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A TWO DI MENSI ONAL LAKE WAVE PREDI CTI ON SYSTEM
David J. Schwab, John R Bennett, and Edward W Lynn

This report describes a series of conputer prograns that can
be used to forecast wave height, period, and direction for any part
of the Geat Lakes. The prograns only require the user to specify
t he overlake wind forecast.

1. I NTRODUCTI ON

Wave forecasts on the Great Lakes have been automatically produced by the
National Weather Service since 1974 with a procedure devel oped by Pore (1974).
This system uses statistical (Mdel Qutput Statistics or M0S) wind forecasts
as input to Bretschneider's enpirical equations (Bretschneider, 1970) for
forecasting wave height. Twice daily, forecasts are made at 64 selected | oca-
tions around the |akes; each extends to 36 h. Local wave forecasters have
found these forecasts to be useful, but some have expressed interest in a
system that would allow interaction between them and the wave forecast pro-
gram In this way, a range of wind forecasts could be used to generate a
range of wave forecasts or local nodifications could be made to the autonated
wind forecasts.

Recently, a two-dinensional numerical wave prediction model was devel oped
for use on the Geat Lakes and tested against 2 nonths of observed wave data
in Lake Erie by Schwab et at. (1984). The nodel is a parametric type that
nunmerical ly solves a |ocal momentum bal ance equation on a nunerical grid
covering the lake. Input is overlake wind at each point. The nodel provides
estimates of wave height, period, and direction at each grid point. Mdel
results for hourly values of wave height and direction agreed very well with
measurements taken at a wave research tower in the eastern part of Lake Erie.
Model results for wave period agreed satisfactorily wth measurenments taken at
the tower. \Wave height measurements from the NOAA Data Buoy Center (NDBC)
Nomad buoy in the western part of the |ake were consistently higher than the
nmodel results, although the correlation was high. Wve period neasurenents
fromthe buoy agreed satisfactorily with the nodel results.

This nodel was al so evaluated for operational use in Canada by Clodman
(1983). He tested an earlier version of the model in several idealized and
real cases. Hs conclusion was that the nodel would be useful for operationa
forecasting if its application was linmted to deep water.

The purpose of this report is to describe a series of conputer prograns
that use the above-described nunerical nodel to inplement an interactive wave
forecast system The forecaster specifies w nd speed and direction for a
specified number of 12-h periods and the programs conpute wave height,.direc~
tion, and period at each grid point for the entire forecast period. The
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cal cul ated wave height is equivalent to the traditional ‘significant’ wave

hei ght, the average height of the one-third highest waves. Wve period is the
period corresponding to the spectral frequency with the highest energy in the
wave spectrum Wave direction is the direction of the wave momentum vector.
The forecaster can then examne the results in a variety of formats, including
t wo- di mensi onal maps of wave height, direction, or period at a given tinme or
time series of wave height, direction, and period at a given location. This
report includes a brief description of the nunerical nethod, plots of the
grids covering the |akes, an annotated sample run of the wave prediction

system (appendi x A), and the FORTRAN source code for the conputer prograns
(appendix B). It is intended to serve both as a user’s manual for the system
and documentation of the programs for adaptation on other conputer systens.
Users intending to access the systemon the GLERL conputer should contact the
authors for the proper tel ephone conmunications procedure.

2. THE NUMERICAL MODEL

The nurnerical wave forecast nodel is based on one originally proposed by
Donelan (1977). Schwab et at. (1984) nodified the model to conformto the
GLERL two-dinmensional |ake circulation nodeling system (Schwab et al., 1981
Bennett et at., 1983; Schwab and Sellers, 1980). The version used here is a
further sinplification ofthe Donelan (1977) nodel to nake it nore useful for
operational forecasting.

The basic nodel equations relate the tine rate ofchange of wave nomentum
and the divergence of the wave monentum flux to input fromthe wnd as
follows:

My ITxx  Myy Ty
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The x and y nonentum conponents are
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Here F(£f,0) is the wave energy spectrum as a function of frequency, f, and
direction, 8. C(f) is the phase speed. Schwab etat. (1984) show that, if we
assume that deep water linear theory applies and that wave energy is distri-
buted about the nean wave direction as cosine squared, the nonentum fluxes can
be expressed as
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where o2 is the variance

o2 = [ E(f)df.
0

They further provide relationships between group velocity (or peak energy
frequency), variance, and nonentum that allow (1) and (2) to be solved for M,
My, and ¢ once the right-hand side is specified. The right-hand side we use
here i S
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where Df is a formdrag coefficient defined as Df = [0.4/1n(50/¢)]2 with o

in meters. The factor 0.028 is the enpirical fraction of the stress that is
retained by the waves. The inportant features of the momentum input fornula
are that the drag coefficient increases for higher waves and that the momentum
i nput depends on the square of the difference between wind speed and 0.83
times wave group velocity.

The main assunption in the present fornulation of the nodel that would be
of concern to a forecaster is that the waves are assumed to be governed by
| inear deep water theory. This neans that shoaling, refraction, and breaking
are ignored so that, even in the grid boxes nearest shore, the waves are
assuned to be unaffected by finite water depth. In practice, this is not a
severe limtation in nost of the |akes, but may be of some inportance in Lake
St. Cair, certain parts of Lake Erie, Saginaw Bay, and G een Bay.

The only difference between the formulation detailed in Schwab et al.
(1984) and the one used in the conputer program WAVE in appendix B is that the
"fossil" wave field (the wave field remaining fromthe previous storm has
been renoved in the present version. W found that including the "fossil"
field had only a small effect on the rsuts. The conputation time is doubled
when the "fossil” field is included and we felt that the small potentia
i nprovenment in accuracy (see section 6) did not justify the increased conputa-
tional effort.



3. DESCRI PTION OF TEE PROGRAMS

There are three conputer prograns in the wave prediction system The
first program obtains wind information from the forecaster. The second pro-
gramis the nunerical wave nodel. The third program allows the forecaster to
exanmne the results of the wave nodel in a variety of formats. The prograns
are witten in FORTRAN 77. A listing of the prograns is included in appendix
B.

The first program called INTFCA, asks forthe nane and agency of the
user, the start date and time of the forecast, and wind direction and speed
forecasts for a 12-h period. The date is used only for putting a time tag on
wi nd pronpting messages and output displays. The program checks for valid
month (1-12), day, year (1900-99), and hour (O 23). The user mnust choose one
of the following tine intervals between wind forecasts: 1, 2, 3, 4, or 6 h.
The program pronpts for wind direction and speed at the chosen interval for a
period of 12 h fromthe starting tine. Wnd direction is in degrees (0-360; 0
= wind fromthe north) and wind speed is in knots (0-100). If the user wants
to use linear interpolation for wind direction and speed, instead of typing
the wind direction and speed, the "/" (slash) character should be entered
After 12 h of wind data have bee" entered, the user is given the option of
extending the run by another 12 h. A maximum of 10 days of wind data with a
l-h interval or 60 days with a 6-h interval can be accomodated. After al
wind data are typed in, a table of wind speed and direction is produced and
the user is given the opportunity to change any erroneous val ues. The program
then wites meteorol ogical data records to a disk file for use by the numeri-
cal wave model

The second program WAVE, is the numerical wave nodel. It reads the
met eorol ogi cal data produced by I NTFCA and cal cul ates wave height, direction,
and period for each hour of the run, storing the results on FORTRAN unit num
bers 11, 12, and 13, respectively. Note that, although the program has a pro-
vision for setting an initial condition for the wave field, we chose not to
use this feature for the operational wave prediction system nainly because
there is no sinple way to incorporate a nonzero initial condition. Therefore
the nodel starts with a calmsea surface. It is advisable to begin the pre-
diction at least 12 to 24 h previous to the critical forecast tine to give the
waves a chance to grow past the point at which the unrealistic initial con-
dition has any effect.

The final program DSPLAY, allows the user to examne the results of the
calculation either in the formof a time series at a specified location in the
| ake or as a map of wave height, period, or direction at a specified tine
For time series data, the program checks whether the specified location is
within the computational grid. If it is not, an error message is printed and
the program asks for another location. |If the user elects to have naps
printed, a list of times for which maps are required may be entered. The user
can leave the termnal while the maps print out. Finally, the program asks
for and records any comments the user may w sh to include.



4. COWPUTATI ONAL (RI DS

The conputational grids used by the nodel for Lakes Superior, M chigan,
Huron, St. Clair, Erie, and Ontario are shown in figures 1-6. The upper |akes
have 15-km grids, the |ower |akes 10-km grids, and Lake St. Cair a 5-km grid.
| sl e Royale and M chipicoten Island are included in the Lake Superior grid.
Beaver Island in Lake Mchigan, Mnitoulin Island in Lake Huron, and Pelee
Island in Lake Erie are also included. The figures show the relation between
the artificial conputational grid boundary and the actual shoreline of the
| ake. The forecaster should be aware of the difference between the two shore-
| ines because some areas of the real |ake are not part of the conputational
grid and the wave prediction systemwll not produce results for points in
these areas. The grid sizes for the various |akes were chosen as an accep-
tabl e conpronise between realistic resolution of the shoreline and conputa-
tional speed. The conputing tine involved in the numerical nodel increases
very rapidly with decreasing grid size.

5. WND I NPUT

The wave prediction system asks for values of wind direction and speed at
the chosen interval of 1, 2,3, 4, or 6 h. |If some values are not available,
the programs will interpolate between values. Al though the program has the

RS

FI GURE l.——The 15-km grid for FIGRE 2.--The 15-km grid for
Lake Superior. Lake Michigan.



FI GURE 3.--The 15-km grid for FI QURE 4.--The S-km grid for
Lake Huron. Lake St. Clair.

FI GURE 5.--The 10-km grid for FI GURE 6.--The 10-km grid for
Lake Erie. Lake Ontario.

capability to incorporate spatially variable wind fields, the operational ver-
sion uses a uniformwi nd over the entire lake. It is suggested that, if fore-
casts are to be made for two widely separated points on the sane |ake where
wi nd conditions are expected to be quite different, two runs of the system be
made, one for each set of w nds.

The program al so has the capability to adjust w nd neasurenents for
hei ght and stability, but again these features are not used in the operational
nmodel . W have assuned that the winds provided by the forecaster are repre-
sentative overwater winds at 5 m (16 ft) above the water surface under neutral
conditions (air tenperature equal to water tenperature). |f the available
wi nd neasurenents are froma different height above the water, or the w nds
are overland wnds, or the overlake air tenperature is quite different from



the water tenperature, the wind speed input to the wave prediction system
shoul d be adjusted accordingly. That is, measurenments fromless than 5 m
shoul d be increased, nmeasurenents from greater than 5 m shoul d be decreased,
and overland winds should generally be increased. (See Schwab and Morton
1984.)

6. MODEL TESTS

Donelan (1977) conpares results of an early version of the wave predic-
tion nodel, run with wind observed at neteorol ogical buoys in Lake Ontario, to
wave hei ght observed by three Waverider buoys in the |ake. The hindcast only
covers a 2-day period in August 1972, but the conparison was very encouraging.
Clodman (1983) tested the nodel for several idealized cases and exam ned the
differences between results from the two-dinensional, tine-dependent numerica
model and several enpirical wave forecasting methods. H s conclusion was that
for the case of a steady wind "probably our nodel gives results a little too
low for |ow w nd speeds and high for high wind speeds, but one cannot say for
certain since no absolute standard of accuracy exists."”

Schwab et af. (1984) provide a much nore conprehensive test of the nodel.
They conpare results fromthe nodel (driven by wi nd observed at a research
tower 6-km offshore in the eastern part of Lake Erie and at the NDBC Nomad
buoy in the western part of the lake) to hourly observations of wave hei ght
and period at the tower and the buoy and wave direction at the tower for the
entire nonths of Septenber and Cctober 1981. The nodel results agreed very
wel |l with wave height nmeasurements at the tower (correlation coefficient 0.93,
standard error 20 cn). \Wave period agreement at the tower was satisfactory,
al though the nodel generally gave a |ower estimate of wave period than was
observed. Both the nodel results and the observations showed a surprising
systematic deviation of the wave direction at the tower fromthe wind direc-
tion for certain wind directions. This deviation could not be attributed to
refraction effects. At the NDBC buoy, wave period results were consistent
with those at the tower, although the nodel ed periods were generally | ower
than the observed periods. Wve hei ght neasurenents at the buoy were con-
sistently higher than the nodel ed wave heights, although the correlation was
high (correlation coefficient 0.88). The reason for the consistent discre-
pancy at the buoy was not clear; it is currently being investigated.

Two additional runs of the wave nodel have been made with the 1981 Lake
Erie data set. Both runs use the version of the numerical nodel given in
appendi x B that does not contain the "fossil" wave field. One run uses the
same S-kmgrid as Schwab etal. (1984), and the second uses the 10-km grid
described in section 4 (fig. 5). The nodel results for wave height at the
tower and buoy are conmpared with the results of Schwab et al. (1984) in figure
7 and table 1. It can be seen that removing the "fossil" wave field fromthe
conputations had a very insignificant effect on the results and that the 10-km
grid gives nearly as accurate a result as the 5-km grid. Based on these
results. we feel that in a real forecast situation uncertainties in the fore-
cast wind will remain the main source of error in the wave forecasts, not grid
resol ution or nodel inadequaci es.
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FI GURE 7.--Comparigon Oof computed and observed wave height at the GLERL tower

and at ¥DBC 45005 in Lake Erie for September and October 1981.
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FI GURE 7.(cont.)-~Comparison Of computed and observed wave height at the GLERL
tower and at ¥DBC 45005 in Lake Erie for September and October 1981. The
figures here are for a 10-kmgrid with no "foesil” wave field.

TABLE 1.—Statietice from compariasons of observed and model wave heights
in Lake Erie for September and October 1981

\Wve height at tower Wave hei ght at NDBC 45005

(1) (2) (3) (1) (2) 3
Correlation
coefficient

0.93 0.93 0.90 0.88 0. 87 0. 87
Root-mean-
square error 0.20 m 0.21 m 0.24 m 0.33 m 0.30 m 0.28 m
Sl ope 0.99 0.99 0.99 0. 68 0.76 0.79
| nt er cept -0000m -0.01 m 0.04 m 0.03 m 0.01] m 0.01 m
St andar d
error 0020 m 0.21 m 0.24 m 0,17 m 0.20 m 0.20 m
(1) Results from Schwab etal. (1984) with a 5-kmgrid and "fossil" included.

(2) Results with a 5-kmgrid, no "fossil."
(3) Results with a 10=km grid, no "fossil."
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Appendi x A. -- ANNOTATED SAMPLE RUN OF THE WAVE PREDI CTI ON SYSTEM

This appendi x contains a sanple run of the wave prediction systemon the
G.ERL conputer. User responses in the sanple are underlined, but in an actual
run they are not. Al characters in user responses are upper case and all

responses end with a carriage return. Nunbers on the right side of the page
refer to the footnotes bel ow.
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GREAT LRKES ENVIRONMENTRL RESERRCH LABORATORY VSX11/780
Username: WAVES

GREAT L W E S ENVIRONMENTAL RESERRCH LABORATORY
WAVE PREDICTION SYSTEM, REVISION 2.0 2/84

THIS PROVISIONAL VERSION OF THE GLERL WAVE PREDICTION
SYSTEM IS AVARILABLE FOR TESTING AND EVRLUATION PURPOSES.
WE WWLD APPRECIATE ANY COMMENTS OR SUGGESTIONS, GOOD
OR BRD. THANK YOU!

DAVE SCHWAB FTS 378-212@ COMMERCIAL (313)668-2120

ENTER LAKE NAME :ERIE

PLERSE ENTER YOUR NAME FIND ABENCY (E.G. MARVIN MILLER/NWS)
MARVIN MILLER / NW S CLEVELAND

DO YOU WANTDETAILED INSTRUCTIONS ABOUT HOW TO

USE THISPROGRAM ? (INPUT YES...OR...ND)

NO

INPUT STRRTINGDATE FIND TIME AS MONTH, DAY, YERR, HO UR (@-23).
THIS WILL BE HOUR 0 (ZERO) (E.G. 7,28, 1983, 14)

4.15,1984,6

INPUT TIME IN HOURS BETWEEN WIND DATA POINTS (1,2,3,4 OR &)

&

INPUT WINDS (DIRECTION, SPEED) IN DEGREES FIND KNOTS (E.G.. 270, 18}
TYPE'/'FOR LINEAR INTERPOLATION

INPUT WIND FIT 0 HOURS 4/15/1984 6:@0

220.10
INPUT WIND FIT 6 HOURS 4/15/198412:09
245.29
INPUT WIND AT 12 HOURS 4/15/198418:00
290.35

IS A FORECAST LONGER THEN 12 HOURS DESIRED?
( INPUT YES.. . OR.. . NO)

YES

FORECAST WILL BE EXTENDED TO 24 HOURS
INPUT WIND FITIBHOURS 4/16/1984 0:00
300.25

INPUT WIND FIT 24 HOURS 4/16/1984 6:00

/

IS A FORECAST LONGER THEN 24 HOURS DESIRED?
(INPUT YES.. . OR.. . NO)

YES

12
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FORECAST WILL BE EXTENDED TO 36 HOURS
INPUT WIND FIT 30 HOURS 4/16/198412:00
45,15

INPUT WIND FIT 36 HOURS 4/16/198418:00
99,10

IS A FORECAST LONGER THEN 36 HOURS DESIRED?
(INPUT YES.. . OR.. . NO)

NOD
HOUR DARTE TIME WIND DIR. WIND SPEED
0 4/15/1984 6:0Q 220 10.0
6 4/15/1984 12:00 245 25.0
12 4/15/1984 18:00 290 35.0
18 4/16/1984 2:00 300 2s. 0
24 4/16/1984 6:00 352 20.0
30 4/16/1984 12:00 4s 1s. 0
36 4/16/1984 18:08 90 10.0
IS WIND DATR O0.K.? (INPUT YES.. . OR.. . NO)
YES

CALCULATING WAVES. .. PLEASE STAND B Y

ENTER H IF YOU WANT TO SEE WAVE HEIGHT MAP

ENTER D IF YOU WANT TO SEE WAVE DIRECTION MAP

ENTER P IF YOU WANT TO SEE WAVE PERIOD MAP

ENTER T IF YOU WANTA TIME SERIES OF WAVE HEIGHT,

DIRECTION AND PERIOD FIT A GIVEN LOCATION

ENTER@ IF YOU WANT TO QUIT

T

INPUT LATITUDE OF POINT AT WHICH YOU WANT TO SEE TIME SERIES
IN DEG, MIN, SEC (E.G. 44, 06, 3@)
OR INDECIMAL DEGREES (E.G. 44.1,@,9)

41.6.0.0

INPUT LONGITUDE OF POINT AT WHICH YOU WANT TO SEE TIME SERIES
IN DEG, MIN. SEC (E. G . 84, 18.3®)
OR IN DECIMAL DEGREES (E.G. 84: 35; @,@)

81,45,0

LAT | TUDE 41 DEG 36.0 MIN

LONGITUDE 81 DEG 45.0 MIN

HOUR DATE TIME  WAVE HEIGHT (FT) WAVE D IR . (DEG)
6 4/15/1984 12:00 2.7 252.
12 4/15/1984 18:00 8.5 268.
18 4/16/1984 2:eQ 9.3 290.
24 4/16/1984 6:00 4.9 289.
30 4/16/1984 12:00 2.0 329.
36 4/16/1984 18:00 2.1 17.

ENTER H IF YOU WANT TO SEE WAVE HEIGHT MAP

ENTER D IF YOU WANT TO SEE WAVE DIRECTION MAP
ENTER P IF YOU WANT TO SEE WAVE PERIOD MAP
ENTER T IF YOU WANTA TIME SERIES OF WAVE HEIGHT,
DIRECTION AND PERIOD ATA GIVEN LOCATION

ENTER @ IF YOU WANT TO QUIT

H
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footnotes

(18)
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WRAVE PERIOD (SEC)
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footnotes

ENTER THE TIME(S) IN HOURS (6-36)AFTER THE START TIME

4/15/19846:00 FIT WHICH YOU WANT TO SEE WAVE HEIGHTS

YO U MAYMAKE UP TO 25 ENTRIES, ONE ENTRY PER LINE

END THE LIST WITH -1

18

&4 (16)

-1

WAVE HEIGHTS IN TENTHS OF FEET FIT 18 HOURS 4/16/1984 0:0@

eI IR R I A YA ST LSS S S AR R R T A Y R Y P TR )
B30I FAEAE 3 39 JEHE A 61606 I HIE I3 36 06 I I3 6 T I U6 A I 3000 08360 T 30 36 3 3 IR
63646 I NS I I 6 T U 3T 3 6 W36 A 3 3 36 36 A 3 363 I I 383
I NI RN NN REERRER AR RERERERERER 4 1 556 4 T2HRERRERE%
FEERARERFEERRERRRRREREEEREREHERE RS R EXERERR A RR4%%#% 39 53 62 6975808589 93
330 R0 AT I R R R AR AR 28 52 61 69 75 alags 9 09498
b3 0 2RI R RN RN 4 05564 71 768186909 498101
B I NI IR E RN R RS AR AR 4 15463 70 76 02 47919599182
IR R R AR AR AR n2%% 35 405865 70 74 798387919599123106
IR AR R R R ERERRRRRRRRRE 44 56 66 68 666566 60 73 708307 92 96100105
@ +¥*¥*ri W4+ 30 Slwwxwxn 14 29%w% 45 56 66 69 70 71 74 70 03 07 90 92 94 97102106
*upuw® 23 40 57 65 69 717166 59 50 37 53 65 74 00 048507 00 91 93 G7#%%xxs
##%# 30 49 5333548369 73 70 629551 57 677380 02 05 00 DEHM®E.1640542434%
e ** 433561 63 64 66%##50 65 74 79 01 07 04 79 76 75 BSHMRN®NAANNW 355550554 %
#auunnnne 49 60 67 71 71 72 77 03 09 90 90 06 01 77 7EMAH%H8HE.%360 3599853369454 #
HEBFHEXRHREXREE TONRX SRAER 7 S581686 899 1 9 2 9 3 4RI I 0063033636
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footnotes

WAVE HEIGHTS IN TENTHS OF FEET FIT 24 HOURS &/16/1984 6:00
R e e e e eI A R R
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footnotes

ENTER H IF YOU WANT TO SEE WAVE HEIGHT MAP
ENTER D IF YOU WFINT TO SEE WAVE DIRECTION MAP
ENTER P IF YOU WFINT TO SEE WAVE PERIOD MAP

ENTER T IF YOU WANTA TIME SERIES OF WAVE HEIGHT,

DIRECTION AND PERIOD FIT A GIVEN LOCATION

ENTER @ IF YOU WFINT TO QUIT
D (1
ENTER THE TIME{(S) IN HOURS (6-36) AFTER THE START TIME

4/15/1984 6:00 AT WHICH YOU WFINT TO SEE WAVE DIRECTIONS
YOU MRYMAKE UP TO 25 ENTRIES, ONE ENTRY PER LINE

END THE LIST WITH -1
i8
-1 (18)
WAVE D I RECTIONS IN TENS OF DEGREES FITlaHOURS#/16/1984 B:00
FEJEHE A3 I I AE 36 066 I 9030333000036 38 4016006 I 6 363 T 3600 06 26 30 30T A0 S0 300 0800060030606 36 16 63369690 0696 36 906 b
696 T I JE I A6 336 T AR 38 66 60 33696 336636306616 JE 96 I IE 633630 3T 3890 036 HE3E 00 36 HE 00 263003 090363 3690 30063t
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footnotes

ENTER H IF YOU WANT TO SEE WAVE HEIGHT MAP
ENTER D IF YW WANT TO SEE WRVE DIRECTION MAP
ENTER P IF YOU WANT TO SEE WAVE PERIOD MAP
ENTER T IF YOU WANT A TIK SERIES OF WAVE HEIGHT,
DIRECTION AND PERIOD ATA GIVEN LOCATIDN

ENTER CI IF YOU WANT TO QUIT

Q (19
PLERSE TYPERSMANY LINESASYOU W ISH IF YW HAVE ANY
COMMENTS OR SUGBESTIONS CONCERNING THIS WRVE MODEL
END WITH A CARRRIABE RETURN

HA TI (20)
GOODBYE !

WAVES logged out at @7-FEB-1984 14124:103.23
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Footnotes:

(1) When carrier detect is established, press the return key to get initial
system message.

(2) After initial system message, type "WAVES" in response to “Usernumber:”
prompt.

(3)In response to “ENTER LAKENAME:" prompt, enter “SUPERIOR”, "MICHIGAN",
“HURON”, “ST.CLARIR",“ERIE”, or "ONTARIO",

(4)Name and agency are used to keep track of who's using the model.

(S) Detailed instructions contain @acondensed version of sections of this
report.

(&) The forecaster chooses a 6 hour time increment.

(7Y The forecast is extended by 12 hours.

(8 The program will interpolate wind direction and speed at this hour from
previous and succeeding values.

(9) The forecast is extended by 12 more hours.
(1@ The forecast stops at 36 hours.

(11) Note interpolated values of wind direction and speed for hour 24
(halfway between 18 and 30 hour values).

(12) Time series is selected.

(13) Latitude is specified in decimal degrees followed by zeroes for
minutes and seconds.

(14) Longitude is specified in degrees and minutes.
(15) Wave height map is selected.

{16) Map will be printed for hourst8and 24.

(17) Wave direction map is selected.

{18) Map will be printed for hour18.

(19) User elects to terminate session.

(2@) Comments here would be appreciated.
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Appendix B.--SOURCE CODE FOR FORTRAN COMPUTER PROGRAMS
INTFCA, WAVE, AND DISPLAY
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PROGRAM INTFCA
39363969 33966 4 % 86 10 4 %8 %% PROGRAM | N T F C R S545696-3590 35354696 93698 9696 36 3 36 3696 3696 959646 3 H 4 6

PURPOSE: THE PURPOSE OF PROGRAMINTFCA IS TO PROVIDE FIN INTERFACE
BETWEEN RTIME-SHARING USER AND THE WAVE PREDIC-
TION SYSTEM. THE USER IS REQUIRED TO SUPPLY THE STRRTING DATE AND
TIME FOR PREDICTION ANDMETEDROLOGICAL DATA FOR THE NEXT 12 HOURS
AT HOUR INTERVALS SPECIFIED BY THE USER. RNY NUMBER
OF ADDITIONAL 12 HOUR PERIODS MAY BE SPECIFIED (UP TO 10 DAYS).
PROGRAM INTFCA PRODUCES A CONTROL FILE RND AMETEOROLOGICAL
DATA FILE FOR THE WAVE PREDICTION MODEL.

INPUT:
LOGICAL UNIT 5:
TIME-SHARING USER INPUT
LOGICAL UNIT 7:
BATHYMETRICDRTAFILE

OUTPUT:
LOGICAL UNIT 6:
PROMPTING FOR TIME-SHARING USER
LOGICALuN 1 Ta ;
METEOROLOGICRL DATA FILE FOR PROGRAM WAVE
LOGICAL UNIT 10:
CONTROL FILE FOR PROGRAM WAVE
LOGICAL UNIT 15:
GENERAL INFORMATIONF I L E

SUBROUTINES:
HELPER = THIS SUBROUTINE GIVES DETAILED INSTRUCTIONS ARBOUT HOW
TO USE THE WRAVE PREDICTION SYSTEM.
RDARTE- THIS SUBROUTINE CALCULATES THE RELATIVEDATERND TIME
FROM A GIVEN DATE FIND TIME AND RN OFFSET IN HOURS.

HISTORY. WRITTEN BY E.L. LYNN, GLERL OCTOBER, 1903

R eoNeoNoNeNNoNoNoNoNoNoNeoNoNoNoNoNeoNoNoNoNoNoNeNoNoNoNoNO NGOG w N 9|

CHARACTER#*88 FINS
CHARACTER#5@ LAKE
CHRRACTER*#1@ CDATE, CTIME
LO6 | CAL. DONE

DIMENSION NUMDAY (12)
DIMENSION WD(241),WS(241)

LOGICAL UNIT NUMBERS FOR INPUT, PROMPTING, METEDROLOGICAL DATA
FILES, CONTROL FILE, AND GENERAL INFORMATION FILE

OO 00

DATALUNI, LUNO, LUNB, LUNMW, LUNW, LUNX /S,6,7,8,10, 15/

STRRTING HOUR FOR WIND, INITIAL ENDING HOUR, AND INCREMENT

OO0

DATA IHPREV, IHPOST, IHINC /@,12,1/
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[ B B o

anoon 0oOn noOon

eNe)

(@]

(@)

NUMBER OF DAYS IN ERCH MONTH. USED TO CHECK DATE INPUT
DATA NUMDAY/ 31, 28, 31, 3@, 31, 30, 31, 21, 30, 31, 30, 31/
REWIND DRTA FILES BEFORE WRITTING TO THEM
REWIND LUNMW

REWIND LUNW
REWIND LUNX

LIMIT ON FORECASTING TIME INCREMENTS. NUMBER OF DAYS OF FORECAST
CAN BE CALCULATED BY ((241-1)®# (HOURS BETWEENDATRAPOINTS)) /24

DATAR LMTIME /241/

SAVERERLDATE TIME FIND LAKENAME O N INFORMARTION FILE
HERE DATE FIND TIME ARE VAXFORTRAN LIBARAY FUNCTIONS

CALL DATE (CDATE)
CALL TIME(CTIME)
WRITE(LUNX, #) CDATE, CTIME

G ET FORECASTERNAME R N D AGENCY, WRITE TO 8TAT FILE

ASSIBGN 30 TO LABEL
3 0 WRITE(LUNO, #)
1°PLERSE ENTER Y OUR NAME AND AGENCY (E.G. MARVIN MILLER/NWS)?
RERD (LUNI,(A)* END=3200,ERR=5008) RANS
WRITE(LUNX,#) ANS

READ THE FIRST LINE OF BATHYMETRIC DATA FILE TO GET LAKE NAME

OPEN {7,RERDONLY, STATUS=" OLD' )
READ (LUNB, 160@) LAKE
WRITE(LUNX, %) LAKE

WILL HELP FILE BE REOUIIRED ?

ASSIGN 40 T O LABEL
4 0 WRITE (LUNO, #)

17 DO YOU WANT DETAILED INSTRUCTIONS ABOUT HOW TO'
WRITE (LUNQ, *)
1USE THIS PROGRAM ? (INPUT YES...OR...NO)®

READ (LUNI, * (R)* | END=509@, ERR=5000) ANS

IF (FINS . NE.* YES' . FIND. FINS . NE. ‘NO' Y GOTO 5000
IF(ANS . EB. ‘YES')CALL HELPER
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C

O 06

GET MODEL START DATE AND TIME

100 WRITE (LUND, %)
1° INPUT STARTINGDATE RND TIMERS MONTH, DAY,YEAR, HOUR (@-23).
2,'THISwiLL BE HOURO (zZERO) (Ec.7,28,1983,14)!
ASSIGN 100 TO LABEL
READ (LUNI, #, END=50@9, ERR=50@@) MON, IDAY, |Y, IH
DONE =.7TRLUE.

TEST FOR VALIDYEAR, MONTH, DAYAND HOUR

IF(MOD(1Y,4) .EQ. @) NUMDRY(2) = 2 9
IF(MON.LT.1 . OR. MON .GT.12YTHEN
WRITE(LUND, #) MON,* IS NOT AVALID MONTH’
MON =1

DONE =.FALSE.

END IF

IF(IDAY . LT. 1.0R.IDAY .GT.NUMDAY(MON)} T H E N
WRITE(LUNO,#) IDAY,*| S N O T A VALID DAY?
DONE =.FALSE.

END IF

IF(IY . LT. 1900.0R. 1Y .GT. 1999) THEN
WRITE(LUNO,#) Y ,’ IS NOTRVALID YEAR?
DONE = .FALSE.

END IF

IF(IH . LT. 0.OR.IH .GT.83) THEN
WRITE{LUNG, %) IH,* IS NOTAVALIDHWR"
DONE = ,FALSE.

END IF

IF(.NOT.DONE) GO TO 100

C GET TIME IN HOURS BETWEEN WIND DATA POINTS

oO0n

ASSIGN 125 TO LABEL
125 WRITE (LUNG, #)

17 INPUT TIME IN HOURS BETWEEN WIND DATA POINTS (1,2,3,4 OR 6)*
READ (LUNI, #, END=5@0@, ERR=580®) |H|NC

IF(IHINC .NE. 1 .AND. I[HINC .NE. 2.AND. IHINC .NE. 3 .AND.

{  IHINC .NE. 4 .AND. |HINC .NE.6) THEN
WRITE (LUNO, %*)

1 IHINC,” IS NOT ONE OF THESE (1,2,3,4 OR 6)PLEASE RE-ENTER’
GOTO i25

END IF

SET UP METEOROLOGICAL DATA FILES
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WRITE(LUNG,#)? INPUT WINDS (DIRECTION, SPEED) IN DEGREES AND’,
1'KNOTS (E.G. 278,18)?

WRITE(LUND,#)'TYPE**/**F O R LINEARR INTERPOLATION’

ICNT =0

ISTART=IHPREV

ISTOP=IHPOST

DONE =.FALSE.

150 DO 300 ITIME=ISTART,ISTOP, IHINC

ICNT = ICNT + 1
CRLL RDATE(IY, MON, IDAY, (H, ITIME, IYM, MONM, IDAYM, IHM)

200 WRITE(LUNO, 1 3 0 0 ) ITIME, MONM, IDAYM, | Y M , IHM

C

c
C

C

C
C

ASSIGN 200 TO LABEL
WD(ICNT) = - 1.
READ (LUNI, #, ERR=50@@) WD{ICNT), WS{ICNT)

IF/WAS TYPED, WD(ICNT) IS NOT CHANGED.INTERPOLATION REQUIRED

IF(WD(ICNT) .EQ. -1.) THEN
IF(ICNT EQ. 1) THEN
ASSIGN 330 TO LABEL
GOT0 So00

330  WRITE(LUNO, #)* WINDS MUST BE SPECIFIED FOR THE FIRST HOUR’

GOTO 200

END IF

ELSE

TEST FOR VALID SPEED AND DIRECTION

IF(WD(ICNT) .LT.0 . .OR.WD(ICNT).BT.360.})T H E N
WRITE(LUNG, #)*BAD WIND DIRECTION ?, WD (ICNT)
GOTO 200

END IF
IF(WS(ICNT) .LT.0 . . OR. WS{ICNT). GT. 100.}»THEN

WRITE(LUNO, #)*BAD WIND SPEED ', WS{ICNT)
GOTO 200
END IF
END IF
300 CONTINUE

CHECK FOR LENGTH OF MODEL RUN- |[F LONGER THAN IHPOST,

C EXTEND IT BY IHPOST HOURS

C

400 IF(DONE . EQV. . TRUE.) GOTO 405

WRITE(LUNO, 1400) ISTOP
WRITE(LUNO,#)* (INPUT YES...0OR...NO)?
ASSIGN 400 TO LABEL
READ (LUNI, ' (A} ', END=58@9, ERR=382@) FIN S
IF (FINS. NE. * YES'. AND.ANS. NE. * NO') GO TO 5000
IF(ANS.EQ.'YES?) THEN

ISTRRT=ISTOP+IHINC

I1STOP=1STOP+IHPOST
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TEST IF MAXIMUM HOUR FORECAST HRS BEEN EXCEEDED
IF SO CALCULATE AN E W MAXIMUM?®ISTOP*AND SET ‘DONE’ TO . TRUE.
SD LONGER FORECAST OPTION WILL NOT BE RSKED AGAIN

OO O nor

IF(C(ISTOP-IHPREV) /IHINC)+1.GT. LMTIME) T H E N
ISTOP = ((LMTIME-1) e IHINC)+ IHPREV
WRITE (LUNG, *)
1 'INCRERSING FORECAST BY *, IHPOST,
2'HOURS WOULD EXCEED THE MAXIMUM,*
DONE = .TRUE.

END IF
WRITE(LUNO, 150@) ISTOP
GO TO 150
ENDIF
C
C RERD THROUGH THE WIND DATAAND INTERPOLATE |F NECESSARY
C
405IFIRST = 1
NUMWND = (ISTOP-IHPREV)/ IHINC + 1
DO 410 ICNT = 1, NUMWND
IF(WD(ICNT).BE.@.) T H E N
GAPS = FLOAT ( ICNT-IFIRST)
IF(GAPS .GE. 2. )THEN
C
C DOES THE SHORTEST DISTANCE BETWEEN THE TWO DIRECTIONS CROSS 0 ?
C
XW =1./6APS
DMAX = AMAX1(WD(IFIRST),WD(ICNT))
DMIN =AMINL (WD (IFIRST), WD (ICNT))
IF((DMIN-DMAX .GT. - 36 0. .AND. DMIN-DMAX .LT. -180.) .OR.
1 (DMRX-DMIN .GT. 18@. .AND. DMAX-DMIN .LT. 360.))THEN
DO 420 | =IFIRST+1{, ICNT-|
IF(WD(IFIRST) . GT. WD(ICNT)}) THEN
WD(I) = (XW#WD(ICNT) + (1.-XW)*(WD(IFIRST)-368.))
ELSE
WD(I) = (XW*(WD(ICNT)-36@.) + (1.-XW)*WD(IFIRST))
END IF
WS(I) = XWeWS(ICNT) + (1.-XW)®#WS(IFIRST)
IF(WD(I) .LT. .) WD(I)=WD(I)+ 3 6 0 .
XW = XW +(1, /6APS)
420 CONTINUE
C
C ARE THE TWO DIRECTIONS 182 OUT OF PHASE ?
C
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C

425

ELSEIF(ABS(WD(IFIRST)-WD(ICNT)) EQ.18@.)THEN
DO 425 | =IFIRST+1, ICNT-1

IF(XW.LT..S)THEN

WD(I) = WD(IFIRST)

ELSE

WD(I) = WD(ICNT)

END IF

WS(I) = XWeWS(ICNT) + (1.-XW)#WS(IFIRST)

XW = XW + (1. /6APS)

CONTINUE

C DOES THE SHORTEST DISTANCE BETWEEN THE TWO DIRECTIONS NOT CROSS 0 ?

C

c

430

ELSE
DO 430 | =IFIRST+1,ICNT-1
WD(I) = XW#WD(ICNT) + (1.-XW)#WD(IFIRST)
WS(I) = XW#WSC(ICNT) + (1.—-XW)#WS(IFIRST)
XW = XW + (1. /BAPS)
CONTINUE
END IF

END IF
IFIRST=ICNT
END IF

410 CONTINUE

C IF WIND WAS NOT SPECIFIED FOR THE LAST HOUR FILL IN WIND
C LOCATIONS FROM THE LAST WIND THATWARS SPECIFIED

C

(@)

c
c
o

IF (WD (NUMWND) .LT.@. )T H EN

DO 440 ICNT =IFIRST+t, NUMWND
WD(ICNT) = WD(ICNT-1)

WS(ICNT) = WS(ICNT-1)

440 CONTINUE

END IF

WRITE OUT THE WIND DATA IN TRBULAR FORM

450 WRITE (LUNO, @ )* HOUR DATE TIME WIND DIR.

ICNT =0

ISTART = IHPREV

D O 508 ITIME = ISTART, ISTOP, | H | N C

ICNT= ICNT +1

CALL RDATE (1Y, MON, IDAY, IH, ITIME, | Y M, MONM, IDAYM, IKM)
IWD = INT{(WD(ICNT))

WRITE (LUNG, 1200) ITIME, MONM, IDAYM, IYM, [HM, IWD, WS (ICNT)

500 CONTINUE

OPTION TO EHANGE WIND DATA SPEED FIND DIRECTION

25
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550 WRITE(LUNO,#) ‘IS WINDDATRO.K.? (INPUT VES...OR...NO)"
ASSIGN 550 TO LABEL
READ (LUNI, * (R) !, END=5@2d, ERR=5000) ANS
IF(ANS . NE.* YES' . RND.ANS . NE. ‘NO')GOTO0 5000
IF(ANS .EQ. 'NO’) THEN

C
C CORRECTION IN WIND IS REQUIRED
C
WRITE (LUND, *)
1 ‘'TO CHANGE WIND DATA(DIRECTION, SPEED) TYPE NEW VALUES?
WRITE (LUND, #)
1 ‘IN DEGREES AND KNOTS (E.G.278,1@8)0 R?'*/''T O LEAVE | T ALONE’
ICNT =0
WRITE{(LUNO,#*)' HOUR DATE TIME WIND DIR. WIND SPEED

1
DO 600 ITIME=ISTART, ISTOP, IHINC
[CNT = ICNT + 1
EALLRDATE(IY, MON, IDAY, H, ITIME, [YM, MONM, IDAYM, IHM)
650 IWD = INT(WD(ICNT))
WRITE(LUNO, 12@Q) ITIME, MONM, IDAYM, IYM, IHM, IWD, WS (ICNT)
READ (LUNI, #, END=E£75, ERR=673) WD(ICNT), WS(ICNT)

(@]

C TEST FOR VALID WIND SPEED AND DIRECTION

IF(WD(ICNT).LT. 0 .OR.WD(ICNT) . G T .368)T H E N
WRITE(LUNG, *)*BAD WIND DIRECTION *, WD (ICNT}
GO TO 650

END IF

IF(WS(ICNT) .LT. 0. . OR. WS{ICNT),BT.100.) THEN
WRITE(LUNO, #)*BRD WIND SPEED *,WS(ICNT)
GOTO 650
END IF
675 REWIND LUNI
600 CONTINUE

GO TO 450
END IF
C
C SET UP METEOROLOGICAL DATA RECORD
C
T =0
ICNT =20
DO 700ITIME= I[START,ISTOP, I HINC
ICNT=ICNT +1
C
C CONVERT SPEED TO METERS PER SECOND
C
WS (ICNT)=WS (ICNT) #Q. 5144
C
€C SETLATITUDEAND LONGITUDE
C
XLAT=43,
XLON=835.
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C
C SET HEIGHT FIT 5 METERS

C
1=5.
C
C AIR AND WATER TEMPERATURE SET TO 4 DEGREES
C
TR=4.
TW=4,

c
C WRITE MWTEOROLOGICAL DATA RECORD
C

WRITE (LUNMW, 1000} T, XLAT, XLON, Z, TR, TW, WS (ICNT) , WD (ICNT)

c
C INCREMENT TIME
c
T=T+IHINC
700 CONTINUE
c
C WRITE END-OF-DATA INDICATOR
C
WRITE (LUNMW, 1000) - T
REWIND LUNMW
c
C WRITE CONTROL RECORD FOR WAVE
C DT=TIME STEP = WIND INCREMENT
C TT=DURATIONOF RUN
C DADD=WATER LEVEL INCREMENT = 0
c
DT=IHINC
TT=18TOP-IHPREV
DADD=0.
WRITE(LUNW, 1000) DT, TT, DADD
REWIND LUNW
C
C SAVE STRRT DATEAND TIME, IHPREV, ISTOP, IHINC ON THIS FILE TOO
c
WRITE(LUNX, 1100) 1Y, MON, IDAY, | H
WRITE(LUNX, 1100) IHPREV, ISTOP, IHINC
REWIND LUNX
c
C PRINT MESSAGE
c

WRITE(LUND, #) * CALCULATING WAVES.. .PLEASE STAND BY'’
GOTO 9999
12002 FORMAT (8F10. 3)
1100 FORMAT (8110)
120@ FORMAT (", 5, 4X,12,°/%,18,"/%, 14,2X, 13,’ 100?,4X,15,7X,F6. 1)
1300 FORMAT(' INPUT WIND FIT’, 13, HOURS ?412,%/%,12,*/%,14," %, 12,
it :00*)
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1400 FORMAT(* IS AFORECAST LONGER THEN',13,"HIOURS DESIRED?")
150@ FORMAT (* FORECAST WILL BE EXTENDED TO’, 13,*HOURS")
1600 FORMAT (AS@)

C

C CONE HERE FOR ERROR CONDITION ON INPUT

C

5000

9999 CONTINUE

oNoNoNeoNoNeoNoNeoNP NN NGO NONO N NONOEP NP NP NG NP

0o oo

WRITE (LUNQ,#*)® IMPROPER INPUT.. . PLEASE RE-ENTER’

REWIND LUNI
GO TO LABEL, (30, 40, 100, 125, 200, 40@, 550)

END

SUBROUTINE HELPER
WRITE(G6,#) ‘HELP NOT AVAILABLE FIT THIS TINE, SORRY’

RETURN
END

SUBROUTINE RDATE(IY,MON,IDAY, IH, IHINC, [YM, MONM, IDAYM, IHM)

PURPOSE:

ARGUMENTS:
ON INPUT:

ON OUTPUT:

HISTORY:

THIS SUBROUTINE ADJUSTSTIME BY INCREMENTING OR
DECREMENTING THE TINE ARGUMENTS (YEAR, MON. , DAY, HOUR)
BY THE SPECIFIED NUMBER OF HOURS SPECIFIED BY ‘IHINC’.

'Y~ STARTING YEAR(NO LIMIT RESTRICTION)
NON-STARTING MONTH (1-12)
IDAY - STARTING DAY (1-# OF DRY INPRRTICULRRM ONTH)
| H=STARTING H O U R (B -~ 23)
IHINC = NUMBER OF HOURS TO INCREMENT OR DECREMENT TIME.
POSITIVE FOR TIME ADVANCE
NEGITIVE FOR TINE RETRACT
NO LIMIT ON THE NUMBER OF HOURS TO CHRNGE TINE.

IYM-~ THE ADJUSTED YEAR (NO LIMIT RESTRICTION)

MONM = THE ADJUSTED MONTH (i1-12)

IDAYM - THE ADJUSTED DAY (1 —# O F DAYS IN PARTICULAR MONTH)
IHN = THE ADJUSTED HO UR (@ -23)

WRITTEN BY E. W. LYNN S-1983, GLERL, ANNARBOR M|,

DIMENSION NUMDAY (12)
DATA NUMDAY/31, 28, 31, 39, 31, 39, 31, 31, 30, 31, 30, 31/

INITIALIZE THE OUTPUT PARAMETERS TO THE INPUT PARAMETERS
AND ADD THE HOUR INCREMENT ‘IHINC’ TO THE HOUR TIME
IYM =
MONN =NON
I1DAYM IDAY

IHM=|H + IHINC

28



[eNe)

ADJUST THE NUMBER OF DAYS IN FEB. DEPENDING IF LERP YERR.

10 IF(MOD(IYM,4) EQ. ) THEN
NUMDRY(2)= 27
ELSE
NUMDAY(2)= 2 . 9
END IF

GO TO THE REQUIRED ROUTINE DEPENDING ON WERTHER TIME NEEDS
INCREMENTING OR DECREMENTING.

noaOon

IF(IHINC.BE.@) THEN

[@Ne]

ADJUST ADVANCED TIME (IYM, MONM, IDAYM, IHM) .

IF(IMM GT.23) THEN
IHM = [HM -2 4
IDAYM = IDAYM + |
|F (IDAYM . GT. NUMDAY (MONM)) THEN
IDAYM = IDAYM — NUMDAY (MONM)
MONM = MONM + 1
IF(MONM .B5T.12) TH E N
NONN =MONM - 12
IYM= IyMm + 1
END IF
END IF
END IF
IF(IHM GT.23)GOTO0 10
ELSE

(@]

C ADJUST BACKWARD T | N E (IYM, MONM, IDAYM, IHM)

IF(IMM.LT.@)THEN
IDAYM=|DAYM -1
IHM= |HM + 24
IF{IDAYM .LT.1) THEN
= NONM =1
IF(I .EQ. @) | = 12

IDRYM = IDAYM + NUMDAY(I)
MONM = MONM =1
IF{MONM.LT.1) THEN
YMm = IYM =1
MONM = MONM + 12
END IF
END IF
END IF
IF(IHM,.LT.® GOTO 10
END IF
RETURN
END
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F ROGRAM WAVE
CHEE RN NEREREEEERENERERDROCRAM WAV 3936 3636 2046 34696 03636 396 36963630 3630 49696 %

PURPOSE :

TO PREDICT SURFACEGRAVITY WAVES FROM THE WIND.

INPUT :
LOGICAL UNIT 5 :
TIME-SHORING USER INPUT

LOGICARL UNIT 7 :
BATHYMETRICDATA FILE

THE FORMAT OF THE BATHYMETRIC DATR FILE IS DESCRIBED
IN SCHWABRAND SELLERS (198@): ‘'COMPUTERIZED BATHY-
METRY FIND SHORELINES OF THE GREAT LAKES® , NORA DATA
REPORT ERL-GLERL-16, AS DESCRIBED IN SCHWAB, BENNETT,
FIND JESSUP (1981) : 'A TWO-DIMENSIONAL LAKE CIRCULATION
MODELING SYSTEM’, NOAA TECHNICAL MEMDRANDUM ERL-GLERL-3
FIVE ADDITIONAL FIELDS ARE PRESENT ON BATHYMETRIC
DATAHEADER RECORD NUMBER 2. THESE ARE:

FORMAT CARD COLUMNS

MINIMUM DEPTH IS 45-49
BASE GRID ROTATION FROM E-W F6.2 50-55
| DISPLACEMENT IS 56-60
J DISPLACEMENT IS 61-65
ROTATION RNGLE FROM BASE F6.2 66-71

(ANGLESMEASURED IN DEGREES COUNTERCLOCKWISE)

THE ADDITIONAL FIELDS ARE REQUIRED FOR CONVERSIONS
BETWEEN LATITUDE, LONGITUDE PRIRS FIND GRID DISTANCES.
ONLY THE BATHYMETRIE PART OF THE FILE IS USED, SHORE-
LINE INFORMATION NEED NOT BE INCLUDED.

LOGICAL UNITS8 :
METEOROLOGICAL DATAFILE
FORMATCARD COLUMNS

TLAST - TINE FROM BEGINNING 619. 4 1 - 10
OF RUN (H)
PLAT-LATITUDE IN DEGREES NORTH 610.4 11 - 20
PLON = LONGITUDE IN DEGREES WEST 610.4 21 = 30
Z- HEIGHT OF INSTRUMENT (M) 010.4 31 = 40
TA - TEMPERATURE O F RIR(C) 61Q. 4 41 = 50
T W -TEMPERATURE O F WATER (L) G10.4 51 = 60
WS- WIND SPEED (M/S) G10.4 61 = 70
WD = WIND DIRECTION (DEG) G10. 4 71 = a0

ALL DATA FOR THE SAME TIME FIRE GROUPED TOGETHER, WITH A
MAXIMUM OF 25 STATIONS INR GROUP.

e NOTE: END-OF-FILE IS INDICATED BY A RECORD WITH A
NEGARTIVE TINE.

[pEeNeoNoNeNoNoNeNoNeNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNRo RN NeNoNoNoNoNoNoNoNoNoNe N
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LOGICAL UNIT 10 :
RECORD 1 - CONTROL PARAMETER RECORD :
FORMAT CARD

DT= TINE STEP IN HOURS 610.2
TT-DURATION OF RUN IN HOURS G10.2 1
DADD - MEAN WATER L E V E L RELATIVE G10. 2

TO LOW WATERDATUM [N METERS

OUTPUT 1z
LOGICAL UNIT 6 :
CONTROL PARAMETERS, BATHYMETRY,ANDA LIST OF THE
NETEOROLOGICQL DATAR RECORDS.

COMMON BLOCKS :
/CPARM/ D T , TT, DADD, - CONTROL PARAMETERS
/GPARM/ RPARM (23) , IPARM(54)-REARL FIND INTEGER
PARAMETERS DESCRIBING THE BATHYMETRIC GRID.
SEE SUBROUTINE RGRID FOR DETRILS.
/TPRARM/ NDTT = NUMBER OF SMALL TIME STEPS TRKEN
DURING LASTLARGE TINE STEP

SUBROUTINES 1

RGRID —RERDS THE BATHYMETRICDATA FILE

PGPARM - PRINTS GRID PARAMETERS

PRNT - FORMRTS AND PRINTS OUTPUT ON GRID

FUNCTION WINDX — READS METEQOROLOGICAL DATA AND CALCULATES

X FIND Y COMPONENTS OF EQUIVALENT NEUTRAL STABILITY WIND

FUNCTION UZL = USED BY WIND

FUNCTION UZ = USED BY WIND

FUNCTION XDIST = RETURNS X DISTANCE FROM GRID ORIGIN GIVEN
LATITUDE FIND LONGITUDE

FUNCTION YDIST = RETURNS Y DISTANCE FROM GRID ORIGIN GIVEN
LATITUDE RND LONGITUDE

THE USER MUST SUPPLY TW@ SUBROUTINES TO SUPPLY
INITIAL CONDITIONS AND GENERATE OUTPUT. THEY RARE:

WINIT (D, CG, XMOM, YMOM, S1G, IDIM)- SUPPLIES INITIAL CONDITIONS

WouTP (T, D, CG, XMOM, YMOM, SIG,CD, IDIM) -GENERATES USER-REQUIRED OUTPUT
WOUTP IS CALLED BY WAVE EVERY TIME STEP (DT, SPECIFIED
BY THE USER). T IS THE TIME (IN SECONDS) FROM THE BEGINNI
OF THE RUN. D IS THE DEPTH RARRAY.
IDIM IS THE FIRST DIMENSION OF D.

HISTORY :
WRITTEN BY J.R. BENNETT, 1982, GLERL, ANN ARBOR,MI., B Y
MODIFYING ARPROGRAM WRITTEN BY M.A.DONELAN, NATIONAL WATER
RESEARCH INSTITUTE, BURLINGTON, ONTARID.
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FOR THE INTERRCTIVE VERSION OF THE WAVE MODEL ALL PRINT
STATEMENTS AND SUBROUTINE CRLLS ARE COMMENTED OUT.
SUBROUTINES PCPARM, PRNT ANDWINITHAVE BEEN REMOVED
UNITS 11, 12 AND 13 ARE USED IN WOUTP TO OUTPUT WAVE
HEIGHT, DIRECTION AND PERIOD RESPECTIVELY.

D. J. SCHWAB NOVEMBER, 1983

THERE ARE SIX MAJORARRAYS USED TO DESCRIBE THE WAVE FIELD.
THEY ARE DIMENSIONED {(IM, JM}, THE SIX ARRAYS ARE:

XMON = THE X-COMPONENT OF MOMENTUM
YNON = THE Y-COMPONENT OF MOMENTUM

C ~ THE MAGNITUDE OF THE MEAN PHRSE SPEED
S ~ THE WAVE HEIGHT STANDARD DEVIRTION
cs - THE COSINE OF THE MEANWAVE DIRECTION
SN - THE SINE OF THE MEANWAVE DIRECTION

THE THREE OTHER ARRAYSARE:

D = THE DEPTH; THIS IS USED ONLY TO DETERMINE WHETHER R GRID
POINT IS IN THE LAKE OR NOT. THE MAGNITUDE OF THE DEPTH
IS NOT USED IN THIS DEEP WATER VERSION OF THE MODEL.

CD -~ THE DRAG COEFFICIENT OF AIR OVER WRTER. THE PREDICTION
OF CD ISA BY-PRODUCT OF DONELAN*S THEORY; REMOVING ITS
CALCULATION DOES NOT AFFECT THE WAVE PREDICTION METHOD.

uv - THE X AND Y COMPONENTS OF THE WIND

RERL D(41,35),C(41,35), XMOM (41, 35), YMOM (41, 35) , S (41, 35)

1,CS (41, 35),SN(41, 35),CD(41, 35)

COMMON/CPARM/DT, TT, DADD

COMMON/GPARM/RPARM (23) , IPARM (54)

COMMON/ TPARM/NDTT
DIMENSIONS OF ARRAYS

DATA IDIM, JDIM/41, 35/
PHYSICAL CONSTRNTS

DATA G, VK/9.81,0. 4/
DATARHOAIR, RHOH20, GAMMA/1. 2233, 10002, ,d, 028/

RNEMONETER HEIGHT
DATA Z /10./
COMPUTE CONSTRNTS

FAC2=0. S*GAMMA*RHOAIR/ (RHOH2O*G)
GTPI=G/ (2. *ATANZ (B, ,-1.))
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OPEN STATEMENT REWIRED BY VAX FORTRAN
OPEN {7,READONLY, STATUS-' OLD")
READ CONTROL PRRAMETERS

READ (18, 510 DT, TT,DADD
WR1TE (6, 520) DT, TT, DADD
NSTEPS=TT/DT+8. S
DT=DT#3600.

READ BATHYMETRIC BRID INFORMATION

CALL RGRID(7,D, IDIM, JDIM)
IM=IPARM(1)

Im=1PARM (2)

DE=RPARM (3)
DMIN=RPARM (5) +DADD

IMM1 =IM=1

Imwi1=Im-1

IF WATER LEVEL INCREMENT RESULTS IN A NEBRTIVE DEPTH, STOP

IF(DMIN. LT.@.) SO TO 500

PRINT BRTHYMETRICDATA FILE HERDER INFORMATION
C & L PGPRARM(B)

PRINT DEPTH FIELD

WRITE (6, 540)
CALL PRNT (64DyIDIM,IM,IM,8.)

SET INITIAL CONDITIONS

D 01QI=1,IM
D 010 J=1, M
CD(1, )=,
XMOM (I, J)=0. @
YMOM (1, J) =0, @
C(1,0)=0.0
cS(I, N=1.0
SN(I,J)=0.0
8(1,J)=0.9
IF(D(1,J),LT.RPARM(S))BD T O 1@
D(1, J)=D(1, J)+DADD
1@ CONTINUE
CALL WINIT (D, C, XMOM, YMOM, S, IDIM)
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THIS PROGRAMUSES TW D TIME STEPS. THELRRBE TINE STEP (DT)
IS SPECIFIED BY THE USERAND CONTROLS THE FREQUENCY AT WHICH DRTR
CAN BE PRINTED OR STORED FOR LATERANALYSI1S B Y WOUTP, THE UBER SUP—
PLIED DUTPUT ROUTINE. THE SMALL TIME STE P (DTT) |S CARLCULATED g v
THE PROGRAM FROM THE FORMULA FOR NUMERICAL STABILITY O F THE UPWIND
FINITE DIFFERENCE SCHEME. THE NMUMBEROF SMALL T|ME STEPS p ER LRARGE
TIME STEP IS NDTT; IT IS STORED IN COMMON BLOCK /TPARM/.

INSIDE ERCH SMALL TIME STEP THERE ARE TWO LOOPS OVER THE SPATIAL
CODRDINARTES |IAND J. IN THE FIRST LOOP THE WAVE ADVECTION TER M S ARE
CALCULATED. IN THE SECOND LOOP TN WIND INPUT O F MOMENTUM | S ADDED
AND T H E DIAGNDSTIC VARIABLES ARE CALCULATED.

BEGINMRINTIME LOOP

T=®. 0
DO 30 NS=1,NSTEPS
T=T+DT/2.

CALCULATESMALL TIME STEP

XMAX=]MEDS
YMAX=JM#DS
WMAX =@,
WMAX=AMAX 1 (WMAX, ABS (WINDX (T, @, , 8. ,1,2)))
WMAX SAMAX 1 (WMAX, ABS (WINDX (T, 8. , 0., 2, 7))
WMAX=AMAX 1 (WMAX, ABS (WINDX (T, 0., YMRX, 1,2)))
WMAX=AMAX | (WMAX, ABS (WINDX (T, @. , YMAX, 2,2)))
WMAX=AMAX 1 (WMAX, ABS (WINDX (T, XMAY, ., 1,2)))
WMAX=AMAX 1 (WMAX , ABS (WINDX (T, XMAX, 8. ,2,2)))
WMAX=AMAX 1 (WMAX, ABS (WINDX (T, XMAX, YMAX, 1,2)))
WMAX=AMAX 1 (WMAX, ABS (WINDX (T, XMAX, YMAX,2,Z)})
D 0 48 I=2, IMM1
D O 4@ J=2, JMM1
IF(D(I,J).LT.DMIN)BO T O 49
D O S8N=1,2°
WMAX=AMAX 1 (WMAX, ABE (C(1,J)))
50 CONTINUE
4 0 CONTINUE
NDTT=IFIX((1.4148WMAX#DT) /DS)+1
DTT=DT/NDTT
DTTDS=DTT#Q, 25/DS
DTTGAM=FAC2¢DTT
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C BEBINLOOP OVER SMALL TIME STEPS

C

C

(@]

00

a0
C

D O 68 NDT=1,NDTT
FIRST LOOP OVER 1,J:CALCULATE TM WAVE ADVECTION TERMS

Do 78 I-2, ImmMi
DO 70 J=2, JMm1
| F{D{I,J).LT.DMIN)BOT O 7@

X-COMPONENT

IF(CS(I,J).6E. . D) XFLXD= ((S(I,J)aCS({1,J))##2)
1=-((S{I-1,J)#CS(I~-1,J)) #a2)

IF(CS(I,J).LT.0. @) XFLXD= ((S(I+1, J)#CS(I+1,0))
1#42) = ((S(1,J)#CS (1, ) ) #22)
IF(SN(I,J).LT. Q. Q) YFLXD=(CS(], J+1)8EN{],J+1)
I1S{I,J+1)##2)-(CS(], J)#SN(], J)#S(],J)ua2)
IF(SN{(I,J).BE. 0. @) YFLXD=(CS(1,J)#EN(],J)*S
11, Jiau2)={CS(L, J=-1)#SN(I,J-1)#5(],J=-1)#42)
SIP=S(I+1,J)

SIM=sS(I~{,.J)

IF(D(I+3,J).LT.DMIN) SIP=2,#S(I,J)-S(I~§,J)
IF(D(I-1,J).LT.DMIN) SIM=2, #5(],J)-S(I+1,J)
XMOM (I, J)sXMOM (I, J)~DTTDS* (XFLXD+YFLXD+Q, 25* (SI1P#&2
1-SIMsu2) )

Y-COMPONENT

IF(CS(I,J).LT.0.0)§FLXD-(CS(I+1,J)*SN(I+1,J)*
1S(I+1,0)%#2)-(CS(I,J)#SN(], J)#SX], J) #42)
IF(CS(1,J).6E. . 0) XFLXD=(CS(I,J)#SN(I, ) #
15(1,J)##2)-(CS(I-1,J)4#5SN(]-1,J}#5(]-1,J)ax2)
IF(SN(I,J).GE. @. @) YFLXD=( (SN(I, J)#5(I,J)) =2}
1-((SN(1,J-1)#8(1,J-1))#%2)
IF(SN{I,J).LT.0.0)YFLXD= ({SN(]I, J+1)%5(], J+1) ) #a2)
1-((SN({I, J)#5(1,J))#x2)

8JP=S5(I, J+1)

EIM=5(1,J-1)

IF(D(I,J+1).LT.DMIN) SIP=2.#S8(1,J)-5(1,J-1)
IF(D(!,J=-1).LT.DMIN) SJM=2,#5(I,J)-5(I,J+1)

YMOM (1,J)=YMOM(I,J)}-DTTDS#* (XFLXD+YFLXD+0.25%(5JP%+2
1-S5JM»22))

CONTINUE

70 CONTINUE
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BECOND LOOP OVER |, J3s CALCULATE THE WIND INPUT OF MOMENTUM
AND COMPUTE THE DIRBNOSTIC VARIRBLES (CS, SN, §,C,CD)

DO 9@ | -2, Ivm3
DO 98 J=g2, JMm1
IF(D(1,J).LT.DMIN) SO TO 9@

CALCULATE THE VERTICAL MOMENTUM F LU X IN TM 2 DIRECTIONS,
THE WIND AND THE WAVE FIELD

X={1-9.3)#D5

Yu({J~@.5)«D5

UWIND=WINDX (T,X, ¢ 427
VWIND=WINDX (T, X, ¥ 2, 2}

WSPDSQ=UM IND#UWIND+VWIND#VWIND
WNDSPD=SQRT (WSPDSQ) +1. E-20
CSHIND=UW IND /WNDSPD

SNWIND=W IND/WNDSPD
DTFAC=DTTEAM#WSPDSA

CTHE 1=CSWIND#CS (1, J) +SNWIND#SN (1, J)
SG=AMAX ] (2. 205, 5(1,.J)# ABS (CTHEL)
DRAG 1= (VK/ALDG (50. /56) }#a2
SG=AMAX 1(0.005,S(1,J)*ABS(CTHEL))
DRAG2= (VK/ALDG (58, /S6) ) »e2
B=C(1,J)e. 83/WNDSPD

A=1, -BaCTHE]

W11=DRAG1 =A+ABS (A)

A=CTHEL-B

WI12=DRAG2*ASABS (R) _
VFLXA=WI1#CSWIND+W124CS (1, J)
VFLYA=WI 1 #SNWIND+WI245N (1, J}
XMOM (1, J)=XMOM (I, J)+DTFRCaVFLXA
YMOM (1, ) =YMOM {1, J) +DTFRCH#VFLYA

COMPUTE T H E NEW C O S | N E S AND SINES; AND COMPUTE THE PHASE
S P E E D (C) AND WAVE MEISHT STANDARD DEVIATION (S).

CM=SORT (XMOM{1,J) aa2+YMOM{I, J)#a2) +1,.E~10
CS(I,J)y=XmMOM(I,J)/CM
SN{(I,J)=YMOM(I,J)/CM
U=UWIND#CS (1, J)+VWIND#SN(1, J)
|F(J.LE.®.@)G O TO13®
FM=3. 81788735% ( ( (U#U) 7/ (CMeCMaCM) ) 359, 14285714)
IF((UaFM) . BT. 0. 768545) GO TO 160

15@ Fm=(CMa14343,09) ##(~,3333333333)

168 S(I,I)=sSQRT(CM*# GTPI/FM)
C(1, =GTPI/FN
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C

c

THE FOLLOWING STRTEMENTS ARE USED ONLY FOR’ CRLCULATING C D
AND CAN BE REMOVED IF CD IS NOT REQUIRED.

IF(NDT.NE.NDTT) 60 TO 96
SX=0, 58 (VFLXA+VFLXF ) +0. 8007#CSWIND
SY=Q, 5% (VFLYR+VFLYF) +0. O3Q7#SNW IND
CD(I,J)=»SRRT (SX#SX+SY%5Y)

9 6 CONTINUE

END LMP OVER SMALL TIME STEPS
6@ CONTINUE
UPDARTE TIME

T=NS=DT

C CALL OUTPUT ROUTINE

C

C
C
C

CALL WOUTP (T, D, C, XMOM, YMOM, S, CD, IDIM)
END O F MRINTIME LO O P

36 CONTINUE
6010 903
5 6 6 WRITE (6, 539) DADD
5@5 CONTINUE
516 FORMAT {3618, 2) -
520 FORMAT(*1%,//,'DT = *,F6.2," TT = *,F9.2,° DADD = ',F6.2)
S20 FORMAT (1X, 'THE WATER LEVEL |NCREMENT®,F8.2,° RESULTS IN A?,
1 * NEGATIVE MINIMUM D E P T H - PROGRAM TERMINATED" )
548 FORMAT (1X, ‘DEP TH RELATIVE T O MEAN WRTER LEVEL’)
END
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SUBROUTINE RGRID(LUN, D, IDIM, JDIM)

PURPOSE :

ARBUMENTS ¢
ON INPUT:

ON QUTPUT:

T O READ a STANDARD BATHYMETRIC BRIDDATA FILE
AND RETURN GRIDPRRAMETERS AND DEPTHS.

LUN - LOSICAL UN | T NUMBER O F BATHYMETRICDATA FILE
IDIM - FIRST DIMENSION OF ARRAY D IN

DIMENSION STATEMENT OF CALLING PROGRAM
JDIM - SECOND DIMENSION O F ARRRY D | N

DIMENSION STRTEMENT O F CALLING PROGRAM

D - DEPTH RRRAY.ZERO FOR LAND, AVERAGE DEP TH
OF GRID BOX IN METERS FOR WATER.
RPARM - ARRAY CONTRINING RERL-VALUED BATHYMETRIC
GRID PARAMETERS RS FOLLOWS:
BASE LATITUDE
BASE LONGITUDE
GRID SIZE (M)
MAXIMUM DEPTH (M)
« MINIMUMDEPTH (M)
BRASE ROTATION (COUNTERCLOCKWISE FROM E-U)
. ROTATION FROM BASE (COUNTERCLOCKWISE)
8-11. BEOSRAPHIC~TO-MAP COORDINATE CONVERSION
COEFFICIENTS FOR X
12-15. BEOGRAPHIC-TO-MAP COORDINARTE CONVERSION
COEFFICIENTS FOR Y
16-19. MAP-TO-GEDGRAPHIC CDORDINATE CONVERSION
COEFFICIENTS FOR LONGITUDE
26-23. MAP-TO~BEDGRAPHIC CDORDINATE CONVERSION
COEFFICIENTS FOR LATITUDE
IPARM - ARRAY CONTRINING INTEGER-VALUED BATHYMETRIC
BRID PARAMETERS a 6 FOLLOWS:
1. NUMBEROF GRID BOXES IN X DIRECTION
2. NUMBEROF GRID BOXES IN Y DIRECION
3. | DISPLACEMENT — THENUMBER O FNEW GR | D
SQUARES IN THE X-DIRECTION FROM THE NEW
BRID ORIGIN TO THEOLD 6RID ORIGIN
4. ) DISPLACEMENT — THE NUMBEROF N E W GRID
SQUARES IN THE Y-DIRECTION FROMTHE NEW
6RID ORIGIN TO THE OLD GRID ORIGIN
S-54. LAKE NAME (350A1)
NOTE: IF 6RID 16 TOO LRRGE FOR DIMENSIONS OF D,
THE IPARM ARRAY | s SET T o ZERD

NOoO NS WN
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C COMMON BLOCK:

C
C

[oNoNoNoNoNONONONON » I o

/GPARM/RPARM (23) , IPARM (54)

DIMENSION D{(IDIM, JDIM)

COMMON /GPARM/ RPARM(23), IPARM(S4)

R E R D (LLUN, 30) (IPARM(I), I=5, 54), IPARM(1) , IPARM(2),

1 (RPARM (1), I=1,6), IPARM(3), IPARM(4), RPARM(7)

R E R D (LUN, 60) (RPARM(I) , I=8, 23)

IM = IPRRM(1)

JM = IPARM(2)

| F (IPARM(1) .BT. IDIM .OR. IPARM(2) .GT.JDIM}G O T O 1 0

READ (LUN,4@) ({D(I,J),I=1,IM),J=1,JM)

RETURN
18 DO 26 | = 1, 54
20 IPARM(I) =0

WRITE (6, 50)
30 FORMRT (S@(R1) /215, 2F12.7, 3FS.0, F6.2, 215, F6.2)
4 0 FORMAT (19F4.@, 4 X )
50 FORMAT (* BATHYMETRIC GRID TOO LRRBE - INCREASE DIMENSIONS OF’,

1 YNDEPTHAND DEPTH | N MAINPROGRAM® }
6 0 FORMAT (4E15.6, 2 0 X )
70 RETURN

END

FUNCTION WINDX(T, XS, Y8, K, ZWIND)

PURPDOSE :

TO RETURN EQUIVALENT NEUTRAL STABILITY WIND COMPONENT
FORLOCATION(XS,YS) FIT TIME T. XSANDYSARE IN METERS
RELATIVE TO THE GRID ORIGIN. THE PARAMETER K

INDICATES WHICH COMPONENT OF WIND IS RETURNED.
K=1FORTHE X COMPONENT AND K*= 2 FOR THE Y COMPONENT.
BOTH COMPONENT6 ARE LINEAR FUNCTIONS OF X FIND Y.

ZWIND IS THE HEIGHT ABOVE THE WATER IN METERS RT

WHICH EQUIVALENT NEUTRAL STABILITY WIND IS DETERMINED.
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INPUT:

ivNoN vl sNoNoNoNoNoNoNoNoNeNoN v o NoNoNONoNS)

11-
21-
31-
41-
51-
61-
71-80

1@

20
30
40
50
60
70

LOGICAL UNIT 8:
METEOROLOGICAL DATAFILE

CARD COLUMN

1_

GIO.

G10.
G10.

610.
G10.
010.
010.
G10.

NEGATIVE TIME

FORMAT

4

N SO NG N N N N

PARAMETER

TLAST - TIME (HRS) FROM BEGINNING
OF RUN

PLAT ~LATITUDE IN DEGREES NORTH

PLON = LONGITUDE IN DEGREES WEST

Z = HEIGHT OF INSTRUMENTS

TA - TEMPERATURE OF RIR

TW — TEMPERATURE O F WATER

ws = WIND SPEED (M/S}

WD~ WIND DIRECTION (DEG)

ALL DARTAFOR THESAME TIME RREGcrRoOuUPEDTOGETHER, WITH 3
MAXIMUM OF 25 STATIONS IN a GROUP.

e NOTE: END-OF-FILE IS INDICATED BY a RECORD WITH a

F METEOROLOGICAL DATA STATION B Y STATION

/GPARM/RPARM (23) , IPARM (54)

FUNCTION XDIST = RETURNS X DISTANCE FROM GRID ORIGIN

GIVEN LaTITUDE AND LONGITUDE

FUNCTION YDIST = RETURNS Y DISTANCE FROM GRID ORIGIN

GIVEN LATITUDERND LONGITUDE

C OUTPUT :

C LOGICAL UNIT 6:
C PRESENTATION O
C

C COMMON BLOCKS:

C

C

C SUBPROGRAMS

C

C

C

C

C

C

C

C

SUBROUTINE UZL = RETURNS DRRB COEFFICIENT AND WIND PROFILE
PARARMETERS
FUNCTION UZ = RETURNS WIND SPEED RT HEIGHT ZWIND BRSED ON

WIND PROFILE PARAMETERS
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C
C
C
C
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

ALGORITHM:

RRGUMENTS :

THIS FUNCTION READS METEDROL.OGICAL DATA FROM a FILE,
CALCULATES THE NON-NEUTRAL WIND PROFILE, AND CONVERTS
WIND SPEED TO EQUIVALENT NEUTRAL WIND SPEED AT

HEIGHT ZWIND. ALLDATAFORTHE SAMETIME

ARE ¢ R oU P Ep TOBETHER, WITH a MAXIMUMOo r2 5 STATIONS IN

a GROUP. THE TWO COMPONENTS OF THE WIND ARE ASSUMED

T o ELINEAR FUNCTIONS OF x AND Y ARND THE BE s 1-FITLINER
SURFACE FOR THE GIVEN DATAPOINTS IS CALCULATED. ERCH
TIME WIND IS CALLED, THE TIME PARAMETER IS CHECKED
AGAINST THE TIME OF THE LAST SET OF METEORGCLOGICAL DATA
READ. IF IT IS GRERTER, ANOTHER GR O U P | S RERD. IFIT
IS LESS, THE APPROPRIATE WIND COMPONENT IS CALCULATED
USING LINEAR INTERPOLATION BETWEEN THE LAST TW O LINEAR
SURFACES COMPUTED FOR THAT COMPONENT. IF THE END-OF-FIL
IS ENCOUNTERED, WIND ISCALCULATED WITH THE LAST LINEAR
SURFACE COEFFICIENTS.

MANY OF THE VARIABLES USED IN THIS FUNCTION ARE ASSUM-
ED TO HAVE RETAINED THEIR VALUES FROM THE PREVIOUS
CALL. IF YOUR FORTRAN SYSTEM b o £ sNOT D o THIS AUTD-
MATICALLY, PROVISION MUST BE MADE TO RETAIN VALUES
FOR THE VARIABLES: ISTA, ROLD1, BOLD1, COLD1, AOLDZ,
BOLD2, COLD2, ANEW1, BNEW1, CNEW1, ANEW2, BNEW2, CNEW2,
TOLD, TNEW, TLRST,PLAT, PLON, WS, W D .

T- TIME IN SECONDS FROM BEGINNING OF RUN AT WHICH
STRESS IS TO BE CALCULATED

XS = X DISTANCE IN METERS FROM GRID ORIGIN RT WHICH
WIND IS TO BE CALCULATED

¥YS - YDISTANCE INMETERG6 FROM GRID ORIGIN AT WHICH
WIND IS TO BE CALCULATED

K ~ SPECIFIES WHETHER X COMPONENT OR Y COMPONENT
OF STRESS IS RETURNED. K=1 FOR THE X COMPONENT
AND K= 2 FOR THE Y COMPONENT

ZWIND = HEIGHT ABGVE WATER IN METERS AT WHICH WIND IGRE
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[eNe!

(@)

(@)

HISTORY :

WRITTEN BY J. R. BENNETT, 1982, GLERL, ANN RRBOR, M| BY

MODIFYING FUNCTION TAU.

sEESCHWAB,B E NNET T ,ANDJESssuP (1

*MODIFIED AUBUST,1983 TO FIX PROBLEM WITH CO-LINEAR
METEOROLOGICAL DATA POINTS

DIMENSION X{(23),u(2), Y23}, AWIN(25, 2)

LOGICAL XEQ, YEQ

COMMON /GPARM/ RPARM (23) , IPARM (54)

DATA RHOAW, ISTA /1.25E-3, 0/
DATA L UN /8/

DATA AOLD1, BOLDY, COLD1, ADLDE, BOLD2, COLD2, TOLD /7#@./

STATEMENT FUNCTION TO CALCULATE DETERMINANT OF 3 BY 3 MATRIX

DET(A11, A21, A31, Alg, ARe, A32, A13, R23, R33) =

1la | |* A22 # R33 —- all # a23 e

a32 +

2 al2 # a23 # 331 - a2 e a2l #* a33 +

3 a3 # a2l #* a32 - a3 * a22 #

a3l

IFTHI Si1s THE FIRST TIME THROUGH READ a RECORD

IF(ISTA. EQ.® GO TO 30

CHECK IF NECESSARY TO READ ANOTHER RECORD

IF(T .LT. TNEW.OR.TNEW .LT.8.)GO TO 90

1 0 AOLD1 = ANEW1
BOLD1 =BNEW1
COLD1 = CNEW1
AOLD2 = ANEW2
BOLD2 = BNEW?2
COLD2 = ENEW2
TOLD = TNEW
2 0 TNEW = TLAST
IF{TNEW .LT.®)GO TO 90

FIND AWIN, THE WIND FOR THE CURRENT STATIONAT HEIGHT ZWIND RBOVE WAT

X (ISTA) = XDIST(PLAT, PLON)
Y (ISTA) = YDIST(PLAT, PLON)
D = Ta = TW

CALL UZL(WS,Z, TD, Z, CD, CH,

WS Z =UZ(ZIWIND,WS, C D, I8, FL)
CDD = CD #1,E3

70, FL)
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c
CINITIAL GUESS RTEGUIVALENT NEUTRAL WIND BPEED

o
US N =WSZ
C
C ITERATE TO FIND EGQUIVALENT NEUTRAL UIND SPEED
C

DO 23 IT6 = 1, 1@
CALL UZL(WSN, ZWIND, @, ZNIND, C D N, CH, 208, F L)
WSOLD = WSN
USN =SQRT(CD/CDN) o WS
2s CONTINUE
26 WSZ = WSN :
AWIN(ISTA, 1) = WSZ # COS((270. - WD ~ RPARM(6) - RPARM(7))+
1 ATAN(1.) /45.)
AWIN(ISTA,2) = WSZ e SIN{((270. - WD - RPARM(6) - RPARM(7)) &
1 ATAN(1.)/AS,)
TTLAST = TLAST 7/ 36 6 0 .
o | F{ISTR.LE, 1) WRITE (6,166)
XKM = X(ISTAY/ 1066 .
YKN=Y(ISTAY/ 1000.
c W R | T E (&,138) TTLAST, PLAT, PLON, Z . TR, TN, WS, WO, CDD,
c 1 XKM, YKN
3 0 READ (LUN, 130) TLAST, PLAT, PLON, Z , TR, T N , WS, WD
TLAST = TLAST e 3600.
| FAT .LT. TLAST .AND. ISTR.ER.® G O TO1 6 6
ISTA = ISTA + 1

C
CIF FIRST TIME THROUGH, FIND R U I N
C
| FCISTR.EQ.1) GO TO 26
C

C CHECK IF LAST RECORD at TIME TLAST Ha 6 BEEN RERD
| F(TLAST .EQ. TNEWXBOT 020

C
C NOW FIND THE BEST-FIT LINEAR SURFACE
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sx =@,

SY = @.

SXy=o0 .

6X2=0.

SYe=o6 .

SXWINI =0 .

SYWINI =0 |

SAWIN:I = 0 .

SXWINE =0 .

SYWIN2 =0 .

SAWINZ = 0 .

N =ISTA- 1

AN = FLOAT{N)

XEQ = , TRUE.

YEQ = . TRUE.

DO 46 IN = 1, N
S X=SX + X(IN)
SY=SY+Y(IN)
SXY=S XY + X(IN)#Y(IN)
6X2 =S§X2 + X(IN}) o *2
SY 2=8Y2 + Y(IN) #% 2
SXWINL = SXWIN1 + X(IN) #= AWINC(IN, 1)

SYWINL = SYWIN1 + Y(IN) # AWIN(IN, 1)
SXWINZ = SXWINZ + X{IN) e AWIN(IN,Z)
SYYIN2=8YWINZ + Y(IN) # AWINCIN, 2)
SAWINI = SAWINL + AWIN(IN, 1)

SAWINZ = SAWINZ + AWIN(IN, 2!

I F(XCIN).NE, X(1))}X E Q= ,FALSE.

| FCY{IN) .NE. Y(1)) YER = ., FALSE.

40 CONTINUE

c
€ CALCULATE COEFFICIENT6 ANEW, BNEW, CNEW, WHERE
c WINDY =ANEW e X + BNEW @ Y +CNEW
c FOR EACH COMPONENT.
(™
ANEWL = 0 .
ANEW2 = 6 .
BNEW1 = (0 .
BNEW2 = 0

CNEW1 = SAWINI / AN
CNEW2 = SAWIN2 / F | N

c
€ CHECK FOR ON2 DATA POINT ONLY
c

| FC(XEQ .AND.YERY GO TO 80

c
€ CHECK IF DATA POINTS ARE CO-LINEAR
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C

IF(N.ER.2YGO TO 60
DO 9@ |= 3 N
A = SERT((X{1) - X(I))#82 + (Y(1) — Y(I))#s2}
B = SGRT((X(1) - X(I-1))##2 + (Y(1) = Y(I=1))#22)
C =SART((X(I) = X(I-1))u82 + (Y(I) — Y(I=1))2s2)
S= (A+B+C) rsa
D =SGRT(S e (5-A) e (5-B) e (S-C))/AMAX1(A, 6 Cy1.)

C IF NOTCO-LINEAR,BOTO 75

C

C

50

| F(D.6T.18@.)6 0 T O73
CONTINUE

C CALCULATE COEFFICIENTS FAORCO-LINERRDRTA POINTG

C

C

6@ WRITE(6,179)

70

DO 70 1=2,N _
| F{XCI).EQ.X{1),AND, Y{I) . EQ.Y(1))G O T O 76
J-1
CONTINUE
ALPHA=RTAN2(Y(J)-Y(1),X(J)-X(1))
C N = COS(RLPHA) ..
S N = BIN(ALPHR)
SS = CN # SX + SN » SY )
SS2 = o2 e o2 #6X2+v2. e o2 # 42 e SXY + 42 e ez e SY2
SSWINI=C N e SXWINL+ SN# SYWINL
SSWIN2 = CN # SXWIN2 + S N # SYWIN2
D= AN # S82 - 85 % §§5
ANEW1 = C N = (AN # SSWINI -6 6 # SAWINL) /7 D
ANEW2=CN it(AN*SSWIN2 ~ 6 6 # SAWIN2) /7 D
BNEWI=S Noe (AN # SSWIN1 - S G # SAWINL)/ D
BNEWZ=SNe (AN e SSWIN2Z- GG #SAWIN2)/D
CNEW! = (552 # SAWINI - SSWINLI e SS)/D
CNEWZ = (552 o SAWINZ -SSWINZ e SS)/ D
GO TO 86

C CALCULATE COEFFICIENT6 FOR BEST-FIT LINEAR SURFACE

C

75 D =DET(SX2,S XY, S X, SXY, SY2, 8Y, S X , SY, AN)

80

ANEW1 = DET(SXWIN1, SYWIN1, SAWIN1, S X Y , SY2, SY, SX, SY, AN) / D
ANEW2 = DET (SXWIN2, SYWIN2, SAWIN2, S X Y ,§Y2,S Y, 6 X ,SY, AN}/ D
BNEW1 = DET(SX2, SXY, SX, SXWIN1, S Y W | N | , SAWINI, S X , Y, AN} / D
BNEW2 = DET(SX2, SXY, SX, SXWIN2, SYWIN2, SAWIN2, §X,S Y ,AN) / D
CNEWL = DET(SX2, S X Y , S X , SXY, §Y2, S Y , SXWIN1, SYWINI, SAWIN1) /D
CNEW?2 'DET(SXE, SXY, SX, SXY, SY2, SY, SXWIN2, SWINE,SMINE)/D
CONTINUE

ISTR = |

IFCT .GT.TNEWYGO TO 10

WRITE (6, 170)
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CALCULATE WIND COMPONENTS AT LOCATION (XS, YS)AT NEW AND OLD TIMES

O

90 IF (K.EQ.2) 60 TO 166
WINNEW=ANEWL e X6 + BNEW1 e YS + CNEW1
WINOLD=AOLD:t e XS +BOLD1 e YS + COLD1
GO TO 1t@

100 WINNEW = ANEW2 # XS + BNEW2 e Y S +CNEW2
WINOLD=QROLD2# XS+ BOLD2e YS + COLD2

C INTERPOLATE IN TIME
116 WINDX =WINOLD

IF (TNEW . NE. TOLD) WINDX = WINDX + ¢((T-TOLD)/{TNEW=-TDLD)) e
1 (WINNEW-WINOLD)

c

C MODIFICATION TO GET R,B FIND C FOR X FIND Y COMPONENTS OF WIND WITH K-3 TO 6

c
IF(K.E0.3) WINDX=ROLD1+(T-TOLD)#*(ANEW1-RAOLD1) / (TNEW-TOLD)
IF(K.EQ.4) WINDX=BOLD1+(T-TOLD)# (BNEW1-BOLD1) / ( TNEW=-TOLD)
IF (K. EQ.S) WINDX=COLD1+(T-TOLD)#(CNEW1-COLD1 ) / (TNEW-TOLD)
IF (K. EO. 6} WINDX=AQLD2+(T-TOLD)# (ANEW2~-AOLD2) / ( TNEW-TOLD)
IF(K.EQ.7) WINDX=BOLD2+(T-TOLD)# (BNEW2-BOLD2) / (TNEW~TOLD)
IF (K. EO. 8) WINDX=COLD2+ (T-TOLD)* (CNEW2-COLD2) / (TNEW-TOLD)

C

C DJS18/17/83

C
GO TO 180

126 WRIT2 (6,146) TLRST, T

STOP.

1 3 6 FORMAT (8810. 4)
140FORMAT (* T I M E O F FIRST METEDOROLOBICAL DATA', 310.4,

1 "SECONDS | S ' ‘GREATERTHANT ="' 616 .4,
2 '~ PROGRAM TERMINATED’)

1SO FORMAT (**,FS. 1, e ', FI167, * e ', F167, '#', F4l ' e 1,
1 FS2, * e Y,F5.2,* e ', F62 ' e ', F46 ' e 'y FS2
2 "2 . F5.0,'" o ', FL.®

160 FORMAT (* *, 95('#')/
1 'TIME o IATITUDE e LONGITUDE o 7 # T-RIR #°*,
2 T T.H20 # W-SPDe W-DIRe CDE3e X e Y'/' ', 9500 #'))

1 7 6 FORMAT (**, 95("#*))
17SFORMAT(* THESE DATA PO IN TS ARE CO-LINEAR O R NEARLY CO-LINEAR?)
186 RETURN

END

46



OO0 00000000

SUBROUTINE UZL (UM, ZM, TD, ZTM, CD, CH, Z@, FL)

PURPOSE:

ALGORITHM:

ARGUMENTS :
ON INPUT:

O N QUTPUT:

HISTORY:

TO CALCULATE THE BULK AERODYNAMIC COEFFICIENTS FOR
MOMENTUM ANDHERT OVER a LLAKE SURFACEAS FUNCTIONS
OF WIND SPEED ANDAIR-SEA TEMPERATURE DIFFERENCE.

THERE IS AN OUTER ITERATION IN WHICH THE ROUGHNESS
LENGTH ISVARIED ACCORDING TO CWRNOCK'S FORMULA AND
AN INNER ITERRTION IN WHICH THE STRBILITY LENGTH
(MONIN-DBUKHOV LENGTH) IS VARIED ACCORDING TO THE
BUSINGER-DYER FORMULATION. THE CONSTANT IN CHARMOCK®'S
FORMULA 16 CHOSEN SO THAT UNDER NEUTRAL CONDITIONG6 THE
10 M DRAG COEFFICIENT IS 0.0016.

UM - WIND SPEED (M/5)
IM - ANEMOMETER HEIGHT (M)
TD - AIR-SER TEMPERATURE DIFFERENCE (DEG K)
ZTM = THERMOMETER HEIGHT
(INITIALLY ASSUMED EQUAL T O ANEMOMETER HEIGHT)

CD - BULK RERODYNAMIC COEFFICIENT FOR MOMENTUM
CH - BULK AERODYNAMIC COEFFICIENT FOR HERT.

Z0 - RWGHNESS LENGTH (M)

FL =STABILITYLENGTH (M)

WRITTENBY Ja R.BENNETTRNDJ.D .B80YD, 1979, GLERL,
ANN, ARBOR, MI; BASED ON a CONSTANT ROUGHNESS VERSION
WRITTEN BY PAUL LONG AND WILL SHRFFER OF THE TECHNIQUES
DEVELOPMENT LABORATORY,NDRA, SILVER SPRINGS, MD,

DATAC | ,C8yc 3 /.6B4E-4, 4.28E-3, -4. 43E-~4/
DATA B1, B2, B 3 /1. 7989E-3, 4.B865E-4, 3.9028E-5/
EPS=.01

| F(UM LT. .001)UM = ,901

FK=.35

TBAR = 278.

ALPHA = 4 . 7

BETA = .74

GAMM = 1 5 .

GAMT =9 .

UST1=0 .0 4 %UM

H = M

DTHETA = TD

| F(RABS(DTHETA) . L T .1.E~7) DTHETA = SIGN(1.E=-7,DTHETR)
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c
C INITIAL GUESS FOR Z@

C
I8 - ,00439 » UST! = UST1
§ = UM % UM # TBAR / (9.8#DTHETA)
| F(ABS(S) . G T .1.E&) S = SIGN(1.E6,5)
X = RALOG(H/Z@)
C
C INITIAL GUESS FOR L
c
FL =8 / X
DO 60 ITER=1, 20
X = RALOG(H/ID)
| F(RABS(FL).GBT. 3,E6)F L = SIGN(3.E6,FL)
IF (FL.BT.@.3G O TO 20
(>
CUNSTABLE SECTION(L LT 0 OR DT LT®
c
FLI= 1 / FL
C
C ASSUME 5 ITERATIONS SUFFICIENT
C
DO 10 I=1,5
X1=GAMT e FLI
ARBL = SGRT(1. = Xi#H)
ARGZ = SQRT(1. - X1#I0)
a - BETA*ALOB ( (ARG1 ~ 1.)*{(ARB2 + 1.)/((ARG1 + 1.)*
1 (ARG2 -0.9999999) ))
X1 = BAMM = FLI
ARGL = (1. -~ Xi#H) =»=» (.29)
ARG2 = (1. - Xi#I@) *= (.2%)
B = ALOG((ARGL - 1.)#(ARG2 + 1.)/((ARG1 + {,)*
1 (ARGR - '0.9999999)))+2. » (ATAN(ARG1) - ATAN (ARBZ) )
FL =S #» A / (B*B)
| F(RBS{FL) .6T. 3.EB)F L = SIGN(3.E6,FL)
FLI= 1 / FL
10  CONTINUE
GO TO S@
C
C STABLE SECTION
C

C TRY MILDLY STRBLE-
c
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20 CONTINUE

AA = x #* X
X1 - H -Z9@
BB = 94 *XI*X-.'{‘I*S*X

cc =470 X1

My =y * W - mp e

ROOT =BB# g5 - 4 #AAR* CC

IF (ROOT.LT.®.)GO TO 30

FL= (=BB + SGRT(ROOT)) / (2.%AA)
IF (FL .LE.HYGO TO 36

B = X + 47 # Xl / FL
R=PBETA#® X + 47 o X/ FL

GO TO 50
c
C STRONGLY STABLE-
c
30 CONTINUE
| F (FL.LE.ZQ)F L =20 +1.E-5
DO 40 | =1,5
ARR61= FL / 70
X | = ALOG (ARGL)
X 2 = ALOG (H/FL?
AR6L =1 . - 1. / ARB1
A=,74#X1 + 47 ¢ ARGBL1+ 544 o X 2
B= Xl + 47 #ARBl + 57 #* X2
FL =RA%* 6 /(B*B)
| FC(FL .LE.ZO)F L=12Z0 + {.E~3
IF (FL GT. H) FL = H
40  CONTINUE
c
C CALCULATE USTAR AND ZONEW
c
5@  CONTINUE
TSTAR = F K # DTHETA / A
USTAR= FK #UM/ 6
IONEW = . 20459 #USTAR o USTAR
| F(ITER .6T. 5 .AND. ABS( (USTAR - UST1)/UST1) .LT. EPS)
1 GO TO 80
UST1 = USTAR
1@ = 7ONEW
60 CONTINUE
c
C IF COME HERE, TOO MANY ITERATIONS (USH - UGH)
c

WRITE (6, 70)
70 FORMAT (*@TOOMANY ITERRTIONS ON Z@ IN SUBROUTINE UZL = CHECK ¥,
1 * METEDROLOGICAL DATA - PROGRAM TERMINATED')
STOP
80 CONTINUE
19 = IONEW
CD = (USTAR/UM) #% 2
CH = FK @ FK /(A#B)
90 RETURN
END
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FUNCTION UZ (Z,UM, CD, Z@, FL)

PURPOSE:

TO DETERMINE WIND SPEED AT HEIGHT Z GIVEN WIND SPEED (UM)
FIND DRAG COEFFICIENT (CD) FROM ANOTHER HEIGHT AND THE
ROUGHNESS LENGTH (Z@)AND STRBILITY LENGTH {FL) OF THE
PROFILE. USUALLY FUNCTION UZ IS USED AFTER SUBROUTINE UZL
IN ORDER TO FIND WIND SPEED AT A DIFFERENT HEIGHT THAN
THE OBSERVATION HEIGHT.

ALGORITHM:

THE WIND PROFILE IS ARSSUMED TO CONFORM TO THE BUSINGER-
DYER FORMULRTION USED IN SUBROUTINE UZL.

ARGUMENTS ¢

Z - HEIGHT AT WHICH WIND SPEED 16 REQUIRED (METERS)

UM- WIND SPEED AT OBSERVATION HEIGHT (METERS PER SECOND)
CD = DRAG COEFFICIENT CORRESPONDING TO OBSERVATION HEIGHT
1@ — ROUBHNESS LENGTH (METERS)

FL=STABILITY LENGTH (METERS)

HISTORY:

WRITTEN BY D. JSCHWAB, 1963, GLERL, ANNARBOR, M |.
SEE SUBROUTINE UZL IN SCHWAB, BENNETT, AND JESSUP (1981)

IF(FL.BT.0.)G0O TO 1@
UNSTABLE PROFILE
x1-15. /FL
ARG1=(1,~X1#Z) ##0.25
ARG2=(1.-X1#10) *##8, 25
B=ALDG ( (ARG1-1. Y #(ARG2+1. ) / ( (ARG1+1. ) * (ARG2~-2. 9999999) ) )+
1 2. #*{ATAN(ARG1 ) -ATAN(ARGZ))
GO TO 30
STABLE SECTION
10IF{FL.LE.Z) GO TO 20

MILDLY STRBLE PROFILE

B=ALOG(Z/20) +4. 7#(Z-10) /FL
GO TO 30

STRONGLY STRBLE PROFILE
2 6 CONTINUE

ARB1=FL/Z0
X1=ALOG (ARG1)
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X2=ALOG(Z/FL)
ARG1=1. -1. /ARG1
B=X1+4, 7T#ARG1+5. 7eX2

CALCULATE USTRRAND U Z

30 CONTINUE
USTAR=UM*#SGRT (CD)
UZ=USTAR#B/@. 35
RETURN
END

FUNCTION XDIST(RLAT,RLON)

PURPOSE : TO RETURN X DISTANCE IN METERG6 FROM THE GRID QRIBIN
DESCRIBED BY THE COMMON BLOCK /BpﬂRH/, GIVEN
LATITUDEAND L oON GiTuDE
ARGUMENTS 1
RLAT - LATITUDE OF POINT
RLON = LONGITUDE (WEST) OF POINT
RPARM, IPARM — ARRAYS CONTalNI|N BATHYMETRIC GRID
PARAMETERS a 6 DESCRIBED | N SUBROUTINE RGRID

COMMON BLOCK: /GPARM/ RPARM(23), IPARM(34)

COMMON /GPARM/ RPARM(23), IPARM(S4)
P | = ATAN2(@. ,=1.)

ALPHA = RPARM(7) # P /1 6 0 .

DLAT = RLAT - RPARM(1)

DLON =RPARM(2) - RLON

F | N D XPRIME, YPRIME -DISTANCES FROM THE ORIGIN OF THE STANDARRD
BATHYMETRIC GR I D

X P=RPARM(B)*# D L O N + RPARM(9) # DLAT + RPARM(1@)# D L O N # DLAT +
1 RPARM(11)% DL O N ## 2
Y P=RPARM(12)# D L D N + RPARM(13) # DLAT + RPARM{14) » DLAT *
1 DLON + RPARM(15)# DL ON ## 2
TRANSFORM TO ' UNPRIMED? SYSTEM
FIRST ROTATE
XDIST = (XP*CDS(ALPHA) + YP#SIN(ALPHA)) o 1000,
N O N TRANSLATE

XDIST=XDIST + IPARM(3) # RPARM(3)
RETURN
END
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FUNCTION YDIST (RLAT, RLON)

PURPOSE : TO RETURN Y DISTANCE IN METER6 FROM THE GRID ORIGIN
DESCRIBED BY THE COMMON BLOCK /GPARM/, GIVEN
LATITUDEAND LONGITUDE

ARGUMENTS:
RLAT - LATITUDE OF POINT
RLON = LONGITUDE (WEST) OF POINT
RPARM, IPARM - ARRAYS CONTRINING BATHYMETRIC G R I D

PARAMETERS as DESCRIBED IN SUBROUTINE RBRID

COMMON BLOCK: /GPARM/ RPARM{(23), IPARM(54)

COMMON /GPARM/ RPARM (23), IPARM (354)
Pl =ATAN2(D.,-1.)

ALPHA = RPARM(7) # P | /180 .
DLAT = RLAT - RPARM(1)

DLON =RPARM(2)- RLON

]

FIND XIv'-’ﬂIME,‘(I'-‘RIM-E-P DISTANCES FROM THE ORIGIN OF THE STANDARD
BATHYMETRIC GRID

X P=RPARM(8)* D L O N + RPARM(9) » DLAT + RPARM(18) » DLDON » DLAT +
1 RPARM(11)# DL O N ## 2
Y P=RPARM(12) # D L O N + RPARM(13) » DLAT + RPARM(14) # DLAT »

1 DLON + RPARM{15)# D L ON ## 2
TRANSFORM TO "UNPRIMED' SYSTEM
FIRSTRAOTATE

YDIST = (YP#CDS(ALPHA) —XP*SIN{(ALPHA)) o 1000.
N OW TRANSLATE

YDIST . YDIST + IPARM{4) # RPARM(3)

RETURN

END
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C

SUBROUTINE WBUTP(T, D, CG, XMOM, YMOM, SIG, CD, IDIM)
DIMENSION D(IDIM,IJ,CG(IDIM,1),XMUM(IDIM,I),YMDM(IDIM.1),

1 SIG(IDIM,1),CD(IDIM, 1)

DIMENSION DUM (41, 35), CDUM(&)

COMMON/EPARM/DT, TT, DADD

COMMON/GPARM/RPARM (23) , IPARM (54)

COMMON/ TPARM/NDTT

DATA NR/®/

PI=4, #ATAN{1.)

z-10.

IM=IPARM(1)

JM=IPARM(2)

DS=RPARM(3)

DMIN=RPARM (5) +DADD

IF{NR, EO. @) THEN
UPEN(II,RCCESS=’DIRECT’,STATUSﬂ'NEN’,RECL-IM*JM)
OPEN (12, ARCCESS=? DIRECT', STATUS=' NEW', RECL=]IM#JM)
OPEN {13, ACCESS-' DIRECT’, STATUS=' NEW’, RECL=]M*JM)

ENDIF

NR=NR+1

D O 1 0I=1,IM

DO 10J=t,IM

DUM(I, J1==-999,0

IF(D(I,J).LT.DMIN) GO TO 1@

DUM(I, J)=4, #SIG{I,J)

10 CONTINUE

C SAVE SIGNIFICANT WAVEHEIGHT

C

20
C

WRITE (11, REC=NR) ((DUM(I,J), I=1, IM), J=1, JM)
DO 20 I=1, IM

D 0 2@ J=1,JM

IF(D(I,]).LT.DMIN}) GO TO 20

DUM(1, J)=2. #PI4CE (1, J) /9.8

CONTINUE

C SAVEWAVE PERIODS

C

WRITE (13, REC=NR) ( (DUM(I, J), I=1, IM), J=1, JM)
DO 30 I-1,IW

DO 30 J=1,JM

IF(D(I,J).LT.DMIN}) GO TO 30

U=XMOM (I, J)

Va=YMOM (1, J)
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C

C CONVERT DIR. TO METEOROLOGICAL CONVENTION AND SUBTRACT GRID ROTATION

c

0oow

DiM(I,J)= 0.

IF(U.EB.0 . .AND.V . EO.B.}GOTO 30

DUM(I, J)=ATAN2 (-U,-V)*188. / P | - RPARM{6) — RPARM(7)
IF(DUM(I,J) .LT.O0 . 1DUM(I,J}=DUM(I,J) + 36@
IF(DUM(I, J) . GT. 360 .)DUMCI,J)=DUM(I,J) - 36@.
CONT INUE

SAVEWAVE DIRECTIONS

WRITE (12, REC=NR) ( (DUM{I, ), I=1, IM), J=1, JM)
RETURN

END

PROGRAM DSPLAY

CosudR 444 4R HE #4141 %52 PROGRAM DSPLAY 3811330

eoNeoNoNoNoNeoNo NN NN NN N NoNoNoNoNoNoNoNoNoNo N NN NONONONP]

PURPQSE: THE PURPOSE OF PROGRAMDSPLAY 16 TO DISPLAY THE RESULTS

OF THEWAVE PrREDICTION sYsTEM ON a TIME-SHARING TERMINAL.

WAVE HeEiGcHT, DIRECTION ANDpE R0 D COMPUTED B Y PROBRAM WAVE

CAN a us EDISPLAYED a s TWO-DIMENSIONAL FIELDS AT a ¢ 1 v E N TIME.
THE TiME SErRIES oF WAVEH elc HT , DIRECTIONAND rcr 10D AT a BIVEN
LOCATION CANALSO BE CALCULATEDAND PRINTED.

INPUT:

LOGICAL UNIT 3

TIME-SHARING USER INPUT
LOGICAL UNIT 7:

BATHYMETRIC DATA FILE
LOGICAL UNIT 10 :

CONTROL DATA FILE FOR PROGRAM WAVE
LOGICAL UNIT 11:

WAVE HEIGHT COMPUTED BY PROGRAMWAVE
LOGICAL UNIT 12:

WAVE DIRECTION COMPUTED B Y PROGRAM WAVE
LOGICAL UNIT 13:

WAVE p £ R | 0 D COMPUTED 5 v PROGRAM WAVE
LOGICAL UN I T 193

GENERAL INFORMATIONF | L E

OUTPUT:

LOGICAL UNIT 6:

PROMPTING FOR TIME-SHARING USER AND DISPLAYS OF DEPTH,
WAVE HeEiGcHT, DIRECTIONANDPERIOD

LOGICAL UNIT 152

GENERAL INFORMATIONF I L E
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SUBROUTINES:

RGRID —READS THE BATHYMETRIC DATA FILE

PRNTMP — FORMATS AND prINTS MAPS O F WAVE HE Ic HT, PERIOD
AND DIRECTION

FUNCTION RLAT - RETURNS LATITUDE GIVEN X AND Y DISTANCE
FROM ORIGIN

FUNCTION RLON - RETURNS LONGITUDE GIVEN X AND Y DISTANCE
FROM ORIGIN

FUNCTION XDIST — RETURNG6 X DISTANCE FROM GRID ORIGIN
GIVEN LATITUDEAND LONGITUDE

FUNCTION YDIST — RETURNG Y DISTANCE FROM BRID ORIGIN
G | VEN LATITUDE AND LONGITUDE

RDATE - THIS SUBROUTINE CALCULATES THE RELATIVEDATEAND TIME
FROM a GIVEN DATERAND TINE ANDAN OFFSET IN HOURS

COMMON BLOCKS:
/CPARM/ DT, TT, DARDD - CONTROL PARAMETERS FROM RLID
/6PARM/ RPARM(23), IPARM(54) —~ REAL AND | n 7 E ¢ £ R PRRAMETERS
DESCRIBING THE BATHYMETRICGRID. SEE SUBROUTINE RGRID.
HISTORY: WRITTEN BY E.W. LYNN, GLERL, NOVEMBER 1963
CHARACTER#3 ANS
DINENGION NSTIME (25)
CHARACTER*80 LINE
DIMENSION D(41,35),DUM1 (41, 35), DUM2 (41, 35),DUM3 (41, 3%)
COMMON /CPRRM/ DT, TT, DADD
COMMON /GPARM/ RPARM(23), IPARM(54)
DIMENSION6 OF D AND S
DATA IDIM, JDIM/41,35/
LOGICAL U N | T NUMBERS

DATALUNI, LLINO, LUNB, LUNW, LUNH, LUND, LUNP, LUNX
1 /7% 6 7, 16 11, 12, 13, 15/

ERROR SET ROUTINE FOR VAX FORTRAN TO DISABLE OUTPUT CONVERSION ERROR

CALL ERRSET (63, . TRUE., . FALSE. , . FALSE. , . FALSE.)

orENSTATEMENT rREQuUIRED BYV a x FORTRAN

OPEN (7,READONLY, STATUS=? OLD' )
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C
C READ BATHYMETRIC GR I D
C
REWIND LUNB
CALL RGRID (LUNE, D, 1DIM, JDIM)
IM=IPARM(1)
JM=IPARM(2)
DS=RPARM(3)
c
CREAD CONTROL FILES
C
REWIND LUNW
READ (LUNW, #) DT, TT, DADD
REWIND LUNX
READ (LUNX, #)
READ (LUNX, #)
READ(LUNX, o )
RERD (LUNX,#} 1Y, IMON, IDAY,IH
READ (LUNX, #) |HPREV, IHPGST, IHINC
DMIN=RPARM (5) +DADD
c
C OPENDATAFILES CONTAINING WAVE INFORMATION
C
OPEN(11, ACCESS=* DIRECT', STATUS=' OLD' , RECL=IM#*JM)
OPEN(12,ACCESS=! DIRECT' , STRTUS=' OLD? , RECL=IM#*JM)
OPEN (13, ACCESS=' DIRECT’, STATUS=' 0| D', RECL=IM#*JM)
C .
c ASKror opTioN (ALLoPTIONS RETURN HERE EXCEPT'@")
C
166 WRITE (LUND, *)
17ENTER H IF YOU WANT T O SEEWAVE HE |G HT MAP?
WRITE (LUNO, #)
1?ENTER D IF YW WANT TO SEE WAVE DIRECTION MAR*
WRITE (LUNO, %}
1ENTER P IF YOUWANT TO SEE WAVE PERIOD Map’
WRITE(LUNO, #)*ENTER T IF YOUMWANT 3 TIME SERIES OF WAVE HEIGHT,’
WRITE(LUNO,#)’p i rEcTIONRANDPERIODRAT a c1venLOCATION?
WRITE(LUNO, #)*ENTER O IF YWWRANT TO QUIT’
RSSIGN 100 TO LABEL
READ (LUNI, ' (A}’ END=35029, ERR=35089) ANS
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c
C GEE WHICH COMMAND WAS GIVEN AND RSSIGNLOBICAL UNIT NUMBER
c
IF (ANS.EQ. "H' ) THEN
LUN =11
MP = 1
GOTO St1
ELSE IF (FINS. EQ. *D') THEN
LUN =12
MP = . 1
60TO 511
ELSE IF(ANS. EO. *P*) THEN
LUN=1 3
MP = @
GOTO 511
ELSE IF(ANS.EQ.* T') THE N
GOTO 801
ELSE IF (ANS. EO. "0’} THEN
GOTO 908
ELSE
GOTO 100
END IF
c
C BET TIMES AFTER START TIME AT WHICH PLOT6 WILL BE GENERATED
c
511 WRITE (LLUND, 200@) IWINC, IMPOST
IF(ANS .EQ."H!) TH E N
WRITE(LUNO, 210@) IMON, IDAY, IY,| H
ELSE IF (ANS. EO. ? D'} THEN
WRITE (LUNG, 220@) IMON, IDAY, | Y , | N
ELSE
WRITE (LUNG, 2382) IMON, IDAY, | Y 1M
END | F
WRITE (LUND, #)
17 YOU MAY MAKE UP TO 2% ENTRIES, ONE ENTRY PER LINE’
WRITE(LUNO, #)'END THE LIST WITH -1’

D O 584 NUMPLT =1, 25
S@1 READ(LUNI, #, END=S@2, ERR=502) NSTIME (NUMPLT)
1F (NSTIME (NUMPLT) .ER. 1) T H E N
60T0 503
ELSE IF (NSTIME (NUMPLT). LT. THINC. OR. NSTIME (NUMPLT}. GT. IHPOST) THEN
WRITE(LUNO, 240@) | H | N C , IHPOST
60T0 501
ELBE
GOTO S&4
END IF
502 WRITE (LUNO, #)
1' IMPROPER INPUT...PLERSE RE-ENTER, END LIST WITH —-t?
REWIND %
GOTO 501
504 CONTINUE
533 NUMPLT = NMPLT -1
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c
C PLOT THE WAVES FIT TIME INCREMENTS SPECIFIED BY '‘NSTIME’
c

DO 800IJK=14NUMPLT

XT = NSTIME (IJK}

c
C PRINT RELATIVE DRTE,REAL TIME RND UNITS
c
CALL RDATE (IY, IMON, IDAY, |H, IFIX{(XT}, IYM, IMONM, IDAYM, IHM)
IF(ANS . ER."H') THE N
NRITE(LUNU,I?@@)IFIX(XT), IMONM, IDRYM, IYM, IHM
ELSEIF(ANS . EQ.'D') THEN
WRITE(LUNG, 180@) IFIX(XT), | M O N M , IDAYM, IYM, IHM
ELSE
WRITE(LUNG, 1900) IFIX (XT), IMONM, IDAYM, |Y M, |HM
END IF
c
C GETWAVESITURTIONFROM PREVI0US TIMESTEP
c

620 NR=IFIX(XT/DT)
READ (LUN, REC=NR) ((DUM1(I,J), I=1, IM),J=1,JM)

Nl

GET WAVE SITUATION FROM NEXT TIMESTEP

C . -

NR=NR+1 o

NUMREC=IFIX(TT/DT)

IF (NR. G T. NUMREC) NR=NUMREC

RERD (LUN, REC=NR} ((DUM2(I,J), I=1,IM),J=1,JM)

C
C INTERPOLATION FACTOR
C
xw= (NR®¥DT - XT) / DT
C
C INTERPOLATE BETWEEN TIME STEPS
DO 630 | =1, IM
DO 630 J=1,JM
IF(DUMt{(I,J} EQ. -999.)THEN
DUM3(I,J)=-999.
GOTO 630
END IF
IF(ANS ,EQ. 'D') THEN P o
C

C CALCULATE THE X,Y COMPONIENTS OF THE DIRECTIONS
c

XA = COSD (DUM1 (I, J))

YA = SIND(DUMI1 (I, J))

XB = COSD(DUM2(I,J})

Y B =SIND(DUME(I,J))
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C
C INTERPOLATE BETWEEN X, ¥ COMPONIENTS OF DIRECTIONS

c
X N = XW#XA + (1.-XW)#XB
Y N = XWEYR + (1. =XW)*YB
c
C IF THE DIR. ARE 180 DEGREES OUT OF PHASE (XN=YN=@) THEN USE THE FIRST
C
IF(XN.ER.0 . . FIND. YN . EQ.0.) THEN
DUM3(I,J) = DUM1{(I,J)
ELSE
c
€ CALCULATE THE DIRECTIONS IN DEGREES FROM X,¥ COMPONIENTS
C
DUM3(I, J) = ATAN2(YN, XN) * (18@, /3. 1415927)
END IF
IF(DUM3(I,J). L T .®.) DUM3{I,J) = DUM3(I,J}+ 3 6 0 .
ELSE
DUM3(I,J) = XW#DUM1(I,J) + (i.-XW)*DUM2(I,J}
END IF
c
C IF WAVE HEIGHTS THEN CONVERT TO FEET
C
IF (ANS . E@.'H' ) DUM3(I,J) =DUM3(I,J} e 3.28
630 CONTINUE
c
C PRINT THIS NEW INTERPOLATED ARRAY
c
CALL PRNTMP (LUND, DUM3, IDIM, M, JM, -939. , MP)
80@ CONTINUE
C
C GET NEXT OPTION
C
G0TO 100
c
C HERE FOR TIME SERIES OF WAVE HEIGHT, DIRECTION AND PERIOD
C 0095 20353 36 - 3020 30 36 035 03035 306 3636 30 3036 3035 095 36 31 30 36966 30 3 6 F06 396 330 3 3 30
C

881 CONTINUE

158  WRITE (LUNO, #)
£* INPUT LATITUDE OF POINT AT WHICH YOU WANT TO SEE TIME SERIES’
WRITE(LUNG, #) *| N DEG, MIN,SEC (E. G. 44, 06,00) *
MRITE(LUNO, ® ) * OR IN DECIMAL DEGREES (E.G. #4.1,0,@)?
ASSIGN 150 TO LABEL
READ (LUNI,#, END-5000, ERR-5000) XLD, XLM, XLS
XLAT=XL.D+XLM/6Q. +XL.S/ 3600,
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C  CALCULATE THE DEGREES ANDDECIMAL MINUTES
c
XLATD = IFIX{(XLAT)
XLRTM = (XLAT -XLATD) e 60.
c
C  CHECK FOR NON-VALID LATITUDE ENTRY
c
IF(XLM . LT. 0. . OR. XLM . GT. 60.) THEN
WRITE(LUNG, ® )XLM,
1*1S NOT AVALIDLATITUDE MINUTE RESPONSE’
GO TO 1508
END IF
IF(XLS .LT. 0. . OR. XLS .GT. 60. ) THEN
WRITE(LUNO, ® )XLS,
1'1S NOT AVALIDLATITUDE SECOND RESPONSE’
GO TO 150
END IF
c

200  WRITE (LUND,*)

1? INPUT LONGITUDE OF POINT FIT WHICH YOU WANT TO SEE TIME SERIES’
WRITE(LUNG,#) *| N DEG, MIN, SEC (E. G. B4, 18, 30)
WRITE(LUNO,#)'OR INDECIMALDEGREES (E.G. B4.35,0,0)*
FISSION 200 TO LABEL
READ (LUNI, #, END=500@, ERR=5000) XLD, XLM, XLS
XLON=XL.D+XLM/60. +XLS/ 3600,

c
c CALCULATE THE DEGREES FIND DECIMAL MINUTES
c
XLOND = IFIX{XLON)
XLONM = (XLON — XLOND) * 6 0 .
c
c CHECK FOR NON-VALID LONGITUDE ENTRY
c

IF(XLM .LT. 0. . OR. XLM .GT. 60.) THEN
WRITE{LUNO, *) XLM,

1?'ISNOTA VALID LONGITUDE MINUTE RESPONSE’
GO TO 200

END IF
IF(XLS .LT. 0. .OR.XL8 .GT. 60.) THEN
WRITE{(LUNO, *) XLS,

1'1S NOT A VALID LONGITUDE SECOND RESPONSE’
GO TO 2o
END IF
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C
C CHECK IF TIME SERIES LOCATION IS WITHIN BATHYMETRIC GRID
C
X=XDIST (XLAT, XLON)
Y=YDIST (XLAT, XL.ON)
I=IFIX(X/DS)+1
J=IFIX(Y/DS)+1
IF(I.LT.1.0R. 1.GT. IM.0R, J.LT. 1. OR. J. GT. JM) THEN
WRITE (LUNO, #) 'TIME SERIES LOCRTION:'
WRITE(LUNO, 120 0) IFIX(XLATD), XLATM
WRITE (LUNQ, 132@) IFIX(XLOND), XLONM
WRITE(LUNG,#) ‘IS OUTSIDE OF GRID RRERA?

GO TO 150
ENDIF
C
C CHECK IF TIME SERIES LOCATION IS ON LAND
C
IF(D(I1,J)+DADD.LT.DMIN) THEN
WRITE(LUNO, %) ‘TIME SERIES LOCATION:z?®
WRITE(LUNO, 120 0) IFIX(XLATD), XLATM
WRITE (LUNO, 130Q@) IFIX (XLOND), XLONM
WRITE(LUNO,#*)'IS NOT IN ALAKE G R | D SQUARE"
GO TO 150
ENDIF
c
C PRINT VALID LAT. LON. MESSABE TO OUTPUT
C
WRITE(LUNO, 1200) IFIX(XLATD), XLATM
WRITE(LUNO, 13@@) IFIX(XLOND), XLONM
C
C LOOP TO RERDWAVEDATA RECORDS AND TO PRINT OUT TIME SERIES LOCATIONS
C

WRITE (LUNO, 1600)
IREC = ©
DO7TORITIME=DT, TT, DT
IREC = IREC + 1
CALL RDATE(IY, IMON, IDRY, IH, ITIME, 1YM, IMONM, IDAYM, IHM)
READ (LUNH, REC=IREC) ((DUM1(1I,JJ), II=1, IM), JI=1, IM)
READ (LUND, REC=IREC) ((DUM2(II,JJ), II=1,IM), JJ=1,JM)
READ (LUNP, REC=IREC) ((DUM3(1I,JJ), II=1, IM), JI=1,JM)
DUMI (I, J) = DUML(I, )+ 3 .26
WRITE(LUNOD, 150@) ITIME, IMONM, IDAYM, | Y M , THM,
1 DUML(1,J), DUM2(I,J), DUM3(I,J)
70@ CONTINUE

C

C BET NEXT OPTION

C
GO TO 108
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C FISK FOR COMMENTS OR SUGGESTIONS THEN QUIT

008 WRITE (LUNOD, *)
1?PLERSE TYPE ASMANY LINESAS YOU WISH IF YW HAVE ANY?,
2 COMMENTS OR SUGGESTIONS CONCERNING THIS WAVE MODEL’
WRITE (LUNG, #)'END WITH ACARRIAGE RETURN’
9 1 0 RERD(LUNI, 1408, END=920, ERR=920) LINE (1:80)
IF(LINE EQ.'")GOTO0 920
WRITE(LUNX, 145@) LINE(1:80)
GOTO 910
920 WRITE (LUNX, %) ¥ 3333154353433 3457
WRITE (LUNO, #)* GOODBYE!*
GOTO0 99999
1280 FORMRT(* LRTITUDE "4 I3,*DEG*,F4.1," MIN")
1300 FORMAT(* LONGITUDE',13,’DEB*,F4.1," MIN")
1400 FORMAT (R8A)
1 4 5 0FORMAT (', REQ)
1500 FORMAT(' *, 153X, 12, */*, 12, /%, 14,2X, 13, ':00",
19X, Fé.1,13X,F4.0, 14X, F4.1)
1600 FORMAT(* HOUR DATE TIME  WAVE HEIGHT(FT)?',
1 WAVE D IR . (DEB) WAVE PERIODD(SEC)?)
1790 FORMAT(*WAVE HEIGHTS IN TENTHS OF FEET AT*,I3,* HOURS ¥,
112, /7,12, /7,14, ',12,%':100")
1800 FORMAT("WAVE DIRECTIONS IN TENS OF DEGREES AT ', 13, HOURS®,
112, /7,12, /", 14, ', I2,':100")
1900 FORMAT("WAVE PERIODS IN SECONDSRATY, 13, "HOURS*,
112, /0,12, /%, 14," *,12,':0®")
2B FORMAT(* ENTER THE TINE(S) IN HOURS (', 1&,"=",12,%)*,
1" AFTER THE START TINE’)
2100 FORMAT("',I2,°/',12,%/%, 14,7, 12, 100*,
1" AT WHICH YW WANT TO SEE WRVE HEIGHTS' )
2200 FORMAT(*?*, 12, %/%,12,%/%,14,%",12, 100°,
1" FIT WHICH YOUWANT TO SEE WAVE DIRECTIONS")
2300 FORMAT(*', 12 '/',12,"/%,14,'%,12," 108,
1" FIT WHICH YW WANT TO SEE WAVE PERIODS')
2400 FORMAT(* TIME SPECIFIED IS NOT IN THE RANGE (7,
112, %-%, 12, *Y RE-ENTER"}
o
C COME HERE FOR ERROR CONDITION ON INPUT
c
500 REWIND LUNI
WRITE(LUNG, @ ) [MPROPER INPUT,...PLERSE RE-ENTER’
GO TO LRBEL,(10@)
99999 CONTINUE
END
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SUBRWTINE RBRID{(LUN, D, IDIM, JDIM)

PURPOSE:

ARGUMENTS :
ON INPUT:

ON OUTPUT:

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C COMMON BLOCK:
C

C

T O READ ASTANDARD BRTHYMETRIC GRID BATAR FILE
AND RETURN GRID PARAMETERS AND DEPTHS.

LUN - LOGICAL UNIT NUMBER O F BATHYMETRICDATA FILE
IDIM — FIRST DIMENSION O F ARRAY D IN

DIMENSION STATEMENT OF CALL ING PROGRAM
JDIM = SECOND DIMENSION OF ARRAY D IN

DIMENSION STRTEMENT O F CALLING PROGRAM

D - DEPTH ARRAY. ZERO FOR LAND,AVERAGE DEPTH
OF GRID BOX IN METERS FOR WATER.
RPARM - ARRAY CONTAINING REAL-VALUED BATHYMETRIC
GRID PARAMETERSAS FOLLOWS:
1. BRASE LATITUDE
2. BRASE LONGITUDE
3. GRID SIZE (M)
4. MAXIMUM DEPTH (M)
5. MINIMUM DEPTH (M)
6. BRSEROTATION (COUNTERCLOCKWISE FROM E-U)
7. ROTATION F R O N BASE (COUNTERCLOCKWISE)
S-11. GEOGRAPHIC-TO-MAP COORDINATE CONVERSION
COEFFICIENTS FOR X
12-15. GEOGRAPHIC-TO-MAP COORDINATE CONVERSION
COEFFICIENTS FOR Y
15-19. MAP-TO~GEOGRAPHIC COORDINATE CONVERSION
COEFFICIENTS FOR LONGITUDE
20-23. MAP-TO~-GEOGRAPHIC COORDINATE CONVERSION
COEFFICIENTS FOR LATITUDE
IPARM -~ ARRAY CONTRINING INTEBER~VALUED BRTHYMETRIC
BRID PARAMETERSAS FOLLOWG:
1. MNUMBER OF GRID BOXES IN X DIRECTION
2. NUMBER OF GRID BOXES IN Y DIRECION
3. | DISPLACEMENT = THE NUMBER OF NEW GRID
SGUARES IN THE X-DIRECTION FROM TM NEW
SRID ORIGIN TO THE OLD GRID ORIGIN
4. J DISPLACEMENT - THE NUMBER OF NEW GRID
SQUARES IN THE Y-DIRECTION FROM THE NEU
GRID ORIGIN TO THE OLD GRID ORIGIN
5-54. LAKE NAME (S0RA1)
NOTE: IF GRID IS TOO LARGE FOR DIKNSIONS OF D,
THE IPARMARRRAY IS SET TO ZERO

/GPARM/RPARM (23) , IPARM (54)
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DIMENSION D¢IDIM, JDIM)

COMMON /GPRRM/ RPARM (23 , IPARM (54)

READ (LUN, 3@) (IPARM(I),I=5,S54), IPARM(1), IPARM(2),

1 (RPARM(I), I=1,6), IPARM(3), IPARM(4), RPARM(7)

R E R D (LUN, 6@} (RPARM (1), I =8, 23)

| N = IPARM(1)

J M =IPARM(2)

| F(IPARM(1) .BT. IDIM.OR. IPARM(2) . G T.JDIMIG O T O 10

R E R D (LUN, 4@) ((D(I,J), I=1, IM), J=1, JM)

RETURN
10 DO 20 | =1, 54
20 IPARM(I) = O

WRITE (6, 5@)
3 0 FORMAT (S@(A1) /215, 2F12.7, 3FS.0, F6.2,215, F6.2)
4@ FORMAT (19F4.0, 4 X )
5@ FORMAT (* BATHYMETRIC GRID T OO LARBE - INCRERSE DIMENSIONS OF',

1 "NOEPTHRAND DEPTH IN MRIN PROGRAM? )
6@ FORMAT (4E15.6, 20X)
70 RETURN

END

FUNCTION RLAT (X, Y)

PURPOSE: TO RETURN LATITUDE OF a POINT ON THE GRID )

DESCRIBED BY THE COMNON BLOCK /GPARM/, GIVEN THE

X AND Y DISPLACEMENTS FROM THE GRID ORIGIN
ARGUMENTS:

X - X DISTANCE FROM THE GRID ORIGIN (M}

Y - Y DISTANCE FROM THE GRID ORIQIN (M)

RPARM, IPARM ~ ARRAYS CONTAINING BATHYMETRIC GRID

PARAMETERS AS DESCRIBED IN SUBROUTINE RGRID

COMMON B L O C K : /BPARM/RPARM (23}, IPARM (54)
COMMON/GPARM/RPARM (23) , IPARM (54)
P | = ATANZ2 (0. ,~-1.)
ALPHA = RPARM(7) e P | /188,

TRANSFORM TN POINTS TO THE 'PRIMED' COORDINRTE SYSTEM,
|E., THAT O F T H E STANDARD BATHYMETRIC G R I D

FIR ST TRANSLATE

xx = x = IPARM(3) e RPARM(3)
YY =Y - IPARM{4) ¢ RPARM(3)
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NOW ROTATE

XP= (XX#COS (ALPHR) -YY#SIN (ALPHA) ) / 1000.

YP= (YY#COS (ALPHA) - XX#SIN(ALPHA) ) /1000,

DLAT = RPARM(2@) e X P +RPARM(21)# Y P + RPARM(22)* X P % Y P +
1 RPARM(23) e XP## 2

RLAT = RPARM(1) + DLAT

RETURN

END

FUNCTION RLON(X,Y)

PURPOSE: TO RETURN LONGITUDE OF A POINT ON THE GRID

DESCRIBED BY THE COMMON BLOCK /6PARM/, GIVEN THE

X AND Y DISPLACEMENTS FROM THE GRID ORIGIN
ARGUMENTS:

X - X DISTANCE FROM THE GRID ORIGIN (M)

Y - Y DISTANCE FROM THE GRID ORIGIN (M)

RPARM, IPARM — ARRAYS CONTAINING BATHYMETRIC G R | D

PARAMETERS as bEscrRBED IN suBrouTIN E RBRID

COMMON B L O C K : /GPARM/RPARM (23} , IPARM (54)

COMMON/SPARM/RPARM (23) , IPARM (54)
P | = ATANZ (B.,-1.)
ALPHA = RPARM(7) # P | / 18A.

TRANSFORM THE POINTS TO THE ‘PRIMED’ COORDINATE SYSTEM,
IE., THAT OF T HE STANDARD BATHYMETRIC GRID

FIRST TRANSLATE

xx = x = IPARM(3) # RPARM(3)
YY = Y - IPARM{4) e RPARM(3)

ROTATE

XP= (XX#COS (RLPHA) -YY#*SIN(ALPHA) ) / 1000,

YP=(YY#COS (ALPHR) +XX#SIN(ALPHA) ) / 1800,

DLON = RPARM(16) e X P + RPARM(17}%# YP + RPARM(18)*%# X P % YP +
1 RPARM(19) e XP ##2

R L O N =RPARM(2) - DLON

RETURN

END
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FUNCTION XDIST (RLAT, RLON)

PURPOSE : TO RETURN X DISTANCE IN METERS FROM TN GRID ORIGIN
DESCRIBED BY THE COMMON BLOCK /GPARM/, GIVEN
LaTITUDE AND LONGITUDE

ARGUMENTS :
RLAT - LaTITUDE OF POINT
RLON = LONGITUDE WEST) OF POINT
RPARM, IPARM — ARRAYS CONTAINING BATHYMETRIC G R I D

PARAMETERS a s DESCRIBED | v SUBROUTINE RGRID

COMMON BLOCK: /GPRARM/ RPARM(23), IPARM(54)

COMMON /GPRRM/ RPARM(23), IPARM(S4)
P | = ATAN2 (0., ~1.)

ALPHA = RPARM(7) » P | / 180.

DLAT = RLAT — RPARM(1)

DLON =RPARM{(2)-RLON

FIND XPRIME, YPRIME =DISTANCES FROM THE ORIGIN OF THE STANDARD
BATHYMETRIC GRID

XP =RPARM(B) e DLON + RPARM(9) e MAT +RPARM(18)% DI ON #DLAT +
1 RPARM(11) e DLON# 2

YP =RPARM(12)# DLON + RPARM(13) e DLAT + RPARM(14) e DLAT o

1 DLON + RPARM{15)# DLON e * 2

TRANSFORM TO * UNPRIMED® SYSTEM
FIR ST ROTATE

X D 1S T=(XP#COS(ALPHA) + YP#SIN(ALPHA)) # 1000.
N W TRANSLATE

XDIST=XDIST + IPARM(3) # RPARM(3)
RETURN

END

FUNCTION YDIST(RLAT, RLON)

PURPOSE TO RETURN Y DISTANCE IN METERS FROMTHE GRID ORIGIN
DESCRIBED BY THE COMMON BLOCK /GPARM/, GIVEN
LaTITUDE AND LONSITUDE

ARGUMENTS 2
RLAT - LATITUDE OF POINT
RLON - LONGITUDE (WEST) OF POINT
RPARM, IPARM — ARRAYS CONTAINING BATHYMETRIC G R I D

PARAMETERS a s DESCRIBED (v sU B R O Urine RGRID

COMMON B L O C K : /GPARM/ RPARM (23}, IPARM (54)
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COMMON /GPARM/ RPARM(23), IPARM(54)
P | =ATAN2(@.,~1.)

ALPHA = RPARM(7) e P /180.

DLAT = RLAT - RPARM(1)

DLON =RPARM(2) = RLON

FINDXPRIME, YPRIME ~DISTANCES FROM THE ORIGIN OF THE STANDARD
BATHYMETRIC GRID

OO 00

XP =RPARM{(8) e DLON + RPARM(9) e DLAT + RPARM(1@) e DLON #DLAT+
1 RPARM(11)# DLON e t2

YP=RPARM(12) e DLON + RPARM(13) e DLRT + RPARM(14) # DLAT *

1 DLON + RPARM(15)# DLON @ * 2

TRANSFORM TO "UNPRIMED® SYSTEM

FIRST ROTATE

ooOoonoa

YDIST = (YP#COS(ALPHA) -XP*SIN(RLPHR)) o o

N W TRANSLATE

000

YDIST = YDIST + IPARM(4) o RPARM(3)

RETURN

END

SUBRWTINE RDATE (1Y, MON, IDAY, IH, IHINC, 1YM, MONM, IDAYM, IHM)

PURPOSE: THIS SUBROUTINE RDJUSTS TINE BY INCREMENTING O R
DECRENENTINS THE TINE ARBUMENTS (YEAR, MON. , DAY, HOUR)
BY THE SPECIFIED NUMBER OF HOURS SPECIFIED BY ‘IHINC'.

ARGUMENTS:
ON INPUT: | Y= STaRTING YEAR(NO LIMIT RESTRICTION)
MON - STaRTING MONTH(1~12)
IDAY - STaRTING DAY{1 - & OF DAY IN PARTICULAR MONTH)
| H=- STARTINE H O UR (@ -—23)
IHINC - NUMBER OF HOURS TO INCRERENT OR DECREMENT TIME.
POSITIVE FOR TIME ADVANCE
NEGITIVE FOR TIM RETRACT
NO LIMIT ON THE NUMBER OF HOURS TO CWNGE TINE.

ON OUTPUT: IYM = THE ADJUSTED YERR(NO LIMIT RESTRICTION)
MOW- T H E ADJUSTED MONTH (1 - 12)
IDAYM - THE ADJUSTED DAY (1 - # O F DRYS | N PARTICULAR MONTH)
IHM - THE ADJUSTED HWR (@8-23)

HISTORY: WRIT TENBY E. w. LYNN S-1983, GLERL, ANN ARBOR M | .

OO0 OO0 000
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DIMENSION NUMDAY (12)
DATA NUMDAY/31, 28, 31, 39, 31, 3@, 31, 31, 30, 31, 38, 31/

INITIARLIZE THE OUTPUT PARAMETERS TO THE INPUT PRRAMETERS
ANDADD THE HOUR INCREMENT *IHINC® TO THE HWR TIME

OO0

[YM=]Y

MONM= MON
IDAYM = IDAY
IHMM= |H + |[HINC

ADJUST THE NUMBER OF DAYS IN FEB. DEPENDING IF LERP YEAR.

(@]

10 IF(MOD(IYM,4).EQ. @) THEN
NUMDAY (2) = 2 7
ELSE
NUMDAY (2) = 28
END IF

60 TO THE REQUIRED ROUTINE DEPENDINB ON WERTHER TIME NEEDS
INCREMENTING OR DECREMENTING.

IF(IHINC.GE.®) T HEN

ADJUST ADVANCED T | M E (1YM, MONM, IDAYM, THM) .

onn oooonon

IF(IMM . GT.23>T H E N
IHM = [HM - 2 4
IDAYM = IDAYM + 1
IF(IDAYM . G T . NUMDAY (MONM) ) THEN
IDAYM = IDAYM - NUMDAY (MONM)
MONM = MONM + 1
IF(MONM . G T . 12) THEN
MONM = MONM - 1 2
IVM= yM + 1
END IF
END IF
END IF
IF(IMM.B8T.23)GOTO0 10
ELSE
C
C ADJUST BACKWARD T | K (IYM, MONM, IDAYM, I1HM)
C
IF(IHM .LT.® T N N
1DAYM = IDAYM - 1
IHM=IHM + 2 4
IF{IDAYM LT.1)THEN
I = MONM - 1
IF(I .EQ. Q) | = 12
IDAYM = IDAYM + NUMDAY(I)
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MONM =MONM - 1
IF(MONM . LT. 1} THEN
IYM = IYM =1
MONM= MONM + 12
END IF
END IF
END IF
IF(IHM |LT. @) GOTO 10
END IF
RETURN
END
SUBROUTINE PRNTMP(LUN, a, IDIM, IMAX, JMAX, SPVAL, MP)
C
C PURPOSE:
TO NORMALIZEAND PRINT THE TWO DIMENSIONAL ARRAY a

ALSORITHM:

DATA ARE NORMAL.IZED B Y 10##MP AND T 1 E N

FORMATTED as 3 piciTIN TEGERS. POINTSRATWHICH

A(I,J) ISEQUAL T O SPVAL ARE MASKED B Y ASTERISKS.

DATAARE OUTPUT IN BLOCKS WITH JDECREASING DOWN

AND | INCREASING ACRDSS THE PAGE. THE NUMBER OF

VALUES PRINTED RCROSS a PAGE |S AN INTERNAL PARA-

METER IN THE SUBRWTINE.

ARGUMENTS :
LUN - LOBICAL uniT NUMBER ON WHICH TO PRINT
A - TWO-DIMENSIONAL ARRAY T o BE NORMALIZED AND
PRINTED. UNCHANBED BY PRNT.
IDIM -~ F i rsTDIMENSIONDOF a ambD IN DIMENSION
STATEMENT O F CALL ING PROGRAM

IMAX -~ MAXIMUM | VALUE ACTUALLY USED IN a AND D

JMAX — MAXIMUM J VALUE ACTURLLY U SE D IN a AND D

SPVAL - SPECIAL MASKING VALUE: ONLY THE A(I,J)

WHICHARE N oT EQUAL T o SPVAL ARE PRINTED

MP - POWER OF TEN BY WHICH WE MUST MWL.TIPLY ELEMENTS

OF a so THAT IT FALLS BE TW Een 100 AND 1000.

DIMENSION INTEG(3@), R(IDIM,43)
C NCOL IS THE NUMBER OF VALUES TO PRINT ACROSS a PRGE
NCOL = 26
C PRINT THE GRID
I1= 1
| 1= (IMAX - 1) / NCOL + 1

IRMDR = IMAX- NCOL o (II-1)
pgsSeL =1, ||
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C
C WHEN L=I1 ONLY PRINT IRMDR VALUES

C
IF(L.ER.II) NCOL = IRMDR
C
C PRINT THE POWER
C

I2=-11 + NCOL -1
DO 48 JJ = 1, JMAX
J =JMAX - JJ + 1
DO 30 I = I1,12
I3 =1+1=1I1
INTEG(I3)=-9999
| F(A(I,J) .NE. SPVAL) INTEG(I3) = INT(A{I,J)#1Q, #xMP +
1 SIGN(D.5.A(I,J)#10. #+MP))
30 CONTINUE
WRITE (LUN, 78) (INTEG (1), I=1,NCOL)
40 CONTINUE
Il=]2+ 1
WRITE(LUN, #) * °*
50 CONTINUE
70 FORMAT (**,2613)
RETURN
END
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