calculated were ncw
different from the values obtained in the first attempt. The
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computations gave larger wave heights due to the increased fetch. This
second grid was then extended further to the east tc 26 columns (B-B in
Figure 20). A comparison of wave heights in meters along a row
(generated by the storm of February 2, 1976 for the seventh and
thirteenth hours of the simulation) computed using grids A-A and B-B is
presented (Figure 21 and 22). It can be seen that, while the wave
heights in the eastern columns are different, there is little or no
change in about the first 12 columns which cover the Gulf of Maine,
indicating that an extension in the east-west dimension of the grid from
20 to 26 columns does not alter the computed wave heights of the Guif of
Maine. It can therefore be inferred that the area of interest is free
of the fetch limiting effects of the boundaries when the second grid
system was eventually chosen to calculate the extreme wave conditicns.
an enlarged view of this grid in the Gulf of Maine is shown in Figure
23, and the computed 50-year and 100-year return period wave heights at
the grid points within the Gulf of Maine are presented in Figures 24 and
25.

A brief analysis of the uncertainty of the extrapolated wave
heights was done. Neglecting possible inaccuracies in the hindcast
data, uncertainty in the wave height, correspending to a given return
period, exists because the storms used in the extrapolation procedure
represent only a small sample of the total storm population. The small
sample size causes two problems in developing an adequate probabilistic
model for estimating design wave heights: (1) we cannct reliably pick a
"true" distribution function defining the storm population, and (2) the
parameters calculated are only sample estimates. It is therefore
desirable to obtain confidence limits for the extrapolated values.

Point 308 of the model (where the 100-year significant wave height is
10.72 meters in Figure 25) was arbitrarily chosen for this uncertainty
analysis, and the 90% confidence limits were constructed (Figure 26) by
the method illustrated in Viessman, et al. {1277) and attributed to
Beard (1962). It was found that the 90% reliability band for the
100-year significant wave height at point 308 is between 9.81 meters and
12,21 meters.
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CHAFPTER VI

SUMMARY AND DISCUSSION

This project was initiated in order to generate some information
about the wave climate in the Gulf of Maine. Such knowledge is needed
because little guantitative wave data exists that can be used for
engineering purposes in the Gulf of Maine. The availability of past
metecrological information, however, enables the hindcasting of waves
through the application of a suitable wave model. The hindcast wave
information is then used to compute extreme wave statistics like 50-and
100-year return pericd waves,

Mcteorological information used in this project consisted of
synoptic surface pressures for Northeast storms. Twenty-two strongest
Northeasters in the period between 1944 and 1976 were chosen for the
computation of the design wave heights. The "Mortheaster"” model (Stone
and Webster Engineering Corporation, 13978a) was used to simulate the
complex pressure pattern of a Northeast storm by fitting a system of
equations to the iscbars. Wind velocities were calculated using the
geostrophic approach, and these wind velocities were then used as input
to a hybrid, parametric type wave model. This model was chosen in
preference to a spectral model because it involves fewer computations
and recognizes the redistribution of energy among different frequencies
due to non-linear interactions as an impertant part of wave dynamics.
It has also been verified with reasonably good results in the Gulf of
Mexico (Puri and Pearce, 1981) and near the British Isles (Ewing, et
al., 1979).

2 sensitivity analysis was done by progressively enlarging the
model grid before an adequate grid could be chosen. Thereafter, the
wind and wave models were run repeatedly for the 22 strongest Northeast
storms in the period between 1944 and 1976. For each run, the largest
wave height at each grid point was obtained. Finally, for each point, a
Weibull distribution was fitted to the set of the largest wave heights
and the 50- and 100-year wave heights were calculated.

The results of this project were presented in Figures 24 and 23.
It might have been interesting to compare the 100-year wave height at a
point in this grid system computed by the U.S. Army Engineer Waterways
Experiment Station (Corson, et al., 1981) with the results of the
project. Regrettably, such a comparison was rendered impossible by the
fact that point A (Figure 27}, where the computation was made by the
Army Engineers, was outside the Gulf of Maine, and large wave heights in
that area can be generated by storms other than those chosen for this
simulation. Large waves in the Gulf of Maine are primarily caused by
Northeast storms, and a computer—generated plot of the tracks of the
storms analyzed in this project is shown in Figure 27. While the
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S0-year and 100-year wave heights at point A are dependent on these
Northeasters, they are also dependent on other storms within whose area
of influence this point lies, and as these have not been considered in
this project, a computation of the design wave heights at & would be
improper. Nevertheless, it is interesting that the Army Engineers'
computation of the 100-year significant wave height at & yielded 14.1
meters, which is slightly higher than the calculated wave heights in the
Gulf of Maine (Figure 24). This difference can be attributed to the
previous argument, and at this point, it would be reasonable to expect
the results of the two models to be compatible.

The next logical step in the project would therefore be the
inclusion of other types of storms in the construction of wave
statistics. It would involve the use of other storm models, such as
HURR (Puri and Pearce, 1981) for hurricanes, to obtain windfields. The
50- and 100-year wave heights at other points would be calculated,
enabling a comparison of the wave heights at point A (Figure 27) as
computed by this model and by the U.&. Army Engineer Waterways
Experiment Station (Corson, et al., 1281).

As the area of interest progressively encompasses more easterly
points in the grid, it will be necessary to expand the grid even beyond
B-B (Figure 20) to the east. This would aggravate another problem that
has been neglected so far--the curvature of the earth. 1In the present
study, a Cartesian grid was drawn on a Mercator projection of the East
Coast of the United States and the Atlantic Ocean. AS the size of the
model is increased, the curvature of the earth will cause discrepancies
in the distances and positieons of grid points in relation to latitudes.
This problem must somehow be addressed, perhaps by transforming the
coordinate system to a polar or spherical system.

A comparison of the results of this hybrid, parametric approach
with those of the spectral appreach would also be interesting. The
spectral model of Resio (1981) makes a provision for the role of
non-linear wave-wave interactions and could be used to compute the wave
heights in the Gulf of Maine.

One guestion that arises is in regard to the propriety of using a
deep water wave model, such as the one used here, to compute the wave
heights in the shallow Georges Bank region. Georges Bank, well-known as
a prcductive fishing ground, covers an extensive area to the immediate
south of the Gulf of Maine. There is a sharp decrease in water depth
into this shallow water body, and in some places, the depths are as
emall as 3.5 fathoms (6.4 meters). The results at some grid points in
the Georges Bank area were therefore investigated. The computed wave
periods were used to calculate the wave lengths L by linear theory, and
the check revealed that d/L 0.5, where d is the depth of the water.
This implies that the properties of the modeled waves are not those of
deep water waves. The Georges Bank area must be treated differently,
and a shallow water wave model (e.g. Shemdin, 1980) may possibly have to
be used to compute the wave heights there., It is also not known if the
distorted wave height computation in Georges Bank has resulted in a
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slight over-estimation of the waves in the Gulf of Maine. In that case,
the results shown in Figures 24 and 25 represent conservative estimates
of the wave heights in the Gulf of Maine.

In conclusion, the results of Puri and Pearce (1981} and Ewing, et
al. (1979) give an indicaticn of the reliability of this modeling
technigue. In both studies, the maximum difference between the model
results and the measured values of the significant wave heights was in
the range of 3 meters. Investigation of the factors mentioned above
will obviously lead to a refinement of the results presented in Figures
24 and 25. Owing to a paucity of data with which to compare the model
results, because of an imperfect understanding of the various
mechanisms, these numbers are perhaps as good as the state of the art
will allow. It is a reasonable premise, however, that any engineering
effort in the Gulf of Maine will have to reckon maximum wave heights in
the range of 90 feet (corresponding to the maximum Hg = 13.4 meters in
Figure 25) for a 1% change of occurrence.
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APPENDIX A

Chapters II, III, and IV have dealt with the wind, wave, and
statistical models, respectively. A synthesis of these models is
obtained through an ordered sequence cof steps, which are implemented in
the computer as subroutines NOREASTR, TRACK, WAVE, INTEG, HSTZ and
WEIBULL, resulting in the required program for hindcasting and design
wave height estimation. The prcgrams TRACK, WAVE, INTEG and HSTZ
constitute the wave model, NOREASTR is the wind model and WEIBULL
calculates the extreme wave statistics. The actual seguence, together
with the device numbers of the input/output files containing the varicus
pieces of information at different stages of the computations, is shown
in Figures A~1. A description of each of the above subroutines is given
in the following pages, along with programming details such as
inputting, setting up disc file arrays, dimensioning of variables, etc.
The final grid chosen in this project (20 columns x 21 rows) is used to
illustrate these details.

Al1 programs require the use of direct access file systems. Such a
system has an advantage over the segquential file system in that the
former permits a programmer to read and write records randomly from any
location within a data set and then go directly te any other point
without having to process all the records in between.

The 'Read' and 'Write' statements cause transfer of data into or
out of internal storage. These statements allow the user to specify the
location within a data set from which the data is tc be read or into
which the data is to be written. The actual specification is made by
assigning a reference number to each record. This is done, uniquely,
through the 'Define File' statement. Other parameters which must be
given in it include the number, size, and type of the records.

The complete form of such a statement is

Define File a(m,xr,f,v)

where:

a is the unsigned integer constant that is the
data reference number {File Number);

m is an integer constant that specifies the number
of records in the data set associated with a;
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r is an integer constant that specifies the maximum
size nf each record associated with a;

f specifies that the data set is to be read or written
either with or without format contrel. In the above
program, all input/output, statements stored con the
direct access files are unformatted., This is in-
dicated by specifying £ as U.

v is an integer variable, called an asscciated variable.
At the conclusion of each read or write operation, v is
set equal to a value that points to the record that
immediately follows the last record transmitted.

For example; the statement,
Define file 4(125,280,U, KOUT) (1)

defines a data set having reference number 4. It has 125 records each
with a maximum length of 280 storage locations. The data are
unformatted and KOUT is the associated variable that acts as a pointer

to the next record.

The presence of a Define File statement in the body of a program
has to be signalled through a statement in the jcb cards. This follows

the form:

FI unit DISK frname DATA diskmode (LRECL lrecl Block block
RECFM F DSCRG DA XTENT 4 records [Perm]

where:
unit is the reference number of the file
fname is the title of the file;
'diskmode! is A or G;
lrecl is the record length = 4x Number of
words = 4xr
block =4 x r
# records = m; XTENT # records should be specified
only if m 50.
Perm is to be specified for files to be retained

after the job is finished.

For example, asscciated with (1) will be the statement, FI 4 DISK
WINDA DATA G (LRECL 1120 BLOCK 1120 RECFM f DSORG DA XTENT 125 PERM

As described later, eight files are used in the sequential running

of these programs. Details of each file are given in the following
discussion of each program.
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A-IT. Wind Model-Program Noreastry

This subroutine develops the wind model, i.e. computes the wind
speed and direction, at each of the model points on the basis of the
available physical and geographical data. It can formulate the wind
field using either the geostrophic approximation described in Chapter II
or the equilibrium wind equations. (As this program (1978a) was
developed by Stone and Webster Engineering Corporation for the
calculation of storm surges, it generates, besides a wind fie}d, other
information not germane to this project.) This program must bhe run once
for each storm. Figure A-2 shows the coordinate system to be used.

Input:

TITLE -~ Any 80 alphanumeric characters to be printed at the top of the
putput to identify the job.

Namelist "“CONST"

The following variables are input using a namelist for each in
formatting.

ALAT - The latitude of the study areas in decimal degrees

PO - Storm central pressure in millibars

PP - Storm peripheral pressure in millibars

RMAX - Maximum radius to last closed isobar in nautical
miles

DX - Individual grid size in size in feet - x directiocn

DY - Individual grid size in feet - y direction

NMAX - Number of grid points - y direction rows

MMAX - Number of grid points - x directiocn columns

MAXSTM = The number of sets of storm locations and track

directions to be read

IPRNT A print control switch

if: {IPRNT.NE.1) only the arrays of wind speed, incurvature
angle, surface rise, wind direction, and pressure are
printed. These are printed for any value of IPRNT at
intervals specified by PTIME. If IPRNT.EQ.l1 arrays of TSX,
TSY, DPDX, and DPDY are also printed.
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RHO - density c¢f air (slugs/ft3)

IPLOT - If (IPLOT.EQ.1), this will produce a data set for input
to a Calcomp plotting program. Additional JCL, which
is installation dependent, must be provided for this
option. Otherwise, set (IPLOT.NE.1).

CHOTICE = Controls which wind model is employed and controls
several debugging options.

1f: Cheoice = 1, debug output for the equilibrium wind model
is precduced. Be wary of using this as a lot of output
is generated.

if. CHOICE is greater than zero, the equilibrium wind model
is employed.

if: CHOICE is less than zero, the geostrophic wind model
is used.
if: CHOICE - 7, xxxxX is set equal to zero. This is the

concentric isobar assumption used in ref, 12.

Vs - The storm translaticnal speed in knots; necessary for
equilibrium wind model only.

KN,KT - Frictional coefficients for the equilibrium wind
model only.

IPO - 1If TPO is greater than zero, P, is read in at each
storm position.
If IPO is less than zero, P is assumed constant.

PTIME - Arrays of storm characteristics will be printed

every PTIME hours. (If{MOD(TIME,PTIME}=0} then
print}

After namelist CONST is read in, the program locks for MAXTSM sets of
storm positions and track angles. Each set of storm positions occupies
one record (or card image). The variables on each record are, in order,
TIME, which is the hour that the storm is at that location, X1 and YI,
which are the distances of the storm center from the grid origin in grid
units, track angle relative to the grid Y axis, and central pressure.
The record format is &rF10.0.

A typical data set is shown in Figure A-3., The coordinates of the
storm centers in this data set do not correspond to the final grid

57



A
L F
Z
D C
Coordinate Systems for the Programs
NOREASTR, WAVE, HSTZ TRACK
Y (0,0)} A X
I}
(1,1) »
Y
M=6 N=5 M=5 N=4
For WAVE, For TRACK,

KARRAY (D
KARRAY (C
KARRAY (2
KARRAY (F

f1=3

r

etc.

Starting coordinates
for Ray EF --- (0,1)
for Ray FE -—— (5,1)

Figure A-2. Coordinate and Ray [llustrations




chosen for medeling, and, therefore, are not X1 and Y1, The coordinates
shown correspond to another grid whence this data set was obtained, and
appropriate correction in the program is made when the coordinates are
read in, and are marked by asterisks in the program listing. These
lines must be omitted if the data set contains coordinates pertaining to
the grid actrally being used.

Qutput
a. Wind speeds at each grid point.

b. Wind velocities at each grid point.

¢. Atmospheric pressure at each grid point.

d. The disc file {#4) holds the horizcntal and vertical compcnents
U and V of the computed wind velocity in the forms of a complex
number UV.

Dimensioning

The following statements must be attended to,

COMPLEX UV (M*N)

DIMENSION wSP {(M,N), UWSP (M,N VWSP (M,N), PRS (M,N},
ABETA (M,N), THETAD(M,N)

COMMON /WIND1/TSX (M,N), TSY(M,N), DPDX ({M,N), DPDY(M,N),
HO (M, N}

DIMENSION Z(N,M)
where

N - NMAX and M=MMAX
Disc File

The 'Define File' statement should read

DEFINE FILE 4(NT, KMAX2, U, KOUT)

where

NT = Number of time steps

KMAX2? = 2xNumber of grid pcints
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A-ITI. Ray Paths - Program Track

This program inputs the model cells in the form of flags (0 if land
and 1 if water) and the starting coordinates of the rays, and tracks
each ray in the modeled region until an inactive cell is reached.
Information required for the transfer of the energy from a ray to the
Cartesian grid is calculated and stored. This program is run only once,

TRACK works in terms of 'cells' so that for the grid with 20
columns and 21 rows, M-19 and W=20. The coordinate system (Figure A=2)
is such that the origin is at the top left corner of the grid and the
bottom right corner is (M,N).

Input

GRID ~ Grid spacing in metres

DT - Timestep in seconds

M,N -~ Number of cells in x and y directions, respectively.

FLAG - ig an MxN array containing, for each element, a '0'
if that cell is inactive (i.e. land) or a '1' if it
is active.

NQUAD - Number cof ray directions per quadrant.

NFREQ - Number cof fregquency bins

FINIT - Start of first (lowest) fregquency bin in Hertz

FBIN ~- Frequency bin size in Hertz.

This is followed by a record (card image) for the mumber of rays
and a record giving the starting coordinates of the rays, for each
direction, starting with rays going in the positive x-direction. For
example, in Figure 13, there are seven rays going in the positive
x~direction with starting coordinates

(0,5), (0,6), (0,7}, (0,8), (0,9}, (0,10), (O,11)

which are written in format IZ2 as shown in Figure A-4. Then there are
six rays making -45° with the positive x-axis, and so on. The whole set
for all directions is repeated as many times as there are direction bins
(NFREQ). The format of the starting coordinates may be changed if
desired by duly amending the 'Format' Statement 1040 and the appropriate
'Read’' statement in the program.
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Output

a. The line printer output includes model size and flags, and
the directicon and frequencies used for tracking rays.

b. For each frequency, details concerning the ray-points
generated, the density distribution of the cells crossed

by the rays and the nearest ray points are printed.

Dimensioning

INTEGER FLAG (MH), IDUM{10), COUNT (MN)
DIMENSION THETA (NTHETA), FREQ(NFREQ), KINFT(NFREQ* NTHETA)

DIMENSION XSTART (NRAY Yy, YSTART(NRAY Y, XY(2), RDUM(4)
max mnax

DIMENSION XX (KMAX), YY(KMAX), KK(KMAX), LL(KMAX)
DIMENSION LNEAR(MNE), DNEAR (MNE)
where:
MN = M*N and MNE = (M+1)*({N+1)
KMaX = # of active points
NTHETA = total # directions represented
NFREQ = totzl # frequencies represented

NRAY = maximum # of rays in any direction for any fregquency.

Disc File
DEFINE FILE 10 (NFT3P2, MEG, V, KOUT)
where NFT3P2 = (NFREQ*NTHETA*3) + 2
MEG = MAX (MNE+2, ISEG*2)

in which ISEG is the maximum of the total number of cell crossings in
any direction. It is generally best to assign MEG a value a little
larger than MNE.
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A-IV. Wave-3well Model - Program Wave

This program uses a hybrid approach between a one-dimensional
parametrical wind-sea and a characteristic representation for swell to
calculate the wave spectra of an area, given the wind conditions.

The program produces, for each timestep, the calculated parameters
for the wind-sea and the contents of the swell fregquency-direction bins.
(The numbers given in the parenthesis correspond to those used in the
example.)

Input

a. Number of free parameters (f , a, ¥, O ng to be used in
m ar
run {N=3).

b. HNumber of iterations (variable, ISCM=19 in FPigure A-5).

c. Timestep of windfield to be used as first timestep in
model (IISC=1}.

d. Frequency of printing results on line printer (IPRINT=3).

e. Fetch length (in metres) at boundary, for use in determining
the conditions at an incoming boundary (Xa=1/2 X grid size).

F. 1Initial frequency (in hertz} of wind-sea spectral peak (FM=0.20).

g. Initial Phillips' constant a 0.01). (v, 955 %b
assumed to be 3.3, 0.07, 0.09, respectively).

h. Factor of subdivisicn cf timestep to ensure stability of finite
difference schemes (NW=2).

i. TFactor for subdivision of first timestep to ensure smooth start
(NS=4) .

j. Maximum frequency (in hertz) of spectral peak after dumping swell
cccurs (FMMAX=1).

k. Frequency of storage of swell information (ISSTOR=1).

2 description of all the input variables is given at the beginning
of the program. The namelist CONTR contains KMAX, the total number of
grid points and KARRAY, a list of active grid-point numbers. The bottom
left point is the first point and the top right point with coordirates
(M,N) is the MxN)th point (See Figure A-2). Those points which are on
land are assigned a KARRAY value of zero.
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Input/Output

Number 11: Disc file WORKF. This is used as a workfile to hold
the swell energy at each ray point for all frequencies and directions.
Information for each freguency-direction is then read in as required and
written back displaced one element to model advection when energy
exchanges have taken place between wind-sea and swell. The information
in this file is generally not kept at the end of the run.

Output

Line printer. General listing of data used by program, followed
by, at the specified freguency:

a. the calculated wave parameters

b. the frequency bin number corresponding to the cutoff fregquency
of peints involved in wind-sea to swell transfer {(frequency bin 1 is

the lowest}.

c. The direction bin number corresponding to wind direction for each
point (bin number 1 equals 20° or Eastwards, then increasing as
direction changes anticlockwise).

All are printed in geographical format. At the end of every
gsub-timestep, a count of the number of points invelved, in wind-sea to
swell transfer, for that sub-timestep is printed.

d. Number 13: Disc File WAVEP. This holds grid information followed
by the wave parameters for each active point for each timestep, in

order (fm » Oy Yy oal, cbl, fmz, az,...etc.) where fml etc.,
correspond to active cell 1.

Number 12: Disc file{s) SWELLE. Swell energy (as transformed to
the Cartesian grid) is stored on this file according to the
frequency specified. The storage layout is as follows:

1. iteration number of following infeormation {initially
first iteration number that wind-sea to swell energy
occurs - excluded first iteration as the swell
routines are not used until iteration number 2 because
of the non-physical starting conditions).

2, freguency bin number (initially highest).

3. direction bin number {(initially 1).

4. energy for specified frequency-direction bin at
each active cell.
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Parts a-d would then be repeated for all direction bins within each
frequency for each iteration.

A great amount of swell information is thus generated and the
program therefore keeps a count of how much information has been written
to the file; when this exceeds 2400,000 words, the program halts with
the code '66'. A fresh file must now be assigned to the disc befcore the

program can continue.

Dimensioning

In the fclleowing:

N = Number of parameters used.

KMAX = Number of grid points,

KMARX2 = 2 X KMAX

KMAXS5 = 5 x KMaX

LRAY1M = Maximum of total number of ray peints in any

direction, usually a large number.

NAMED COMMONS

/CMSP/ A(KMAXS5), C(KMAXS5), WI (KMAX2)

/GRID/ KARRAY (KMAX), IFLAG(KMAX)

/INTER/ IFLAGT (KMAX)

/PREV/ WP (KMAX)

/BOUND/ IBDY{KMAX}

/PREBDY/IPBDY (KMAX)

/SWLFLG/ ISWELL {(KMAX),.... ISFC(KMAX)
/WSTSWL/ DEF, DEFD, IDBIN, FW, BETA, FC (KMAX)
/BANGDIS/FRACT (10), AVECOS (10Q)

/SWLFLD/ EC (LRAY1M), KINFT (NFREQ*NTHETA), MXY, LNEAR (KMAX)
/SWLTWS/ DE (KMAX)

/ORDER/ JVAL{3}, E(KMAX)

JCWIND/ UP (2}....
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/COPPAR/ACOP(KMAX2*N2)
/PM/AFPM {KMAX}

MAIN PROGRAM

DIMENSICON IVAL{4), WN (KMAX2)
DIMENSION RDUM(4)
SUB FLAGST
DIMENSICN WI (KMAXZ2), WP(KMAX2}
SUB PRINT
DIMENSICON A(M), AP(20), MESS(10)
where M is specified in the calling argument as KMAX5
SUBPRINTI
DIMENSION IA(M}, IAP (30), MESS (2}
where M is specified in the calling argument as KMAXS5
SUB STEUER
DIMENSION H(5)
SUB LPRFOG
DIMENSION PARE95), PARW(5), PARN(5), PARS(5), PAR(5)
DIMENSION ADVECT(5), HS(5)
SUBR PRDICT
DIMENSION PARE(5), PARW(5), PARN({5), PARS(5), PAR({(5)
DIMENSTON ADVECT{5), HS(5)
DIMENSION UN(2), US(2), UE(2), UW(2)
SUB BDY

DIMENSION(5)
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SUB SWELL
DIMENSION D(KMAX), LL{KMAX), KK(KMAX), XX(KMAX, YY(KMAX)
DIMENSICN LRAY {2}

FUNCTIONS D110, D11, D12, D13, D21, D22, D23, D31, D32, D33, D41,
D42, D43, D44, D51, D42, D53, D55, 52 and subroutines MHOL and MBESE:

DIMENSION PAR(S5)

The 'BLOCK DATA' should be appropriately modified according to the
above dimensions.

Disc Files
File 4 - As in "NOREASTR'
File 10 - As in 'TRACK'
DEFINE FILE 11 (NFT, LRAY1M, U, KSWIN)
where
NPT = NFREQ*NTHETA
DEFINE FILE 12 (NFT*NT, KMAX+3, U, KSOUT)
where
NT = Number of time steps

DEFINE FILE 13 (NT+1l, KMAXS5, U, KwWOUT)

A=V. Tables for I and J - Program INTEG

This program sets up the two-way tables I and J for use in
equations 13a and 13b. The numerical integration is based on a simple

trapezoidal summation rule,
Input

A typical data set is shown in Figure A-6. The variables used are:

a. number of values of sigma for which the integrals are to be
calculated (II=3).

b. number of values of gamma for which the integrals are to be
calculated {33=31).
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c. upper limit to be used in integration for I (UL1=10).
d. upper limit for J {UL2=25).

e. integration step for I (DY=0.5)}.

f. integration step for J (DX=0.10)

g. starting and finishing values of gamma (generally GAMS=1
and GAMF=4).

h. starting and finishing values of sigma ($1GS=C.07 and
SIGF=0.09).

Qutput
The line printer lists the input data and tables for I and J. The
Disc file #8 holds the gammas and sigmas used plus the two-way tables

for the Integral I. The Disc file #9 holds the two-way table for the
Integral J.

Dimensioning

DIMENSION SIG(II), GAM(JJ), CINTI(II,JJ), CINT2({II,JJ)
REAL NATLOG (JJ)
where:

IT

Number of Sigma values

JJ = Number of Gamma Values, as in the input
Disc Files

DEFINE FILE 8(11I+2, JJ, U, KEOUT)

DEFINE FILE 9(II+2, JJ, U, KNOUT)

A-VI, Significant Wave Height and the Zero
Crossing Period - Program HSTZ

This calculates the significant wave height Hg and the period T, at
each grid point. It also finds the maximum Hg that occurred during the
course of the storm at each grid point.

70



AR A
QLore
PR T
WBLIAY F1n
P R
Qo0It bz

RS E R S Tt

o
¥

SHTFAR HGOCS=

i

1o
b

S I RER

-3

e T

Figure A-6. input Dala for INTEG

-~ --EHLARETED

STORR MOST
3, =5 HFREO=5, ]

S
ISG=-!,HII

~
"

Figure A-7. Input Data for 'HSTZ’

71

35, D=0,

&
X




Input

Figure A-7 shows a typical data set.

number of iteraticns {NGOES}).

number iterations to be skipped befere printing (generally
zero, but useful if only a few iterations in the middle
of a run are to be analyzed).

flag (IDO) signifying if swell energy is to be included

number of frequency bins used for storing the swell
energy (NFREQ), immaterial if flag positive.

number of directional bing (NDIR), immaterial if flag

The output contains in geographical format, Hg

storm (ISTNO=22, indicating NCRIN23 was the
storm)

INTEGI
INTEGJ
WAVEP

SWELLE

a.
b.
Cs
(positive if not).
d.
e.
positive.
f. number of the
twenty-second
g. Disc file #8,
h. Disc file #9,
i. Disc file #13,
j. Disc file #13,
Output
timestep.

fill up mcre than one file.

As described in the wave program, the swell information may well
This program therefore halts with the code

'66' when a swell file has been exhausted, ready for the next swell file

to be assigned.

Dimensioning

KNAMED COMMON

The maximum significant wave height at each grid point and
the corresponding period for a particular storm are written on disc file
#5.

/GRID/ KARRAY {MN), MM, NN
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MAIN PROGRAM

DIMENSION GAM (II), SIG {II), CINT1(II,JJ), CINT2)
(11, JJ})

DIMENSION ARRAY (KMAX5)
DIMENSION EINT (KMAX2}

DIMENSTON EC (KMAX), IVAL (3), ES{KMAX), EINTS
{KMAX2), SIGMA (KMAX), SUMDIR (KMAX)

SUB PRINT

DIMENSION A(M), AP (20)

where M is defined in the calling argument as KMAX2Z
DIMENSION MESS (8)

Also values of MX and MY in Subroutine PRINT must indicate the
correct size of the grid.

Disc Files

File 8 - As in 'INTEG'
File 9 As in 'INTEG'
File 12 As in '"WAVE!
File 13 - As in 'WAVE'

DEFINE FILE 5 (MSTM, KMAX2, U, KAT)

Total number of Storms Simulated.
KMAX2 = 2*Total number of grid points.

where MSTM

A-VII, Extrapolation to 50 - 100 Years-Program Weibull

The program WEIBULL calculates the 50- and 100-year significant
wave heights, working through each point of the grid. This program is
run cnly once after the wind and wave models are run for all the storms.

Input

The 12th and 13th lines of the program

TIME 32

NPTS 22
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indicate that 22 storms spanning a period of 32 years were chosen for
the statistical analysis. The 15th line

KMAX = 420
inputs the number of points in the grid. The 50- and 100-year wave
heights are calculated for each of these points., Appropriate data

should be inputted in these statements.

Dimensioning

NAMED COMMONS

/B/ YR (NPTS)
/C/ EHMAX (NPTS), X(NPTS)

MAIN PROGRAM

DIMENSION M{NPTS), A(NPTS)
DIMENSION BWH (NPTS, KMAX), CTP (NPTS, KMAX)
DIMENSION DIFF({20), (RR220), RRR{40}, II(40)
REAL K(40), K1, LAMBDA, KA(40)
SUB RANK
DIMENSION A(NPTS), Y(NPTS)
SUB CORR
DIMENSION X (NPTS), Y(MPTS), XCAP (NPTS), YCAP(NPTS)
Disc File

File 5 - As in THSTZ'.



Appendix B

A description of all the programs is given in Appendix A. This
section contains the appropriate Job Control Language (JCL) for the
programs and the program listings. Typical outputs may be found in Puri
and Pearce (1981).
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E SET UP ANGULAR DISTRIBUTION

NCDPY = NQUADeY
0D 390 1=14NCDPY
AVECOS{T)={SINEL I—0.51*08INI=SINL[1=1,5)1%DATN}1/DATN
100 FRACTIT} = (DAIMSSTNINATH I SEOST 24 1o 1003 1N} ) /o1
c FRACTINQUAD+L) = 0.5%FRACIINGLADL}
£ SET PUINTER YO START OF WING DATA
¢
KHIN = T1SC
KPa = |
JPRTNT =0
JEETNR=1
TELAGTIKMAX+ L) =
DELTSa GELT
EsC = -1
¢
€ START OF MAIN ITERATION LOOR,
C s e A e A e —
€
900 1SC = ISC +1
JPRINT=JPR[NT-1
£ TINE TD PRINT OUT RESULTS?
IF {JPRINT) 9114911,910
i1 JPRINT=IPRINTIKPR}
CaLL WPRINT{NW]
CALL PRINTEA, KNAXS,5¢ N, Nl }
¢ 10 TFUTsC.GE. 15CHt 6CT0 939
¢ GET WIND DATA
READ [4'KHIND (MN{KHD s KH=1,KNAX2)
WRITE(3, 103} KHIN
103 FCREATL’ &7 KHIN=" ,[5)
WEITEL 3, 1043 {RNEK] JK=1 KMAXD)
104 FORMAT(® 3, 137F7.3,3%))
c 1F LISC,GE.KPSCIKPR)Y) KEPA=XPR+]
¢ SEY IFLAG ACCORNING TO PRESENCE QF WIND
. CALL FLAGSTUMNLNP)
¢ SET UNKNOWN WIND TO ZERG
00 920 K=, KMAX2
TE BRI A b2 . unike L) o HE,~1.0) GO TO 920
wHiK] = 3,0
WN(X+ 1) = 0.0
920 CONTINUE
MNT=NW
1F 41SCH 931,931,930
RETRE
E SUBCIVIDE TIMESTEP
DELT=DELTS/NS
(930 RAT=NT
¢ TTERATE DVER SUBDTYIDED TIMESTEPS ~ 1 WHOLE TIKESTEP IN TOTAL
DC 5§50 1=14NT
c R=1
£ LINEARLY INTERPOLATE WIHD [N TIME
DN 940 Knl,KMAX2
c WRITE {3 lillNTIRNT'Nﬂ Ky Ry WHIK) WP}
111 FORMAT (50, NT=0, Tanbxy i ANFae  FoL 3, a0, INWE®, [6, &
EoRmt s 12y o Ras oFh. br ks VRNERI 2 LFa 3ok INP KA s RS 3)
WIRT=1fRNT-RIeu# [ K1 eR&WNTKD ) 7RNT
c WRITE {3,113 INTLK}
113 Fneuay (1o, ewiek)=1,F10, 5)
¢ 940 OINTINUE
€ SEY {ELAGT FOR INTERMEDTATE POINTS ACCORDING TO
E CONDITIONS
CaLL FLGTST
KSWELL = @
XEWiN = 1
NOSHLL = 0
¢
E START UF SWELL SECTIDH
¢
¢ IGNORE SMELL ROUTINES ON FIRST TIMESTEP
c TF (15C) 250,250,251
< SET ISWELL FLAG, B&DJUST FM 0 LDSS OF W-§

250 CALL WSTRSK
TFIKSWELL.GT.0) NCSWLL = 1

NOSWLL NOT SET oS —) SW DUMPING HAS NOT OQCCURRED AMD
skip swett roufiINg

[atainlyl

0,252
:CR-JSSTUR~I

EYFRSE FREC-BIN PCINYER 50 A4S TQ SCAN FROM HIGHESY TD
LOWEST BIN

la anlial

88



TF=NF SWL=-IFR+]

C
c SEF W-5 ENFRGY 1IN [F FREQ BIN : SCT ISWELL FOR
< SWELL 70 W= TRANSFER
CaLL FRES[N{IF)
¢ DC 200 I{=1, NDSWL
¢ SET W-S ENERGY IN IF I0 FREQ - DIR RIN
¢ AND SWELL GRDWTH
C
. CaLL DIRBINLIF,IOD}
¢
¢ PROPAGATE SWELL AND INTERCHANGE W-S SWELL ENERGY
€
JEI=1 1SR 1) ANDSHL OO
CALL SWELLIIFT,NFELT ,KSWINJ
[E{JSEINEY 201,201,393
CZOI COMT I RUE
¢ SET SWELL FIELD UP ON CARTESIAN GRTOD
0 400 Kx).HxY
Ex=Z 4FRAY K}
TFIXK) 400,400,401
401 LaLKEARLK)
EleeY=r1, 0
TF{L.GT.0) E(KKI=EC(L)
c&Oﬂ LCATIMUE
¢ SET UP HEADFR INFORMATIGN OF FREQ AMD DIRN MUMBERS
15T=1 50
JYALTIT=I5T
Jvile2y=1F
JYALLat=10
WEETE CL2TKSOUTE (JVALLKLD yRL=1,31 ((E{KKI, KNa], KMAX)
200 CONTIRUE
c IF [JSSTOR.EG.O JSSTOR~ISSTOR
¢ ADJUST FM TO ARSGRE SWELL
?HLL SWTICHS
Pé = [SCORWeQELT /6,
55  WRITE(3,AIKSHELL,TIH
& FCRUATUIN J10%, 45unUYnER OF POINTS 4T WHICH WS TO SHELL OCCURS<,
3 1A, 10X\ TINE =9, FBazyt MINUTES )
250 CONTINUE
£
fé UPDHE MRANETR!CM WIKND-SFA
o
¢
c Call STEUE®
¢ COPY PARAMETERS C TO 4 AND B
00 199 K=1,KHAXS
Aty = cixl
190 &{kK] = (K]}
€ UPDATE BOUNDARY POINTERS
D0 945 Kel,KMax
4% 1PANYIX)I =l RADYIK)
(399 CoNTDnue
4 PRINTOUT 1SFC FLAG AND IDBIN FIELDS
TF{JPRINT-1} 956,5%4,955
956 WRITE (3,7957)
Caly PRINI[IISFClKHlX‘NH 1}
WRITE(Y, 1)
T EGPRaT (1HZ, £/ 7, 50X, THEIDREN )
c citt PRINTEITORIR KMAX, N, 2)
¢ UPDATE PREVIOUS WIND DATa
955 BN 969 Ka | KMAXZ
(960 WP IKE=wNTK]
< WRITE WAVE PARAMETERS TC QUTPUT EILE
¢ WRITELLIPKWOUTH CATL), bl KMEYS)
¢ SET TIMESTEP
. DELT=DELTS/NW
4 GO TO DO NEXT ITERATION
6070 oo
¢ 5T FOPMATINLY 4 /s 52 n VLSO
c e ___
¢ END UF RUN
¢
g TEST 0 SEE IF FINAL ITERATION HAS BEEN PRINTED
9% IF [IPPINT . £Q.IDRINTY KPARY) sr0P
CALL PRINT (&, KMAXS S My NW]
Psersc-1
WBITE (31,9571
CALL PRINTTUISEC  KMAX, N¥g 1}
WO TTE(Y, 7)
CALL PRINTILTDRIN,KMAX, NKW, 2]
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TEST TF WIND DATA EXISTS

(]

TFHIELAGIXN) . £9.00R- TFLAGIKS)-EQ.0.08, [FLAGIKN].EQ.0.0R.
c [FLAG(KE).EQ. 0} GOTO 260 o
¢ SET FLAG #VE, UNLESSwar.a.
c 1FLAGTIKK )= 1
E ANY SURRQOUNDING POINTS ARE INCOMING BOUNDARTES
1ELIRCYIKN) LT 0. 0B, IBNYIKS}.LT. 0. 0R.IBOYIKW! \L To0.0R
¢ 1BOY(KE)SLT.0] [FLAGI{KK)I=-1
€ DR ARE PIERSON—MOSKOMITI PCINTS
TEIISECIKN].GT.0, O, TSECIXS).GT.0.0R. [SFCIKWY.GT.7.0R,
£ 1SECIKEN.GTo0] IFLAGTINKYa-1
WRITE {3, 3501 KK, KNeKS KW KE
200 CONTINUE
c WRETE(3E02)ETFLAGIKKY , TFLAGTIKK] ,KK=]  KMAX]
£ WEITE €30300) CIS0YIK 1L ISFCIRD = Loxwax]
300 FOe=AT (2% *.(2115))
350 £fauaT (70e 01Ty
RETURN
[
C (AL R SRR LT AT 8 2 2124 0T 2 1 TR 222N RN 2 2NN R PR ISR )]
[ LR A It R I T T T R R YT T A R Y P 12122321t 32 ]
3
. SUBROUTINE WPRINT{KW)
¢ PRINTS OUT WINDFIELD BY X AND Y CCORAINATES.
DIVINSION AP (201, MES] (21, KESH(3)
COMUAN FOINT/ XA MXpHY S DF L Ko DFL T, Ny Fo NNy KMAX, S0
ECMna/ne 107 KARRATY{6E0 1, IFLAGI650]
ey il
ME . L.} NO® M L L] ] 1
Balh nssaf'glnE"'cfro' INESZLY M CAeMESIST Y 02
THE = Nwe[5CA0ELT /60,
¢ MES=HES2
2 SET NO. OF VALUES TO RE PRINTED 42ROSS PAGE
¢ NU = 15
¢ CALCULATE WG CF PAGE WIDTHS REGUIRED
NPAGE = [MY=1)/NU41
WRITE {3,1001
10 WRITE 43,4000 %ES1 MES
M LY
B0 60 Lol npace T tHESIHES
c WRITE [35200) L, TINE,1SC
£ CALCULATE ND. OF VALUES TO BE PRINTED ACROSS PAGE
LL=NU
TFINUSL.GT.MX} LLaNX-{L-1)%NU
LE=LL+{L—])eNU
US=LE—LL+1
WRITE 13,257
WRITE (322700 (LI.LT=LSsLF]
WRITE {3;280)
00 %9 TJ=1,M¥
T=HY-TJ+¢1
KST=p [Z1TwMxatL—1]*NY
DN 77 Jxi.ll
XarKST+ }
4P(1120,0
KX=KARRAY[K]
¢ IF CELL NOT ACTIVE, PRINT IERO
1F (KK.NE,O) &P (J) = WPI[KNK-[1+ZsKw]
70 CANTINE
WRITE (3,300 [,(AP1J%,Ja1.tL)
50 CCATTAUE
60 CONTJNUE .
1F (KW,ED.21 GO 1T 20
KW = 2
MES=WESY
GooIn 10
70 WRITE (3,500}
160 FCRMAT (410,771
200 FORMAT [+ *77/5X, SHPACEL I3 34X THTINE = L F8.2,8H MINUTES, 33X,
£ L Terk TiAN "N, , 16140
25970 FORWAT (" ", 53Xs "X DIRFCTION')
270 Frnway [¢ v.s ¥ Fe5X.15{1246%0)
R0 EnpdasT (v v, - e5x 1500 -lF px))
30N FOFUAT (0 by 2X,13.%. *, I5FE.2)
4NO0 FrawaT (el JS/fL4X 6047010
sAg Faust (47¢]
RETUAN
[
c .‘-‘..Iﬁ“‘l..l.ﬁ...‘...‘-“.‘..ﬁ*‘.‘..“‘.*‘.““.."-
c [ RN R R FT F TS S SRS RN EFER ISR ENFRANNENSERRRRE RS B 2 4
4
¢ SURROUTINE PRINT [h,M, NP, M5, NWY
¢ SUBROUTINE PRINTS REAL ARRAY & IN GFCGRAPHICAL £ORM
4 APRAY HAS NP VALUES PER CELL [1.E. F®,ALPHA EFC)
¢ REQUIRED TO PRINF FIRST NS [USUALLY 33 FM, ALPHA, GAuMa)
NIWENSIN 81™), AR[ZA),H r%st:ng
Cruuwiy POENT Y A MY MY DELY yCELT yMNyT yMR KMaY, I5C
Cnunnwfcnl?f wodavlashy, irlaniesc]
DaTAa HFS5 "' F'.'H whe vanf Do AL R b PECANY My e
3 velfnh, tuk 4% 1eS[GE, NG BE
TIHF=NWOISCADELT /S
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CALCULATE §0. CF PAGE WIOTHS RETUIRED

WRITE APPROPRIATE TITLE

1

MESSITJY,MESSIT I+ 1)

Ly TIME,TSC
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ARY POINTS TF LANO LIES

[

NW = %

CALL LPFROG NR BDY
EN

DOFS WIKD DATA ExIST?

TleIKKII 300,+300,303

I.E+
5W

LTy My T NN KFAX, 150
2y

SeRADDTZ,EPSSLIM, ELONST

E
u
S5E =

FLAGIL&SD)
n

*
1
4

1

)

LS
U

a

F
1+

SET COUPLING COEFFICIENTS AT EACH ACTIVE ROTNT

QUACRANT WIND IS BLOWING FROM

*
a2
L
I
g
L)

IrS

O INTS

; ?.T STAGEY? TF S0, PREDICT ACTIVE [INTERMEDJATE
NE =

SCAN THROUGH GRID
CELL ACTIVYE?
SECOND 5TAGE ~

FIND
T0 CORRESPOND WITH LAN-WENOROFF GRID

2¢300,4302
SET COMPASS

ALTER WIND SPFED TO MINIMUM IF LESS AUT NOT ZER0

CALCULATE COEFFICTENTS
FURN MIND THRMIGH &% NEGREES

GET PARAMS FOR CELL K
=CCP2IMH, [G,L)

GET WIND

g[CT.(KP
E

(KK} 300,300,301
K)=1

FI1
aoy

KKxKARRAY (K}

IF
T
1

YIK4MX}

EN=XARRAY [K=1)
KHEKFAX ]
R
I

N.[Q,0)
]
Q

hELTI

Yo LR

KWz KARRAY[KsMX=-11}

-
Tx
('

L=R EEPE o PP o T

[i=~= W~

N TRy P TR VIR
B i T T

(SR

CHECK FCR WIND RLOWLNG PARALLEL 10 WIND GRID
402,400,402
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IN UPWIND QUADRANT

CHECK 1F LAND OR NO WIND
I[F DATA EXISTS, LPFROUG

REGIK ¢ KNy K5 KEy KW KY
ROGIXK ¢ KN4 KSoKE+ KW KrMX)

501 45004301
ROGIK 4 KMy US KE, KWy K=-1]

ROGIK KNy RSy KE KW pK¥MX=1]

IF f1uY)
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RETURN

END
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UTPEN?{PM ADVECTIE Y, HSTSY
ux=1#"
PY=Lp (2]
c KKK ARRAY[K)
[ STORE CCMPASS
|
EKW=KW
KKF=KE
KKH=KMN
KM 55K %
c Call MHOL (KELP&R, 1)
t SET COMPASS TQ PCINTS TO AF USED FOR x-0fERIV
C Ivi=2 == INTEPMEQOTATE TEME LEVEL
c t¥X=l == [CLD TITME LEVEL
C IVY¥=0 == NO DERIV CAN RAE TAKEN
c
Ivx=2
IFLIFLAGT(KEY) 51,95,40
&1 IFluY) 60,450,759
60 TFLIFLAGTikw)Y 71,9%,70
Tl IF{UTY 95,700,710
CTQ CONTINUE
E SET {OHPASS FOR Y-DER IV
INALY
IFIIFIAGT{KN!! 81,95, 80
Al FFipY) BD,.8 5
87 TF{IFLAGTIK I! IRLERL
¢ 41 TFluTi 95.90‘
E TRY CENTRED DERIY UPWIND
95 T¥x=1
[vy=1
KW=KARRA YL KU
TF (KH.EQuO) KW=KHAX+]
KXU = KW
KH=XARQAY{X|-MX
T1F IKM EQ. 0F ENsKWAX+]
KE=WAPRAY [KU~MX#1]
IF IXF ED,0) KE=KWNAX+]
KS=x ARRAYIKU+ 1)
c IF IKSLEQLOF KS=KMaXe]
E CHECK IF aALL POINTS 0K
c TF{TFLAGTURRLN] 92,492,990
C SOME POINTS ARE BOY CR PM YALHES
C MAKE SURE NOT DOWMNWIND IH Y OR Y DFRIYW
E UNLESS DOWMWIND POINT IS5 UPDATE Pn[hr
92 EIFJé{SB?Iékkl.LT.O.DH.ISFClKH!.GT.OI.ANB.UK.LT-O-D.&ND.KK.HE.KHI
cIF#&%EH?;&KE).LT.O.GR.!SF[]KE].GY.O!.AHH.UK.GT.O.G.ANO.KK.NE.KE)
IFf(TPB?YéKNI.LT-0.0R.ISFEIKNl.GT.GJ.&ND.UY.GT.G.O.AND.KK.HE.KNI
L LT b1
TFLITPADY RS LT ORLISFLIRS ] BT a0 L AND UYL LT 0.0+ AND JRK L HE K ST
c L GOTR 140
E POINTS OK - SKIP
¢ GOTO S0
[ & DOWNWIND PIOTNT [5 & BOY OR 2H POINT
L TRY T0 TaxF DERIY TN NOGRMAL GPHIND D]HRN
C - FIPST CHECK ING [F PDINT £XISTS
c
1in tvx=1
TFOIFLAGTIMEERT 151,150,151
151 Kw=KE
KE:KARR!\V(K-H]’OI,
GO0To 90
120 T¥x=1
IFTIFLAGTEIKEWY) 152,150,152
152 EW=HAHRAY{X+MX-1}
EE=KNL
GOrc 90
130 T¥y=1
TETTFLAGTIKKS ) RT71,170,171
171 EN=KEK
ES=KARRAY (K4 MAr1]
GRID 990
140 1v¥=1
TFUIFLAGTIEKNITY 172,070,172
11? KM=KARRAY(K-MX-1
KSTEK
C G010 90
C IF CAWHOT GET 0OME DFR1v NOPMALLY CHECK
C IF PCSSIRLE TC GET 1T PYT ALLOWING ODWHNWIND
C PH WALUE [F UPWIND PPIHT t5 PM ALS0
C
1571 ;F{IchtKE!.sT.o.aNn.:SFC{KH).GT.G) GoT0 90
Y x=
coTn 9o
170 {EiiﬂFCtKN} WGT.0.AND, ISFCIKSI.GT D) 6NN %0
=0
a0 CONTTINUE
N3 ul=uxsy
c UZaur sy
E CET REQUIRED PARAMFTERS
1€ {1¥X] 250,250,251
293 CALL MHOL INE.PARE,lvA}
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CONSYANT NYER DELT
OF THE INYERMFEDIATE
COMPLETELY
RM 1S THE SAME AS THAT

Li=PARS (L))

YRCE TEFM AND FINDO THE LARGEST RELATIVE

1/7{1.0+A0V/PARILIGY)

KEPI+ACOPIRKWP IS (PAREIL)-PARWIL )]
K

ALC 50
HCREASE (IF PaR

11
T MOST HALF

EMHaSLI¥/SHAXREK)
TEST IF ANY TIMESTEP LEFT IF SUBDIVISION HAS BEETMN USED

TEST IF LARGEST CHANGE TS GREATER THAN LIMIT

IFISMAZ=-SL TM) 320,320,321
USE SEMT-THMPLICTT FOR™M FOR ADY TOQ EMSURE NO

GYERSHCCT
OUTLINFD FOR SUBROU

CE HGF DT ACCDORDIWGLY - BUT MAKE CHANGE
THE TREATMENT OF TH

CALCULATE ADVELTION asSSUING
GAMMA HAS MINIMUM OF ONE
T,1,01 Pagt3l=1.0
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GET NECESSAAY PARANETERS AND WIND DATA
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CALE AVERAGE PAR AND MIKD AT CEHTRE

RELTI+PARWITI+PARNITII+PARSIT)I®T 25

——— T e A A ur
Bl u=~ T3
bl Mol SNIRNTIC

Ll - e
Py = A -

o vl e L
DoCalkurra n
CaODI—=—3D00

TIURH WIND THROUGH 4% DECHEES

~
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]

(=]

il

o

(=5

e
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ey
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-0
-_—
- TTTrr
——— TILZTZW
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—_— e L e
Pime et AL R 2 LA
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Demea3i2gonnogn
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Ho& G ms Pl 27 L
FOoIo KRN T

CALC ADYECTIODN ASSUMING CONSTANT OVWER HALF DELT

[EL%

0. 4258 [HDXL*UL+HOX2®UZ} /DELY

}

O WRewviTIITemo
Ll A ol T TR A N ]
LT L i il i3

MO OO DGl S
CoelCeE2vieC Sor
STrIowxxx LTI awm

wh
QuUD
LT ]

ERM aND FIND THE LARGEST RELATIVE

T
P

L In L

1G=1.N

Do 3to

[l o =LYV T]
VI e O

NG

——

Ll al

KGE OT ACCORDIWGLY - BUT MaXE CHaMGE
FOST HALF

TEST TF LARGEST CHAWGE IS5 GREATER THaN LIMIT

3204 2204322

CHA
AT

IF{sMax-SLIM)

Lo DL

x
i
-4
*
-
&
I vi
%) *
- -
£ [ %]
— [l =1
- [=] 1)
w1 L] -
- —~ e
T (&} w—
XA -~ M=
[
K b e 000
—Cale O

—l e T
1 D —

LRl =]
"L >X ok
oo e
O Q= 1= B 4D

T1.04ANV/PARTIG))

Sk’
200
GaMMa HaS MINIMUM 0OF ONE

‘.

USF SEMI-IMPLICIT FORM FOR AQV TO ENSURE ND
OVERSHCCT

L.0

PARI3Y
TEST IF ANY TIMESTEP LEFT IF SUBDIVISION »aS BEEN USED

109,100,305
STORE WPDATED PARAMETERS

CALL MAESEGMWaPBR42}

IF{REM-EPS]
FETURN

aa

- -
okt U

F&O
IS RTINS TN LSRR AL R AL L A R A L}

[(TERXRART LR RN R LR 0L B}

AE A NP R AR BN EAANE SN PO R S AR N A FRRN SR A TR R R Rk

¢
¢

SUBROUTINE BDYIKK, TVH}

OHSWEP—TYRE EQUATIONS DERIY

S PARANETERS AT [NCAWING
AVION

SETY
™ J
REL

(SRR L]
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[ninlal [a T alninialabel [alnlal

Inla minl

[atalalalula i a'alyl [nla]

[n*nlal

10y I5F

ZeEPS,SLIM ECONST
;,nn.mﬂa:.lsc

*x(-0.3

-

VPO T VIO
[yl
x
-
+
X
'
<
L]

I e e =3 37

POORRaXX

ET UPPER LIMIT OM FM AND LOWER LIMIT NN &LPHA

9&9(1|=?.5
Y PARIZI=0.002
y 1WH)

END
t.tto060nttt!itt.ttﬁtt.it"".lliit.iii‘.’l’..'l"ll--.
-tcnolt-llittntittct"t-ttt-‘ttt.ttitt‘t-ttstttttttttct

FUMTICON 52 (PaR, I}

FUNCTION CALCUCATES THE wALUF OF THE SOURCE TERM
FOR THE 1 TH PARAMETER [F™, ALPHA, £T(.}

MY, DELX JOFLT o Ny TyNHpRPAX, I5C

wx
Sr2l,10x, 5uv,u
Sy EHy Fhe FAR.RADOT 24EP 5. SLIM,ECONST

FM SOURCE TERM 2ERMN IF GAMHMA = ]
131, 6T.1.01 H = —-0.58613% *{PAR(LI*PARLZ) I ®2¥(PARL 3]

11*U/G
E.0.1%) HF = 0,14

ALPHA ~ NU RELATION MODELLED HERE
SEE REPORT FOR DETAITLS

nsk2 *HF #e(] 114 )-5 ¥PAR[Z}Ew)*PAR{ L)

Garwa => | BETWEEN O.lé& &NQ O.14

1%.9351 +#117.94 . HF

~
Wt ——

€2 (25, 4 IPARTAI+PARTS)I=-D,.163T3 4H)
BTN *H}Y

——
O %

wh
Ar | By 9 -

= fp =UADn

ZH{25.* [PAR{S)4+PAREST-N, 16373  *H}
70 ATy

- -
T AIQ PN I QA

OIrgrd Orahd DMNAT

-
MQ =D -

COI~OTi~Iles

tao

m
T X

END
t.itaot-.tti.lvutv-lsl..tt..t.tottihkno.oahnttttnttoao.t
ttttt't.-‘--'QU..I'."..’t.i‘l.ll..IIDC..‘..““‘......‘

SURRDUTINE WSTODSW
C = FREQ BIN MUMR

F TR
ARAMETER TO CONSERYE
HE DIRECTION RINIIDS

W '
¢ tr1300
N

QR TAAMSFER

3
FHERGY
NIOF HW.5 OIR

m
A

1

WLy FRAIN,FMMA X, NOUAD DB TN
N EMAX, IS0

it e~ T [T |
T MMM T N

— P T L
Q= prr~E0 X0

JH MO A

AT p—re On OFEA

—erfie w M MO
[=LNEr T B Tl ]

L EP5, SL [M,ECNINST
BIN{G5A]FH 6501, BETALA50T

MO IO % KT
OO NN Ll
e T4 D

-l IRV T o]

ACTIVE POINT CALCULATE PM FREQ AND FM

—

——
n Tmx
—~Em ECER XX

-
ME TP AL e

e
LT -
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FWEKI=FnIN(Q
KK = [m=17%5e]
Fu = B{KK]
ALPHATE[(KXs]| }
C
E a0 CATTERTON FCR W.5 TN SWELL *»
{E[EOM GY FMMAYY FPM=FMMAX
¢ IFIFM_GE.FPMY G0 TO 25
E CALE CUT=0FF FREC
A1=FH/FPM
XL=xl®x]®x1*x}
X3e—1,249/74L0GL1.0=-"1)
XA=Y3ww _25
c FOIM)y=FMex3
E TAAKSFORA TO BIN NUMBER
IFCs [ FEIRI-FINITISFRBINYL
c TFIIFC.LELN) tFC=L
E ADJUST FM
ATKK)=FPu
CIKE |=FPM
9
E STCRE BIN NUMBER
¢ ISFCIKY = IFC
T, UPDATE CCUNT OF TRANSFERS
C
c KSWELL = KSWELL+L
4 ACCCRDING TD PREVIOUS WIND
% DETERMINE THE DIRECTION BIN

Z25 U=kwPTX+K-1}
VWPt KeK |
If TUNELD.0,DR,.V,.NE.O0.0) GODY0 50

L
E PREVICUS WIND IERC - ARBITRARY
U=1.0
50 THETA = BTAN2IV,UY
IF{THETALLT.DBINZ) THETA = THETR«P[+P1
OATHLIKY = [THETASL.S5eDBIN)/OBIN

100 CORTINUE

RETURN

ENL
ERE R LR T LA RN E AL LA LAY AL RS L L Lttt lbbiddtbdd
S N IRy e Ny YL A R R N LR AL LA AR R D]

SUBANUTINE FREBINIIBIN]
eGY TN FREQ. RIN IBINIDER)

TRAMSFER

=
ar
R

IF EKERGY

COovunN
COmMIN

L

s * a0 MO

£ Tw TU™
Tneee O Ual

Y DeTmX— - M
- £l
O =t oo =IO

+NOUAD, DA IN
4

NN ST
& al

/

/

!
COMHMNNS +BETALS5D]}
4

/

/

A AT
> ~o I =2
NL=]. pet-gpery, Py

b

VOIDRTET WV Ima

*
-

Crumy
COMMON

—
- m

o

=L
—an
D mem =T

0,100,101

Mo —
Hil=p ZFan
XA
B === | M

101

XXMM Dy

TEST IF W5 -= %W CCCURING aT &Ll

TFITSFC(XK}) 50,5051
TEST IF OCCURSINMNG AT THTS FREQ YET

SET NMALRKER
S1 TFLIRIN.GT.ISFCIK)Y) GOYD 100

ENERGY T

57T ARNY W=5 TO SWELL
CLLCULATE T

E F
N FRECUENCY INTERVAL IBIN

[ainiala B alalalelels Blelnts

] 25¢KwRXCX}
E2-E1 GIVES ENERGY TN BIN Fl-aF2

Iatalnl

ECONSTR[E2-E11/TFHeFMeFueFEy)
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E ADJUST FTCR NON=UNIT GAMMA

RAaNWE = BIKK+2)
DEFIK) = DEF(K}®L,774¢,226%08MMA)
2T 100
50 COMTTNJE
¢ JSWELLEXE=0
E IS ENEAGY TO HAE TRANMSFERRED FROM SWELL TO W57
C
E ADJUST FREQ BIN POINTER [F TOP BIN
FM=A[KK}
c TFITAIN.EQ.NFSWHL) F2=[FHMAX+F2)I®N. 5
E $ET MARKEA ISWELL IF CCCURS
TE{LE2-N SeFRIN)LGCTL{D.90FM]JISHELLIX) = =}
100 CONTTINUE
BRETURM
END
C t.!ql.u--ttt--.itttittlttttttit.tth!ﬁttﬁtlltlt‘tliiittt
E .bnt...h..'tot-.’it‘a‘ltiil-tl‘i'"tt‘.ll"’l"i‘tttttt
c SUBROUTINE DIRBIN(TF.ID)
C CALCULATES THE W-$ FNERGY IN DIR _RIN 1BIN
E AWD SETS SWELL SOURCE FUNCYION BETA
COnMunn/GATD/ KARAAY!ASQ)  IFLAGIASOY
COMNA ANGNTS/FRACTELO), AVECDSI 10}
Ecouw!NIHSFSHL/DEF(gz?égngoibsﬂ!.!DBINI&SOI,FHI&SU].BET&tbSOl
COHFDN!SHLFLGIISHELLlﬁﬁOl,KSHFLL HFSWL ,FBIN,FMMAX, NJUAD, DB TN
T SEINIE, 15FC1659])
COMMAN /LI NT /X Mg MY g DELXpDELT 4Ny ToNN, KHAX, [5C
DATA C/0.00Q2967
MNZ2CULAD = NOUAD+ROUAD
c HaQUAD = N2QUADsMNZQUAD
E cei € FREQ AT CENTRE OF BIN
Fx1FeERIN-Q. S*FBIN+FINIT
CO 100 K=1,K4A
TELIFLAGIKYY) 100,100,101
1Nl RETALKE)=N
c DEFD{K)=0.0
E IS IBIN WITHIN ANGCI1S?
TOTFF = [aBRSOTDBIN{XI-1D}
IFTI0TFF.GT.N20UALY I0!FF = N4GUAD-IDIFF
[FLIDIFF.GT.NQUADY GNTO 104
c IF [TSWELLIKI} 120.103,50
C RO WS €=> SW EXCHANGE,SC
[4 CHECK FOR GROWING SWELL
C
103 FWIND=FWIK}
[FIFW TN} 100,100,102
107 RETA(Z }=C*Fe(F*AVECAS]IDIFF4+1)JFWIND-1.0}
TF(RETALK!,LT.0,0) RETAIK}=D.0
c GUIO 102
¢ SET DEFD FOR WS TO SWeELL
o
50 DEFNIK)=FRACTIIDIFF+ [I*0EFIX])
100 CAKT1MIE
RETUBN
N
C ag-E-E-.--cca--a---no.--tcnoiatut-tit-&-iht-tttt*t¢0*‘-
r shakbE tittllll"!.tl‘tttttttﬂthiitt.‘iilti‘i..t*t‘l!lt
C
SURRDUTINE SWELLEIFT DT XSWIN]
E PROPAGATES SWELL FIFLD ONE TIMESTEP
' TRANSFERS W5 ENERGY DEFD TO SWELL
[ ARSORBS SWELL ENFRGY INTD RE.
c
[ AAY SCHEME FOR PROPAGATICN OF SWELL
4
OHMINJCMSPFAT3500),REI500],CL1500),WIT 13001
GreON7SWLEL Df e s I R F AT T hxY L nE AR (65
COPHanHSTSHL/DEFlbgglgg%FDtbSﬂl.IDB!NIbSﬁI- {650 1. BETA{ES0)
FCL®
CCCFNGNISHLFLGITSHELL!bSDi KSHE%% HFSWL ,FBIN, FMMA X, NQUAD, DR IN
€ LEINTT,T5FCTE
COMMON/GRIDS KaRnnYtbSOI,IFLAGIbSOI
COFMONZTWLIWS/DELIGES50)
CENMONZCINT/ €8 , MX MY, DELX4DELT yH T NH EMAX » 15C
anunufsoﬂﬁrf 9J G EH.FA.Fah.RROOTszPS.SLiH-ECUNST
cox PMi AFP !si?:
EFFN {nu Din5n), LLIBS0Y ,KKIss50) ,XXI650),YY{650)
wenilon vrave2l
[
E GET POINTER TG INFORMATION &RACUT RAY
KRIN = KINFTLIFTY
READ L1DTERIN] CLRAYINTI.KI=), 20, [LNEARIK) KJw 1,MXY]
LRaYl = LRAYI(L)
NSEG = LP&Y{2})
KRIN = FRIMNSL
READ (197KOINT fLLIML) 4 KL=] NSEG), IXKLXM} ,KM=1, NSEG]
HEIN = ¥alN+]
c REaD L12'ERIN) [XRAKNT L ENT L NSEG T, EYYIRT )2 M1 =1+ RSEG)
[ READ 1N RaY ENERGY - PROPAGATED ONE SPACLFE
[
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RECAMIMNG

1S HOT
|

KST.XFIN)
SEA AND SWELL
SET E TOD rERC

INJECY ENFRGY AND [NTERPOLATE

(1.0/FPHL=1.0/FM4I#1  TTar 226%CANNA]
W-5

[ECTKE) KE=%ST KF TN}
Py

TEC{XEY . KE
1,260,250

ABSDRE SWELL

~
P e g o
et e et T
Ll = AN =]
[l -t L L
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s e b -y M e 22 1 P VA
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— o
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FIND NEAREST RAY POTNT = $KIP IF THERE
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EXCHANGE WIND
NN, 370,392
OYERDEVELOPED

40141
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INTERPOLATE DE AT ENDS DOF SEGHMENT
A
(

11C+110,111
{ o
- R
INTERPDLATE ALONG SFOMENT
)
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DFE1)/0L2-L1)
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0

BETAEIKZInDTRECILY
2
£
START OF RAY -
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