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PREFACE

This report is published tr vrovide coastal engineers with the results
of a study to develop an oper. .onal program for numerical simulation of
storm surges on a given segment of the Continental Shelf, using a curvi-
linear coordinate system. The report consists of two volumes. Volume I
discusses the theory and application of the transformation procedure for
generating the curvilinear shelf coordinate system for particular regions,
and the theory, numerical algorithm, and application of the storm surge
program for simulation of Hurricanes Carla (1961), Camille (1969), and
Gracie (1959). Volume II presents the program documentation and the coded
programs for carrying out the coordinate transformation (CONFORM}, for
establishing the spatial lattice (GRID), and for carrying out the storm
surge calculations on the shelf (SSURGE). The work was carried out under
the wave mechanics program of the U.S. Army Coastal Engineering Research
Center (CERC).

This volume was prepared by John J. Wanstrath; Volume I was prepared
by John J. Wanstrath, Robert E. Whitaker, Robert 0. Reid, and Andrew C.
Vastano, Department of Oceanography, Texas A§M University, College Station,
Texas, under CERC Contract No. DACW72-73-C-0014. Most of the computational
work in the development and application was carried out at the National
Center for Atmospheric Research which is supported by the National Science
Foundation.

The authors express their appreciation to Thomas J. Reid for assist-
ance in program coding, and to Dr. D. Lee Harris, CERC, for very con-
structive comments on the draft of this report.

Dr. D. Lee Harris, Chief, Oceanography Branch, was the CERC technical
monitor of the report, under the general supervision of Mr. R.P. Savage,
Chief, Research Division.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.5. customary units of measurement used in this report can be converted to metric (SI)

units as follows:

Multiply by To obtain
inches 25.4 millimeters
2.54 centimeters
square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters
feet 30.48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
miles 1.6093 kilometers
square miles 259.0 hectares
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
ounces 28.35 grams
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 metric tons
ton, short 0.9072 metric tons
degrees (angle) 0.1745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins'

1 To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use formula: C = (5/9) (I — 32).
To obtain Kelvin (K) readings, use forumla: K = (5/9) (F — 32) +273.15.



STORM SURGE SIMULATION IN TRANSFORMED COORDINATES

Volume II. Program Documentation

by

John J. Wanstrath

IT. INTRODUCTION

Presented in this volume are the program documentation and list-
ings of the coded programs for carrying out a simulation of a
hurricane-induced storm surge on the Continental Shelf in curvilinear
coordinates for a given reach of shelf. There are three separate
programs detailed here for this purpose.

The first program, CONFORM, is employed for evaluation of the
transformation coefficients which map the given reach of the Conti-
nental Shelf into a rectangle in the image plane, the shelf region
being delineated by a smoothed version of the coastline, the shelf
break (taken as the 180-meter depth contour in the examples), and
bounded laterally by two parallel straight lines. The theory and
several example applications of the transformation procedure are
given in Section II of Volume I. The example input for CONFORM con-
tained in the listings here are for the mapping of the region from
a section across Laguna Madre about 90 kilometers south of Brownsville
to Marsh Island. Particular care must be taken to follow the pro-
cedure exactly for the example if CONFORM is to be verified by obtain-
ing the given transformation coefficients. This procedure is given
explicitly in the CONFORM documentation,

The second program, GRID, develops the detailed computing grid
information, based on the mapping coefficients evaluated by CONFORM
plus coordinate stretching information supplied by the user (see
Section III of Volume 1). Part of the output of GRID is a listing of
the grid positions which are required by the user in order to read
from appropriate charts the detailed bathymetry field, which is
necessary input for the final program SSURGE. The example data
supplied here for GRID are for the Laguna Madre to Marsh Island
region.

Program SSURGE (Shelf Surge) carries out the numerical integra-
tion of the storm surge equations in the transformed coordinate system
supplied by CONFORM and GRID, using a parametric representation of a
hurricane wind field and pressure field. The theory is given in Sec-
tion TI1 of Volume I. The particular example data given here are for
Hurricane Carla and the Laguna Madre-Marsh Island grid system.

The appendixes to this volume contain detailed FORTRAN listings
of the three programs in this application. The data to be supplied
by the user for other applications are discussed in the documentation
of each of these programs.



II. COMPUTER PROGRAM DOCUMENTATION FOR PROGRAM-CONFORM

1. Program Purpose.

The purpose of the program is to determine the transformation
coefficients which will conformally map the interior region bounded
by the actual coastline, a seaward boundary curve, and two parallel
lateral boundaries into a rectangle in the image plane.

2. Program Description.

The program is written in FORTRAN IV language. This program and
the program GRID provide all the necessary computing grid data for
input to program SSURGE. The program GRID takes, as input, the
transformation coefficients and determines the computing grid infor-
mation (such as, scale factors, grid point locations, and, at each
grid point, the orientation of the §g&-axis to the x-axis).

The program CONFORM is composed of:

MAIN Defines constants. Reads and writes the
coordinates delineating the given coastline
and seaward boundary curve. Calls Subroutine
COEFFS,

SUBROUTINE COEFFS Determines the transformation coefficients.
At the completion of each iteration, the
coefficients, the variance between the
transform-generated curves and that speci-
fied, and other pertinent information are
written. COEFFS interfaces all other
program subroutines and functions.

FUNCTION XTRAN Is the transformation function x(&,n)
FUNCTION YTRAN " Is the transformation function y{&,n)
SUBROUTINE SLFAC Determines the scale factor and derivatives,

ax/9g , dy/s3t , for a given value of £ and
n .

SUBROUTINE CUR1YB Determines the necessary parameters to fit a
spline under tension through the given coast-
line coordinates. The spline is fitted with
Y2 as a function of X2 .

FUNCTION CURVYB Interpolates the given coastline, returning
a value of y at a specified value for x .



FUNCTION CURDYB Differentiates the given coastline, returning
a value of dy/dx at a specified value for
X,

SUBROUTINE CURZYB Determines the necessary parameters to fit a
spline under tension with X2 as a function
of coastline arclength.

FUNCTION CURAYB Interpolates the given coastline returning a
value of x at a specified value for arclength,

SUBROUTINE CUR3YB Determines the necessary parameters to fit a
spline under tension with Y2 as a function of
coastline arclength,

FUNCTION CURSYB Interpolates the given coastline returning a
value of y at a specified value for
arclength.

There are identical subroutines and functions as delineated above
for the seaward boundary curve specified by coordinates X2P and
Y2P . These subroutines and functions are recognized by the same
names as their counterparts with a terminal letter A, For example,
SUBROUTINE CUR1YA determines the necessary parameters to fit a spline
under tension through the given seaward boundary curve.

3.  Type of Computer.

The program CONFORM can be run on any computer with minimum core
requirements of approximately 24K (based on the present sample program).
However, significantly more computer memory would be required if one
desires a large number of coefficients and/or numerous integration
points, The program has been executed successfully on IBM 360, CDC/
6600 and 7600, and GE/635., The present sample program requires no
auxiliary storage devices, peripherial devices, or magnetic tape input
or output, No site-orientated computer plot routines are involved in
the program, Approximately 20 minutes of machine time on a CDD/7600
is required for the sample program (total number of coefficients,

2 x NMAX = 220; number of integration points, 0 < £ < X , = 110; and
number of iterations = 80).

4. Input Data,

Input data, other than constants defined in MAIN, are read in
MAIN on IBM cards prepared according to the following list:

(1) Card 1
IWANT, MQ, MOP, NMAX, Continuation flag, number of shore-
JMASY, IL, VARWT line and seaward boundary coordinates



number of mapping coefficients, maximum number of
iterations, number of integration points, and the
convergence criterion in format 615, F5.3.

(2) Card Group 2

X2,Y2 The x,y coordinates (units in x,y space) of
the given coastline in the region 0 < x < A
are read with one pair per card in format 3,
F7.2, 3X, F7.2 (limit 150).

(3) Card Group 3

X2P,Y2P The x,y coordinates (units in x,y space) of
the given seaward boundary curve in the region
0 <x <X are read with one pair per card in
format F7.2, 3X, F7.2 (limit 150).

Optional Card 4, Card Group 3, and Card 6

If IWANT = 1, indicating the program is being re-
started, the following cards must be supplied:

(4) Card 4

B, BZRO The values of B and B, in units of length of
x,y space from the last iteration of the prev-
ious run in format 2E14.7.

(5) Card Group 5

COB,COC The NMAX cards containing the dimensionless
Fourier-type transformation coefficients from the
last iteration of the previous run in sequential
order with one pair per card (format 2E14.7). If
more coefficients are desired in the present run
than the previous one, blank cards should be
supplied for the difference.

(6} Card 6

WSX,WSY The value of the weighting factors for the sea-

WCX,WCY ward boundary curve (x and y component) and
coastline (x and y component) from the last
iteration of the previous run (4E14.7).

5. Mathematical Procedures and Program Limitations,

The conformal mapping relations, solutions for the transformation
coefficients, and the iterative procedure for determining the coeffi-
cients are presented in Volume I of this report. The mapping equa-
tions are sufficiently general to treat the situation where either or



both given curves are multivalued in y for a specified x value.
The only program limitation relates to the computer memory capacity.

No program error messages or consistency checks are incorporated in
this routine.

6. Flow Chart.

MAIN - CONFORM

y

Read constants; MQ, MQP, NMAX,
IL, JMAX1, VARWT, IWANT

{

Read and write coordinates delineating
the coastline and seaward boundary curve;
X2 , Y2 and X2P , Y2P

{

Initialize A, B, BZRO , WSX , WSY ,
WCX, WCY , COB(N) and COC(N)

Read transformation
coefficients and
weighting factors

CALL SUBROUTINE COEFFS




SUBROUTINE COEFFS

Compute cogstline arclength

COASTLINE HAS
FOLDBACK,
IYB=1

Yes

. CALL CUR1YB
Arclength computed from a spline
fitted through Y2 as a function
of X2 with 9 additional points
between the given coordinates to
further resolve the curve.
Stored in ARCYB.

Arclength computed directly
from given coordinates,
(X2 , Y2)

| Consequently, assumed that

used has sufficient data
points to accurately define
the curve.

Stored in ARCYB

CALL CUR2YB

Fit a spline through X2 as a function of ARCYB

CALL CUR3YB

Fit a spline through Y2 as a function of ARCBY

Compute seaward boundary arclength; the same
procedure as for the coastline is followed.

e




Arclength computed
directly from XZP,
Y2P.
Stored in ARCYA

CALL CURIYA
Arclength computed from a
spline. Stored in ARCYA

CALL CURZYA

v

CALL CUR3YA

v

Write coastline and seaward boundary
coordinates and arclengths.

!

Compute CS and SN where

CS = cos (nk&) ,
; for n=1,2 --- NMAX
SN = k , 2
sin (nke) and £=(i-1) A/(IL-1)
where
i=1,2 -+ IL/2, 1IL even.
or
i=1,2 -+ IL/2+1, IL odd.
ICOUNT = 1




Determine the x and y coordinates of the given
coastline and seaward boundary curve from the arc-
length of the transform-generated curves.

ATXB , ATBY and ATXA , ATYA

Ve -

Compute B and BZRO

']

Compute COB and COC
for n=1,2 .. NMAX

v

Write transformation coeffi-
cients, iteration number,
NMAX and 1IL .

!

Compute the error function and variance between the trans-
form-generated curves and that specified. Write the values.
The x and y coordinates of the given curves are deter-
mined from the arclength of the new transform-generated
curves for the next iteration. Write the values.

IF g
< COMPUTED VARIANCE
< VARWT '

No

ICOUNT = TCOUNT + 1

Yes

“UCOUNT < JMAXL 2




7. Glossary and Description of Terms.

Arrays
X2

Y2

X2P

Y2p

COoB

CoC

DUMB

DUMC

ARCYB

ARCYA

SN

Cs

ATXB

ATYB

Dimensioned MQ. Contains values of the x coordinate in
units of x,y space of the given coastline (max, 150).

Dimensioned MQ. Contains values of the y coordinate in
units of x,y space of the given coastline (max, 150).

Dimensioned MQP. Contains values of the x coovrdinate in
units of x,y space of the given seaward boundary curve
{max.150).

Dimensioned MQP. Contains values of the y coordinate in
units of x,y space of the given seaward boundary curve
{max. 150)}.

Dimensioned NMAX. Contains values of the dimensionless
transformation coefficient Bn (max. 200} .

Dimensioned NMAX. Contains values of the dimensionless
transformation coefficient Cn (max, 200} .

Dimensioned NMAX. Contains the iterative value for Bn
{max, 200} .

Dimensioned NMAX. Contains the iterative value for Cn
{max, 200).

Dimensioned MQ. Contains values of the arclength for the
given coastline coordinates X2 , Y2 (max.150}.

Dimensioned MQP. Contains values of the arclength for the
given seaward boundary coordinates X2P , Y2P (max.150).

Dimensioned NMAX x IL1 where IL1 is IL/2 for even IL or
1Ll is IL/2 + 1 for odd 1IL. Contains values of sin (nkg).

Dimensioned NMAX x IL1. Contains values of cos (nkg).

Dimensioned IL. Contains values of the x coordinate of
the given coastline as determined from the arclength of
the transform-~generated curve (max,400).

Dimensioned IL. Contains values of the y coordinate of
the given coastiine as determined from the arclength of the
transform-generated curve {(max.400).



ATXA Dimensioned IL. Contains values of the x coordinate of the
given seaward boundary curve as determined from the arclength
of the transform-generated curve (max,400).

ATYA Dimensioned IL. Contains values of the y <coordinate of
the given seaward boundary curve as determined from the
arclength of the transform-generated curve (max.400).

Z Dimensioned IL. Contains values of £ (max.400).

> Dimensioned IL. Temporary storage.

<

Constants

MQ Number of coordinates delineating the given coastline
(max,150).

MQP Number of cqordinates delineating the given seaward boundary
curve (max,150).

NMAX Number of transformation coefficients, Bn or Cn {max. 200).

IL Number of equally spaced integration points for 0 < & < A
with IL > NMAX (max,400).

IWANT If IWANT = 1, the program is to be re-started requiring
input from the previous run. If IWANT # 1, it is the
initial mapping of the region.

VARWT Desired variance (in units of X,y space squared) between
the transform-generated curves and that specified. .

XLAMDA A = X2(MQ) = X2P(MQP)
XK k = w/A

A -B

B 8

BZRO B,

WSX,WSY The x and y component of the weighting factor for the
seaward boundary curve.

WCX,WCY The x and y component of the weighting factor for the
coastline.



8. Input and Output.

The input data required by CONFORM to determine the transforma-
tion coefficients which conformally map the Laguna Madre, Mexico, to
Marsh Island, Louisiana, region into a rectangle are presented here
as an example, The first card image gives the continuation code,
number of coastline and seaward boundary coordinates, number of coef-
ficients desired, maximum number of iterations, number of integration
points, and the convergence criterion. The next 47 paired numbers
are the coastline coordinates and the last 40 card images give the
seaward boundary coordinates.

Program CONFORM provides detailed and voluminous output concern-
ing primarily the rate of convergence. These output statements are
not necessary for program completion and can be easily deleted with
little alteration to the sequence of instructions., Optional output
statements are indicated in the program listing (App. A) by an arrow
(<) on the right-hand side of the page.

The results from CONFORM required by Program GRID are 8 , B,
and the coefficients, B, and C . These are given in the next
section as input to program GRID.

Reference to Table 4 in Volume I of this report shows the values
for the number of coefficients, maximum number of iterations, and
number of integration points are only indicative of the final steps
of this particular application. Explicitly, in order to obtain the
given coefficients to conformally map the Laguna Madre to Marsh Island
region into a rectangle in the image plane, the following steps must
be followed:

(1) Set NMAX to 40 and IL to 80 for the first 20 iterations,
(2) For the next 10 iterations, NMAX is 60 and IL 1is 120,

(3) Set NMAX to 80 and IL to 160 for iterations 31 through
50.

(4) Take NMAX as 90 and IL as 180 for the next 10
iterations,

(5) For iterations 61 through 70, NMAX is 100 and IL is 200.
(6) Over the next 10 iterations, NMAX is 110 and IL is 220,
(7) Starting with the 81st iteration, WCX and WSX are set

to 0 and NMAX is 110 and IL 1s 220 through the 100th
interation.



{(8) From iteration 101 through 110, NMAX is 130 and IL is
260,

(9) Over the last 10 iterations, NMAX is 150 and IL 1is 300,

Note that steps (7) through (9) utilize the alternate solution
to the mapping equations (9) and (10) in Section IT of Volume I of
this report, The instructions which must be altered or removed are
indicated in the program listing by parenthesis with the proper
instruction enclosed,



The following input is required by CONFORM to conformally map the Laguna Madre, Mexico
to Marsh Island, Louisiana region into a rectangle in the image plane. Note the fourth and
fifth parameters on the first card image ave only indicative of the final results. See
Input and Output text for explanation of procedure used to obtain the mapping coefficients
given as input to Program GRID.

C

C I NP U T DA TA

C
1 &7 40 150 15000001 360000 110,00

C C

C C

C COASTLENE COORDINATES [od SEAWARLE BCUNDARY COOQORDINATES

C C

[ C
000,00 35600 000,00 0CZ2e00
005050 04000 007650 0C%s0C
010,50 C44680 016,00 010600
018,00 £€S51:00 021050 014650
0286 00 €5%e 00 028,00 019600
040,00 06€480 036,00 02200
050650 C7300 045000 028000
056,50 C7€650 054,00 022000
063,00 C82¢00 060600 03600
070,00 53600 0666 00 040600
074,00 102000 077600 0a4€00C0Q
07650 1C8e50 085000 0€1600
079000 11€000 089,00 05%.00
082, 80 12700 0956 00 04200
088600 12780 10400 076,00
095,00 16€600 150,00 084000
106600 14000 112,00 C89e00
12100 162000 113650 06,00
136000 16700 114050 1C1+00
153,00 1680 30 11750 108,00
158,00 16€.00 12100 11200
16150 16730 127,00 116600
166000 168080 139,00 121500
17100 169 00 153000 122,50
183,00 168000 165,00 123500
197,00 16€.,00 179,00 115600
214,00 165,008 193400 1156C0
230600 166000 21300 102500
242000 167600 22%e 00 062608
250500 1¢€570 266,00 080600
283040 167620 257600 07100
257000 16350 267« 00 06€000
2685000 165000 276000 062000
280,00 166600 289600 05€600
291,00 1€2,00 298600 04Go00
2966 00 15%0 30 30700 042.00
2980 50 15990 318,00 03%¢00
30300 159000 33300 02700
314,00 1€3,00 34700 020600
3236 00 148,00 360000 014600
328000 142500
331600 137020
335650 129620
3426 80 121000
349650 11800
3826 50 11300



III. COMPUTER PROGRAM DOCUMENTATION FOR PROGRAM-GRID

1. Program Purpose.

The purpose of this program is to determine the grid point array
in the stretched curvilinear shelf coordinate system and appropriate
scale factors needed for program SSURGE. The detailed grid is
needed in order for the user to read off depths from an appropriate
bathymetric chart of the shelf region at grid locations.

2. Program Description,

The program is written in FORTRAN IV language. This program
interfaces between Programs CONFORM and SSURGE. It is assumed that
the conformal mapping of the storm surge region has been completed
to the user's satisfaction. The program GRID takes, in part, as
input, the transformation coefficients and determines computing grid
information of scale factors, grid point locations, and, at each
grid point, the orientation of the £&-axis to the x-axis

The program GRID is composed of

MAIN Defines constants. Reads transformation coeffi-
cients outputed from CONFORM. Reads water
depths along a line near center of grid from
the seaward boundary to the coast. Computes grid
point locations, scale factors {(pn , v , and F),
and, at each grid point, cos 6 and sine ©
Writes computing grid information.

SUBROUTINE XUT Writes information transferred into XUT.

SUBROUTINE SHCOR Determines and writes grid point coordinates in
X,y space and the distance in nautical miles
between points.

SUBROUTINE TRAN Computes the x and y coordinates of the trans-
form-generated coastline and seaward boundary
curve.

SUBROUTINE TRAN1 Computes x(&,n) and y(&,n)

SUBROUTINE TRAN2 ~ Computes x/df , dy/3f and 6 = tan-l(_g__ggé)

SUBROUTINE CURV9 Contains the expansion curve Y = Z + B(XC)
where A, B, and C are constants. The term
Y 1is either Sp (units, nautical miles) or T
(units, minutes). The term X ir cither S*
{(units, nautical miles) or T* (uuits, minutes).
This subroutine computes Y and dY/dX given
the coefficients and X .

20



SUBROUTINE CURV1

Determines the necessary parameters to
compute an interpolatory spline under
tension through a sequence of functional
values contained in arrays X2 and Y2 .

FUNCTION CURV2

Interpolates the given curve, Y2 as a
function of X2 , returning a value for
y given x .

SUBROUTINE CURV3

Determines the necessary parameters to
compute an interpolatory spline under
tension through a sequence of functional
values contained in arrays X2P and YZP.

FUNCTION CURV4

Interpolates the given curve, Y2P as a
function of X2P , returning a value for
y given x .

Type of Computer.

The program GRID may be run on any computer with minimum
core requirements of approximately 26K words (based on the
present sample program appropriate to the Hurricane Carla
surge simulation grid). GRID requires no auxiliary storage
devices, peripheral devices, or magnetic tape input or output.
No site-oriented computer plot routines are involved in the
program. Approximately 25 minutes of machine time on a
GE/635 is required for the sample program to determine the
computing grid information. This time is based on the
following pertinent program parameters:

a) 150 transformation coefficients, Bn or Cn s

b) 121 evenly spaced values of £ for determining the
transform~generated coastline arclength as a function
of £ ;

c) 51 evenly spaced values of n for determining the arc-
length along a particular isoline of & as a function
of n ;

d) the computing grid of 47 & (or S*) lines and 15 n (or
T*) lines;

e) for determining the scale factor F , the area in x,y
space of each quadrangle is approximated by using 4
evenly spaced increments between & isolines and 2
evenly spaced increments between rn 1isolines.
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For production rums, smaller sampling intervals might be required
in b, ¢ and especially, c¢ .

4. 1Input Data.

Input data, other than constants defined in MAIN, are read in
MAIN and are on IBM cards prepared according to the following list:

(1) Card 1

NMAX, NUMKXI, Number of mapping coefficients, number of &

NUMETA, DELSS, 1lines + 2, number of n 1lines, AS* in nautical

SSTRT, DELTT, miles, first value of S* in nautical miles,

ND, NS AT* in minutes, number of depths, number of
points in format 314, 3F5.1, 214.

(2) Card 2

BETA BZRO The value of B8 and B, from the conformal
mapping solution in format 2E14.7.

(3) Card Group 3

COB,COC The NMAX cards containing the Fourier-type
transformation coefficients, Bn and C ,
in format Z2E14.7. n

(4) Card Group 4

SY Temporary storage for the ND values of the water
depth (fathoms) along a line from the seaward
boundary to the coast. This information is
needed to evaluate the traveltime coordinate T.

5. Mathematical Procedures and Program Limitations.

Information concerning the expanding grid procedure and the
relations transforming &,n to S*,T* space is presented in
Volume I of this report. The user is required to know the coeffi-
cients of the expansion function

S, = A+ B(s*)©

for each region of the curve where S, 1is arclength (nautical miles)
along the transform-generated coastline. For the sample program,
there are five regions of the expansion curve. Selecting AS* =

6 nautical miles, the number of AS* intervals of each region and
the value of 3Sp/3S* at the end points of each region, we can
determine the coefficients of each region from three simultaneous
equations derived from the constraints:
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For region I, 176 nautical miles < §* < 236 nautical miles
{10 intervals of AS* )

2P = 2.6225 at S* = 176 nautical miles
-ggl;i = 1.5 at §* = 236 nautical miles
Sp = Sp at &% = 236 nautical miles

For region II, 236 nautical miles < S* < 260 nautical miles
(4 intervals of AS* )

asp

ok 1.5 at &%

[
i

236 nautical miles

%‘é’%: 1.5 at  S*

il

260 nautical miles

S =85 at S*
P b

260 nautical miles

i

For region IIT, 260 nautical miles < S* < 302 nautical miles
(7 intervals of AS* ) '

%%£-= 1.5 at S¥*

i

260 nautical miles

%%g-xl,o at  S*

il

3027 nautical miles

S

b 302 nautical miles at 8% = 302 nautical miles

For region 1V, 302 nautical miles < 8* < 356 nautical miles
{9 intervals of AS* )

ggg.: 1.0 at S% = 302 nautical miles
gég.g 1.0 at 8% = 356 nautical miles
Sp = %02 nautical miles at S* = 302 nautical miles
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For region V, 356 nautical miles < S* < 452 nautical miles
(16 intervals of AS* )

%%E—= 1.0 at S* = 356 nautical miles
%§E'= 2.7 at S* = 452 nautical miles
Sp = 356 nautical miles at S¥ = 356 nautical miles

A similar procedure is followed for the expansion function
T = A+ B(T%)"

where T 1s the long wave traveltime (minutes) along the particular
isoline of §&. The program assumes that there are, at most, two
regions of the expansion curve with the second region being AT = AT*.
The expansion coefficients are determined by the program. If the
user desires only one region (i.e., T = T* and AT* = total long wave
traveltime-number of n grid intervals), the program computes AT*.
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6.

Flow Chart.

MAIN - GRID

Define constants
NMAX, NUMXI, NUMETA, DELSS, DELTT, SSTRT
ND, NS, XLAMDA, SLMAP, and XIDUM

\

Read conformal mapping transformation
coefficients, BETA, BZRO, COB(N), COC(N)

Determine and write transform-generated coastline

and seaward boundary curve coordinates for N4 evenly

spaced values of & (0 <& <) . Store in ATXB ,
ATYB, and ATXA, ATYA.

Determine and write coastline arclength
Sp (nmi) as a function of &.

Store Sp in X2 .
Store £ in Y2 .

!

CALL CURV1
Fits interpolatory spline through Y2
as a function of X2 .

l

Defines number of expansion regions (IRG)

for Sp(S*) , coefficients A, B, and C and

number of AS* grid intervals of each
region (IIC).
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Determine appropriate values of & for
evenly spaced values of §*

For i = 1,2 -- NUMXI

*
Si = SSSTRT + (i-1)*DELSS

CALL CURV9
Computes Sp for a given S* .

FUNCTION CURV2
Returns a value for & given Sp.
Arrays X2 and Y2 cannot be al-
, tered from the cast call of CURVL.

Store & in XI.

Determine and write coordinates and arclength
Sn (nmi) along a particular isoline of &
(=XIDUM)} for NS evenly spaced values of n ,
-B<n<B.

Store Sn in X2.
Store n in Y2.

\
CALL CURV 1
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Read water depth (fathoms) at ND
evenly spaced positions from the sea-
ward boundary curve to the coastline.

\

Determine and write the long wave traveltime
T (min) and distance S, (nmi) along
XIDUM for the ND positions.

Store T in X2P.
Store Sn in YZ2P.

\

CALL CURV3
Fits interpolatory spline through
Y2P as a function of X2P.

Define number of expansion regions (RG) for T(T*) ,
coefficients A, B, and C, and number of AT* grid
intervals of each region (IIC). TIf TIIC(1l) = NUMETA-1,
: compute AT*
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Determine appropriate values of n
for evenly spaced values of T*.

For j - 1,2 .. NUMETA

*
T, = (3-1) x DELTT

CALL CURV9

Computes T for a given T*

Function CURV4

Returns a value for S, given

T. Arrays X2P and Y2P can-

not be altered from the last
call of CURV3.

Function CURV2

Returns a value for n given

S, - Arrays X2 and Y2 can-

not be altered from the last
call of CURVL.

Store n in ETA.

The values of & and n are now known.
Determine the computing grid data.
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¢

CALL SHRCOR

in x,y space and the distance (nmi) between
grid points.

Store x coordinate in X and
Store y coordinate in Y for
2,3 .. NUMXI-1
1,2 .. NUMETA.

wu

i
j

Determines and writes the grid point coordinates

Determine and write scale factor u (units
X,y space-nmi).

Store u in SX for i=1,2 .. NUMXI-2.

Determine and write scale factor v (units of
X,y Space-time minutes).
Store v in SY for j=1,2 .. NUMETA.

Determine and write dimensionless scale factor F.
Compute area in X,y plane of each quadrangle
subdivided into IQUAD intervals between ¢

lines and JQUAD intervals between n lines.

Store area in X for i=1,2 .. NUMXI-1-
. NUMETA.

.. NUMXI-2Z.
. NUMETA.

1

>

NN

j=1
Store F in Y for i=1
j=1

3
3
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Determine and write cos 6 and sin 6 where
6 is the orvrientation of the & axis to
the x axis.

Store 6 in Z for i=1,2 .. NUMXI
j=1,2 .. NUMETA.

Store cos 6 in X and
sin 6 in Y for NUMXI-2

NUMETA.
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7. Description of Terms.

Arrays

All arrays except COB, COC, XI and ETA are reused throughout the

program.

The user is cautioned to consult each major program divi-

sion for assessment of array contents.

X,Y,Z Dimensioned NUMXI x NUMETA.
X2,Y2

X2P,Y2P

ATXA,ATYA

ATXB,ATYB Dimensioned the larger of N4, NS, ND, or IQUAD.

A, B, C o

11C Dimensioned IRG (the number of Sp(8*) expansion
regions).

SX Dimensioned NUMXI-2,

SY Dimensioned NUMETA.

COB Dimensioned NMAX. Contains the conformal mapping
transformation coefficients, Bnu

CoC Dimensioned NMAX. Contains the conformal mapping
transformation coefficients, Cnu

X1 Dimensioned NUMXI. Contains the values of & for
determining the computing grid data.

ETA Dimensioned NUMETA. Contains the values of n for
determining the computing grid data.

Constants

NMAX Number of conformal mapping transformation coefficients,
B or (_ .
n n

NUMXI Number of computing grid & lines. With respect to the
computing grid in Program SSURGE, there is an extra ¢
line at each lateral end. This requirement results from
the averaging procedure used in determining the grid
data.

NUMETA Number of computing grid n 1lines. This is the same

number as in Program SSURGE.
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DELSS

DELTT

SSSTRT

ND

NS

XLAMDA

XIDUM

SLMAP

N4

IRG

The value in nautical miles of AS* . This corresponds
to DXI in Program SSURGE.

Since in SSURGE the product, uAS* , is always computed in
the surge equations, we determine DXI in meters such that
w  values are dimensionless, i.e.,

DXI = 1852 x AS* mmi x [ SLMAP —u—lHELr— X n ounit
X,y unit
The value in minutes at AT* . This corresponds to DETA

in Program SSURGE.

Since in SSURGE, the product, vAT* , is always computed in
the surge equations, we determine DETA in meters such
that v values are dimensionless, i.e.,

nmi

m A T ety vy
i X,y uit

DETA = 1852
nmi

x AT* min. X [ SLMAP X v unit }

The first value of S* in nautical miles.

The number of water depths (fathoms) inputed from the sea-
ward boundary to the coast for determining distance as a
function of long wave traveltime.

The number of points along XIDUM for determining n as
a function of arclength Sn .

Horizontal extent of the mapped region in units of x,y
space.

The particular value of & wused in determining n(Sn)

The chart scale relating distance in nautical miles to
distance in x,y units {i.e., nmi is equivalent to 51
units of length in x,y space).

Acceleration due to gravity (feet.s=2).

.

The number of points used in determining £ as a function
of arclength Sp .

The number of expansion regions of SP(S*) or t(T*)
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IQUAD The area in x,y space of each grid quadrangle is sub-
and divided into IQUAD intervals between & 1lines and
JQUAD JQUAD intervals between n lines.

8. Input and Output.

The first card input to Program GRID gives the number of conformal
transformation coefficients NMAX , the number of & lines NUMXI,
the number of n 1lines NUMETA, AS* in nautical miles DELSS, the
first value of S* in nautical miles SSSTRT, AT* in minutes DELIT,
the number of water depths ND , and the number of points US used to
establish n = n(Sn)

The second card gives B and B, and the next 150 cards give the
mapping coefficients B, and C, . These 151 cards are the punched
output from Program CONFORM.

The remaining 31 cards are the depths picked off a bathymetric
chart of the northwestern Gulf of Mexico. These depths are on a
constant ¢£&-line selected by the user.

Expansion coefficients, provided by the user, appear as statements
within the program after format 135.

The reader must refer to Section III of Volume I of this report
for an explanation of the parameters associated with the stretched
shelf coordinate system for the Hurricane Carla surge simulation.

Output from GRID consists of the transform-generated coastline and
seaward boundary coordinates, the transform-generated arclengths along
the coastline and seaward boundary, and for each of the five sections,
9Sp/a3s* , S* , Sp, and £ are listed. Additionally, the
transform-generated arclengths at values of n for evenly spaced
increments of T* and at n values for constant increments of T
along the chosen £-line, the n values along the specified £-line
such that AT* 1is constant, and the traveltime and depths along the
constant &-line are printed.

The following output is required by Program SSURGE for simulating
the Hurricane Carla surge. This includes the x,y coordinates of the
grid intersections, the scale factors u and v related to the trans-
formation of & to S* and 7n to T¥* , respectively, the scale fac-
tor F , and the sines and cosines of theta giving the orientation of
the g-axis to the x-axis. The program listing indicates when these
may be punched or written on tape or disk for convenient input to
SSURGE.
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IV. COMPUTER PROGRAM DOCUMENTATION FOR PROGRAM-SSURGE .

1. Program Purpose.

The purpose of the program is to numerically simulate the storm
surge in orthogonal curvilinear coordinates with the vertically
integrated form of the quasi-linear long-wave equations.

2. Program Description.

The program is written in FORTRAN IV language. It is assumed
that the conformal mapping of the region under investigation has
been completed. The transformation coefficients for three regions
of the continental shelf of the Gulf of Mexico and two regions of
the eastern seaboard are provided in Appendixes A and E in Volume I
of this report.

An interfacing program is required which inputs the coefficients
and generates a curvilinear computing grid to the user's satisfac-
tion. The output from the program (and, in part, also the input to
SSURGE) must be the scale factors, grid point locations, and, at each
grid point, the orientation of the E&-axis to the x-axis.

The Program SSURGE is composed of:

MAIN Defines constants and interfaces the
subroutines.

SUBROUTINE ZERO Initializes all arrays to zero.
SUBROUTINE FIELD Reads data and writes the water depth field

relative to mean sea level, the wind
field parameters and the storm positions.

SUBROUTINE WINDF  Calculates the wind and atmospheric pressure
fields.

SUBROUTINE ELEV Computes the water level anomaly, H .

SUBROUTINE FLUX Computes transports, QS* and QT* .

SUBROUTINE DRAW1  Outputs H and vertically averaged water
velocities, QS*/B. and QT*/B',

at hourly time intervals and saves the water
level anomaly at prescribed grid locations
for output at program completion.
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SUBROUTINE METER Calculates and saves the vertically averaged
water velocities at prescribed grid locations
for output at program completion.

SUBROUTINE HUV Outputs the saved information of the simu-
lated hydrographs, simulated current meters,
and observed water levels at program completion.

Type of Computer,

The program SSURGE may be run on any computer with minimum
core requirements of approximately 30K words of memory (based on
the present sample program appropriate to the Hurricane Carla
surge simulation). The program has been executed successfully on
the IBM 360, CDC/6600 and 7600, and GE/635. The present sample
program requires no auxiliary storage devices, peripheral devices
or magnetic tape input or output. No site-dependent computer
plot routines are involved in the program. Approximately 14.4
minutes of machine time on a GE/635 is required for the sample
program to complete 66 hours of surge simulation.

Input Data.

Input data, other than constants defined in MAIN, are read
in SUBROUTINE FIELD. These data are on cards prepared according
to the following list.

(1) Card 1

NT1 - Number of cards (max.50) containing on each TIM, ROT,
RAD, VRMAX and PZRO (format I5).

(2) Card Group 2

NT1 cards with each card containing values of

a) TIM The time in hours at which the hurricane wind
and atmospheric pressure parameters are
recorded (format F10.1).

b) ROT The angle in degrees between the direction the
storm is moving and the region of maximum winds
(format F10.1).

¢c) RAD The distance in nautical miles from the storm

center to the region of maximum winds
(format F10.1).
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(3)

(4)

()

(6)

(7

d} VRMAX  Maximum observed windspeed in knots (format
F10.1).

e) PIRO Atmospheric pressure in millibars of the storm
center (format F10.1).

Card 3

NT2 - Number of cards (max.150) containing on each
TIMPOS, XPOS and YPOS (format I5).

Card Group 4

NT2 cards with each card containing values of

a) TIMPOS The time in hours at which the hurricane
position is recorded (format F10,1).

b} XPOS The x-coordinate in units of x,y space of
the hurricane center (format F10.1).

c) YPOS The y-coordinate in units of x,y space of
the hurricane center (format F10.1).

Card Group 5

GRID2  The fluid depth in fathoms relative to mean sea
level along each column, i=1,2..IM, is read with
a nested do-loop for j=1,2..JM (format 11F7.2).
The program will zero those values for even i+j
prior to computations. The depth data are posi-
tive numbers which the program converts to nega-
tive values (in meters) to be consistent with
the coordinate system.

Card Group 6

S  The values of the dimensionless scale factor relating
the (x,y) plane to the (£,n) plane are read along each
column, i=1,2..IM, with a nested do-loop for j=1,2..JM
(format 5E14.7).

Card Group 7

DSDXI The values of the dimensionless scale factor, u,
transforming £ to S* are read with one value
per card for i=1,2..IM (format E14.7).
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(8) Card Group 8

DTDET Values of the dimensionless scale factor v
transforming n to T* are read with one
value per card for j-1,2..JM (format 2X,E14.7).

(9) Card Group 9

HOBS1 The values of the observed hourly water level

in feet at grid location (IHl, JH1) are read
with 19 values per card in format F4.1.

(10) Card Groups 10 through 14

HOBXk The values of the observed hourly water level
in feet at grid location (IHk, JHkK) are read
sequentially with the same format as above.

(11) Card Group 15

XX, YY The paired x,y coordinates (units in X,y
space) of the computational grid points are
read along each columm, 1-1,2..IM, with a
nested do-loop for j=1,2..JM (format 10F7.2).

(12) Card Group 16

COSG, SING The paired values of the cosine 6 and sine 6
where 8 1is the angle between the £ and x
axis are read along each column, i=1,2..IM, with
a nested do-loop for j=1,2..JM (format 10F8.5).

A computer printout of the sample program and data cards are given
later in this section. '

5. Mathematical Procedures and Program Limitations.

The storm surge equations, solutions, and algorithms are described
in the text of Volume I of this report.

Basically, the model utilizes a centered difference, leapfrog
analog of the vertically integrated, quasi-linear form
of the long-wave equations. The algorithm treats the time
dependency explicitly and employs a computing lattice in which
the transports, QS* and QT* , are computed at the same location

but are staggered in time and space with respect to the water
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level anomaly. The program assumes that seabed scouring does
not occur. No program error messages or consistency checks are
incorporated in this version.

Flow Chart.
MAIN - SSURGE

Define constants

CALL ZERO
Initializes all arrays to zero

v

CALL FIELD
Reads data and writes depth field,
wind field parameters and storm positions

CALL HUV
Output saved information of
simulated hydrographs, simulated
current meters and observed
water levels.
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CALL WINDF
computes wind and atmospheric pressure
fields WIND(i,j) , P(i,3)

v

CALL ELEV
computes water level anomaly GRID1(i,j)

v

CALL DRAW1
outputs H, Qg«/D and Qp#/D at hourly time
intervals and saves information for output
at program completion

CALL FLUX
computes transports, GRIDL.(i,j) and GRID2(i,j)
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7. Glossary and Description of Terms.

Arrazs

GRID1 Dimensioned IM x JM. Contains H values in meters
at odd i+j and QS* in meters squared per second
at even i+j

GRID2 Dimensioned IM x JM. Contains fluid depth values,
Dy , in meters at od@ ?+j and QT* in meters squared
per second at even i+j

S Dimensioned IM x JM. Contains dimensionless scale
factor, F, determined from the conformal mapping of
{x,y) space to (&,n) space.

DSDXI Dimensioned IM. Contains the dimensionless scale
factor, u, transforming & to S*

DTDET Dimensioned JM. Contains dimensionless scale
factor, v , transforming n to T*

XX Dimensioned IM x JM. Contains the x-coordinate in
units of (x,y) space of the grid point locations.

YY Dimensioned IM x JM, Contains the y-coordinate in
units of (x,y) space of the grid point locations.

COSG Dimensioned IM x JM. Contains cosine values of 8
relating the orientation of the £&-axis to the
x-axis at the computational grid points.

SING Dimensioned IM x JM. Contains sine value of 6
relating the orientation of the £Z-axis to the
x-axis at the computational grid points.

WIND Dimensioned IM + 1 x JM. Contains values of the
windspeed in meters per second. At a transport
computational grid point (i,j), the S*-component
is stored in WIND at (i,j) and the T*-component
is stored at (i+l1,j).

P Dimensioned IM x JM. Contains values of Hgp (the
hydrostatic elevation in meters of the sea surface
corresponding to the atmospheric pressure anomaly)
and stored at odd i+j.

HOBSk Each array is dimensioned 67. Contains the observed

k=1.2..6 hourly water levels in meters at grid locations
2me (THk, JHK).
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HYDk
k=1,2..6

UCMK
k=1,2..6

VeMK
k-1,2..6

TIM

ROT

RAD

VRMAX

PZRO

TIMPOS

XPOS

YPOS

Constants

M

JM

NMAX

Bach array is dimensioned 300. Contains values
of the computed water level H in meters at
grid locations (IHk, JHK).

Each array is dimensioned 300. Contains values of
the vertically averaged water velocity, Qg«/D , in
meters per second at grid location (ITk, JTk).

Each array is dimensioned 300. Contains values _
of the vertically averaged water velocity, Qp«/D ,
in meters per second at grid location (ITk, JTk).

Dimensioned 50. Contains the time in hours at
which the wind and atmospheric pressure field
parameters (ROT, RAD, VRMAX and PZRO) are
recorded.

Dimensioned 50. Contains the angle in degrees
between the direction the storm is moving and

the region of maximum winds.

Dimensioned 50. Contains the distance in nautical
miles from the storm center to the region of
maximum winds.

Dimensioned 50. Contains the maximum observed
windspeed in knots.

Dimensioned 50. Contains the atmospheric
pressure in millibars of the storm center.

Dimensioned 150. Contains the time in hours at
which the storm position is recorded.

Dimensioned 150. Contains the x-coordinate in
units of (x,y) space of the storm center.

Dimensioned 150. Contains the y-coordinate in
units of (x,y) space of the storm center.

Number of grid points in the S* direction.
Number of grid points in the T* direction.

Maximum number of time steps.

42



INC Number of time steps between saving of surge
results in HYDk, UCMk and VCMk. INC must be
an even integer number.

DX1I Grid increment in meters in the $* direction.

DETA Grid increment in units of meters in the T% direc~
tion. The units of DTDET.DETA (that is, v-AT*) are
in meters.

DELT Time increment in seconds. DELT must be less

than that required for numerical stability and,
also, be an even integer multiple of 60 minutes.

GRAV Acceleration due to gravity (=9.8 meters per
second squared).

B Dimensionless seabed drag coefficient (=0.0025).

THK , JHk Grid point location for saving the computed water
k=1.2..6 level. The sum of the indexes must be odd., Index
reee Itk cannot exceed IM. Index JHK cannot exceed JM.

ITk,JTk Grid point location for saving the vertically
k=1.2..6 averaged water velocities. The sum of the

et indexes must be even. Index ITk cannot exceed
IM. Index JTk cannot exceed JM-1.

CORTO Coriolis parameter (=6.70875 x 10 ° second !)
for latitude 27° 23,232' N.

PHI Wind ingress angle in units of degrees.

PINF Far field atmospheric pressure in millibars
(=1016 millibars).

Comments

1. A symmetric analytical hurricane wind field representation
as given by C. Jelesnianski (1965, A numerical calculation
of storm tides induced by a tropical storm impinging on a
continental shelf, Mon. Wea. Rev., 94, 379-394) is
employed in the surge model).

2. The wind stress coefficients, K; and K; , are 1.1 x 107
and 2.5 x 1075 and are defined in SUBROUTINE FLUX.

3. {Constants YRANGE, THIT, XHIT and YHIT are not used in
this program version.
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8. Input and Qutput.

Data statements in Program SSURGE establish the number of computa-
tional points, number of time steps, output interval, values of the
grid and time steps, acceleration due to gravity, bottom stress coeffi-
cient, and locations of the simulated hydrographs and current meters,
and the Coriolis parameter corresponding to latitude 27° 23.232' N.

Card input provides the number (NT1) of hurricane description sets,
followed by NT1 cards giving the time (in hours after start of com-
putations) and the three required storm parameters. These are suc-
ceeded by one card giving the number (NT2) of hurricane positions to
be used, followed by NT2 cards providing the time and storm center
positions in the original arbitrary Cartesian grid (see Volume I of
this report). NT1 need not be equal to NT2, nor must the observed
storm parameters and positions coincide in time.

For the Carla surge computations, the hurricane characteristics are
stipulated at 6-hour intervals for the first 18 hours and at 3-hour
intervals for the remainder of the 66-hour prototype time simulation.
Note the radius to maximum winds are in naqutical miles, the maximum
winds are in knots, and the central pressures are in millibars. Due
to the erratic movement of Hurricane Carla, the coordinates of the
center of the storm are specified at hourly intervals, except for a
single 6-hour interval spanning the end .of the simulation. These
coordinates are specified in x,y space (100 units = 219 kilometers).

The depth field, in fathoms, is introduced followed by the array of
scale factors, S . The array of scale factors, DSDXI (an alias for
©# ) 1s read along the specified row and the scale factor array DTDET
(an alias for v) is specified along the chosen column.

The following six arrays are the observed hourly water levels (in
feet) from Padre Island (HOBS1), Aransas Pass (HOBS2), Port O'Connor
(HOBS 3), Pleasure Pier, Galveston (HOBS4), Mud Bayou (HOBS5), and
Sabine Pass (HOBS6). These data are not necessary for any phase of the
surge calculations and may be omitted.

The last two arrays input to SSURGE give the coordinates (XX,YY)
of the grid points in units of x,y space, and the sines and cosines
of theta at the computational points.

All input not in the MKS system of units is converted internally
to the MKS system.

The storm parameters, hurricane center coordinates, and depth field
are printed out immediately following input. At hourly time intervals,
the water level anomalies and the depth averaged velocity component
fields are printed. The six simulated hydrographs and current meters
are printed out with their positions and the corresponding observed
water levels at the completion of the surge simulation.
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The following data are required for the Hurricane Carla surge
simulation. The reader is referred to the documentation of
Program GRID for definition of the scale factors, grid point
coordinates, and the sines and cosines of theta.
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FORTRAN Listing of Program CONFORM
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69

o
C
C

aNaNeNe]

eNe ey’

C

C

11
20

30
31

PRDGRAM CONFUORMe DETERMINES TRANSFRUMATICN COEFFS FOR CONFORMAL
MAPPING COF INTERIOR REGION BOUNDED By 2 CURVES INTO RECTANGLE.

DIMENSICN X2{150) » Y2{150)
DIMENSICON X2P{150) , Y2P{150)
DIMENSION CoB{2003) s COC{(200}

COMMON/YEB/ X2s Y2 » MQ

COMMON/YAs X2P , Y2P » MQP

COMMDN/CDEF/ VARWT s UMAX 1, IL

COMMCN/FORI A/ coB » COC s BZRO,XK s NMAX

READ CONTINUATION FLAGs, NUMBER OF SHORELINE COORDS, NUMBER QF

SEAWARD BORY COORDS, NUMBER OF COEFFS, MAX NUMBER 0OF ITERATIONS,

NUMBER OF INTEZGRATION POINTS AND CONVERGENCE CRITERION
READ{S:1)IWANT, MQs MQP, NMAX, JMAX1, 1L, VARHAT
1 FORMAT (6FI5s FS5e3)

READ COORDS DELINEATUNG SHORELINE
DO 20 L=1,MQ

READ{S5,11) X2(L) » v2{L?
FORMAT{ 3X o F7e2 » 3X o F7:2 )
CONTINUE

READ COORDS DELINEATING SEAWARD BDRY
DO 30 J=1,MQP
READ {5.31) X2F{J) o Y2P{J)}
CONTINUE
FORMAT{ F722 s 3X o F722 1}



0l

7G

71
72

73
74
75

PI= 3.1415927
XLAMDA= X2{MQ}
XK= PI/ZXLAMCA

WRITE(£,8) VMO, NOP,XLAMDA, VARET

FORMAT L 1H1 o /7777

9/ /7 220X 4 CHAUNBER CF COORCS UELINEAT INC SHOREL INEx
9/ /720X s 4IHNUMBER 0OF COORDS DELINEATING SEAWARD BDRY= s 13

) 77 920X 3 32FH0R IZONTAL EXTENT OF SHOREL INE=
9/ /520X 29HCONVERGENCE VARTANCE, VARYT= ,FG .6
WRITEL{H,H60C ) NMAX, IMAXI,IL

FCRMAT{ /720X
B/7920Ks
Qs /s 20K RAMNUMBER OF

WRITEL(6 70 )

FORMAT{ 1H1

MQ13= MQ/ 2

¥E3= MC1I3%3

IADD= MQ=MQ{Q 3

DO 71 I=1.,MQ173

J= I+MQLI3

K= J+MQ13

WRITE(Hs72) T IoX2{13,¥241)>
FORMAT{ iaE( 7Xs3HX2(91395H§wY2{913§3?3=

39FNUMBER OF TRANSFORMAT ION COEFFS
ZOHNUMBER OF ITERATIONS -JMAX1 = 2 I3

IMTEGRATION POINTSE LIL= »13

s €2X» 16HSHCREL INE CUOORDS 2SS/ 3

IF{ IADD .EQ. O ) GO 7O 75
174 IACD ».Ef. 1 Y ONUMI= MQ
IF{ TADD -,FEGQGe 2 ) NUMI= MQwl

2O 73 I=NUMI, MQ

WRITE{(SH 743 T.1:X2(1I3-,¥21{1}

FORMAT{ /»
CONT INUE

BGXo3HX2{ 213 ,5H) s¥2{ o1 3,3H) =

2 13

2 F 72

s NMAX =

Jo Js X2{Jd s YZLI I KoK e X2{K) s Y2{K?
s F7 623X sF7 2) 3

2F 722 3XeFT7 02 3

»I3



1L

C
C
C

30

81
82

83
8%
85

WREITE{S.,80) <
FORMAT{ 1M1 +D5IX s 19HSEAYARTL BDRY L UO0ORDS s /7 3

MOP 13= MQP /32

MOP3= MOP13%3

1ADD= NOP=M¥(QP3

DO 81 Izl,MQP L3

J= I+MGP13

K= J+MQP1:3

WRITE{D 82110 1sX2P({1JsY¥2P{I)sJ0JsX2PL J) a¥2P{ J) oKeKoX2P{K) ,¥2P{K) <
FORMAT (/7 o 3SR 24PN 2P I3:,6F)sY2P1{, I3:3F )= sF7:2:3X9F 7023 3

IF{ IADD LEG. 0O ) GO 70 85

IF{ I1ACT LEQ. 1 ) NUMI= MQOP

IF{ TADD LEG» 2 )} NUMI=z= M=}

DO 83 I=NUM1,MOP

WRITE{(H:84 )15 1:X2P{ [3,v2P{13 <

FORMAT( /s BT7X4HX2P{ I3 :6HI»¥Y2P{,I3,3FK)=

CONT INUE

DETERMINE CDEFFS

100

A= 00
B= 0.0
BZRO= Q.
WSX = 17
WlH= 1.0
WiY= 1.0
HCY= 1,2
DO 100 N
CO8 N )=
CoCinNd =
CONTINUE

0

=1,20¢C
T
B0

9)'F7 9293}(@ F? m2

1
OO

{(WSX
(WCX =



72

IF{ IWANT -EQ. 1 ) GC 70 101
GO TO 105
1014 READ{5,102) B » BZRC
152 FORMAT( 2FE 14,7 )
DO 103 N=1,NMAX
102 READ{5,102}) CCB(N} » TOC{MN)
FEADA{S, 104) WSX WSY . WCXsWCY
174 FORMAT{ 4E14,7 )
195 CONTINUE

A=z =8
CALL COFEFFS{ XLAMDA s A 5 3 WOX s WSY s WCX»WCY )

PUNCH 102, B, BZFQO
DO 107 nN=1.,NMAX

107 FUNCH 102, COF{N)} , COC{N)
PUNCH 104, WSXWSYs WCX, WCY

399 STOP

-

END
SUBROUTINE COEFFS{ XLAMDA » A s B WSXWSY s WCX. WCY )
D IMENS ION capi{z2ccC) » COC{Z20D) :

DIMENSICN DLMB(200) » DU¥C(20D)

DIMENSIGN X2€120) , Y2(1590)

CIMENS ION X20(150) 5 Y2P{ 150)

DIMENSION ARCYA(150) s ARCYB{150)

DIMENSION SN{30,3C } s CS{ 320,32 )

DIMENSICN ATXA(400) » ATYA{400) , ATXB{400) o+ ATYB{400)
DIMENSIDN U(40C0) , V{(4GD) s Z2(4D0)}

DIMENSION R{408) , S{408) , T(408&) , w(40C)

DIMENSION X{408) , Y{(408)



gl

COMMON X,Y

COMMON/YB/ X2, Y2 , MQ

COMMON/Y A/ X2P 5 Y20 , MQP
COMMON/ JCHNR/ R

COMMON / JOHNS/ S

CUMMON/ JOBENT/ T

COMMON/ZLVR/- U » V o W

COMMON/AYA/ ARCYA

CCMMON/ AY E/ ARCYR

COMMON /COEF / VARWT s JMAXL » TL
COMMON/FORT A/ COB » COC s BZRO, XK s NMAX

SIGMA= =1,C

S IGMA 1= =1,0
C DETERMINE THE NECESSARY FARAMETERS 70O LOMPUTE AN INTERPOLATORY
C SPLINE UNDER TENSION THROUGH A SEQUENE CF FUNITIONAL VALUES.

MGCl= MQO=1
MQOP1 = MGP=}
ivyB= 0

cG 10 I=1,MQ1

IF( X2{1+1) LT, X2{1} ) 1Ivyg8= 1
10 CONT INUE

IF{ IYEB -EG. 1 ) GO 70 15

CALL CuR1YB{( SLP1 , SLPN , SIGNA )

INC= 11

XINC= INCw=}

ARCYB{1)= 0.0

DC 13 I=1,MQ1

K= 1

II=1+1

DELX= X2{I1}=X2{1}



bd

12

i3

i8

io

DELX= DELX/XINC

SUM=0 0
DO 12 Jd=1-INC
XI= Je=1

XDuM= X2{1) + XJI*CELX

U4 = CURDYB{ XDUNM » SIGMA , K }
UlJdi= Uildr)*{I) + 1.0

ulgd)= sarRY{ Uiy)yY )

SUM= SUM 4+ U{.J)

SUM= SUM =D ,5%J{1 ) = 0 ,54U] INC)
ARCYB{II)= ARCYB{I} + SUMIDELX
ARCEB= ARLCYRIMQG)

GO 7O 19

CONTINUE

ARCYB{ 1 )= D0

DO 18 I=1,WNQ1

I1I= I+1

DELX= X2{11)}=X2(1}

DELX = DFLX®*DELX

DELY= Y2{Il}=vY2{1)}

DELY= CELY®CELY

ARCYB{II)= ARCYB{I) ¢ SORT{ CELX 4+ DELY
ARCB= ARCYB{MQ)

CONT INUE

CALL CUR2YBY{ SLPL , SLPN » TIGMA)D
CALL CUR3YE{ SLP1 », SLPN . SIGMAYD

IvYAa= DO
Do 20

=
IF{ x28¢

12 MOP1
1413 LT, X2P(3I) 3 VA= 3

3



Gl

243

23

25

CONT I
1IF{ 1
CALL

INC=

XINC=
ARCY A
g 23
K= 1

{iI=1+¢
DEL X=
DEL X=
SUM=D
DG 22
XJ3= J
Xpum=
ufdy=
Ulai=
uldy =
SUM=

SUM=

ARCYA
ARCA=
GO O
CONTI
ARCYA
DG 28

NUE
YA sEQe 1 ) GO T4 25
CURiYA{ SLPI 5 SLPN , SIGMA
i1

INC= 1

{13= 0.0

I=1,.¥Q0P1

1

X2P{11)=X2P{1)

DEL X/ZXINC

00

J=1 s INC
=1

X2PI(1) + XJI%DELX

CURDYA{ XDUV , SIGMAL , K
ULJIULJ) + 1.0

SEGRT{ U{3) I

SuM + L{J3
SUM =0 ,533{1) = 0,5%U{ INC)
{11)}= ARCYA{I} + SUMHDELX
ARCYA{MQOP )

29
NUE
{1¥= De0

1=1,MQP1

I1i= 1+1

DEL X=
CELX =
DEL ¥=
DELY=

X2P{I11) = X2P{1)
DELX*DELX
yzP{11} = vY2P{I}
DELY #DELY

)

3



9L

28

26

30

32

33
34

35

ARCYA{ I'I )= ARCYA{1I) + SQRT{ DELX + DELY }

ARCA= ARCYA{MCF)
CONTINUE

CALL CUR2YA{ SLP1 » SLPN s SIGMAL )
CALL CUR3BYA( SLPFP1 s SLPN », SiGg¥Al )

WRITE{(H,30)

FORMAT{ {1H1://45X,40HARCLENGTH CF SEAJARC BORY AND COASTL INE

9775 10X 25HARCLENGTH UOF SEAWARD BDRY 8X,3HX2P 33X 3HY2P
918X »22HARCLENGTY CF CDASTLINE,?XoZHX2g10Xs2HY2 )

DO 31 [ T=1,NQF
K= IT
ALNA= ARCYA(IT)

ATXA{IT)= CUR4YA{ ALMNA » TSIGNMAL , IK )
ATYA(IT )= CURBSYA{ ALNA , SIGMAl , IK )

DO 32 IT=1.¥C

Ik= I7

ALNB= ARCYE{(IT)

ATXB(IT)= CLRAYB{ ALNE . SIGMA , 1IK
ATYBL{ITY= CUREYB{ ALNB , CSIGMA , IK
IF{ MQ GEs MOP ¥ NUM2= MQP

IF{ MQ sLE. MCP ) NUM2= ¥(

DD 323 I=1sNUM2

)
3

WRITE(Hs34IARCYA LI ) ATXA(I}»ATYA(I)s ARCYB{IJ},ATXB{I}-ATYB{I}

FORMAT(25 X sF 827 XeF7s235X3,F7225,25X
IF{ MQ -EQ. MQP } GO TO 41

IF{ MO -GT. MCF ) GO TO 35

IF{ MG L7, MQP } GO T0O 38

NUMI= MQP +1

DU 36 I=NUML,¥C

2FBe2,7X 9F7 22:53XsFT752

)

°



A

38
39

40
41

45

48

50

WRITE(6 373
FORMAT( BaXF B2 IXeF T2 28X yF7.2
GO TO 41

SNUMI = MGH

D0 39 I=NUM1,,MOPR

WRITE{H,40) ARCYA{II,ATXA{TI}:ATYA{I)
FORMAT( 25X sFBa2e:7X oF 72 35X aF702
CONT INUE

TLi2= I1L/2

1L2= 2%IL 12

IADD= {

IFL 1L 2 «NEo IL ) T ADD= 1
L= L1112 + 1ADD

XIi= ILm}

DEL XI= XUAMDA /XTL

FT= DELXI/XLAMDA

00 45 T T=1.1IL

XIT= [Twi

ZL1T)= XIT%CELX ]
Nimi= 1§

NUM 2= NMAX

CC 50 N=NUMI  NUMZ

AN= N

ANK= XN *XK

CO 57 IT=1.1IL1

XNK XI= XNK*xZ{IT)
SNIN, 1T ¥= SIN{ XNKXI )
CS{NsITI= COS( XNKXI )

ARCYBL I, ATXB{I}.,ATYB( 1)
)



8L

5%

7D

71

74

76

ICOUNT= 1
CONT INUE
IF{ ICOUNT
GO 7O 79
IF{ ABs({(®)
&G0 7O 7¢
¥SUMA= 060
YSUMB= 0.0
DD 74 1T=1
IK= 17
ALNA= ARCA
A} NB= ARCH
ATXA(IT )=
ATYA{IT}=
ATXB{ 1Y )=
ATYB{IT)Y=
ATXA{IT)=
ATXBA{IT )=
YSUMA= YSUL
YSUMB= YSU
YSUUM A= YSU
YSUMB= w<SU

ADUM= YSUM
BDUM= YSUW
GO T 81
CONTINUE
A= =8 ’
ETAA= A
ETAB= F
SUMA= 0.0

«EG. 1 ) GC TC 70

2 LTs 0001 )

s ITL

*Z{I1IT)/ XL AMDA
#Z{ 1T )/ XL AMDA
CURAY AL ALNA »
CURSY AL ALNA ,
CURA4AYB{ ALNB o
CURBYE{ ALNE »
ATX¥A{IT)=Z{1T)
ATXBL IT }=2Z2{ ITH
MA + ATYAL(ITH
#MB 4+ ATYB{I T}

NB = 0.5%xATYB(1)

AXFT X3S Y
BAFTXWLY

€O 70 71

SIGMA L

SIGwFAL
SIGMA
S IGMA

®

3

®

h ]

IK

K
IK
K

)
3

)
3

= D .5%ATYB{IL)



64

77

SUMB= D0
DO 77 I1T=1.1L
Xi= Z{17)

CALL SLFACY XI1.,ETAA,DXLCETA, DYDETASSCFACA,SF )
CALL SLFACT XI ETABDXDETA,DYDETA SCFACB,SF)

SUMA= SUMA ¢+ SCFACA

SUMB= SUWMB ¢+ SCFACB

U{IT)= SCFACA

V{iIT)= SCFACE

SUMA= SUMA = 0,5%U{1) = 0 .5*%U(IL}
SUMB= SUMB = 0,Z%y{1) = D.5%y{IL)
ALNA= SUMBXCELX T

ALNB= SUMB¥DELXI]

AMODA= ARCA/ALNA

XMODB= ARCE/ALNE

SUMA= Q0

SUMB= £ oD

ALNA= 2,0

ALNB=
DD 78
Ix= 17
ATXAL 1
ATYAIL]
ATXBI{1

D0
IT=1,1IL

Ti= CUR4vYAa{ ALNA , ZIGMALl , IK )}
Ti= CQURSYA{ ALNA , SIGMAL , IK )
Ti= CUR4YB{ ALNE , SIGNA , IK )

ATYB{ IT)= CUREYB{ ALNB , SIGMA , IK )

IFL IT

2EQ. IL ) €O TO 78

II= 17+1

SUMA=
SUMB=
ALNA=
ALNB=

SUMA + { UUIT) + UCII) I*DELXIV/2.0
SUME 4+ { v{IT) + v{II) )*DELXI/2,0C
SLMAXXMIDA
SUMB 2XMODB



78

76

BG

CONTINUE

YSUMA= 0,0

YSUMB= 5,0

Co 80 17=1, IL

ATXA{I T)= ATXALIT )=Z{IT)
ATXB{IT )= ATXB(IT)=Z{IT)
YSUMA= YSUNMA + ATYA{IT)
YSUMB= YSUNB + ATYB{IT)

08

YSUMA= YSUMA = 0C,ExkATYA( 1) = C,SXATYA(IL)
YSUMB= YSUNE = 0,5%ATYB{1) = 0.5%xATYB{ IL)
ADUM= YSUMAXF T WSY
BDUM= YSUMEXFT%WCY

CONTINUE

All= wWCY+WSY

AlZ2= WCY=mWSY

B8i= BDUM=ADUM

B2= BDUM+ACUM

BOTTOM= A11%A11=A12%A12

BTDUM= ( B1*A11=BZ%xA12 )/BOTTOM
BZDUM= { E2%A11=B1%A12 )/ EOTTOM
BERR= B IDLM=R

BZERR= BZDOUM=BZRO

B= BT DUM
BZRO= BZDUWN
= w3

AVGWX= { WSX4+WCX )*0 .5
AVGWY= ( BEY+uCY 31%0.5"
ABAR= { WCX=WSX+WCYaWSY I%0, ¢
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82

83

B84

85

NUM2= NM aX
XKB= XK=*B

Lo 89 N=1.NUM2Z
XASUMS = DL.0
BSUMS= 0.0
YASUMC= Q.0
YBSUMC= 0.7
Ni2= Nrs¢2

N2= 2%N12

DO 87 1IT=1,1IL1

IF{ IT .GT, 1LY ) GO 7O B3

GO 7O 85

I1I7T= IL=1T+1
SINN= SN{N,TIIT)
COSS= (SN, TIT)

IF{ N EQs N2 ) GU TC 84

R{IT)= ATXA{IT)%*SINN
S{IT)=" ATXB{IT )%*SINN
T{IT)= =ATYA{IT)%*CDSS
W IT)= =ATYE(IT)*COSS
GO TO 8%

R{IT)= =ATXA{IT)*SINN
S{IT)= =wATXB{ IT }%SINN
T{IT)= ATYA{IT)*CDSS
W(ITI= ATYB(IT)*CDSS
GC TO 86

SINN= SN{N,IT)

COSS= CS{N,IT)

R{IT)= ATXA{IT)*SINN
S{IT)= ATXB{IT)I*SINN
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T{IT)= AIYALITHYRLOSS
w{iIT )= ATYB{ITI%COSS
CONTINUE

XASUMS= XASUMS + R{IT}
X8SUMS= X ESUMS + 5{ IT)
YASUMC= YASUNC + T{IT)
YBsuMC= ¥Y8SUMC + w{IT)

CONT INUE

XASUMS=z XASUNS = 0.,5%K{1) = 0.S5%K{ IL)
XBSUMS= XREUMS = Lo5%S{1) = 0,5%S(IL}
YASUMC= YASUMC = D0 .,5%T{ 1) = 0,5xT{IL)

]

YASUMC= YBSLMC = 0,.5%W{1) 0.5%w { IL )

XASUMS=E XASUMSHFT %9 SX

XBSUMS= XBSUMSHET %W CX

YASUMC= YASLMCEFTAWSY

YBESUMC= YESUMCHFTAWCY

XN= N

XNKB= XNk XKB

S+B= SINH{ XNKS )

CHR= COSH{ XKKR )

T8= SHB/CHS

SM= TEXTE

TM= SM/SHE

All= SMY¥AYGWX + AVGRY

A12= TESWEAR

A22= SMNRXAVGWY + AVGWX

81z TM% (= XASUMS+XRBSUMS) + {(+YASULMCH+YBSUMC)/CHE
BP= TMx{wYASUNCH+YBSUNMC) + {+XASUMS+XBSUMS I/ CHE
BOTTOM= A11%AZ2 = A12%A1Z

DUMB{N}= { B1%Ap22«82%A12 }/ EOTTOM

DUMCIN)= { B2%XA11=B1%xA12 ) /BOTTOM
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C

el

250

2£0

SL12HNUM POINTES=

CONTINLE

EBl= DUME(1)={08B{1)
EB2= DUMBI2)=C0CB(2)
ECi= DUMC{ 1)}=C0C{ 1}
EC2= DUNC{2)=CCC(2)

WRITE(6,2E5D)
FORMAT {

1CCUNT

214

WRITEALS 2673 A, E,
FORMAT( 49X s 7THALFHA=

S/ » S0X o AHBFT A=

WRITE{(FL,Z€1) BIZIRC »

FORMAT {48X,B8+EB=ZERD=

NUMB=
NUMC= O
AKB= XK*B

DO 270 dN=1,NMAX
Xih= N

XNKB = XNEXKE

PrR8= DUMBINYXCOBI{N)
FRC= DUMUINI*COCI{N)
IF{ PREB +LTs 0.0

IF{ PRC LT, D0 3
ERRR= DUME{N)I=COB(N?
ERRC= DUNC{N}=CCCIN)

COB{NY= DUMBIN)

)

NUMC=

o NMAX o 1L
1H1 22X 5 183HITERAT ION NUMEER=

» 13

BERK

5F1leH

3 F 11e€s 2R BHCHANGE=

BZERR

2F 11085 2Xye EHUHANGE=

Y} NUME= NUW¥E $ 1

NUMC 4+ 1

» 10X  OSHNMAY =
sE1C23)
2B 10. 32 v

s12,10X
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C

270
271

272

aNaNsNs

COC{N}= DUMCIN)

AMPR= PES{ COBINIXCOSH{ XNKB) 3

ANMPC= ABS{ CCCANIXRS INHIXNKE) )

WRITE(6.,271) N, COB{N) ,ERRB sAMER SN LCCC{N); ERRC gAMPC

FORMAT ( TRXe2FBL{ 5 I3,3F 3= sF14,7s3X3E10,353XeE1083 » 27X
G2HC{s 13620 s E14:733X%XsE10.3:32X,E10.3 b

WRITE(E,272) NUMB , NUMC .
FORMAT (/9 7Xs 24HNUM OF CDEFFS THAT CHANGED SIGN= 213
937X 234HNUM OF COEFFS TEAT CHANGELD SIGN= 2 12 /7

DETERMINE THE VARIANCE BETWEEN THE PRECICTED COASTL INE AND
SEAWARD BOUNDARY AND THAT SPECIFIED,

ET AA= &
ETAB= B
SUMA= 0.0

SUMB= 0 .0
SUMEX A= D,0

SUMEYA= 0,0

SUMEXB= D o)

SUMEYB= 0.0

oC 277 IT=1,1t

XI= Z{1T)

R{IT )= XTRAN{ XI , ETAA
S{IT)= YTRAN{ XI , ETAA
T{IT)= XTRAMN{ XI , ETAR
W(IT)= YTRAN{ XI , ETAB )

CALL SLFACL XI-ETAADXCETALCYLCETASCF ACA,SF)
CALL SLFAC({ XI,ETABsDXDE TA,DYDETA ,SCFACB ,SF)
SUMA= SUMA + SCFACA

N Nar
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277

SuMB=

SUMX A=

SUMYA=
SUMX B=

sLMyYB=

SUME XA

SUMEY A= SUMEY A
SUME XB= SUINEXSB

SUMEYR

UIT) =
viIiT)=
SUMEX A= SUMEXA = ne5%XSUMXA
SUNEYA = D.5%SUMY 2
= SUMEXB = N,5%SUMXB
SUMEYB= SUMEYE = 0,5%SUMYS

SUME YA =

SUMEXB

EF xA=
EFYA=
EFXB=
EF YB=

SUME + SCFACB

{ABS{ATXA(ITI+Z (ITI=R{1IT )) I%k*2
(ABS{ATYALIT)=S{I 7)) )%**k2
(AES{ATXEB{ ITI4Z{ IT d=mT (1T )3 3 k%2
(ABS(ATYB{IT)=W{IT)))%**2

= SUMEXA + SUMXA
SU MY A
Sy M X8
SUMYS

+ o+ .

= SUMEYE
SCFACA
SCFACH

SUMEXAXFTH®WSX
SUMEYA XFTXWSY
SUMEXEXFT¥W X
SUME YBXF T w(CY

CoB%{ ABS(ATXA{ ID+Z{1)=R{1)) JI%x%xp
0.5% ABS{ATYA(1)=S{1)) I%%k2
CoS%{ ABS{ATXB{1)+Z{1)1=T{1))
CeB% ABS{ATYB(1)wW{ 1)) )%%2

YR %2

EF= EFXA+EFYA4EFXB4EFYR

EBAR=

EF /4.0

wSYy=
WCY=
WSX=
wWCX=
SUMA=
SUMB =
ALN A=
ALNB=

EFYA/EBAR
EFYE/EEAR
EFXA/EBAFK
EFXB/ERAR

SUMA = N,.5%kU{1) = C.5*%U{IL)
SUMB = G,S%xV(1) = 0.5%kVv(IL}

SUMARCEL X T
SUMBXDELX ]

XMODA= ARCA/ALNA

AMOD8=

ARCE/SALNS

(Remove)
(Remove)
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SUMA= 0.0
SyMB= D.0
ALNA= 0 o0
ALNB= 0 o0
VAR XA=
VARY A=
VARXB =
VARYS= O
DO 278
IK= I 7T
X{IT)= ALNA
Y{IT)= ALNE
ATXA{IT)= CUR4AYA{ ALNA , SIGNAl , IK
ATYAL IT )= CURSYA{ ALNA » SIGMAI1 , IK )
ATXB{IT)= CURAYE( ALNE , SIGMA 5 IK )
ATYB{IT )= CUREYRBI ALNB , SIGMA , IK )
VARXA= VARXA + ABS{ ATXA{IT)=R{ IT))%x2
VARYA= VYARYA 4 ABS{ ATYA{IT)=S{IT))*®%2
VARXB= VARXE + ABS{ ATXB{IT)=T(IT))%%2
VARYB= VARYE # ABS{ ATYB(IT)=w{IT))%%2
IF{ IT -EG. IL ) 60O To 278
I1= IT+1 ‘
SUMA= SUMA + { ULIT) + U(I1) JI%DELXI/2.0
SUMB= SUMB 4 { VI{IT) + V{Ii) Y%DELXI/2.0
ALNA= SUNMARXXNLDA -
ALNRB= SUNBXXNCDBE

278 CONTINUE

2

-3

[ B I B
ey O OO

T=1, IL

VAR XA= VARXA/XIL
VARY A= VARYASXIL



48

2890

281

VARXB= VARXB/XIL
VARYB= VARYB/XIL

VAR = { VARXA+VARYA+VARXBHVARYB 31/74,0

W ARA= T5%{ VARXA+VARYA )

VARS= 2 e5¥{ YARXESVARYB )

WRITE {6 2803 XMUITE,XMCDA, VARXEB, EFXBs VARYB , VARBLEF YB »
QVARXA EF XA, VARYA W ARALEFYA, VALK » EF

FORMAT{ FEXSS5EHRATIO OF COASTLINE ARCLENGTH TO *TRANSFORNM% GEN
QERATED = s FR o4 ?
O/ 932X+ SSHRATID UF STEARARD BDRY ARCLENGTH TC *TRANSFLIRM¥ GENERATECL
9= s FB ot 2 //s BEXSBFVARIAMCE 26X, THER FNCT 2
S/ s TXsB8HTRANSFIORV CO2STLINE FRLWV THAT SPECIFIED USING X 2sE 187
Y20XE14 .7 , .
PF 2+ TX4BHTEANSFLCRM (COASTL INE FROM THAT SPECIFIED USING VY 25147 »
G2 X3E14 674 XsF 14 7 »
G/+8 X, SIHTRANSFORM SEAWARD SBDRY FROM THAT SPECIFIED USING X 3514.75
20X sE14,7 q

/54X, 51HTRANSFORY SEARARD EBDERY FRCUM T+AT SPECIFIED USING Y 51407,
O2XeEl18o74XsE14 47

*
G/ 971 XeE14.7,20%X:E18 ,7 )

WRITF{ €&, 281) )

FORMAT {// » 15X 4 2HSEAWARD BDRY CTOORDS » Je=X]=={ AMDA -, ETAZA,
923X » ISHCOASTLINE CO0ORDS 4 Cem=mXie=lLAMDA , ETA=8 ®
D/ o83X s OHXAX I s ETAY) s 2X s 7HEX =G IVENs AX o SFYI XTI ETA I, 2Xo THY =G IYEN 24 X s
OBHARC= TRAN s 4X 51 HI s
OBX S ORX{XIs ETA)s ZXs 7rX=GIVEN 4Xs SHY{ 3] sETA) s 2X» 7THY=GIVEN 4 X ®
SEHARC=T RAM 3

00 285 I=1,.1IL



88

C
C

285

286

3¢0
375

10

WRITE{6,28€) IsR{II-ATXA{I)sS{I)ATYA(TI} oXx{(1)
ST TIIY sATXE(I)-W{I)ATYR(I¥oY{1)

FORMAT] 44X 4129 2X9F 702 03X sF T 6235 XsFT7 02 33X 9F 7 02 34X sFBe2:4Xs 1HI

94X 9 139 2X s F7 024 3XeF 70255 XeF 76233 X9F 72 238XsFRBe?2

ICOUNT= ICOUNT + 1 .

IF{ VAR +LE., VARWT ) €0 TO 375
IF{ ICOUNT o LF, JNAX1 ) GC TQ 55
FETURN

END

FUNCTION XTRAN{ XI , ETA )

O IMENS ION cB{200) s COCI(Z0D)
CCMMON/FCRTI A/ COE » COC » EZROs XK s NMAX
XTRAN= (s o]

XK A= XK *ETA

XKXT= Xg%XI

DO 10 N=1,NMAX

XN= N

XNKA=T XAkXKA

XNK XI= XN%XKXI

CSH= COSH{XNKA)

SNH= SIM {XNKA)

XTRAN=XTRAN+{COC{N) *CSH +COB{N)*®S5NH FEFSINIXNKXI)

CONT INUE

XTRAN= XTRAN #+ X1

RETURN

END .

FUNCTICM YTRAN] XTI , ETA )
DIMENSION COB{20C) », COCL2C0)

COMMON/FORIA/ c0B » COC s BZR0O. XK s NMAX
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10

YTRAN= £,0

XKA= XK%XETA

XKXI= XK #XT

CO 10 N=1,NMAX

XN= N

ANKA= XNXXKA

XNKXT= XNHEXKX Y

CSH= COSH{XNKA)

SNH= SINHIXNKA)
YTRAN=YTRANE {COB{N)Y%*CSH

CONTINUE

YTRAN= YTRAN + ETA + BZRO

RETURN

END

SUBROUT INE SLFAC{ XI » ETA
DIMENSICN CCEL2D00) o, COC{220})
COMMON/FORIAY/ CCB »

XK A= XK %ET A

AKXI= XK¥kXI

DXDETA= Qo0

DYDET A= 0 0

DO 10 N=t sANAX

XN= N

XNK A= XNAXK A

XNKXI = XNHEXKX ]

CSH= COSH{ XNKA)

SNH= SINH{XNKA)
XDETA= XNkXKx{COB{N)*CSH
YDETA= XN#*XKF{(LOB{N) XxSNH

DXDETA= DXCETA 4+ XDETA

DYDETA= DYDETA + YDETA

+COCIN ) ¥SNF

DXDETA . DYDETA

®

+CCC{N)I*SNH
+COC{NI®*CSH

YERCOS{ XNK XI1)

SCFAC » SF )

BZRCs XK NMAX

)RS IN{XNKXTI}
JFCOS{XUNKXI)
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190 CONTI NUE
DYDETA= DYDETA + 1.0
SF= {(ABS{DOXDETA)) %%2 4+ {(ARES{LYCETA) %2
SCFAC= =20QRT{ SF 3}
FETURN
END
SUBROUTINE CURIYBY{ SLFY » SLEN o SIGNM2 )
D IMENS 10N X2{180) » ¥2i{ 150
DIMENSICN A{150) s $5{408)
COMMONZJORNAY A
COMMON/ JOHNS/ S
COMMON/ZYBY X2 Y2 o MQ

C FITS SPL INF=mw Y2 AS A FUNCTION OF X2
T MG
NM1 = N=j
NP1 = N+1
DELXY = X2{2¥=X2{1}
DX1 = [{¥2{2)=%¥2{1)) /DEL X!
IF (SIGMALT.0.3 €0 TO 5
SLPPL = ELF1
SLPPN = SLEN

1 SIGMAP = R2ES{SIMAIRIN=1)}/7{X2{M)=X2{1})

DELES = CIGMAR%RDELXI]
EXPS = EXPIDELS)
SINHS = 53{EXPSw=] JEXPS)

SINMIN = 1./({DELX1%SINHS)
DIAGI = SINHINX{DEL S¥:5%{EXPS+1./EXPS)=SINHS)
DIAGIN = 1,/07ACGH
A(1) = DIAGIMR(DXI=3SLPPL}
SPDIAG = SIAHINZ{SI NKHS=DELS)
S{1) = CIAGINKSPDIAG
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[SVERAY]

IF {N.E0,2) GC TO 3
DO 2 1 = Z2.hw1
DEL X2 = X2{1+1)=X2{1)
DX2= {(Y2{I+1)=¥Y2{1))/DELX2

DELS = SIGMAPXDEL X2

EXPS = EXP{LCELS)

SINHS = oS%{EXFS=m] /EXPS)
SINHIN = 1. /{DELX2%xSINHE)

DIAGZ = SINFIN¥{DELS#{ 5 {EXPS+1./EXPS) }=SINHS)
DIAGIN = 1,/{DIAGI1+0IAG2=SFLIAGH S{Im1))
A{I} = DIAGIN*(DX2=DX1=SPDIAGk A{Iw=]})
SPDIAC = SINFIN¥{SINHS=DFLS)
S{IY = DIAGINXSPDIAG
DX1 = DX2
DIAGL = LI1AG2
DIAGIN = 1./{DIAGI=SPNIAGX S{NML))
A{N) = DIAGIN*{SLPPN=DXZ=SPDIAG® A{NMI})
D0 4 1 = 25h
IBAK = NPiwm{
A{IBAK) = A{IBAK )= S{ IBAK % A{IBAK+ 1)
RETURN
IF {NsEQ.2) GC 7O 5
DELXZ2 = X2{32)=X2{2)}
DELX12 = X2{3)=X2 {1}
C1 = ={DELX12+DFL X1 )/DEL X12 /DFLX]
C2 = DELX12/CELX1/DFELX2
C32 = =DELX1/DELX12/DELX? .
SLPPL = CI1*Y2{1}) + C2%Y¥2{2) + C2x¥2{3)
DELN = X2 {(AN)=mX2{NM])
DELNMY = XZ{AN])=wX2{N=2)
DELNN = XZ{N)=XZ{N=2)
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Cl1 = {(DELNNIDELN) /DELNN/DELN
€2 = =DELNN/CELM/CELNM]
C3 = DELN/DELAN/DELAME

SLPPN = CI3YZI{N=2) + C2%YZ{NM1} + Cl*kY2{N)
GO TO 1
&  A{1) = C.
A{2) = 0.
RETURN
END

FUNCT ION CURVYR( T 5 SIGMA , IT )

DIMENSICN X2{15C) o Y2{150)

DIMENSION a{(1€0)

COMMON/JOHEN 2/ A

COMMON/YB/Z X2 Y2 5 MG
C THIS FUNCTION INTERPCOLATES THE CCASTLINE AT A GIVEN VALUE FDR X
C THE VALUF RFETURNELD IN CURVYSB IS THE VALUE OF Y AT X,
C SUBROUTINE CULRIYR MUST BE CALLELD EARLIEFR.

N= MQ
S = X2{N)m=X2{(1)
SIGMAP = ARS({(SIGMA)X{(N=1)}/S
IF {IT.FQs1) 11 = 2
1 Co0 2 I = I1sN

IFU X2{I)=T ) 2,2 ,3

2 CONT INUF

I = N
2 IF( X2{(1=1) +1iFs T »CRs T oLE. X2{(13) 1} GO TO 4

i1 = 2
GC 70 1

4 DELY = Tm¥2{l=1)
CELZ = X2{1}=T
DELS = X2{(1)=X2(I=1)



¢6

C
C
C

oY)

THIS FUNCTICN CIFFERENTIATES THE COASTL INE

FOR X. THE vALLE RFETURNED IN CURDYE IS THE

EXPS1 = EXE{(SIGMAFXCEL1)
SINHD 1 = o Ex{EXFS1wl, /EXP51)
EXPS = EXP{SICMAPARDEL Z)
SINHD2 = LEX(EXPS=1,/EXPS)
EXPS = EXPS1*®*EXPS

SINHS = 5% {(EXESs],/EXPS)
CyRvys= {

DIMENS ION A(152)
COMMON/JCHNA/ A
COMMON/YB/ X2, Y2 , MQ

G{y2{I=1% = A(I=1))%DELZ2 )/NELS
i1 = 1
RETURN
END
FUNCTICN CLRCYEB(L T 5, SIGMA o 17
DIMENSION X2(158) o ¥2{150)

)

A(CIIASINHDI + A{I=] )*XSINHD2)/SINHS+({Y2{I}=A{ 1) )*DEL 1

AT A GIVEN VALUE
VALUE CF DY/DX AT X

SUBRCUTINE CURIYE MUST BE CALLED EARLIER,

‘}

N= MO
€ = X2{N)=Xx2{1}
SIGMAP = AES{SICMA) Xx{Nm}l }/S
IF (IT«EGs1) 11 = 2
Do 2 1 = 11,N
IF{ X2{1¥=T ) 2,2,3
CONTIANLE
I = N
IF{ X2(I=1) 2LEe T LO0Re T LLE
11T = 2
GO 70O 1§

CEL1 = TmX2{I=1)

X2{1}

)y GO TO 4

+
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CEL2 = X2{1}=T

DELS = X2{I)=X2 (I=1)

EXPS] = EXP{SIGMAPXDELL )

COSHDI = o5%{ EXPS141/EXPS1)

E¥PS = EXPI{SICMAPXDEL2)

COSHDZ = LT {EXPS+1./EXPS)

EXPS "= FXFS]1*EXFES

SINHS = o E5%{EXPS=], /EXES) /SIGVAF

CURDYB= { A{IY%{OSED1= A{ I=13%OSHD2Y /SINHSH{{Y2{1)=A{
I))= (Y2 {I=1)=2{I=1)))/0ELS

I1 =1
FETURN
END

SUBROUTINE CLR2YB{ SLP1 s SLPA , SIGM2 )
DIMENSION ARCYR{1Z0)

DIMENS IOM X2{150) Y2{150)

DIMENSICN C{150) - S{408)

COMBON/7JOHNCY C

COMMON/ JTHAS/ S

COMMON/ZAYRBY/ ARCYB

COMMON/YES X2s Y2 5 MO

C FITS SPLINE== X2 AS A& FUNCT ION OF ARCYSB

1

N= MO

NML = N=1

NP1 = N+1

CELX1 = ARCYB{2)=ARCYB{ 1)

DX = {X24{2)=X2(1))/DELX1

IF {SIGMALLTs0.) GG TC 5

S5LPP1 = SLP1

SLPPN = SLFM

SIGMAP = ABS{SICMA)®(N=1 )}/ {ARCYEBIN)I=ARCYB{ 1))
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N

W

CELS = SICMAPRDEL ¥}
Exps = EXP{DELS)

SINHS = oZF¥{EXPS=1. /FRDPS)
SINHIN = 1./{0FLXI%SINFS)
DIAGY = STAMHIAK{DEL Sk ,5%{EXPSH] - /EXPS )=3 INKS)H
DIAGIN = 1./C1ACGY

C{1} = DIAGIMR{DX1=SL PPl
SPPDIAG = SIAHINR{EINHS=DELS)

5{1) = TIACIN®SPDIAG

IF {N-EG.2) GL TO 3
DO 2 1 = 2,NM1

DELX2 = A2RCYB {141 )=22RCYE{(T)

D¥2= {Xz{I1+1)=X2{1}3/DELXZ
DELS = SIGMAPRDEL X2

FXPS = EXP({LCELS)

SINHS = s E%{EXBS=1, /EXP L}

SIMHIN = 1,/{DELX2%SINFES)

DIAG2 = SIMFINK(DELS*{-5%{EXPSH] «/EXPS ) J=mS INHS )
DIAGIN = 1,/{DIAGI+DIAGS=CSPDIAGH S{T=113)

C{Iy = DIACIN%R{DX2=DX 1=SPDIAGY* C{I=1}}
SPDRDIAG = SIMHEINHX{SIKHS=DELS)
S{1) = DIAGINFSPDIAG

DX1 = £X2
DIAG1T = DIAG2
DIAGIN = 1/({DIAGI=SPDIAGY S{NMI1)}}
CIN) = DIAGIMK{SLPPN=DX2=SPLIACE C{NM1})}
DD & 1 = Zah
IBAK = NP1=i
ClIBAK} = C{IBAK }= S{TEAK I % C{ IBAK +1}
RETURN

IF (N FGe2) G0 TO 5
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DELX2 = ARCYB{3mARCYB{2)

DELX12 = ARCYE{3Y=ARCYBI{ 1)

Cl = ={(DELX{2+DELX]1)/DELX12/7DELX]

L2 = DELXIZ/DELXI/DEL X2

3 = =CELX1/C0ELX12/CELX?2

SLPP1 = Clwex2{1) + C2%xX2{2} + C3%xX2{3)
NDELN = ARCYRI{N)=ARCYB{nNM1)

DEELNM]1 = ARCYE{(NM1) =ARCY E{N=2)
DELNN = ARCYBIN)=ARCYB(N=2) .
C1 = (DELNNACELN)/DELNN/DELN

C2 = =CELNN/DELA/DELNML
C3 = DELN/DELNN/DELNM1

SLPPN = (3¥X2{N=2) + C2%X2{NM1) + C1xX21{N)
GO TO 1
6 C{1) = Qo
C{23 = Do
RETURN
END

FUNCT ION CURAYEB{ T , SIGMA » 1T )
DIMENSICN ARCYB{15C)
DIMENSION X2{(150) » Y2( 150)
DIMENSICN C{15n)
COMMON/ JCHNC / C
COMMONY/ 2Y £/ ARCYRB
COMMON/YB/ X2, Y2 , MG
C THIS FUNCTION INTERPOLATES THE COASTLINE AT A GIVEN VALUE FOR
€ THE ARCLENCGTH. THE VALUE RETURNED IN CUR4YB IS THE VALUE OF X
C AT ITS PARTICULAR ARCLENGTHe. SUEROUTINE CUR2YE MUST BE CALLED BEFDORE,
N= MQ
S = ARCYFIN)=ARCYR{1)
SIGMAP = ABS{SICMA)*{N=1}/S
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IF {I1T.EGCe1) 11 = 2

1. DO 2 I = I1sN
AF( ARLYE(T)=T ) 2,2+ 3
2 CONTINUF
1= N
3 IF( ARCYE(TI=1) oL Fe T ORs T LS, ARCYB(1) ) GO T3 4
11 = 2
€O 7O 1

4 DELY] = T=AGCYE(I=1)

DEL2 = ARCYB{I)=T

NELS = 2RCYP(IV=ARCYB{ I=1)
EXPS1 = EXFISIGVNAFRXCELY)
SINHD1 = o, S*(EXPSiw=1,/EXP Sl
EXPS = EXP{(SICMAPXDEL 2}
SINHD2 = 5% {(EXFS=] ./EXPS})
EXPS = FXPSL*EXPS

SINHS = »S5#*(FXPSm=] ,/EXPS)

CUR4ayYB= { C(IIXSINHDLI+ CA{Im13*SINHD2)/SINHS+{(X2({I)=C{ I3)%DEL 1
(X2 I=1) = C{I=1))%DELZ2 ) /NDELS

I1 =1
RETURN
END

SUBROUT INE CUR3IYS( SLP1 » SLPN , SIGMA )
DIMENSICN ARCYB(150)
CIMENS ION X2(18n) ¥y2{152)
DIMENSIOCN C(152) s S{408)
COMMONY/ JOHNDY/ D
COMMON/JOHNS/ S
COMMON/AYF/ ARCYR
COMMON/ZYB/ X2, Y2 5 MQ
C FITS SPL INE== Y2 AS A FUNCTION OF ARCYSB
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N= MQ

ANND = Nel
NP1 = N+1
CELX1 = AR(YE(2)=ARCYS(1)
DXl = (¥2{23}=Y2{1))/DELX}
IF {(SIGMA.LTs%.) GO TO 5
SLPP1 = SLP1
SLPPN = SLEN
S IGMAP = ABS{SIGMA) *{N=1) /{ARCYBI{N)=ARCYB{1))
DELS = SIGMATRDELX]
ExPS = EXP{DELS)
S INHS = +5#{EXPS=1, /EXPS)
SINHIN = 1./{DFELX1%SINFS)
DIAGY = SIMINE{DEL Sk.5%{FXPS+] » /EXPS J=5 INHS}
DIAGIN = 1./C1AL1
D(1) = CIACIN*{DX1=SLPP1)
SPDIAG = SINHIN®{SIAHS=DELS)

S(1) = DIAGINXSPDIAG
IF (NeoEGs2) GC TC 3
DO 2 1 = 2,KW1
DELX2 = ARCYB(I+1)=ARCYB(I)
DX2= {(Y2(I+1)=Y2{1))/DELX2
DELS = SIGMAPXDEL 2

EXPS = EXP{LCELS)
SINHS = 5% {EXFS=1,,/EXPS)
SINHIN = 1, /{DELX2%ZSINHE)

DIAG2 = SINFINR{DELSH{ SX{EXPS+1,/EXPS) }=SINHS}
DIAGIN = 1.7{DIAGLI+DIAG2=SFDIAGK S{i=133
D{I) = DIAGINF{DX2=DX I=SPD]IAG%k D{(I=]))
SPDIAG = SIkEINHK{SINHS=0DELS)

S{1) = DIAGINXSPDIAG
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DX1 = DX2
DIAGY = DIAG2
DIAGIN = 1./{CIAGCI=SPDIAGH S{NM1})

DIN) = DIAGINC{S{PFN=DX2=SPRIAG: D{NM1))
DO & § = 24N

IBAK = AElm]

D{IBAK) = D{IBAK)= S{IEAK}¥* D{(IFAK+1)
RETURN
IF {N.EQ.2) tC TDO 6
DELX2 = ARCYB{3)=ARCYR{2)

DELX1Z = ARCYB{2)=ARCYB{ 1}

C1 = ={CELX124DELX] )/CELX 12/ LELX]
C2 = DELXIZ2/7DELX1/DELX2

€3 = =DELX1/DELX12/DEL X2

SLPPT = Cixvy2{1) + 2%y2{2) + C3*x¥2({3)
DELN = ARCYB{N)=ARCYB{NM1)
DELNMY = ARCYE{NM1)=ARCYB{Nm»2}

DELNN = ARCYBIN}I=ARCYE(N=2)
C1 = {DELNN+DELN) /DELNN/DELN
C2 = =CELNN/TELN/DELNM]

C3 = DELN/DELAMN/DELNM]

SLPPN = C33Y2({N=27 + C2%YZ{NM1} + C1%Y2 (M)}
GC TO 1

DL13 = 0.

D{2) = 0.

FETURN

END

FUNCTION CUREYB({ T » SIGMA 5 IT 1}
DIMENSION ARCYB{1S50)}

DIMENSICN X2{130) » Y21{13C}
DIMENSION D{YED)
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C
C
C

COMMON/ JCHND/ D

COMMON Y/ AY E/
CUCMMONZYB/
THIS FUNCTION
THE ARCLENGTF.

ARCYB

X2 Y2 o MG

INTERPOLATES THE COUOASTLINE AT A GIVEN VALUE FODR
THE VALUE RETURNED IN CUREYB 1S THE VALUE OF Y

AT ITS PARTICULAR ARCLENGTHe. SUERCUTINE CUR3YE MUST BE CALLED BEFORE.

N= MQ
S = ARCYE(N
SIGMAP = AB
IF {1T.FQ.1

1 co0 2 I = 11

IF{ ARCYB

2 CONT INUE

J=ARCYB{ 1}
S{SIGMAY % {(N=1}/S
Y 11 = 2

s N

{(I)=T ) 2,2,3

I = N
IF{ ARCYB{Im1) oLEs T o0Re T +LEs ARCYB(1) } GO TO 4
it = 2
G0 70 1

4 DELY = TmARCYB(I=1}
DEL2 = 2RYB{ I}=T
DELS = ARLYB{I)=ArRCYB{(I=1)
EXPS1 = EXP({SIGMAP%DEL1)
SINHD1 = 3% {EXPSi=1,/EXPS])
EXPS = EXP{SICMAPXDEL2)
SINHD2 = »ES2{EXPS=1./EXPE}
EXPS = EXFS1XEXFS
SINHSE = o EXx(EXPSw1, /JEXFS)

CURSYB= ( D
S{Y2{1l=1)} =

11 = 1

FETURN

END

{I)XSINHDLI + D( Iw ] )¥SINHD2) /SINHS+{{Y2(I)=D{1))%DEL ] .
C{I=1)3¥%CEL2 })/DELS
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C

SUBRDUT INE CURIYA{ SLBP1 , SLPN s SICMA )
DIMENSION B{1S5D) , S{acCs)
DIMENSIDN X2P{128) , YzP{ 1E0)
COMMON/ JCHRES B
COMMDN/JCHNSY S
COMMONSY AY X2P » Y2P 5 MQP
FITS SPLINE==Y2E AS a2 FUNCTION OF X2F
N= MQP
NM1 = N=1
Nfl = N+1
DELX1 = XZRP{ZI=X2P( 1)
DX1 = {(Y2F{2)=Y2F (1) )/ DELX1
IF {SIGMALLT.D,) GO TC 5
SLPP1 = SiP1
SLPEPN = SLEAN

1 SIGMAP = ARS{SIGNA)X{A=1)/{X2R{N)=X2F (1))
DELS = SIGMAPADEL X1
EXPS = EXP{LELS)
SINHS = , Sx{EXFSw=], /EXRE)
SINHIN = 1./{CELX1%SINHS)
DIAGYI = SIMHINRK{DEL Sk,0%{EXPS+]1 ./ EXPS 3=S INHS)
DIAGIN = 1./DIAGH
B(1) = CDIACIN*(DX1=SLPP1)
SPDIAG = SIDMHINX{SINHS=DELS)

S{13 = DIAGIN%XSPDIAG
IF INLEG.2) €L TC 3
DD 2 1 = Za.0hWV1
DELX2 = XZP{I+4+1)=X2P{1)
DX2= {(¥Y2E{(I41)=Y2F{1))/CEL X2
DELS = CSIGMADXDEL X2
EXPS EXP{CELS)

i
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=]

3

5

SINHS = LE3{EXPSml./EXPS)
CSINHIN = 1./ (DELX2*SINHS)

DIAGZ = CSINHINK(DEL Sk {S*x{EXPS4+1 . /EXPS) )=SINHS)
DIAGIN = 1./{CTIACI+4DIAGC=SPDIAGX S{I=1})
B(I) = CIACINX{(DX2=DX1=SPLIACY B{I=1)}
SPDIAG = SINHIN¥{ SINHS=DELS)
S{I1} = CIAGCIN%XSPDIAG
DXl = DX2
2 DIAGl = DIAG?
DIAGIN = 1 .,/7{018C1=SFCIAGH SINML )
BIN) = DIAGIAR{SLPPN=DX2=SPDIACRY RBINMI )}
DO &4 1 = 24N
IBAK = MNFl=]
BIIRAKY) = B{IBRAK)= S{IEAKIX B{IBAK+1)
RETURN
IF {(N.FGe2) GL 7L &
DELX2 = XZP{R)=X2P{2)
CELX1IZ2 = X2P{3)=X2P{1)

Cil = »={DELXI2¥DELXL )/ NELX12/DELX]

C2 = DELXIZ2/DEL XI/DEL X2

L3 = =CELX1/DELXLI2/CELXZ

SLPPL = CIxy2R{13+ CZ2%Y2FP(2)+ (C3%Y2P{(3)
DELN = X2P{N)=XZP{NM]1)

DELNMI = X2F{AM1)a=X2P (Nm2)

DELNN = XzP{N)=X2P{N=2}

Cl = {(DELNNICELNI/DELNN/DELN

C2 = =DFLAN/DELN/DELNNY

€3 = DELN/DELNN/DELNM1

St PPN CRHV2P (N2 ) 4 C2XY2P{NM1 )+ CilxvY2P{N}

G0 1O
8(1}

w1

Os
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B{2) = 0o
RETURN
END
FUNCT ION CURVYAL{ T » SIGMA » 17T 3
DIMENSICN X2F{IBN) o Y2ZP {150}
DIMENSION B{1ZD)
COMMON/JOENE/ R
COMMON/YA/ X2F 5 Y2F . MQP
C  THIS FUNCTION INTERPOLATES THE SEARARD BDRY AT 2 GIVEN VALUE FOR X,
C THE VALUE RETURNELD IN CURVYA I35 THE WALUE OF Y AT X,
C  SUBRDUTINE CURIYA MUST BE CALLED EARLIER.
M MQP .
E = X2F{NY=X2F{1)
S IGMAPy= ARS{SIGMA) X{N=1} /5
IF {IT-EGe1) 11 = 2
1 DG 2 1 = I1.N
IF{ X2P {1 )=T )} 25753
2 CONTINLE

I = N
3 IF{ X2P {I=m1) oL Eo T o0Ro. T »LFs X20(1) )} GG TC 4

11 = 2

o O 1

4 DEL1 = T=X2p( I=1)

DELZ = X2P{I}) = T

DELS = X2P{1)=X2P{]=1)

EXPSY = EXF{SIGNAF®CEL1)

SINHD 1 = o S#{EXPSi=1,/EXP &1}

EXPS = FXP{SIGMAP*DEL 2)

SINHD2 = 5% {EXFESel /EXPS)

EXPS = FXPSIXEXPS
SINHS = ,S5%{FXPS=1,,/FXPS)
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CURVY A= { E(II¥SINHD1I4 B{I=31)}*SINHD2) /SINHS+{{(Y2P{1)=B{I)}%DEL] +
S{Y2P{1=1) =€{1I=1))%DEL2 J/DELS

11 = 1
FETURN
END

FUNCTION CURDYAL T , SIGNMA » IT )
CIMENSION X2ZP (1580} » YZP{150)
DIMENSICN E{150) °
COMMON/JO+HNBY B
COMMDN/Y A/ X2P o Y2P s MQP
THIS FUNCTICON DIFFERENTIATES THE SEAWARD BDRY AT A GIVEN VALUE
FOR Xe THE VALUE RETURNED IN CURDYA IS THE VALUE OF DY/DX AT Xo
SUBRCOUTINE CUR1YA wUST BE CAMLELD EARLIER.
N= MQP
S = X2P{N)I=X2P{1)
SIGMAP = ABS{SICMA)*{N=1}/S
IF {1IT7.EQ.1) 11 = 2
1 DO 2 1 = 11.N
IFT X2P{I)=T ) 2.,2,3
2 CONTINUE

I = N
IF{ X2P{I=1) +1LFs T »0Re T sLEs X2P{1) ) GO 703 4
11 = 2
GO TO 1
4 DELY = T=X2F{(I=}1)

DELZ2 = X2P(1) = ¥

DELS = X2P{I1}=mX2P{ I=]1)

EXPS1 = EXF{(SIGMAPXDEL1)
COSHD1 = S EXPS1+1./EXPS1)
EXPS = EXPF{(SICMAFXDELZ)
COSHD2 = »EZX{EXFS+1 . /EXPZ)
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EXPS = EXPS1%EXFS

SINHS = oSH4(EXPS=i, FEXPS) /SIGMAP

CURDY A= { B(I}*COSHC1= B{(I=1])*COSFD2)/SINHS+{{(Y2P{1)=B{
1 I))={Y2P{1I=1)=3(I=1}))/DELS

11 = 1

RETURN

END

SUBROUT INE CUR2YA{ SLP1 s SLPN 5, SIGMA )
DIMENSICN ARCYA(150)
DIMENSICN F{150) » S(408)
DIMENS ION X2P{150) 5 YzP{150)
COMMON/ JCHAE/ E
COMMON/JOHNS/ S
COMMON /7 AY 27 ARCYA
COMMON /YA, X2F o, Y2FP , MGF
C FITS SPL INE==X2P AS A FUNCTION OF ARCYA
Nz MQP
NM1 = N=1
NP1 = N+1
DELX1 = ARCYAIZ2)=ARCY A(1)
DX1 = {X2P{2)=X2P{1)) /DELX]
IF {SIGMALLT«C.) €O TO 5
S{PPI = <L F1
SLPPN = SLPN
1 SIGMAP = PES{SICMAIX(N=1)/(ARCYA{N)=ARCYA(1))
DELS = SIGWNAP*DELX!
EXPS = EXP{DELS)
SINHS = o5%{EXPSm] ,/EXPS)
SINHIN = 1./{DELX1%SINHS)
DIAG] = SINHIN®{DEL SkeS5%(EXPS+1,/EXPS)=SINHS)
CIAGIN = 1./C1AC!
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W N

E{13 = CIACINR{(DX1=3LPP1}
SPDIAG = SIAHINR{SINHS=DELS)
S{1) = DIAGIN*SPDIAG
IF {N.EG.23 C¢L TO 3
DO 2 1 = Z,h¥1
DELXZ2 = 2RCYA{I+1J=ARCYA{I}
DX2Z= (X2P{I+1)=X2F{1))}/CEL X2
DELS = SIGMAPXRDEL X2

EXPS = EXP{TELS)

SINHS = 5% {FXFS=1,.,/EXPS}

SIMHIN = 1, /{DELX2%TINHEL)

DIACZ2 = SINFINXIDELSH{ SH{EXPS+1./EXPS) ImSINHS)

DIAGIN = 1. /iDTAGL+DIAG2=8SFLIAGH S{i=1)13
E{11) = DIAGIN®I{DX2=DXI=SPDIAGR E{I=1))
SPDIAS = SIMN-INX{SINHS=LELS)
S{1) = DIAGINESPDIAG

DXl = DX2
DIAGY = CIAG2
DIAGIN = 1./7{DIAGI=SPLIAGxX S{NMT 33
E{NY) = DI AGIN*{SLPPN=DXZ=SPDIAG* E{NM1))
D0 4 I = 2455
IBAK = NPi1=] .
E{igsK ) = ELIBAK )= S{IBAKY® E{IBAK+ 1}
RETURN
IF {N.FEQ.Z) GC TO &
DELXZ = 2RCYA{3)=ARCYA[Z2)
DELX1Z2 = ARCYA{(3})=AFRCYA{1)

Cl = ={DELXI2+DEL X1 }/DELXI2/DELX1

L2 = DELXI2/CELX1/DEL X2

C3 = =DLLXI/DELXI2/DELX2

SLPPI = Ci#%x2P{ 13+ C2%x2P{2)+ { 3%xX2P{ 3}
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DELN = ARCYA{N)=ARC YA{NM1)

DELNMI = 2RCVAINMII=ARCYAIN=2)
DELNN = ARCYA{(NI=ARCY A(N=2)
C1 =  (DELNNADELN) /JDELNN/DELN

C2 = =CTELNN/TELN/DELANMI
C3 = DELN/DELAN/DELNMM]

SLPPN = C2IXN2PIN=2)+ C2RXZP{INM1II+ C1¥x2P{N)
68 7O 1
& E{1) = C.
F{2}) = 0.
FETURN
END

FUNCT ION CURAYA{ T 5 SIGMA » IT )
DIMENSICN ARCYA(150)
DIMENSICON X2ZB(189) 5, Y2P{150)
CIMENSION E{181)
COMMON/ JCHRE/ F
COMMON7AY A/ ARCYA
COMMONZY &7 X2P , Y2P , MQP
C THIS FUNCTION INTERPCLATES THE ST AWARD BCRY AT 4 GIVEN VALUE FOR
C THE ARCLENGTF. THE VALUE RETURNED IN CUR4YA IS THE VALUE CF X
C AT 1TS PARTICULAR ARCLENGThs SUEROUTINE CUR2YA MLST BE CALLED BEFORE.
N= MOP
S = ARCYA{N)=ARCYA[ 1)
SIGMAP = ARS{SICMAIX{N=1)/S
IF {I1T.FQs1) 11 = 2
1 DO 2 1 = 11,N
IF({ ARCYA{I}=T J 2,2,3
2 CONTINUE
I =N
IF{ ARCYA{I=1} oLEe T o0Rs T oLEe ARCYA{1) ) GO TO &

W
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C

i1 = 2

G0 7O 1

4 DEL1 = TwmARCYA(I=1)
DEL2 = 2ARCYA{I)=T
DELS = ARCYA{I)=ARCYA({I=1)
EXPS1 = EXP{SICMAP*DEL 1)
SINHDY = o5%¥{EXFS1lm=1,/EXPS1)

EXPS = EXP{SIGMAP*DEL2)

SINHDZ = L-S5%{EXPSw=] ,/JEXPS)
EXPS = EXPRSIXEXES
SINHS = +EMFXPSml, /FEXPS)

CURAY A= { EUIIXSIAHLI+ E(I=1)XSINHDZ2I/SINFS#+((X2P{ T )=E{ I} )*%DEL1
S{x2P{ I=1) =£{ I=1))%DEL2 ) /DELS

11 = 1
RETURN
END

SUBROUT INE CURZYA({ SLP1 , SLPN , SIGMA )
DIMENSICN ARCYA(150)
DIMENSION XZP(15C) » Y2P(150)
DIMENSION F(180) , S5(408)
COMMON/ JCHAE/ F
COMMON/JORNS/ <
COMMONY/ 2Y 2/ ARCYA
COMMON /YA, X2F , Y2F , MGF
FITS SPL INFewY2P AS A FUNCTION CF ARCYA
N= MQGP
NM1 = Nw=1
NP1 = N+1
DELX1 = ARCYA{2)=ARCYA{1)
DX1 = {Y2P(2)=Y2P{1)) /DEL X1
IF (SIGMALLT.0.) G TO 5

%+
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SiPP] = SLP1
SLPPN = SLFEN
1 SIGMAP = ABS{SIGMA)*{N=1) /{ARCYA{NI=mARCYA{1}}
DELS = SIGMAPIDEL X}
EXPS = EXF{DELS)
SINHS = (Ex(EXES=1, /FXFES8)
SINHIN = 1./{DELX1*SINHE)
CIAGE = SINHINY{DE S*.5%{ EXPS+1,/EXPS)=SINHS)
DIAGIN = 1./7DIAG1
F{1) = DIAGIN¥{DX1=SLPP 1)
SPFDIAG = SIMINY(SINHS=DELS)
S{1) = DIAGIN¥SPDIAG
IiF {NL,FEQ.2) GO TO 3
DO 2 1 = 2, hNM)
DFEL X2 = ARCYA{I+1)m=ARCYA{I)
DX2= {Y2P{141)=Yy2P( 1))/DEL X2
DFLS = SIGMAPXDEL X2
EXPS = EXP{DELS)
SINHS = o5%{EXPSw] .,/EXPS)
SINHIN = 1.,7{DELX2%SINHS)
DIAGZ2 = SINHINX{DELS*(+5%{EXPS4+1.7EXPS) )I=SINHS)
DIAGIN = 1, /{CIAG1+L1AG2=SPLIAGY S{ I=13%)
F{I) = DIAGIN¥{DX2=DX1=SPDIAGY F{I=1))
SPDIAG = SINHIN%X{ SINHS=DEL S)
S{1) = DIAGCINXSPLIAG
DX1 = DX2
2 DIAGL = CIAC? )
2 DIAGIN = 1./{CTACIwSFELIAG* S{MMLY)
FIN) = DIAGINXx(SLPPN=DX2=SPDIAG* F{NM1))
DO 4 1 = 2sN
I{BAK = NP1=]}
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C
C
C

4 F{IBAK} = FLIEAK )= S{TIEAR }* F{ IBAK %1

RETURN
5 IF (N2EQ.2Y GO TO &
DELX2 = ARCYA{3)=ARCYA{2)}

DELX12 = ARCYAI 3)=ARCVYA{ 1)

Cl = ={(CELX124DELX1 WDELX12/CEL X1
C2 = DELX12/DELXI/DELX2

C3 = =DELXI/DELX1Z/DEL X2

SLPP1 = CIXY2F {13+ C2%vy2P{2)+ C3%xv2P(3)
DELN = ARCYAIN)=ARCYA{NM1)
CELNM1 = ARCYA{NM1)=ARCYA{(N=Z)

DELNN = ARCYAIN)=ARLY A {N=2)
C1 = {DELNNIDELN) /DELNN/DELN
L2 =DELNN/DELN/DELNM 1

C3 = DELN/DELNMNN/DELAM]

SLPPN = CI22v2P{(N=2)}+ C2*%YZP{ANM1)+ CI1%XY2P{N)}

GC YO 1
5 F{1) = D,
F{2) = Co,
RETURN
£ND

FUNCT ION CURSYA{ T , SIGMA , 1T 3}

DIMENSICON ARCYA{(152)

DIMENSION XZRP{1E08) » Y2P{150)

CIMENSION F{189)

COCMMONZJCHAFRY F

COMMON/ZAYA/ ARCYA

COMMON/Y A7 X292 , Y2P , MQP
THIS FUNCTION INTERPULATES THE SEAWARD BURY
THE ARCLENGTr. THE VALUE RETURNED IN CUREYA

AT A GIVEN VALUE FOR
IS THE YALUE CF ¥

AT I7S PARTICULAR ARCLENGTH. SUERQUTINE CUR3YA MUST BE CALLED BEFORE,
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[\

N= MQOP

S = ARCVYA{RI=ARLYALL)

S IGMAR = ABS{SIGMA)®{N=1) /=
IF {ITLEQ-13% 11 = 2

DD 2 I = I1sN
IF{ ARCYA{I =T ) Z22»,3
CONTINUE

I = N

IF{ ARCYA{ I=1) o0 Fs T o0R. T oLE» ARCYA{1Y 3y GO TO 4

11 =2

50 TO 3

DFL ] = T=ARCYA{ =1}’

DEL2 = ARCYA{I)=T

DELS = ARCYA{[)=ARCYA{I=1)

EXPS1 = EXP{SICMAPXDEL 1)

SINHDL = .3%{EXFSi1=23,./5EXPS1)

EXPS = EXP{SIGMAP%DEL 2}

SINHDZ2 = o5%{EXPSw] JEXPS)

EXPS = EXESI%EXDS

SINHS = LEZ4{EXPS=i. /FXPS}

SINHS = oS%{EXES=],/EXFS)

CURBYA= { FLIMXSINHDI S+ F{I=l )*SINRD2}/SINES+{(V2P{I }=F{ 1)) 4DEL
9iy2P{iI=1) =F{ I=1)3%DELZ JI/DELS

IT = 1

RETURN

END

FUNCTICHh SINBI{X)

Y= X

SZEXP{X)=EXP{VY}

SINH= T/2.

RETURN

3



el

END

FUNCTION COSHIX)
Y =m¥

T S= EXP{X)+EXD(Y)

COSH= S/2.
RETURN
END




APPENDIX B

FORTRAN Listing of Program GRID
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DROGRAM GRIDe, DETERMINES THE LOMPUTING GRID DATA FOR INPUT
TO PRUGRAM SSURGEe IT 15 ASSUMED THAT THE CONFUORMAL MAPRING
OF THE REGION IS COMPLETE { FPROGRAM CONFORM ) wWITH QUTPUT OF THE
CREFFS,

GRID FOR HURRICANE CARLA

DIMENSICN CgBL200) -, COC{200)

DIMENSIIN X2{10D0) . ¥2{1000}

DIMENSICN X2P{1000) , Y2P{1000}

DIMENSICN ATXA{1000) » ATYA{1000) » ATXB{100) » ATYB{1000)
DIMENSION XI{47) . ETA{18) , X{47,15) » Y{47:15) o Z{47,:15)
DIMENSION SX{100) » SY{100}

DIMENSION A(S5) .B{(3).C{53,1IC{(5}

COMMON FYE/ X2.Y2:MQ

COCMMON /Y A&7 X2P,v2P,MQP

COMMON/ XIETXY/ X1 2ETA XY

CCMMON/ZSEXY/ SX.SY

COMMON/ED/ XKBETA,BZPBT -.BZMBT

CUMMON /FORTA/ COBCOC,BZR T XK s NMAY

READ NUPMBER QF COEFFS, NUMBER OF XI LINES+2, NUMBER OF ETA LINES,
VALUE OF DELTA S STAR IN NM, FIRST VALUE OF S STAR IN NM, VALUE OF
DELTA T STAR IN MINUTES. NUMBER 0OF DEPTHS, NUMBER OF POINTS

READ{(S 51 INMAX s NUMXI s NUMETA o DEL SS o SSTRT;DELT T NDu NS

FORMAT{ 314, 3FS.1s 218}

SLMAP=860s/%10
XLAMDA= 360,



Gl

26
27

XIDUM= Z80,0%2£,0/33,¢C

Pl = 3.,141593

KK = PI/ZALANMNDA
SIGMA = =1,

G= 32.2

RUMET]I = NUMETA=m]
NUMXI 1= NUMXI=1
DUMNIZ2= NUMXI=2

READ (£,27) BETA.BZRQO
BC 26 N=i,NMAX

READ {(5,27) CCEIN) »LOCHINI

CONT INUFE

FORMAT {2E14.7)
BZPET= BZIRO + BETA
BZ¥MBT= BZRO = BETA
XKBETA= ARKREETA

CETERM INE SHOREL INE CODRDINATES { XI.ETA)
COORDINATE SYSTEN {(Sk,T*),
S% AXIS IS PARALLEL TD XI AND IS REPRESENTIVE OF

ARCLENCT Fo

T AXIS IS PAFALLEL TC ET2 ANL IS REPRESENTIVE OF LUONC wWAVE

TRAVEL TIMES

DETERMINE TRARSFCRM GENERATED COASTLINE AAND SEA BDRY

N3=1
hNa= 121
DELXI= XLAMDA/ {N&=1}

IN TERMS OF A STRETCHED SHELF

COASTLINE



91l

85

C %k
CHkxk

C0 85 I=N3.h4

XID = {I=1)*%DELXI

CALL TRAN{ XCoYCs» XSsYS, XID }
ATXB(1)= XC

ATYB{I)= YC

ATXA{1)= XS

ATYA{I)= YE

CONT INUE

WRITE(6,29)

WRITE(€53%)

WRITE{6,79)

CALL XUTH{ ATXEB s ATYB , N3I,N4 }
WRITE{(£,25)

WRITE{(H5.49)

WRITE{6 +69}

HRITE{ €.75S)

CALL XUTH{ ATXA » ATYA » N2 » N4 )

DETERMINE TRANSFORM GENFRATEC ARCLENGTH UOfF CCASTLINE AND SEA BDRY
AS A FUMCT ION OF {EVENLY SPACED) XI.

Y2{1)= 0.

X2{1)= 0D,

X2P{1d= C.

CO 91 I=N3,N4

Y2{1¥= {I=13*CELXI

I1= I+1

IF{ 1 -EQs N4 )} G 70 G1

DELX= AES{ ATXEB{ID)=ATXB{1) }

DELY= ABS{ ATYB{II)=ATYB{I) }

X2{IId= SLMAP*SQRT{ DELX*DELX + DELY¥DELY )



il

g1

29

69
7S
39
99

39
4G
49
50
59

X2¢IId= XZ(I1) + X2{(1)

DEL.X= AES{ ATXA(II)=ATXA{1I) )}
DELY= ABS{ ATYA{II)=ATYA{I} )
X2P(I11)= SLMAPXSQRT( DELX¥DELX + DELYXDELY )
X2P{I1)= X2F(II)Y + X2F{1)
COCNTINUE

WRITE(€.2G)

WRITE(6,79)

WRITE{£.89)

CALL XUT( X2, Y2:N3sN4 )
WRITE{(E,29)

WRITE(E,7%)

WRITE(£E,8G)

CALL XUT{ X2P,Y2sKh3 N4 )

FORMAT{ 1H1s//5s4EX, 3CHREGION===i AGUN W¥ADRFE TC MARSH ISLAND
FORMAT {///.55X,21HCOASTL INE CUOCRDINATES, //}

FORMAT ( E2 XL EHCRIGINAL »// /7))

FORMAT (/7/775s51X5, 28HSEAKRARD BOUNDARY CCORDINATES)

FORMAT {S3X,2aH{ 100 F¥ DEFTEF CONTOUR ) /7))

FORMAT {S4X,22HINTERPCLATICN BY SPLINE.//7/)

FCRMAT ( /7 )

FORMATY{ SEX,1SHTRANSF{RN CENERATEL »/// }

FORMAT( SCX,30HARCLENGTH, XI ALONG CCASTLINE,///
FORMAT { 47X.37+ARCL ENGTH. X1 ALONG SEAWARD BOUNDARY///
MQ= N4

CALt CURVI( SLP1,SLPN,SIGMA )

DETERMINE APPROPIATE VALUES OF X1 SUCH THAT DELTA S%x IS CONSTANT .
WRITE(6529)



8il

sl el e N aNe!

113

WRITE(S,1132)

CRVEL A

TOTAL OF IIC{IRGI=NUM O

TWl EXTRA XI LINESw

USER SUPPL IES FXPARSION

S=D ARz A4B & {S ) 2%

iRG= 5

IICiid= 12

11C{2y= 4

1IC{ 3)= 7

1iC{4 )= 9

1IC{53)= 186

A{1)= C 0E8T7IREFLR

sEDE

E{ld==N ,587Q73ISFI05
Cl1)==D 00443 00EFDD
Al 2)=m=",13CER1EF+ L3
5(2323 5

C{2)=1.

A1 3= D 4TEBLELTH T
B(3i==3 ,3038714E+17
C{3) =N , 17076C4aF+ 7Y
A{G)=D.

E{ad)=1o

C(&'}:le

A{S)i= C.287D1C2E+T3
B(S5)z 04707733 F=11
C{SB)= C,DL1EL162E+C1

FORMAT( 7,/ +53% , 33HSTRETCHED SHELF COORDINATE SYSTEM N
9/ s 39X, S2HEVENLY SPACED IN S=STAR (DISTANCE FARALLEL TC CCAST)H ®
D/ s2OR s DTHAND EVENLY SPACED IN T=STAR (TRAVEL TIME NORMAL 70 CQOAST)

FOINCREMENTS COF DEL $%., REMEMBER THERE ARE
ONE AT EACH END OF THE GPID,
CCEFFS AsEB,C FCR EACKF RECION OF TrE CURVE



611

Tia

115

YRITEI(E,114)
FORMAT (29X, 11D S PL/D S*

Q77

K2= 0

Ki= 1

DO 120 I=1,.IRG

Al= AL}

8i= 8(1)

Cl= C{ 1}

HRITE(6,115) 152181, C1

9 GHe EHE=STAR s 7X o1 OHES=PARALLEL 311X ,PHXI,

FORMAT{ /. 1X ,7HREGION 2 11 o 3X0HA B O s 3{2XsE18.7 )73

K2= K2+11C113}
K3= K2+1

DO 118 J=K1 K3
K=J

XECUM= SESTRT 4 (J=1 )%DELSS

CALL CUFRFVSY XCUWLSCULNM,CDUM,ALB1-C1 )

XI1{4)= CURV2{ SDUM, SIGMA K

)

WRITF{E,117) DDOULMXDL¥ SDUMXI (U)o J -
FORMAT{ RBOXsF8:40 10X9F Lo 135X +F€519FXsF801 o &XMNoI2 1}

CONTINUE
Ki= K3
CONT INUF

CXT YALUES NOW KRCOWN FCOR EVENLY SPACED INCREMERTS OF Sx.

PROCEED ING TO FIND ETA VALUES FOR EVERLY SFACED INCRENENTS OF TxXxo

&

DETERMIAE ARCLEANGTH ALCNEG

A FARTICULAFR ISTLIAME OF XI ( XIDUM J.



02l

[aNa e XAl

999

94

97
98

DELETA= 2,0%BETA/(NS=m1)
X2{1}= D,
WRITE {€,2%)
WRITE{E+79)
WRITE{6,989) X ICUM
FORMAT( 41X,33HARCLENGTH (N NI),ETA ALCNE X I= s FB 3,7/ )
CO 94 J=1,NS
Y2{J) = =mEETA 4+ (J=1)}#CELFTA
CALL TRANI({ XDUM,YDUM, XIDUNM,Y2{4)
X2P{J)= XQUM
Yyep{J)= YDUWM
IF{ J »EQs. 1 ) GC TC G4
Jd= Jmi
DELX= ABS{ X2F(JY}=X2F{J4J) )
DELY= ABS{ Y2P(J)=Y2P{4J) )
X2 (3)=  %2(J3J) + SLMAP*SQRT( DELX*DELX + DELY*DELY )
CONTINUE
CO 98 I=1,NS
WEITE(6s97) TsX2{13sY2(1) +X2P{I),Y2P (1)
FORMATY 42X 122X oF Ee1olHy3F 723,10XsF 6.1 3145 9F6 .1 )
CONT INUE

MQ= NS
CALL CUFRV1I{ SLP1,SLPN,SIGMA )

DETERMINE AFPROPIATE VALUES OF ETA SUCH THAT DELTA Tx IS5 CCNSTANT.
READ WATEFR CEFTH (FNM) AT ND PLACES EVENLY SPACED ALONG XI=XIDUM.

NE1= ND=1
DELS= X2{NZS)/ND1



121

C

C

Y2P{1)= 0.
DG 123 1=1,ND
READ( S, 124) SY(1)
J=1+1
IF{ 1 -EG. NC 3 GC 70 123
YP{di= Y2r{1) + DELS

i23 CONT INUE

124 FCORMATL FE8.2 ) -

DETERMINE LONG WAVE TRAVEL TIME (MIN) ALCNG XI=XIDUM.

X2P{1)= 0.0
DO 128 =1,ND1
J=1+1

Fi1= 1.0/SCRTL CASY{1)*6,0 )

F2= 1C/SCGRT{ G*SY{ J)*E.,C )

X2P{Jd)= X2P{1) + {(F1+F2)#{Y2P(J)myYZP{ I} )}*5C.C
128 CONT INUFE

Tiw= X2F{NL)

MQGP= NC
CaLl. CURV3{ SLFP1,SLPN,SIGMA )

WRITE{(£,25)
WRITE(H,131) XICuwm
131 FORMAT( 7CXs3HXIT2F 6,13/ 313X 8HD T/D T% ,12X,6HT=STAR
FEXs BHS=NIRMAL 5, B8X93FETA , 10X, SHDEPTH, // )
DO 133 1=1,AC
127 WRITE(E,134) X2F(1),Y2P(I1),SY{1)
134 FORMAT( 43XsF€.126XsFE,1021XeF€E21 )

TOTAL OF IIC{IRG))=NU¥ CF INCRFMENTS OF DEL=TXx.,
EXPANSICN C(URVE== T= A$EX{T#* )}*%%C

s X4 HT IME

3



el

IRG= 2

1ICL{10= 4

1IC{2)= 10

TiMi= I1C{1)%CELTT
TIM2= IIC{2)%DELTT
A(1)= C.

C{13= TIMIZ{TIVeT IM2)
B{1)= {(TIM=mTIN2)RTINMIkx{=C{1})
A{2)= T iMaTIMl=TIN2
B{(2)=1.

T{2)=1>

IF{ 11C{134+1 -EG». NUMETA ) DELTT= TIM/{NUMETA=1)

IF( TIC{1Y+1 oFCe NULMETA ) BI{1)=1.
IFL ITIC{1341 oEQe NUMETA 3 Cl{l)=1i,
WRITE(5:29)

WRITE{€,113)

WRITE(6,131) XIDUM

Kz= O

Ki= 1

CC 146 I=1,IRG
1= AlIY

Bi= 8{1)

Ci= C{13

WRITE{E,115) I,A1,B1,C1
KZ2= K2+ 1I1C{1)

K3= K2+1
L0 145 J=K1,K2
K=J

wWwDUM= { J=1)%DELTY
CALL CURVS{ WCUMXDUM,DDUM, AL1,81,C1



gel

YoUM= CURV4({ XDUM,S IGMA, K )

ZDUM= CLRV2{ YDU¥SIGHALK )

ETA{J)= ZDUWM

IF( J EGe 1 ) FTA{ J)==3BETA

IFL J 5CGe NUNETA ) ETA(J)= BETA

WRITE{ €:,1432) DDUMLWDULM L, XBUMLYNULM,ZDUM, 4
123 FORMAT { 11XoFB e85 12XeFfolsEXoFfolafloFfolosTHsFT7e392X,12 )
145 COCNTINUE

Ki= K3
146 CCNT INUE

% o e ok ok ol o o o s 3 ok ok sk ok ok 3k o s sl o ke T ook ok gk ok ok sk ok sk ok ol e ke ok sk ok e sk ok o st e o s ook ok sk B ok ok e ok

Chkkx THE VALULDS (F XI ARD ET2 ARE ANOW CETERNMINED FERMITTYING OUTRPUT/

OGO N0AO

OO A0 NN

& ek FPUNCH OF ALt ONMPUT ING GRID DATA.
Xe¥Y GRILD FCINT LLCATICNS
SCALE FACTOR My {XI}
SCALE FACTOR NU {(E7Ta)
SCALE FACTCR S (X Y/X1.FTA)
COS AND SIN THETA = CORIENTATION OF XI AXIS 7L X AXIS

* Ak COMPUTE X,Y CCORDINATES CF GRID PUINT LCCATICAS
CALL SHECCR( CELSS»NUNMXTI CELTT,NUNMET A, SLMARP )
PUNCH Xo,Y (LLERTCIMNATES FERE AS READ IN PRJOGRAM SSURGE WITH NAME XXo.YYe

THESE COORDINATES ARE IN ARRAYS XY FQOR I=2,3m=mNjMX =]
ANLC J=15;2==NUMETA



el

Tk ok

200

201

262
204

211
212
214

COMPUTE SCALE FACTOR MU

WRITE(6,200)

FORMAT( 1H1+/7+50X%X,35FFURKICANE CARLA COMFUTING GRID DATA
WRITE(E,201)

FOCRMAT{ // 460X+ 1SFSCALE FACTOR MU /7 )

DO 204 I=2,ANUMXI1

J=Im1 '

SX{J)= { XI(I+413¥=XI{I=1) )}/2./DELSS

WRITE{E,202) J»SX(J)

FORMATL €0X, 3FMU( -+ 12, 3H)= LE14.7 )

CONTINUE

PUNCH MU RERE AS READ IN PROGRAM SSURGE ®wITH NAME DSDXI,

MU IS IN ARRAY SX FUR I=1,.2==fNUyMXI=Z

CCMPUTE SCALE FACTOR NU

WRITE(6s200)

WRITE(6,210)

FORMAT{ //,60X, 1SHSCALE FACTOR NU s /7 )
SY{1)= {ETA(2)=ETA(1))/DELTT

SY{NUMETA)= (ETA(NUMETA)=ETA{NUNET1))/7DELTT
DO 214 J=1,NUMETA

IF( J «EGs 1 o0Re J sEQe NUMETA ) GO T3 211
SY{J)= (ETA{J+1)=FETA(J=1))/2./DFLTT
ARITE(6+212) 4 » SY(J)

FCRMAT{ AOXe3FNU( 212 3+ )= o E14 67 )
CONTINUE



OO0 AaN

Gel

PUNCH NU HERE AS READ IN PROGRAM SZSURGE wITH NAME DTDET.

NU IS IN ARRAY SY FOR J=1,2~==NUMETA.

k%K COMPUTF SCALE FACTOR F AS READ IN PROGRAM SSURGE WITH NAME S.
RECALL F IS SGRT CF AREA IN XY PLANE / MUMNUYDELSS*DELTT
FIRST COCNMFUTE AREA OF EACE QUADRANGLE SUB=DIVEDED INTO
IQUAD INTERVALS BETWEEN X1 L INES ANC JQUADL INTERVALS BETWEEN
ETA L INES

IQUAD= 4

SQUAD= 2

KCP= 1

CALL TRANZ{ KCPy Ta s Cos CGes O os Ts )
K3pP= 2

WRITE{(H,200)
HRITE(E.,3CC)
300 FORMAT {// 260X 14HSCALE FACTOR F o /7 )
CC 330 I=1,NUmxX1i11
DELXI= {x1{14+1)=Xi{1))}/71GQUAD
FRST= XI{I) +BELXI/ 2.
C0 310 K=1%IGUAD
3190 X2{K)= FRET + (Km=1)*DELX]
CC 330 J4=1,NUMETI1
DELETA= (ETA{J+1)=ETA{J))/JGQUAL
FRST= ETA{J} + DELETA/Z2.
SU¥= Co.
DC 320 K=1,ICLALD
DO 320 L=1.,J0UAD
DUMET A= FRST 4 {L =1 3%CELETA
CALL TRANZ2{ KOPsX21K) sDUMETA0.+0F1,DF2 )



92|

SUM= SUWM ¢+ CFiXCF1 + L[F2%CF2
320 CONT INUE
X{lsJ3)= SUNXDELXIXDELETA
330 CONTINUE
FALI= 2. %DELSS#*DELTT
FaC2= 2.%Fa(1
N= NUMETA
CO 370 I[=1.NumMxI2
Z{I1-1)=SCRT({X{LI-1)4X {141,133/ FRACI/SX(II/SY L1}
Z{TsN)= SQRTIIX{I oN=13+X {141 =1} ) /FACL /SX{I)/SYINID
CO 370 J=2-NUMET]
ZLI 033 = SCRTIAX (I sJIEX{I+1,, 394X {1oJ=l )4X {1241, Jdmi )/ FACZ/SXLII/SY{I
S 3
370 CONTINUE
DL 390 J=1-.NLNMETA
WRITE(#,3813 J

381 FOCRMAT { //- 10X, 11HROW NUMBER 21257/ )
WRITE{(5 3823 { 1:7{1s03e 11 ,MUMXIZ2 3}
382 FORMA T{ F{I4,2XsE 14, 7:4X))

390 CONT INUE
PUNCH F HERE AS READ IRN FROGRAM SSURGE WITH MNAMFE S, SCALE FACTOR F

IS IN ARRAY 2 FOR I= 1y 2»=NUMXI=2 AND J=1,2==NUME TA

% Ak COMPUTE COS AND SIN THETA = ORIENTATION OF XI AXIS 7O X AXIS.
RECALL o, THETA IS A WEIGHTED AVERAGE.

s NNl ol el

WRITE{A,200)
BRITE{A 23953
395 FORMAT{ //, E7X, 27HVALUES OF (C0S AND SIN THETA s /7 )



lel

(o NaNaNS

CC 400 I=1.hUMX]
XID= XI1{13
DO 400 Jd=1  NUFMETA
ETAD=" ETA2{J)
CALL TRANZL KLELXIDLETAD, ANCLELLF1.,CF2 3
Z{154)= ATANZ2{ LCFZ,DF1 )
ans CONTIRNUE
NE O NUMETA
CO 410 I=Z2 . NUMXIL
K= Iw=} -
H{Ko1)= COST{{Z{I=1,51 342 % Z{T,23+2(1%1613% 4-,%2{1,1)23/8,)
YiKs10= SIN{{Z{I=ml, 1)42:%7{ 1233201+ 1,104 4.%7{1:1))/8,}
XK{K o) = CCS{(Z{Iml o h )2 % 2{ T oNm1332{ I 41N I+8:%Z{INII/BLY
Y{KoNI= SIN{{Z{I=1 0} +2:%Z4T ,n=1)+Z2{(131 o N}F8 %72 IsN}I/B:}
CO 410 J=2,NUNETH ' '
K{KoJdd= CCSU{Z{I=1, ) #2{1,0=134Z70 141034201, +13%4-%7{1:3})/8s1}
Yiodd= SINITZ{I=1,J34+7{1:3=1)F2{ 1%L 00047241 o+l 348,72 {1,0)3/ /B3
410 CONT INUE
DT 440 J=1.hUNETA
¥RITE{E,321} J
WRITELS:4303 4 IoX{Is33eY{1l03)s IZ1NUMXIZ)Y
% 30 FORMATI E{I3+s2%sFB2551XeF854X%X)1}
440 CONT INUE

PUNCH COS AND SIMN THETA HERE AS READ IMN FRUGHRAM SSURGE W ITH+
NAMES COSG AND SINC. THESE YALUES ARE IN ARRAYS X AND Y FOR
I=] o2me MK [=2 BND J=l e 2==NUMET A, -

STOP
END
SLBROUTIAE XUT{ Xe¥Y N1 N2 3



1A

10
11

20
21
298

DIMENSICN X{1920%) » Y(in0n)
M= N2=N1+1

¥la= M/4

Moz M14%4

IADD= M=M4

DC 10 I=N1.M14

J= I+M14
K= J+M14
L= K+Mi1 4

WRITE{Es11) ToaX{I)oY{I)oJdoXT J) oY (J)eKeX(KYsY(K)sbloX{LJ}oY (L)
FORMATI 4{EXs 14:2XsFBoly1XylHgy 1XsF EalsEX) ‘

IF{ TACC .EC. ? } GU TO 28
IF{ IADD .FQes 1 ) NUMLI= NZ
IF{ TACC o,FQes 2 ) NUMI= NZz=1
IF{ TADD EG. 3 3}

DO 20 I=NUNI-N2
WEITE(6,21) I+X{1)eY (1)

FORMATY 1CEX T4 :2%sF6al sl XslbseslXsFH,1+6X

CONT INUE

FETURN

END .

SLBROUT INE SHRCCR({(
OINMENSICN XI{47) » ETA(1Z)
CIVMEANSTICN SXA{10C) , SY{(100)
COMMON/XIETXY /7?7 XI 4sETA XY
COMMON/SXY/ SX,SY

MUMPG= MUNVNXI/S

TADD= NUMXI=ZAN{UMEG

NPAGE= 1

DO 40 1= sMhUNMXI

DO 40 J=1,.,NUMETA

NUNL= N2=2

DELETA, NUNMETA,,SLMAP
Y{47,1%}

DELXT s NUMXTI &
x{47.15)



62l

4n
55

60
62

CALL TRANIT{ XDUNYDULWNMXI{I1),ETA(J) )
X{i,J)= XCUM
Y{iIsJ)= YDUW
CONTINUE
CONT INUE
WhITEF(6,900) CELXI s, DELETA
Ni= NPAGE*E =4
hN2= NPACE=#S :
IF{ N2 .G7T. ANUMXI 3} GC TC 8¢
IFL NUMPG .EQ. £ ) GG TO &2

I1= N1

I12= Ni1+1
[3= N1+2
14= N143
1= Ni1%+4

WRITE(E,GC3) XI(I1) - XT{I2)eXT{I3)eXI(I14) oXI(I5)511,12,13,14,15

CC 70 K=1,NUMETA

J= NUMETA=K4 1

Jd= Je=1

CC 60 I=N1,N2

IF{ I +FEGe NUMXI ) GL TO B2

11= 141

CELX= AES{ X{I11+J)mX(I,J) ?

DELY= ABS({ Y{(II,Jd)=Y{I,J) )

SX{ I3}k SLMAPISQRT( DELX*DELX + DELYXDELY }
CONTINUF

CONTINUE

IF{ TACLT LEGCa 0O oANLCoe N2 EQae NUMXI ) GO TO €4

WRITE(E,SC4) ETA204) oX{T119d) oY {I1oJ)sSX{I1IsX{12,J3,Y{12,3)-SX{12),

GX{I3s )Y {I35J0aSX(I3FaX(T453)sY{I4,3)sSX{14)sX(I5:J),¥{1I5,3}
9SX{15) 4

®



oel

&L 7O 65
54 CONTINUE
YRITE{E,80E) ETA{ I oX{ 11533 oY (I 10U sSXTT1) X125 o¥ {12,038 X11I2)¢
OHL{I35. 33 {IB,3)eSHYL{IB 1 oX{ I 3)oYL 14653335 X{14)sX{1I5,0%:¥{I5s3)s J
&8 CONTINLUE
IFL K -EQ . NUMETA ) GO 70 70
DO 58 I=N1sh2
DELX= ABS{ X{I,443=x{1,4) )
CELYy= ABS{ Y{I.,JJ)=Y{1,3) )
Ey{I)= SL¥VAPXSCFRT{ DELX¥CELX + CELY®CEY 3
68  CONT INUE
WRITE{6.,908) SY{I1},SY{(12)-s8Y{1I3)-5Y{14),3Y{1%)
70 CONTINUE
IF{ JADT oEQ s 0 ANDs N2 EQ. NLMXI 3 GO 7L 130
MPAGE= NPACE + 1
GL 7O £E
B0 CONT INUE
IF{ TACT +EC.
IF{ 180T -EQe
IFL IACC oECe
IF{ TADD < EQs
10¢ CONT INUE
1i= M1
i= 11
WRITE(S-91M0) XI{113,141
DO 102 w=1-.hUMETA
J= NUMETA=K 41
Jd= Jml
WRHITE{E:,811) X{I1ed)a¥{11 o)
IF{ K EQ - NUMETA )} GO T4 102
CELX= 2ES{ X{is43¥=x {1543 3

G0 TO 1462
GG 70O 110
GC 708 120
GC TC 13D

Fo AV
o e ws



1€l

102

CELY= PAES{ Y ({1:3d0=v ({1533 )

SY{1d= SLMAPXCSQORYT{ DELX*DELX + DELY%®DELY )
WRITE{E,812) SY{(11)

CONTINUE

GO 70 1820

CONT INUF

fl= NI

I12= Ni1i+1 i

WRITE{G:914) XI(I11)sXI1{12%9f1s12

DC 114 K=1,hUNMETA

J= NUMETA=K+ 1

Jd= Jd=1

DELX= AES{ X{I2:4)=X{11,4) )

DELY= ABS{ Y{I2:J3=Y{11,3) )

SX{i{il )= SLWVMAP%SCERT{ CELX*CELX + DELYXDELY )
WRITE(E9158) X{ 1103 oVY¥{I1s3)eSX{I1) X L{I2:3%sY {12,353
IF{ K -EQ. NUMETA ) GO 7O 114

EC 112 i=11,12

DELX= ABS{ X{I1.JJd¥=x{1,3) )

CELY= ABS{ Y{( 1503 0=Y{Is4} )

SY{iI)= SLWAFXSCFRT{ CELX*LCELX + DELY*DELY 1}
CONTINUE

WRITE{H 918} SY{I1).8S¥{(IZ}

CONTINUE

GO 7O 180

CINTINUE

Ii= Ni

i2= N1+1

I3= Ni+2
BWRITE(E,C17IXTI{I1 I XI{I2)sXI(T13)-11,12513
CO 128 K=1,NUMETA
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J= NUME TA=K4+1

Jd= J=1

DO 122 I=11,12

IF]L I FEQ. NUMXI ) GO TO 124

11= 141

DELX= ABS{ X{IIsJ¥=X{I,4) )

CELY= ABRSY{ Y{IT1:J0)=Y{I,3} )

SX{I)= SLMNAFXSGRT( LELX%DELX + CELYXDELY )
122 CONTINUE
124 CONT INUE

WRITE(S,918) ETALI) oX{I1sd)oY{(I153)sSX{I1 X {I2503,Y(I2:3),SX(12),

XL I3,J3sY(1350), J

IF{ K «EG. NUMETA )} GG TD 1Z2€

DO 126 1=11,13

DELX= ABS{ X{J1sJdJ)=Xx{1.J) )

CELY= ABS{ ¥Y{1,3J)=wY(1,4) )

SY(I)= SLMAPXSQRT({ DELX*¥DELX + DELYXDELY )
126 CCNTINUE

WRITE{€5516) SY{I1) -SY({I2)+SY(I3)
128 CONTINUE

GC TO 150
130 CONTINUE
Ii= N1
I2= N1+1
I3= N1%2Z
4= N1+3

WRITELS 921 ) XI(I1)oXI(I2) X TLI3)eXI(14),11512,13,14
DO 138 K=1,NUNMEZTA

J= NUNETA=K 4+

Jd= Jm ]

DO 132 I=11.14
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132
134

138
150
G000

503
‘904

905

906
910
911

912

IF{ I .FQ. NUMXI } GO TC 134

II= 141

CELX= RES{ X{11l,J0=%X{1,J) }

DELY= ABS{ Y(IIJl=vy{I,4) )

SX{1)= SLMAP*SQRT{ DELX*DELX + DEL YXDELY )
CCNTINUE

CONTINUE

WRITE(A922) ET2{UJ)eX{ 113V Y (I11s3)eSX{T13a%X{I12:53)sY{12:4)s5X(I2},

OX{(13d) sY{I3J} sSXUIB3)aX(145d)sY{(1450)s J
IF( K <EQ. NUMETA 3} GG 70O 138
CC 136 1I=11,14
DELX= ABS( X{T1sJ3¥=X(T1,4) )
CELY= ABSH{ Y( 1,33 )=Y{(I,J) )
SY(I)= SL¥APXSCFRT( DELX»TELX + CELYXCELY )

CONTINUFE

WRITE{6,922) SY(TI13,-,8SY(I2)sSY({I132),S5Y(14)

CONTINUE

CONTINUE

FCRMAT ( 1194 €EX s 3CHREC ION===_ AGUNA MADRE 7O MARSH ISULAND

9s7 2SEXL,21IHEHCRELINE CCCRTCINATES
G/ /258X, 1EFHFURRICANE CARLA

S/ / FAEXSINEFDELTA=SS A= +3F6 396X 1DHDEL TA=T = oF €0 30 77/
FORMATL 2X,5(14Xs3HXI=sF722) 9/ 35 {10X o1 H{, I2,1H}1X},//
FORMAT { IX o AFrF TAS , F 702 2XsFEs151H e sF Ha 1

GG {3XsF8 o1 98X sFH 31 91 HessFBEL1)e EXsF4e1s/ s TX o Ib{o 12,5 14
FORMAT( IXeHE TAZgF 70 292X 9sF Eel ol 2F6H 0l

GA{3XsFG 218X, FEL1s1tssF€ 1)y / s EXs 1HL »1 2, 1H)
FLCRMAT ( C{1EXF8 1 32X)o/

FORMAT ( 1E€EX, ZHXI=sF 7225/ p1GXIH{ 12 51H),//
FCRMAT { 14X s FR ol lbs s FDels/

FORMAT{ 18X ,Fb,a1,/

- g e W g
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g914
21%
915
917
218

g1l
S.21
Q22

923

FCRMATL 2R52{(142,3HXI=sF7 2/ 221 18X 01+ {125 1H)s 1X¥e//

FORMAT ( 18X F €0l alHsosF G0l s3XoF Lo lodXeFFfalolHoesFHalo/
FLRMAT { 2I{18BXsF4 012X )s/

FORMATL 2Xe3{ 18 3s3HXI=sF7:2) s/ 23 (19X 1R { s I21HI1X ),/
FORMAT { ] 1Ko AFETA=S o F 702 2XoF 8o 1l lHo of 66 1

Y2L{3XaF4 01 28X sFB 61 sl b s of&slds
FORMA T{ C{1B8XsF 48,1 52X%X) 457

4 25X 1F{s 12, 1H )

FORMAT { 2X 4 9{ 12X ZEXI=oF 70235/ o B 1CX s IH{ a1 20 IH) oI XY o/
FORMATI IR SAFETAS 3 F703,2XsF6 51 s1Hae osFH 61

OF{3XsF8ol08XoFEolaltosFEalls
FCRMAT { 4 (18X, F4 ol ,2X )5/
RE TURN
END

/o B Xa1H{ 12518

SUBROUTINE TRAN{ XCSTYLST+XSEALYSFEA. X )

DIMENSICON COBI20C)., CLC(200)
CCMMON/ED/ XKBETA,BZPBT.BZMBT
COMMON/ZFCRI A ((B,CCUS>EZRC s XK NVAX
XCST= Do

YCST= 0.
XSEA=T O
YSEA= O

XEXI= XK#*X]1

DO 10 AN=1,hNMAX
KAN=N

XHMKBT = XNEXKEET A
ANKXT = MNEXKXI
CSH= COsSril XENKBT 3}
ShH= SIM{ XNKET )
a= COCIN)#CSH

B= COB{NJI¥SNH

C= CCC{n]*HENKF

S e wo

e @

@
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E= CLEAMN)F(STF

E= SINE XAERXT )

F= COS{ XNKXI )
ALST= XCST + {23 IRE

XSEA= XSEA + {A=BI®E
YC8T= Y{CST & { DL} *F
YSEA= YEEA 4+ { Cw={)=%F
CONTINYUE

XCST= XC3T 4+ XI

XSEA= XESEA + XI

YCST= ¥CST + BZPBRY
YSEA= YSEA + EZMET
RETURN

END

SUBROUT INE TRANI{ XDUM » YDUM o XI » ETA
DINMENSICM CCB{(200), CCLi200)
COMMON/FORIA/ LLBsCTCsBZRT s XK MNMAX
XoUM= 0,

YEUM= Do

REAT= XKHXI

EKETA= XK%ETA

DO 12 N=1.,MNMAX

XA=nN

ANKBT= XNRXKETA

XMNKX I= ANSAKXIT

CEH= CCSH{ XNKET 3}

SNH= SIhH{ XNKBT )}

A= COC{n)*{SH

B= COB{M)HINH

C= COCINT 2SNR

C= CCE{(N)I3CSY
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10

100

185

200

205

999

Ex SIN{ XNKXI }

F=z COS{ XAKXI )}

XDuM= XDUM + {A4+BI*E

YoUM= YLUM 4 { £+C)%F

CONTINUE

XDUM= XDUM + XI

YDUM= YCUN EZRO + ETA

RETURN

END

SUBRDUT INE TRANZ2{ KOP»>XI+.ETA,ANGLE sDXDOXI »DYDXI )
DIMENSICN COB{200) » LCC{200) , XNK{2C0)
COMMON/FORIA/CCBsCOCsBZRT s XK sNMAX
IF{KCP,EG.1)CC TO 100

GC 1O 2¢0

DO 10% N=1,NMAX

X®h= N

XAK{NY) = XNEXK

GO TO <¢6

DXDXI= 1.

DYDXI= 0.

O 205 N=1,NMAX

XANKET A= XAK{NI*ETA

XNK XTI = X¥NK{N)*x7{

SNH=z S INH{ XNKETA )

CSH= CCSH{ XNKETA )

DXDXI= DXDXI+XNK{N) ¥{CCB(N)® SAH+COCINI®RCSHFIXCOCS{XNKX 1)
DYDX I= LYDXI=XNK(N)*{COBIN)*CSHACOCI{NIRSNHIZSIN{ XNKXI)
CCNTINUE

IF{ KOP.EQ.2) GL TO S6S

ANGLE= ATAN2{(CYDXI,DXDXI}

RETURN

4



AN

END

SUBROUTINE CURVS{ XCUMpYsY1A,8.C )

Z= ABS{ Xpum )
W= ABS{ C=1., )
Yi= B

Y= AFBARIXCUM )Y *%C

IF( Z iLT. ’30"}331 o LR & w LT e 0,001 3 GO TO 10
Yi= B%CH{ XN MYk%x{ C=y,}

io CONT INUE

SUBROUT INE CURVI{ SLP1 » SLON » SIGMA )

Y2{1C00)

MG

LR R EEEEELESSEREEEEESIELEES LIRS ESEEEIIEESIEES LRSS TR LTS E S S

THI S SUBRCUTINE CETERMNINES THE PARANETERS NECESSARY T3

SPL INE UNDER TENSION THROUGH
VALUES, THE SLCFPES AT THE TWD
SPECIFIEDR OR OMITTED. FCR ACTUAL
THE CURVE 1T 1S NECESSARY TGO CALL

EETURN
END
C
DIMENSICN X2(1CCC) o
CIMENS ION R{(803) . S{808)
LCOMMON/YE/ X245 Y2 o
COMMON Y/ JOHNL R
COMMON/ JOHN2/ S
C
C
C
C
C CCMPUTE AN INTERFCL ATCRY
C A SEGUENCE CF FUNCTICAAL
C ENDS OF THE CURVE MAY BE
T COMPUTATICN CF BCINTS CN
C THE FUNCTION CLRVZ2.
C

0 e sosle oK ook ook e o sk ot oh ok sk ok ok b ok ok ok ok o b o ok b ok ok b o o 5% ok ok ok ok % oh ok ok o o ok ok okl ok ok i ko R ROK R -

C
C ON INFUT ==
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N= MG IS TrHE RMUMEER OF VALUES 7O BE INTERPOLATED { .GE. 21}
X2 1S AN ARRAY CF N INCRFASING ABCISSAE CF THEE FUNCTIONAL VALUES
Y2 IS AN ARRAY 0OF N ORDINATES OF THIZ VALUES
108, Y2{K} I3 TrE FUNCITICNAL VALUFES (ORRESPONDING TO X2{(KJ.
R IS AN ARRAY (CF LENGTH AT LFAST N { PERMANENT ST{ORAGE
) I5 AN EERAY CF L ENCTH AT LEAST N { SCRATCH STORAGE Joe

SLP1I AND SLPN CCRTAIN THE DESIRFLD VALUES FCR TRE FIRST
DERIVATIVE CF TFrE CUEVE AT x2{1) AND X2{NJ}, RESPECTIVEL Y.
IF THE CGUARNTITY CSICMA IS NECATIVE THESE VALUES witi B8E
DETERMINED INTERNALLY AND THE USER NEED ONLY FURNISH
PLACE=HCLLTING PLRAMET ERS FOR SLP1 AND SLPN, SUCH DPLACE=
HOLDING PARAWEITERS will 8F ICKNCEED EBUT NCY CESTRCYED:

SIGHA COMNTAINS THF TENSION FACTOR, THIS IS NON=ZERD AND
INDICATES THE CURVIAESS DESINED. If 28BS (S IGNA)Y IS NEARLY
ZERG {E€.C»o 40013 THE RESULTING CURVE IS APPROXIMATELY A
CuBIC SPLINF., IF ABS({SIC(MA} IS LARGE {E.Ge. 50.) THE
RESLLTING CURVE IS AFARLY A POLYCORNAL L INF. TFHE SIGN

OF SIGMA INCICAYTES WHETEFER THE DERIVATIVE INFORNMATION
HAS REEN INFLT CF NOTe¢ IF SIGMA TS NECATIVE TrHE ENDDOINT
DERIVATIVES wiLl BF DETERMINIDD INTERNALLY. & STANDARD
VALUE FCOR SICEMA IS APPRUXIMATELY 1. IN ABSOLUTE VALUES

CN QUTPRUT ==

R CONTAINS VALUES FRCPCRTICNAL 7O THE SECCARD CERIVATIVFE
OF THE CURVE AT THE GIVEN NODES { X2:¥Y2 )} o
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N {#C)» X2 Y2, SLF1s SLFEN, SIGVA ARF UNALTERED.

N= M@

NM1 = Nesi

APL = N3G

DELX1 = X2{(2)=X2{1)

DX = (Y2 2)=Y¥2(1)) /DEL X1

DETERWINE SLC¥FS IF NECESSARY
IF {SIGMALLTN.) CU TO =
SLPP1 = SL¥1
SLPPN = SLPN

DENQRWALIZE TEMSICN FECTICR

1 SIGHMAR = PLES{(SICM2)}F{N=1)/{XZ{N)=x2{1})

SET LP RIGHT HAND SIDF AND TRIDIAGONAL SYSTEW FCER Rk AND
PERFLRM FORWARL EL IMINATION

DELS = SIGVMAPEDEL X1

EXPS = EXP{DELS)

SINHS = S*{EXPTm], /EXES)

SINHIN = 1./{DFLX1*%SINHS}

ETAGT = SIM IN*{DELS* .S {EXPS+1./FXPS )=SINHS}

DIAGIN = 1./DIAG!I
R{1) = CIACINA(DX1=SL PP}
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SPDIAG = SINKIN%{ SINHS=DELS)
S{1) = CIAGIN%XSPLIAC

IF {N.EQa-2) GO 10 3

pDC 2 1 = 2,d¥1
DELXZ = X2{iI+1)=X2(1)
DX2= {y2{141)=¥211))/0ELX2
DELS = SIGMAPXDEL X2
EXPS = EXF{CELS)

SINHS = LEF{(EXPSm] . /EXPSC)

SINHIN = 1./ (CELX2%SINFS)
DIAGZ2 = SINHIAX{DELS*X (5% {EXFS+1,/EXPS) })=S INHES)H
DIAGIN = 1/{DIAGI1+DIAGE=SPDIAG* S{I=1))}

R{I) = CIACINX{CX2=CX1=SPCIACY R{Im}))

SPDIAG = SIANHIN®{ SINHS=DEL S}

S{T) = DIACINX*SPLIAC

DX1 = Dx2

2 DIAGY = [LIACZ

3 DIAGIN = 1./(CIACI=SFELTIACX S{ANV1D)
RIN) = DIAGINX®(SLPPN=DX2=SPDIAG* R{NN¥1)})

PERFCRM BACK SLESTITUTICON

CC 4 1 = 2.1
IBAK = NFlm=1

& R{ IBAK ) = R{IRAK) = S{IBAK})*x R{IBAK+1)

RETURN
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IF (N2.EGe2) GO TO 6

IF NO DERIVATIVES ARE GIVEN USE SECUCNC (ORCER PCLYNCMIAL
INTERPOLATICN ON INPLT DATA FOR VALUES AT ENDFPOINTS.

DEL X2 = x¥2{23)=x2(2)

CELX12 = Xx2{2)=Xx2{(1)

Cl = = (CELXI24CELX1 Y}/ CELX12/7CELX]

C2 = DELX1z/DELX1/DELX2

C3 = =CELXI1/DELX12/DELX2

SLPP1 = C1*Y2({1) + C2%Y2(2) + C3*%Y2{(3)
DELN = X2{(N)=X2{NM1)

CELNML = XZ2A{NM])=aX2 (N=2)

DELNN = X2(N)aX2{h=2)

C1 = (CELNNIDELN)I/DELNN/DELN

c2 =CELNN/CELN/CELNMI

C2 = DELN/DELAMN/DELNM]

SLPPN = C3*YZ(N=2) + C2%YZINM1) + C1*¥x¥Y2(N)
GCC 70O 1

IF OMLY TuD POINTS ANC NO DERIVATIVES AREF GIVENs USE
STRAIGHTY LINMNE FCR CURVE

R{1) = 0.,
R{2) = 0.,
RETURN
END

FINCTION CURVZ{ T , SIGMA. 5 IT )
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CIMENSION XxZzZ(1CC0)Y » ¥2{1C00)
CIMENSICN R{(8072)

COMMON/ZYB Y X2 Y2 » ™G
COMMONSJOFNTS R

sk ok e 3 i s 6 oK oK ok ol K o 3 o ok 3 s ook ok o A e ko ok o e sk o ok ool Ok ok ok o ok ke sk ok OfE ook o ook ik R ook e ok

THIS FUMCTICN INTERFOLATES A CURVE AT A GIVEN POINT

USING A SPLINF UNDER TERNSICNe. THE SUBRCUTINE CURVY SHDULD
EE CALLED EARLIFR T DETERMINE CEFRTAIN NECESSARY
PARAMETERS.,

L E X R S LIS SRR SRR RS R ELEREEERSSESEEEEIIEETES LTI S LI ETIE RS LSBT
ON  INPUT ==

T {X=COCRDY CINTAINS 2 FEAL VALUE YO BE MAFFED CANTC THE CURVE

M= (MQ) IS TrE NUMBER OF POINTS wHICH wWERE INTERPOLATED T0
CETERMINE TrHE CURVES

X2s¥2 ARF ARRAYES CUOANTAIMING THE ABCISSAS AND QRUINATES OF THE
ORICINAL INTERPOLATED POINTS,

R IS AN ARRAY wITH VALUES FRCFCORTIONAL TO THE SECOND

DERIVATIVE OF THE CLURVE AT THE NCDES {X2,Y2) o
SICHA CCOANTAINS THE TENSION FACTOR {ITS SIGN IS IGNDRED}

IT IS AN INTECER SWITCH. IF IT IS NOT I T+IS INDICATES
THAT THE FUNCTION HAS BEEN CALLED PREVICUSLY {(wiThk Ne:X2,
Y2»Fy AND SICMA UNALTERELD ) AND THAT THIS VALUE CF T
EXCEEDS THE FREVICUS VALUE. ¥ITH SUCH INCRWATICN THE
FUNCTION IS AELE 70 PERFORM THE INTERPQLATICM MULCH MORE
RAFIDLY » IF A USER SEEKS TO INTERPOLATE AT A SEQUFNCE
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OF FPOINTS, EFFICIENCY IS CAINEL BY ORDERING THE VALUES
INCREASING AND SETTING IT TC THE INDEX UF THE CALL.

IF IT IS 1 THE SEARCH FOR THE INTERVAL {X2{K) XZ2{K+11})}
COMTAINING T STRRTS WITHE K=1,

THE PARAMECTERS N {MQ), X2s Y2, Rs AND SIGMA SHCULD BE INPUTTED
UNALTERED FRLONM TEE QUTPUT OF CURY1 AND TEESE ARF UNALTERED IN CURWV2
CN QUTPUT ==

CURVZ {=Y=CCORD) CONTAINS THE INTERPOLATED VALUE,

2

FOR T oLToe X2{1)s CURVZ2= Y2{1}s FOR T ,GTe X2{N) ,CURVY2= YZ2{Nh),

A= MG
DENQRNALIZE SIGMA
S = X2(N)=x2{1)
SIGMAP = AES(SICMAI*(N=1)/S

IF ITeMNFo.1 STARYT SCARCH whHFRE PREVICULSLY fERWZ%A?EDg
CTHERWISE START FHR(OM EECINNING

IF (ITL-EQ-1) 11 = 2
SEARCH FOR INTERVAL
1 CC 2 1 = 11sN

IF] X2{1)=T ) 2+2 .3
2 CONT INUE



144

C

I =N
C CHECK TC INSURE CCRRECT INTERVAL
C
3 IFL X2(I=1) LT« T o01Re T LE. XZ2(1) ) GO TO 4
C
C RESTART SEARCH AND RESET 11
C ( INPUT "3 1T®*®* WwAS INCORRECT )
c .
11 = 2
G 7O 1
C
C SET UF AND FEFRFCERY® INYERFCLATICN
C
4 DELY1 = T=aX2{I=})
DEL2 = X2{1)=1
DELS = X2({1)=Xx2(I=1)
EXPS]1 = EXF(SIGMAP*DEL1)
SINHD1 = oS*{EXPS1=]l,/EXPS1)
EXPS = EXP(SICMARPIDEL Z)
" SINHDZ = S5%{EXFSe] +/EXPS)
EXPS = EXPS1*EXPS
SINHS = »SH{EXPS=1,/EXPS} . .
CURVZ2 = ( R{UIDIXSINHADI+ R{I=1IXSINHD2) /7SINES+((Y2{I)=R{1)I*DEL1
9{Y2(I=1) @« R{I=1))IkLEL2 J/DELS
C
11 = 1
RETURN
END

SUBROUT INE CURVZ{ SLP1 , SLPN , SIGMA )
CIMENS ICN XZ2F{1070C} , Y2P{1000)
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CIMENS ION VvV(800) » 5(800)
COMMON/ZJCHMN2/ S

COMMON/ JOKHNS4/ V

COMNMON /Y 2/ XZP.YZFP . MQP

ON INPUT ==

N= NQP 1% THE
X2P IS AN ARRAY
Y2P IS AN ARRAY
v 1S AN ARRAY

ON CUTPUT==

e e 3 ok o s ok ok ko o ok sk % ok ok sk e s ok koo o o ok e 3 sk R e ke ok K ok sk SR ok o kot ol e ke ok ok sk o e ok ok oK sk 3k ok ksl 3k ok koK SR ek

THIS SUBRQOUTINE CETERMINES THE PEZRANETERS NECESSARY TO
COMPUTE AN INTERPOLATORY SPLINE UNDER TENSICN T8I £UGH

A SEGUENCE CF FUNCTICNAL VALUES . THE SLOPES AT THE TWO
ENDS OF THE CURVE MAY BE SFECIFIED CR CMNIYTEC. FOR ACTUAL
COMPUTATION OF POINTS ON THE CURVE 1T IS NECESSARY TGO CALL
THE FUNCTION CURV4,

ook A ok ko ok o e % b b ob o o ok ok o o ok ok ok ok B % ok ok ok sk ok ok sk ok ok 3k ok o ot o e o ke o s ok e e ook o ok ok e o ok o sk ok o R ROk

NUNEER CF VALUES TC EBE INTERPCLATED { +GE. 2)

OF N INCREASING ABCISSAE OF THE FUNCTIONAL VALUES
CF¥F N ORCINATES COF TrHE VALUES

CF LENGTH AT LEAST N {PERNANENT STCRAGE )

S IS AN ARRAY OF LENGTH AT LFAST N { SCRATCH STORAGE J.-

\Y CONTATANS VALUES FRCPCRYICNAL TC THE SECOND CERIVATIVE
DF THE CURVE AT THE GIVEN NCDES ( X2FP,Y2P )

N{MGP}) s X2P ,Y2FsSLF1e SLPN, SIGMA ARE UNALTERED.
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M= MOP

NMY = M=l

NEL = M2l

DELX1 = X2P{Z)=x28(1)

CX1 = {Y2F{2)=¥Y2P{1))/0EL X1
IF {(SIG¥A1LTsNe) GO TLC 5
SLPP1 = SLP1

SLEFN = SLFM

SIGMAP = ABS{SICMAI:R{A=1)/{X2F{N}=X20{1))
DELS = SIGMAPRXDEL X3

EXPS = EXF{(CELS)

SINMHS = «SH{ENXFSm}l, /EXFS)

SINHIN = 1/(CELXI*SINHS)
DIAGYT = SIM-INX{DELS#® 5%{EXPS+1./EXPS )=SINHS)
CIAGIN = 1./DIAGI

Y{1) = DIAGIM*I{DXI=SLEF1}

SPDIAG = SIMAHIN®{SINHS=DELS)
S{1) = DIACIN*SPTIAC
IF {NeEGs2) GL TC 3
DO 2 1 = ZahM1
DELX2 = X2R {141 )=x2P {1}
DX2= {(Y¥2F{1+41)=2¥2P{1)}/CELX2
DELS = SICMAPEDEL X2
EXPS = EXRP{(LELS:

SINHE = LZ%{EXFSm] . /EXFES)

SINHIN = §.7{DELXZ%XSINHS)

DIAGZ = SIMNAINK{DELS*{S*{EXFSH] /EXPS) I=SINRS)
DIAGIN = 1./{DIAGI+DIAG2=SPDIAGY S{I=1)1}

V{I) = CIACIN*{DXZ=uDX1=SPDIAC* y{I=13)

SPDIAG = SIMHIAX{SIMNHS=0ELS)

S{1) = DIAGIN%SPDIAG
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DX1 = DXZ

DIAGI = CIAG2
DIAGIN = 1./(CIAG1=SPCIACGH S(AMLY)
V{N) = DIAGINX{SLPPN=DX?=SODIAG: Y{AN1})
CC & I = 2¢h

IBAK = NPi=]

V{IBAK ) = V(IBAK)= ST IBAK)%* V{IBAK+1)
RETURN
IF (Ne.FQ.2) GG TO 6

DELXZ2 = XZP({2)=X2P{2}

DELX1IZ2 = X28(3)=X2P{13}

Cl = ={DELXI24DELX1) /DELX12/DEL X1

c2 CELXI1Z2/70ELX1I/DEL X2

C2 = =DEL X1/0ELX12/70BL %2

SLPP1 = C1*Y2P{1)+4 C2xYy2P{23}+ C3%Y¥2P{3)
DELN. = X2FI{N})=X2P {NM1)

i

DELNMI = X2F(MM1)=X2FP{N=2)
CELNN = XZ2PINI=X2P{ N=2)
Cl = {(CELNMMNSTCELNI/DELMA/LELN

C2 = =DELNN/DELN/DELAN]
C3 = CELN/CDELNN/DELNMI

SLPPN = C3%Y2F{A=2)+ {2%y2P{nM1l I+ C1l1xY2P{N)
GO TC 1%
V{1) = Do
¥viz2) = Co»
RETURN
EnD

FLNCTION CLRYS{ T o, SICMA » IT 3}

CIMENSICN XZRP {10003 » YZP{1000)
DIMENSICN  V{EQC)



8l

COMMON/ JCHNG /v
COMMON /YA/ XZF 3YZP 4¥GP

Je v ek sk ek ok ok bk ok ok ok o ok o % ok b ok ok ol dk sk o i 3R o ok ke ok ki ok o ool ok o e ok e s o o ok a b ok ol ool i e ol ok e sk o ok R K ok ok
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THIS FUNCTION INTERPOLATES A CURVE AT A GIVEN POINT
USING A SPLINE UNDER TENSION. THE SUBROUTINE CURV3 SHCULD
EE CALLED EARLIER TC CETERMINE CERTAIN NECESSARY PRPARAMETERS,

% % %ok ko sk ok sk i sk Sk ol ok ok e ok ke ok ek ok ok ko ok ke sk e ok ok st ok i ¥ e o ok ol ke e o ok e 3k ok ok K ke e ok 3K 3R R ROKOK e i ok
ON INFUT==

T {(X=CCCRLC) CCNTAINS 2 REAL VALUE TC BE MAPPED ONTD THE CULRVE
N= MQP IS THE MUNBER CF PCINTS wHICH WEFF INTERPOLATED TQ
DETERMINE THE CURVES,
X2P,Y2P ARE AFRAYS CCNTAINING THE ABCISSAS ANLC ORCINATES OF THE
OFIGINAL INTERPCLATED FPOINTS,
V IS TAN ARFAY WITE VA UES PROPORTICNAL TO TrE SFCOND
DERIVATIVE CF T+E CURVE AT THE NUDES ( XZ2B,Y2P ),

THE FARAMETERS N(MQP)s X2P,Y2P, V AND SIGMA SHOULD BE INRUTTED
UNALTERED FRCWNVM THE CUTFUT CF CURV3 ANC TFESE ARE UNALTERED IN CURV4A ,

CN CUTPUT ==

CURV4 {=Y=CCNORD) CCATAINS THE INTERPOLATED VALUE,

AN AN AOAHSAOAOOAONOD AN A0

N= MQF
S = X2P{N)=X2P(1)
SIGMAP = PLES(SICMAI%X(N=13}/S
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IF {IT=EQel) I1 = 2

DC 2 I = I1.n

IFL X2P{I)=T )} ZsZ»
CONT INUE

I = N

IFL X2P({I=1) LFEe T o Re T oLEs X2P{1)}) ) GC TC 4

11 = 2

GC 70 1

CEL]1 = T=x2P{1l=1)

CEL2 = X2F (1) = T

DELS = X2P{I1}=X2P{(I=1)

EXPS1 = EXP({SIGMAPXDEL 1)

(al

SINHDYI = 5F{EXFS1I=1./EXFS1)

EXPS = EXP{SIGMAPADEL2)

SINHDB2 = oS*{EXPS=1./EXPS)

EXPS = EXFS1*FXFS

SINHS = +ES¥(EXPS=1, /EXFS) )

CURVSG4 = { VIII*SINHL1I+ V{I=1 )*SINHD2)/SINHSH+{({VY2P(I)=V(I)}}XDELYI +
9{Y2P(I=1) =yv{I=1)3¥%XLCELZ2 )/DELS

it = 1}

FETURN

END

FUNCTION COSHI{XDAWN)

YDAM= =X AW .
COSH= EXP{XCAN) + EXP(YDAM)
COSH= COSH/Z2.0

RETURN

END

FUNCTION SINH{XDAW)

YOAM= =XL AW

SINH= EXF{XCAN) = EXE{YCAM)
SINH= SINHF/2.0

RETURN

END



APPENDIX C

FORTRAN Listing of Program SSURGCE

150
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COMMON /78LK20/

SSURGE

CﬂMMﬁN/ﬁLK?/CZ@CC@CEX§9C357A§3X3@85?&905LT@F@§M9JM9

CCRICSLS s L3 sCasROT IMP2 5 IMNT , JMMD
GRAY .

COMMONSBLKZ/

TMM, JMM, N

NBAX o THI - IJH 1,171 s3T15IH2

LTUHZ T T2 072 3 IH3 0 UF3 2173, J0T23 104 o8 1TAJT4, INC
COMMON Z/BLEK G/ IHE G IHE s 1 TS TS5 IHE s JHHE I TEL JTE

3
4
5
i
1
1
1

1

CCMMDN /HURRL/ YRANCE

o ITHIT

Cio

NT 1 2 NT 2

IMpIW,
4%, 15

DATA

DATA X 1e

s XHIT
2 L1118
2

PINF

MMAX s INC/
1321, 1

CET &,

12’383@ 3?%?@&2079

DATA

15»

peL

al'g

Ts

180,05

105

IH1o ML IT 10 0T 12 IHZ2edH2.1T2: 372/
18, 15 185 14, 10>

147

DATA IHZsJHZ: IT25IT351HE s 41 T4,JT4/

16, 1%, 16, 14, 32
DATA 1HS, JHS5: 175, JT5»
369 3.5@ 369 14*3

I MM=T M=}

IMM2 = IM=2

I¥M3I= V=3

JMM= M ]

MM = M 2

CORIO= 6£.,70875E=NS
CC=SRRT{GRAVXDELT)

£S = SQGRT {CRAVYVH3INGE o)
C2=2, OkDELT

C3 = CLORIOCHDELT

159
iHG& 5
38,

32
JHC »

15,

14/
IT&G,
3Es

» yHI T °

9 BT s

3 IX s 1Y
GRAY, &7

TeBs 00257

JT67
14/



2gi

100

C4 = C3I%C12

RCY C3
CIXI=GRAVXDELT/DXI
CIETA=GRAVXDEL T/DETA

IX=1IM

Ivy=udM

XHIT=160.,

YHIT=168,
THIT=4G,3%
YRANGE=17 .

PHI=20,

PINF=1216.
CEGRAD=3,141593/180 .
C10=COS{PHIXDEGRAD)
Cli=S IN{(PHIXDEGRAD)

CALL ZFRD

CALL FIELD

DC 100 N=1 ,NMAX
IF({N/2)%2.EQ,N)GC TO
CALL w INDF

CALL ELEV

CALL DRAW!1

GO TO 100

CONT INUE

CALL FLUX

CONT INUE

CALL Huv

sSToP

END

3D
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SUBROUTINE ZERD

COMMDON/BLK 1/GRITC1{45,15), CRID2{45,15), S{45,15) +HYD1 {30
10) ,HYD2{3C2) sHYD3 {300 )»HYDA {300 ),UCM1{300),UCM2{300),UCM3{300),UCM
24{300), VCM1{300), VCM2{ 300),VCMI{300) ,yCM4(300)
COMMON/PLK2/C2+CCsC1X IsC1ETASDX s DETADEL ToF s IM, JM, IMM, JMM s N
COMMON /BLK3/ GRAV s NMAX , TH1, JH1 2 IT1, 3T 1,5 IH2,
1JHZ, IT 25372 IHZ e IH3, 1 T2 JT25IHE,IHEG,1 T4,3T4,INC
COMMON/BLKS/DSOX1{45),DTDET(15)s HYDS{ 300 ), HYD6{ 302 ),UCMS] 309) ,UCME
11{300) ,VCME( 207) ,VCME{ 3CD) '

COMMON/ BLK7/HORS1{(67)s HOBS2( 67),HOBS3(67) .HOBS4{ 67) ,HCBSS5(67) sHCES
1E{B6T)

COMMON/STORM/ND s XEYE 3 YEYE sP{ 45 ,515) 5 WIND{(4E,15)

COMMON /TRANS/Z XX{45,15) +YY{45,15) »COSG{45515)+SING(45,15)
COMMON /HURR/  TIN{S50) LRCT{(S50) SRAC(S0) ~SVRMAX(50)
1 PZRO(S0) ,TIMPCOS({150),XP0S{150)+YPOS({150)

3

COMMON /EXTRAYZ X{45,15) sY(45,15)

CO 120 I=1, IM
DSDXI{I)= T
DO 100 J=1,JM
GRIDI{IJ)=D,
GRID2(T+J)=D»
S5(1:33=D
P{IsJd)= Do,
X{IsJ)= Do
Y{l,3)= Do,
XX{1sdd= Do
YY{1,J)= Do
CCSG{I,4)= 0o
SINGI{TI sJ2= 0o
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100

400

CONT INUE
NDEX= N¥AX/INC®1

00 200 K=1,NTEX

HYD1IIK) =0
HYD2{K)=0.C
FYDRIKI=T o0
HYD4{K}I=0,.7
HYDSIK)=0 oD
FYDBE K I=0 0
UCMI{K) =0,
YCM2IK 1=9,
UCMI{K) =N,
UCML{IKI=D,
UCMS K I=D
UCME {K)Y =",
YOMIL{K)I=0,
VCM2{K I=D,
VCMBIK) =7,
VCMAIK I=0Co
VCMS {K)I=0
VOMAB(K) =0,
CONTINUFE

IMAX = IM31
D0 300 I=1,TMAX
DO 300 U=1,08
WIND{I«J) = 87
CONTINUF

DD 400 J=1.,JM
CIDET(J¥= s
CONTINUF

DO 8570 K21,A7



ried

600

700

HFOBS 1K= 2.
HCBS2{K)I= Do,
HOBS3(KY= Qo
HOBSA{K )= Do
FCBSS{K)I= N
HOBS6{(KI= %,
CONT INUE

D0 600 K=1 .80
TIM{K}= D
RCTIKI= Do
RADIKI= 0,

VRMA X{K)} Do
FZRO{K Y= D,
CONTINUE

DO 7CL K=1-1%20

TIMPOS{KI= D,

XPOS{K)= 0

YPOS{KI= 0o

CONTINUE

RETURN

END

SUBROUTINE FIELD

COMMON/BLKI/GRIDI{45,15) oGRIB2 (45,15} S{45,15). HYD1{ 3D
103, HYDZ2{(300 ), HYD3{300) . HYDA{ 20O UCMI{300}) ,UCK¥2{(300) 2UCK3I{300) ,ULCH
24(330) VCWI (30D, vCM2{300 3, VCMI{300 ), vCMS {300
COMMON/BLEKZ/C?2,CCoCIXT o CIETASDXIoDETADELTF o TIN5 My TMMy, JMMs N
CLMMON/BLKS/DSTX TR S}, CTDET{ 1S3 HYDSU Z00) oHYDEI3D0) o UCHE{ 303) ;ULCHE
1{30D) s vCVE(300) ., VCMBE {300 )
COMMONM/BLK7/HOBSI{67) sHOBSP{E7) .HIBSI3 {67 ) HUBSL{67) > HOBSS (67 ), HOES
16{(567)

COMMON /TRANS/ XX{45,15) 2 ¥Y¥{485:.,15) 2 CCSG{A55153: S ING{855,15)



96|

11

1z

13

i5

16

17

i8

COMMON /HURR/ TIM{S50) 2ROT{SC) s RAD{S50 ) s VRMAX (50}

1 PZRO{S50) S TIMPOS{150) ,XPOS{150),YPOS{150}
CCMMON /7HURR1S/ YRAMCE s THIT s XHIT o YHIT »

3 Cio s C11 s PHI D

4 NT 1 s NT2 0

5 P INF s IX 2 1Y

1
2

1
2

READ(S, 11 ) NT1

FCRMAT { 15 )

READL S, 12X {TIN{I),RCT{1I}sFRAD{I) sVEMAX(I)PZRC( I3, I=1,NT1}
FCRMATY{ 5F10.1)

READ{S5,11) AT2

READ{ S, 13){ TIMPOS{I ) s XPOS{I) oYPCS{I)oI=1,NT2)
FORMAT{3F1D,1)

WRITE(S,15)

FORMAT{ 1H1,18Xs 24HTHE STORM PARAMETERS ARE +//351Xs

51H TIME ROTAT ION RADIUS MAX WINDS CEN PRESS /51X

SOH {HRS) {(DEG) {NNM) (KNCTS ) {(MB} s /3
WRITE(A,16M{TIM{I ), ROTLI)+RAD(I I VRMAX{T)} ;PZRO{TIJ I =1,NT1}
FORMAT {IX oFBaDsFl0eN e2F10 ,1sF10 0}

WRITE(E,17)

FORMAT (1H1515X, 27+THE POSITIONS FOR THE STOR¥ TRACK ARE // 1%,

29H TIwvE X COCRC Y COORD /731X,

10H {HRS) + /)
WRITE(6,,183{T IMPOS{ 1), XPOSL{ I} YPOS{I)-1I=1-NT2)}
FORMAT(1XsF8.,0:2F 10,1

NUl = 5

CC 400 I=1,1IM

READI{NU1,S) (GRID2{Is4)sJd=1,JM)

5 FCRMAT(11F7.2)

4C0 COCNTINUE




1G]

500

6090

700

300

10

LCC 590 1=1,.1IM
READINUTI €3 (S{IsJ) ,Jd=1,J)
FORMAT(SE14.7)
CONT INUE
DO 600 I=1,1IM
READ{(NU1,7) CSDXI{1)
FCRMAT{E14.7)
CONTINUE
DC 700 J=1,JM
READINU1 .8} DTDET(J)
FORMAT{2X,FE147)
CONT INUE
READ(NU1.,S)(HCBS1{(I1),1I1=1,67)
READ{NU 1,9 ){HOBS2{(11)e11=1-67)
READ({NU1s9){HCBS3(11}),1I1I=1:67)
READ{NU1,SY{HCBS4{I1),11=1.67)
READINU1,9){HOBESS{1I1), II=1+67)
READ(NUL ,S){HCHBSH({11),11=1.867}
FORMAT(19F 4,13}
DC 300 11=1.67
HOBS1(II)= G9G9G,.
HFOBS1{11)=HDOBSI1(11)*0,3C48
HOBS2{11)=+0BS2(11)*0,3248
HOBS3{T11)=HOBS3{I1)%0,3048
HCBS4{ 1 1)=HOEBSA4{I1I} %0, 304F
HCBSS{11)=HECBS5{11)%0.3048
HOBSE{ I 1)=HDRBSE({I1) %0, 3048
CCNT INUE N
DC 101 I=1,1M
READ {E512) (XX(I1:J)sYY{IJ} sJ=1,3¥)
FORMAT {10F7 .2)



101 CONT INUE
DL 182 I=1,1I¥
READ{S5, 197 {COSG{I )} sTING{TIsJd)sJd=1,J08)
19 FORMAT {iDFB.5)
102 CONTINUE
DD 200 J=1.J0M
CC 1480 I=1,1IM
1J=14J
IF({13/2)%2:E0Q-,1J31G0 7O 11N
GRID2{I sJ)==GrRIC2{I-Jd3*2 s3C48B%E LD
GO 1O 147
110 CONT INUC
GRIDI{IJY=0,
GRID2{I1I.,J)=C. 2
100 (CONT INUE
200 CUNTINUF
CCCHF ek
WRITE{A,210)
215 FORMATIIHL o/ 7/ /720X ,16HAD F B T H 8 (W) //77:7X:s5HS E A o98X,9HC D
2 A S T /7))
WRITE(S5,211)0{ 35322 MM, 2}
211 FORMAT{BY s 7{AHX2HI=512) o/}
WRITE{S:2121{ J2J=1-JMs2)
212 FORMAT{4X 8 (6% 2Hd=512)s/7)
DO 215 [=is1M,2
K= I+3 3
WRITE{S s213) I {CRID2{I5J35J =2 MM,2)
213 FORMAT(IX,2HI=,12:3%s7(4%sF6el)s/ )
IF{ I -EQ. IM )} CcO 7O 215
WRITE{E 214 )Ks{GRID2{K,J3)Y s d=1s3M2}
214 FORMATI{IXs2HI=3 I2,8{4XsFB€0l)as )

2
g
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21S CONTINUFR
RETURNM
END

COMMON/BLK 1/GRID1{485 153, GRID2{ 48,15, S{A4%,15) »HYD1 {30
1C) o HYD2(3CO)Y s HYC3{I00 ) oHYTA{3C0 ) UCHI {320 UCW2LIZONIUCMI{300),UCM
24{300) s VCMI{ 200 ), VECM2{ 300 ) VCV¥I{30D) s vCHML(300)

CCMMONS/BLEZ2/C2, CCoCIX T2 CIETASDX I+ DETASDEL ToF o IMs JM, IMM o IMM, N
COMMON /BLKX2C/ CORICCSoLC3 08 sRLET o INNZ , IMNI, JMM2
COMMON/BLKS/DSNXI{4E)DTDETI 1) o HYDS{ 3C0} «HYDA{300) ,UCHS{I0ON) ,UCHNE

{30M7) . vCHS {300 VIME {300 )

COMMON/ZSTIRF /NG o XEYE o YEYF o F{45:15)oWIN2{4%6,15)

=

CC 180 J=3.J4¥y
DYET=DTDE T{JIXDETA
is= 4

i¥s= IM¥N3

IF{{U/23%2E04) I8 = 3
IFLIS «EQ.2) IWS = IMM2
JPE o= g%l

JMI = =i

L0 130 [=1S.1MG,2

IPl = 1+1

IiMI = I=1

€9z DELT/S(1,J3/5(15J)

DSXI=DSNXI{I)*DX]

URIT = CRIDI(IP1»,JI%S(IP1 oJ)

ULEF CRICI{IMIJ)I%S{IM1 )

yTOP GRIDZ2{1-,JP1) %S {1,J51)

VBOT = CRID2{I,IM1}%S{T,J¥1)

CRIDI(Iod) = CRINI{I,J)= £O%{ (URIT=ULEF)/DSXI+{(VTOP=YBNTI/DTET )

i}



091

130
180

CCC k%R

170

3¢
CC¥kx

ccc

CONT INUE
CONTINUFE

CTET= CTDET{JNIACETA

DD 170 II=2,1¥M,2

IPI=11+41

IMI= I1=1 .

CS= DELT/S(IT 3%} /S{II,0M)

CSXi= DSDXI{II)¥DXI

URIT= GRIDI(IFL yMIRS(IP1,UM)

ULEF= GRIDI(IVI ,JNM)xS{IM] ,IM)

IFL 11 SEG, 2 oCRe I .EQ. IMM ) ULEF=URIT
VBOT= GRIC2(I1,JMM)*S{II,JMM)

ViOP= =VyRBOT
GRICIA{II«IMI=SCRIDI(II oM )I=mCOF((URIT=ULEF ) /OSXI+{(VTOP«yBDTI/DTET)
CONTINUE

CC 30 J=3,JMM2,2

1= 2 . _

GRIDI{ I, J)=GRIDITI I )={DELT/S{IT1,3)/S(IT1,3)3%(S{IT,J+11%GRID2(II
1,J41)=S{I1+J=1)%CRID2{I1,J=1))/{DETA%DTOET{(J))

IT= IMM ' :

GRIDI(IT,J)=GRIDI{ITs )={DELT/SIIT,J)/S{T15J3)%(S{II,J+1)%GRID2(I]
1sJt1)=S{I1,J=1)%GRIC2{I1, j=1))/{DETA*CTDET{J))

CONT INUE

DL 150 II=2,1mM

IF({1I/2)%2,EQ.11) GO TO 140D

GRILI{II,2)= P{I1,2)= GRID2{1I,32)/CS
GRIDI{I11+2)=n,25%{P{II=1,1)+GRICI{II=1,3)+P{TI4+1513+CRIDI{II®1,3)}
GO0 70O 1590



191

140
CCcC

150

5938
9997

8999

BARO=P{11:1)

GRIDI{TI,1) = BARQO=GR IC2{11,2}/C5S

GRID1I{ITIs1)= BARC

CONT INUE

RETURN

END

SUBROUTINE FLUX

COMMON/ELKI/GRIDI{4S, 153, CRID2{45,15), S{45,15) »HYD1 {30
10) sHYD2{(30C) ¢ HYC3 (300} HYTA {300 )-UCMI {300 3,UCHM2{300Y,UCM3{300),UCM
24(300) 2 VCMI{ L2 ) VCM2{300)»,VCMI{ 3CC) ., VCMLE{3D0)

COMMON/ELK2/7 02, CCsCLIX T3 CIETASDX I+ DETASDELTHF 5 IMe M IMM o, UMM, N
COMMON /BLK2D/ CCRINCS sCRsCa s RTT s IMN2 5, TMNI, JMWM2
COMMON/ZBLKS/7DSDXI{4E)+sDTDET{18) HYDE(3200) oHYDE{300) »UCNHMS{300) ,ULND
{300),VvC¥S {300) .,VIME {300}
COMMON/STORNM/AD o XEYE S YEYESP{AS: 151 WIND{4€E,15)

-

CO 8999 J=1.JW
DO 89GG I=1,1¥,2

IPi=141
WABS=SCRTIWIND{IsJ) ¥¥23w IND(IP1,JI%%2}
IF{BABS.LE.7.2)G0 TO $598
WCOF=1,100E20F 4 ({1em7./WABS)#%2)1%2.5CFE=~0¢6
GO TO $867

WCOF=1,100F=CE

DUWX=W IND{ T..3)

DUWY=WIND{IP1 5 J)

WIND{ I,J)=WCOF*WABRS*DUWX

wIND{IFL, J)=WCOFXWABSXDUWY

CONTINUE ‘

DC 130 J=2.JM¥



291

IS = 3

IMS = I¥M2
IF({I/72)1%2FQ ) 15=4
IF(ISEGe83INS=IMNG

JP1 = J+1

M1 = g1

CC 83 1=1S,IMS,2
IP1 = I+1

IVl = =1

1wX =1

IWY=1P1

IF{IS=4 3270, 283,270
280 ITwaX=IMl
Iwy=%
270 CONT INUE
CXI= CIXI/S{I,J)/708XI{1I}
CETA= CIETA/S{I,J3/7DTDETL S
L1 = GRIDI{IMILJ)=GRID2(IML.J)}
D2 = GRIDILIPL.JI=GRID2{IPLJ)
3 = GRIDI{I,IM1I=CGRID2{I ,JM1)
£4 = GRIDI{IsJF1)=GRID2{I,JP 1}
DELHX = GRIDI{IF1 »J)=GRIDI{INI , 1) ={(P{IP] s J)=P{IMI,J)})
DELHY = GRIDI{I JPI)=CRIDI{I UMII={P{I,3P1)=P{] ,JM1}3}
G = SORTIGRIDI{I I *GRIDI{(I,J)+GRID2{I:J)%¥CGRID2{ 15333
AVHX = Lo.E%{D1+D2}
AYHY = D.S%{D3+404)

DBAR = C+S5¥%{AVHYSAVFX)
G = {1,0+C2%F%Q/7{DBARXDBAR) }.
G2 = G*C

A = GRIDE%?gS%%Q{T*GFEDZ(i9J?WCXi*ﬁVHX*DELkX%C2$WiNS(IWX%J}
B = GRID2{1-,J)=ROTHGRIDI{ I, J)=CETAXAVHYS*DELHY+C2XWIND{IWY )
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GRIDI{IJ)
GRID2(1,4)
80 CONTINUE
130 CONT INUE
C ek s %
DO 140 I=3,1¥N2,2
CXI=ZCIXT/{SUT, MIMDSDXI( 1))
CELHX = GRICI(I4+1+JM)=CRIDI{ Im1s NM)={B{I+1sJM)=P{I=15IM))
QO = ABSI(GRINIII J¥)) '
CBAR = 0o5#{GRIDI{I=1,M)=GRID2{I=1,JM)+GRIDI{I+1oIM)=
+GRID2 (141 5J¥))
G = {1.0+C2%¥F ¥Q /I NBARXDBAR))
GRIDITI,JM) = {GRIDI{I,IM)=CXI*DBARMDELHX+C2%WINDL I ,J¥))/G
140 CONTINUE
GRIDI{1.3¥)= GRIDI{3I, M)
GRIDI{IM, IM)= GRIDI { IMM2, 4M)
CC sl g
DO 9000 TI=2, MM, IMM3
D0 90006 J=3, MM :
IF{ (J/2)%2 .EGs J 3 €O TQ 8100
GO TC 8800
8100 CCONTINUE
CETA= CIETA/S{I1sJ)/CTRET{I)
DELHY=GRIDI{ I, J+1)=GRIDI{IT s Jm1)={P{I] s +1)=B(IT,J=1))
AVHY=0 e5% (CRITI (T 15 J41)=GRID2( 11, I+ 1 4GRIDI{IT =) =GRID2(ITsJm1))
Q= SQRT{ GRIDI(ITsJI*GRIDI(II,J)+GRIC2{IT,IIXCRINDZ( 11,9 )
Gz {1 0C2%F2Q S{AVHYRAVHY))
111=3
IF( 11 «EG. IMM ) III= INW2
UBAR= 0 .5%{ GRIDI{III,J+1)4+GRIDI(TIII,J=1) )
UFLUX= UBAR + GRICI{I1.,J)

{GRALC 2B /{E24C4)
{CHB=C3%AI/{G2+L4)

i
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Ex GRILC2{1I:J¥=ROTHUFLUX=CET ARAVHYADELHY $C2xW IND{( 11 .J)
GRIDZ2{I11.,J3¥Y=B/G
CERIDI{IT. )= UBAR
GC T 9900
8900 CONTINUE
111= 1
I1111= 3
IF{ 11 EQ. Iw~d ) 111I= IWM
IF{ 11 oFQs IMM J) IIII= IMMZ2
GRIDI{(IT1.4)= CRICI{ITIT11,.,3)
9800 LCONTINUE
CC ke ¢ %k
cC SPECIAL CALCULATICNS FOR SEAWARL CORNERS
DO 905C 1=Z-.I1WW¥,IWM3

ii= 3
IF{ 1 oFGe I¥N¥ ) II= IMM2
I1s= Jiwi

Qi= SORTI{CRIDI(TII,13%%24CRID2{ I1,1)%%23

C2= SQERT{GRICI(I1,2)%%24CRID2{T2)%%2)

DI={GRIDI{II=1, 1)=GRID2{II=1 ,1}+GRINI{II+1,1)=GRID2{II+1,1)3/2,
C2=(CRIDI{Is1)}= CQIDZ(I'I)*GRID!(IaE)"GRIDZ(IyE))/’

GI={ 1. +C2%F%xQ1/(D1x%k2}}

C2={ 1.+ C2%F*Q2/7(DZ2%X%2) )

CELHX= CRICI(II41 51 )=CRICI{II=1s 1)={P{Il+1,1}mP{II=1,1))
DELHY= GRIDI{I,)=GRIDI{I,1)={F(I,3)=F{(I,11})

CXI = CIXI/S{I1-1)/705CX1I{(11}

CETA = CIETA/S(1.23/DTDET{(2)

AB = GRINDI{II-1)+C3*GRID2{II 1 )=CXIXDI*DELHX+C2RWIND{II,1}
AP = AP4,SHCIXCRIC2{(TI41S5S,2)

BR GRID2{1,2)=C3%CRIDI{I,2)=CETAXD2*DELFY+C2%XWIND(I,2)
Bp = BﬁﬂaS*CB*GRIDI(I!;B)

H
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DENDOM = GI1%GZ4,2E%C4

GRIDI(II.1) = (AP XG2+4BP % ,S¥XC 33 /DENOM

GRID211 4523 = (BERGI=APX 5*%CII/DENCM

CRIDI{I,2) oSH(GRIDI(ITI - 2I+GRIDI(IT 13

CRID2( 111 ) = 5*{GRID2{I,2JI+CRIC2(TI+IS,2))

CONTINUE '

CRIDI(1,1) = CRIDI( 3, 1)

GRIDI{(IM,1) = GRICI {IMM2,1)

RETURN '

END

SUBROUTINE CRAW1

COMMON/BLKI/GRID1 {45,153 sGRID2{(45,15}, 5{45,15), HYD1{ 30.
103, HYD2( 30031, HYDI{300)sHYD4{ 200) s UCM1{300) ,UCH2{300) ,UCM3{300) UCM
24{300) VCWLI {302 ) VCHZ{300 ) VIMI{300 }s VCML {300 )

it

COMMON/BLKZ2/C2,CCsCIXTsCIETASDXIZDETADELTF 5 IMs JMy IMM, JMM, N
CCMMON /BLK20D/ CORIDSCSsC2eChsROT,IMM2, I MM3, JMM2
CCMMON/BLKZ/ CRAV . NMAX s IHL1oJH 1, IT15J7 15 IHZ,

10HZ2» 1 T2:0 725 IHZeJH3 I T3 JT351HE o JHS 2] TAsJT4, INC
CCMMON/PLK5/DS£XIiéS%,DTQET(3539HYDS(EOQ)yHYDEKBOﬂ)9UCM5(39039UCM6

1{300) s VCMS(30C) s VCME{300)
COMMON/BLKE/ IF T 4 HE 1 T8, JTSo IHE L IHELT TESJTE

DIMENSION UVEL{(45:15) sVVEL{45,15)}
EQUIVALENCE {UVEL{2),VYVEL)

MIN = ((N=1}%DELT)/60s + 1.E=S
IF{MOD{MIN, 20 )aNF o0 IRETURN

NE = N/ZINC + 1

HYDI{NH) = GRIDI{IH1,JHL)
HYD2{NH) = GRIDI{IHZ,JF2)
HYD3{NH)} = GRIDI{IH3,JR3)
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CCC

HYD4 {NF)
HYDS{NH) -
HYDBINH }
CALL METEFR

CRID1I{IHA, I8
GRIDI{IHE, JH5}
GRIDI{ ITHE, JHE)

Hon

IF {MDDIMINLB0) »NE. 0F RETURN

CALCULATE THE X AND Y VELCOCITIES
AT THF INTERICR PCINTS

DC 100 J3=2,JM%

i = 3

IMS = IMM2

IF 1{3/72Y%2 LEQ. J} i1Is = 4

IF {1IS -EQ. 43 INS = I¥M3

FOR RAD. LBC IS=2 AND IMS=IMM

CCLC REWM CHANCGE IN DC 31D

100

JPT = U+

Ml = J=1

CO 100 I=1S,1IMS,2

IPl = 1+1

¥ = I=1

D1 = GRIDI{INMILJI=CRID2{IMI D)
b2z GRINDI{IP 1, J)=GRID2{LIPL s 4}
C3 GRITI{I,J M1 )=CRID2{IsJM1)
D4 = GRIDI{I-JP1}=GRIC2({I-JFP1}
DEAR = »2Z%{Di+D24D324D4)
UVEL{I2Jd} = CRIDI{I:3}/DBAR
YYEL{T »J)3 GRID2{1I ,3)/DBAR
CONT INUE

BCUNDARY FCINTS

DD 201 Jd=1,JM,J¥N

D0 200 (=3,IMM2,2

It

i

1}



491

200

201

Pl = I+1

1ML = I=1

D1 = GRIDI{IN1,JI=GRID2{INLsJ)
£C2 = GRIDI{IP1,J)=GRID2(IP1,J)}
DBAR = ,5%{C1+02) ‘
UVEL{1,J) = GRIDI(IJ}/DBAR
VVEL(I»4) = GRID2{1,J)/DBAR
CONTINUE
UVEL ( IM,J)
VVELLIM,J)
CONTINUE
1= 1

DC 202 J=1.JN, MW

D1 = GRINI{2,J)=GRID2(2,4)

D2 = GRID1{4:J)=GRID2{4:J)
DBAR = .5%(L1+D2)

UVELL{I,J) = GRIDI{(I.J)/DBAR
VVEL(1,3) = CRID2{I,J)/DBAR
CONTINUE

CO 310 1=2,IMM, IMM3

DO 310 J=2,IMM

IF ({J72)%2 ,EG, J) GO TC 305
11 = 1

1111= &

IF {1 .EQ, IMN¥) II = IM

IF( 1 «FQe IMM ) II1I= IMM3
Dl= GRIC1(1,J)=CRID2{T1+J)

D2= GRIDI(IIII,N=GRID2(IIIT,4)
DBAR= 0 .5%(D14D2)

UVEL(IIJ) = GRIDI(II-J}/CBAR
VVEL(II,J) = GRID2{I1,J)/DBAR

GRIDI{ IM, 3} /DBAR
CRID2{ IM,-J}/DBAR

il

it



GO TO 210
305 CONT INUE
JP1 = J4+1
JML = Jgm1
£3 = CGRIDI{(I,JP1)=GRID2{1,4P 1)
D& = GRIDI(I,JM1)=GRIC2{I,JM1)
CEBAR= N.S%(C24D4)
UVEL(IsJ) = CRICI{I,JI/DBAR
VVELLT »J) GRIDZ (I ,J) /DBAR
310 CONT INUE
DO 311 I=1,1W
DO 311 Jz=1,4¥
IF{ MODI{I43 ,Z) «FQ. 1 ) GO TO 211
UVEL{TI+d) = UVEL(TI,J)%100,
VVEL{TsJd3= WVEL (] ,3)%100,

"

311 CONT INUFE

891

T = MIN/EC,
WRITE (£,400) T .
400 FORMAT (1H1,EX13FTIME (FRS) = 4F5,2-///520Xs 12HE L F v (M),

1//7/e7Xe CHS F ALERBY,GHL 3 A S T5//)
WRITE (A.405) (JsJd=2s MM, 7))
405 FORMAT {(BX,7{EX2HI=s12) 5/ )
- WRITE (£,4068) (Jed=19sIM,2)
4086 FCRMAT {(4X ,3({8X 32 3=512)/7)
DO 418 I=1,1M,2
K = 141
BRITE {£,410) 14{CRID1I{TIsJ)9 =25 0MM,2)
410 FORMAT (1 X9 2HTI=Z912:3Xs7(4XsFE2)s/ 1}
IF {1 .FEQe IM) GC TQ 415
WRITE {(£54611) K{CRITCI{KsJd)sd=1,0M,2)
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411
415

419

421
422

423
a4
425

FORMAT (1X 2+ 1=,1I2,8(4X3F6:23s/7 3}

CONTINUR

FRITE {€£,415) T

FORMAT {1H1+B6X,13FTINFE (FRS) = FH25//7 20X 25HX AND ¥ v FE L0 C
1 I 7T I F S (CM/S)Ys///97XeEHS FE ASZ8X,CHC £ A S T5//7)

WRITE (6425 ) {Jdad=2:JNMM,s2)

WRITE {£5406) (Jead=1e0M,2)

O 425 I1x=1,1IM,2

K = 141

WRITE {£,4821) To{lVEL(ToJ)sd=1UM,2}

WRITE (Fo4827) {VVEL {IsJYesd=1U0M2)

FCRIMAT (1 X2 I=212,8{8X,FHe1))

FORMAT (EX,FlA4XeFEs1ds/ )

IF (1 EGe IM) GO TG 425

WRITE (F:423) Ke(UVEL(KoJ) e Jd=2,JNV,2)

WRITE {(6+424) (VVEL (Ko d) sJd=2,J MM, 2)

FCRMAT {1X 2+ 1=512:3X7({4X.F€s-1))

FORMAT (8X,7(48XsFEs1), /)

CONT INUE

RETURN

END .

SUBROUTY INF METFER

COMMON/FLKI/GRITI {45,153 CRIC2(45.,15 ), S{455,15),HYDI{ 3N
10),HYD2{RC0) ,HYD3{3C0) HYDA{3INN) L LCML {300 ) UCN2{300 ), UCMI (300 ), UTH
24{(300 Y VCNVMI(3CD I VCMZ{ZNC Y VCMA{ LN Y, VOME{ 200

COMMON/BLK2/CP 3 CCCIXI+sClETASCX T CETASDELT oF o [Ms M, MM, JMM, N
COMMON/ZBLK Z/ GHRAV, ANVMAX o TH1 s JHI , 171,071, IH2 s
1 P2 1726 0T 2 IE3 0 b3 1T 23T 25 T4 dHA4s ITE4,3T4, INC
COMMUON/BLKS/DSRXI{49) JRTRDET{(15) sBYDS (300 ) RYTH{302 ), UMB{ 300 ), UCMA
1{30D ) VCME{ 20D ), VCME( 2CN)
COMMON/ELEKA/ IS s b8, ITS 0TS IFESIHES ITELJITH



Qi

49

50

73

85

112

MUY= NATNCH+I

DO 10 KK=1,¢ —

CC T0 (20:30:403:505,60:70 ) sKK

11 = 171

JJ = 471

cC 740 872

I1t = 172

Jd = JT2

CC T 8n

i1 = 1717

JI = JT:Z

¢C 70 890

II = 174

JJ o= JT4

¢C 70 BN

i1=17%

JI=J7T5

¢C TS 80

[I=176

JI=JdTe

11 = 11i=1

I2 = 171+1

Ji = J4J=1

Jz2 = Ja%)

AVEDX = {(GRIDI{I1 .JJ)=CRID2{(I11,-,JII+CGRIDI{I2,331=CGRID2{IZ-JII IR0
AVEDY = (GRIDI{II,J1)=mGRID2{II, J134GRIDI{ILIJ2I=GRID2{ITJ2)I%D .5
CC TN (1101205 137-140-,150. 1€0),.KK
UCMI{NUY) = GRINI{IT1.4T13)/AVEDX
VCMI(NUY ) = GRID2{IT1,J471)/AVEDY
£C 70 1D



141

120

133

140

159

160

UCM2 (NUVY ) = GRICI{IT2,47T2)/AVEDX
YOMZ{NUV) = GRID2{(ITR2,4T2)/7AVEDY
GG 7O 1o

UOM3INUVY = CRIC1I{IT3,3T2)Y/ AVEDX
YOMI{INUY) = GRID2TIT3,4T3)/AVEDY
GO TG 19

LOMA{NUY) = GFRIC1{IT4,J74)7AVELX
VOMA{NUVY = GRID2{IT4,37T43 7AVEDY
T 70 12
UCMS{NUYI=CRITDI{ITS ,JTS I/ AVELX
VOMBINUYI=GRIDZIITE,JTH) FAVEDY
0 70 10
UCMBINUVY)SCRITILITAJTA )/ AVELDX
VOMB{NUYIZCRIND2IITE,ITEY FAVEDY
CONT INUE

RETURN

END

SUBROUT INE FUVY
COMMDON/BLKI/GRIDI(45,15) CRID2{45,15), S{4%5, 153, HYD1{ 30

{10, HYD2{ 30D ), HYDII3COI-HYDL{ 30N ) LUCMI{300) s UCHZ{300) »UCHI{300 ) ,ULCH
241300 ) VCHMI{30D ), VCM2{3001-VIMI{300 I, VCME{300)
COMMON/RLKZ/C2, CCosCIXT s ClETARDXISLETADELT aF o 1Mo UMy ITMM, JMMs N
COMMON/ FLK 3/ GRAV, NMAX,IHT JH1,IT1,3T1,1IHZ2,
TdH2 oI T2:5072:1 1350031735 T3 108 0dF%51T4:Jd745 INC
COMMDN/BLKE/DEOXT{A ) .DIDET{15) (HYDS{300) +HYLE{300),UCMB{300 ), UCME
1{30C ) VCMB{32D ), YIME{ 300 )
COMMON/BLKEVIHS o JHS 51 TS5 TS s IFH » dHE6 5, 1T6,475
COMMON/BLRK7/7HOBS1{07) HOBS2{ €7) sHOBS3{H7) +HOBEA1567) »HIBSS {67 ) +HIUEBS
16{567)

FRITE {6:505) TH1: H1,THZ-IHZsITHIsIJHI 21 HE s JHS 2 THS» JHS s IHB o JHE



2Ll

WRITE {€E3ECF) IT1-0T1 91 T2sdT72+IT325s3T31T45JT45IT5:,IT5-1TH-376

505 FCRMAT{1H1+41+ ACJUSTED=COMFUTED HYDROGRAPH (M) AT 98{T1251H s>
6 12,7X)s/»30H AND THE CBSERVED WATER LEVEL ,// )

506 FORMAT{11Xs34HSIMULATED CURRENT  (M/S) AT 961 1251H551297X) o/
177)
J=1
K = 1

NDEX= NMAX/INCH1
DO 500 I=1,NDEX
T = (K=1)%CELT/32€L00,
PINT [(Kw])XCELT /60 +1.0CE=DD .
C CORRECT LOMPUTED H FOR INITIAL CBSERVED WATER LEVEL CONDITIDNS
FY D1 {I)= BEYL1{1)%1.
C HYD1{1I)= HYDI{I)Y+HOBS1{1}
FYD2{I )= bYD2(1)+4H0BSZ2{ 1)
FYD3(13= PYL3(1)+HDES3(1)
HYD4{ I)= RHYDA{I)+HOBS4{1)
HYDS (1= HYCS{I)+FDOESS{1)}
HYDAE{I)= HYDE(I)++OESH{1)}
WRITE {(£+51C) KoeToHYDI{T) HYD2{(IJsHYD3{1I) sHYDL{I) ,HYDS(Id .HYDH{T)
IF{ MOD(MINQ%Q)oEGoQ)WQITE(é,SiB)HOBS1(J)3H0852(J3vHDBS3(33gHQBS#(
9J3 HOBSE{ J)Y .HLRSEA ([ U)
WRITE {(£,511) UCMI{ I UCMZ{I ) UCMB{TI) UCME(T)} UuCMS{ I} UCME{])
WRITE {6512y VAMI{(I)sVIM2{T ) VOMZ( 1) VCM4{ I, vCMS{ 1}, yCMHE{ 1)
K = K+INC
IF{MOD{MINGLGEN IsFQ0) JI=J+1
500 CCNTINUE )
510 FORMAT (/213X s2HN=,18,10H T (HFES3I=sFH2 5k o 2 5{FB.2:H6X) )
511 FCRMAT {39X,4%FU s E{F72:sSX})
512 FORMAT {(38X4FY o BI{F7 225X 1))
513 FORMATY{ 34X,7H0OBS H 2 H{FH2:6%X))



el

101

i%2

103

104

i

RETURN
END

SUBROUTINE wINDF
COMMON/BLKZ2/C25CCsC I XTsCIETASDXI »sDETASDEL TsF oIV, JM, IMM, MM,
COMMON/ TRANS/XX{85,15):YY{ 45, 15):COSG{ 45+ 15) s SING{ 45,15)

COMMON /HURRY/

CUMMON /HURRL1/

3

5

COMMON /EXTRAY

TI¥{50})
PZRO{50)
YRANCE
NT 1

X{ 45,15}

s ROT {50 s RACI{BO ) s VRMAX {50 ) v
s TIMPUS{1E8D) - XPOS{150) ,¥YPOS{150)
» THIT s XHIT s YHIT »
cio 2C11 s FHY ®
s NT2 »
PINF » IX 2 1Y

2 ¥{45,15)

COMMON/ STUCRM /NOJXEYESYEYES,P{4%,15),uwIND{46,15)

DATA IT1P1,1712P1/2,2/

NE=N

TIME=FLOAT{N=1)*DELT/3600,
£CC 101 I=ITIP1sNT}

IF{TIM{I)CE.TINE)

CONTINUDE
I=NT1
ITi= =]

S0 103 I=IT72P 1,NTZ -
IF{TIMPCS (1) CELT IME)CDC TC 104

CONTINUE
I=NT2

{72= I=1i
ITIPI=1T141
ITZRP1=1T72+41

GG T 102

TFACI={TIME=TINM{ITI I AT IM{ITIPL )=TIN{IT1))



i

TRFACS={TIME=T I¥MDOS{ IT2)I/7{T IMPOS{ITZP 1)=T IMPOS{ 17233}
DELT2={ TIMPCE(IT2F1 )=TIMPLS{IT2) )%35600,

R=RAD(ITII4+TFACIRIRAD{ ITIF1 }=RADI{IT 1))
YRzYRMAX{(I TII+TFACT *{yRMAX(ITIPI}=VvR¥MAX{IT1})
THETA=ROT(IT1)+4 TFACI¥{ROT{ITIP1})=ROT{IT1))
CO=PZRCIITIIH+TFACIX{PZRO{ITIRL )=PZRO{ IT1)}
XEYE=XPOS(ITZ2IH+TFAC2R{XPLS{IT2PL )=XPOS{IT72)}
YEYE=YRCS{ITZ I+TFRAC2%{YPOS{IT2P 1 )=YyPDS{IT2)}
US={XPOS{IT2F1)=XFOsS{IT2)3/70ELT2
YVS=(YPOE{ITZ2P 1 )=¥YPOS{IT2))/DELT2

R=R%k 84167

YVR=VR* %1%

US=US*®220 1€

YS=yS%k2201 .6

THETA={ SN, = THETA+FHI )%,01 74533
CO=COS{=THETA)

Ci=SIN{=THETA)

USR=US*CO + YSECH
VER=VS%LN = US%x({]

£O 108 I=1,1X%

DC 107 J=1,.1¥Y

HP=XX{1 .4)

YP=YY{1s5.J13

XF] =XP=XEYE

YPI=zYP=VYEYE

RSML=SOERT{XFP1%%2 4+ YR 1%%2)}
TF{MDOD{{I+J)e2)ECs1ICE TO 109
A==YP 1%C10 =XP1xC11



G

[aNa ]

(R3]

105

108

109

107
108

B= XRPixCla =yPIkCi]
IF{RSML sLT01,0E=10) RSML= 1,CE=10
IF{RSML-LE., RIGC TQ IS

POINT IS5 QUTSIDE RADIUS TO MAX WINDS

Sl=R/ALRFIRENL)
S2={VR/RSHL } ¥ (R/RSML J**,45
GC TO 128

FOINT IS INSIDE RADIUS T MAX wWINDS

Z1=RSML/{R+RSWL)
S2={VR/RSML I {{RSML /RI%*1 .5}
AI={USR%S1 I+ {A%E2}
Wi={YSR*S1})+{B*<S2}

RFOTATE YELICITY FLR CURY CrRIC

C=C08G{Is 3
S=SING{TsJ)
KR=®,1*C+Y 1 %5

YR=Y1 %=} 1%3
¥{1.J)=xR

¥Y{Is.03=¥YR

CC vO 107
RDIST=2Z,%,841¢7
PP=PO $+{FINFaPD}RFEAP {=RCT ST/RSML )
FIToJ)={FInFaFEYk 01
CONTINUE

CONTINUE
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0O 110 J4=1, 1%
DO 110 I=1,1IX,2

IF{I{J/72)%2:.5EQ.,33GC YC 112

WIND{T,3)=X{1s3)
WINDL{I+1,J)=Y{1:3}
60 TO 11D
IF{IEQ-IX)CGC TG 118
WIND{I J)=X{1%+1,0)
WIND{I41,39=v{141:J)
CCNTINUE

RETURN

END

FUNCT ICN YLANTCI{XD)
DATA YRANGE17»-/

YL AND= ABS{XD=YRANCE 3}/ 7.
RETURN

END





