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A TWO-DIMENSIONAL LAKE WAVE PREDICTION SYSTEM*

David J. Schwab, John R. Bennett, and Edward W. Lynn

This report describes a series of computer programs that can
be used to forecast wave height, period, and direction for any part
of the Great Lakes. The programs only require the user to specify
the overlake wind forecast.

1. INTRODUCTION

Wave forecasts on the Great Lakes have been automatically produced by the
National Weather Service since 1974 with a procedure developed by Pore (1974).
This system uses statistical (Model Output Statistics or MOS) wind forecasts
as input to Bretschneider's empirical equations (Bretschneider, 1970) for
forecasting wave height. Twice daily, forecasts are made at 64 selected loca-
tions around the lakes; 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 modifications could be made to the automated
wind forecasts.

Recently, a two-dimensional numerical wave prediction.model  was developed
for use on the Great Lakes and tested against 2 months of observed wave data
in Lake Erie by Schwab et at. (1984). The model is a parametric type that
numerically solves a local momentum balance equation on a numerical grid
covering the lake. Input is overlake wind at each point. The model provides
estimates of wave height, period, and direction at each grid point. Model
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 with measurements taken at
the tower. Wave height measurements from the NOAA Data Buoy Center (NDBC)
Nomad buoy in the western part of the lake were consistently higher than the
model results, although the correlation was high. Wave period measurements
from the buoy agreed satisfactorily with the model results.

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

The purpose of this report is to describe a series of computer programs
that use the above-described numerical model to implement an interactive wave
forecast system. The forecaster specifies wind speed and direction for a
specified number of 12-h periods and the programs compute wave height,:direc-
tion, and period at each grid point for the,entire  forecast period. The

*GLERL Contribution No. 406.



calculated wave height is equivalent to the traditional ‘significant’ wave
height, the average height of the one-third highest waves. Wave 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 examine the results in a variety of formats, including
two-dimensional maps of wave height, direction, or period at a given time or
time series of wave height, direction, and period at a given location. This
report includes a brief description of the numerical method, plots of the
grids covering the lakes, an annotated sample run of the wave prediction
system (appendix A), and the PORTRAW source code for the computer programs
(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 computer systems.
Users intending to access the system on the GLERL computer
authors for the proper telephone communications procedure.

2. THE RUMRRICAL MODEL

should contact the

The numerical wave forecast model is based on one originally proposed by
Donelan (1977). Schwab et at. (1984) modified the model to conform to the
GLERL two-dimensional lake circulation modeling system (Schwab et at., 1981;
Bennett et at., 1983; Schwab and Sellers, 1980). The version used here is a
further simplification of the Donelan (1977) model to make it more useful for
operational forecasting.

The basic model equations relate the time rate of change of wave momentum
and the divergence of the wave momentum flux to input from the wind as
follo”s:

an, aT, + aT, 7:

Bt+ ax ay’p,

The x and y momentum components are

- 2n F(f 8)% - g 6 A -m =ose de df

F(f se) sing d8 df.
c(f)

(1)

(2)

Here F(f,S) is the wave energy spectrum as a function of frequency, f, and
direction, 8. C(f) is the phase speed. Schwab et at. (1984) show that, if we
assume that deep water linear theory applies and that wave energy is distri-
buted about the mean wave direction as cosine squared, the momentum fluxes can
be expressed as
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TX, = & c0s2eo + $)

TXY = Tyx = g($ c06eo 6i119,)

TYY - d$ side0 + $1,

where o2 is the variance

They further provide relationships
frequency), variance, and momentum

and o once the right-hand side
ke is

T”;r; = 0.028 Df 1 =

=,' E(f)df.

between group velocity (or peak energy
that allow (1) and (2) to be solved for M,,
is specified. The right-hand side we use

- 0.83 Epl (: - 0.83 6,,,

where Df is a form drag coefficient defined as Df = [0.4/ln(SO/o)]2 with (I
in meters. The factor 0.028 is the empirical fraction of the stress that is
retained by the wsves. The important features of the momentum input formula
are that the drag coefficient increases for higher waves and that the momentum
input depends on the square of the difference between wind speed and 0.83
times wave group velocity.

The main assumption in the present formulation of the model that would be
of concern to a forecaster is that the waves are assumed to be governed by
linear deep water theory. This means that shoaling, refraction, and breaking
are ignored so that, even in the grid boxes nearest shore, the waves are
assumed to be unaffected by finite water depth. In practice, this is not a
severe limitation in most of the lakes, but may be of some importance in Lake
St. Clair, certain parts of Lake Erie, Saginaw Bay, and Green Bay.

The only difference between the formulation detailed in Schwab et ~2.
(1984) and the one used in the computer program WAVE in appendix B is that the
"fossil" wave field (the wave field remaining from the previous storm) has
been removed in the present version. We found that including the "fossil"
field had only a small effect on the results. The computation time is doubled
when the "fossil" field is included and we felt that the small potential
improvement in accuracy (see section 6) did not justify the increased computa-
tional effort.
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3. DESCRIPTION OF TEE PROGRAMS

There are three computer programs in the wave prediction system. The
first program obtains wind information from the forecaster. The second pro-
gram is the numerical wave model. The third program allows the forecaster to
examine the results of the wave model in a variety of formats. The programs
are written in FORTRAN 77. A listing of the programs is included in appendix
B.

The first program, called INTFCA, asks for the name 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
wind prompting messages and output displays. The program checks for valid
month (l-12), day, year (1900-99). and hour (O-23). The user must choose one
of the following time intervals between wind forecasts: 1, 2, 3, 4, or 6 h.
The program prompts for wind direction and speed at the chosen interval for a
period of 12 h from the starting time. Wind direction is in degrees (o-360; 0
= wind from the north) and wind speed is in knots (o-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 all
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 values. The program
then writes meteorological data records to a disk file for use by the numeri-
cal wave model.

The second program, WAVE, is the numerical wave model. It reads the
meteorological data produced by INTFCA and calculates 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, mainly because
there is no simple way to incorporate a nonzero initial condition. Therefore
the model starts with a calm sea surface. It is advisable to begin the pre-
diction at least 12 to 24 h previous to the critical forecast time 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 examine the results of the
calculation either in the form of a time series at a specified location in the
lake or as a map of wave height, period, or direction at a specified time.
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 maps
printed, a list of times for which maps are required may be entered. The user
can leave the terminal while the maps print out. Finally, the program asks
for and records any comments the user may wish to include.
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4. COMPUTATIONAL GRIDS

The computational grids used by the model for Lakes Superior, Michigan,
Huron, St. Clair, Erie, and Ontario are shown in figures 1-6. The upper lakes
have 15-km grids, the lower lakes 10-k" grids, and Lake St. Clair a 5-k" grid.
Isle Royale and Michipicoten Island are included in the Lake Superior grid.
Beaver Island in Lake Michigan, Manitoulin Island in Lake Huron, and Pelee
Island in Lake Erie are also included. The figures show the relation between
the artificial computational grid boundary and the actual shoreline of the
lake. The forecaster should be aware of the difference between the two shore-
lines because some areas of the real lake are not part of the computational
grid and the wave prediction system will not produce results for points in
these areas. The grid sizes for the various lakes were chosen as an accep-
table compromise between realistic resolution of the shoreline and computa-
tional speed. The computing time involved in the numerical model increases
very rapidly with decreasing grid size.

5. WIND INPUT

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. Although the program has the

FIGURE 1.--Z% 15&m grid .for
Lake Superior.

FIGURE 2 .--The 15km g r i d  f o r
Lake Michigan.
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FIGURE 3.--T& 15-km grid for FIGURE 4.--The S-km grid .for
Lake Huron. Lake St. Clair.

FIGURE 5.-+l'he IO-km grid for
Lake Erie.

FIGURE 6.--The IO-km  grid for
Lake Ontario.

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

The program also has the capability to adjust wind measurements for
height and stability, but again these features are not used in the operational
model. We have assumed 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 temperature equal to water temperature). If the available
wind measurements are from a different height above the water, or the winds
are overland winds, or the overlake air temperature is quite different from

6



the water temperature, the wind speed input to the wave prediction system
should be adjusted accordingly. That is, measurements from less than 5 m
should be increased, measurements from greater than 5 m should be decreased,
and overland winds should generally be increased. (See Schwab and Morton,
1984.)

6. MODEL TESTS

Donelan (1977) compares results of an early version of the wave predic-
tion model, run with wind observed at meteorological buoys in Lake Ontario, to
wave height observed by three Waverider buoys in the lake. The hindcast only
covers a 2-day period in August 1972, but the comparison was very encouraging.
Clodman (1983) tested the model for several idealized cases and examined the
differences between results from the two-dimensional, time-dependent numerical
model and several empirical wave forecasting methods. His conclusion was that
for the case of a steady wind "probably our model gives results a little too
low for low wind speeds and high for high wind speeds, but one cannot say for
certain since no absolute standard of accuracy exists."

Schwab et al. (1984) provide a much more comprehensive test of the model.
They compare results from the model (driven by wind 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 height
and period at the tower and the buoy and wave direction at the tower for the
entire months of September and October 1981. The model results agreed very
well with wave height measurements at the tower (correlation coefficient 0.93,
standard error 20 cm). Wave period agreement at the tower was satisfactory,
although the model generally gave a lower estimate of wave period than was
observed. Both the model results and the observations showed a surprising
systematic deviation of the wave direction at the tower from the 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 modeled periods were generally lower
than the observed periods. Wave height measurements at the buoy were con-
sistently higher than the modeled 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 model have been made with the 1981 Lake
Erie data set. Both runs use the version of the numerical model given in
appendix B that does not contain the "fossil" wave field. One run uses the
same S-km grid as Schwab et at. (1984), and the second uses the lo-km grid
described in section 4 (fig. 5). The model results for wave height at the
tower and buoy are compared with the results of Schwab et ~2. (1984) in figure
7 and table 1. It can be seen that removing the "fossil" wave field from the
computations had a very insignificant effect on the results and that the lo-km
grid gives nearly as accurate a result as the S-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
resolution or model inadequacies.
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FIGURE 7.--Comp~iaon  of computed and observed wave height at the GLERL tower
and at NDBC 45005 in Lake Erie for September and October 1981. Tke upper
figures are from Sckwb et al. (1984)  and correspond to a S-km grid with
“fossil”  wve field included in the computations. The lower figures are for
a S-km grid with no "fowwit" mvw field.
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GLERL Tower

FIGURE 7.(cont.)--Comparison  of computed and observed LxLve height at the GLERL
tower and at NDBC 45005 in Lake Erie for September and October 1981. The
f igures  here  are  for a IO-km grid tith no “foweit” cave f ie ld .

TABLE 1 .-Statietica  from comparisons  of obaeroed and m o d e l  wxve  he ights
in Lake Erie for September and October 1981

Wave height at tower Wave height 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

Slope 0.99 0.99 0.99 0.68 0.76 0.79

Intercept -0.00 m -0.01 m 0.04 m 0.03 m 0.01 m 0.01 m

Standard
art-or 0.20 m 0.21 m 0.24 m 0.17 m 0.20 m 0.20 m

(1) Results from Schwab et ail. (1984) with a 5-km grid and "fossil" included.
(2) Results with a 5-km grid, no "fossil."
(3) Results with a lo-km grid, no "fossil."
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Appendix A. --ANNOTATED SAMPLE RUN OF THE WAVE PREDICTION SYSTEM

This appendix contains a sample run of the wave prediction system on the
GLERL computer. User responses in the sample are underlined, but in an actual
run they are not. All characters in user responses are upper case and all
responses end with a carriage return. Numbers on the right side of the page
refer to the footnotes below.
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f o o t n o t e s

GREFlT  L R K E S  E N V I R O N M E N T R L  R E S E R R C H  LFlBORFlTORY  V;X ii/780

GREFlT  L W E S  ENVIRONMENTRL RESERRCH  LABORRTORY
WClVE P R E D I C T I O N  S Y S T E M ,  R E V I S I O N  2 . 0  2184

T H I S  PROVISIONflL  V E R S I O N  O F  T H E  G L E R L  WFlVE P R E D I C T I O N
S Y S T E M  I S  RVFIILRBLE  F O R  T E S T I N G  FlND EVFlLLJFlTION P U R P O S E S .
W E  W W L D  &lPPRECIFITE  RNY COMMENTS OR SUGGESTIONS,  GOOD
O R  BFU). T H A N K  Y O U !

DRVE SCHWFlB F T S  378-2120 COMMERCIFlL  (313) 6 6 8 - 2 1 2 0

(1)

(2)

E N T E R  LFIKE NflME:m (3)
PLEFISE E N T E R  Y O U R  NFlME F I N D  FlGENCY ( E . G .  MFIRVIN  MILLER/NWS)
MRRVIN M I L L E R  / N W S  CLEVELFIND
D O  Y O U  WFlNT  DETFIILED  I N S T R U C T I O N S  FlBOUT  H O W  T O

(4)

U S E  T H I S  PROGRRM ?  ( I N P U T  YES...OR...NO)

No (5)
I N P U T  STFIRTING DQTE  F I N D  T I M E  FIS M O N T H ,  DQY, YEFIR,  H O U R  (0-23).
T H I S  W I L L  B E  H O U R  0  ( Z E R O )  ( E . G .  7,28,1983,14)
4 .  IS. 1984.6
I N P U T  T I M E  I N  H O U R S  B E T W E E N  W I N D  DFlTFI  P O I N T S  (1,2,3,4 O R  6)
6 (6)
I N P U T  W I N D S  (DIRECTION,SPEED) I N  D E G R E E S  F I N D  K N O T S  ( E . G . .  270,10)
T Y P E  ’ /’ F O R  LINEfiR  INTERPOLFlTION
I N P U T  W I N D  F I T  0  H O U R S  4/15/1984  6:00
2 2 0 . 1 0
I N P U T  W I N D  F I T  6  H O U R S  4/15/1984  12:00
2 4 5 . 2 9
I N P U T  W I N D  RT 1 2  H O U R S  411511984  la:00
2 9 0 . 3 5
IS A FORECAST LONGER THEN 12 HOURS DESIRED?
( INPUT YES.. . OR.. . NO)

FORECAST WILL BE EXTENDED TO 24 HOURS
I N P U T  W I N D  F I T  18 H O U R S  4/16/1984  0:00
3 0 0 . 2 5
I N P U T  W I N D  F I T  2 4  H O U R S  4/16/1984  6:00
L
IS FI FORECAST LONGER THEN 24 HOURS DESIRED?
(INPUT YES..  .  OR..  .  NO)
YES

(7)

(8)

(9)

1 2



f o o t n o t e s

FORECRST  W I L L  B E  E X T E N D E D  T O  3 6  H O U R S
I N P U T  W I N D  F I T  3 0  H O U R S  4/16/1984  12:00
45.15
I N P U T  W I N D  F I T  3 6  H O U R S  4/16/1984  18:00
90,18
IS FI F O R E C A S T  L O N G E R  T H E N  3 6  H O U R S  D E S I R E D ?
(INPUT YES..  .  OR..  .  NO)
No

HOUR DRTE T I M E W I N D  D I R . WIND SPEED
0 4/15/1984 6:00 2 2 0 1 0 . 0
6 4/15/1984 12:00 2 4 5 2 5 . 0

1 2 4/1S/1984 18:00 2 9 0 3 5 . 0
1 8 4/16/1984 0:00 3 0 0 2 s .  0
2 4 4/16/19.94 6:00 3 5 2 2 0 . 0
3 0 4/16/1984 12:00 4 s 1s. 0
3 6 4/16/1984 18:00 9 0 1 0 . 0

I S  W I N D  DFITA O . K . ? ( INPUT YES..  .  OR..  .  NO)
YES
CRLCULfATING  WQVES. ..PLEFISE STFlND  B Y
E N T E R  H  I F  Y O U  WFINT  T O  S E E  WFlVE H E I G H T  MFIP
E N T E R  D  I F  Y O U  WFlNT  T O  S E E  WFlVE D I R E C T I O N  MRP
E N T E R  P  I F  Y O U  WFlNT T O  S E E  W A V E  P E R I O D  MFlP
E N T E R  T  I F  Y O U  WRNT  FI T I M E  S E R I E S  O F  WRVE  H E I G H T ,

D I R E C T I O N  flND P E R I O D  F I T  FI G I V E N  LOCFiTION
E N T E R  Q I F  Y O U  WRNT  T O  Q U I T

I N P U T  LflTITUDE  O F  P O I N T  CIT W H I C H  Y O U  WQNT  T O  S E E  T I M E  S E R I E S
I N DE:G, MIN, SEC ( E . G .  44,06,00)
O R  I N  DECIMFlL  D E G R E E S  ( E . G .  44.1,0,0)

4 1 . 6 . 0 . 0

I

I N P U T  L O N G I T U D E  O F  P O I N T  F1T W H I C H  Y O U  WRNT  T O  S E E  T I M E  S E R I E S
I N DEG, MIN. SEC (E. G .  84.18.30)
O R  I N  DECiMi D E G R E E S  ( E . G .  8 4 :  3 5 ;  0,0)

81.45.0
LFIT I TUDE 4 1  D E G  3 6 . 0  M I N
L O N G I T U D E  8 1  D E G  4 5 . 0  M I N
HOUR DFlTE T I M E WFlVE H E I G H T  (FT)

6 4/1s/1984 12:00 2 . 7
1 2 4/15~1984 10:00 8 . 5
1 8 411611984 0:00 9 . 3
2 4 411611904 6:00 4 . 9
3 0 41161192.4 12:00 2 . 0
3 6 411611984 18:00 2 . 1

WFlVE D I R .  (DEG)
2 5 2 .
2 6 8 .
2 9 0 .
2 8 9 .
3 2 9 .

1 7 .
E N T E R  H  I F  Y O U  WFlNT T O  S E E  WFIVE  H E I G H T  MFIP
E N T E R  D  I F  Y O U  WRNT  T O  S E E  W A V E  D I R E C T I O N  MFIP
E N T E R  P  I F  Y O U  WFINT  T O  S E E  WFlVE P E R I O D  MRP
E N T E R  T  I F  Y O U  WFlNT CI T I M E  S E R I E S  O F  WFlVE H E I G H T ,

D I R E C T I O N  A N D  P E R I O D  QT FI G I V E N  LOCQTION
E N T E R  C! I F  Y O U  WCINT T O  Q U I T
H

(10)

(11)

(12)

(13)

(14)

WRVE  PERIOD(SEC1
3 . 6
6 . 5
6 . 7
5 . 2
4 . 0
3 . 6

(15)

1 3



f o o t n o t e s

E N T E R  T H E  T I M E ( S )  I N  H O U R S  ( S-36) FlFTER T H E  STPqT  T I M E
4/15/1984  6:00 F I T  W H I C H  Y O U  WRNT  T O  S E E  WFlVE H E I G H T S

Y O U  MRY MFIKE U P  T O  2 5  E N T R I E S ,  O N E  E N T R Y  P E R  L I N E
E N D  T H E  L I S T  W I T H  - 1
10
T-c”,

-1

(16)

WFlVE H E I G H T S  I N  T E N T H S  O F  F E E T  F I T  1 8  H O U R S  4/16/1984  0:00
**~+*,+*t*************~****************~***~**~*****~~*~*****~~*****~~~*******
**l**********~+~*********~*~************~~************************~******~*~*~
~***+i****t*~~*****+*****~*******************************~****~***************
*i~++*~ii*t+**tt*++**********************~~*~**~~***~****  4 1  55 6 4  72r+ri++r++
.II*+X++++++*~**C+*I*************~********~*~~~****  3 9  5 3  6 2  6 9  75 8 0  05 8 9  9 3
*+**+**************+******t**********************  30 5 2  6 1  6 9  7 5  a 1  06 9 0  94 90
+****+*+++l*i*+li+++***~.**~*~******~******~~  4 0  55 6 4  7 1  7 6  81 a6 90 9 4  98101
l tl++l*XI+*,,**+++************~~**~**********  4 1  54 6 3  7 0  7 6  0 2  a7 91 95 99103
+i*+~li~Ci*i++ri+*,*~*~*~**~**~*****  3 5  4 0  50 6 5  7 0  7 4  7 9  83 07 91 95 99103106
++i~~++*+iti+*+i+*~*~******~**  4 4  5 6  6 6  6 8  6 6  69 6 6  6 0  7 3  7 0  03 0 7  9 2  9 6 1 0 0 1 0 5
l + * * * * + W +  3 9  Sl+***i*  1 4  291~ 4 5  5 6  6 6  6 9  7 0  7 1  7 4  7 0  0 3  0 7  9 0  9 2  9 4  9 7 1 0 2 1 0 6
*+*)++*  2 3  4 0  5 7  6 5  6 9  7 1  71 6 6  5 9  5 0  3 7  5 3  6 5  7 4  0 0  0 4  05 0 7  0 0  9 1  9 3  97+*++*+
it+* 3 0  4 9  5 3  53 5 4  53 6 9  7 3  7 0  6 2  59 5 1  5 7  6 7  75 8 0  0 2  0 5  0 0  96**+*w+*++++*+*
l * *  4 3  55 6 1  6 3  6 4  66*** 5 0  6 5  7 4  7 9  0 1  0 7  0 4  7 9  7 6  7 5  05***+*i*i*+*+++*+*****
l .w+++~+, 4 9  6 0  6 7  7 1  7 1  7 2  7 7  0 3  0 9  9 0  9 0  0 6  0 1  7 7  76rr+rr+rr+t+++ri+~i+r++++
++~~++tcl,ii*+  59cir 50 60 7 5  01 a6 09 9 1  9 2  9 3  94r++irrr+++++iiiiirr+rrrrrr+
c+*++*+i+**++++ii+*iiiii  58 7 0  70 84+ri+rrr**r+r~r+ri+r+ri+ir+r+r++r*rrrr+~***
*~****************X1~~*****~*~**************~*******************~*************

*********++****t**************************
i+*+i,,itt*+,*+i 3 2  4 9  6 2  7 2  7 9  05 08 0&t*+
l * *  3 8  5 0  5 7  6 4  6 7  7 3  7 9  0 3  05 9 0  07+*++*+
*it* 4 2  5 6  6 5  7 1  7 2  90101107108105*********
97****** 5 2  6 9  a 0  a7 94100103************

1 0 1 1 0 4 1 0 7 1 0 0 1 0 6 1 0 3 1 0 2 1 0 2  9a*++*+++*+++*+++
109107110112114115113110*****~***+***
10610911111411611~r+r+*rrr++,,++++++,++r~~
110ll311511ari+rr+,+ii+r+r+r+rr+rr+++*+r~~
109112115+******+*************************
10g*********************************+*****
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i t * * * *
******************************************
+**+*t*******+****************************
l *****+***********************************

l *****+***********************************

l *****************************************

************it**+*************************

1 4



f o o t n o t e s

WFlVE H E I G H T S  I N  T E N T H S  O F  F E E T  F I T  2 4  H O U R S  4/16/1984  6:00
4***~***********4**************************4*4**********~********444~44******4
4*4**4****4**+*******4**+4*~444
******************************************************~***********************
4 4 4 4 4 4 4 4 4 4 4 4 ~ 4 4 4 4 4 4 4 4 4 ~ 4 4 4 4 ~ 4 4 4 4 4 ~ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  15 10 21 254t+**+rr4t*
~)+444444444444444444444444444~44444444444444444~44  2 0  2 4  2 6  26 3 1  3 4  38 4 2  4 7
l * * * * 4 * * * * * * * * * * * * * * * * * 4 * * * 4 4 * 4 * * * * * 4 * * * 4 * * * * * * 4  19 2 5  2 7  29 29 31 3 4  3 7  4 0  4 3
+*444444444444444444444444w44444444b4444*44444  2 3  2 6  29 3 1  3 3  3 6  39 4 2  4 5  4 7  5 0
C44~44**t4444~1+1+444444444444444444444444444  2 4  2 7  2 9  3 1  3 4  3 6  36 4 1  4 4  4 6  4 9
++~4+i+i++*44444*++i4~44444444444~44  1 7  1 9  2 1  2 7  3 1  3 3  3 6  38 4 8  4 3  4 6  4 9  51 5 4
l + 4 * 4 + * 4 + + * * * 4 + + + + 4 + 4 4 * 4 4 4 4 4 * 4  2 2  2 8  2 7  2 5  2 6  1 9  1 4  2 5  30 3 4  38 4 0  4 3  4 6  4 8  5 1
l * * * * + + * *  2 2  2!5444444  1 3  15444 18 2 1  2 7  3 0  3 1  3 0  30 3 2  3 6  4 1  4 1  4 4  46 5 3  5 5  57
444444  2 25 30 32 32 29 30 31 21 7 4 25 31 35 37 35 42 45 47 51 52 54444444
**4 22 24 31 35 37 30 35 36 35 33 31 29 32 36 41 44 46 48 48 48+********+*****
+44 26 2 9  34 37 37 3 9 4 4 4  2 9  34 3 8  40 39 41 44 40 38 41 44444444444444444444444
444444444 31 35 37 39 36 37 40 43 46 46 47 46 44 43 44444444444444444444444444
444444444444444 33444 33 38 41 45 48 49 58 58 49 52444444444444444444444444444
444444444444444444444444  36 41 45 49+444444H44+44+444wt4444444444444444444444
4*4P44+4444444444444444444~~44444444444444444444444444444444444444444444444444

4*4444444444*4444*444444444444444444444444
444+44*44444444 17 1 9  26 32 36 3 8  41 414~4
444 2 1  2 5  2 6  2 8  2 9  3 4  4 1  4 6  4 8  4 9  47444444
444 25 30 33 3 5  3 5  4 2  4 8  5 1  5 2  51444444444
514444+4 26 35 41 45 48 51 4 9 4 4 4 4 4 4 4 4 4 4 4 4
47 4 9  52 54 55 59 57 59 56444444444444444
52 55 57 59 68 62 64 64444444444444444444
51 5 3  56 58 59 62444444444444444444444~44
57 5 9  61 6444444444+4441(44444444444444444
5 3  55 !i7444444**4+44444444444444444444444
624444~44+4444444444444444444444444444444

4*44444444444444444444*4444444444444444444
444444*4444+44444444444444444444444+t444444
4444*44*44444444444444444*44*4444444444444
444444444444444444*4**44444444444444444444
444444*44*4444444+444444444444444444444444
4*4444444*44*4444*444444444444444444444444
444*44444444444*44444444444444444444444444
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E N T E R  H  I F  Y O U  WRNT  T O  S E E  W!XE H E I G H T  MF\P
E N T E R  D  I F  Y O U  W F I N T  T O  S E E  WFlVE  D I R E C T I O N  MClP
E N T E R  P  I F  Y O U  W F I N T  T O  S E E  WFIVE P E R I O D  MOP
E N T E R  T  I F  Y O U  W!ANT  !A T I M E  S E R I E S  O F  WFlVE H E I G H T ,

D I R E C T I O N  RND P E R I O D  F I T  FI G I V E N  LOCFlTION
E N T E R  Q IF YOU WFINT TO QUIT

!2
E N T E R  T H E  TIME(S) I N  H O U R S  ( 6 - 3 6 )  FlFTER T H E  STQRT T I M E
4/15/1984  6:00 A T  W H I C H  Y O U  W F I N T  T O  S E E  WFlVE D I R E C T I O N S

(17)

Y O U  MFIY MFIKE U P  T O  2 5  E N T R I E S ,  O N E  E N T R Y  P E R  L I N E
E N D  T H E  L I S T  W I T H  - 1

22
-i (ia)
WF~VE  D I R E C T I O N S  I N  T E N S  O F  D E G R E E S  F I T  l a  H O U R S  4/16/1984  0:00
444444*444444444444444*4444444444444444444444444444444*44*4~*4~*******444*4444
44444444444444444*444444444444*4444444*4*444444444444444*4**444444444~**4444~4
4**444444444444*444444444444444444444444**4444444444444444444*44~44*4*444**~~*
444444444444444444444444444444444444444444444444444444444  25 25 25 254444*4444
*+4444~44~44,4444t44444*444444~44444444444444444~**  26 26 25 25 25 25 25 26 26
C+44~44444~4t444444*44444444444444444444444444~4  26 26 26 26 26 26 26 26 26 26
4i4444444444444444444444444444444444444444444  2 7  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6
444+44+44444444444444444444444444444444444444  25 29 2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6
444+44444l44444444444444444444444444  2 4  2 5  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 7
*it44444it4444*44444444it4*444444  2 7  2 8  2 7  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 6  2 7  2 7  2 7
444+44444 2 9  20*4++*4  2 9  23444  2 5  2 5  2 7  2 0  2 0  2 0  2 0  2 0  2 7  2 7  2 7  2 7  2 7  2 7  2 7  2 7
444444  2 4  2 6  2 7  2 9  3 0  2 0  2 7  2 6  2 4  2 3  25 2 8  2 8  2 8  28 2 8  2!3 2 8  2 8  2 0  2 0  28+4++++
444 2 9  2 8  2 7  2 6  2 6  2 7  2 8  2 9  3 0  3 1  3 2  2 9  2 7  2 6  2 6  2 6  2 6  2 6  2 7  27+*++++++++++++*
~44 2 9  2 9  2 9  2 9  2 9  29444  3 0  3 0  3 0  2 9  2 8  2 7  2 7  2 6  2 6  2 6  264444444*44+44444444*4
444444444  3 1  3 1  3 0  3 0  3 0  3 0  3 0  29 29 29 29 29 29 29 2V4444*4+4444*4++*44db444w~t
~+4444*44444444 31444 31 31 31 30 38 38 29 29 29 2V44444**4444444~*44****+r++,
444444444444444444444444 32 31 31 3a444444d+44444444444444444444444444444444++44
**44*4*44444*444*4*444*444444444444*44444444444444~4444444**44*444444444444444
.*4**44444444444444444*4444444*44444444444
4444+4+44444444  2 3  2 4  2 4  2 4  2 5  25 2 6  26+*4
4*4 2 9  29 2 8  2 8  27 26 23 25 2 5  2 5  26***+*+
444 3 0  2 9  2 9  2 9  2 0  2 7  2 6  2 6  2 6  264+*+*****
2644S444 24 24 24 29 25 26 27444+44*44444
2 6  2 6  2 6  2 6  2 5  2 5  2 5  2 5  26+**4***+**+***+
26 26 26 26 26 26 26 26444444444444444444
2 6  2 6  2 7  2 7  2 7  27,,44444444444444444444444
2 7  2 7  2 7  27444444444444444444444444444444
27 27 274+4444444444444444444444444444*44
274+d,,,b4444444444444444444444444444444444

*44444*4444444+*44*44*444444444444444444*4
4*444444444444444+4444444444444444*4444*44
4*44*4*44*44444444444444444444444*44444444
4*4444*4*4444444444*4444444444444444*44444
444*44*4444444444444444*4*44*4444*4*44*444
44444444444*4**4444444444**44444444444*444
44444*4*4*44**4444444444444*44*44*44444444
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f o o t n o t e s

E N T E R  H  I F  Y O U  WRNT  T O  S E E  WFiVE H E I G H T  MM
E N T E R  D  I F  Y W  WRNT  T O  S E E  WRVE  D I R E C T I O N  MAP
E N T E R  P  I F  Y O U  WRNT  T O  S E E  WClVE P E R I O D  MF@
E N T E R  T  I F  Y O U  WT A  T I K  S E R I E S  O F  W A V E  H E I G H T ,

D I R E C T I O N  RND P E R I O D  RT R G I V E N  LOCFITION
E N T E R  C l  I F  Y O U  WFlNT T O  QUIT

Q
PLEME  T Y P E  Fw MRNY L I N E S  As YW W I S H  I F  Y W  HQVE  MY
COllMENTS  OR WGGESTIONS C O N C E R N I N G  T H I S  WRVE M O D E L
END WITH A CRRRIRGE R E T U R N
J HFMi N O  C O M M E N T S  CIT T H I S  TIMS,

GOODBYE !

WFIVES l o g g e d  o u t  a t  27-FEB-1984  14:24105.23

(19)

(20)
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F o o t n o t e s :

(1) W h e n  c a r r i e r  d e t e c t  i s  e s t a b l i s h e d ,  p r e s s  t h e  r e t u r n  k e y  t o  g e t  i n i t i a l
s y s t e m  m e s s a g e .

(2) A f t e r  i n i t i a l  s y s t e m  m e s s a g e ,  t y p e  “WPVES”  i n  r e s p o n s e  t o  “ U s e r n u m b e r : ”
p r o m p t .

(31 I n  r e s p o n s e  t o  “ E N T E R  LPKE NPME:” p r o m p t ,  e n t e r  “ S U P E R I O R ” ,  “MICHIGPN’,
“ H U R O N ” , “ S T .  CLPIR”,  “ E R I E ” ,  o r  “ONTPRIO”.

(41 Name a n d  a g e n c y  we u s e d  t o  k e e p  t r a c k  o f  w h o ’ s  u s i n g  t h e  m o d e l .

(5) D e t a i l e d  i n s t r u c t i o n s  c o n t a i n  a c o n d e n s e d  v e r s i o n  o f  s e c t i o n s  o f  t h i s
r e p o r t .

(6) T h e  f o r e c a s t e r  c h o o s e s  a  6  h o u r  t i m e  i n c r e m e n t .

(7) T h e  f o r e c a s t  i s  e x t e n d e d  b y  1 2  h o u r s .

(0) T h e  p r o g r a m  w i l l  i n t e r p o l a t e  w i n d  d i r e c t i o n  a n d  s p e e d  a t  t h i s  h o u r  f r o m
p r e v i o u s  a n d  s u c c e e d i n g  v a l u e s .

(91 T h e  f o r e c a s t  i s  e x t e n d e d  b y  1 2  m o r e  h o u r s .

(10) T h e  f o r e c a s t  s t o p s  a t  3 6  h o u r s .

(11) N o t e  i n t e r p o l a t e d  v a l u e s  o f  w i n d  d i r e c t i o n  a n d  s p e e d  f o r  h o u r  2 4
( h a l f w a y  b e t w e e n  18 a n d  3 0  h o u r  v a l u e s ) .

(121 T i m e  s e r i e s  i s  s e l e c t e d .

(13) L a t i t u d e  i s  s p e c i f i e d  i n  d e c i m a l  d e g r e e s  f o l l o w e d  b y  z e r o e s  f o r
m i n u t e s  a n d  s e c o n d s .

(14) L o n g i t u d e  i s  s p e c i f i e d  i n  d e g r e e s  a n d  m i n u t e s .

(151 W a v e  h e i g h t  m a p  i s  s e l e c t e d .

(16) M a p  w i l l  b e  p r i n t e d  f o r  h o u r s  18 a n d  2 4 .

(17) W a v e  d i r e c t i o n  m a p  i s  s e l e c t e d .

(10) M a p  w i l l  b e  p r i n t e d  f o r  h o u r  lg.

(19) U s e r  e l e c t s  t o  t e r m i n a t e  s e s s i o n .

(201  Connsents  h e r e  w o u l d  b e  a p p r e c i a t e d .

18



Appendix  B. - -SOURCE CODE FOR FORTRAN COMPUTER PROGRAMS
I N T F C A ,  W A V E ,  AND D I S P L A Y
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PROGRRM  INTFCFI
C44444++44444444+++44444*  PROGRFlM  I N T F C R  44+444444~444444+444444,,4444
c

; P U R P O S E :  T H E  P U R P O S E  O F  PROGRFlM  INTFCFl I S  T O  P R O V I D E  F I N  INTERFFICE
C B E T W E E N  fl TIME-SHklRING  U S E R  FlND T H E  WfiVE PREDIC-
C T I O N  S Y S T E M .  T H E  U S E R  I S  R E Q U I R E D  T O  S U P P L Y  T H E  S T R R T I N G  DRTE FlND
C T I M E  F O R  P R E D I C T I O N  RND METEDROLOGIWL  DFlTFl  F O R  T H E  N E X T  1 2  H O U R S
C FIT H O U R  INTERVFILS S P E C I F I E D  B Y  T H E  U S E R .  R N Y  N U M B E R
C O F  FlDDITIONFlL  1 2  H O U R  P E R I O D S  MFlY B E  S P E C I F I E D  ( U P  T O  1 0  D!AYSl.
C PROGRFIM  INTFCFl P R O D U C E S  FI C O N T R O L  F I L E  R N D  FI METEOROLOGICClL
C DCITR F I L E  F O R  T H E  WFIVE P R E D I C T I O N  M O D E L .
C
C  I N P U T :
C LOGICFIL U N I T  5 :
C TIME-SHFIRING U S E R  I N P U T
C LOGICFlL  U N I T  7 :
C BRTHYMETRIC  DF(TR  F I L E
C
C  O U T P U T :
C LOGICFlL  U N I T  6 :
C PROMPTING FOR TIME-SHfiRING USER
C LOGICF~L  U N I T  a :
C M E T E O R O L O G I C R L  DFlTFl  F ILE FOR PROGRRM WFlVE
C LOGICFlL  U N I T  1 0 :
C CONTROL FILE FOR PROGRAM MVE
C LOGICFIL U N I T  1 5 :
C GENERFlL  INFORMRTION  F I L E
C
C  S U B R O U T I N E S :
C H E L P E R  - T H I S  S U B R O U T I N E  G I V E S  DETFlILED  I N S T R U C T I O N S  FIBOUT H O W
C TO USE THE WFIVE P R E D I C T I O N  S Y S T E M .
C RDFITE - T H I S  S U B R O U T I N E  CFlLCULRTES  T H E  RELflTIVE DFlTE fiND T I M E
C F R O M  FI G IVEN DFITE FIND TIME QND R N  O F F S E T  I N  H O U R S .
C
c H I S T O R Y: W R I T T E N  BY E . L . L Y N N,  GL E R L, OCTOBER,  1 9 0 3
C

CHFlRFlCTERraB  FINS
CHRRflCTER+SB LQKE
CHRRRCTER+lB  CDFITE, C T I M E
LO6 I CFlL DONE
D I M E N S I O N  NUMDCIY(l2)
D I M E N S I O N  WD(241),  WS1241)

C
C LOGICFlL  U N I T  N U M B E R S  F O R  I N P U T ,  P R O M P T I N G ,  METEOROLOGICRL  DFiTFl
C F I L E S ,  C O N T R O L  F I L E ,  FlND GENERFlL  INFORMFITION  F I L E
C

DCITR  LUNI, LUNO, LUNB, LUNMW, LUNW, LUNX /5,6,7,a,  10,15/
C
C  S T R R T I N G  H O U R  F O R  W I N D ,  INITIFIL  E N D I N G  H O U R ,  FlND I N C R E M E N T
C

DCITFl  I H P R E V ,  I H P O S T ,  I H I N C  /0,12,1/

2 0



C
C
C

C
C
C

C
C
C

N U M B E R  O F  DFlYS IN EFICH M O N T H .  U S E D  T O  C H E C K  DRTE I N P U T

DClTFl  NUMDIDFIY/Jl, 28,31,30,31,30,31,31,30,31,30,31/

R E W I N D  DFITR F I L E S  B E F O R E  W R I T T I N G  T O  T H E M

REWIND LUNNW
REWIND LUNW
REWIND LUNX

L I M I T  O N  FOREWSTING  T I M E  I N C R E M E N T S .  N U M B E R  O F  D A Y S  O F  FORECClST
CON B E  CRLCULfiTED  B Y  ((241-l) 4 ( H O U R S  B E T W E E N  DATFl  P O I N T S ) )  / 2 4

DCITR L M T I M E  /241/

SFlVE  RERL DFlTE T I M E  F I N D  LFlKE NQl’lE  O N  INFORMFITION  F I L E
H E R E  D A T E  F I N D  T I M E  A R E  VRX FORTRflN  LIGfiRFIY F U N C T I O N S

CRLL  DQTE  (CDFITE)
CQLL TIMEtCTIME)
WRITEtLUNX,  4) CDflTE,CTIME

G E T  FORECRSTER  NFmE R N D  RGENCY,  W R I T E  T O  STFlT F I L E

RSSIGN  3 0  T O  L A B E L
3 0  WRITE(LUNO,*)

1’PLEFISE E N T E R  Y O U R  NFlME FlND  CIGENCY ( E . G .  MQRVIN MILLER/NWS)’
R E R D  (LUNI, ’ (FI) ’ , END=S000, ERR=5000) RNS
WRITE(LUNX,*)  i%lS

REFlD  T H E  F I R S T  L I N E  O F  B A T H Y M E T R I C  DClTFl  F I L E  T O  G E T  LFlKE NaME

OPEN (7, REFIDONLY,  STATUS=’ OLD’ )
RERD  (LUNB,  1600)  LQKE
WRITEfLUNX,  4) L A K E

W I L L  H E L P  F I L E  B E  R E O U I I R E D  7

RSGIGN 4 0  T O  LFlBEL
4 0  WRITEfLUNO, it)

1’DO YW MT DETCIILED  I N S T R U C T I O N S  FlBOUT  H O W  T O ’
WRITE(LUNO,*)

1’USE T H I S  PROGRFLM  ? ( I N P U T  YES...OR...NO)’
REflD (LUNI, ’ (c1)  ’ , END=S000, ERR=50001 RNS
I F  ( F I N S  .  N E .  ’ YES’  .  F IND.  FINS .  NE.  ‘NO’  1 G O T 0  5 0 0 0
IF(FINS  . EO. ‘ Y E S ’  ) CRLL H E L P E R
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C
C  G E T  M O D E L  STFlRT DFITE flND.TIME
C

1 0 0  W R I T E  (LUNO, 4)
1’INPUT  STQRTING  DFlTE R N D  T I M E  F)S M O N T H ,  DRY, YEFIR,  H O U R  (8-23).
~,*THIS  W I L L  B E  H O U R  0  (Z E R O)  ( E .G . 7,20,1903,14)’

IASSIGN  1 0 0  T O  LFIBEL
RERDCLUNI,  +, END=5000,  ERR=5000)  M O N ,  IDRY, I Y ,  I H
D O N E  =  .TRUE.

T E S T  F O R  VFlLID YEFIR,  M O N T H ,  DFlY FlND H O U R
C

IF(MOD(IY,4)  .EQ. 0) NUMDFIY(2)  =  2 9
IF(MON .LT. 1  .  O R .  M O N  . G T .  12) T H E N
WRITE(LUNO,*)  M O N ,  ’ I S  N O T  R VFlLID M O N T H ’
MON = 1
D O N E  =  .FFILSE.

E N D  I F
IF(IDFIY  .  L T .  1  .OR. IDFlY  . G T .  NUMDFIY  (MON))  T H E N
WRITE(LUNO,*)  IDFIY,’ I S  N O T  FI VFlLID DRY
D O N E  =  .FFILSE.

E N D  I F
IF(IY . L T .  1 9 0 0  .OR. I Y  . G T .  1 9 9 9 )  T H E N
WRITE(LUNO,*)  I Y , ’  I S  N O T  fi VFlLID YEFIR’
D O N E  =  .FFLLSE.

E N D  I F
IF(IH . L T .  0  .OR. I H  . G T .  23) T H E N
WRITE(LUNO,+)  IH,’ I S  N O T  CI VFlLID H W R ’
D O N E  =  .FFILSE.

E N D  I F
IF(.NOT.DONE) G O  T O  1 0 0

C
C  G E T  T I M E  I N  H O U R S  B E T W E E N  W I N D  DFlTCI P O I N T S
cI.

FISSIGN  1 2 5  T O  LFlBEL
1 2 5 WRITECLUNO, 4)

1’INPUT T I M E  I N  H O U R S  B E T W E E N  W I N D  DFlTFI  P O I N T S  (1,2,3,4 O R  6)’
RERDtLUNI,  4, END=5000,  ERR=5000) I H I N C
IFtIHINC .NE. 1 .FIND.  I H I N C  . N E .  2  .FIND.  I H I N C  . N E .  3  .FIND.

1 I H I N C  . N E .  4  .FIND. I H I N C  .NE. 6) T H E N
WRITE(LUNO,*)

1  I H I N C , ’ I S  N O T  O N E  OF T H E S E  (l-2.3.4  O R  6) PLEFlSE R E - E N T E R ’
G O T 0  i 2 5

E N D  I F

; S E T  U P  M E T E O R O L O G I C A L  DFlTFl  F I L E S
C
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WRITE(LUN0,  *)’ I N P U T  W I N D S  ( D I R E C T I O N ,  S P E E D )  I N  D E G R E E S  A N D ’ ,
1 ’ K N O T S  ( E . G .  270,10)’
WRITE(LUNO,+)‘TYPE  ‘I/” F O R  LINERR INTERPOLFITION’
I C N T  =  0
ISTnRT=IHPREV
ISTOP=IHPOST
D O N E  = .FFILSE.

1 5 0 D O  3 0 0  ITIME=ISTRRT,  ISTOP, I H I N C
I C N T  =  I C N T  +  1
C R L L  RDRTE(IY,MON,  IDFIY, I H ,  ITIME,  IYM,MONM,  IDFIYM,  IHM)

200 WRITECLUNO,  1 3 0 0 )  ITIME,  MONM,  IDCIYM, I Y M ,  IHH
FlSSIGN 2 0 0  T O  LFlBEL
WDfICNT)  =  - 1 .
Rt‘CID(LUNI,*,ERR=5000) WDtICNT),  WStICNT)

C
C  I F  / W A S  T Y P E D ,  WDtICNT)  I S  N O T  CHRNGED. INTERPOLFlTION  R E Q U I R E D
C

IF(WD(ICNT) .EQ. - 1 . )  T H E N
IFtICNT . E Q .  1) T H E N

FISSIGN  3 3 0  T O  LFlBEL
G O T 0  5088

330 WRITE(LUNO,.)‘WINDS MUST B E  S P E C I F I E D  F O R  T H E  F I R S T  H O U R ’
G O T 0  2 0 0

E N D  I F
E L S E

c
C  T E S T  F O R  VFlLID S P E E D  FlND D I R E C T I O N
C

IFtWDtICNT)  .LT. 0 . .OR. WDtICNT)  .6T. 368. ) T H E N
WRITE(LUNO,r)‘BFlD  W I N D  D I R E C T I O N  ‘,WD(ICNT)
G O T 0  2 0 0

E N D  I F
IF(WS(ICNT)  .LT. 0 . .  O R .  WS( ICNT) .  G T .  1 0 0 .  ) T H E N
WRITE(LUNO,*)‘BFID  W I N D  S P E E D  ‘,WS(ICNT)
G O T 0  2 0 0

E N D  I F
E N D  I F

3 0 0  C O N T I N U E
C
C  C H E C K  F O R  L E N G T H  O F  M O D E L  RUN - I F  L O N G E R  THRN  IHPOST,
C  E X T E N D  I T  B Y  I H P O S T  H O U R S
C
4 0 0 IFtDONE  .  EQV. .  TRUE.  ) G O T 0  4 0 5

WRITECLUNO,  1 4 0 0 )  ISTOP
WRITE(LUNO,*)  ’ ( I N P U T  YES...OR...NO)’
ClSSIGN  4 0 0  T O  LRBEL
RERDtLUNI, ’ (61)‘) END=5000,  ERR=S000)  F I N S
IF (FINS. NE. ’ YES’. RND. F1NS.  NE. ’ NO’ ) G O  T O  5 0 0 0
IF(FINS.EQ.‘YES’)  T H E N

ISTFIRT=ISTOP+IHINC
ISTOP=ISTOP+IHPOST
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L TEST IF  MFlXIMUM  H O U R  FORECFlST H R S  B E E N  E X C E E D E D
C
C

I F  S O  CALCULRTE FI N E W  MFiXIMUM  ’ ISTOP’ FlND S E T  ‘ D O N E ’  T O  .TRUE.
S D  L O N G E R  FORECFIST  O P T I O N  W I L L  N O T  B E  FIGKED FlGFlIN

C
IF(((ISTOP-IHPREV)/IHINC)+l  .GT. LMTIME) T H E N

ISTOP = ((LMTIME-1)  l IHINC) +  I H P R E V
WRITEtLUNO,  *)

1 ’ INCREFlSING  FORECFlST B Y  ‘, I H P O S T ,
2 ’ H O U R S  W O U L D  E X C E E D  T H E  MFIXIMUM.’

D O N E  =  .TRUE.
E N D  I F

WRITE(LLfNO,1500)  ISTOP
G O  T O  1 5 0

ENDIF

C REFlD  T H R O U G H  T H E  W I N D  DFITFI ClND INTERPOLRTE  I F  NECESSFIRY
C

4 0 5  IFIRST =  1
NUHWND  = (ISTOP-IHPREV)  / I H I N C  +  1
D O  4 1 0  I C N T  =  1 ,  N U M W N D
IF(WD(ICNT)  .GE. 0.) T H E N

GFIPS = FLOBT( ICNT-IFIRST)
IFtGFIPS  . G E .  2.1 T H E N

C
C  D O E S  T H E  S H O R T E S T  DISTFlNCE  B E T W E E N  T H E  T W O  D I R E C T I O N S  C R O S S  0  ?
C

X W  =  1.1 GFlPS
DMRX  = RMl7Xl(WD(IFIRST),WD(ICNT))
D M I N  = ~MINl(WD(IFIRST),WD(ICNT))
IF((DMIN-DMQX  .GT. - 3 6 0 . .tVdD. DMIN-DMFIX  .LT. -180.1 .OR.

1 (DMflX-DMIN . G T . 100. .fflD. DMF1X-DMIN  .LT. 3 6 0 .  ) ) T H E N
D O  4 2 0  I  = IFIRST+l, I C N T - I
IF(WD(IFIRST) . G T .  WDtICNT))  T H E N
WD(I) = (XW*WD(ICNT)  + (l.-XW)*(WD(IFIRST)-360.))

E L S E
WD(I) = (XW*(WD(ICNT)-360.)  + (l.-XW)+WD(IFIRST))

E N D  I F
US(I) = XW*WS(ICNT) + (I.-XW)+WS(IFIRST)
IF(WD(I) .LT. 0.1 WD(I) = WD(I) +  3 6 0 .
X W  =  X W  + (l./GFIpS)

4 2 0 CONTINUE
C
C FlRE T H E  T W O  D I R E C T I O N S  180 O U T  O F  PHFLSE  ?
C
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E L S E  IF(FIBS(WD(IFIRST)  - WDtICNT))  . E Q .  1.30.)  T H E N
D O  4 2 5  I  =  IFIRST+i, I C N T - 1
IF(XW .LT. .5) T H E N
WD(I) = WDtIFIRST)

E L S E
WD(I) = WD(ICNT)

E N D  I F
US(I) = XW*WS(ICNT) + (l.-XW)*WS(IFIRST),
X W  =  X W  +  (l./GcIPS)

4 2 5 CONTINUE
C
C  D O E S  T H E  S H O R T E S T  DISTFINCE B E T W E E N  T H E  T W O  D I R E C T I O N S  N O T  C R O S S  0  ?
C

E L S E
D O  4 3 0  I  =  IFIRST+l, ICNT-1
WD(I) = XW*WD(ICNT)  + (l.-XW)*WD(IFIRST)
US(I) = XW*WS(ICNT) + (l.-XW)*WS(IFIRST)
X W  =  X W  + (I./GAPS)

4 3 0 CONTINUE
E N D  I F

E N D  I F
IFIRST = I C N T

E N D  I F
4 1 0  C O N T I N U E

C  I F  W I N D  WFIS N O T  S P E C I F I E D  F O R  T H E  LFlST H O U R  F I L L  I N  W I N D
C LOCFITIONS  F R O M  T H E  LFIST W I N D  THFlT  WFlS S P E C I F I E D
C

IF(WD(NUMWND)  .LT. 0.) T H E N
D O  4 4 0  I C N T  = IFIRST+l, N U M W N D
WDCICNT)  = WDtICNT-1)
WSfICNT) = WStICNT-1)

4 4 0  C O N T I N U E
E N D  I F

C
C W R I T E  O U T  T H E  W I N D  DFITFl  IN TRBULRR  F O R M
C

450 WRITE (LUNO, l ) ’ HOUR DATE T I M E W I N D  D I R . WIND SPEED
1’

I C N T  = 0
ISTRRT = I H P R E V
D O  5BB ITIME = ISTFIRT,  ISTOP, I H I N C
I C N T  = I C N T  +  1
CFILL RDFITE (IY, MON. IDRY, I H ,  ITIME,  I Y M ,  MONM,  IDFIYM,  IHM)
IUD = INT(WD(ICNT))
WRITECLUNO,  1 2 0 0 )  ITIME,  MONM,  IDF\YM,  IYM, IHM, IUD, WS(ICNT)

5 0 0  C O N T I N U E
c

k O P T I O N  T O  CHFlNGE WIND DFlTFl  S P E E D  F I N D  D I R E C T I O N
C
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5 5 0  WRITE(LUNO,+)  ‘ I S  W I N D  DFITFl  O . K . ? ( I N P U T  “ES...OR...NO)’
IASSIGN  5 5 0  T O  LfiBEL
READ (LUNI, 1 (a) 1, E~D=s000,  ~~~=5000)  ANS
IF(FINS  .  N E .  ’ Y E S ’  .  R N D .  FlNS .  N E .  ‘ N O ’  ) G O T 0  5 0 0 0
IF(FINS  . E Q .  ‘ N O ’ )  T H E N

c

; C O R R E C T I O N  I N  W I N D  I S  R E Q U I R E D
C

WRITEtLUNO,  ik)
1  ‘ T O  CHFlNGE W I N D  DATCl (DIRECTION,SPEED) T Y P E  N E W  VCILUES’

WRITEtLUNO,  i)
1  ‘ I N  D E G R E E S  FlND K N O T S

I C N T  =  0
WRITE(LUNO,*)’ HOUR

1 ’
D O  6 0 0  ITIME = ISTFIRT,

I C N T  =  I C N T  +  1

(E. 6. 270.10)  O R  ” /” T O  LEFlVE I T  FILONE’

DRTE T I M E W I N D  D I R . WIND SPEED

ISTOP, I H I N C

CFlLL  RDFlTE (IY, MON, IDFIY, IH, ITIME,  IYM, MONM, IDAYM,  IHM)
6 5 0 IUD = INT(WD(ICNT))

WRITEfLUNO,  1200) ITIME,  MONM, IDFIYM,  IYM, IHM, IUD, WS( ICNT)
REFID(LUNI,*,END=675,ERR=675)  WDtICNT),  WS(ICNT)

C
C T E S T  F O R  VFlLID W I N D  S P E E D  FlND D I R E C T I O N
C

IF(WD(ICNT) .LT. 0 .OR. WDtICNT)  . G T .  360) T H E N
WRITE(LUNO,*)  ‘BFID W I N D  D I R E C T I O N  ‘,WD(ICNT)
G O  T O  6 5 0

E N D  I F

IF(WS(ICNT)  . L T .  0 . .  O R .  WS(ICNT)  .GT. 1 0 0 .  ) T H E N
WRITE(LUNO,+)  ‘BRD W I N D  S P E E D  ‘,WS(ICNT)
G O T 0  6 5 0

E N D  I F
6 7 5 REWIND LUNI
6 0 0 CONTINUE

G O  T O  4 5 0
E N D  I F

C
C S E T  U P  METEOROLOGICFlL  DFlTFl  R E C O R D

T = 0.
I C N T  = 0
D O  7 0 0  ITIME = ISTFIRT,  ISTOP, I H I N C

I C N T  = I C N T  +  1
C
C CONVERT SPEED TO METERS PER SECOND
C

WS(ICNT)=WS(ICNT)+0.5144

S E T  LFlTITUDE  FlND  L O N G I T U D E
C

XLFIT=43.
XLON=BS.
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C
C  S E T  H E I G H T  F I T  5  M E T E R S
C

z=s.

; A I R  FlND  WFlTER  TEMPERfiTURE  S E T  T O  4  D E G R E E S
C

Tb4.
TW=4.

W R I T E  MWTEOROLOGICRL  DFlTFl  R E C O R D
C

WRITEtLUNMW,  1000)  T, XLFIT, XLON,Z,Ti$TW,WS(ICNT),WD(ICNT)
C
C  I N C R E M E N T  T I M E
C

T=T+IHINC
7 0 0  C O N T I N U E

C
C W R I T E  END-OF-DFITR  I N D I C A T O R

WRITEtLUNMW,  1000)  - T
R E W I N D  LUNMW

C
C  W R I T E  C O N T R O L  R E C O R D  F O R  WFIVE
C D T  = T I M E  S T E P  = W I N D  I N C R E M E N T
C TT = DURFITION  O F  R U N
C DFlDD  = WFITER  L E V E L  I N C R E M E N T  =  0

DT=IHINC
TT=ISTOP-IHPREV
DFIDD=B.
WRITEtLUNW,  1 0 0 0 )  D T ,  TT,DRDD
REWIND LUNW

i SFWE STFIRT DFlTE ClND T I M E ,  I H P R E V ,  ISTOP, I H I N C  O N  T H I S  F I L E  T O O
C

WRITEtLUNX,  1 1 0 0 )  IY,MON, IDFIY, I H
WRITEtLUNX,  1 1 0 0 )  I H P R E V ,  ISTOP, I H I N C
REWIND LUNX

C
C P R I N T  MESSClGE
C

WRITEtLUNO,.) ‘CFkCUL~TING  WFIVES.. .PLEFISE
G O T 0  9 9 9 9

1000  FORM~T(BFl0.3)
1 1 0 0  FORMQT (8110)

STRND B Y ’

1200 FORMAT(’  ‘,15,4X, 12,‘/‘, 12,‘/‘, 1 4 , 2 X ,  1 3 , ’  :00’,4X, IS, 7X,F6.1)
1 3 0 0 FORMATf’ INPUT WIND F I T ’ , 1 3 , ’ HOURS ‘, 1 2 , ’ /‘, 1 2 , ’ /‘, 1 4 , ’ ‘, 1 2 ,

1’:00’j
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1 4 0 0  FORNF)T(’  I S  FI FORECFlST L O N G E R  THEN’,13,’ IKIIJRS D E S I R E D ? ‘ )
1500  FORMoTt  FORECRST  W I L L  B E  E X T E N D E D  T O ’ ,  1 3 ,  ’ H O U R S ’  )
1 6 0 0  F O R M A T  (050)
C
C  C O N E  H E R E  F O R  E R R O R  C O N D I T I O N  O N  I N P U T
C
5 0 0 0 WRITEtLUNO,  *)’ IMPROPER INPUT. .  .  PLEFlSE R E - E N T E R ’

REWIND LUNI
G O  T O  LQBEL, (30,40,100,125,200,400,550)

9 9 9 9  C O N T I N U E
END

SUBROUTINE HELPER
WRITE(6,*)  ‘ H E L P  N O T  QVCIILRBLE  F I T  T H I S  T I N E ,  S O R R Y ’
RETURN
END

S U B R O U T I N E  RDFITE(IY,NON,  IDFIY, IH,  IHINC, IYM,MONM,  IDFIYN, IHN)
C
C PURPOSE:
C
C
C
C RRGUNENTS:
C  O N  I N P U T :
C
C
C
C
C
C
C
C
C ON OUTPUT:
C
C
C
C
C  H I S T O R Y :
C

I Y  - STRRTING  Y E A R  (NO L I M I T  R E S T R I C T I O N )
N O N  - STFlRTING  M O N T H  (1 - 12)
IDFIY - STQRTING  DFlY (1 - # O F  D R Y  I N  PFIRTICULRR M O N T H )
I H  - STFlRTING  H O U R  (0 - 23)
I H I N C  - NUMBER OF HOURS TO INCREMENT OR DECREMENT TIME.

P O S I T I V E  F O R  T I M E  FIDVRNCE
N E G I T I V E  F O R  T I N E  RETRFlCT
N O  L I M I T  O N  T H E  N U M B E R  O F  H O U R S  T O  CHFINGE T I N E .

I Y M  - T H E  QDJUSTED  YERR ( N O  L I M I T  R E S T R I C T I O N )
M O N M  - T H E  A D J U S T E D  M O N T H  (1 - 12)
I D A Y M  - T H E  FlDJUSTED  DClY (1 - # O F  DFlYS I N  PFlRTICULFlR M O N T H )
I H N  - T H E  ClDJUSTED  H O U R  (0 - 23)

W R I T T E N  B Y  E .  W .  L Y N N  S - 1 9 8 3 ,  G L E R L ,  FWN FlRBOR M I .

D I M E N S I O N  NUMDFIY(l2)

T H I S  S U B R O U T I N E  FlDJUSTS  TIME B Y  I N C R E M E N T I N G  O R
D E C R E M E N T I N G  T H E  T I N E  QRGUNENTS (YEAR,MON.,DQY,HOUR)
B Y  T H E  S P E C I F I E D  N U M B E R  O F  H O U R S  S P E C I F I E D  B Y  ‘ I H I N C ’ .

DFlTFI  NUMDFIY/31,28,31,30,31,30,31,31,30,31,30,31/
C
C I N I T I A L I Z E  T H E  O U T P U T  PFlRFlMETERS  T O  T H E  I N P U T  PFlRFlNETERS
C ClND FlDD T H E  H O U R  I N C R E M E N T  ‘ I H I N C ’  T O  T H E  H O U R  T I M E

IYM =  I Y
MONN = NON
IDAYN  = IDFlY
IHM = I H  +  I H I N C
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C
C
C

C
C
C

C
C
C

ClDJUST T H E  N U M B E R  O F  DFIYS I N  F E B .  D E P E N D I N G  I F  LERP YEFIR.

1 0 IF(MOD(IYN,4) . E Q .  0) T H E N
NUMDFIY(2)  =  2 7

E L S E
NUMDFIY(2) = 2 . 9

E N D  I F

GO TO THE REQUIRED ROUTINE DEPENDING ON WERTHER  T I M E  N E E D S
INCREMENTING OR DECREMENTING.

IF( I H I N C  .GE. 0) T H E N

FIDJUST QDVFINCED  T I M E  (IYM, M O N M ,  IDQYM, IHM).

IF( IHM . G T .  23) T H E N
IHM =  I H M  - 2 4
IDRYN = IDGYM  + 1
I F  (IDFIYM .  G T .  NUMDFIY  (MONM)  ) T H E N

IDFlYN  = IDCIYN - NUMDFIYtMONM)
M O N M  = MONM + 1
IFfMONN .GT. 12) T H E N

N O N N  = MONM - 1 2
IYU = IYM + 1

E N D  I F
E N D  I F

E N D  I F
IF(IHM . G T .  23) G O T 0  1 0

E L S E

FIDJUST BFlCKLJFlRD  T I N E  (IYM,MONM,IDCIYM,IHM)

IFfItBl .LT. 0) T H E N
IDClYM  = I D A Y M  - 1
IHM = I H M  +  2 4
IFfIDClYM .LT. 1) T H E N
I = NONM - 1
IF(1 .EQ. 0) I = 12

I D R Y M  =  IDRYN + NUMDFIYCI)
MONM = MONM - 1
IFU’lONN .LT. 1) T H E N

IYM = IYM - 1
M O N M  =  MONM  +  1 2

E N D  I F
E N D  I F

E N D  I F
IF(IHH .LT. 0) G O T 0  1 0

E N D  I F
RETURN
END
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P ROGRFlN  WFIVE
C+*+**+*+~**+++I+I*+~~*+~***~~*PROGR~N  W~VE++i+r++++~+r++++riir+r+++++
C
C PURPOSE :
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
C
C
C

T O  P R E D I C T  SURFFlCE  GRFlVITY WFIVES F R O M  T H E  W I N D .

I N P U T  :
LOGICFlL  U N I T  5  :

T I M E - S H O R I N G  U S E R  I N P U T

LOGICRL  U N I T  7  :
BQTHYNETRIC  DQTFI  F I L E  :

T H E  FORMRT O F  T H E  B A T H Y M E T R I C  DFlTFl  F I L E  I S  D E S C R I B E D
I N  SCHWFlB  RND S E L L E R S  (1980):  ‘ C O M P U T E R I Z E D  BQTHY-
METRY  FIN D  S H O R E L I N E S  O F  T H E  GRE!AT LFIKES’,  NO#  DFITR
R E P O R T  E R L - G L E R L - 1 6 ,  FIS D E S C R I B E D  I N  SCHWQB,  B E N N E T T ,
F I N D  JESSUP (1981) : ‘FI TWO-DINENSIONRL  LFlKE CIRCULaTION
MODELING SYSTEM’, NOClFl  T E C H N I C A L  MEMORFINDUN  E R L - G L E R L - 3
F I V E  ClDDITIONFLL  F I E L D S  A R E  P R E S E N T  O N  B A T H Y M E T R I C
DFlTFl  HEFIDER R E C O R D  N U M B E R  2 . T H E S E  A R E :

FORMFIT CFlRD  C O L U M N S
MINIMUM DEPTH I5 4 5 - 4 9
BFIGE G R I D  ROTFlTION  F R O M  E - W F 6 . 2 5 0 - 5 5
I DISPLFlCENENT I5 5 6 - 6 0
J DISPLRCEMENT I5 6 1 - 6 5
ROTRTION R N G L E  F R O M  BFlSE F 6 . 2 6 6 - 7 1

(FINGLES MEFISURED IN DEGREES COUNTERCLOCKWISE)

T H E  FIDDITIONFlL  F I E L D S  A R E  R E Q U I R E D  F O R  C O N V E R S I O N S
B E T W E E N  LFITITUDE, L O N G I T U D E  PFIIRS FIND GRID DISTANCES.
O N L Y  T H E  BBTHYMETRIC  PFlRT O F  T H E  F I L E  I S  U S E D ,  S H O R E -
L I N E  INFORNFlTION  N E E D  N O T  B E  I N C L U D E D .

LOGICFlL  U N I T  8 :
NETEOROLOGICRL DFlTFl  F I L E  :

TLFlST  - T I N E  F R O M  B E G I N N I N G
FORMFlT CFlRD  C O L U M N S
610.4 1 - 1 0

O F  R U N  (H)
PLFIT  - LFlTITUDE  I N  D E G R E E S  N O R T H 6 1 0 . 4
P L O N  - LONGITUDE IN DEGREES WEST 6 1 0 . 4
2 - H E I G H T  O F  I N S T R U M E N T  (NJ 0 1 0 . 4
TFI - TEMPEROTURE O F  F)IR (C) 610.4
T W  - TENPERBTURE  O F  WFlTER  (C) G 1 0 . 4
US - W I N D  S P E E D  (M/S) G 1 0 . 4
W D  - W I N D  D I R E C T I O N  (DEG) G1O. 4

11 - 2 0
2 1 - 3 0
3 1 - 4 0
4 1 - 5 0
51 - 6 0
6 1 - 7 0
7 1 - a 0

XL DOTFI  FOR THE SAME  T I M E  F I R E  G R O U P E D  T O G E T H E R ,  W I T H  FI
MRXINUM  O F  2 5  STRTIONS  I N  13 G R O U P .

l N O T E :  E N D - O F - F I L E  I S  INDICFlTED BY FI R E C O R D  W I T H  A
NEGFITIVE  T I N E .



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
C
C
C
C
C
C

LOGICQL  U N I T  1 0  :
R E C O R D  1  - C O N T R O L  PFIRFINETER  RECORD :

FORNFlT CklRD
D T  - T I N E  S T E P  I N  H O U R S 6 1 0 . 2
TT - DURFlTION  O F  R U N  I N  H O U R S G 1 0 . 2 1
DRDD - MEFIN WRTER L E V E L  RELFITIVE G1O. 2 2

T O  L O W  WFlTER  DFlTUM I N  M E T E R S

O U T P U T  !
L O G I C A L  U N I T  6  :

C O N T R O L  PRRFIMETERS, BRTHYMETRY,  FIND FI L I S T  O F  T H E
NETEOROLOGICQL DFlTR RECORDS.

COMMON BLOCKS :
/CPFIRM/  D T ,  TT, DFIDD, - C O N T R O L  PRRFIMETERS
/GPFIRM/  RPFIRN(231,  IPFIRM(54)  - REFlL  F I N D  I N T E G E R

PClRFlNETERS  D E S C R I B I N G  T H E  BRTHYMETRIC  G R I D .
S E E  S U B R O U T I N E  R G R I D  F O R  DETRILS.

/TPRRM/  N D T T - N U M B E R  O F  SNRLL T I M E  S T E P S  TRKEN
D U R I N G  LRST LFlRGE  T I N E  S T E P

S U B R O U T I N E S  I

R G R I D  - RERDS  T H E  BClTHYNETRIC DFlTFI  F I L E
PGPRRM - P R I N T S  G R I D  PCIRflMETERS
P R N T  - FORMFITS FlND  P R I N T S  O U T P U T  O N  G R I D
F U N C T I O N  W I N D X  - REFlDS METEOROLOGICRL  DFlTFl  FlND  CFILCULFlTES

X  F I N D  Y  C O M P O N E N T S  O F  EQUIVaLENT NEUTRFlL STRBILITY W I N D
F U N C T I O N  U Z L  - U S E D  B Y  W I N D
F U N C T I O N  U Z  - U S E D  B Y  W I N D
F U N C T I O N  X D I S T  - R E T U R N S  X  DISTRNCE  F R O M  G R I D  O R I G I N  G I V E N

LCLTITUDE  FIND LONGITUDE
F U N C T I O N  Y D I S T  - R E T U R N S  Y  DISTFINCE F R O M  G R I D  O R I G I N  G I V E N

LFITITUDE  RND LONGITUDE

THE USER MUST SUPPLY TW0 SUBROUTINES TO SUPPLY
INITIFIL  C O N D I T I O N S  FlND GENERFlTE  O U T P U T . T H E Y  CIRE:

WINIT(D,CG, XNON,YMOM,SIG,  IDIM) - S U P P L I E S  INITIRL C O N D I T I O N S

WOUTP(T,D,CG,  XMON,YNON,SIG,CD,  IDIM) - GENERRTES  U S E R - R E Q U I R E D  O U T P U T
W O U T P  I S  CFILLED B Y  WFlVE E V E R Y  T I M E  S T E P  (DT, S P E C I F I E D
B Y  T H E  U S E R ) . T I S  T H E  T I M E  ( I N  S E C O N D S )  F R O M  T H E  B E G I N N I
OF THE RUN. D  I S  T H E  D E P T H  CIRRFIY.
IDIM I S  T H E  F I R S T  D I M E N S I O N  O F  D .

H I S T O R Y  :
W R I T T E N  B Y  J . R .  B E N N E T T ,  1982,  G L E R L ,  flNN FIRBOR,NI.,  B Y
M O D I F Y I N G  FI PROGRFlM  W R I T T E N  B Y  N.FI. DONELRN,  NFITIONFlL  WFlTER
RESERRCH  INSTITUTE,BURLINGTON,ONTFlRIO.
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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

F O R  T H E  I N T E R R C T I V E  V E R S I O N  O F  T H E  WRVE M O D E L  FtLL P R I N T
STCITEMENTS FIND SUBROUTINE CRLLS RRE C O M M E N T E D  O U T .
S U B R O U T I N E S  PCPRRN,  P R N T  RND WINIT  HRVE B E E N  R E M O V E D
U N I T S  11, 1 2  RND 1 3  RRE U S E D  I N  W O U T P  T O  O U T P U T  WRVE
H E I G H T ,  D I R E C T I O N  FIND P E R I O D  R E S P E C T I V E L Y .
D. J. SCHWRB N O V E M B E R ,  1 9 8 3

T H E R E  RRE S IX  MRJOR  RRRRYS U S E D  T O  D E S C R I B E  T H E  WRVE F I E L D .
T H E Y  A R E  D I M E N S I O N E D  (IM,JM). T H E  S I X  RRRFIYS  RRE:

XMON - THE X-COMPONENT OF MOMENTUM
YNON - THE Y-COMPONENT OF MOMENTUM
C - T H E  MRGNITUDE  O F  T H E  NERN  PHRSE S P E E D
S - T H E  WRVE  H E I G H T  STRNDRRD D E V I R T I O N
c s - T H E  C O S I N E  O F  T H E  MERN WRVE  D I R E C T I O N
SN - T H E  S I N E  O F  T H E  MERN WRVE D I R E C T I O N

T H E  T H R E E  O T H E R  RRRRYS FIRE:

D -

CD -

uv -

T H E  D E P T H ;  T H I S  I S  U S E D  O N L Y  T O  D E T E R M I N E  W H E T H E R  R G R I D
P O I N T  I S  I N  T H E  LRKE O R  N O T .  T H E  NRGNITUDE O F  T H E  D E P T H
I S  N O T  U S E D  I N  T H I S  D E E P  WRTER V E R S I O N  O F  T H E  M O D E L .
T H E  DRRG C O E F F I C I E N T  O F  RIR O V E R  W R T E R .  T H E  P R E D I C T I O N
OF CD IS R B Y - P R O D U C T  O F  DONELRN’S  T H E O R Y ;  R E M O V I N G  I T S
CRLCULRTION  D O E S  N O T  RFFECT THE WRVE  P R E D I C T I O N  M E T H O D .
THE X RND Y COMPONENTS OF THE WIND

R E R L  D~41,35~,C~41,35~,XM0M~41,35~,YM0M~41,35~,S~41,35~
l,CS(41,35),SN(41,35),CD(41,35)
COMMON/CPRRN/DT,  TT, DRDD
COMNON/GPRRN/RPRRM(23),IPRRM~54)
COMNON/TPARN/NDTT

D I M E N S I O N S  O F  CIRRRYS

DRTR IDIN, JDIN/41,35/

PHYSICRL CONSTRNTS

DRTR 6, VK/9.81,0.4/
DRTR RHORIR,  R H O H 2 0 ,  GRNNR/l.  2233,1000.,  0.028/

C  R N E M O N E T E R  H E I G H T
C

DRTR Z /i0./

C COMPUTE CONSTRNTS
C

FRC~=~.~*GANNR+RHORIR/(RHOH~OIG)
GTPI=G/(2. .RTRN2(0.  , - 1 .  ))
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C
C WEN STRTEMENT  R E W I R E D  B Y  VRX FORTRRN

O P E N  (7, RERDONY, STATUS-’ U.D’ )
C
C RERD  C O N T R O L  PRRMETERS
C

,

-(lO,Slb) DT,TT,DRDD
C YRITE~6,52S)DT,~,DRDD

NSTEPS-TT/DT+S. 5
DT=DT+3680.

C
C RERD  SRTHYMETRIC  ERID I N F O R M A T I O N
C

CCILL RGRID(7,D, IDIM, JDIW
IkIPRRM(l)
JM=IpRRU(P)
OS-RPRRM(3)
DMIN-RPRRM(S)+DF\DD
Irnl-In-1
JHl=JPl-1

C
C  I F  URTER  L E V E L  I N C R E M E N T  RESUTS  IN  A  KeCIfIVE D E P T H ,  S T O P
C

IFWMIN.  L T . @ .  ) S O  T O  590
c
C  P R I N T  BRTHYMETRIC  DRTFI F I L E  H E R D E R  INoRI4@TIoN

E C & L  PWMM(6)
C
C  P R I N T  D E P T H  F I E L D

E WRITE(6,540)
C C A L L  P R N T  (6, D, IDIM, IM, JM, 0. )
C
C  S E T  I N I T I A L  C O N D I T I O N S
C

D O  18 I=l,IM
D O  18 J-1,JPl
CD(1, J)4.
XMDMfI, J)=e.B
YmDM(I, J)=&B
C(I,J,=0.0
CS(1, J)=l.B
SN(1, J)=R.0
S(I, JjrB.0
IF~D~I,J).LT.RF’RRH(S))  60 T O  18
D(1, J)-D(I,J)+DFIDD

18 C O N T I N U E
C C&L UINITtD,  C, XMOM, YMOM,  S ,  IDIMI)
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C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C

TnIS PROGRM  USES T W D  TIlE S T E P S .  l7-E LRRGE  T I N E  S T E P  (DT)
I S  S P E C I F I E D  B Y  T H E  USER m CONTROLS  TE FREPUENCY  RT UHICH DCITR
CAN B E  P R I N T E D  O R  S T O R E D  F O R  LRTER  ANCYYSIS B Y  WUTP, M UGER 8up-
P L I E D  OUlVUl R O U T I N E .  THE-L TIIE S T E P  (DTT, I S  W-TED B Y
T H E  PROGRFM  F R O M  T H E  FORMULR  F O R  NUMERICRL 6TREILIN  O F  TN WIND
F I N I T E  D I F F E R E N C E  SCHERE. T H E  NLMBER  OF -L T I M E  STEPS P E R  LfiRGE
T I M E  S T E P  I S  N D T T ;  I T  I S  S T O R E D  I N  CormoN B L O C K  /TPCIRM/.

I N S I D E  EACH SMQLL  T I M E  S T E P  THRE A R E  T W O  L O O P S  O V E R  Tbb?  8PFITIFIL
COORDINFITES  I FM J .  I N  THE F I R S T  L O O P  TWE WCWE  RDVECTION  T E R M S  FlRE
CRLCIJLRTED.  I N  T H E  S E C O N D  LOOP T N  W I N D  IISUT O F  -lH I S  RDDED
FM) T H E  DIRGNOSTIC VClRIABLES  RRE WWLATED.

B E G I N  MRIN TIllE L O O P

Td. 0
D O  3 0  NS-1,NSTEPS

T=T+DT/2.

CClLClJLATE  SHRLL T I M E  S T E P

XWIX-IMDS
YMRX=JM*DS
uMcIx4.

umx-amxi wax, FIBS ~INDX (T, e., e., I, 2) ) )
umx-mnxi  (bmnx,  6ms ~INDX (T, e., e., 2, z) 1)
W~Xdlll~Xl~WWCIX,ABB~UIWX~T,e.,mclX,l,Z~~~
wMClXdMFlx1~~X,RBS~WINDX~T,e.,YIIFIX,2,Z~~~
wMax4Mnx1wlwx,~~wINDx  (T,XMfUf,e.,l,Z)))
W~x~PVIX1~CmF\X,ABS~wINDX~T,XllClX,e.,2,z~~~
UWRX-RMRXI WMRX,  FlBs(WINDX  (T, XICIX,  WX, 1, Z) ) )
W~XICIPICLXl(~X,RBS(UINDX(T,XIIFIX,~X,2,2)))
D O  40 1=2,IMMl
D O  40 J-2,JMMl
IFfD(I,J).LT.DMIN)  80 T O  40
D O  50 N=l,2‘
W~X~MFIXl(~X,~(C(I,J)))

5 0  C O N T I N U E
4 0  CONTINUE

NDTT-IFIX((1.414~MQX*DT)/DS)+l
DTT-DT/NDTT

DTTDS=DTT*B.  25/DS
DTlG~=FCIC2+DTT
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C
C S&IN LOW O V E R  SIWLL T I M E  S T E P S
C

C
C
C

E
C

C
C
C

D O  68 NDT=l,NDTT

F I R S T  L O O P  O V E R  1,J: WCIJLRTE  T M  WVE RDVSCTIW  T E R M S

D o  7 8  I - 2 ,  IMMl
D O  7 0  J-2,JMMl
I F  (D(I,J).LT.DMIN)  GD T O  70

X-CmPONENT

IF(CS(I,J).GE.&e)XFLXD=((S(I,J)rCS(I,J))H2)
I-((StI-l,J)*CS(I-l,J)),r2)
IF~CS(I,J).LT.8.0)XFLXD=((S(I+1,J).CS~I+1,J~)

~*~~)-((S(I,J)*CS(I,J))H~)
IF(SN(I,J).LT.0.0)YFLXD=KtS(I,J+1)*SN~I,J+1)+

lS~I,J+l)+f2,-tCS(I,J,+~(I,J,.S(I,J,~c2)
IF(SN(I,J).GE.&0)YFLXD=(CS(I,J)6N(I,J)*S

1 (I, J)*+2)-(CS(I, J-l)*SN(I,J-l)*S(I, J-11*2)
SIP-S(I+l, J)
SIM=S(I-1, J)
IF(D(I+1,J).LT.DUIN)  SIP=2.*S(I,J)-S(I-l,J)
IF(D(I-l,J).LT.DUIN) SIM=2.*S(I,J)-S(I+l,J)
xrmn~1,~~-xnon~1,~~-~~~~~4~xFLx~+mx~+e.2s+~~1~~2

l-sIMrc2))

Y-COHF’ONENT

IF(CS~I,J).LT.e.e)jiFLXD=~CSW,J)+GN~I+l,J)*
lS(I+l,J)r+2)-(CS~I,J).SN~I,J)~91I,J)ff2)
IF(CS(I,J).GE.B.B)XFLXDI(CS(I,J)rSN(I,J)o

lS(I,J)*+2)-(CS(I-l,J)*SN~I-l,J~*S~I-l,J~**2~
IFVGN(I,J).GE.~.~)YFLXD=((SN(I,J)*S(I,J))H~)

l-((SN(I,J-l)*S(I,J-1))+12)
IF(SN(I,J).LT.~.~)YFLXI’I=(~SN(I,J+~)*S(I,J+~))**~)

I-((SN(I,J)cS(I,J))cr2)
SJP=S(I,J+l)
SJM=S(I,  J - 1 )
IF(D(I,J+l).LT.DMIN)  SJP=2..S(I,J)-S(I,J-1)
IF(D(I,J-l).LT.DHIN) SJM=2.*S(I,J)-S(I,J+l)
YMOM (I, J)=YMON(I,  J)-DTTDS+(XFLXD+YFLXD+B.  25+  (SJP**2

I-GJMw~)  1
a 0 CONTINUE

C
7 0  C O N T I N U E
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C
C
C
C

C
C
C
C

C
C
C
C

ECOND  L O O P  O V E R  I ,  J: WCUATE  M UIW 119vT  ff -
Fw) COPWTE TbE DIRSNOSTIC VIIRIIIBLES (CS.SN, S.C,CD)

w 98 I - 2 ,  Irnl
D O  9 8  J=2,JI’lMl
IF(D(I,J).LT.DMIN)  S O  T O  98

WLCULCITE  TN-VERTICRL  LIOC(ENTlM  F L U X  I N  T M  2  DIRECTIOWS,
TH2 W I N D  MD T H E  WQVE F I E L D

X-(I+.S)eDS
Y-(J-S.S)eDS
UWIND=WINDX(T X  Y  1 2)9 9 9 *
VWIND-WINDX(T X Y 2 2)9 9 9 9
USPDSD-UUINDMdIND+VWI~VWIND
UNDGPPSGRT~WSPDGQ)+1.E-28
CSUIND-UIINDIUNDSPD
SMIIND-VWIND/UNDSPD
DTFFLC-DTlmUSPDS5
CTkEl-CSUIND+CS(I,  J)+SNWI~SN(I, J)
SolllplRX1(8.~,S~I,J)+dBS~~CTBE1)
DRAGl-(VK/kOS(SS.  /SS))+~;z
S~X1(5;005,S(I,J)*ABS(CTE21))
DRRS2-  (VK/&OG  (3. ISG) ) -2
B=C(I,J)*.G3/WDGPD
CI-l.-GcTlEl
WIl-DRRGl+MABS(A)
R-CTlEl-B
UZ-D~*MRSG(R) _
VFLXcwlIl+csuIND+WI2+CS~I,  J)
VFLYFWIl+P(UIND+W12+SN~I,J)
XM0HC1,  J)*XMOf’l(I,J)+DTFQC~VFLXA
Y~(I,J)=~(I,J)+DTFFIC~VFLYA

COMPLITE  T H E  MU C O S I N E S  QND SIeS; Fw CU@UTE THE PH%E
S P E E D  (C) RND WRVE  HEIt3tlT  STRNDLIRD  DEVIFITION  (S).

CICSPRT(XC~O~(I,J)H~+~~W(~,J)~~~)+~.E-~~
CS(1, J)-XK!M(I, J)/CM
SN(1, J)=YMOM(I,  J)/CM
U=UIINDICS(I, J~+VUIND6N(I, J)
I F  (lJ.LE.S.8) G O  T O  19
FM=G.S178873Se(  ~(LHJ~/~~CMCH))++0.14285714)
IF~(lNFM).ST.8.76GS43) G O  T O  1 6 0

150  FR=tCM+l4343.89)++(-.3333333333)
1 6 8  S(I,J)=SQRT(CM  + G T P I  / F M )

C(I,J)=GTPI/FM
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C
C M FOLLONINS  STRTEMENTS  RRE U S E D  ONmY F O R ’  CGL~TING C D
C RND Cm 6E R E M O V E D  I F  C D  I S  N O T  KUJIRa).
C
C IF(NDT.M.NDTT)  6 0  T O  9 6
C SX=B. Se(VFLXR+JFLXF)+6.6667*CSNIND
C SY-6. s+(vFLYR+vFLYF)+6.6667*6NNIND
C CD(I,J)-SQRT(SX,SX+mrSY)
C

9 6  CUNTINIJE
C
C E N D  L M P  O V E R  SWLL TIM2  S T E P S
C

G6 C O N T I N U E

UPDFITE  T I M E
C

T+S*DT

C CALL O U T P U T  R O U T I N E
C

C&L NWlP(T,D,C, XMOM,YMOM,S,CD,  IDIM)
C
C EN!l O F  MRIN TIRE L O O P
C

3 6  C O N T I N U E
6 0 1 0  S6S

5 6 6  URITE(6,536)  DRDD
50s coNTINuE
516 FORMAT (3016.2)
528 FORl%T~‘1’,//,‘DT  = ‘,F6.2,’ TT = ‘,F9.2,’ DRDD = ‘,F6.2)
S36 FORNAT(lX,  ‘THE UClTER L2VEL I NCRERENT’,  F6.2, ’ R E S U L T S  I N  IV,

1 ‘NEGRTIVE I(INIlUlM D E P T H  - PRO6RRM  TERMINRTED’)
540 FORNRTflX,  ‘ D E P T H  RELRTIVE T O  MERN URTER L E V E L ’ )

END
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S U B R O U T I N E  RGRID(LUN,  D, IDIM, JDIM)
c PURPOGEI

T O  RERD  a STFmaRD  B A T H Y M E T R I C  6RID DaTa F I L E
WD R E T U R N  6RID PaRlWETERS  aND D E P T H S .C

C aRGUNENTS:
C  O N  I N P U T :
C
C
C
C
C
C  O N  WTPUT:
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

LW- LoGICaL  U N I T  NUN6ER  O F  BITHYMETRIC  Dafa F I L E
IDIM - F I R S T  D I M E N S I O N  O F  FIRRaY  D  I N

D I M E N S I O N  STaTWENT  O F  CaLLING P R O G R A M
JDIM - 62mNp DIMEN6ION  O F  ~RRCIY D  I N

DIMEN6ION  6TaTEMENT  O F  CFllLING  PROGRaM

D- D E P T H  FIRRCIY. ZERO F O R  LaND, aVERaGE D E P T H
O F  G R I D  B O X  I N  NETER6 F O R  UFITER.

RPFIRM - RRRaY CONTaININ RERL-VFILUED BFITHYMETRIC
GRID PaRaNETERS  aS FOLLMJss

1 . 6aSE L A T I T U D E
2 . BRGE  L O N G I T U D E
3 . G R I D  S I Z E  (Mb
4 . WXIWM D E P T H  tM,
5. NININIJN D E P T H  (#I,
6 . m ROTaTION  ( C O U N T E R C L O C K W I S E  F R O M  E - U )
7 . ROTaTION FRON  N ~CWNTERCLOCKWISE)
6-11.  GEOGRIIPHIC-TO+NaP  COORDINIITE  C O N V E R S I O N

C O E F F I C I E N T S  F O R  X
12-15. GEMiRaPliIC-TO-W  CUORDINaTE  C O N V E R S I O N

C O E F F I C I E N T S  F O R  Y
1 6 - 1 9 . WP-TO-6EOGRFIPHIC  WORDINFITE  CUNVERSION

C O E F F I C I E N T S  F O R  L O N G I T U D E
2 6 - 2 3 . -TO-GEOGRWHIC #)ORDINFITE COtJVW6ION

WEFFICIPCTS  F O R  L A T I T U D E
1mRn - FIRRRY CONTaININ ImBER-W&ED BaTHYWETRIC

6RID PaRWETER6  a 6  FOUOWS:

::
bRJN6ER  OF G R I D B O X E S  I N  X  D I R E C T I O N
HmeER  OF G R I D BOXES I N  Y  D I R E C I O N

3 . I DIGPLFICENENT - THE NlH6ER  O F  NEU G R I D
SIXICIREB I N  T H E X - D I R E C T I O N  FRoN T H E  N E W
6RID O R I G I N  T O M UJ 6 R I D  O R I G I N

4 . J DIGPLaCEMENT - T H E  MJN6ER  OF N E W  6RID
SQLWES I N  T H E Y - D I R E C T I O N  FROM TtE N E W
6 R I D  ORIOIN T O  T H E  O L D  G R I D  O R I G I N

S - 5 4 . LAHE NWE (S6Rl)
N O T E :  I F  6 R I D  1 6  T O O  LaRGE  F O R  D I M E N S I O N S  O F  D,

7-w nww aRRaY I s  6ET T o  ZERO

3 8



c
C COMMON BLOCK:
C /GPRRM/RPRRM(23),IPRRM(54)
C

D I M E N S I O N  D(IDIM,JDIM)
COUMDN /GPFIRM/  RPFiRM(23),  IPRRM(54)
R E R D  (LUN,30)  ~IP~RM~I),I=5,54),  IPRRMtl), IPRRM(2),

l(RP~RM(I),I=l,6), IPFIRM(3),  IPFIRM(4),  RPRRM(7)
R E R D  (LUN,60)  (RPRRM(I),I=8,23)
IM = IPRRM(1)
JM - IPARM(2)
I F  (IpFIRn(l) .GT. IDIM .OR. IPRRM(2) .6T. JDIM)  G O  T O  1 0
RERD  (LUN,40) ((D(I, J), 101, It’ll, J=l, JM)
RETURN

10 D O  2 6  I = 1 , 54
2 0 IPRRMtI) = 0

W R I T E  (6,56)
3 0  F O R M R T  C30(R1)/215, 2 F 1 2 . 7 ,  3 F S . 0 ,  F 6 . 2 ,  215, F 6 . 2 )
4 0  FORM&IT  (19F4.0,  4 X )
5 0  FORMFIT (’ GRTHYMETRIC  G R I D  T O O  LRRGE - INCREaSE  D I M E N S I O N S  O F ’ ,

1 ’ NDEPTH RND D E P T H  I N  MFIIN PROGRRM’)
6 0  FORMRT  (4ElS.6, 2 0 X )
7 0 RETURN

END

F U N C T I O N  WINDXtT, X S ,  YS, K ,  ZWIND)

L PURPosg
C
C
C
C
C
C
C
C
C

I
T O  R E T U R N  EQUIVRLENT  NEUTRRL  STRGILITY  W I N D  C O M P O N E N T
F O R  LOCClTION  (XS,YS) F I T  T I M E  T . X S  FlND Y S  FlRE I N  M E T E R S
RELRTIVE T O  T H E  G R I D  O R I G I N .  T H E  PFlRFlMETER  K
INDIWTES WHICH  COMPONENT OF WIND IS RETURNED.
K = 1  FOR THE X  C O M P O N E N T  RND K = 2  F O R  T H E  Y  C O M P O N EN T .
BOTH  C O M P O N E N T 6  RRE LINEAR FUNCTIONS OF X FIND Y.
ZWIND  IS THE H E I G H T  FlGOVE T H E  WIITER  I N  M E T E R S  R T
UHICH  EWIVRLENT  NEUTRFlL STRGILITY  W I N D  I S  D E T E R M I N E D .
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C
C  I N P U T :
C LOGICaL  U N I T  8:
C METEOROLOGICaL
C CaRD COLUMN
C l-10

C 1 1 - 2 0
C 2 1 - 3 0
C 3 1 - 4 0
C 4 1 - 5 0
C 5 1 - 6 0
C 6 1 - 7 0
C 71-80

DaTa  F I L E
FORMaT

GlO. 4

G 1 0 . 4
G1O. 4
6 1 0 . 4
G 1 0 . 4
0 1 0 . 4
0 1 0 . 4
G 1 0 . 4

PaRaMETER
TLAST  - T I M E  (HRS) F R O M  B E G I N N I N G

OF RUN
PLFlT - LaTITUDE  I N  D E G R E E S  N O R T H
P L O N  - LONGITUDE IN DEGREES WEST
Z - H E I G H T  O F  I N S T R U M E N T S
TFI - TEMPERATURE OF F\IR
TW - TEMPERaTURE  O F  WaTER
w s - W I N D  S P E E D  (M/S)
W D  - W I N D  D I R E C T I O N  (DEG)

C
C aLL ma  F O R  T H E  saME  TI M E am  G R O U P E D  TOGETHER,  WITH a
C MaXIMUM  O F  2 5  STaTIONS I N  a  G R O U P .

l N O T E :  E N D - O F - F I L E  I S  INDICaTED  B Y  a  R E C O R D  W I T H  a
C NEGRTIVE  T I M E

k O U T P U T  :
C LOGICaL  U N I T  6 :
C PRESENTRTION  O F  METEOROLOGICaL  DaTa  STaTION  B Y  STaTION
C
C COMMON BLOCKS:
C /GPaRM/RPaRM(23),IPaRM(54)
C
C SUBPROGRaMS  :
C F U N C T I O N  X D I S T  - R E T U R N S  X  DISTaNCE F R O M  G R I D  O R I G I N
C G I V E N  L a T I T U D E  FIND L O N G I T U D E
C F U N C T I O N  Y D I S T  - R E T U R N S  Y  DISTaNCE F R O M  G R I D  O R I G I N
C G I V E N  LaTITUDE  aND L O N G I T U D E
C S U B R O U T I N E  U Z L  - R E T U R N S  DRaG  C O E F F I C I E N T  aND W I N D  P R O F I L E
C PaRRMETERS
C F U N C T I O N  U Z  - R E T U R N S  W I N D  S P E E D  aT H E I G H T  Z W I N D  BffiED O N
C W I N D  P R O F I L E  PaRaMETERS

41)



C FILGORITHM:
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 FIRGUMENTS:
C
C
C
C
C
C
C
C
C
C

T H I S  F U N C T I O N  RERDS  METEOROLOGICaL  DaTa  F R O M  a  F IL E,
CaLCULaTES  T H E  NON-NEUTRaL  W I N D  P R O F I L E ,  FIND C O N V E R T S
W I N D  S P E E D  T O  E Q U I V A L E N T  NEUTRaL W I N D  S P E E D  FIT
HEIGHT ZWIND. aLL DaTa  F O R  T H E saME  T I M E

RRE G R OU P ED TOGETHER,  LJITH  a MaxIMuM  O F  2 5  sTaTIoNs  IN
a GROUP. THE TWO COMPONENTS OF THE WIND FIRE RSSUMED
T o  B E  LINEaR FUNCTIONS  0F x aND Y aND TH E B E S T- F I T  LINEFI
SURFaCE  F O R  T H E  G I V E N  DaTa  P O I N T S  I S  CALCULFITED.  EaCH
T I M E  W I N D  I S  CRLLED,  T H E  T I M E  PaRaMETER I S  C H E C K E D
ClGaINST T H E  T I M E  O F  T H E  LaST S E T  O F  METEOROLOGICaL  DaTa
REaD. I F  I T  I S  GREFITER, FINOTHER G R O U P  I S  REaD. I F  I T
I S  L E S S ,  T H E  aPPR0PRIaTE  UIND C O M P O N E N T  I S  CaLClEaTED
USINS LINEaR INTERPOLaTION  B E T W E E N  T H E  LaST T W O  LINEaR
SURFaCES  COMPUTED FOR THAT C0MPONENT. I F  T H E  E N D - O F - F I L
I S  E N C O U N T E R E D ,  W I N D  I6 CaLClEaTED W I T H  T H E  L A S T  LINEaR
SURFRCE C O E F F I C I E N T S .

MaNY  O F  T H E  VaRIaBLES U S E D  I N  T H I S  F U N C T I O N  aRE aSSUM-
E D  T O  HaVE RETaINED T H E I R  VFILUES F R O M  T H E  P R E V I O U S
caLL. IF YouR  FORTRAN  SYSTEM  D O E S  NOT D o  THIS auto-
MRTICFILLY,  P R O V I S I O N  M U S T  B E  MaDE T O  R E T A I N  VaLUES
F O R  T H E  WIRIaBLES:ISTa,  FN)LDl, GOLDl, COLDl, aOLD2,
BoLw, cou2, aNEwi, BNEwi, cNEw1, aNEw2, BNEu2, CNEW~,
T O L D ,  TNEW, TLRST,  PLFIT, P L O N ,  US, W D .

T - T I M E  I N  S E C O N D S  FROM B E G I N N I N G  O F  R U N  aT W H I C H
S T R E S S  I S  T O  B E  CaLCULaTED

X S  - X DISTaNCE I N  M E T E R S  F R O M  G R I D  O R I G I N  aT W H I C H
ClIND  I S  T O  B E  CaLCULaTED

Y6 - Y DISTaNCE IN M E T E R 6  F R O M  G R I D  O R I G I N  aT W H I C H
W I N D  I S  T O  B E  CALClEaTED

K- S P E C I F I E S  WHETHER  X C0MPONENT  O R  Y  C O M P O N E N T
OF STRESS IS RETURNED. K = 1  F O R  T H E  X  C O M P O N E N T
AND K = 2  F O R  T H E  Y  C O M P O N E N T

Z W I N D  - H E I G H T  RBOVE WaTER  I N  M E T E R S  FIT W H I C H  W I N D  I G R E
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C
C  H I S T O R Y  :
C
C
C
C
C
C

W R I T T E N  B Y  J .  R .  B E N N E T T ,  1 9 8 2 ,  G L E R L ,  aNN RRBOR, M I  B Y
M O D I F Y I N G  F U N C T I O N  TaU. S E E  scHwaG,  B E N N ET T ,  aND  J E S S U P  (1

* M O D I F I E D  FIUGUST,  1983  T O  F I X  P R O B L E M  W I T H  CO-LINEaR
METEOROLOGICaL  DaTa P O I N T S

C
c
C

C
C
C

C
C
C

C
C
C

D I M E N S I O N  X(251, U(2), Y(251, aWIN(25,21
LOGICRL X E Q ,  Y E Q
C O M M O N  /GPaRM/  RPaRM(23),  IPaRM(S4)
DaTa RHOaW, ISTa /1.25E-3,  0/
DaTa L U N  /0/
DaTa aOLD1, BOLDl, COLDl, aOLD2,  B O L D 2 ,  C O L D 2 ,  T O L D  /7*0. /

STaTEMENT  F U N C T I O N  T O  CaLCULaTE  DETERMINaNT  O F  3  B Y  3  MaTRIX

DET(al1,  a21, a31, al2, a22, a32, ai3, a23, a33) =
1 a l l  ra22ita33 - all + a23 l a32 +
2 al2 I( a23 c a31 - al2 l a21 * a33 +
3 al3 + a21 + a32 - al3 * a22 0 a31

I F  T H I S  I S  T H E  F I R S T  T I ME T HR O U G H, REaD a R E C O R D

I F  (ISTa .  E Q .  0) G O  T O  3 0

C H E C K  I F  NECESSaRY  T O  REaD aNOTHER  R E C O R D

I F  (T . L T .  T N E W  .OR. T N E W  . L T .  0.1 G O  T O  9 0
1 0  aOLD = RNEWl

B O L D 1  = GNEWl
COLD1 = CNEWl
aOLD = aNEW
BOLD2 = B N E W 2
C O L D 2  =  CNEW2
TOLD = TNEW

2 0  TI’EW = TLaST
I F  (TNEW . L T .  0) G O  T O  9 0

F I N D  aWIN, T H E  W I N D  F O R  T H E  C U R R E N T  STaTION FIT H E I G H T  Z W I N D  FIBOVE WaT

X (ISTa) = XDIST(PLaT,  PI-ON)
Y (ISTal = YDIST(PLaT,  PLON)
TD = Ta - TW
CaLL UZL(WS,  Z ,  T D ,  Z ,  C D ,  C H ,  Z0, FL)
W S Z  =  UZ(ZWIND,  WS, C D ,  Z0, FL)
C D D  =  C D  it 1.E3



C ITERaTE T O  F I N D  EWIVaLENT  NEUTRCV  U I N D  S P E E D
C

DO 25 IT6 = 1, 10
CaLL  UZLtWSN, Z W I N D ,  6,, ZWIND,  C D N ,  Cl+, 26, F L )
WSOLD - WSN

2 s
2 6

U S N  = SQRTtCD / CDN) l w8
I F  (RBS(WSN  - WSOLD) .LT. 6.01)  80 TO 2 6

CONTINUE
WGZ  = WGN
aWIN(ISTa,l)  = USZ t CO6((276.  - UD - ‘iP6RII  (6) - 6PmM~‘I))*

1 aTFIN(1.)/45.)
aWIN(ISTa,2) - W6Z l SIN((276.  - M - BRRN(6) - RpAw(t’I))e

1 CITaN(l.b/45.)
TTLaST  = TLaST / 3 6 6 0 .

C I F  (ISTR .LE. 1) W R I T E  ( 6 , 1 6 6 )
XKR = XtISTa) / 1 0 6 6 .
Y K N  - YtISTa)  / 1 0 0 0 .
W R I T E  (6,158)  TTLRST, PLAT,  PLON, Z ,  Tn, TbJ, U6,

1 X K M ,  Y K N

: I N I T I A L  G U E S S  aT EOUIVaLENT N E U T R A L  W I N D  6PEED
C

U S N  - USZ
C

3 0  REllD  (LUN, 136)  T-T, PLAT, PLffl, Z ,  TR, T N ,  w8,
TLAGT  - TLaGT l 3 6 0 0 .
I F  (T . L T .  TLRST  .FLND. ISTa .EO. 0) G O  T O  1 6 6
ISTFI  = ISTCI + 1

C
C  I F  F I R S T  T I M E  THROUOH,  FIN0 R U I N
C

I F  (ISTR .EO. 1) G O  T O  2 6
C
C  C H E C K  I F  LClST R E C O R D  a t  T I M E  TLa6T  H a 6  6E6N RERO
C

I F  (TLa6T  .ER. TNEU) 60 T O  20
C
C Now F I N D  T H E  B E S T - F I T  LINEaR S U R F A C E
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C
sx - 0.
6Y - 0.
6XY = 0 .
6 X 2  - 0 .
6Y2 = 6 .
SXUINl = 0 .
SYUINl = 0 .
6aUINl = 0 .
6XUIN2  = 0 .
6YUIN2  = 0 .
satme  = 0 .
N = ISTa - 1
FIN = FLOFlT(Nb
XEO - .TRUE.
YEQ = .TRUE.
DO 46 IN = 1, N

S X  - S X  +  X(IN)
S Y  = S Y  + Y(IN)
6XY = S X Y  +  X(IN) 4 Y(IN)
6 X 2  = SX2 + X(IN) l *  2
S Y 2  = 6Y2 + Y(IN) .+ 2
6XWINl  = 6XWINl + X(IN) + CWIN(IN,l)

SYUINl - SYUINl + Y(IN) + aWIN(IN,l)
SXUIN2  = SXWIN2  + X(IN) l aWIN(IN,2)
S Y Y I N 2  = SYWIN2  + Y(IN) + IWIN(IN,2,
SFIUINl = SFYJINl + FHJIN(IN,l)
SaYIN = SaWIN + aWIN(IN,2)
I F  (X(IN) .NE. X(1)) X E Q  = .FFILSE.
I F  (Y(IN) .NE. Y(l)) YEQ = .FFILSE.

4 0  C O N T I N U E

CFlLCULaTE  C O E F F I C I E N T 6  aNEW,  BNEW,  CNEW,  W H E R E
W I N D Y  = aNEW l X + BNEW l Y + CNEW
FOR ERCH  COMPONENT.

aNEu1  = 0 .
aNEw = 6 .
GNEWl  = 0 .
BNEW2 = 0 .
CNEWl = SCUJINl / FIN
CNEW2  = 6FHIIN2 / F I N

C H E C K  F O R  O N 2  DFlTa P O I N T  O N L Y

I F  (XEQ .fflD. YEQ) G O  T O  8 0

C H E C K  I F  DaTa  P O I N T S  aRE CO-LINERR
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C
IF(N .EO. 2) G O  T O  6 0
DO 50 I - 3, N

FI - SQRT((X(1)  - X(I))*+2 + (Y(1) - Y(I))4+2)
B = SQRT((X(1) - X(I-l))H2 + (Y(l) - Y(I-l))r+2)
C - SQRT((X(I) - X(I-l))*+2 + (Y(I) - Y(I-l))H12)
s= ta+6+c) 12. z
D - SQRT(6 l (S - a) l (6 - B) l (6 - C)) / CIMFlXlta,  6, C, 1.)

C
C  I F  N O T  CO-LINEFIR,  60 T O  7 5
C

I F  (D .6T. 1M. ) 6 0  T O  75
5 0  C O N T I N U E

C
C CFILCULaTE  C O E F F I C I E N T S  FOR CO-LINEaR  DaTa P O I N T 6
C

68 URITE(6,17?$
D O  7 0  1=2;N

I F  (X(I) .EO.  X(l) .FLw.  Y(I) .EQ. Ytl’)) G O  T O  7 6
J - I

7 0  C O N T I N U E
A L P H A  - aTAN2tYtJ) - Y(l), X(J) - X(l))
C N  - COSMLPHFI)  in .
S N  - 61NMk1)
6s=cN*sx+SN*6Y
SS2 - CN l CN 4 6X2 v 2. l CN 4 SN l SXY�+ SN l SN l SY2
SSUINl - C N  l SXYINl +.SN +~SYUINl
z’: ; TN’ 6XYIN2  +  S N  0 SYUIN2

-S6*S6
aNELl = C N  + (aN 0 6SUINl - 6 6  0 6FYlINl) / D
A N E W 2  - C N  i t  (AN I) SGUIN2 - 6 6  s SWIN2) / D
6NEUl - S N  l (Fw + G6WINl - S G  + SFYIINl) / D
BNEW2 - S N  l (FIN l SGUIN2 - G G  4 SMJIN2)  / Dam
CNEWl  - ES? 4 SMlINl -’ SGUINl l 66) / D
CNEW2  - Es2 l SauIN2 - !3GWIN2 l S6) / D
G O  T O  8 6

C
C CaLcULaTE  C O E F F I C I E N T 6  F O R  B E S T - F I T  LINERR SURFaCE
C

7s

8 0

C

D - DET(SX2, S X Y ,  S X ,  SXY, SY2, 6Y, S X ,  SY, RN)
RNEWl  ‘- DETtSXWINl,  SYUINl, %WINl, S X Y ,  SY2, SY, 6X, SY, RN) / D
ClNEW2 - DET(SXWIN2,  SYUIN2,  SCIWIW, S X Y ,  6Y2, S Y ,  6 X ,  SY, RN) / D
BNEWl - DET(SX2, SXY, 6X, SXWINl, S Y W I N l ,  SRWINl,  S X ,  SY, RN) / D
BNEW2 - DET(SX2, SXY, 6X, SXWIN2, SYUIN2, 6FwIN2,  6X, S Y ,  RN) / D
CNEUl - DET(SX2,  S X Y ,  S X ,  SXY, SY2, S Y ,  SXWINI, SYWINl,  SFWJINl)/D
C N E W 2  = DET(SX2,  S X Y ,  S X ,  S X Y ,  S Y 2 ,  S Y ,  S X W I N 2 ,  SYUIN2, SCUIINiZ)/D
CONTINUE
ISTR - 1
I F  (T . G T .  TNEW)  G O  T O  1 0
W R I T E  (6,170)

4 5



CCILCULFITE W I N D  C O M P O N E N T S  RT LOCFITION  (XS,YS) RT N E W  RND O L D  T I M E S
C

90 IF (K .EQ. 2, 60 TO 166
WINNEW - @NEW1  l X 6  +  6NEWl l Y6 + CNEUl
WINOLD - FlOLDl l XS + BOLD1 l Y6 + COLD1
G O  T O  116

100 WINNEW - RNEU2 4 X S  +  BNEW2  l Y S  + CNEW2
UINOLD - AOLD + X S  + B O L D 2  l Y S  +  C O L D 2

C
C  I N T E R P O L A T E  I N  T I M E
C

1 1 6  W I N D X  - WINOLD
I F  (TNEW . N. T O L D )  W I N D X  - W I N D X  +  ( (T-TOLD)/(TNEW-TOLD)  ) l

,l (WINNEW-WINOLD)
C
C MODIFICRTION  T O  G E T  R, 8 F I N D  C  F O R  X  F I N D  Y  COHPONENTS  O F  W I N D  W I T H  K - 3  T O  6
C

I F ( K . E 0 . 3 )
I F ( K . E Q . 4 )
1FtK.EQ.S)
IF (K. EO. 6)
I F ( K . E Q . 7 )
IFtK. EO. 8)

C
C  D J S  16/17/83
C

G O  T O  1 8 0

WINDX-CN)LDl+~T-~OLD~*~WEWl-FWLD1~/~TNEW-TOLD~
UINDX-BOLD1+~T-TOLD)+~6NEW1-6OLD1~/~TNEW-TOLD~
WINDX-COLDl+(T-TOLD)*(CNEWl-COLDl)/(TNEW-TOLD)
WINDX-CK)LD2+~T-TOLD)*~CINEWB-AOU)2)/~TNEW-TOLD)
UINDX-BOU)2+(T-TOLD)*(BNEW2-BOLD2)/(TNEW-TOLD)
WINDX=COLD2+  ( T - T O L D ) *  (CMW2-COLD2)  / (TNEU-TOLD)

1 2 6  W R I T 2  ( 6 , 1 4 6 )  TLFIST,  T
STOP.

1 3 6  FORmAT  (6616.4,
1 4 0  FORPYIT  (’ T I M E  O F  FIRST KfTEOROLO6ICRL  DFITFI’,  8 1 0 . 4 ,

1 ’ GECONDS  I S ’ , ’ 6RERTER THFIN T - ’ ,  6 1 6 . 4 ,
2 ’ - PROGRRM T E R M I N A T E D ’ )

150 FORMCIT  1’ ‘, FS.1,  ’ l ‘, F16.7, ’ l 1, F16.7, ’ + ‘, F4.1, ’ l ‘,
1 FS.2, ’ l ‘, FS.2, ’ l ‘, F6.2, ’ l ‘, F4.6, ’ l ‘, FS.2,
2 ’ + ‘,FS.0,’ l ‘,FS.6)

160 FORC(AT (’ ‘, 9S(‘*‘)/
1 ’ TIE l LATITUDE l LU’JGITUDE  l Z + T-RIR  + ‘,

2 ’ T-H2O + W - S P D  l W - D I R  l C D E 3  l X l Y�P 1, 9s(�*�))

1 7 6  FORMRT  (’ ‘, 9S(‘** ))
175 FORMRTt’ T H E S E  DRTFI P O I N T S  RRE CO-LINERR  O R  NERRLY CO-LINEFIR’)
186 RETURN

END
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S U B R O U T I N E  IJZLCUM,  Z M ,  T D ,  Z T M ,  C D ,  C H ,  Z0, F L )
C
C PURPOSE:
C
C
C
C
C ALGORITHM:
C
C
C
C
C
C
C
C
C ClRWMENTSr

T O  CaLCULaTE  T H E  B U L K  aERODYNaMIC  C O E F F I C I E N T S  F O R
M O M E N T U M  aND HEaT OVER a LaKE SURFRCE as F U N C T I O N S
O F  W I N D  S P E E D  aND aIR-SEa  TEMPERaTURE  D I F F E R E N C E .

T H E R E  I S  FIN O U T E R  ITERaTION I N  W H I C H  T H E  R O U G H N E S S
L E N G T H  I6 VaRIED  FICCORDING T O  C W R N O C K ’ S  FORM&a  FIND
FIN I N N E R  ITERaTION I N  W H I C H  T H E  STa6ILITY L E N G T H
(MONIN-OBUKHOV  L E N G T H )  I S  V A R I E D  aCCORDIN  T O  T H E
B U S I N G E R - D Y E R  FORMULaTION. T H E  C O N S T A N T  I N  CHaRMOCK’
FORMULa  16 CHOSEN  S O  THaT U N D E R  NEUTR& C O N D I T I O N 6  T H E
1 0  M  DRFlG  C O E F F I C I E N T  I S  0 . 0 0 1 6 .

C  O N  I N P U T :
C
C
C
C
C
C  O N  WTPUT:
C
C
C
C
C
C  H I S T O R Y :
C
C
C
C
C
C

UM - W I N D  S P E E D  (M / S)
zn - ANEMOMETER HEIGHT CM)
TD - aIR-6Ea TEMPERFITURE  D I F F E R E N C E  (MO K)
ZTM - THERMOMETER HEIGHT

(INITIFLLLY  a6SUMED  EQUaL  T O  FlNEMOMETER  H E I G H T )

C D  - BULK RERODYNaMIC  COEFFICIENT FOR MOMENTUM
CH- B U L K  RERODYNaMIC C O E F F I C I E N T  F O R  HEaT.
z0 - R W G H N E S S  L E N G T H  (MI
F L - STaBILITY  L E N G T H  CM)

W R I T T E N  B Y J. R. B E N N E T T  aND J. D .  B O Y D,  1 9 7 9 ,  G L E R L,
WN, A R B O R ,  M I ; BUSED 0~ a muaNT ROUGHNESS  VERSION
W R I T T E N  B Y  PaUL L O N G  FIND WILL  SHaFFER O F  T H E  T E C H N I Q U E S
D E V E L O P M E N T  LaBORaTORY,  NfX@, S I L V E R  SPRINGB, M D ,

DaTa C l ,  c2, c 3  /.684E-4,  4.28E-3,  -4.43E-4/
DaTfl  61, B2, B 3  /l. 7989E-3,  4.865E-4, 3.9028E-5/
E P S  - .01
I F  (IN . L T . .001) IJM = .001
F K  - .35
TBaR - 278.
aLPHa = 4 . 7
BETa  - .74
GWM  - 1 5 .
GaKT - 9 .
USTl = 0 . 0 4  + UM
H - ZPI
DTHETa =  T D
I F  (aBS(DTHETa)  . L T .  l.E-7) DTHETa = SIGN(I.E-7,DTHETa)
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C INITIRL G U E S S  F O R  Z0
C

Z0 = .00459  + USTl * USTl
S = UM + UN + TBaR / (9.8IDTHETa)
I F  (IWS(S) . G T .  l.E6) S = SIGN(l.E6,S)
X  =  aLOG(H/Z0)

C
C INITIaL G U E S S  F O R  L
L

FL-S/X
D O  6 0  I T E R  - 1 ,  2 0

X = aLOG(H/ZB)
I F  (aBS(FL) .GT. 3.E6)  F L  - SIGN(3.E6,FL)
I F  ( F L  .GT. 0.) G O  T0~28

; UNSTaBLE S E C T I O N  (L L T  0  O R  D T  L T  0)

C

1

1

1 0

C

FL1  - 1. / FL
C
C  A S S U M E  5  ITERaTIONS  S U F F I C I E N T

DO 10 I = 1, 5
Xl - GFINT  l RI
aRGl  - SQRTtl ,. - Xl+H)
aRG2 - SORT(1.  - Xl+Z0)
a = BETa + RLOG  ( (aRG1 - l.)+(aRG2  + l.)/((aRGl + l.)+
(FIR62 - 0 . 9 9 9 9 9 9 9 )  1)
Xl = GAMM 4 FL1
FlRGl  = (1. - XirH) 44 t.25)
FIR62  - (1. - Xl+Z0)  ++ c.25)
B’. aOGitaRG1 - l.)+taRG2 + l.)/ttaRGl + l.)+
(cIRG2  - ‘ 0 . 9 9 9 9 9 9 9 )  1) +2. 4 (ATRNWRGl)  - RTfWWRG2)  )
FL=6,+R/ tB+B)~
I F  (WEi .GT. 3.E6)  F L  - SIGN(3.E6,FL)
FL1 - 1. / FL

CONTINUE
GO TO 50

C STaBLE  S E C T I O N
C
C  T R Y  M I L D L Y  STaBLE-



2 0 CONTINUE
aa = x 4 x
Xl = H - Z0
BB = 9.4 it Xl 4 X - .74 4 S * X
c c  =  4 . 7  l Xl

cc - cc 4 cc - cc l s

ROOT - BE 4 BB - 4. 4 aa + cc
I F  ( R O O T  .LT. 0.) G O  T O  3 0
F L  = (-BB + SQRT(ROOT)) / (2.*cIFI)
I F  ( F L  . L E .  H) G O  T O  3 6
B - X + 4.7 + Xl / FL
FI - BETR + X + 4.7 l Xl / FL
G O  T O  56

C
C STRONGLY STFIBLE-
C

3 0 CONTINUE
I F  ( F L  .LE. Z0) F L  = Z0 + l.E-5
DO 40 I - 1, S

FIR61 - FL / ZO
X l  - RLOGfRRGl)
X 2  - RLO6(H/FL)
FIR61 - 1 . - 1. / RR61
FI - .74 + Xl + 4.7 l RRGl + 5.44 l X 2
B - Xl + 4.7 + RR61  + 5.7 * X2
FL = R + 6 / (B46)
I F  tn. .LE. Z0) F L  - Z0 + l.E-5
IF (FL .GT. H) FL - H

4 0 CONTINUE
C
C CFILCULRTE  UBTRR RND ZBNEW

58 CONTINUE
TSTFIR - F K  + DTHETR  / R
USTRR  = FK + UM / 6
ZBNEW - .00459 it USTRR l USTAR
I F  (ITER .6T. 5 .RND. RBS( (lJ6TFIR  - UGTl)/USTl)  .LT. EPS)

1 G O  T O  8 0
USTl - USTRR
z0 = ZBNEW

6 0  C O N T I N U E
C
C  I F  C O M E  H E R E ,  T O O  MRNY ITERRTIONS (UGH - UGH)
C

W R I T E  (6.70)
7 0  FORMRT  (‘0TOO NANY I T E R R T I O N S  O N  ZB I N  S U B R O U T I N E  U Z L  - C H E C K  ‘,

1 ‘METEOROLOGICRL  DRTR - PROGRRM TERHINFITED’)
STOP

8 0  C O N T I N U E
z0 - z0NEw
C D  = (USTAR/UCo  +* 2
CH = FK l FK / tR+B)

90 RETURN
END
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FUNCTION UZ (Z, UM, CD, ZB, FL)
C
C  P U R P O S E :
C
C T O  D E T E R M I N E  W I N D  S P E E D  CIT H E I G H T  Z  G I V E N  W I N D  S P E E D  (UM)
C F I N D  DRRG C O E F F I C I E N T  (CD) F R O M  RNOTHER H E I G H T  RND T H E
C R O U G H N E S S  L E N G T H  (Z0)  CIND STRBILITY L E N G T H  (FL) O F  T H E
C P R O F I L E .  USURLLY F U N C T I O N  U Z  I S  U S E D  ClFTER S U B R O U T I N E  U Z L
C I N  O R D E R  T O  F I N D  W I N D  S P E E D  RT R D I F F E R E N T  H E I G H T  THfUd
C T H E  OBSERVBTION  H E I G H T .
C
C FILGORITHM:
C
C T H E  W I N D  P R O F I L E
C DYER FORMULRTION
C
C FIRGUMENTS:
C

IS RGSUNED T O  C O N F O R M  T O  T H E  BUSINGER-
U S E D  I N  S U B R O U T I N E  U Z L .

C
C
C
C
C
C
C
C
C
C
C

C
C
C

C
C
C

z- H E I G H T  RT W H I C H  W I N D  S P E E D  1 6  R E Q U I R E D  (METERS)
UM - W I N D  S P E E D  FIT OBGERVRTION  H E I G H T  ( M E T E R S  P E R  S E C O N D )
C D  - DRRG C O E F F I C I E N T  CORRESPONDIN T O  OBSERVRTION H E I G H T
ze - RWGHNESS L E N G T H  (NETERS)
F L  - STRBILITY L E N G T H  (NIETERS)

H I S T O R Y :

W R I T T E N  B Y  D .  J SCHWl6, 1 9 6 3 ,  G L E R L ,  RNN RRBOR, M I .
S E E  S U B R O U T I N E  U Z L  I N  SCHWRB,  B E N N E T T ,  RND J E S S U P  (1981)

IF(FL.GT.  0 .  ) G O  T O  10

UNSTRBLE P R O F I L E

x 1 - 1 5 .  / F L
RR61-~1.-Xl+Z)++0.2S
RR021(l.-Xl*Z0)++0.25
B-FILOG~~ARG1-1.~+~Affi2+1.~/~~CIR61+1.~+~ARW-0.9999999~~~+

1 2 .  +(FITFIN(FIR61)-FITFIN(FIRG2)  )
G O  T O  3 0

STRBLE S E C T I O N

1 0  IF(FL.LE.  Z) G O  T O  2 0

M I L D L Y  STRBLE P R O F I L E

BtiLffi(Z/Z0)+4.7+(Z-ZBl/FL
G O  T O  3 0

STRONGLY STRBLE PROFILE

2 6  COKTINUE
RRGl-FL/Z0
Xi-RLOG(RR61)
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X2=aLOG(Z/FL)
aRGl-1.  - 1 .  /aRGl
B=Xl+4.7WRG1+5.7+X2

C
C CFILCULaTE  USTaR  aND U Z
C

3 0  C O N T I N U E
USTaR-UN*SQRT(CD)
UZ=USTaR+B/B.  3 5
RETURN
END

F U N C T I O N  XDIST(RLaT,  RLON)

PURPOSE : T O  R E T U R N  X  DISTaNCE I N  M E T E R 6  FRon T H E  G R I D  ORI6IN
D E S C R I B E D  B Y  T H E  C O M M O N  B L O C K  / GPaRM  f, G I V E N

LaTITUDE  am  L ON GI T U D E

aRGUMENT6:
RLaT - LaTITUDE  O F  P O I N T
RLON - LON6IlUDE  WEST) O F  P O I N T
RPFlRM, IPFlRM - aRRaYS C O N T a I N I N  BaTHYMETRIC  6RID

PaRaMETERS  a 6  DEGCRIBED  I N  6U6ROUlIN6  R6RID

COMMON BLOCK: /GPaRM/  RPaRM(23),  IPARH(54)

CLWlON /GPaRM/  RPClRM(23), IPARM(S4)
P I  - FITaN2(0.,-1.1
aLPHa - RPaRM(7) 4 P I  / 1 6 0 .
DLaT  - RLaT - RPaRM(l)
D L O N  = RPaRM(2) - R L O N

C
C  F I N D  XPRIME,  YPRIME - DISTaNCES F R O M  T H E  O R I G I N  O F  T H E  6TaNDaRD
C BaTHYMETRIC  G R I D
C

X P  - RPaRM(8) + D L O N  +  RPaRM(9) 4 DLRT + RPaRM(16)  4 D L O N  4 DLaT +
1 RPFIRMI(11)  + D L O N  +* 2

Y P  - RPaRM(12)  4 D L D N  +  RPaRM(l3)  4 DLRT  + RPaRM(14)  4 DLaT 4
1 D L O N  +  RPaRM(15)  * D L O N  14 2

C
C TRCINSFORM T O  ‘UNPRIMED’  S Y S T E M

F I R S T  ROTaTE
C

X D I S T  - (xP*cosmLPHa)  + YPrSIN(FILPHa)) l 1888.

: N O N  TRaNSLaTE
C

X D I S T  - X D I S T  +  IPFIRM(3)  + RPaRM(3)
RETURN
END

5 1



F U N C T I O N  YDISTtRLRT,  RLON)
C
C  P U R P O S E  : T O  R E T U R N  Y  DISTaNCE I N
C DESCRIBED BY THE COMMON
C LaTITUDE aND L O N G I T U D E
i aRGUMENTS:
C RLaT -
C RLON -
C RPaRM,
C
C

LaTITUDE  O F  P O I N T
L O N G I T U D E  ( W E S T )  O F  P O I N T
IPFIRM - FIRRaYS CONTaINING  BATHYNETRIC  G R I D
PaRaMETERS  a s  D E S C R I B E D  I N  S U B R O U T I N E  R6RID

C  C O M M O N  B L O C K : /GPaRM/  RPFIRM(23),IPFIRM(S4)

M E T E R 6  FROM T H E  G R I D  O R I G I N
B L O C K  / GPaRM  1, G I V E N

C
CO)(MON /GPaRM/  RPaRM  (231, IPRRtd  (54)
P I  =  aTaN2(0.,-1.)
aLPHa = RPFIRM(7) 4 P I  I 1 8 0 .
DLaT  - RLaT - RPaRMtl)
D L O N  = RPGRM(2) - R L O N

C ,.,

C  F I N D  XPRINE, YI;RIIi - D I S T A N C E S  FRON  T H E  O R I G I N  O F  THE GTaNDaRD
C BaTHYMETRIC  G R I D

X P  - RPaRM(8) + D L O N  +  RpFIRN(9)  4 DLaT +~ RPFIRM(l0)  4 DLON + DLaT +
1 RPRRl’ltll)  + D L O N  +I) 2

Y P  - RPaRM(l2)  .w D L O N  +  RPFIRMtl3)  4 DLFIT  + RPaRMt14)  t DLaT  4
1 D L O N  +  RPARMtlS) it D L O N  H 2

C
C  T R A N S F O R M  T O  ’ UNPRIMED’  S Y S T E M

; F I R S T  ROTaTE
C

Y D I S T  - wwm6~aLpw) - XP*8INwLPHa))  l 106e.

C

C  N O W  TRaNSLaTE
C

Y D I S T  .  Y D I S T  * IPaRH(4) 4 RPaRM(3)
RETURN
END
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SUBROUTINE WOUTPtT,  D, CG, XMOM, YMOM, SIG, CD, IDIM)
D I M E N S I O N  D~IDIM,1~,CG~IDIM,1~,XMOM~IDIM,l~,Y~M~IDIM,~~,

1 SIG~IDIM,l),CD~IDIM,l)
D I M E N S I O N  DUM(41,3S),CDUM(6)
COMMON/CPaRM/DT,  TT, DRDD
COMMON/GPRRM/RPRRM(23),IPRRMt54)
CO#MON/TPaRM/NDTT
DFlTCl  NR/0/
PI=4.+aTRN(i. 1
z - 1 0 .
IM=IPRRM(l)
JM-IPARM(2)
DS=RPRRM (3)
DMIN=RPRRM(S)+DRDD
IFfNR. EO. 0) T H E N
OPEN~11,FICCESS=‘DIRECT’,STRTUS=’NEW’,RECL-IM+JM)
OPEN (12,  RCCESS-’ DIRECT’, STCITUS-’  NEW’, RECL-IMrJM)
OPEN (13, ACCESS-’ DIRECT’, STRTUS-’  NEW’, RECL-IM+JM)

ENDIF
NR-NR+l
D O  1 0  I-1,IM
D O  1 0  J-1,JM~
DUn(Ii J)g-999.0
IF(D(I,J).LT.DMIN) G O  T O  10
DUU~I,J)=4.*SIG~I,J)

10 CONTINUE
C
C SFIVE SIGNIFICRNT  WRVEHEIGHT
C

2 0
C

WRITE(ll,REC~R) ~~DUM~I,J~,I-1,IM~,J-l,JM~
D O  2 0  I-1,IM
D O  20 J-1,JM
IF(D(I,J).LT.DWIN)  G O  T O  20
DUl'l~I,J)=2.+PI+CG~I,J)/9.8
CONTINUE

C SRVE WRVE P E R I O D S
C

WRITE(13,REC.NR)  ~~DUM~I,J),I-l,IM),J-l,JM)
D O  3 0  I - 1 , I W
D O  3 0  J-1,JM
IF(D(I,J).LT.DMIN) G O  T O  30
LbXMOMtI,J,
V=YMOM~I,J)
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C
C  C O N V E R T  D I R .  T O  METEOROLOGICaL  C O N V E N T I O N  aND SUBTRaCT G R I D  ROTaTION

DUM(1.J) =  0 .
IFKI .EO. 0 . . aND. V  .  E O .  0.1 G O T 0  3 0
DUM(I, J)=aTaN2(-U,-V)+lG0.  / P I  - RPaRM(6) - RPaRM(71
IF(DUM(I,Jl  .LT. 0 . 1  DlJM(I,J)  = DUM(I,J, + 368
IF(DUM(I,J)  . G T .  3 6 0 . )  DUM(I,Jl - DUM(I,Jl - 368.

3 0 CoNTINUE
C
C SaVE WaVE  D I R E C T I O N S

WRITE~l2,REC=NRl~~DUM~I,Jl,I-l,INl,J-l,JNl
RETURN
END
PROGRAM DSPLaY

C++*H+I+*+I++++++++++  PRDGRaM,DSPLaY  .+++++t+++++++++++++++++++++++
C
C PURWSE:  T H E  P U R P O S E  OF PROORaM  DSPLaY  1 6  T O  D I S P L A Y  T H E  R E S U L T S
C O F  T H E  wavE P R E D I C T I O N  S Y S T E M  0N a TI~+SHR~~ING  TERNIN~L.
C wavE H E I G H T, D I R E C T I O N  aND  P E R I O D  COMWTED B Y  PRooRIul  wavE
C CClN a u  B E  DISPLaYED a s  Two-DIMENBIONCIL FIELDS CIT a G I V E N  TINE
C T H E T I M E  S E R I E S  O F  wavE H EI G HT ,  DIRECTION  aND  P E R I O D  aT a 6Iv2N
C L O C A T I O N  CaN RLSO B E  CaLClEaTED  aND P R I N T E D .
C
C  I N P U T :
C LOGICRL  U N I T  5:
C TINE-SHaRINO U S E R  I N P U T
C LOGICCV  U N I T  7 :
C B A T H Y M E T R I C  DaTa F I L E
C LoGICaL  UNIT 1 0 :
C C O N T R O L  DaTa F I L E  F O R  PROGRaM  WaVE
C LOGICCV  U N I T  1 1 :
C WclVE H E I G H T  C O M P U T E D  B Y  PROGRaM  WaVE
C LOGICaL  U N I T  1 2 :
C WaVE  D I R E C T I O N  CoNPLlTED  B Y  PROGRaM  WFWE
C LoGICaL  U N I T  1 3 :
C wav2  P E R I O D  CDNPUTED  B Y  PRoGRaM  wavE
C LOGICFIL U N I T  1s:
C GENERFU. INFORMaTION  F I L E
C
C  O U T P U T :
C LOGICFK.  U N I T  6 :
C P R O M P T I N G  F O R  TINE-YICIRING USER aND DIGPLaYS O F  D E P T H ,
C uavE  H E I G H T, D I R E C T I O N  aND PERIOD
C L O G I C A L  U N I T  15~
C GENERaL  INFORMaTIoN F I L E
C
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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

SUBROUTINES:
R G R I D  - REaDS T H E  B A T H Y M E T R I C  DaTa F I L E
PRNTMP - FORMaTS  aND  P R I N T S  Maps  O F  WFlVE  HE IG HT ,  P E R I O D

A N D  D I R E C T I O N
F U N C T I O N  RLaT - R E T U R N S  L A T I T U D E  G I V E N  X  aND Y  D I S T A N C E

FROM ORIGIN
F U N C T I O N  R L O N  - RETURNS LONGITUDE GIVEN X AND Y DISTaNCE

FROM ORIGIN
F U N C T I O N  X D I S T  - R E T U R N 6  X  DISTaNCE F R O M  G R I D  O R I G I N

G I V E N  LaTITUDE  Fw) L O N G I T U D E
F U N C T I O N  YDIST - R E T U R N 6  Y  DIBTaNCE F R O M  6RID O R I G I N

G I V E N  LaTITUDE aND LON6ITUDE
RDCITE  - T H I S  S U B R O U T I N E  CRLCULATES  T H E  RELRTIVE DaTE @ND  T I M E

F R O M  a  G I V E N  DaTE aND T I N E  FIND W O F F S E T  I N  HWR6

COMMON BLOCKS:
/CPaRM/  DT,  TT,  DRDD - C O N T R O L  PaRaNETERS  F R O M  R L I D
/GPaRM/  RPFIRM(23),IPFIRM(S4) - REaL am  I N T E G E R  PaRaNETERS

D E S C R I B I N G  T H E  BaTHYMETRIC  6RID. S E E  S U B R O U T I N E  R G R I D .

H I S T O R Y :  W R I T T E N  B Y  E . W .  L Y N N ,  G L E R L ,  NOVENEER 1 9 6 3

CHARACTER+3  aNG
D I N E N G I O N  NSTINE (255)
CHARCICTER466  LINE
DIRENSION D~41,3S~,WM1~41,3S),DUM2~41,3S~,DUM3~41,3S~
COKMON /CPFIRN/  D T ,  T T ,  DaDD
CONMON  /GPaRM/  RPaRM(23),  IPaRM(54)

D I M E N S I O N 6  O F  D  A N D  S

DFITa IDIM, JDIM/41,3S/

LOGICRL  U N I T  NUMBER6

DIlTa LUNI,LUNO,  LUNB, LUNW, LUNH, LUND, LUNP, LUNX
1 / S, 6, 7, 16, 11, 12, 13, 1s /

E R R O R  sET ROUTINE FOR VFlX FORTRAN TO DISa6LE  OUTPUT CONVERSION ERROR

CFYL ERRSET  (63,. T R U E . ,  .  FFILSE.,  . FaLSE.,  . FaLSE.  )

O P E N  sTaT2NENT R E Q U I R E D  B Y  v a x  FORTRFIN

OPEN (7, REaDONLY,  STaTUG-’  OLD’ )
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C
C REaD BaTHYMETRIC  G R I D
C

REWIND LUNB
CaLL RGRID(LUNB,  D, IDIM, JDIM)
IM-IPaRM(l)
JM-IPaRM(2)
DS-RPaRM  (3)

c

; RERD C O N T R O L  F I L E S
C

REUIND  LUNW
REaD (LUNN,.*) D T ,  T T ,  DaDD
REWIND LUNX
REaD (LUNX,  4)
REaD(LUNX, 4)
READ(LUNX,  l )
REaD(LUNX,+)  I Y ,  I M O N ,  IDQY, IH
REaD (LUNX, 4) IHPREV,  IHPOST, I H I N C
DMIN-RPFlRM (5) +DaDD

C  O P E N  DaTa F I L E S  CONTRININO  WFWE INFORMaTION
C

OFEN~1l,aCCESS-‘DIRECT’,STaTU6-‘OLD’,RECL-I~JM)
OPEN(12,aCCESS.‘DIRECT’,  STaTUG=‘OLD’,  RECL-IM*JM)
OPEN (13,  aCCESS=’ DIRECT’ ,  STaTUSI’  OLD’, RECL-IM*JM)

C
c asK  F O R  O P T I O N  ‘ILL O P T I O N S  R E T U R N  HERE EXCEPT ‘0’)
C

1 6 6  URITE(LUNO,*)
1’ENTER  H  I F  Y O U  WClNT  T O  6EE WaVE H E I G H T  w’
WRITE(LUN0,  *I

I’ENTER D  I F  Y W  WMT T O  S E E  URVE D I R E C T I O N  M&P’
WRITE(LUNO,*)

l’ENl-ER P  I F  YOLI UClNT  T O  S E E  UWE P E R I O D  M a p ’
WRITE(LUNO,+)‘ENTER  T  I F  YOU WaNT a  T I M E  S E R I E S  O F  WaVE  H E I G H T , ’
URITE(LUNO,+)* D I R E C T I O N  aND  P E R I O D  aT a G I V E N  LoCaTIoN’
WRITE(LUNO,+)‘MTER  0  I F  Y W  WaNl T O  Q U I T ’
aGmw 1 0 0  T O  LaBEL
RERD  (LUNI, ’ (a) ’ , E~D=5666,  ERR-5666) aNS
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C
C  G E E  W H I C H  COMMRND  WRG G I V E N  FIND R66IGN  LOGICRL  U N I T  N U M B E R
C

IF(RN6.EQ.‘H’) T H E N
L U N  = 1 1
MP - 1
G O T 0  Sll

ELSE IF (FINS. EQ. ’ D’ ) T H E N
L U N  - 1 2
HP - - 1
6 0 T 0  5 1 1

ELSE IFMN6.  E O .  ‘P’ 1 T H E N
Ll!N - 1 3
MP - 0
G O T 0  5 1 1

ELSE IF~CINS.EQ.‘T’  ) T H E N
G O T 0  8 0 1

ELSE IF (FINS. EO. ’ 0’ ) T H E N
G O T 0  90G

EL62
G O T 0  1 0 0

E N D  I F
C
C BET TIIES RFTER  STRRT  T I M E  RT W H I C H  P L O T 6  W I L L  62 GENERaTED
C

511 URITE(LUNO,2666)  IHINC, IHPO6T
IFMJS  .EQ.  ‘H’) T H E N
WRITE(LUNO,21061  IMON, IDRY, IY, I H

E L S E  I F  (AN6. EO. ’ D’ ) T H E N
WRITE(LUMO,2200~  IMON, IOCIY,  I Y ,  I N

ELSE
WRITE(LUNO,23W)  Im, ItMY, I Y ,  IH

END I F
WRITE(LUNO, 4)

I’YOU MRY MKE U P  T O  25 2NTRIE6,  O N E  E N T R Y  P E R  L I N E ’

C

501

WRITE(LUNO,+)‘END  T H E  L I S T  W I T H  - 1 ’

D O  584  NUMPLT - 1, 25
RERD~LUNI,.,END-SG2,ERR-502)  NSTIM2ENlMPLT)
IF(NSTINEMJMPLT)  .EO. -1) T H E N

6 0 T 0  503
ELSE IFMGTIM~MtMPLT).  L T .  IHINC.OR.NGTIWE~NlMPLT).  G T .  IHPOST)THEN

WRITEtLUNO, 2400) I H I N C ,  IHPOST
GOT0  5 0 1

E L B E
G O T 0  504

E N D  I F
5 0 2  W R I T E  (LUNO. 4)

1’ IMPROPER iNPUT . . .PLERSE R E - E N T E R ,  E N D  L I S T  W I T H  -1’
R E W I N D  5
G O T 0  501

504 CONTINUE
503 N U M P L T  - N M P L T  - 1

57



C  P L O T  T H E  WRVES F I T  T I M E  I N C R E M E N T S  S P E C I F I E D  B Y  ‘ N S T I M E ’

D O  8 0 0  ! J K  = 1, N U M P L T
X T  =  NSTIMEtIJK)

C
C P R I N T  RELRTIVE DFITE,  RERL T I M E  R N D  U N I T S
C

CCYL  RDCITECIY, IMON, IDRY, IH, IFIX( I Y M ,  I M O N M ,  IDRYM,  IHM)
IFtaNS . ER. ‘H’ ) T H E N
WRITEtLUNO,  1700)  IFIX ( X T ) ,  I M O N M ,  I D R Y M ,  I Y M ,  I H M

E L S E  IFtaNS  .  E Q .  ‘D’ 1 T H E N
WRITE(LUNO,1800)  IFIX( I M O N M ,  IDFIYM,  IYM, IM

ELSE
WRITEtLUNO, 1 9 0 0 )  IFIX ( X T ) ,  INONM,  IDFIYM,  I Y M ,  I H M

E N D  I F
C
C  G E T  WFIVE  SITURTION  FROM P R E V I O U S  TIMESTEP
C
6 2 0 NR=IFIX(XT/DT)

RERD(LUN,REC=NR)  ~~DUM1~I,J~,I=i,IM~,J-l,JM~
C
C  G E T  WRVE SITURTIDN F R O M  N E X T  TIMESTEP
C

NR=NR+l “’
. - .L!

NUMREC=IFIX(TT/DT)
IFtNR. G T .  NUMREC) NR-NUMREC
RERD(LUN,REC=NR)  ~~DUM2~I,J),I~~,IM),J=l,JM)

C
C INTERPOLQTION  FRCTOR
C

x w  - (NR+DT - XT) / DT 7. *.
C
C INTERPOLRTE  B E T W E E N  T I M E  S T E P S
C ‘7 “”

DO 630 I - 1, IN
DO 630 J = 1, JM
IF(DUM1  (I, J) . ER. - 9 9 9 .  ) T H E N
DUM3(I,J) - - 9 9 9 .
G O T 0  6 3 0

E N D  I F
IFtaNS  .EO. ‘D’,) ,THEN ,( ,;,

C
C CFILCULaTE  THE X,Y C O M P O N I E N T S  O F  T H E  D I R E C T I O N S

X&l = COSDfDUNl  (I, J) 1
YF) = SIND(DUM1  (I, J))
X B  =  COSD(DUM2(I,J))
Y B  - SIND(DUM2(I,J))
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C
C INTERPOLRTE  B E T W E E N  X,Y C O M P O N I E N T S  O F  D I R E C T I O N S
C

X N  - XW+XFI  + (l.-XW)+XB
Y N  =  XWrYFI  + (1. -XW)+YB

C
C  I F  T H E  D I R .  RRE 1 8 0  D E G R E E S  O U T  O F  PHRSE (XN=YN=0) T H E N  U S E  T H E  F I R S T

IFtXN .EQ. 0 . .  F I N D .  Y N  .  EO. 0. ) T H E N
DUM3(I,J)  - DUMl(I,J)

E L S E

CRLCULATE THE DIRECTIONS IN DEGREES FROM X,Y C O M P O N I E N T S
C

DU13(1,  J) = RTFIN2(YN,  XN) + (180. /3.1415927)
E N D  I F
IF~DUM3~I,J)  . L T .  0.) DUM3(I,J)  = DUM3(I,J)  +  3 6 0 .

ELSE
DUM3(I,J)  - XW+DUMl(I,J)  + (I.-XW)+DUM2(I,J)

E N D  I F
C
C IF WRVE H E I G H T S  T H E N  C O N V E R T  T O  F E E T

IFtaNG .EQ. ‘H’) DUM3(I,J) = DUM3(I,J) l 3 . 2 8
638 C O N T I N U E

C
C  P R I N T  T H I S  N E W  INTERPOLRTED  RRRRY
C

CFYL PRNTW (LUNO,  DUMJ,  IDIM, I M ,  JM, -999.’  HP)
888 C O N T I N U E

C
C  G E T  N E X T  O P T I O N
C

GOT0 100
C
C  H E R E  F O R  T I M E  S E R I E S  O F  WRVE  H E I G H T ,  D I R E C T I O N  FlND  P E R I O D
c HH***HH****************************~*****************
C

801 C O N T I N U E
158 WRITE (LUNO, 4)

1’INPUT  LRTITUDE O F  P O I N T  FIT W H I C H  Y O U  WRNT  T O  S E E  T I M E  S E R I E S ’
URITE(LUNO,+)  ’ I N DEG, HIN, SEC (E. 0. 44.06’00)  ’
WRITEtLUNO,  l ) ’ O R  I N  D E C I M A L  D E G R E E S  ( E . G .  44.1,0,0)’
RSSISN 1 5 0  T O  LRBEL
RERD (LUNI, 4, E N D - 5 0 0 0 ,  E R R - 5 0 0 0 ) XLD, XLM, XLS
XLRT=XLD+XLM/60.+XLS/3600.
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C
C CRLCULRTE T H E  D E G R E E S  FlND DECIMClL  M I N U T E S
C

XLATD = IFIXtXLFIT)
X L R T M  =  (XLFIT - XLRTD) l 6 0 .

C
C C H E C K  F O R  N O N - V A L I D  LRTITUDE E N T R Y
C

IF(XLM . L T .  0 . .  O R .  X L M  .  G T .  6 0 .  ) T H E N
WRITE(LUNO,  l ) XLM,

1 ’ I S  N O T  FI VFILID LRTITUDE M I N U T E  R E S P O N S E ’
G O  T O  150

E N D  I F
IF(XLS . L T .  0 . .  O R .  X L S  . G T .  6 0 .  ) T H E N

WRITEtLUNO,  l ) XLS,
1 ’ I S  N O T  R VFILID LIITITUDE S E C O N D  R E S P O N S E ’

G O  T O  150
E N D  I F

C
200 WRITE (LUNO, +I

1’INPUT  L O N G I T U D E  O F  P O I N T  F I T  W H I C H  Y O U  WRNT  T O  S E E  T I M E  S E R I E S ’
WRITE(LUNO,*)  ’ I N DEG, MIN, SEC 0% 0. G4,1G, 30) ’
WRITE(LUNO,*)  ’ O R  I N  DECIMFll D E G R E E S  ( E . G .  84.35,0,0)’
F I S S I O N  2 0 0  T O  LClBEL
RERD  (LUNI, i, END=5000,  ERR*50001 XLD, XLM, XLS
XLON=XLD+XLM/60.  +XLS/3600.

CRLCULRTE

XLOND =
XLONM =

CHECK FOR

THE DEGREES FIND DECINFIL  MINUTES

IFIXtXLON)
(XLON - XLOND)  0 6 0 .

NON-VFILID  LONGITUDE ENTRY

IF(XLN . L T .  0 . .  O R .  X L M  . G T .  6 0 .  ) T H E N
WRITEtLUNO,  it) XLN,

1 ’ IS N O T  CI V A L I D  L O N G I T U D E  M I N U T E  R E S P O N S E ’
G O  T O  2 0 0

E N D  I F
IF(XLS . L T .  0 . .OR. XL8 . G T .  6 0 . )  T H E N
WRITEtLUNO, .) XLS,

1 ’ IS NOT FI V A L I D  L O N G I T U D E  S E C O N D  R E S P O N S E ’
G O  T O  288

E N D  I F
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C
C  C H E C K  I F  T I M E  S E R I E S  LOCRTION  IS W I T H I N  BBTHYMETRIC  GRID
C

X=XDIST(XLRT,  XLON)
Y=YDIST(XLFIT,XLON)
I=IFIX(X/DS)+l
J=IFIX(Y/DS)+l
IF(I.LT.1.OR.I.GT.IM.OR.J.LT.l.OR.J.GT.JM~  THEN
WRITE(LUNO,*)  ' T I M E  S E R I E S  L O C R T I O N : '
WRITEtLUNO,  1 2 0 0 )  IFIXtXLRTD), XLFlTM
URITE(LUNO,1300)  IFIXtXLOND), X L O N M
WRITE(LUNO,+)  ‘ I S  O U T S I D E  O F  G R I D  FIRER’
G O  T O  150

ENDIF
C
C  C H E C K  I F  T I M E  S E R I E S  LOCFlTION  I S  O N  LFlND
C

IF(D(1, J)+DRDD.LT.DMIN)  T H E N
WRITE(LUNO,*)  ‘ T I M E  S E R I E S  LOCFITION:'
URITEtLUNO, 1 2 0 0 )  IFIX(XLQTD), XLRTM
WRITE(LUNO,1380)  IFIXtXLOND), X L O N M
URITE(LUNO,.)  ' I S  N O T  I N  13 LFlKE G R I D  SWCIRE'
G O  T O  150

ENDIF

C P R I N T  V A L I D  LCIT. L O N .  MESSCIGE T O  O U T P U T
C

WRITE(LUNO,1200~  IFIXtXLATD),  XLClTM
WRITE(LUNO,1300)  IFIXtXLOND),  X L O N M

C
C  L O O P  T O  Rf3D WbPJE  PFlTFl R E C O R D S  FlND  T O  P R I N T  O U T  T I M E  S E R I E S  L O C A T I O N S
C

WRITE(LUNO,1600)
IREC- 0
D O  788 ITIM * D T ,  T T ,  D T
IREC = IREC +1
CFYL RDf4TE(IY,INON,IDIIY,IH,ITIME,IYM,IMONM,IDFIYM,IliM)
RERD(LUHI,REC=IREC)  (tDUMl(II,JJ~,II=l,IM),JJ=1,JM)
RERD(LUND,REC=IREC)  ~t~~II,JJ,,II=l,IM,,JJ=l,JM~
READ(LUNP,REC=IREC)  ~~WM3~II,JJ~,II=l,IM~,JJ=l,JM~
DUl'll(I,J) = DUMl(I,J) +  3 . 2 6
WRITE(LUNO,lSBB)  ITIME,  IMONM,  ILMYM,  I Y M ,  IHH,

1 DUMl(I,J),  DU&?(I,J), DUM3(I,J)
7eeCONTINlJE

C
C GETNEXTOPTION
C

G O  T O  100
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C
C FISK FOR COMMENTS OR SUGGESTIONS THEN QUIT
C

988  W R I T E  (LUNO,  i)
1’PLEASE T Y P E  FIS MRNY L I N E S  FIS Y O U  W I S H  I F  Y W  HFlVE RNY’,
2’CONNENTS  OR SUGGESTIONS CONCERNING THIS WFlVE M O D E L ’

WRITE(LUNO,*B’END  W I T H  R CflRRIffiE R E T U R N ’
9 1 0  REFID(LUNI,l400,END=920,ERR=920)  LINE(lrS0)

IFtLINE . E Q .  ’ ’ ) G O T 0  9 2 0
URITEtLUNX,  1450)  LINE(l:S0)
G O T 0  9 1 0

9 2 0  WRITE(LUNX,  +)‘,wtwt***siiiwt+t*)
WRITE(LUNO,*)‘GOODBYE!’
G O T 0  9 9 9 9 9

1 2 8 0  FORl%T(’  L R T I T U D E  ‘,13,’ D E G  ‘,F4.
1 3 0 0  FORMRT(’  L O N G I T U D E  ‘,X3,’ DE6 ‘,F4.
1 4 0 0  FORNQT(R2.0)

1 , ’  M I N ’
1 , ’  M I N ’

1 4 5 0  FORMFIT(’  ‘,F180)
1988  FORMRTt’  ‘, 1 5 , 3 X ,  1 2 ,  ’ /’ , 12, ’ /’ ,14,2X, 1 3 ,  ’ :00’,

1 9 X ,  F4.1,13X,F4.0,14X,  F 4 . 1 )
1 6 0 0  FDRNRTt’  H O U R DFITE T I M E HVE HEIGHTtFT)‘,

1 ’ WFIVE D I R .  (DE61 WFlVE PERIODtSEC)‘)
1 7 9 0  FORMFITt’  WRVE  H E I G H T S  I N  T E N T H S  O F  F E E T  FlT ‘,13,’ H O U R S  ‘,

112,‘/‘,12,‘/‘,14,’ ‘,12,‘:00’,
12~30  FORMCITt’  WClVE  D I R E C T I O N S  I N  T E N S  O F  D E G R E E S  A T  ‘, 1 3 , ’  HWRS ‘,

112,‘/‘,12,‘/‘,14,’ ‘,12,‘100’)
1 9 0 0  FORIYIT(’  WRVE  P E R I O D S  I N  S E C O N D S  F1T ‘, 1 3 ,  ’ HWRS ‘,

112,‘/‘,12,‘/‘,14,’ ‘,12,‘100’)
2000  FORNRTt’ E N T E R  T H E  T I N E ( S )  I N  H O U R S  (‘,X2,‘-‘,X2,‘)‘,

1 ’  A F T E R  T H E  S T A R T  T I N E ’ )
2 1 0 0 FORNRTt’  ‘, 12,‘/‘, X2,‘/‘, 1 4 , ’  ‘, 1 2 , ’  :W*,

1 ’  A T  W H I C H  Y W  WFWT T O  S E E  WRVE  HEISHTS’)
2 2 0 0 FORmT(’  ‘, 1 2 ,  ’ /‘, 1 2 ,  ’ /‘, 1 4 ,  ’ ‘, 1 2 ,  ’ 100’,

1 ’  F I T  W H I C H  VW WRNT  T O  S E E  WCWE  D I R E C T I O N S ’ )
2300 FORWITt’  ‘, 1 2 ,  * /‘, 12,‘/‘, 1 4 , ’  ‘, 1 2 , ’  :00’,

1 ’  F I T  W H I C H  Y W  MT T O  S E E  WFWE  PERIODG’)
2 4 0 0  FORIIFITt’ T I M E  S P E C I F I E D  I S  N O T  I N  T H E  RFHIGE (‘,

1 1 2 ,  ‘-I, 12, ’ ) R E - E N T E R ’  )
C
C  C O M E  H E R E  F O R  E R R O R  C O N D I T I O N  O N  I N P U T

;000 R E W I N D  LUNI
WRITEtLUNO,  l )’ I M P R O P E R  INPUT...PLWSE  R E - E N T E R ’
G O  T O  LFIGEL,  (100)

9 9 9 9 9  C O N T I N U E
END

62



S U B R W T I N E  RGRIDtLUN,  D ,  IDIM, JDIM)
C PURPOSE:
C
C
C flRGUMENTS:
C  O N  I N P U T :
C
C
C
C
C
C CN O U T P U T :
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

T O  RERD FI STFlNDFlRD  B R T H Y M E T R I C  G R I D  DFITfl F I L E
FIND R E T U R N  G R I D  PRRFIMETERS  FlND  D E P T H S .

LM - L O G I C A L  U N I T  NUNBER O F  BRTHYMETRIC  DATFI F I L E
IDIM - F I R S T  DINENSION O F  FlRRFIY  D  I N

D I M E N S I O N  STFITEMENT O F  CRLLING PROGRClM
J D I M  - S E C O N D  D I M E N S I O N  O F  FlRRRY D IN

DINENGION GTCITEMENT  O F  CRLLING PROGRflM

D- D E P T H  FIRRRY.  Z E R O  F O R  LFtND, FlVERFIOE D E P T H
O F  G R I D  B O X  I N  M E T E R S  F O R  WCITER.

RPFlRM - FLRRCIY CONTFIINING  RWL-VALUED  BRTHYMETRIC
G R I D  PFIRRMETERG  FIS F O L L O W S :

1 . BFlSE  LRTITUDE
2 . BRGE L O N G I T U D E
3 . G R I D  S I Z E  tM)
4 . MFIXIMUM  D E P T H  (M)
5. M I N I M U M  D E P T H  tM,
6 . BRGE  ROTCITION  (CWNTERCLOCKUISE F R O M  E - U )
7 . ROTCITION F R O N  BRSE (CWNTERCLOCKWISE)
S - 1 1 .  GEOGRRPHIC-TO-MP  COORDINQTE  C O N V E R S I O N

C O E F F I C I E N T S  F O R  X
1 2 - 1 5 . GEOGRRPHIC-TO-MRP  COORDINClTE  C O N V E R S I O N

C O E F F I C I E N T S  F O R  Y
15-19. MRP-TO-GEOGRRPHIC  CWRDINClTE  C O N V E R S I O N

COEFFICIENTS FOR LONGITUDE
2 0 - 2 3 . w-TO-GEOGRMHIC  COORDINFlTE  C O N V E R S I O N

C O E F F I C I E N T S  F O R  L A T I T U D E
IPRRM  - FlRRIlY CONTRINING  INTEGER-VFILUED  B R T H Y M E T R I C

ERID PcIRt?METERG  ffi F O L L O W G :
1 . Nl&lBER  O F  G R I D  B O X E S  I N  X  D I R E C T I O N
2 . N U M B E R  O F  G R I D  B O X E S  I N  Y  D I R E C I O N
3 . I  D I S P L A C E M E N T  - T H E  NUClBER O F  N E W  G R I D

SWFIRES I N  T H E  X - D I R E C T I O N  F R O M  T M  N E W
S R I D  O R I G I N  T O  T H E  O L D  G R I D  O R I G I N

4 . J DISPLRCEMENT  - T H E  NUNBER O F  N E W  G R I D
S Q U A R E S  I N  T H E  Y - D I R E C T I O N  F R O M  T H E  N E U
G R I D  O R I G I N  T O  TH O L D  G R I D  O R I G I N

5-54. LIY(E  NTm (!50Rl)
N O T E :  I F  G R I D  I S  T O O  LhQGE  F O R  D I K N S I O N S  O F  D ,

T H E  IPFIRH RRRCIY IS SET TO ZERO
C
CCOIMONBLOCKl
C
C

/BPFIRM/RPRRM(23),  IPCIRH(54)
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D I M E N S I O N  D(IDIM,JDIM)
C O M M O N  /GPaRM/  RPaRM(23),  IPFIRM(54)
REaD (LUN,30) (IPaRM(I),I=5,!34),  IPFIRN(l),  IPFIRM(21,

l(RPaRM(I),I=l,6),  IPaRM(31,  IPFIRM(41,  RPFIRMt7)
R E R D  (LUN,60)  (RPaRN(I),I=8,23)
I N  = IP~RM(~)
J M  = IPaRM(2)
I F  tIPaRM .GT. IDIM .OR. IPaRM(2)  . G T .  JDIM) G O  T O  1 0
R E R D  (L&&40)  ((D(I,J),I=l,IM),J=l,JM)
RETURN

10 DO 20 I = 1, 54
20 IPaRM(I) = 0

W R I T E  (6,S'il)
3 0  FORMaT  (50(a1)/215,  2 F 1 2 . 7 ,  3 F S . 0 ,  F6.2, 2 1 5 ,  F 6 . 2 )
40 FORMIlT  (19F4.0,  4 X )
90 FORMaT (' BaTHYMETRIC  G R I D  T O O  LRRGE - INCREaSE  D I M E N S I O N S  O F ' ,

1 ' N O E P T H  aND D E P T H  I N  t&UN PROGRaM')
60 FORMRT  ( 4 E 1 5 . 6 ,  20X)
70 RETURN

END

F U N C T I O N  RLaT(X,Y)
C
C  P U R P O S E : T O  R E T U R N  LaTITUDE  O F  a  P O I N T  O N  T H E  G R I D
C DESCRIBED BY THE COMNON BLOCK /GPaRM/,'  GIVEN THE
C X aND Y DISPLClCEMENTS  F R O M  T H E  G R I D  O R I G I N
C aRGUMENTSI
C x - X  D I S T A N C E  F R O M  T H E  G R I D  O R I G I N  (Co
C Y- Y DISTWICE F R O M  T H E  G R I D  O R I Q I N  tM)
C RPaRl'l,  IpFlRM - FIRRaYS C O N T A I N I N G  BaTHYMETRIC  G R I D
C PWWMETERS  FIS D E S C R I B E D  I N  S U B R O U T I N E  R G R I D
C
C MmMON  B L O C K :  /GPaRM/RPFIRn(23),I~Rn(54)
C

CamlN/spaRn/RpaRn(23),IpaRM(w
P I  = aTaN2(0.,-1.)
RLPHFl = RPFIRM(7)  l P I  / 180.

C
C TRRNSFORN  T N  P O I N T S  T O  THE ' P R I M E D '  COORDINaTE  S Y S T E M ,
C  I E . ,  THCIT O F  T H E  STFWDCIRD BClTHYMETRIC  G R I D
C
C  F I R S T  TIWNSLATE
C

xx = x - IPFIRM(3) l RPRRM(3)
YY - Y - IPaRM(4)  l RPaRM(3)
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C
C
C

C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C

NOW  ROTaTE

xP-(xx*cos(aLPHa)-YY*sIN(aLPHa))/l000.
YP=(YY*cos(aLPHa)-xx*sIN(aLPHa))/l000.
DLaT = RPaRM(20) l X P  + RPFIRH(21)  I Y P  + RPaRM(22)  * X P  + Y P  +

1 RPFIRu(23) l XP ** 2
RLaT  = RPaRM(1) + DLaT
RETURN
END
F U N C T I O N  RLON(X,Y)

PURPOSE: TO RETURN LONGITUDE OF A POINT ON THE GRID
D E S C R I B E D  B Y  T H E  CONNON B L O C K  /UWRM/,  G I V E N  T H E
X AND Y DISPLaCERENTS  F R O M  T H E  G R I D  O R I G I N

RRBUMENTS:
x - X DISTaNCE FRON  T H E  G R I D  O R I G I N  (M)
Y- Y DISTaNCE F R O M  T H E  G R I D  O R I G I N  (Mb
RPaRM,  IPaRM - ARRaYS  CONTaINING BaTHYMETRIC  G R I D

PaRatmERs a s  D E S C R IB E D  IN  S UB R O U T IN E  RGRID

COWON B L O C K :  /OPCLRM/RPaRn(23),IPIIRM(~)

CamM/GPFIRM/RPFIRH(23),IPaRn(~)
P I  = ATfW2(0.,-1.  )
RLPIM = RPaRM(7) it P I  / 160.

TRFINGFORM T H E  P O I N T S  T O  T H E  ‘ P R I M E D ’  COORDINaTE  S Y S T E M ,
I E . ,  TWT O F  T H E  STaNDaRD BCITHYMETRIC  G R I D

F I R S T  TRfWSLaTE

xx = x - IPaRM(3)  0 RpFIRM(3)
YY-Y- IPaRM(4) l RPaRH(3)

ROTaTE

XP-~XX*COSmLFw)-YY*SIN~aLPHa))/1000.
YP=(YY*COBmLPtw~+XX*SIN(aLPHa)  j/1000.
DW - RWRM(16)  l X P  +  RPaRM(l7)  + Y P  +  RPaRH(l8)  it X P  + Y P  +

1 RPaRM(19) l XP ++ 2
R L O N  = RPaRM(2)  - DLffl
RETURN
END
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F U N C T I O N  XDIST(RLaT,  RLON)

PURPOSE : T O  R E T U R N  X  DISTaNCE I N  M E T E R S  FRON T N  G R I D  O R I G I N
D E S C R I B E D  B Y  T H E  C O M M O N  B L O C K  / GPFlRM  /, G I V E N
L a T I T U D E  aND L O N G I T U D E

FIRGlJMENTSr
RLaT - L a T I T U D E  O F  P O I N T
R L O N  - L O N G I T U D E  W E S T )  O F  P O I N T
RPaRM,  IPFlRM - aRRaYS CONTaINING BIITHYMETRIC  G R I D

PYROMETERS a s  DESCRIBED  I N  SUBRWTINE  RGRID

CLMON  B L O C K : /GPFIRM/  RPFIRM(23),IPFIRM(S4l4)
C

CLMMW  /GlWRM/ RPFIRM(23),  Ip(IRM(54)
P I  - CITaN2(@.,-1.)
aLPHa = RPaRM(7) + P I  / 180.
DLaT  = RLaT - RPaRM(1)
D L O N  = RPaRM(2) - R L O N

C  F I N D  X P R I M E ,  Y P R I M E - DISTaNCES F R O M  T H E  O R I G I N  O F  T H E  STaNDFlRD
C BaTHYMETRIC  G R I D

X P  = RPFIRM(G) l D L O N  +  RPFIRM(9)  l M A T  + RPaRM(l0)  + D L O N  it DLaT +
1 RPaRM(l1)  l DLON H 2

Y P  = RPaRM(l2)  i DLON + RPCIRM(l3) l DLaT  + RPaRM(14) l DLaT  l

1 D L O N  +  RPaRM(lS)  + D L O N  l *  2
C
C TRFlNSFORM  T O  'UNPRINED, S Y S T E M
L
C  F I R S T  ROTaTE
.

X D I S T  - (XpICOS(FLLPkW  + YP+SIN(FILPHCI))  + 1WB.
C
C  N W  TRaNSLaTE
C

X D I S T  = X D I S T  +  IPCIRM(3) + RPFIRM(3)
RETURN
END
F U N C T I O N  YDIGT(RLaT,  RLW)

PURPOSE I T O  R E T U R N  Y  DISTaNCE I N  M E T E R S  FROM THE G R I D  O R I G I N
D E S C R I B E D  B Y  T H E  CC+!MON  B L O C K  / GPClRM 1, G I V E N
L a T I T U D E  Fw) LOWITUDE

FIRGUNENTSr
RlAT- LIITITUDE O F  P O I N T
RLON  - L O N G I T U D E  WEST)  O F  P O I N T
RPARM, IwlRM - aRRaYB CONTaINING  BaTHYMETRIC  G R I D

P~RCWETERS a s  DESCRIBED  I N  SU B R O UT I N E  RGRID
C
C CocvloN  B L O C K :  /GPaRM/  RPFlRM(23),IPaRM(S4)
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C
C
C
C

Cm /GPaRM/  RPaRM(23),  IPaRN(54)
P I  = aTaN2(0.,-1.)
aLPHa = RPaRM(7) l P I  / 160.
DLaT  = RLaT - RPaRM(1)
D L O N  = RPaRM(2) - R L O N

F I N D  XPRINE, YPRINE - DISTaNCES F R O M  T H E  O R I G I N  O F  T H E  STaNDaRD
BaTHYMETRIC  G R I D

X P  = RPFIRMW l DLON + RPFIRM(9) l DLaT + RPaRM(l0)  l D L O N  + DLaT +
1 RPFIRMtll) it D L O N  l t 2

VP = RPFIRM(12) l D L O N  +  RPaRHI(13)  l DLaT  + RPaRM(l4)  I) DLaT  +
1 D L O N  +  RPaRM(lS)  4 D L O N  l *  2

TRFINSFORM  T O  ’ UNPRIMED’  S Y S T E M

F I R S T  ROTaTE

Y D I S T  = mmm3(aL~~a) - XP*sIN(aLPHa))  l 1000.

N W  TRCWSLaTE

Y D I S T  = Y D I S T  +  IPCIRM(4) l RPCIRM(3)
RETURN
END
S U B R W T I N E  RDFITE (IY, MDN,  IDFLY,  IH,  IHINC, IYM, MONM,  IDFIYM,  IHM)

C
C PURPOSE:
C
C
C
C RRGUNENTB:
c fflIwuT:
C
C
C
C
C
C
C
C
C ON O U T P U T :
C
C
C
C
C HISTORY8
C

T H I S  S U B R O U T I N E  CU)JUSTS  T I N E  B Y  INCREMENTIN@  O R
D E C R E N E N T I N S  T H E  T I N E  FIRGUNENTS  (YEaR,HON.,DaY,HOUR~
B Y  T H E  S P E C I F I E D  NLWER  O F  HWRS S P E C I F I E D  B Y  ‘ I H I N C ’ .

I Y  - S T a R T I N G  YERR (ND L I M I T  R E S T R I C T I O N )
MON- S T a R T I N G  CMNTH (1 - 12)
IDclY  - S T a R T I N G  DClY (1 - (I O F  DaY I N  PaRTICULaR  M O N T H )
I H  - BTaRTING H O U R  (0 - 23)
IHINC - WMBER  OF HOURS TO INCRERENT OR DECREMENT TIME.

P O S I T I V E  F O R  T I M E  ADWWE
NEGITIVE F O R  T I M  RETRaCT
No L I M I T  O N  T H E  NUNBER O F  HWRS T O  C W N G E  T I N E .

IYM - T H E  aIMLiSTED  YEFlR (NO L I M I T  R E S T R I C T I O N )
M O W - T H E  aDJUSTED  NONTH  (1 - 12)
IDFlYM - T H E  aDJUSTED  D A Y  (1 - I O F  DFlYS I N  PaRTICULaR  NWdTH)
IHN - T H E  A D J U S T E D  H W R  (0 - 23)

W R IT TE N  B Y  E .  w .  L Y N N  S - 1 9 8 3 ,  WERL,  aNN aRBOR M I .
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C
C
C
C

C
C
C

C
C
C

D I M E N S I O N  NUMMIY(12)
DFlTCl  NUMWY/31,28,31,30,31,30,31,31,30,31,30,31/

INITIaLIZE T H E  WTWT PaRaNETERS  T O  T H E  I N P U T  PaRaNETERS
aND aDD T H E  H O U R  I N C R E M E N T  ‘IHINP T O  T H E  H W R  T I M E

I Y M  - I Y
MOW - M O N
IDaYM - IDaY
INll - I H  +  I H I N C

aDJUST  T H E  NUMBER  O F  D A Y S  I N  F E B .  D E P E N D I N G  I F  LEFlP YERR.

10 IFtMOD(IYM,4, .EO. 0) T H E N
NllMDaY(2)  - 2 7

E L S E
NlJMDF1Y(2)  - 26

E N D  I F

00 T O  T H E  R E Q U I R E D  R O U T I N E  DEPENDINQ  ON MEaTHER  T I M E  N E E D S
INCREMENTING OR DECREMENTING.

IFtIHINC .6E. 0) T H E N

WJUST  CUWaNCED  T I M E  (IYM,MONM, IDFIYl’l,  IHM).

IFtIHI . G T .  23) T H E N
Im - IHM - 2 4
IDIlYM - IMIYM  +  1
IFtIDcIYM . G T .  NLWWY(MONM))  THEN

IDFlYM - IDCIYM  - NlJMDAYBlONM)
nam-Mow+1
IF(MWM . G T .  12) THEN
M - m]NM  - 1 2
IYM - IYM + 1

E N D  I F
E N D  I F

E N D  I F
IFtIHI .GT. 23) G O T 0  1 0

ELSE

FU)JlJST SXKWFlRD  T I K  (IYM, NONN, IDFIYM,  IHH,

IFtIm .LT. 0) T N N
IIUIYM - IDAYM - 1
IHM - IHM +  2 4
IFfIDFlYM  . L T .  1) T H E N
I-MONM-1
IF(I .EO. 0) I - 12

IDRYM = IDFlYM + NlJMDaY(1)
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MONM - MONM  - 1
IF(MONM  . LT. 1) T H E N

IYM = IYM - 1
MONM = MONM + 12

END IF
END IF

END IF
IF(IHN .LT. 0) G O T 0  1 0

END IF
RETURN
END
S U B R O U T I N E  PRNTf@PLUN,  a, IDIM, ICYIX, JIWX, SPVaL, MP)

C
C PURPOSE:
C T O  NORMFILIZE  FIND  PRINT THE TWO DIMENSIONRL  aRRaY  a
C
C RLGORITHN:
C DcITa  aRE  twwuzED B Y  ie*r~P aND  T H E N

C FORN~TTED  a s  3 D I G I T  IN TE G E R S. P O I N T S  aT W H I C H

C a(I,J) I S  EWFll  T O  SPVFY  FIRE P(FISKED  B Y  FISTERISKS.
C DcyTa  FIRE OUTPUT IN BLOCKS WITH J DECREASING DOWN
C FU4D  I INCREaSING  aCROSS  THE PaGE. THE N U M B E R  O F
C VlyUES P R I N T E D  aCROSS  a PaGE IS aN INTERNaL  PaRa-
C METER IN THE SUBRWTINE.
C aRGUNENTS:
C LUN - L06xcaL  U N I T  NUMBER O N  W H I C H  T O  P R I N T

C a- TWO-DINENSIOWL  aRRaY  T O  BE N~RMC~LIZED  aND
C PRINTED. UNCliaNGED  BY PRNT.
C IDIM - F I R S T  DIMENSION OF a  a m  D I N  DIM E N S I O N

C STaTERENT  O F  CFlLLING  PROGRaM
C 1mx - IMXIMIJM I VFKUE  FlCTlJaLLY  U S E D  I N  a  aND D
C Jmx - WFLXIMUU  J VCVUE ACTWILLY  U S E D  I N  a  FIND D
C SPVFY-- SPECIRL PIFISHING  VFlLUE’  ONLY THE a(I,J)
C WHICH  aR2 N OT E~FU. T O  spva~ aRE  P R I N T E D

C MP - POWER OF TEN BY WHICH WE MUST MLTIPLY  ELEMENTS
C OF a  so  MClT IT FFLLLS BE T W EE N  1 0 0  aND 1 0 0 0 .
C
C

DIMEMSIDN  INTEO(30),  a(IDIM,43)
C
C NCOL IS T H E  NUNBER OF VFILUES  TO PRINT aCROSS a PaGE
C

NCOL - 26
C
C PRINT THE GRID
C

I1 - 1
I I  - cxmx  - l)/NCDL+l
IRMDR  - INaX - N C O L  l (II - 1)
DO50L-  1 ,  I I
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C
C  W H E N  L=II O N L Y  P R I N T  I R M D R  VRLUES
C

I F  (L . EQ. II) N C O L  =  I R M D R
C
C  P R I N T  T H E  P O W E R
C

I2 = 11 + NCOL - 1
DO40JJ= 1 ,  JMFIX

J = JMGX - JJ + 1
DO 30 I = 11, I2

x3=1+1-11
INTEG(I3) = - 9 9 9 9
I F  (FI(I,JI  .NE. SPVFIL)  INTEG(I3) = INTW(I,J)*lB.r*MP +

1 SIGNUiI.S.~(I.J)*10.*rMP))
30

40

50
70

CONTINUE ’
W R I T E  (LUN,70) (INTEG(I),I-1,NCOL)

CONTINUE
I1 - I2 + 1

URITE(LUN,*)  ’ ’
CONTINUE
FORMRT  (’ ‘, 2 6 1 3 )
RETURN
END

70


