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PREFACE 

This report is published to urovide 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 O. 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 
Congress, approved 31 July 1945, as supplemented by Public Law 172, 88th 
Congress, approved 7 November 1963. 

Colonel, Corps of Engineers 
Commander and Director 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) 

UNITS OF MEASUREMENT 

U.S. customary units of measurement used in this report can be converted to metric (S1) 

units as follows: 

Multiply 

inches 

squarc inches 

cubic inches 

feet 

squarc feet 

cubic feet 

yards 

square yards 

cubic yards 

miles 

square miles 

acres 

foot-pounds 

ounces 

pounds 

ton, long 

ton, short 

degrees (angle) 

Fahrenheit degrees 

by 

25.4 

2.54 

6.452 

16.39 

30.48 

0.3048 

0.0929 

0.0283 

0.9144 

0.836 

0.7646 

1.6093 

259.0 

0.4047 

1.3558 

28.35 

453.6 

0.4536 

1.0160 

0.9072 

0.1745 

5/9 

To obtain 

millimeters 

centimeters 

square centimeters 

cubic centimeters 

centimeters 

meters 

square meters 

cubic meters 

meters 

square meters 

cubic meters 

kilometers 

hectares 

hectares 

newton meters 

grams 

grams 

kilograms 

metric tons 

metric tons 

radians 

Celsius degrees or Kelvins! 

! To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use formula: C = (5/9) (F - 32). 

To obtain Kelvin (K) readings, use forumla: K = (5/9) (F - 32) + 273.15. 
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STORM SURGE SIMULATION IN TRANSFORMED COORDINATES 

Volume II. Program Documentation 

J. lilans 

I. INTRODUCTION 

Presented in this volume are the program documentation and list
of the coded programs for carrying out a simulation of a 

hurricane-induced storm surge on the Continental Shelf in curvilinear 
coordinates for a 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 the region from 
a section across Laguna Madre about 90 kilometers south of Brownsville 
to Marsh Is land. Particular care must be taken to follow pro-
cedure exactly for the example if CONFORM is to be verified by obtain-

the transformation coefficients. This procedure is given 
explici tly in the CONFOR\VI 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 I). 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 Is land 
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 Id. The theory is given in Sec
tion III of Volume I. The particular example data given here are for 
Hurricane Carla and the Laguna Madre-Marsh Island grid system. 

The appendixes to volume contain detai FORTRAN 1 
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 ~-axis to the x-axis). 

The program CONFORM is composed of: 

MAIN 

SUBROUTINE COEFFS 

FUNCTION XTRAN 

FUNCTION YTRAN 

SUBROUTINE SLFAC 

SUBROUTINE CURlYB 

FUNCTION CURVYB 

Defines constants. Reads and writes the 
coordinates delineating the given coastline 
and seaward boundary curve. Calls 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 ail other 
program subroutines and functions. 

Is the transformation function x(~,n) 

Is the transformation function y(~,n) 

Determines the scale factor and derivatives, 
ax/a~, ay/a~, for a given value of ~ and 
n . 

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

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

SUBROUTINE CUR2YB 

FUNCTION CUR4YB 

SUBROUTINE CUR3YB 

FUNCTION CUR5YB 

Differentiates the given coastline. returning 
a value of dy/dx at a specified value for 
x. 

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

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

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

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 CURIYA 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 < ~ < A , = 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 

I WANT , MQ, MOP, NMAX, 
JMAS1, IL, VARWT 

Continuation flag, number of shore
line and seaward boundary coordinates 
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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. X, 
F7.2, 3X, F7.2 (limit 150). 

(3) Card Group 3 

X2P,Y2P 

Optional 

(4) Card 4 

B, BZRO 

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

Card 4, Card Group 3, and Card 6 

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

The values of Sand Bo 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 

(6) Card 6 

WSX,WSY 
WCX"WCY 

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. 

The value of the weighting factors for the sea
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 
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both given curves are multivalued in y for a specified x value. 
1be 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 

Read constants; MQ, MQP, NMAX, 
IL, JMAXl, 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) 

CALL SUBROUTINE COEFFS 

II 

Yes Read transformation 
coefficients and 
weighting factors 



~ SUBROUTINE COEFFS I 

I Compute coastline arclength I 

IF 

COASTLINE HAS 

FOLDBACK, 

IYB=l 

No 

CALL CURlYB 
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. 

CALL CUR2YB 

Yes 

Arclength computed directly 
from given coordinates, 
(X2, Y2) . 
Consequently, assumed that 
used has sufficient data 
points to accurately define 
the curve. 
Stored in ARCYB 

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. 

1 
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CALL CURlYA 
Arclength computed from a 
spline. Stored in ARCYA 

Yes Arclength computed 
directly from X2P, 
Y2P. 
Stored in ARCYA 

Write coastline and seaward boundary 
coordinates and arclengths. 

Compute CS and SN where 

CS = cos (nki;) , 

SN = sin (nk~) , } for n=1,2 '" NMAX 
and ~=(i-I) A/CIL-I) 

where 
i=1,2 IL/2, IL even. 

or 
i=1,2 IL/2+1, IL odd. 
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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 

Compute Band BZRO 

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

Write transformation coeffi
cients, iteration number, 
NMAX and 1L. 

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. 

Yes 

I~OUNT = 

No Yes 
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7, of Terms. 

Arraxs 

X2 Dimensioned MQ, Contains values of the x coordinate in 
units of x;y space of the given coastline (max. ISO). 

Y2 Dimensioned MQ. Contains values of the y coordinate in 
units of x,y space of the given coastline (max.1S0). 

X2P Dimensioned MQP. Contains values of the x coordinate in 
units of x,y space of the given seaward boundary curve 
(max. ISO). 

Y2P Dimensioned MQP. Contains values of the y coordinate in 
units of x,y space of the given seaward boundary curve 
(max. ISO). 

COB Dimensioned NMAX. Contains values of the dimensionless 
transformation coefficient B (max.200). 

n 

COC Dimensioned NMAX. Contains values of the dimensionless 
transformation coefficient C (max. 200). 

n 

DUMB 

DUMC 

ARCYB 

ARCYA 

SN 

Dimensioned NMAX. 
(max. 200), 

Dimensioned NMAX. 
(max. 200). 

Contains the iterative value for 

Contains the iterative value for 

B 
n 

C 
n 

Dimensioned MQ. Contains values of the arclength for the 
given coastline coordinates X2. Y2 (max.lSO). 

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

Dimensioned NMAX x ILl where 
ILl is IL/2 + 1 for odd IL. 

ILl is IL/2 for even IL or 
Contains values of sin (nk~). 

CS Dimensioned NMAX x ILl. Contains values of cos (nks). 

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

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

ATYA 

z 

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). 

Dimensioned 1L. Contains values of the y coordinate of 
the given seaward boundary curve as determined from the 
arclength of the transform-generated curve (max.400). 

Dimensioned 1L. Contains values of ~ (max.400). 

~:~:~:~' Dimensioned IL. Temporary storage. 

Constants 

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

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

N~X Number of transformation coefficients, B or C (max. 200). 
n n 

IL Number of equally spaced integration points for 0 < ~ < A 
with IL ~ N~X (max.400). 

I WANT If IWANT = 1, the program is to be re-started requiring 
input from the previous run. If IWANT t 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 = TI/A 

A -B 

B S 

BZRO B 
o 

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. 
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S. 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 B, B , 
and the coefficients, Bn and Cn These are given in the nex£ 
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 SO for the first 20 iterations. 

(2) For the next 10 iterations, NMAX is 60 and IL is 120. 

(3) Set NMAX to SO and IL to 160 for iterations 31 through 
SO, 

(4) Take NMAX as 90 and IL as ISO 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 Slst iteration, WCX and WSX are set 
to 0 and NMAX is 110 and IL is 220 through the 100th 
interation. 
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(8) From iteration 101 through 110 ~ NMAX is 130 and IL is 
260, 

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

Note that steps (7) through (9) utilize the alternate solution 
to the mapping equations (9) and (10) in Section II 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. 
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The following input is required by CONFORM to conforrnally 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 are 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 N P I.J T D A T A 
C 

47 40 150 15000001 160000 110@00 
C C 
C C 
C tOA STL K NE COORDINATES C SEAWARC eCU~DARV COORDINATES 
C C 
C C 

000.00 035.00 000.00 OC2.00 
005.60 040.00 007.50 OC~oOC 

010.50 044.80 016.00 010.00 
018.00 051000 021.50 014.50 
028.00 C59.00 028.00 019.00 
040.00 066.80 036.00 02~.00 

050.50 C73.00 045.00 028.00 
056.50 076.50 054.00 0::2.00 
063.00 C82.00 060.00 036.00 
070.00 C93.00 066.00 040.00 
074.00 102.00 077.00 046.00 
016.50 lCe.50 085. 00 051.00 
079.00 116.00 089.00 055.00 
082.50 121.00 095.00 064000 
08B.00 1J7.80 104~()O 016.00 
095.00 14(;000 1,0.00 OS~.OO 
106.00 154.00 112.00 089.00 
1,1.00 1102.00 113.50 00;(;.00 
136. 00 167000 114.50 1 Cl000 
153.00 110 e. 30 117.50 10S.00 
158000 16E.00 121.00 112.00 
161.50 167.30 127.00 116.00 
166.00 16e.BO 139.00 121.00 
171 .. 00 169 00 153.00 12~.50 
1 8J. 00 16e.00 165.00 123.00 
197.00 166.00 179.00 119.00 
214.00 16!:.01:\ 193.00 115.C 0 
230.00 166.00 213.00 104.00 
242.00 167.00 22<;..00 092.00 
250.00 It~.10 244.00 080.00 
2!:O3. 4 0 167.20 257.00 071000 
257.00 169.50 261.00 ote.oo 
265.00 169.00 276.00 062.00 
280.00 166.00 289.00 0(;10.00 
291.00 H J.OO 298.00 049.00 
296.00 159.30 307.00 042.00 
298.50 159.90 318.00 03!:.00 
303.00 159.00 333.00 027.00 
314.00 lE3.00 347.00 020.00 
323. 00 14S.00 360.00 014,,00 
328.00 142.00 
331 .00 131.20 
335.50 129.20 
342.50 121.00 
349.50 ue.oo 
352.50 113.00 
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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 

SUBROUTINE XUT 

SUBROUTINE SHCOR 

SUBROUTINE TRAN 

SUBROUTINE TRANI 

SUBROUTINE TRAN2 

SUBROUTINE CURV9 

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 (v, v, and F), 
and, at each grid point, cos e and sine e . 
Writes computing grid information. 

Writes information transferred into XUT. 

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

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

Computes x(~,n) and y(~,n) 

Computes dX/d~ , dy/d~ and e :: tan-1 (dY/d~) 
dX/d~ 

Contains the expansion curve Y = Z + B(XC) 
where A, B, and C are constants. The term 
Y is either Sp (units, nautical miles) or T 
(units, minutes). The term X i~ ~ither S* 
(units, nautical miles) or T* (Ul.itS, minutes). 
This subroutine computes Y and dY/dX given 
the coefficients and X. 
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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 Y2P. 

FUNCTION CURV4 Interpolates the given curve, Y2P as a 
function of X2P, returning a value for 
y given x 

3. 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, B or C 
n n 

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 
space of each quadrangle is approximated by using 
evenly spaced increments between ~ isolines and 
evenly spaced increments between n isolines. 
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For production runs, smaller sampling intervals might be required 
in b, c and especially, c 

4. Input 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, NUMXI, 
NUMETA, OELSS, 
SSTRT, OELTT, 
NO, NS 

(2) Card 2 

BETA BZRO 

(3) Card Group 3 

COB,COC 

(4) Card Group 4 

SY 

Number of mapping coefficients, number of ~ 
lines + 2, number of n lines, 6S* in nautical 
miles, first value of S* in nautical miles, 
L'lT* in minutes, number of depths, number of 
points in format 314, 3F5.l, 214. 

The value of Band Bo from the conformal 
mapping solution in format 2E14.7. 

The NMAX cards containing the Fourier-type 
transformation coefficients, Band C , 
in format 2E14.7. n n 

Temporary storage for the NO 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 

~ == A + B (S*) 
C 

for each region of the curve where ~ is arclength (nautical miles) 
along the transform-generated coastline. For the sample program, 
there are five regions of the expansion curve. Selecting 65* =. 

6 nautical miles, the number of 6S* 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 S* < 236 nautical miles 
(10 intervals of b,S* ) 

asp" =: 2.6225 at S* 176 nautical miles as* 

~= 1.5 at S* 236 nautical miles 3S* 

S ::: S at S* 236 nautical miles p p 

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

~ 1.5 at S'k 236 nautical miles 3S* 

~= 1.5 at S* 260 nautical miles as* 

S ::: S at S* ::: 260 nautical miles 
p p 

For region III, 260 nautical miles < S* < 302 nautical miles 
(7 intervals of ~S*) 

~ 
as* 1.5 at S* ::: 260 nautical miles 

~ 
3S* LO at S* 302 nautical miles 

S ::: 302 nautical miles at S* ::: 302 nautical miles 
p 

For region IV, 302 nautical miles < S* < 356 nautical miles 
(9 intervals of ~S*) 

asp. 
as* 1.0 at S* 302 nautical miles 

at S* 356 nautical miles 

S .- 302 nautical miles at S* ::: 302 nautical miles 
p 
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For 
(16 

region V, 356 nautical miles < S* < 452 nautical miles 
intervals of 6S* ) 
~-
as* - 1.0 at S* = 356 nautical miles 

~= 2.7 at S* = 452 nautical miles as* 

s = 356 nautical miles at S* = 356 nautical miles 
p 

A similar procedure is followed for the expansion function 

T = A + BCT*)C 

where T is 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 6T = 6T*. 
The expansion coefficients are determined by the program. If the 
user desires only one region (i.e., T = T* and 6T* = total long wave 
traveltime-number of n grid intervals), the program computes 6T*. 

24 



6. Flow Chart. 

I MAIN - GRID I 

Define constants 
NMAX, NUMXI, NUMETA, DELSS, DELTT, SSTRT 

ND, NS, XLAMDA, SLMAP, and XIDUM 

~ 
Read conformal mapping transformation 

coefficients, BETA, BZRO, COBeN), COC(N) 

~ 
Determine and write transform-generated coastline 
and seaward boundary curve coordinates for N4 evenly 
spaced values of I; (0 ~ I; ~ A) Store in ATXB , 

ATYB, and ATXA, ATYA. 

Determine and write coastline arclength 
Sp (nmi) as a function of 1;. 

Store Sp in X2 · 
Store I; in Y2 · 

CALL CURVI 
Fits interpolatory spline through Y2 

as a function of X2 · 

I!J 

Defines number of expansion regions (IRG) 
for Sp (S*) , coefficients A, B, and C and 
number of /:,.S* grid intervals of each 

region (HC) . 

,~ 

1 
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Determine appropriate values of ~ for 
evenly spaced values of S* 

For i :::: 1,2 .. NUrviXI 

* 
S. :::: SSSTRT + (i-l) *DELSS 

1 

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 CURV1. 

Store ~ in XI. 

Determine and write coordinates and arclength 
Sn (nmi) along a particular isoline of ~ 

(=XIDUM) . for NS evenly spaced values of n , 
-6 2 n 2 (3 

Store S in X2. 
n 

Store n in Y2. 
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2 

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

II 

Determine and write the long wave traveltime 
T (min) and distance Sn (nmi) along 

XIDUM for the ND positions. 

Store T in X2P. 

Store S in Y2P. 
n 

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 ~T* grid 
intervals of each region (IIC). If IIC(l) = NUMETA-l, 

compute l'IT* 

\1 

3 
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3 

\' 

Determine appropriate values of n 
for evenly spaced values of T*. 

For j - 1,2 .. NUMETA 

* T. = (j-l) x DELTT 
J 

CALL CURV9 

Computes T for a given T* 

Function CURV4 

Returns a value for 
T. Arrays X2P and 
not be altered from 

call of CURV3. 

Sn given 
Y2P can
the last 

Function CURV2 

given 
Y2 can

the last 

Returns a value for n 
Sn' Arrays X2 and 
not be altered from 

call of CURVI. 

Store n in ETA. 

\' 

The values of ~ and n are now known. 
Determine the computing grid data. 
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CALL SHRCOR 
Determines and writes the grid point coordinates 

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

Store 
Store 

x coordinate in 
y coordinate in 

i = 2,3 .. NUMXI-1 
j = 1,2 " NUMETA. 

x 
y 

and 
for 

Determine and write scale factor ~ (units 
x,y space-nmi). 

Store ~ 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· 
j=1,2 · . NUMETA. 

Store F in Y for i=1,2 · . NUMXI-2. 
j=1,2 · . NUMETA. 

5 
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Determine and write cos e and sin e where 
e is the orientation of the ~ axis to 

the x axis. 

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

Store cos e in X and 
sin e in Y for i=1,2 NUMXI-2 

j=1,2 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 

X2,Y2 
X2P,Y2P 

ATXA,ATYA 
ATXB,ATYB 

A, B, C 
IIC 

SX 

SY 

COB 

COC 

XI 

ETA 

Dimensioned NUMXI x NUMETA. 

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

Dimensioned IRG (the number of Sp(S*) expansion 
regions). 

Dimensioned NUMXI-2. 

Dimensioned NUMETA. 

Dimensioned NMAX. Contains the conformal mapping 
transformation coefficients, B . . n 

Dimensioned NMAX. Contains the conformal mapping 
transformation coefficients, C . 

n 

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

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

Constants 

NMAX 

NUMXI 

NUMETA 

Number of conformal mapping transformation coefficients, 
B or C n n 

Nwnber 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. 

Number of computing grid n lines. This is the same 
number as in Program SSURGE. 
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DELSS 

DELTT 

SSSTRT 

ND 

NS 

XLAMDA 

XIDUM 

SLMAP 

G 

N4 

IRG 

The value in nautical miles of 6S*. This corresponds 
to DXI in Program SSURGE. 

Since in SSURGE the product, ~6S* 
the surge equations, we determine 
~ values are dimensionless, i.e., 

is always computed in 
DXI in meters such that 

DXI = 1852 m 
nmi x 6S*nmi x [ SLMAP nmi x ~ unit] 

x,y unit 

The value in minutes at 6T*. This corresponds to DETA 
in Program SSURGE. 

Since in SSURGE, the product, v6T* , is always computed in 
the surge equations, we determine DETA in meters such 
that v values are dimensionless, i.e., 

DETA = 1852 m x 6T* min. x [ SLMAP nmi. x v unit] 
x,y unIt 

--. nml 

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 S 

n 

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

The particular value of ~ used in determining n(S ) 
n 

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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I QUAD 
and 

JQUAD 

The area in x,y space of each grid quadrangle is sub
divided into I QUAD intervals between ~ lines and 
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 lines NUMETA, ~S* in nautical miles DELSS, the 
first value of S* in nautical miles SSSTRT, ~T* in minutes DELTT, 
the number of water depths NO, and the number of points US used to 
establish n = n(S ) 

n 

The second card gives S 
mapping coefficients Bn and 
output from Program CONFORM. 

and 
Cn . 

Bo and the next 150 cards give the 
These 151 cards are the punched 

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, 
3Sp/3S*, 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 ~T* is 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 V and v related to the trans
formation of ~ to S* and n to T* , respectively, the scale fac
tor F, and the sines and cosines of theta giving the orientation of 
the ~-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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c 
c 
C INPUT OATil 

150 47 15 6.CI76.a B.O 31 
c:; 

2.1109529E&O! S.S078648E&OI 
-4.34938 7 3E&OI-6.e!7ee33E&Ol 
~3.166201IE&01 1.'427266E&OI 

1.2422513E&Ol-\,\1Je220E&OO 
-5.05355C2E&CO-l.4470718f--02 

1.6711864E&OC- 1.92! E334E&OO 
-3.5976884E&OQ-6.7330f28E-Ol 

1.41928€OE&OO 1.3667185E&OO 
- 1. I 794 944E & 0 0- 3.0 S 13 e 91 E- 0 I 

4.1190a76E-OI 1.J357793~-OI 
-3.7759354E-Ol 4.8JZc~02E-03 

1.9716016E-02 e.3212199E-02 
-1,0800307E-OI 1.6050J44E-OI 
1.2900e39E-C2-1.559E875~-01 

-S.S636S76E-C2 1.40~2S60E-Ol 
-1.37953!IF-02-e.387"I08g-02 
-3.5084819E-02 9.61e1509E-02 

6.6049S23E-03-4.1274305E-02 
-1.4301171E-C2 2.1339'55E-02 

9.3927eOIE-03-2.28cc277E-02 
-loI320465E-02 2.3924600E-02 
-1.07768 71E-O 3-2,2690 6 70E- 03 
-1.2749315E-C2 6.3207SS5E-03 

4.0667667E-03 1.411S754E-03 
-1.667406aE-03 4.e3~4670E-04 
3.9955978E-04-2.~3~5Ee?E-Q4 

-1.See218'E-C3 5.e82t825E-04 
9.0772255E-04 7.e038S04E-04 

-1.55919B3E-03-4.9427928E-04 
s.1903310E-C4 3.3489CS4E-04 

-1.!438246F-03-1,0357530E-04 
3.1952~17E-04 1.7B!e754E-04 

-6.1125324E-04 9.487E230E-05 
4.311Z€74c-04-S.7561649E-06 

-5.8352ESIE-C4 1.410t€41E-04 
1.8351595E-04-3.2129€S4E-05 

-2.SI29E44E-04 3.041209BE-04 
-1.0435642E-05-2.444 0 992E-04 
I.C222B14~-05 2.J269936E-04 

-B.S43Q003E-OE-l.910C€t2F-04 
-1.278B127E-Oe 1.54!~tI6E-04 
-2.6!J4267E-O!-9.325S390e-OS 
-1.44QZ<;S2E-C! 1.0334477E-04 
-S.0798231E-Ce-5.Z17S377E-OS 
-2.3B34412E-O" 3.24etl07E-05 

2.6B511035-Ce-2.67238g4E-06 
·4.3!lS5t9E-O!-2.Q3634!2E-06 

2.6351927E-05 1.14229!3E-05 
-2.3699234E-05 2.30B07S3E-06 
I.0604752E-C!-2.816~5~eE-06 

·l.1909960E-0~ e.3967162E-06 
7.96~1199E-06-7.3427355E-07 

-9.4350325E-06 3.056S014E-06 
3.5921445E-06-2.8028600E-06 

-3.163786SE-O~ e.20276~6E-06 

8.0697328E-07-3.20493e3~-06 

-3.1561g70E-Oe a.976c~27E-06 

2.0821353E~ce-3.!0024~2E-07 
-2.1a02158E-C6 7.37e3~32E-07 
l.lI0~~!1E-Ce-7.16Et7C2E-07 

51 -6.1223962E-01 1.450Q429E-06 
-1.8451712E-O'-1.11971C1E-06 
-3.36S4205E-07 1.!OleS65E-06 
e.93849!5E-a€-4.5424002~-07 

-3.01203€4E-C7 5.23~4470~-07 
-3.6734064E-O'-3.5€25709E-01 
-1.41408SCE-C7 4.24405eSE-07 

7.3S83e89E-C€-1.2d;4558E-07 
-3?22624e6E-C7 5.8860751E-08 

2.7314736E-C7 1.002J2!4E-Q7 
-2.a025699E-C7-3.2327e44E-08 

1.2341097E-07 1.C892806E-08 
-9.4Q87154E-ce 6.2818260£-08 

1.907564aE-OE-!.Z2S€973E-Oa 
-3.S559006E-oe 1.623'ee4E-Qa 
lo2215724E-Cc-4Q12534~]E-C8 

-2.28071;55E-oe S.9S22317E-08 
-4.7725860E-O~-3.9!76467E-OB 

-1.305931ZE-ce 4.0413841E-08 
1~3466S43E-Oe-I,2!40226E-08 

-3.1784S70E-C8-4.0184CCaf.-l! 
2.8290277E-C€ 1.2313703E-08 

-2.8336€31E-ce-~.e426S78E-09 

1.3QOlee4E-ce 4.292C931E-09 
1.0413049E-OE 3.€28S344E-OS 
2.9425e~7E-O'-3.9004e28E-09 

-2.49434e8E-C~ 7.0S014~6E-09 

-2.1406560E-Og-6.0237420E-09 
!.8see779E-GS €.3SS4S90E-09 

-3.7924S76E-gS-6.92481S4E-09 
1.~027985E-CS ~.OSEE2C6F-09 

-9.6309918E-IC-2.~73249QE-09 

-1.5450322E-091.536,158E-09 
1.7949€1BE-CS 3.7309565E-l0 

-2.4545~29E-C9-5.~~041tIE-l0 

1.9894453E-CS 9.39209JOE-!O 
-2.01B4501E-09-~.3212S67f-IO 

1.3540433E-0<; 7.49560381'-10 
-1.!8976~BE-O<;-2,61004tJE-IO 

5.6070780E-I0 S.228S<;S6E-ll 
-2.8726e18E-!C 3.0458C69(-10 
-9.S993701E-II-3.76t'4E50E-! 0 

9.5871297E-Il ".1839EI4E-IO 
-1.9201876E-IO-3.B510567l-!O 
8.7366~26E-l1 3.4~"42J4£-10 

-B.52129S1E-l1-2.11eJ821c-lO 
-J.6849378E-12 1.B2DC446E-IO 
-3.1853177E-I~-e.2g57C43E-ll 

-5.S54!698E-11 6.1€€5899F-ll 
5.440021IF-1 !-7.0616809E-12 

-1.B42'174!E-Il ~.3e44000E-12 
5.48538891:-11 1.7602C39E-!! 

-S.9319B42E-II-I.t7€3087E-12 
3.5082522E-l1 7,75E€977E-12 

-J.359S148E-113.4384771E-12 
!.9693600E-ll 3.a90720IE-t3 

-2.06261~8E-l1 5.SS!1549E-12 
I.0770427E-II-l.€112032E-!2 

-1,0974893E-l1 6.770gS36E-12 
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3.7490653E-12-5.03eJ240E-12 
3.6€€S470E-12 8.!811602E-12 

·~.5B5235!E-13-e.946S€72E-12 
_7.4799452E-13 7.4302543E-12 
-1.297923EE-12-S.1~125bOE-12 
9.3319f54E-I. S.3514749E-12 
~.5127448F-!3-J.46SC560E-!2 

- •• ~26!112F-I~ J.22!O!44f-12 
2.7'2~15RE-13-1.J65e647E-12 

-1.5414227E-!2 e.7Si:23SHC-13 
1,~20291IE-!2 2.539725~E-1J 

-1.c.62274(-12-2,8f.~2~64[-!3 

1.42~1pe3C-I; 6.29602 4 4C-13 
-1.423~9!4E-12-1.9242!3JE-13 

8.095198JE-l" 2.4162215[-13 
-6.74564~6E-l' l.t4S1.eSE-l] 

2.6952090E-13-1.5477038E-!3 
-!.68~1Se4E-!! 4.C;72!OIE-13 
-9.926450PE-j4-J.73eeI45E-13 

6.9071629E-14 '4.?OOH5H'-13 
-1.2943830E-13-~ •• oece12~-13 

1.70261!7E-14 2,911e468E-I! 
1.289817aE-I!-1.2J29!75E-13 

-1.OI918~6E-13 ~.0332572E-!4 

9.0036274E-14-6.3540~02E-15 

-1.25306QSE-13-1.0823757E-IS 
I.06!8124~-I~ Q.43203eSE-14 

-1.1324192E-l"-1.3624101E-14 
7.Q773t32E-14 2.450€elJE-14 

-6.2031906E-!4 3,025c047E-l~ 
3.4432727E-14-1.1037802E-14 

-1.97SZ900E-14 3.760CE72E-!4 
95. 
63. 
530 
46. 
39. 
32. 
:!l0. 
28. 
28. 
26.5 
25. 
23.5 
22. 
21. 
21. 
20.7 
I a.5 
17.5 
16. 
! 5.3 
14.~ 

13.5 
12.7 
II. 
I I • 
u. 
10.5 
9. 
7.5 
4.5 
2. 



IV. COMPUTER PROGRAM DOCUME'NTATION 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 ~-axis to the x-axis. 

The Program SSURGE is composed of: 

MAIN 

SUBROUTINE ZERO 

SUBROUTINE FIELD 

SUBROUTINE WINDF 

SUBROUTINE ELEV 

SUBROUTINE FLUX 

SUBROUTINE DRAWl 

Defines constants and interfaces the 
subroutines. 

Initializes all arrays to zero. 

Reads data and writes the water depth field 
relative to mean sea level, the wind 
field parameters and the storm positions. 

Calculates the wind and atmospheric pressure 
fields. 

Computes the water level anomaly, H 

Computes transports, QS* and QT* 

Outputs H and vertically averaged water 

velocities, QS*/D and QT*/D, 

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. 

3. Type of Computer. 

The program SSURGE may be run on any computer with mlnlmum 
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/63S. 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/63S is required for the sample 
program to complete 66 hours of surge simulation. 

4. 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 I 

NTl - Number of cards (max. SO) containing on each TIM, ROT, 
RAD, VRMAX and PZRO (format IS). 

(2) Card Group 2 

NTI cards with each card containing values of 

a) TIM 

b) ROT 

c) RAD 

The time in hours at which the hurricane wind 
and atmospheric pressure parameters are 
recorded (format FIO.l). 

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

The distance in nautical miles from the storm 
center to the region of maximum winds 
(format FlO .1) . 
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d) VRMAX Maximum observed windspeed in knots (format 
FlO.I). 

e) PZRO 

(3) Card 3 

Atmospheric pressure in millibars of the storm 
center (format FIO.I). 

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

(4) 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 FlO.1). 

b) XPOS The x-coordinate in units of x,y space of 
the hurricane center (format FlO.I). 

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

(5) 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 IIF7.2). 
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. 

(6) 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=I,2 .. IM, with a nested do-loop for j=I,2 .. JM 
(format 5EI4.7). 

(7) Card Group 7 

DSDXI The values of the dimensionless scale factor, ~, 
transforming ~ to S* are read with one value 
per card for i=I,2 .. IM (format EI4.7). 
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(8) Card Group 8 

DTDET 

(9) Card Group 9 

HOBSI 

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

The values of the observed hourly water level 
in feet at grid location (IHl, JHl) are read 
with 19 values per card in format F4.l. 

(10) Card Groups 10 through 14 

HOBXk 

(11) Card Group IS 

XX,· yy 

(12) Card Group 16 

COSG, SING 

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

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

The paired values of the cosine e and sine e 
where e is 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 10PS.S). 

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-'.vave equations. The algorithm treats the time 
dependency explicitly and employs a computing lattice in which 
the transports, QS* and Q ,are computed at the same location 

T* 
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. 

6, Flow Chart. 
MAIN - SSURGE 

CALL ZERO 
Initializes all arrays to zero 

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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9 
CALL WINDF 

computes wind and atmospheric pressure 
fields WIND(i,j) , P(i,j) 

W 
CALL ELEV 

computes water level anomaly GRID1(i,j) 

~ 
CALL DRAWl 

outputs H, QS*/D and QT*/D at hourly time 
intervals and saves information for output 

at program completion 

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

Arrays 

GRIDl 

GRID2 

S 

DSDXI 

DTDET 

xx 

yy 

COSG 

SING 

WIND 

p 

HOBSk 

k=1,2 .. 6 

Dimensioned 1M x JM. 
at OQd i+j and QS* 
at even i+j . 

Contains H values in meters 
in meters squared per second 

Dimensioned 1M x JM. Contains fluid depth values, 
Do ' in meters at od~ ~+j and QT* in meters squared 
per second at even 1+) . 

Dimensioned 1M x JM. Contains dimensionless scale 
factor, F, determined from the conformal mapping of 
(x,y) space to (~,n) space. 

Dimensioned 1M. Contains the dimensionless scale 
factor, v, transforming ~ to S* . 

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

Dimensioned 1M x JM. Contains the x-coordinate in 
units of (x,y) space of the grid point locations. 

Dimensioned 1M x JM. Contains the y-coordinate in 
units of (x,y) space of the grid point locations. 

Dimensioned 1M x JM. Contains cosine values of e 
relating the orientation of the ~-axis to the 
x-axis at the computational grid points. 

Dimensioned 1M x JM. Contains sine value of e 
relating the orientation of the ~-axis to the 
x-axis at the computational grid points. 

Dimensioned 1M + I 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+l,j). 

. 
Dimensioned 1M x JM. Contains values of HB (the 
hydrostatic elevation in meters of the sea surface 
corresponding to the atmospheric pressure anomaly) 
and stored at odd i+j. 

Each array is dimensioned 67. Contains the observed 
hourly water levels in meters at grid locations 
(I~, JH~). 
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HYDk 

k=:l, 2 .. 6 

UCMk 

k::;:1,2 .. 6 

VCMk 

k-l,2 .. 6 

TIM 

ROT 

RAD 

VRMAX 

PZRO 

TIMPOS 

XPOS 

YPOS 

Constants 

1M 

JM 

NMAX 

Each array is dimensioned 300. Contains values 
of the computed water level H in meters at 
grid locations (1H~, JH~). 

Each array is dimensioned 300. Contains 
the vertically averaged water velocity, 
meters per second at grid location (1T~, 

values of 
QS*/O , in 
JT~. 

Each array is dimensioned 300. Contains values 
of the vertically averaged water velocity, QT*/D, 
in meters per second at grid location (1T~, JT~. 

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 maximl~ 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 

DXI 

DETA 

DELT 

GRAV 

F 

IHJ5..,JHk 

k=1,2 .. 6 

ITJ5..,JTk 

k=1,2. ,6 

CORIO 

PHI 

PINF 

Comments 

Number of time steps between saving of surge 
results in HYDk, UCMk and V{:Mk. INC must be 
an even integer number. -

Grid increment in meters in the S* direction. 

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

Time increment in seconds. DELT must be less 
than that required numerical stability and, 
also, be an even integer multiple of 60 minutes. 

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

Dimensionless seabed drag coefficient (=0.0025). 

Grid point location for saving the computed water 
level. The sum the indexes must be odd, Index 
IHk cannot exceed 1M. Index JHk cannot exceed JM. 

Grid point location for saving the vertically 
averaged water velocities, The sum of the 
indexes must be even. Index ITk cannot exceed 
1M" Index JTk cannot exceed JM-I. 

Coriolis parameter (=6.70875 x 10 5 second 1) 
for latitude 27° 23.232' N. 

Wind ingress angle in units of degrees. 

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

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, Kl and K2 , are 1.1 x 10- 6 

and 2.5 x 10- 6 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 Output. 

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 0 23.232' N. 

Card input provides the number (NTl) of hurricane description sets, 
followed by NTI 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). NTI 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. nautical 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 
~ ) is 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 (HOBSl), Aransas Pass (HOBS2), Port O'Connor 
(HOBS 3), Pleasure Pier, Galveston (HOBS4), Mud Bayou (HOBSS), 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 hydro graphs 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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C 
C 

'C 

C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

.flo 
C ()'I 

21 

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. 

HURRICANE CARLA STORM PARAMETEf<S 
O. 60 .. 23. 90. 949. 
6. 35 .. 22. 95. 943. 

12. 65. 21. tOO. 940. 
18. 65 .. 24. 100 .. 937. 
21 .. 60 .. 23 .. 100. 937. 
24. eo. 22. lCO. 937. 
27. 65. 25. 100. 937. 

30" 8Q. 27. 10 C" 936. 
33. l~O .. 1<;. 10C. 936. 
36. 15 .. 21. lOCo 936 .. 
39. 15. 20. 10O. 937. 
42. 65. 22. 100. 937. 



1~5o ? '3 e 26. 1!) C a 937. 
4 e 6 E c: .. 28. 1 00. 938. 
51. t r; <=; .. 28. 95. S:: e. 
54. 160. 33. 90 .. 939. 
7:7. 1 4:; ,. f. 2 • 70. S4 (. 

60. 1 <=;A • 9R. c::c; 
- - . 942. 

6:: .. 136. 142. 5,,). Q43 " 
66. 140. If7 .. see <,;4:: • 

69. 117. 200. 55. 947. 
6,'2 HURRICANE C .ARLA TRACK 

o. 24<;.7 -82.1 

1 " ?1.7.9 "'75.:0 
2 .. 24:'.4 -fE .. 5 

.t:> :3 ,. 2!~"3.1 -61.0 
(j) 4. 23P.l -53.1 

5. 2:3~.f ·-5~.~') 

6. 225.:'l -44. ""I 

7. <> 1 Q. C ... 37,. 7 
8. 213.':' "~2.C 

9. 2"8.9 "26.S 
1 o. 2 C 4. f -21. ;:> 

1 1 .. r ("< '"'.:l ,.. c. .' '- • ~ -12.15 
12 .. 1<;C;.? -H .1 

1 "3 .. 1<;1.7 -15" ? 

14" 1'38." -4.1 

1'= • IfR.0 -1 .c 
1 E .. lEE.C; .3 " 1 
170 189.9 9 .r 
18. 191.(' 13 .. 4-



1 S. 1 <;2. i 1 R.5 
2Ce lS2 .. 1 25 .. ( 
21 .. 191 .. q 31 .. 0 

22. 19r .. 2 38 .. (' 

23 .. 18A .. ': 4::.8 

24. 1'3?7 48 .. 2' 

25. 1 e 1. 1 51 .. 3 
26 .. 1 R 1 .. ~ ~4e9 

27. 1 Pi .. • C 61 .2 
2 e. H~ f. C 6<;.0 

29. 19f'.8 74.0 
3C. 1 P? .. .", R1.C 
31 " 177.': fE.7 

32" I 72 .. '} 93.3 
:3 3. 162.4 92.4 

.t. 34 • l"5::.f 9::.2 
-..J 

35 .. 152.7 95.7 
3 E. 152 .. 8 98 .. 1 
37. 154.:: 10':;> .1 

38. 156.3 107.1 
3 c; .. 158 .. <; 112.8 
40. 1<::;8 .. 0 121. (I 
41. 1')2 .. 2 131.3 
42. 145.0 134.9 
43 .. 141.1': 13C .. ~ 
44 .. 14::.1 126.8 
45. 14P.f 12<; .. 4 
46. 151 .. 9 13c.7 
47. 1'55 .. 5 146.3 
48. .1::7.~ 152 .. 2 
49. 157.4 158.2 



!:o. l!:E.S It4.8 
51. 160.1 174.1 
!:2. 162.7 183.5 
53. 161.0 190.6 
54. 160.0 195.5 
55. 1"::8.E 20C.1 
56. 158.15 204.5 
57. 159.3 213.4 
58. 115'J.ll 22C.9 
59. If:7.0 232.2 
60. 170.3 239.9 
6t. l<;:3.E 3n3.7 

110.00 32.50 26.50 24.CO 23.00 22.00 21.00 17.')0 15.00 13.00 11 .. 00 
9.00 9.00 7.0') 2.30 

95.00 37.0C 27.CC 24. CO 23.50 21.70 21.00 18 .. 50 16.00 12.00 10 .00 

~ 9.0C 8.')(: 7.00 2 .30 
(X) 1 CO. 00 52.00 39.00 35.00 26.00 23.00 21 .50 19.50 17.00 16.00 13.00 

10.20 8.01) C.!':O 2.3C 
100.00 54.00 44.0'1 35.00 32.00 26.50 23.50 21 .. 00 18.50 16.0C 14.00 

12.00 9.ee 7 .. 7e 2.3C 
100 .. 0 0 57.00 415.00 38.00 33.00 29.00 25.00 22.')0 19.0t) 17.00 14.40 

12.50 9.00 7.70 2.00 
100 .. ') C 57.CO 41. C C "37.00 33.00 28.50 24.00 22 .. 00 18 .. 00 16.00 14.00 

12.50 9.00 7.00 2.00 

105. 00 58.0C 4E.50 38.(1) 33.00 28.00 25.00 21.5() 18.50 16.00 14.00 
12.50 9.50 f..50 1.7C 

105.00 58.0 e) 47.0;) 38.00 32.00 29.00 25.00 22.00 18.00 16.00 13 .. 00 
12.00 9 c::r . " .......... 7.C,) 1.5C 

11)5.00 57.00 46.Cf) 40.0C 32.0C 28.00 25.!:C 21.1)0 17 .. 50 15.CC 13.50 
11.70 B.OC 6.50 1 .50 

1 00.00 59.CC li8.~C 37.CC 33.0C 27.00 24.00 20.00 17,,00 15.00 12.50 



10.7C 8.5C ~. rc 1.5C 
108.00 6{) .00 47.01') :=6.0C ~~.OC 2e.OO 23.50 19.00 It.50 14.00 12.00 

10.5C B.ee E.el 1 .50 
10'3.00 61.(0 ~7.';C 37.5C 32.00 27.00 22.00 19.00 16.00 14 .. 00 12.00 

10.00 8.00 6.0,} 1 .51') 
102.0') 61.00 "3t'.CO 36.00 31.00 27.00 22.00 17.50 15.7':) 13.00 11 ,,70 

9.50 8.00 E.Or') 1.50 
1')8.00 60.00 4() .0') 35.01) 30.CO 25.00 21 .50 18 .. 00 15.00 13.50 11 .. 50 

9.0 C 7.7C 5.~1) 1.30 
1 10.00 55.00 :=5.Cl ~3 .00 2C.5C 22.50 2C.CC lc.')') 14.00 13.00 11.51} 

11.00 7.7t:. "'5 .. 5C 1 .30 
102.00 36.CC ::=l1.'J() 27.50 24.00 21.00 17.50 15.0') 13.70 12.70 11 .50 
11.00 7.70 5.51 1 .30 

110.00 35.0C 31. OJ 25.00 22.50 20.00 17.00 14.00 12.50 12.00 11 .. 50 
9 .. 50 8.1')0 E.OO 1.30 

115.00 34.5(', 2q .o!) 25.00 21.50 18.00 IE.CO 13.70 13.00 11 .. 50 11 .. 00 
+=> 9.0( 8.('C t. CO 1.30 <D 

100 .. 00 :."4.')0 28,,0') 24.00 21.5C le.co 15.CO 13.50 12.50 11.50 10.5C 
8.50 7.50 5.50 1 .30 

100 .. 0 0 34.00 27.cr 24.0C 21.00 17.5!) 15.50 14.01) 12.00 11 .50 11 .00 
8.70 7.-'"'0 5.5') 1 .30 

100.00 35.00 27.CO 24.00 20.50 16.50 15.00 14.50 14.00 11 .JO 10.00 
8.50 7.00 5.':') 1.30 

100 .. 00 36.')('> ?7.,),) ?4.00 20.50 17.50 15.70 15.70 14.00 11.00 10.00 

8.70 7.50 5.50 1.20 
1')2.00 34.00 2t:.50 22.00 1<;;.00 lE.oe le.CO 15.')1) 13. CO 10.50 10 .. 00 

8.00 7.30 5.50 1 .20 
100.00 35.CO 27.00 23.00 1 e. 50 18.00 16.00 15.00 14.00 10.5C 10.00 

9.00 7.30 5.00 1 .20 
l:)O.OC 36.00 27. C;) 21? .. 00 19 .. 00 18.50 16.00 15.01) 13 .. 50 12 .. 00 10.00 

7.00 6.20 4.01 1 .OC 



100 .. 00 30",CC 2E*7 t } 21 "C C 21 .. ('C 18 .. 00 1 E., CO -IS .. ')!) 13 .. 00 11 ,,50 11 ,,00 

10 .. 00 7,,(')) 4 .. 1)0 1 .. 20 
'>5 .. 00 32,,('0 2t-.:JO 21,,00 21),,50 17 .. 00 15 .. 00 j 4,,20 12 "C0 11 ,,00 11 ,,00 

9 .. 00 8,,1')0 5,,')!) 1 .. 20 

100" 0 C 31 "O~ 26 .. 00 21 .. flC 19.00 17.00 15,,00 14,,(10 11 .. 50 lO,,5e 10" 50 
9 .. 00 A.CO c::::: C:::f"'! 

'"- & .~ ~ 1 .. 2C 
95 .. 00 31 ,,:) n 24 .. 50 21 G 50 1<;.0C 17 .. CC 15"f)(; 12 .. 5') 11 .. (") 9 .. l)e 10 .. 50 

9 .. 00 7. 7 0 5.70 1 ,,20 

100 .. 00 31 .. 5(: 24 .. (0 21 0 ~ C If. .. 5fJ 16"GO 14 .. 50 11 .. 50 11 ,,00 9 "I) r: <; .. 50 
9,,00 7,,50 5 .. 7": 1 .20 

90" 00 31..(1) 2!~.C'1 21 .. 50 18.50 15 .. 00 13 .. 00 10 .. 00 11 ~O 0 9 .. 0r' 9~OI) 

9 .. 00 7 .. 50 ':.41) 1,,2(: 

90.00 31 .')0 ?6.')') 21,.Or) l8.C:,) 14.1"\0 13 .. 00 10 eOO 10,,50 9.,00 9,,00 
9 .. 00 7.r::.r: c:.C'"? 1.20 

90.00 32,,00 2Ee,j 21 .. C C leeCC 1505~ 14.cr 11 .. (1) 2e ~0 e.7C 8,,70 

'3.5'J 7" C') 5.C,) 1 ,,? 0 
(]I 

lC)"I)~ 33.CC ?f.::" ? 1 .50 17" 5 0 I5.CO 1 3. SO 11" 00 6.50 e, .50 1'3,,50 0 
B.0C' 7.0,} 5.20 1 ,,2(" 

1 OS" 00 37.1'\1) 27.CC 21e5:} 17.00 14.00 13 .. 00 11 ,,00 7"SO 7.50 7" 50 
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(1) 
~ 

C PROGRAM CCNFORM. DETERMINES TRANSFROMATICN COEFFS FOR CONFORMAL 
C MAPPING OF INTERIOR REGION BOUNDED BY 2 CURVES INTO RECTANGLE. 
C 

C 

C 
C 
C 
C 

C 
C 
C 

o I MENS I eN X 2 ( 1 50 ) 9 Y 2 ( 1 50) 
D! ME !\is leN X2P (1 50 ) 9 Y 2P <1 50 ) 
DIMENSION COB(200) 9 COC(200) 

COMMON/V8/ X2. Y2 9 MO 
COMMON/YA/ X2P • V2P • MQP 
COMMON/COEF/ VAR~T9JMAX1.IL 

CCMMCN/FORIA/ COB. CDC ~ BZRO.XK.NMAX 

READ CONTINUATION FLAG. NUMBER OF SHORELINE COORDS. NUMBER OF 
SEAWARD 80RY COORDS. NUMBER OF COEFFS. MAX NUMBER OF ITERATIONS. 
NUMBER OF INTEGRATION POINTS AND CONVERGENCE CRITERION 

READ(5.1)!WANT. MQ. MQP. NMAX. JMAXI. XL. VAPWT 
1 FORMAT (6FI5. F5.3) 

C READ CDDROS OELINEATUNG SHORELINE 
DO 20 L=l.MO 
READ{5.11 ) X2(L) • Y2(L) 

11 3X • F7.2 , 3X 9 F7.2 
20 

C 

FORMAT ( 
CONTINUE 

READ COORDS DELINEATING SEAWARD BDRY 
DO 30J=1 9 MOP 

C 

READ (5.31) X2F(J) 9 Y2P(J) 
30 CONTINUE 
31 FORMAT( F7.2 • 3X 9 F7.2 ) 



-....I 
o 

C 

PI= 3,,1415927 

XLA~DA= X2{lIi'Q) 

XK= PI/XL A'Vl CA 

~RITE{699} ~Q9l1i'OP"XLAlIi'DA~VAR~T 

9 FORM AT { 1 H 1 ",I / / / / 

9// .. 20X .. 4CHf\U~eEF: CF COORes CELI"'EAT IN( SHORELINE= ,,13 
9//.20X '> 4?HNUM3ER Of- CODRDS DELINEATING SEAWARD BDRY= .13 
9 //.?"X.32~~ORIZONT~L EXTENT OF SHORELINE= 9F7,,2 

9//.2C'X.29HCO\,\\iERGENCE 'VARIANCF .. VARWT= .F906 

WRITE(6.60J NMAX.JMAX1.IL 
60 ECRMAT( //,,20X .. 39~NUM8ER OF TRANSFORMATION COEFES .NMAX= 

9//~20X" 29HNL~BER OF ITERATIC\'\S .JMAX1= .13 

9//,,20X. 34HNUM8ER PI" INTEGRATION POiNTS 'OIL= .. 13 
WRITE(6.70} 

70 FORMAT{ 1H! .E2X~16HSHCRELI\'\E COORDS ,,/// ) 

MOl3= MQ/3 

71 
72 

73 
74 

75 

~Q3 = MGl3 *3 
I ADD= MQ-MQ3 

DO 7 1 1=1. NlQ 1 3 

J= I+MQ13 

K= J +MQ 13 
w R IT E (6 ,,72) I. I • X 2 { I J .. Y 2 { I }" J" J" X 2 ( J )" Y 2 {J }" K "K' • X2 ( K ) " 't 2 ( K) 

FQRMAT{ /,,3{ 7X.3HX2( ,.I3.5H} .Y2{.I3.3~)= .,F7 .. 293X~F7 .. 2} ) 

IF! IADD "EQ" I) ) GO TO 75 
IF( IADD GEC .. 1 » NUM1-= MO 

IF( I ADD ,.EO. 2 NLMl = MQ-l 

DO 73 I=NUM 1 ~ MQ 

wRITE{6~74) 19I~X2<n~Y2{I} 

FORMAT{ /" 

CONT INU E 

e<;X.3HX2( .13 .5H) .. Y2 {.1 3.3H) = .F7.,2.3X.F7.,2 

+-

• 
.. 
" ., 
) 

+-

.. I 3 ., 

" 
-<-

+-

+-



-,J 

C 

80 

81 

82 

83 

84 

85 

Wf'HE{6<»80) 

'FORMAT { 1 HI 

MOP 1 3= MOP;I:3 

MCP3= MOP13*3 

lADD= MQP-!\iQP3 

DO 81 I=1",MQP13 

J= I +MOPl 3 
K= .. HMOPl::: 

.,61X 919HSEftWARC eDRY caORDS .. .1.1 ) 

WR ITE{ 6.82 H 9 I .. X20 ( I ) .. \'2P ( I) 'iI .. h J .. X2P( J} .. Y2P (J) ",1<C. K .. X2P {lO "Y2 P 00 
FORMAT {.I.,3(5X .. 4r.:X2P( .. I3",61-} .. Y2P(. 13.,31-)= ,,'F7.,2 .. 3X.,F7 .. 2} ) 

1Ft IADD .. EQ .. 0 ) GO TO 85 

IF{ lAce .. EO., 1 NUM1= MOP 

IF( I ADD GEe" 2 t-iUIl'l-= MOP"'! 

DO 83 !=NLM1.,MQP 
Wf'ITE {6.,84 >I .. !"X20{ I}"Y2P( I} 

'FORMAT(/ .. 87X .. 4HX2P(.13.6H'.,V2P( .. 13,,31-1= .F7@2.3X.F7.2 

CONT INUE 

C DETERMINE COE'FFS 

C 
A= 0 .. 0 

B= O@O 
BZRO= 0,,0 

wSX -= 1 "I) 

WC x= 1" 0 
WS\'= 1 "I) 

'fIC\' = 1 .. 'J 

00 100 N=1.20C 
COB (N )=Q .. O 

COC( N) = 0 .. 0 

100 CONTINUE 

(wsx = 0.0) 
(WCX = 0.0) 

-«-

-«-

-«-



--..I 
N 

C 

C 
C 

IF{ !WANT .EO. 1 ) GO TO 101 

GO TO 105 
101 READ{5 .. 102) 8 .. 8ZRO 

102 FORMAT( 2F14.7 ) 

DO 103 l\=l .. Nl\oI,AX 

103 READ(5.102} Ce8(N) .. COC{") 

~EAD{5.104) wsx .. WSy.wcx.WCY 

1)4 FOR~AT{ 4E14 .. 7 } 

105 CONTINUE 

A= -8 
CALL COFFFS{ XLAMDA 9 A .. 8 9 \liSX.WSY.WCX.WCY 

C 
C107 

C 

PUNCH 102. B.GZ~O 

DO 107 N=l.NI\i!.AX 
PUNCH 102. (OP(N) .. CaC!N) 

PUNCH 1 C4. wsx.WSY. wCX. WCY 

C 
999 STOP 

END 
SUBROUTINE COEFFS{ XLAMDA .. A 9 B • 

DIMENSION COB(20C) .. CaC(200} 

D1,..ENSICN rUi!.B(200). DUfJ(200) 

DIMENSION X2~1~O) Y2(150) 

CIMENSION X2P(150} • Y2P(150} 
DIMENSION ARCYA(1S0) • ARCY8(150) 

DIMENSION SN(30.3C ) .. CS(::O.J?) 

WSX.WSY.WCX.WCY 

DIMENSICN tTX.A(40(l) • ATY.A(400). ATXB(I+OO). ATYB(400) 

DIMENSION U(40~) • V(400) .. Z(400) 

DIMENSION q(40~) • S(408) • T(40E} .. W{4QC) 

DIMENSION ~(408) 9 Y(408) 



--..I 
UJ 

C 

COMMON X"Y 
COMMON/YB/ X2 .. Y2 .. MQ 
COMMON/Vft/ X2P .. Y2P .. MOP 
COMMON/JCH/l.F</ R 
COMMON/JOHNS/ S 
COMMON/JOl-'NT/ T 
COMMON/lV~/·L • V .. W 
COMMON/AYA/ ARCYA 
CCMMON/AYE/ _~CY8 

COMMON/COEF/ 
COMMON/FOR 1 fJ/ 

SIGMA= -l.C 
SIGMA 1= -1.0 

VARWT .. JMAXl" IL 
COB .. COC .. 8ZRO"XK .. NMAX 

C DETERMINE THE NECESSARy PARAMETERS TO COMPUTE AN INTERPOLATORY 
C SPLINE UNDER TEN5ION THROUGH A SEQUE/l.CE CF FU/l.CTIONAL VALUES. 

"1C1= M(}-l 

10 

MQP1= MQP-} 
IYB= 0 
00 10 1= 1 9 MO 1 
I F { X2 { I + 1} • L T .. X2 { I ) IY 8= 1 
CONTINUE 
I F ( lye • E C • 1 ) GO TO 1 5 
CALL CURIY8( SLPl .. SLPN .. SIGJ>lA ) 
INC= 11 

XINC= I/1.C-1 
ARCYB( 1}= 0.0 
OG 1 3 I = 1 .. MQ 1 

K= I 
I 1=1 + 1 
DELX= X 2{ I I }-X2{ I ) 



~ 

C 

C 

DELK= DELX/XINC 

SUM=O .. 0 

DO 1 2 J = 1 9 I !\C 

XJ= ..I'" 1 
XDUM= X2(I) + XJ*CELX 
\J( ..I) = CURDY8{ XDUN .. SIGMA 11 K } 

U (..I ) = U (J ) *U ( J) .. 1" 0 
U{J)= SQRT{ \J{J} ) 

12 SUM= SUM + U{J} 
SUM= SUM "'0 .. 5 >ioU {I ) ... 0.5 *U{ INC) 

13 ARCY8(II~= ARCYS!I} + SUM*DElX 

15 

ARCS= ARCYB{MQ) 

GO TO 19 
CONTINUE 
ARCY8{1}= 1),,0 

DO 18 1=1 il NOt 
11= 1+1 
DELX= X2( II }--X2(I} 

DELX= DFLX*CELX 

DELY= Y2(10-'12(0 

DEL Y= eEL Y *CELY 
18 ARCY8U!)= ARCYfHU + SQRT{ CELX;} DELY 

ARCS= ARCYS(MQ} 
19 CONT INUE 

CALL CUR2YS{ SLPl '<l SLPN !I ~!GMA} 

CALL CUR3Y E ( SLP 1 , SLPN " S IGM.A ) 

I YA= 0 
00 20 i= 1 il MOP 1 
IF ( )(2 P ( + 1·~ .. L T" X 2 P { I) ) I Y A= 1 



-...! 
01 

20 CONT I NUE 

IF( IYA .EQ" ) GO TO 25 

CALL CURlyA( SLPl -. SLPN ~ SIGMA) 

I NC= 11 
XINC= INC-! 

A j:; CV A (l ) = 0" ('J 

DO 23 I=l~MQPl 

K= I 
11= 1+1 
OELX= X2P{ I n-X2P[I) 

DELX-= DELX/XINC 

SUM=O eO 

DO 22 J=l .. INC 
X.J= J-l 
X DU M = X 2 P ( I) + X J *0 EL X 
tJ( J) = CtJRDYA{ XDUiV .. SIGMA! 9 K ) 

U ( J ) = U ( J ) *U ( J) + 1" 0 

U(J)= SORT' UIJ' } 
22 SUM= SUM + L(Jl 

SUM= SUM -0,,5*U(I) - O.5*U(INC) 
23 AF<CYAUI)= IllRCYA{U 4- SUM*CELX 

ARCA= APCYA{MQP) 

GO TO 29 

25 CONTI NLE 
ARCYA(l}= 000 
oD28 i=I,,~apl 

11= 1+1 
o EL X= X 2P! I I) .... X 2P <"[) 

CELX = DELX *CELX 
DEL y= Y 2P ( I I) ... Y2P { I ) 

DEL Y= DEL Y *DEL Y 



-..J 
Cl) 

C 

C 

28 ARCYA( 11)= ARCYA{ 1) ... SORT{ DELX ... DELY ) 

ARCA= ftRCYAO/CF) 

29 CONTINUE 

30 

31 

C.ALL CUR2Y A ( SLPI '9 SLPN '9 SIGMA 1 

CALL CUR3YA( SLPl '9 SLPN , SIG~Al ) 

Wf;ITE{6.30} 

FORMAT( IHl.//,,45X,,40HARCLENGTH CF SEAWARC eORY AND COASTLINE 

9//, lOX. 25HARCLENGTH OF SEAWARD BDRY98).3HX2P.9X.3HY2P 

9l5X,,22HARCLE~GTr CF COASTLINE,7X,,2HX2,10X.2HY2 ) 

DO 31 IT=19~QP 

IK= IT 
ALNA= A~CY.A(IT) 

ATXA( IT) = CUR4YA( ALNA " ~IGp.iAl 

.ATYA(IT)= CUR5YA( ALNA " SIGMAl 

DO 32 IT=1. ~c 
IK= IT 
ALNB= J!R CY E ( IT ) 

9 IK ) 

9 I K } 

ATX8(IT)= CLR4YE( ALNE 9 SIGMA. IK ) 

32 ATYB{ I H= CUR!:Y8{ ALNB " ~IG~A " IK ) 

IFe MQ .GE. MOP' NUM2= MOP 
IFe MO .LE. ~CP ) NUM2= ~c 

00 33 1= 1 • NUN! 2 
33 W R I T E (6 93 4 ) A f;C Y A ( I ) 9 AT X A (I ) , AT Y A ( I ) 9 ARC Y 8 ( I }. A T X 8 ( I ) BAT YB { I } 
34 FQRMAT{25X.F8.2.7X.F7.2.5X,F7.2.25X.F8.2.7X,F7.2.5X.F7.2 , 

IFe "'10 .EO. MOP} GO TO 41 
1Ft MO .GT. ~CF ) GO TO 35 

IFe MQ .LT. MOP } GO TO 38 

35 NUM1= MOP + 1 

DO 36 I ="Ltotl "tJc 

+-

• , 

+-



""" """ 

C 
C 

C 

36 
37 

w R I T E (6 ,,37 ) 

FORMATe 84X.F8.2 .. 7X.F7.2 .5X.F7 .. 2 

GO TO 4 I 
38 . l'iU Ml -= ~ c+ 1 

DO 39 I=NUMl.MQP 
39 w~ITE(6.40) ARCYA(IJ .. ATXA{IJ,ATYA{I} 
40 FORMAT{ 25X.F8.2.7X.F7 .. ?5X.F7.2 
41 CONT INUE 

I L 12= I L / 2 
IL2= 2* IL 12 
I ADD: 0 
IF{ IL 2 .NE. XL ) I ADD= 1 
ILI= IL12 + IACD 
)eIL= I L-l 
DEL X 1= )(LAMOA /.'J( IL 
FT= OELXI/XLAMCA 

00 45 11=1..1 L 
XIT= IT-! 

45 zn"!"): XIT*CELXI 
NUMI -= t 

46 NUM2= NMAX 
DO 50 N=NUMl.NUM2 
)eN= N 
XNK= XN ';XK 

DO 50 IT=l .. ILl 
):Nl<XI= XNK*Z( IT) 
SN(N. iT)-= SIN( XNKX! ) 

50 CS(N.IT)= case XNKXI } 

ARC Y 8 ( I ) 9 AT X8 ( I ) .. AT YB ( I J 
) 

+-

+-



--.l 
co 

C 

ICOUNT= 1 

55 CONT I NUE 
IF( ICOUNT .EO. 1 ) GC TC 70 

GO TO 79 
7f) IF{ ASSeS} .LT. D .. OOl } GO TO 71 

GO TO 7f: 

7 1 Y SU M A= () .. 0 

YSUMB= 0.0 
DO 74 IT=l.IL 

1K= IT 

ALNA= ARCft*Z(IT)/XLAMDA 

ALNB= ARCB*Z( IT}/XLAMDA 

ATX A ( IT)= CUR4Y,A( ALNA ~ SIGMA 1 9 1K ) 
ATYA( I 1)= CLR5YA{ ALN,A 9 SIGl\IAl .. 1K » 
ATXB{ IT)= CUR4YB{ ALNB .. SIGMA. IK ) 

ATYB{IT)= CUR5YE( ALfI<8 .. SIGMA. IK 

AT XA ( IT) = AT)( A ( IT) "'" Z { IT» 
A T X R ( IT)= A T X E' ( IT )- Z { IT} 

YSUMA= Y5l~A + ATYA{IT) 

74 YSUM8= YSUMB + AT"IB{ 11) 

YSUMA= YSUMA - j .. 5*ATYAr l' 
YSUMB= YSl~B O.S*ATY8(1} 

ADUM= YSUMA*FT*~SY 

80UM= YSU~8*FT*WCY 

GO TO R 1 

76 CONT INUE 

A= -8 
ETAA= A 

ET AS= E 

SUMA= 0 .. 0 

O .. 5*ATYA(IL) 

O .. 5*ATY8{ IL} 



-..! 
<JJ 

SUMS= 0,,0 
DO 77 11= I. I L 
X 1= Z (I T ) 
CALL SLFAC{ XI 9 ETAA g DXCETA.DYDETA.SCFACA.SF) 
CALL SLFAC( XI.ETAS 9 DXDFTA.DYDETA.SCFACB 9 SFJ 
SUMA: SUM A +- SCF.ACA 
SUMB= SU~8 + SCFACS 
Ui IT)::: SCFACA 

77 V{IT)::: SCfAC8 
SUMA= SUMA - 0.5*U(1) - 0.5*U( ILl 
SUMS= SUM8 - C,,5*V(1) 
ALNA= SUM A*CEU< 1 
ALNS= St;MS*DELXI 
XMOOA= ARCAI'ALNA 
X MODB = ARCEI' ALNB 
SUMA= 0 .. 0 
SUMS= 0.0 
ALNA= 0.0 
ALN8= 0 .. 0 
DO 78 IT=l.IL 
I K= IT 
ATXA{ IT)::: CUR4Y.A{ 
ATY A ( 1 T )= CUR5Y At 
AT XS ( ! T)::: CLRt~YE{ 

ATYS( IT}= CUR5Y8{ 
1Ft IT .EQ .. XL ) 

11= 11+ 1 

ALNA 
ALNA 
ALNE 
ALNS 

(0 TO 

0 .. 5*\i{ ILl 

9 ;:: I GjI.IAl 9 

9 SIGMA 1 9 

9 SIGftlA 9 

9 SIGf'oIA 9 

78 

Il< > 
IK } 

IK ) 

lK ) 

SUMA= SUMA'" (U(IT) + U{IIt )*OELXY/2 .. 0 
SUM B= SUM E+ { V ( IT) -+ V < II) He 0 EL Xl .I 2 .. 0 
ALNA::: SLMA*XMCDA 
ALNS::: SUMS:+XMOD8 



C 

C 

OJ 
0 

C 

78 CONTINUE 

7<; 'fSUMA= 0.0 
YSU~B= !). 0 

80 

81 

DO 80 I T= 1 • IL 
ATXA( I T)=ATXA( IT)-Z(IT) 

AT XB ( I T l= .A T X R ( IT ) - Z { I T) 

YSUMA= YSU~A + ATYA{IT} 

YSUMB= YSL~8 + ATYB(IT} 

YSUMA= YSUMtI- O.~*ATYA( 1) 

YSUM8= YSU~8 - 0.5* ATVB{ 1 ) 

AOUM= YSUMA*FT*~S'f 

BOUM= YSUME*FT*WCY 

CONTINUE 

,1111= W CY+WSY 

A 12 = we 'Y-w ~Y 
81= BDUM-ADUM 

E2= EOUM+ACUM 

BOTTOM= A11*A11-A12*A12 

C.5*ATYA(IL) 

o .5*ATY8( IL) 

BTOUM= ( 8 1 '*A 11"82* A 1 2 )/BOTTOM 

BlOUM= ( E2*AI1-Bl*A12 
BERR= R lD\..r.I-B 

BZERR= BzoeM-BZRO 

B= BTDUM 

BZRO= e ZOU fJ 

A= -s 

AV GWX= ( WSX +WCX ) *0 .5 

AVGWY= ( *SY+~CY )*0.5 

)/ EOTTOM 

WBAR= ( wCX-WSX+WCY-WSY )*O.~ 



c 

(]) 

82 NUM2= NM /JX 

XK8= Xl<*8 

83 

DO 89 N= 1 ,. N UM 2 

XASUMS= 0.0 

)lB SUM ~= 0.0 

YASUMC= 0.0 

Y8SUMC= 0.'1 
N12= N/2 

N2= 2*N 12 
DO 87 IT=l.!L 
IF! IT .GT. ILl) GO TO 83 

GO TO 85 

IIT= IL-li+l 
S I NN= SN ( N 9 I IT) 

COSS= CS (N. I IT) 

IF! N .EO. N2 ) Gt: TO 84 
R( IT)= A TXA{ IT )*SI NN 

S ( IT ) = . A T X 8 ( IT ) '* SINN 

T{ I n = -A 1'fA( I n'*coss 
W ( IT ) = .. AT Y E ( IT) * CO S S 

GO TO 86 

84 R( IT)= -AiXA{ IT>*SINN 
S (IT)= -ATX8( IT }*S INN 

T(IT)= A1YA(IT)'*COSS 
W( IT)= ATY8( IT )*COSS 

GO TO 86 
85 SINN: SN(N.IT} 

COS S= C S ( N 9 IT) 

RIIT}= ATXA(IT)*SINN 

S(IT,= ATX8(IT)*SINN 



co 
N 

T(IT}= A1VA{IT}*COSS 

\ill ( IT)= A T YB( I T l *CO S S 

86 CONT i NUl" 
XASUMS= XASU~S + ~(IT) 

XBSUMS= X ESUMS -+ Sf IT ) 
Y AS U M C =: Y 4 SU f>J C + T { IT} 
YSSUMC= YBSUMC + ~(!T) 

87 CONT INU E 
)< A SU M S = X fJ. S L \II S ,., 0" 5 * j:; { 1 0 ,,5 * ~ ( IL ) 
XSSUMS= XRSUMS (,,5*S{1) Q.5*S(IL) 
Y ASU M C= Y tlSUM C " ,,~*H 1 » 0" "3 *T ( I L) 

Y8SUMC= YBSLuC - O.5*W(1) - O."3*w(IL) 
XASUMS= XASUMS*FT*WSX 

XSSU~S= xeSUl\iS*FT*WCX 
YASUMC= YASlNC*FT*WSY 
YESUMC= YESUMC*FT*WCY 
Xl\;= N 

)lNKS= )(1\* )(KS 

5 rS = SINH { X N K f-l 

CHR= -Cr.SH{ XI\K8 

TB= SHH/CHB 
SM= T e'i<Tf 
TI\I= SM/'SHF 
All = S M * A \) G ". X + .1\ \lG \i\ Y 
A12= TE*WE,IlR 
A22= SlII*AVGWY + AVGWX 
81= TM*(-XASUMS+XBSUMS) + (+YASLMC+YBSUMC)/CH8 
82= TM*(-YASLlIIC+YASUMC) + I+XASUMS-+X8SUMS)/CHE 
HOTTOM= A11*A22 - A12*A12 
DUf\I~B{N)= ( 81*A22"S2*tl12 )/E'OTTOM 
DUMC{N)= 5 R2*Al1-81*A12 ")/BOTTOfV 



(J() 
Vi 

c 

c 

c 

c 

89 CON n Nl.E 

E B 1 = au M E (1 ) - cn 8 { 1 ) 
EB2= DUMBCZ)-CC8(2) 

EO= DUMC ( 1 }-Cf)C { 1) 

EC2= DU~({2)-CCC(?) 

WRIH:{6.2'::0) rCCUNT 9 NIv1AX 9 IL 

Z50 FGRMAT{ IHl.2JX.lAHITERATION NUMEER= "I3",10X .6HN'v1.AX= "IZ,,10X 

912HNUM POII\TS= .14 ) 

\Af<ITE(6 .26'1 ~ A. E. EERR 

2EO FORMA1(49X.7HALFHA= .PI1.6 

9/ .50X.6HAFTA= "Fll.c.::'X,,8HCHANGE= .El(),,3) 

wRITE(f-.2E!) Rlf<C • 8ZERR 

261 

C 

FORM.AT U+8X.8I-E-ZERO= "FI! ,,6. :;x. EHCHANGE= .E 10. 3 ,,/ 

NUMB= 0 
NUMC= (') 

XKB= X K*fl 
00 270 f\=l.I\MAX 
XN= N 

XNKB= Xi\*lo<e 

PRB= DUMB{!\)*C08{N) 
Ff::C= DUIv1C{N}*COC(N) 

1Ft ORB .Ll. 0.0 ) NUMC= NU~E + 
IF( PRC .LT. 0.1 I NUMC= NUMC + 1 
ERRS= DUME(N}"'COtHN) 

ERRC= Dl.~C(!\.-CCC(N) 

C08{N}= DLMBtN} 

+-

+-

" 

+-



C 

C 
C 

COC(N)= OliMC(,,) 
AMPS= ftES ( COB(N >*COSH( XNKB) ) 
A~PC= ABS{ C(C(N)*SINH{XNKE} J 

270 WRITE{6.27U N,COfHN),ERRB ,Al\I1PB ,N.CCC{N),ERRC 
271 FORMAT ( 7X,2 .... B{.I3,3t-'= ,F14.7,3X.EI0.3.3X.EI0.3 9 

.9 2 HC (. I 3 • :3 .... )= • E 1 4 .7. 3 X • E 1 C • 3 , :3 X • E 1 0 • 3 ) 

WRITE(E.272) "UMB • NUMC 
272 FORMAT {/.7X,34r.NUM OF COEFFS THAT CHANGED SIGN= 

937X .34Hf\UM OF (OEFFS Tt-AT CHPNGEC SIGN= 

9 AMPC 
27X 

9 I 3 
.13 .// 

C DETERMINE THE VA~IA"(E BETWEEN THE PREDICTED COASTLINE AND 
C S EAWAR 0 BOUN CARY AND THA 1 SPEC I F I ED. 

ET AA= A 
<Xl 
~ ETAS= B 

SUMA= 0.0 
SUMB= 1).0 
SUMEXA= 0.0 
SUMEYA= O. C 
SUMEX E= 0.0 
SUMEYS= 0.0 
CC 277 IT=1.IL 
XI= Z( 11) 

R ( IT)= X T RAN ( XI. ETA A ) 

SUT)= YTf;A"( XI. ETAA ) 
TfITl= XTRA"( XI 9 ETAE ) 
W(lT)= YTRtN( Xl 9 ETAS 
CALL SLFAC( XI,ETAA.DXCETA,CYCETA.SCFACA.SF) 
CALL SLFAC( XI.ETA8,DXDE1A,DYOETA,SCFACB,SF} 
SUMA= SUMA + SCFACA 

9 

+-

9 

) 



(X) 
(]I 

277 

SU~8= SUME .. SCFACR 
SUMXA= (ASS! ATXA( IT }+Z (IT )-R (IT)) )**2 

(A8S(Al"VA{ IT)-S( I In )**2 SW4YA= 
SUMX8= ( ~ E 5 (A T X E ( IT )+ Z ( IT )-T ( IT ) ) ) * * 2 
SUMY8= (AB5(A1Y8( IT)-W{IT}) >**2 
SUMEXA= SUMEXA + SUMXA 
SLMEYA= SUNEY,II .. SUMY~ 
SUME )(8= SLNE x8 + SU M)(8 
SUMEY8= SU~EYE + SUMYB 
U (I T ) = 5 CF ACA 
V{IT)= SCFACB 
SUMEXA= SUMEXA 0.5*SUMXA 
SUMEYA= 5L~EYA - O.5*SUMYt 
SUMEXB= SLMEX8 • ~.5*SUM)(B 

SUMEYB= SUMEYE - 0.5*SUMYB 
EF)(A= ~LMEXA*FT*~SX 

EFYA= SUMEYA*FT*WSY 
EFX8= SUMEXf*FT*WCX 
EFYB= SUMEYR*FT*WCY 
EF= EFX~+EFYA"EFXB+EFYR 

EBAR= EF/4.0 
WSY= EFYA/EBAR 
WCY= FFYE/EEAR 
INSX= EFXA/EBAF 
WCX= EFXB/ERAR 

C.5*< 
0.5 *< 
0.5*( 

- 0.5*( 

SUMA= SUM~ - 0.5*U(I) - C.5*U(IL) 
SUMS= SUM8 - O.S*V(l) - O.5*\(IL) 
ALN,II= SUM,II *eEL x I 
ALN8= SUMS*OELXI 
XMODA= ARCA/Il,LNA 
XMOD8= .ARCE/ALNB 

A8S{ATXA{ IHZ{ l)-RO}) 
A8S(ATY.A( 1 )-5< 1» )** 2 
A8S(AT XB( 1 )+Z( 1) -T( I}) 
AB S{ AT YB ( 1 ) -W< 1) ) >**2 

)**2 

H*2 

(Remove) 
(Remove) 



00 
0) 

C 

278 

C 

SUMA= 0.,0 
SUMS= 0 .. 0 
ALNA= o eO 
ALNS= 0 .. 0 

VAR XA= 0 .. 0 
VARY.A= 0 .. 0 
VARX8 =1) .. 0 
VARY8= C .. C 
DO 278 1T=1 .. IL 

IK= I T 
X { IT }= ALNA 

YOT}= tlLNE 

ATX.o,(IT)= C1,.;R4YA{ ALI\:A • SIGtJAl 9 IK 

ATYA< IT}= CUR'5YM ALNA ,. SIGMA 1 ,. IK 
ATX8{1T}= (UF4Yf'( ALNE .. SIGMA" IK ) 

ATY8{IT)= CUR'5YE3( ALNB ,. SIG~A • IK ) 

VARXA= VARXA + A8S{ ATX/q IT) ... P( IT »)**2 

V AR VA= 'Ii.o. R Y A + ,11,8 S ( AT 'f A ( I I ) ... S { ! T ) ) * * 2 

V A RX B= V A R X E -I- A 8 S { A T X B <:1 T } ... T ( I T n * * 2 

\lARya= \lARY8 + A8St ATY8(IT)"'W{ITn**2 

IF! IT .. EO" IL ) GO TO 278 

11= 1T+1 
SUM A = S 1,.; M A + U (I T) + U (I n 
SUMS= SUMS -+ { V(IT) + V{II) 

ALNA= SU~A*X~(DA 

ALNA= SU~B*X~CD8 

CONTINUE 

VARXA= VARXA/XIL 

V APY 14= VARY A/X iL 

)*OELXU2"O 
>*OELXI /2 .. 0 



00 
-.! 

c 
C 

C 

yARXB= YARX8/XIL 
VARY8= VA~Y8/XIL 
VAR= ( VARXA+VAR~A+VARXB+VARY8 )/4$0 

-VARA= 1.5*( VARXA+VARYA I 
VARH= 0~5*( VARXE+VARY8 ) 

lruf;lTE(6,,28()) XW(rE~XMOCA" VARXE.EFX8" VARY8"VAR8"EFY8 " VARYA.vt>RA'fjEf'YA. VAF- • EF-9VARXA.EFXA. 
280 FORNlAT ( 3~X.5EHRATIO OF COASTLINE ARCLENGTH TO *TRANSFORN* GE~ 

9ERATED = "F8,,4 
9/,,32X .. 5SHRA1IO OF SEA~ARD 80RY ARCLENGTH TC *TRANSFCRM* GENERATE[ 
9= .F8 .. 4 .//. 66X.8l-VARIANCE .2cX.7HER FNCT • 
9//.7X.48H1RA~~FCh~ CG~STLINE FR(~ T~AT SPECIFIED USINC X .E14e7. 
920X.E14 .. 7 
9/ .7X.48HTRANSFCRW CO.ASTL INE FROM THAT SPFCXFIED USING Y .E14 .. 7 " 
92 )( .. E 1 4 0 7 ,,4 X .. F 14 .. 7 .. 
9/.4X.51HTRANSFQRM SEAWARD BORY FROM THAT SPEC iFT ED USING X .. E14,,7. 
920X"E14 .. 7 • 
9/.4X.51HTRANSFCR~ SEAVi,l.lRC EDf;Y FJ:<CM Tt-AT SPECIfIED USING Y ~E14.,7~ 

92 X ~ +E 14 e 79 4 X 9 t 1 4 .7 ., 
9/ ,,71 )("E14 e 7 .. 20X"E14,.7 

-+-

W R I TF ( 6 .. 2 r. 1) -+-

281 FORMAT {// .. 15X .. 42HSEAWARD BORY COORDS ., O--XI-"'LAMDA .. ETA=A .. 
923X .. 39HCOASTLINE COORDS • C--XI--LA~DA .. ETA=8 • 

9/ .. 9X.9HX(XI"ETAI.2X,7rX-GIVEN .. 4X.9rY(XI"ETAJ.2X.7HY-GIVEN.4X .. 
9RHARC-1RA~,,4X.1HI 

98X .9HX(XI, ETA.) .. 2X.7rX"GIVEN.4X,,<;HY()I .ETA} .2X.7HY""GIVEN .. 4X 
9 8H A RC ... T ~ A " 

00 285 1= 1. IL 

.. 
• 



a> 
a> 

C 
C 

285 wRITE{6.28c) I"R{!}.ATXA{I)"Sf!)"ATYA{l),,)!{I} 

9 I .. T ( I ) .. ~T X E ( I ), W ( 1: ) " JI.TY A ( I ) .. Y ( I ) 
286 FOR~AT{ 4X,I~92X9F7.293X .. F7.295X9F7.293X9F7.294X.F8.294X~lHI 

94X "I3"2X"F7.2"3X"F7.2.5X"F7.2,,3X,,F7.2 .. 4X,,F8.2 

ICOUNT= rCO-UNT + 1 

IF( VAR .LE. VARWT } (0 TO 375 

300 IF! ICOliNT .LF. J~AXI ) GC '-0 55 
375 ~ETURN 

10 

END 
FUNCTION XTRAl\{ XI , ETA) 

DIMENSION C08{20C) .. CDC( 200) 

CCMMON/FCRlfl/ COE , COC 

XTRAN= c.o 
X K A= X K * E T .A 

)(K)(I= XK*XI 
0010 N=l.NMAX 

XN= N 

XNKA= X"*XKA 
XNKXI= XN*XKXI 

CSH= COSH{XNKA) 
SNH= SIf\H(XNKA) 

XTRAN=X'-RAN+{COC{Nl*CSH 

CaNT I NUE 

XTRAN= X1RAN + XI 

RETURN 

END 

FU NCT I 0" Y lP A" ( X I " ET A ) 

+COB(Nl*SNH 

DIMENSION C08{ 20C> , COC( 2(0) 

COMMON/FOR 1,./ COB • COC 

EZRO"XK"NMAX 

) * SIN ( X NKX I ) 

11 8ZRO.XK"NMAX 

" + 

l 



00 
<.0 

YTRAN= 0.0 

)KA= XK*E 1 A 

)(KX1= )(K*X1 

00 10 N=l,NMAX 

)eN= N 

XNKA= XN*XKA 

XNKX!.: XN*XKX I 
C SH = C 0 ~H ( X!\ K A ) 
SNH= S I f\H (XNKA) 

YTRAN=YTRAf\+(COE{f\,*CSH 

10 CONTINUE 
VTRAN= VTRAN + ETA + BZRO 

RETURN 

END 

+COC{N) *SNr >*COS(XNKXI) 

SUBROUTINE SLFAC( XI 9 ETA, DXOETA , DVOETA ~ SCFAC 9 SF 

DIMENSICN CCE{200} 9 COC(200) 

COMMON /'FOR XIV 

XKA= XK '*ET A 

X KX I = X t<* X I 
OXDETA= 0.0 
OYDET f.= 0.0 
DO 10 N=l."~AX 
XN= N 

XNK A= XN*Xl<A 

)<NK XI = X "* XKX ! 
CSH= COSH{XNKA) 

SNH= SINH {XNK A} 

CCB • COC 

XOETA= XN*XK*(COB(N)*CSH 

YDETA= XN*XK*CCOB{N)*SNH 

DXDETA= DXCETf. ... XOETA 

D'VDETA= DVDETA + 'fDETA 

• BZRC,XK.NMAX 

+CCC{N)*SNH 

+COC {N )*C SH 
) * S IN ( X N K X I ) 

) *COS 0< NKX I ) 



@ 

o 

10 CONTINUE 

DVDETA= DVDETA + leO 
SF= {ABS{[)XDETtl})**2 + (JlES{CYCETA}}~"i<2 

SeF AC= ~QR H SF ) 
METURN 

END 
SLBROUTINE CU~tYB( SLFI • SLPN 9 SIGM, , 

DIMENSION X2{150} 1) V2( 150) 
D ! ME N SIC i'\ A (1 :; 0) ~ S« 4, 0 8 ) 

COMMON/JOHNA/ A 

COMMON/JOI-'NS/ S 

COMMON/YB/ X29 Y2 9 MQ 

C FITS SPLINE-- Y2 ~S A FUNCTION OF X2 

1\= MQ 

NMI = N-I 

NP 1 = N-I-l 
DELX 1 = X 2 (2) -x 2 {1 ) 

o X 1 = ( V 2 { :n..., Y 2 ( 1 ) } 10 E LX 1 

IF (SIGMtl .. LT"O,,) (0 TO '5 
SLPPI = SlPl 
SLPPN = SLPN 

1 SIGMAP = ftES{SICMA)*{N-l)J'{X2{N)-X2{lH 

OELS = ~IG~AP*OELXl 

EXPS = FXP{OELS> 
SlNHS = $5~{EXPS-l,,/EXPS) 
SINHIN = 1,,/(DELXl*SI"HS' 
o lAG 1= S I NHI N*<OFLS* ~ 5* (EXP S+ 1" ,IE XPS )-S1 NH S) 
DIAGIN = l,,/DYAGl 

A ( 1) = 0 IA G ! 1\ '* W X 1 "" S L P PI} 

SPDIAG = SINHIN*{SINhS-OELS} 

S(1) = CIAGIN*SPOltlG 



w 

IF (Nc~C$2) GC TO 3 

DO 2 I = 2.,1\"1 
o EL X 2 :: X 2 ( T + 1 ) "'" X 2 ( i ) 
0)(2= (Y2{I+l ) .. Y2{ I)}/OELX2 

DELS:: SIG1VlAP*OEL)2 
EXPS :: FXP { eELS) 
SINHS = .S*CEXFS-l./EXPS) 
SINHIN :: 1$/(DELX2*~INH~) 

DIAG2 = SINl-IN*<DELS'*{ .. S*{E·XPS+la/F.XPS) )-S["\lHS) 

OIAGIN:: 1,,/{O!AG1+0IAG2""SFCIAG* S(I"'1).) 

A{ 1)= 'JIAGTN*WX2-0Xl-SPDIAG* AU"'!» 

SDDIAG = SI~l-J~*'SINHS-CELS' 
S( n = DIlI.GYl\*SPOIAG 

OX1 :: DX2 
2 DIAGI = CIAG2 
3 OIAGIN = 1./(OIAG1-SPDIAG* S(l'Ml)' 

4 

A(N) = OJ AGIN*(SLPPN-DX2-SPDIAG* A[NM1'J 
DO 4 ! = 2" f\ 

IBAK = NP1""I 
A ( I 13.oK) -= A ( I e A K ) "" S( YBAK H' A{ 18AK+ U 

RETURN 
5 IF (N.EO .. ;n GC 10 6 

DELX2:: X2(3)-X2{2) 

DELX12 = X2(3)-X2H} 
C 1 = ... { DEL)( 12+DFL Xl ) /OELX12 /OELX1 

C2 = DELX1Z/CELX1/0ELX2 
C3 = -DELXI/OELX12/DELX2 

SLPP! = C1*Y2(1) + C2*V2{2) + 0'::*V2(3) 

DELN -= X2(l\''''X2(N iV l) 

DELNMI = X?(~Nl)-X2(~-2' 
DELNN = X2(N)-X2{N-2} 



<.0 
I\) 

Cl = (DELNN+DELN}/DELNN/DELN 

C2 = -CEL~~/CEL~/CEL~Ml 
C3 = DELN/DEL~~/OEL~Ml 
SLPPN = C?»Y2{N-2) + C2*V2{NMl) + Cl*Yr>{N) 

GO TO 
6 A(1) =0. 

A(2)=0. 

RETURN 

END 
FUNCTION CURVYB{ T • SIGMA. IT ) 

OIMENSICf\ X;;>(50). Y2{l50) 

D I ME'" N S ION I'd 1 ~ C ) 

COMMON/JO HN P-/ A 

COMMON/yE/ )(2, Y2 • MG 
C THIS FUNCTION INTERPCLATES THE COASTLINE ,AT A GIVEI\ VALUE FOR X. 

C THE VALU E RETUP"l E C IN CURVYB I S THE VALUE OF Y A T :x. 
C SUBROUTINE CL R IY8 ~UST BE CALLEr EARLIER. 

N= MO 
5 = X2(N)-X2{1) 

5IGMAP = A85{SIGWA)*(f\-1 )/5 
IF (iT.FO.I) 11 -= 2 

CO 2 I = I 1 ~ " 
IF( X2( I )_T 

2 CONTII\JUF 

I = N 

? 92 .3 

3 IF( X2{1-1) .LE. T .OR. T .LE. X2(1) } GO TO 4 
11 = 2 

GC TO 1 
4 DFL 1 = T-X2( 1-1 } 

C EL 2 = X;;> ( I ) - T 
DEL5 = )<2(1)-X2(1-1) 



<.0 
VI 

Ex PS 1 = EX J: (S I G W II 1=* eEL 1 ) 

SINHO! =.~*(EXPSl-l./EXP~l 
Ex PS = F X P { S I ('4 .AP ""0 EL 2 ) 

SINH02 = .':*(EXP~-l./E):P~) 

EXPS = EXPSl*EXPS 

SINHS = .~*(FX~S-l./FXPS) 
CURVYH= ( A.(IH5INHOl+ A(I-l>*SINH02)/SINHS+({Y2(I}-A(I)H<DELl + 

9 {Y2! I-I} - ,IX( I-I) )*OEL2 )/OELS 

11 = I 
RETURN 

END 
FUNCTICI\ CL~Cye{ T ~ SIGMA 9 IT 
DIMENSION X2(1~C). '12(150) 
D IMENS ION A (1 <)') ) 

COMMON/JCHl\A/ A 
COMMON/YB/ X2. Y2 , MQ 

C THIS FUNCT[CI\ CIFFFRFNTIATES ThE COASTLINE AT A GIVEN VALUE 

C FOR x. THE VALLE QETURt-;ED IN CUf;DYE IS TI-E VALUE CF DY/DX AT X. 
C SU8RCUTINE CURIYE MUST BE CALLED EARLIER. 

N= MQ 
S -= X20.,}-X2( 1) 

S IGMAP= AES {SI (MA) *< N-l )/5 

IF (IT.EO.1) 11 = 2 

1 00 2 I = 119 N 
IFe X2(Y}-T 2,2,3 

2 CONTI I\LE 
I = N 

31Ft X2{1-1) .LE. T .OR. T .LE. X2(l} ) GO TO 4 

II = 2 
GO TO 1 

4 CELl = T-X2fI .. l) 



<.0 
.+l> 

eEL? = X2 {n-T 

DELS = 'i'2 { I )"'X2 ( 1"'1 ) 
EXPSI = EXP( SiGMAP*DEU) 

COSHD! = .. 5*CEXPS1+1 .. /EXPSl) 

E)PS = FXP{SIG~AP*DEL2) 
CO S HI) 2 = ,,":' >l ( E X P S + 1 .. /E XP S ) 

EXPS '= EXFS1,*EXFS 

SINHS = 05*(EXFS~1 .. /EXFS'/SIGNAF 
CUROYB= (ilf I) *COSI-Dl- A{ I-I} *COSHD2} /SINH::+( {Y2{ I }-A{ 

1 I»)""{V2{I"1)-t{I""1)})/CELS 

I 1 = I 
j:;ETURN 

END 
SUBROUTINE CLR2V2< Sl.Fl .. SlF!\ • SIGMA) 

DIMENSION APCYR(l~D} 

DIMENS 101\ X2U 50).. V2(150) 

DIMENSiON C< 150) 1> S(408) 

COMMDN/JOHNC/ C 

COMMONI' JCH "S/ S 
COMMON/AYA/ ARCYB 

COMMON/YEI' X29 Y2 .. MQ 
C FITS SPLINE-~ X2 AS A FUNCTION OF ARCYB 

N= MQ 
NMI = N-l 

NFl = N+l 
CELXl = ARCYB(2} ... ARCVB( U 
eXl = (X2(2}-X2{l })/OELXl 

IF {SIGMA.L1"Q.} GO TC 5 
SLPP 1 = SLP 1 

SLPPN = Sll:j\ 

SIGMAP = ABS(SI(MA)*(N"'l )/(ftRCVBlN)-ARCVS{ 1 n 



eELS = S I G M /'IP * C EL )( 1 
EXPS = EXP{OELS) 

S INHS :: .. 5"O=:XPS-l" /FXPS} 

SINH I N = 1 '" / ( 1: F LX 1'* S Hd-S ) 
OIAGl = SI"HIi'~qOELS*",5>lc{EXPS+l ",/EXPS)-SINHS) 

o I AG I N = 1., / C I ,A. <: 1. 
eu) = OLAGII\'*{CXl"SLPPll 

SPOIAG = SIi'HIN'*(SINHS-DELS) 
S {1) = [II. (; IN*SPD lAG 

IF {N"EOG2} G( TO 3 
00 2 1 = 29 NiIII 1 

DELX2 = /I~CYR{Hl) .. t!r:;CYEn) 

0)(2= {X2(I+l)""X?(I))/OELX2 

OELS = SIGMAP-OELX2 
FXPS = EX!=(CELS) 
SINH': -= ®~'*(t=)(PS-le/FXPS) 

SINHIN = 1 .. /{CELX2*SlN~S) 

D I .ll, G 2 = S I j\ I- I l\ '* {C EL S '* ( ., 5 '" { E XP S +1 ,,/, E XP S l }- S r NH S } 

IilIAGIN = 1,,/(OIAGl+DIAG2-SPDIAG* 5{I-l}} 

e(I) = CIA(IN*(DX2-0Xl-5PDIAG* ((1-1') 
SPDIAG = SIl\I-IN*<SIl\HS-CEL5) 

5{ I) = OrIl,.GIN*SPOIAG 

OXl = 1:)(2 
2 OIAGl = l)I.II,.G? 
3 0 LA. G IN :: 1" /' ( D lAG 1- 5P 0 I A G * 5 { N M 1 } } 

e { N ) = 0 I A G I ~ * (5 L P PN '" ox 2 -5 P [ I A G * C ( N M 1 ) ) 

DO 4. I = 2,,1\ 

IBAK = NP1.aI 
4 C { I E A K):: ( { leAK »'" 5 ( Y E AK ) *' ({ ISA K '*" 1 ) 

RETURN 
') IF (N.,FO.,2) GO TO f) 



(!) 
0'> 

6 

OELX2 = ARCYR(3)"'ARCYB{2) 
DELX12 :: tQCYE(3)-ARCYEH 1) 
C1 = -(DELx12+0ELX1)/OELX12/DELXl 
C2 = OELX12/0ELX1/OELX2 
C3 = -OELX1/OELX12/CELX2 
SLPPI = C1*x2{1} +- C2*.l<2C?) + C3*X2(3) 
DELN = ARCY8(N)-ARCYB{N~1) 
DELNMl = A!:::CYE(NMl) .. PF<CYE(N-2) 
DELNN = ARCYB{N)-ARCYB(N-2)" 
C1 = (DELNN+CELN)/OELNN/DELN 
C2 = -CELNN/DfLN/CELNMl 
C3 = OELN/OELNN/OELNMl 
SLPPN = C3*X2(N-21 ... C2*X2{NMl) + Cl*X2{N) 
GO TO 1 

C ( 1) = O. 
C (2 ) = ,). 

RETURN 
END 
FUNCTI.DN (UR4Y8{ T • SIGMA 9 IT 
DIMENSICN ARCY8(15C) 
DIMFNSION X2{15C) 9 Y2( 150) 
DIMENSICN C(15n) 
C OMMON/ JCH!\C / C 
CGMMON/tYE/ ARCYR 
COMMON/VB/ X2. "12 '9 MC 

C THIS FUNCTION INTERPOLATES THE CCASTLIN"F AT A GIVEN VALUE FOR 
C THE ARCLENGTt-o TI-F VALUE RETURNED IN CUR4Y8 IS THE VALUE OF X 
C AT ITS PART[CLLAP AQCLENGTH. SUE~CUTINF CUR2YE MUST 8E CALLED BEFORE. 

N= MQ 

S= Jl R C Y F {N ) .. )\ R CY F ( 1 ) 

SIGMAP = ABS(SIGMA)*tN-l}/S 



<D 
-.J 

IF (IT.EG.1) 11= 2 

1, DO 2 I = I 19 N 
.IF-( ~R{YE(I}-T ) 2.2.3 

2 CON TI NlJF 

I = N 
3 IF( ARCYE( I-I) .LE. T .OR. T .LE. ARCYB( l} ) GO TO 4-

r 1 :::: 2 
(0 TO 1 

4 DELI = T-,aj:;CYE( 1-1) 
DEL2 = ARCY8(I)-T 

fJELS = ~q(YP{Il-ARCYB(I-l) 
EXPSI -= EXf:(SIG?iAF*CELl) 

SINHD 1 = • =*(EXPSl"l.IE:XP~l 
EXPS = FXP(SI(MAP*DEL2) 

SINHD2 = .5*(EXFS-l./EXPS} 

EXPS = FXPS1'*FXPS 

S INHS = .5'*( fXPS-I ./EXPS ) 
CUR4YB= ( C(I)*SII\HDl+ CCI-t>*SII\HD2}/SINf-JS+«X2(I)-C( I»)*DELI 

9 (X2( I-I) - C{ 1-1) l*DEL2 )If)ELS 

II = 1 
RETURN 

END 
SUBROUTINE (UR3YR( SLPI 9 SLPN • SIGMA) 

OIN/ENSI eN ARCYB (150 ) 

C IMFNS ION X2( 1 ':()) Y2{ 15,,) 

DIMENSICI\ e(15e} • S(4J8} 

CONlMON/JOHf\DI r) 

COMMO"J/JOHNS/ S 

COMMON/AYF-/ A~CY8 

COMMON/VBI X2. Y2 9 MQ 

C FITS SPLINE-- Y2 ~s A FUNCTION OF ARCYB 

+ 



w 
co 

N= MQ 

1\1\11 = "'''1 
NPI = N+ 1 
CELXl = ,IlP(YE'{2 )-ARCY8{ 1 

OX1 = ('f2{2)-V2(1 }}/DELXl 

IF (SIGIY'A ... LTetJe) GO TO 5 

SLPPl = SLP 1 
SLPPN = SLl=N 
S lGMAP = ABS{ SIGMA) *{N-O /(ARCYB(N} ... Af.lCYBO)} 

o E L S = S I G 111 A 1= * 0 EL X 1 
EXPS = EXP{OELS) 
S INHS = .. 5>l{EXDS-l. /EXPS) 

SINHIN = 10/U;ELXJ*SINt-S> 
DIAGl = SIl'HIl\*{DELS*.S*(i=XPS+l ,,/EXPS)"SINHS} 

D I AG IN = 1" / C I A (1 

00> = [IAGIN*<OX1-SLPP1) 
SPDIAG = SIl\HYN*{SI!\HS-OElS~ 

S( II = OIAGIN*SPOIAG 

IF {N"EC.,2) GC TC 3 
00 2 I = 29~1IJ'1 

DEL X 2 = ,Il RC Y B ( I + 1 ) ""A R C Y B ( I ) 

OX2=. (Y2 0+1 )"'Y?{!) }/DELX2 

OELS = SIGMb,P*OEL)<2 

EXPS = EXP{ eELS) 

SINHS = .5*(EXFS-l .. /EXPS) 
SINHIN = 1,,/(OELX2*SINHS) 
OIAG2 = SINt-IN*(OELS*< .. 5*(EXPS+l,,/EXPS)}-SINHS} 

OIAGII\ = 1,,/(OIAG1+DIAG2-SFDIAG* S(I-l)) 

O{ I) = DIAGIN*(OX2-DXl-SPDIAG* n(1 ... 1)} 

SPDl~G = SI~~I~*<SINHS-CELS) 
S( n = D'[1\GH,*SPDI.l\G 



<J) 
<!) 

o XI -= OX2 
2 DIAG! = nlAG2 
3 DIAGIN = 1./(CIA(1-SPOIAG* S(NM1)} 

D{N) ::;;: DIAGIl\,ldSLPFN-OX2-SPDIAG* O{NM1}) 

DO 4 I = 2" N 
IBA.!< = 1\1=1"'1 

4 D(IBAKJ = D(18AK)- S { lEAK} * 0 ( IE 1.\K .... 1 ) 

P'ETUPN 
5 IF (N.EQ .. 2) (:0 TO 6 

DELX2 = ARCVB{3 )-,6RCV8{2) 

OELX12::;;: APCVB( 3}""'ARC'tS( 1} 

Cl ::;;: ... {CEl.X12-+0ELXl )/CELX12/CELXl 

C2 = DELX12/DELX1/DELX2 
C3 ::;;: -DEL X l/DELX 1 2/0EL)l2 
SLPPl ::;;: Cl*V20) .... C2*V2(2) .... C3*Y2( 3} 

DELN = ARCY8(N}-ARC't8{NMl) 
OELNMI = ~~CVE(NMl)-ARCYB(N-2' 
DELNN ::;;: A~CV8(N}-A~CYE{N-2) 

Cl = (OELNN+DELNI/DELNN/OELN 

C2 ::;;: "'CELNN/CElN/DELNA.11 
C3 ::;;: DELNIDEL"l\/DELN~l 
SLPPN::;;: C3:tV2(N"2) .... C2*Y2(Nfo'l) .... Cl*V2(N) 

GO TO 1 
6 Of 1} = 0 .. 

Of 2) = 0 .. 
r;ETURN 

END 
FUNCTION CUR~Y8{ T § ~IG~A • IT ) 
DIMENSION ARCYS{1 50 } 

DIMENSICl' X2(50)' 9 Y2{1S0) 

DIMENSION O( 1 ~()) 



o o 

COMMON/JCHI\'O/ 0 
COMMON/ tY E/ ARCYB 
COMMON/V81 X2. Y2 • MG 

C THIS FUNCTION INTERPOLATES THE COASTLINE AT /l GIVEN VALUE FOR 
C THE ARCLENGTt-. THE VALUE RETURNED IN CUR5YB IS THE VALUE OF Y 
C AT ITS PARTICLLAR ARCLENGTH. SUERCUTINE CUf<3YE MUST BE CALLED BEFORE. 

3 

N= MQ 

S = /lRCYE(N}-ARCYB{ 1} 

SIGMAP = AR~( SIGMA) *< N-1 )/S 
I F (I T • EQ • 1) I 1 = 2 

1 CO 2 I = I 1 • " 
IF{ ARCYB(I)-T ) 292 9 3 

2 CONTINUE 

I = N 
I F ( ARC '( B ( I" 1) • L E. T • 0 R. T • L E • ARC Y B (1) } GO TO 4 

11 = 2 
GO TO 1 

4 DELI = T-ARCYB( 1-1) 
DEL2 = tR(Y!=l<I}-T 
GELS = ftRCY8(!)-AFCYB{I-l) 
EXPSI = EXP(SIGMAP*OEL1) 
SINHDI = .'3HfXPS1-1./EXPSl) 
E)(PS = EXP(SIGMAP*OEL2} 
SINH02 = .!::+{EXPS"'l./EXPS} 

EXPS = EXFSl*EXFS 
SINHS = .~*{E)(PS"'l./E)(PS) 
CUR5YB= (O(I>*SINHDl'" D(I-ll*SINHD2)/SINHS+{{Y2(l)-O(I})*DELl + 

9 (Y 2 ( I -1) .. C ( I" 1 ) ) * eEL 2 ) / D EL S 

I 1 = I 
f:ETURN 
END 



o 

SUBROUTINE CURIYA( SLP1'9 SLPN 11 SIGMA) 

DIMENSION 8050) 9 5(408) 

DIMENSION X2P{ 1::0) 9 'f2P( 150) 

CCMMON/.JCHI\E/ 8 
C.OMMON/.JOHI\S/ S 
CCMMON/YA/ X2P • Y2P ~ MOP 

C FITS SPLINE--Y2P AS A FU~CTION OF X2~ 

N= MOP 

NMl = N-I 
NFl = N+l 
DELXl = X2P{ 2}"'Y2P{ 1) 

OX! = {Y2P{2}"'Y2F(1 })/OELXl 
IF {S I G M A .. L T .. 0 1O) GO T C 5 

SLPPl = SLPI 
SLPPN= SlFfI. 

1 SIGM,~P = AAS(SlGNAHc(I\-1}/(X2P(j\1"X2P(l» 

DELS = SIGMAP*0EL)(1 
EXPS =:: EXP{CELS) 
SINHS = • E*(E)(~S-l ./E)(05) 

SINHIN = 1./{CELX1*SINHS) 
OIAGI = SIl\HII'*(OELS*.5*{EXPS+l .. /fXPS )-SINHS) 
o I A. GIN -= 1 .. /D I A G 1 

P(1) = CIACIN*<DX1 .... SLPPl) 

SPDIAG = S!"~IN*(SI"HS-DElS) 
S{ 1) = DIAGIN*SPDI A.G 

IF {N.EC.2) ~( TC 3 

DO 2 I -= 2,,1''''1 
DEL X 2 -= X 29 ( I ... 1 )...,)( 2P { I ) 
DX?= (Y2!=(I+l )-Y2P{ 1) )/CELX2 

DELS = SIGMAP*OELX2 
EX P S = f XP ( C EL S ) 



o 
N 

S IN HS = e': >l> ( ':: XP S- 1 " /E )(P S ) 

SINHI~ = 1,,/(DELX2*SINHS) 

DIAG2 = SI~HI"*(f)ELS*{,,5*{E)(PS+l ,,/EXPS})"SII\HS) 

DrAGYN = 1 ,,/{ C IilCl+C IAG2-SPDIAG* S{ I-I)) 

GO) = CIA(H,* (OX2"CX1=5 0 [IA(* B (Y"'l» 
SPDIAG = SINHIN*{ SINHS .... DELS} 

S { T) = [I A G IN * So 0 IA G 
1))(1 = nX2 

2- DIAGI = OL4G? 
3 CIAGIN = 1 ,,/([:y,llGl-SFCIAG>l> SiNN!l}} 

4-

R(i'·I) = DIIl..GI"*i5LpoN"'O)t2=SPDIAC* E{NN!l) l 
DO 4- I = 29 l\ 

reAl< = I'!=l""r 
8( IRAK) = 8{ 18AK) .. S(IEtlK)* 8( I8AK+l) 

l<ETU PN 

5 IF (N.FC .. 2' GC TC 6 
DELX2 = X2P(~J-x2P(2J 
CELX12 = X2P(31-X2P(1 

Cl = .... {CElX12+DELXl )/DELX12/DElXl 

C2·= DELX12/DELxl/0ELX2 

C3 = -CELX1/CELXI2/CELX2 
SLPP} = Cl*Y2POH- C2*,(2P(2)+ C3*Y2P(3) 
D EL N = )( 2 P ( N ) ... l( 20 ( N ~Jj 1 ) 

DELNMl = X?!= (I\N! 1 ) eX 20 (N""? ) 
DELNN = X20(N}-X20(N-2J 

C1 = (Di=LNN+CELN)/DELNi\J/DElN 

C2 = -Di=Ll\I\/CELN/CEL~~l 
C:l = DELN/')ELNN/DFLNM 1 
SLPPN = C3*V20(N-?H~ C2*Y2P(NM1)+ Cl*'V2P{N} 

GO TO 1 

6 8{ 1) = 0 ",' 



o 
Vl 

B(?i=C',. 

F:ETURN 

END 

FUNCTION CURVY~( T • SIGMA. IT } 

DIMENSIC~ X?~(150) • Y2P(150} 

DIMENSrCN B(1~0) 

COMMON/JObNP,/ R 

COMMON/YAI X2F • V2F • MOP 

C THIS FUNCTION INT<::;:;(POLATES THE ~;:::A\lARD 8DRY AI fJ GIVr:':1\, V.ALUE F(1'~ X .. 

C THE '\JALU E RETURN EC IN CURVY A I S THE VALUE OF Y A T X,. 

C SUBROUTINE CUR1YA MUST BE CALLED EARLIER& 

N= MOP 

S = X2P{N}~X2F{1} 
SlGMAP~= ABS(StGMAl*(N-l)/S 

IF (ITQEGeli 11 = 2 

1 DO 2 1: = 11. N 
IF ( X 2P ( 1 ) -T ) 2.;;: '> ::: 

2 CONTI l\U:: 
I = N 

3 IF{ X2P 0""'1} "LE" I "DR .. 1" "LFG X2P( I} ) GO lC <:; 

I], = 2 

~O TO 
4- DELl = T-X2P{!''''1) 

DEL2 = X2P(II - T 
DELS = X2P( I)-X2P n". U 

EXPSl = EXP{SIGNAr*CEL1) 

SINHD] = .,5*{EXPS1"'1.,/EXP~1) 
EXPS = FXP{SIGM.IlP*OEL2) 

SINH 0 2 = ,,5'1'< ( EX != S .., 1 ",/ EX P S ) 

EXPS = FXPSl*EXPS 

SlNHS = .. S*{EXPS-l.,/FXPS} 



o 
~ 

C 
C 
C 

CURVYA= { E {I} *S INHDl" Bf I-I }*S INHD2) ISINH~+{ (Y2P{ I) -Be I) HDELl + 
9 ( '(2 P ( J- 1) - F{ ! .. 1 ) ) * eEL 2 ) / lJ E LS 

I 1 = I 
f;ETU RN 

END 
FLNCTION CURDYA( ,. 9 SIGrvfo l' IT ) 
elM EN 5 ION X 2P ( 1 50) • Y 2P ( 150 ) 

D I ME N SIC 1\ E (1 50 ) 

COMMON/JOHN8/ 8 
COMMDN/Yft/ X2P 9 Y2P , MOP 

THIS FUNCTtOl\ DIFFERENTIATES THE SEAWARD BDRY AT A GIVEN VALUE 
F~R x. THE VALUE RETURNED IN CURDYA IS THE VALUE OF DY/DX AT x. 
SUBROUTJNE CURlY'" ~UST BE C,lILLEC EARLIER. 

N= MOP 
5 = X2P{N)-X2P{11 

SIGMAP = A8S(SIGMA)*(N-l)/S 

IF (IT.EO.l) II = 2 
1 DO 2 1= I 1 .. N 

IF! X2PU>-T ) 2,,2,3 
2 CONTINUE 

I ::: N 
3 1F{ X2PO-l) .Lf. T .OR. T .LE. X2P{1} ) GO TO 4 

I 1 = 2 
GO TO 1 

4 DELI ::: 1-X2 ~ ( I"1 ) 
DEL 2 = X 2P ( I) .. T 

OELS = X2P{ n-X2P{ I-I 
E)lPSl ::: EXP(SIG~AP*OELl} 

COSHOI = .':'HEXPSl+l./EXPSU 
EXPS = EXP(SI<;MAP*OEL2) 

COSHD2 = .~*(E'X!=S+l./E)PS) 



o 
(J'I 

E)(PS = EXP~l*EX!==S 

SINHS = .5>1(EXPS-l./E)(PS)/SIGMAP 
CURDYA= { E(Il*COSHCl- E(I-l)*COSrD2}/SINHS+{(Y2P{I)-8{ 

1 I»-{Y?P(I-l)-8{I-l)}}/OELS 

II = I 
RETURN 
END 
SUBROUTINE CUP2YA( SLPI 9 SLPN 9 SIGMA) 
D I ME NS Ie", A j:; C Y A ( 1 50 ) 
o I ME N S ION F ( 1 ~ 0 ) • S ( 4 C 8 ) 
DIM EN 5 ION X 2P ( 1 !=: 0) 9 Y 2P { 1:: 0 ) 

COMMON/JCH"EI E 
COMMON/JOHNS/ S 
COMMON/ftYft/ APCYA 
COMMON/~AI X2P • Y2P 9 MOF 

C FITS SPLINE--X2P AS A FUNCTION OF ARCYA 

"'= MOP 
NMl = N-l 

NP 1 = N'" 1 
DELXl :: A-f<CYA (2 }-Af<CY ~ O) 

DXl = (X2P{2}-X2P(1 »/OELXl 
IF (SIGMA.LT.C.) GO TO 5 
SLPPI = ~L 1=1 
SLPPN = SLDN 

1 SIGMAP = ftES{S!GMtd*<N-l)/(ARCYA{N)-ARCYA{l}) 

DELS = ~IG~AP*OELXl 

E XP S = EX P ( DEL S ) 
SINHS = .5*<fXDS-l./EXPS) 
SINHIN :: 1./(DELX1*SI",HS) 
D IA G I = 5 I NH I N * {DEL s*. 5* ( E XP 5+ 1 • /E XP S )- SINH S} 

CIAGIN = I./CIAGI 



o 
($'l 

Ell' = CIAGIN*rOXl-SLPPI.' 
SPDIAG= 51~HIN*(SINHS-DELSJ 

S{ 1) !:: OIAGIN*SPDIAG 
IF {N®EC02) GC TO 3 
DO 2 I = 2,1\"11 

DELX2 = tRCYA{H .. n"'ARCYI'q n 
OX 2 = ( X 2 P ( ! + 1 ) .. X2 F ( I ) ) / eEL X 2 
nELS = SIGMAP*OEL)<2 
EXPS = EXP {eELS) 

SINHS -= 05*{~XFS~10/EXPS} 

SINHIN = 19/(DELX2*SINHS) 

DIAG2 = SINr-'IN*{OELS*{ ,,5>l«EXPS+10/EXPS) )"'SINHS) 

OIAGIN = 10/HlIAGl+DIAG2-S~CIAG* S{I"'lH 
E{ I}= OIA.GIN*{OX2-0XI-SPDIAG* E{ 1-1}) 

SPDIIG = SI~~[N*{SINHS-[ELS) 
S( n = DI.AGII'*SPDIAG 

OX1 -= OX2 
2 DIAGl = CIAG2 

3 OIAGIN = 10/(nIAG1""SPDIAG* S( 1\/oI1}) 

4 

EiN) = DX ,!lGIN*(SLPPN-DX2-SPf)1.AG* E{NMl)} 

DO 4 ! = 2 ~ f>. 

18AK -= NP!-! 
E ( IE,'lK) = F { lEAK }- S ( I 8 A K ) '* E ( I SA K + 1 } 

RETU RN 

5 iF {N e F Q '" 2) G C TO 6 
OELX2 = ilPCYACn-ARCYA( 2} 
OELX12 = tH;;Cy,B(3) .. AFCYA{1} 

Cl = .... {OELX12+ClELxl )/OCLX12/0ELXl 

C2 = DELX12/CELXl.10ELX2 

C3 -= -DELXl/CELX12/CELX2 
SLPPl:::; Cl"';')<'ZP{ U+ C2*)2P(2)+ C2'*'X2PC3} 



o 
-J 

6 

OELN = ARCYA(N)-APC~A'NMIJ 
DELNMI = ftRCVA(N~II-ARCYA(N-2' 
DELNN = ARCVA{N}aARCYA(N-2~ 
Cl =. (DFLNN+OELN)/DELNN/DELN 
C2 = -CEL~~/CEL~/DEL~Ml 
C3 = DELN/nEL~~/OEL~Ml 
SLPPN 
GO TO 

E{l) 

F (2 ) 

RETURN 
FNO 

= C?'*X2P{N-2)+ C2*X2C>{ NM1)+ 

= 0" 

= 0" 

FUNCTION CUR4YA( T ~ SIGMA ~ IT 
f) I ME NS r (N P ~ C Y A ( 1 50 » 
DIMENSION )(2P(1~-'J~ " Y2P(1S0) 

DIMENSION EO':') 
COMMON/.j(HI\E/ F 
COMMON/AYA/ APCYA 
COMMON/VAl X2P , V?P • MQP 

C 1 * )(2P ( N) 

C 'THIS FUNCTION l~lERPCLATES T~E S~AWARC rCRV AT A GIVEN VALUE FOR 
C THE ARCLENGn-. THF:" VALUE Pf~TURNED IN CUR4VA I S THE VALUE OF X 
C AT ITS PARTICULAR ARCLENGTh0 SUEROUTINE CUR2YA MLST BE CALLED HEFORE. 

N= MQP 
S = ARCYA {N }-ARCYA ( 1) 
SIGMAP = Af3S{SI(M.A)*tN"l )/S 
IF (IT.;::Q .. 1) Ii =2 
00 ;:> I = I 1" N 

IFl A~CYA(II-T , 2.2.3 
2 CONTINUF 

I =. N 
3 IF( ARCVA(I ... 11 aLEs T sOP. T .LE. ,ARCYA!!) } GO TO 4-



o 
CO 

11 = 2 
GO TO 1 

4- DELI = T-ARCYA{ I-I) 
DEL2 = M::;CYA(I)-T 
DELS= ARCYA( I) -APC 'tA (I-I) 

EXPSI = EXP{SIGMAO*DELl) 

S! NH D 1 = • C) * ( EX F S 1 -1 • / EX P S 1 ) 
EXPS = FXP(SIGMAO*DEL2) 

SINHD2 = .S*{EXPS-l./EXPS) 

EXPS = EXP51*EX~S 
S IN HS = • 5 ~ { F XP S- 1. /F )(0 S ) 
C lJ R4- Y A = ( E ( I ) * SIt-. He 1 + E { 1- 1 ) *s IN H 0 2 ) / S IN r 5 + ( ( X 2P { I ) .. E ( r. ) * f) ELl + 

9{ X2P( 1- U -E( 1""1} )*DEL2 } IDELS 

I1 = I 
RETURN 

END 
SUBROUTINE CUR3YA( SLPI 9 SLPN • 5IGfvtA ) 
DIMENSICt-. ftf;CYA(150) 

DIMENSION X~P(l!C' 9 't2P(150) 
DIMENSION F(150) 9 S{408} 
CCMMON/JCH"F/ F 
COMfvtON/JOI-NS/ S 
CCMMON/ftyft/ ARCVA 

COMMON/'VAI X2J: 9 Y2F • MOF 

C FITS SPLINE--Y20 AS A FUNCTION OF ARCYA 
,,= !I.fep 

NMI = N-l 
NPI = N + 1 
DELXl = ARCYA(2)-APCVA(1} 

OX1 = {.Y2P{2}-Y2P(l»/DELXl 

IF (SIGf>4A.LT.O.) (0 TO 5 



o 
(£) 

SLPP 1 = SLP 1 
SLPPN = SLF" 

1 SIGMAP = A8~{SrGMA)*H,-1 )/{Af;CYA{N}-AJ=;CYP(1}) 
eEL 5 = 5 I GMAP *DEL)( 1 
EXPS =. EX F (fJELS ) 
SINHS = .!':*(E)(PS-l • .IE)(PS} 
SINHIN = 1 • .I(OELXt*SINHS) 
DIAGl = SlNHIN*{[)ELS*.S*(EXPS+l • .IEXPS)-SINHS) 
DIAGIN = 1 • .I0IAGl 

F( 1)= OlAGIN'*<OXl-SLPP 1) 

SFOIAG = Sl~rlN*{SINHS-OELS} 
S{ 1) = DIAGI"*SPOIAG 

IF {N.EQ.2} GO TO 3 
002 I =2~~!IIl 

DEL X2 = ARC" A ( 1 + 1 ) - ARC Y A { I } 
OX2= (Y2P{ 1+1 }-Y2P( 1) )/OELX2 

DELS = ~IG~AP*DELX2 

E XP S = E X P { DEL S ) 
SINHS = .5*{EXPS-I./EXPSl 
SINHIN = 1./{DElX2*SINHS1 
o IA G 2= SINH I N* {DEL s* ( .5* { E XP S+ 1 • .IE )(P S) ) - SINH S) 
01 AGlf\ = 1./(ClftGl+CIAG2 ... SPCIJlG* S( 1-1)} 
F( 1) = OIAGIN*{DX2-DXt-SPOIAG* F( I-I)) 

SpDIAG = SINHIN*{SINHS-DELS) 
SCI) = DIAGIN*SPCIJlG 

OXI = DX2 
2 DIAG! = CIA(;2 
3 DIAGIN = 1./CCIAGl-SFCIAG* S(",..1» 

F{N) = DIAGIN*{SLPPN-OX2-SPOIAG* F(Nt-'l» 
DO 4 1 ::= 29 N 

IBAK = NPI-I 



o 

4 F{!8~K) = f{IEAK)
RETURN 

S {lEAK >* F{ IBAK+l} 

5 IF (N "EQ,,2l (;0 TO 6 
DELX2 = tq::;CVA{3} ... ARCVA(2) 

DELX12 = ARCYA( 3)"'ARC'rA{ 1) 

C1 =-{[ELX12+DELXl }/DELXi.2/CELXl 

C2 = DELX12/0ELX1/0ELX2 

C3 = -DELXl/DELX12/DELX2 

SLPP1= Cl*V2fO)+ C2*V2P{2}+ C3*V2P(3} 

DELN = ARCYA(l\}-Af::;CYA{NM1) 

OELNMl = AR(VA{NMU-ARCYA(N..,2) 

DELNN = ARCVA{N)sA~CYJl{N-?) 
Cl = (DELNN+DELN)/DELNN/DELN 

C2 = "'OELNN/C ELN/DELNM 1 
C3 = DElN/DELl\NI'DFLl\~l 
SLPPN = C3~V2P(N-2J+ C2*Y2P(l\~lJ+ Cl*Y2P(NJ 

GC TO 1 

6 Fill = 0" 
F(2) = 0" 

RETURN 

END 
FUNCTION CUR5VA{ T ~ SIGMA 9 IT 

o I ME N S ! C I>. A ~ C V .A ( 1 50 } 

DIMFNSICN X2P{1~C} 9 Y2P(150) 

DIMENSION F{l::'j) 

CCMfv'ONI'JCHr-F/ F 

COMMON/AVA/ ARCYA 

COMMON/YAI' X2P • Y2P • MOP 

C THIS FUNCHON 11>.1ERFfLA1ES THE SEAWARD aCRV AT A GIVEN VALUE FOR 
C THE ARCLENGT!-" THE VALUE RETURNED IN CUR'::YA IS THE VALUE OF Y 

C AT ITS PARTICULAR ~RCLF~GT!-0 SUEROUTINE CUR3YA MCST BE CALLED BEFORc0 



N= MOP 
S = ARCYA{~}Gft~CYft(l) 
SIGMAP:::: A8S(SIGMA'P~(N-l)/~ 

IF { IT .. EQ " 1} 11 -= 2 
1 DO 2 I = t 1 .. ~ 

IF( ARCYA{I]-T ) 2,,2 9 3 
2 CONTIl\UE 

! :::: N 
3 IF{ ARCYA! 1-1) .. LEe T .. OR .. T .,LE" ARCYA(l) ) GO TO 4 

11 = 2 
GO TD .1 

4- 0 EL.1 = T - jl R (YA ( 1- 1 ) 

DEL2 = ftPCYACI)-T 
OELS:::: ARC'(A{ I)"'ARCYA{ I-I) 

EXPSl = EXP(SIGMAP*OEL1) 

SINHDl = .. S*<FXl=Sl-1.,/EXPSl j 

EXPS = EXP(SIG~AP*DEL2) 
S INHD2 = eS*{ EXPS-l ,,/EXPS ) 

E~PS = ~XPSl*~XPS 
S IN HS == .,:::4 ( E XP S ... 1" /F XP S) 

SINHS = .. S*{EXl=S"l,,/EXPS) 

CUR5YA= ( F{Ih"'S!t..HDl+ FO"'1}*SINl-D2}/SINI-S+{{Y2PO)",F{1})*DELl + 
9{Y2P{I"'n ... F{ }"",l}l*DEL2 )/DELS 

I 1 = I 
RETURN 

END 
FUNCTICi' ~!l\H(X) 

y=-x 
S=EXP{X} ... EXP{Y) 
51 NH= S 12 .. 
RETURN 
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-!::> 

C PROGRAM GRID® DETERMINES THE COMPUTING GRID DATA FOR INPUT 
C TO PROGRAM SSURGE® IT IS ASSUMED THAT THE CONFORMAL MAPPING 
C OF THE REGION IS COMPLETE ( PROGRA~ CONFORM ~ WITH OUTPUT OF THE 
C C~EFFS® 

C 
C GRID FOR HURRICANE CARLA 
C 

C 

DIMENSICN (OB{200» • COC{200) 
DIMENS!CN X2{1000} • Y2{lOOO~ 

DIMENSION X2P(1000J • V2PC1000. 
DIMENSICN ATXA{lOOO} ~ ATYA(lOOO) 9 ATXB(100) • ATVB{1000» 
DIMENSION XIC47~ • ETA( 15) • X(47.15 •• V(47.151 • Z~47.151 

DIMENSICN SX(1001 , SV(lOO' 
DIMENSION A(SI.B(S'.C(SJ.IIC(51 
COMMON /YE/ X2.Y2.MQ 
COMMON /YA/ X2P.Y2P.MQP 
COMMON/XIETXV/ XI.ETA.X.V 
COMMON/SXY/ SX,SY 
COMMON/EC/ XKBETA.BZPBT.BZMBT 
COMMON /FORIA/ COB.COC.BZPO.XK.NMAX 

C READ NU~BER OF (OEFFS. NUMBER OF XI LINES+2. NUMBER OF ETA LINES. 
C VALUE OF DELTA S STAR IN NM. FIRST VALUE OF S STAR IN NM. VALUE OF 
C QELTA T STA~ IN MINUTES~ NUMBER OF DEPTHS~ NUMBER OF POINTS 
C 

C 

C 

READ(5.11~MAX9NUMXI~NUMETA.DELSS.SSTRT.DELTT~ND.~S 

1 FORMAT{314. 3F5@1~ 214) 

SLMA P= 60® /51 $ 

XLAMDA= 360® 



U1 

C 

C 

XIDUM: ~6C0C*2t00/33.C 

PI = 3 .. 141593 
XI< = PI/XLtliVDtI 
S IGMA= '''"'1" 
G= 32 .. 2 
~LMETl= NUMETA-l 
NUMX I 1= NUM X I'" 1 
~UMX 12= l'iUMX r"2 

READ (5 9 27) BETA~BZRO 
DC 26 1\=1,. NMAX 

READ (5.27) COe(N).COC(NI 
26 CONT INUF 
27 FORMftT C?E14 .. 7) 

aZPST= BZRO + BETA 
8ZMBT= 8ZRO- 8ET A 
XKBETA= XI<*EETA 

C*** CETERMINE SHORELINE COORDINATES ('XI~EltU IN TERMS OF A STRETCHED SHELF 
C*** COORDINATE SVSTEN (S*.T*) .. 
c*** 5* AXI~ IS PARALLEL TO XI AND IS REPRESENTIVE OF COASTLINE 
C*** .aRCLENGT!-e 
C*** T* AXIS IS PAFALLEL Te ET~ AN[ IS REP~ESENT[VE OF LONG WAVE 
c*** TRAVEL TIMf .. 
c 
C 
C*** DETERMINE TRANSFORM GENERATED COASTLI~F ANO SEA GORV 
C 

N3:1 

1\4= 121 

DELxr= XLAMDAI' {N4"'1 ) 



m 

DO 85 1=1\3,1\4 

XID = (I-ll*OELXI 
CALL TR.aN( XC.YC. XS.YS. XID 
ATX8(I)= XC 
ATYB{I)=YC 
ATXA( 1)= XS 
ATYA{I)= V:= 

85 CONTINUE 

C 

C*** 

C*** 
C 

WRITE{6,29) 
W RITE ( c • 3 C;; ) 

WRITE{6.79 ) 
CALL XUT( .ATXe 9 ATY!:l • N39N4 } 
WRITE{6.2g) 
WRITE(6.49 } 

lARITE(6.69) 
wRITE! 6.7g} 
C.aLL XUT{ ATX.a • .aTVA • N3 • N4 

DETERMINE TRAI\SFCRW GENFRATEC ARCLENGT~ OF CCASTLINE AND SEA BORY 

AS A FUI\CTION OF (EVENLY SPACED) Xl. 

v 2( 1 ) = O. 
X2{1}= o. 
X 2P ( l) = C. 
CO 91 I=N3,N4 

Y 2 ( I ) = {I" 1 } * C EL X I 
I 1= I .. 1 
IF{ I .fQ. N4 ) GO TO gl 
OELX= .aES( ATX8(IJ)-ATXB{ 1) 

OELV= AB!:{ Al'fB(I I)-A1YB{ n } 
X2{ I I)= SLMAP>I<SQRT{ OELX*OELX .. OELV*DELY ) 



....... 
C 

C 

C 

X2(rIl= X2(If) -+ X2{I} 
DELX= )lES( ATX,!I(IJ)-,ATXA(I) } 
DELY=: AB5( Al'rA{II)-AiYA{I) ) 
X2P(II)-= SLMAP*SQRT( DE'LX*DELX + DELV*DELY ) 
X2P(II)= X?F(II} + X2PtI) 

91 CONTINUE 
v.RITE{ 6929) 
W~ITE(6.79} 

It. RITE ( ~ ,,89 ) 
CALL XU T ( X 2. Y 2 • N3. N 4 
WRITE{6.29) 
1Ii RITE ( e: 97 S ) 
WRITE(6 9 9<;) 
CALL XUT{ X2p.V2.~3.N4 

29 FORMAT{ Ib!.11.46x.3SbRFGION---LAGUN ~ADQF TC MARSH ISLAND 
39 FORMAT (111.55X.21HCOASTLINE COORDINATES.II) 
40 FORMAT ( E2X.8HCRIGI~AL.I/II) 

49 FOR~AT (/11.51X~2eHSEAWARD BOUNDARY COORDINATES) 
50 FORMAT (5~X924H{ 100 FW CEPTb CONTOUR' .11) 
59 FORMAT {54X.23HINTERPCLATICN EY SPLINf./II/} 

69 FORMAT{ II ) 
79 FORMAT( 5c~.lSHTRANSFCP~ ~ENE~ATEC .111 
39 FORMAT( 5cx.3nHARCLE~GTH.XI ALONG CCASTLINE.III 
99 FCRMAT( 47X.37rARCLENGTr.XI ALONG SEAWARD BOUNDARY.III 

MQ= N4 
CALL CURVI ( SLPl.SLPN.SIGMA 

C DETERMINE APpqOPIATE VALUES DF XI SUCr TbAT DELTA S* IS CONSTANT. 
W~ITE{f>.29 ) 



00 

WRITE{6d13) 
113 FGRM<\ T ( I' / I' .. 53)( .33HSTRETCHED SHELF COORDINATE SYSTEM 9 

9/.39X.5?H~VFNLY SPACED IN S-STAR (DISTANCE FARALLEL Te COAST. • 
9/.39X.57HAND EVENLY SPACED IN T-STAR (TRAVEL TIMF NORWAL TO COAST' 
9'0/// ) 

C TOTAL OF IIC{ IQG}=NUM OF INCQEMENTS CF OEL S>:<", FEtWI\IBER TH':><E ARE 

C TWC EXTFA XI LI~ES- ONE AT EA(H END OF THE GPID. 
( USER SUPPLIE~ FxPA~sIC~ (CEFFs A.e~c FeR EA(~ REGION OF T~E (U~VE 

( S-PAR= AH3*(S*~**C 

( 

I RG= 5 
I I( ( 1)= 1 C 
1:1(2)= 4-
I!C{ 3)= 7 

IIC(4-)= 9 
11«5)= 16 
A(l}= C.605873~F+C3 

EO }= ... () .5479735F+C5 

(1)=-0.904-43)~E+~' 

A(2}=-~.I?~5315~+C3 

E(2)=1.5 
C{Z)=l. 

A 3)= O.47E24F4E+r3 
e{3J=""'J .3038714[+1"17 
( ( 3 J =- r; • 1 7 r 7 C S 4 F + C 1 

A(4)=0. 
E(4)=1. 

C(4)=1. 

A(5)= C.28701C3E+:3 
e(5J= O.47077S1F-ll 
C(5)= CQ 51C:C1<;2E+Cl 



w 

1Ai R 1 Tt=: ( E • 1 1 4 ) 

114 FORMAT{?QXdl}-'O S PLIO S* .9X.tHS-STAR.7X.l0HS-PARALLEL.l1X.?Hxr. 

C 

9/ /} 

K2= 0 

K1= 1 

DO 12;') I = 1." I P G 
Al=A{r) 

81= 8(I} 

Cl= C(1) 
%l!RITE{6.11'3) I.tll,Rllel 

115 FCRMAT(/.lx,,7HREGIOl'< .I1.3X"fli-lfi",E.C= .3{2X.f14~7).//} 

K2= K2+IIC{I) 

1<3= K2+1 
DO 119 J=Kl.K3 

K=J 
XCUM= SSSTRT -+ (J"'l )*OELSS 
CALL CLRV9( XCU~.~CL~.CDU~.Al.81,Cl 

XILJ)= CURV2( SDijM.SIGIVA.K) 

1.IJRITE{ E,ll?} Di)lM.XDLl\i.SD\.dlJ.XI Ln.J 
1 1 7 F 0 PM AT ( 30 X • F B ,. 4 • lOX" F 6., 1 ., 9 X '\) F f., 1 • 9 X • F 5 0 1 • 4 X • I 2 1 

119 CONTINUE 

K 1= K 3 

120 CCNT INUF 

c 
c*** 
C 

C 

c*** 
C 

XI VALUES NOW K1\CWN FOR EVENLY SPACED iNCREIV'E!'.TS OF S*@ 

PROCEEDING TO FINO ETA VALUES FOR EVE~LY SFACEO INCRE~ENTS OF T*. 
~ 

C*** OETERfoi'Ii'>.E tlf.;CLEI\GTH ALCN{ ,a FtlRTICULAM ISCLI!\E OF XI { xrouM ». 



N 
o 

c 

C 

c 

OELETA= 2.0*BEIA/(NS-l) 

X2(l}= b. 
IolRI TE (E .2<;) 

W RITE ( 6.7 <;) 

W~ITE(69999) XIDUM 

999 FORMAT( 41X933HARCLE~GTH (N NI}.ETft 

DO 94 J=l.NS 

Y2(J) = -EET'" 4 CJ-ll*DELET,A 
CALL TRAN1{ XDU~.YDLM. XIDUM9Y2{J~ 

X2P{J)= XCUM 

Y2P{J)= YDLtJ 

IF( J .EO. 1 } GO TC <;4 

JJ= J-l 
DELX=' ASSt X2F(.J)-X2P{JJ} ) 

DELY=ABS{ Y2P(J)-Y2P{JJ) ) 

ALCl\( X 1= .F8.3,/// 

X2(J)= X2{JJ) + SLMJ!P*SQRT( DELX*OELX .. DELY*DELY } 

94 CONTINUE 

CO 98 1= 1" NS 
IAJ;ITE{6.97) I.X2{I)"Y2(I) .X2P{IhY2P{I) 

97 FORMAT( 42X.I2.2X.F6.1.1H •• F7.3.10X.,F6.1.11- •• F6.1 

98 CONT INU E 

,.,0= NS 
C.ALL CUf;Vl{ SLPl.SLPN.SIGMA 

C DETERMI~E APPROPIATE VALUES OF ETA SUCH TI-AT DELTA T* IS CONSTANT. 

C 
C READ WA1Ef; DEFT!- (FtJ) AT NO PLACES, EVENLY SPACED ALONG X!=XIDUM. 

NOl= ND-l 

DELS= X2("S)/~Ol 



I\) 

Y2P(l ) = o. 
DC 123 1=191'0 
R EA D ( 5. 1 2 4) S 't ( I ) 
J=I+l 
IF{ I .EO. I\C ) GC TO 123 
Y2P{J}= Y2P{I) + DELS 

1 23 C C NT I NU E 
124 FCRMAT( Fe.2 ) 

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

C 

C 

128 

131 

X2P (1 ) = 0.1) 

DO 128 1=1 ~ ND 1 

J= I + 1 
Fl= 1 .. 0/SCf;T( <:*SY{!}:+6.0 
F2= l.e/SORT( G*SY{J)*6.C 
X 2P ( J ) = X 2 P ( I) + (F 1 +F 2) :H Y 2P (J )- Y 2P ( n ) '*:: C. C 
CONTINUE 
TII'-l= X2 F ( f\ r: ) 

MOP= NC 
CALL CU ~V 3 { SLPl.SLPN.SIGMA 

WRITE(E.2S} 
W~ITE(6.131 ) X ICU~ 

FORMA T ( 7C)c.3H)(I=.F6.1 "I ,13X .8HO TID T* .12X.6HT-STAR .6X.4HTI~F 9 

96x.8HS-NORMAL .8X.3~ETA • lOX. 5HDEPTH. II ) 
DO 133 1=1.f\C 

1 :3:3 lA RITE ( E • 1 34 ) )( 2 F ( I) • Y 2 P { I } • S Y { I ) 

134 FORMAT ( 43X.Fc.l.cX.FE.l.21X,FE.l ) 
C 
C TOTAL OF IIC{IRGJ="U~ CF INC~FMENTS OF DEL-T*. 
C EXPPf\SICN CU~VE-- T= A+E'*tT*)**C 



N 
N 

C 

I ~G= 2 
IIC{U=4 
I IC { 2)= 1 (' 

TIM 1 = I I C (1 ) >\< C EL T T 

TI~2= IIC{2}*DELTi 
to n)= 0 G 

((1)= TIMl/{TIN~TIM2) 

8 { 1) = (.., Pl_lI 1\12) * H fV 1 * * {-C (1 J ) 

ft>(2)= TP"L"'TIlVl=TI v 2 

tH2)=le 
C(2)=1 .. 

1Ft lIC(lH-l "EG" NUMET.A 
IF( 11(lH-1 "1=0,, NLMET,& 
IF { I I ( ( 1 ) -q ,,>:: Q" N UM ETA 
Wf=;ITE(6~29) 

WR IT;:: ( c 91 13) 
WRITF.(6~131) XIDUM 

K2= 0 

K 1= 1 
CO 146 I=19IRG 
,Ill= A(I) 
B 1= fH I ) 
U=C{I) 
WRITE{c 9 1151 1 • .41.81.C1 

1<2 = K2 + I I C { 1 } 

K~= K2+1 
CO 145 J=Kl,.K3 

I<=J 
WOUM= {.l--1} *OFL iT 

DELTT= TIM/(NUMETA-Jl 
8(1)=1., 

C{U=le 

CALL CURV9( WCUM9XOUM.DDUM.Al.Bl.Cl 



N 
0J 

143 

145 

146 

C 
C 

C 

c*** 
c*** 

' C 

C 

C 
C 

C 

C 

C 

c*'** 
c 

c 

YDU~= CURV4( XDUM~SIGMA. K ) 
ZDUIV= ClRV2( YDU~.SIG~A.K ) 
ETA(J)= ZOLM 
IF{ J .. EO" 1 ) FTAL.J)=-tiET.I\ 

IF{ .) .. FC .. I\UIVFTA } ET,A{J)= E'ETA 

~RITECf.143) DOU~.WDLN.XDU~.Y~llV.ZDU~. J 

FCRMAT( l1X.FB.4.12X,FE.l.tX.FE.l.6X.F6.1.7X.F7.3.2X.[2 
CCNTINUr== 

K 1= K 3 

(C"'T I MJ t= 

****************************************************************** 

THf VALUES CF XI A~C fT~ A~f ~CW CETEPIVINED PERMITTING nUTPUT/ 
PUNCH Of ALL C~MPUTING GRID DATA. 

X.V G~IC FCI~T LCCATICNS 
SCALE FACTOR Me (XI) 
SCALE FACTCR NU (ETA) 

SCALE FACTCR S (X.Y/XI.fTA) 
cos ANn SIN THETA - ORIENTATION OF XI AXIS TC x AXrs 

COMPUTE X.Y CCORDINATES CF GRID POINT LCCATIC~S 

CALL SHf::CC(:;( r:FLSS~l'.u!Vxr~ fELTT.I'.UNETA. SLMAP 

C PUNCH X~Y {CCRCII'.ATES ~ERE AS READ IN PROGRAM SSURGE WIT~ NAME xx.vv. 
C THESE COORDII'.AlfS ARE I~ ARRAYS X.V FOR 1=2.3--~JMXI-l 

C ANC J=1.2--NUMETA 
C 
C 



N 
~ 

C* >!t* 
C 

COMPUTE SCALE FACTO~ NU 

WRITE(6.200) 
200 FORMAT( IHl,,//.50X.35rrUkHICAf';E CJl~LA COMFUTI"IG GRID DATA 

wRITE{ f.2CI) 

201 FCRrv'AT( //.60X.1SrSCALf FACTOR MU 

DO 204 I=2~f';UNXll 

J=I-1 
S X ( J ) = ( X I ( I + 1 ) - X I ( I'" 1) ) / 2 • / D EL S S 

wRITE{c.2C2) J.5X(J} 

• / I 

202 FORMAT( EOx.~rML(·.I2. :3H)= .E14.7 

204 CCNTINUE 

C 
C PUNCH!'.lU rERE AS READ IN PROGRAM SSURGE wI TH NAME f)SDXI. 

C 

C 

C 

c*** 
C 

210 

211 
212 

MU IS I~ A~~AY SX FO~ I=1.2--NUMXI-2 

CCMPUTE S(~LE FACTOR NU 

WRITE{6,. 20() 

\\ P I TE ( 6 .2 1 " ) 
FORMAT{ //.EOx.1SHSCALE FACTOR NU 
SY(l)= fETA(2)-eTA(1»/DELTT 

. // 
SY(NUMETA)= {ETA(~U~ETAJ-ETA(~UNETI »/OELTT 
DO 214 J=l.NUMETA 

IF( J .EG. 1 .CR. j .E(l. NUMETA } GO TO 211 
5\'(':"= (ETA(J+! )-FTA{J"l) }/2./f)FLTT 

WRITE(6.21Z) J • 5Y(J} 

FCRMAT{ 60X.3I-NU( .12. 31-)= .E14.7 

214 CONTINUE 

C 



f'\) 
(JI 

C PUNCH NU HERE AS READ IN PROGRAM SSURGE .ITH ~A~E OTOET. 
C ~u IS I~ ~RRAY SY FOR J=1.2--NUMETA. 
C 
C 
C*** 
C 

COMPUTf SCALE FACTOR F AS READ IN PROGRAM SSl;RGE WITH NAME S. 
RECALL F IS seRT CF AF:EA IN X.Y PLANE / MU*NU*OELSS*DELTT 
FIRST CCftlFUTE AF<E~ OF EACh QUADRANGLE SlB-OIVEOED II\TO C 

C 

C 

C 

lQUAD II\TERV~lS BETWEEN XI Ll~ES ANC JQUAO INTERVALS BETWEEN 
ETA LINES 

IQUAO= 4 
.JQUAO= ? 

KCP= 1 
CALL T~AI\2( KCP. C .. " C ... 00 9 0 •• o. ) 
KOP= 2 
WRITE (6.200} 
lNRITE(c.3CC) 

300 FORMATC//9c0X.14HSCALE FACTOR F 
C(330 I=l.I\UMXIl 
OELXI= {XIO+U"'XI( 1) }/IQUAD 
FRST= Xl ( I) +OELX 1/2. 
DO 310 K=l-.ICt;AC 

310 X2{K)= FRSl + {K-I'*DELXI 
CC 330 J=l.I\U~ETl 

OELETA= (ETA{J+l)-ETA(J»/JOUAC 
FRST= ETA! J) ... DELE TA/2. 
SUM=:: o. 
DC 320 K=l.IOt.AC 
DO 320 L= 1. JQUAD 
DUMET ,,= FRST i (L-ll*CELETA 

.. / / ) 

CALL TRAN2( KOP"X2{Kl.DUftlETA 9 0 •• DF1.OF2 



N 
tYl 

SLM= SU~ + CF1*[Fl + CF2*CF2 
320 CONT INUE 

XOflJ}= SUj\I*CELXI*OELETA 
330CCNTINUE 

FACt= 2 .. *OELSS*OEL T1 
F .8 C2 = 2 e * f j3 C 1 
N= NUME1"A 

(0 370 I=1 .. NUM,XI2 
IU ~l )=SQ~T({X{ Id H·X iI+1 d ~ }/FtlCl/SX (U/SY( 1 n 
Z ( I .. N ) = S Q R T { { X ( I ~ N'" 1 ) + X ( I" 1 ,,1'\- 1 ) ) I F A (1 / 5 X { I > / S Y { N } } 

CO 370 J=2"NUMETl 
l < I • J ) = S G ><T ( {X ( I "J } +X { I" 1 • J } +X ( I .. J -1 ) +X ( H 1 .. J- 1) ) / FAC 21'S X{ I ) /S Y ( J 

9» 
370 CCNTIf\UE 

DC 390 J=1,,~Lj\lE1A 

WRITE{f .. 3en J 
381 FORMAT { // .. 10X,,1lI-'ROW NUMBER ,,12,,// 

W R 1 T E { 6 .. 382 } { I .. 2 ( I • J ) • I = 1 • !\U M X 12 } 

382 FORMAT! ~(14.2X9E14e794X)1 

390 
C 

CCf\T I NU [ 

C PUNC~ F H~RE AS READ I!\ FROG~AM SSURGE WITH !\AMF 51> SCALE FACTOR F 

C IS IN ARF-ftY 2 FOR I=1.2"'--NUMXI-2 AND J=1 .. 2-""NUMETA 

C 
C 

C*** 
C 

C 

(OMPUTE COS AND SIN THETA - ORIENTATION OF XI AXIS TO X AXIS. 
RECALL. THETA IS A WEIGrTEC AVERAGE. 

WRITE(6 9 201) 
y,RITE{6~395) 

395 FORMAT( //~ E!)X. 27HVALUE~ OF COS AND SIf\ THETA 9 ,II' ) 



N 
-..l 

c 

rc 400 1-=1 " l\UlVXI 
XID= XIO} 

DO 400 J=l.NU~ETA 

ETAD=' ETA{J} 

CALL TRAl\2{ K(~~XID~ETAD9 AN(LE9CF1~Df2 

Z { I ., J ) = A T AN 2 « C F 2 .. OF 1 } 

4- 0 0 ceNT I NU E 
1\;= NUMEIA 

410 

CO 410 !=2.NUMX!1 
j( =l[ ,., 1 

X { K. 1 ) = CO 5 ( { Z ( 1-1 ., :I. ) +2 ",* Z ( I ~ 2 ) + Z ( I -I- 1 .1 ; -I- 4" * Z { I .. 1 ) )1' 8" ) 

Y (K. 1}= SIN ( { Z { [.". 1. 1 H· 2 <!> * n I .2} -I- Z ( I -I- 1 " U + 4- .. *' Z { 1 " 1 } ) I' 8., ) 
XOC.N}= CC5(1{I""1,,!",J+2,,,*Z(I.N-U+Z{I+l.N )+40*Z{ I.N)}/8 .. } 

~ ( K • N ) = SIN { { Z ( I'" 1 "!) I\; ) + 2" '* Z ( I .1\"" 1 ) + Z ( 1+1 .1\ ) +4 " * Z { I" N ) } 1'8 " } 

CO 410 J=2.NU~FTI 

X { j( ~ J) = C C S { { 1 ( I"" 1 • J) + Z { I • J"" 1 > ... Z ( I H " J ) -I- 1 ( I. J -It 1 H 4 .. '* Z ( I. J » »1' 8 .. ) 
VU<.J)= SIN{ (Z{ r-l ... H+Z{ I "J-U+Z{ I+l .. J»+ZO .J+l )1-4,,*ZU .. J) ~1'8,,} 

CCNT! NU E 
DC 440 J=l.NLNEIA 
WRITEH':.3PU J 
W f; IT E « 6 • 4 3 0) ( 1 • X ( I .. J ) • Y{ I ~ J ) • 1 = 1 9 NU M X I 2 } 

430 FORMA H 
440 CONTINUE 

S( 13."2X.F8"5,,lX,,F8e5,,4X) 

C PUNCH COS AND ~I~ lHETA HERE AS kEftD I~ ~RCGF~~ SSURGE W[Tr 
C NAMES caSG AND SINC. THESE VALUES ARE IN ARRAYS X AND Y FOR 
C 
C 

1=1 "2,,,"'l\UlVX 1"2 

STOP 
Ef\D 

ftND J=1.2-~NUMETAe 

SL8ROUTI~E XL1( X"y"1\;1,,N2 } 



I\) 
0) 

DIMENSICN X(100'l .. Y(1000) 
M= N2-Nl+1 

1\114= foI/4 

1\14= M14*4 
iADD= M-M 4 

DC 10 I=I\1.M14 

J= I+- M 14 
K= J +M 14 

L= K+M14 
lOw RITE { E ~ 1 1} I .. X ( I ) • Y ( I ) • J • X ( J) • Y ( J ) '9 K • X (K ) • Y (K ) 9 L. X (L ) • Y (L ) 
1 1 FORM AT { 4 { eX. I I~ 9 2 X. F 6 • 1. 1 X • 1 H •• 1 X 9 Fe. 1. 6 X ) ) 

IF( lAce .Ee. ') 1 GC TO 25 

IF{ IADD .F.O. 1) NUIV1= ~2 

1Ft lAce .FO. 2 NUMl= N2-1 

IF ( I A f) D • E C.:'3 NU N 1 = N 2 - £' 

00 20 I =!l.JU N 1 '9 N 2 

20 W~ITE(6.21) I"X{I).Y(I) 
21 FORMAT{ lC::X .. 14.2x.F6.1.1X.lt- •• lX.F6.1.6X 
25 CONTINUE' 

~ETU F<N 
END • 

SLBROuTINE SHRCCR( DFLXI.NLMXI. 

o I )IE NS I C ~ x I { 4 7) • ET A ( 1 ~) • x ( 47. 15) .. 

DINENSICI\ 5X{lOO) • SY(lOO) 
COMNlON/)<IE1)<YI )<} .ETA.X.Y 

CONIMON/SXY/ SX.SY 
NLMPG= i'UNXI/5 

IADD= NlMXI-5*NLMPG 

NP.A.GE= 1 
00 40 I =1 .I\UIIIXI 

00 40 J=l.NU!llETA 

OELETA.NUNETA.SLMAP 
Y(47.t::} 



N 
cD 

CALL TRANI ( XOUN.'tOLN.XI( 1) .ET.A(J) 

X ( I" J)= X CU,... 
Y{I,J)= YOLN 

40 CONTINUE 
55 CONTINUE 

Nl= NPAGE*~ -4 
1\2= NPACE'*S 

WJ;;lTf{6.900) CELX I • DELETA 

1Ft N2 .GT. I\U'wlXI GC TC 80 
IF( NUMPG .EQ. I) } GO Hl eo 
11= Nl 
12= N 1'" 1 
I~= Nl+2 

14= 1\11+3 
I~= Nl+-4 
WRITE(6.9C:3} XI (11) .XI( 12) .XI( I 3) .XI (I4) .XI (I5).1 1. 12.13. I4. IS 

CC 70 1<= 1 9 "UM ET .A 
J= NUME1A .. K+l 

JJ= J-1 
CC 60 1=1\1.1\2 
IF{ I .FG. NIJ~XI ) GO TO 62 

11= 1+1 
DELX= AES( X{lI.J)-X(I.J) ) 
DELV= A8se 'dII.Jl-V{I.J} 
SX( 1)= SLMAP*S(~RT( OELX*OELX ... OELY*OELV ) 

60 CONTI NUF 

62 CONTINUE 
1Ft lAce .EO. 0 .tlNe. N2 .EO. NUMXI ) GO TO 64 
\li RITE ( 6 ~ <; C 4) E T /l ( J) .. x { 11 9 J) 9 Y ( 11 • J ) • S x ( 11 )" x ( 12. J ) • Y ( 12. J ) 9 5 X ( I 2 ). 

9 X ( 13. J ) .. v { 1:3. J } .. S )( ( 13 ) • x ( 14, J) • Y ( 14 • J ) 9 S X ( I 4) "X ( I 5" .J) • Y { IS. J ) • 
9SX{I5}. J 



0J 
o 

GC TO 66 

64 CONTINUE 
l$/RITEUS~90!:) ETAC.n.X( I1 .. J}~Y(ll ... J} .. 5)«( 11) .. X(I2 .. J)"''dI2"J) .. SXtI2),, 

9X{I3 .. J} .. Y{I3~J)9S'\«( I3hX{I4.JhY{ 14 .. JhSX{I4)"X{IS.J}.,Y{ IS.J)" J 

66 CONT INLE 
1F( K 0[0 .. NUMETA ) GO TO 70 

DO 68 1=1\1 .. "2 
OELX= ABS{ )t(I"JJ)"'X4I ... J} 

DELY= ABS{ Y{I.JJ)"'Y{I .. J) 

SYiI}= SLl\iJlP*SC~T( CELX*CELX -+ CELY*CELY 
68 CONTINUE 

WI'ITE{6 .. 906) 5Y{I1)"S'dI2} .. 5Y{I3hSY{ !4),,5YCI5} 

70 CONTINUE 

80 

100 

IF { ! ADD '" EQ eO" AND.. N 2 .. EO" N L M X I } GOT C 1 50 

I\PAGE= I\PJl<OE* 1 
GC TO "'''' 
CONT INU E 
IF{ lACe .. EO .. 1 GO TO 
IF{ 1.:4 0 r.: "EO" 2 GO TO 
IF( lAoe "EC" 3 GC TO 
IF{ IADD .. EO" 4 ) G{ lT 

({NT INUE 

11= Nl 
1= I 1 
W~ITE(6 .. 911)} XI{11 }"u 
DO 102 ~=I~"U~E1A 
J= NUMETA-K-q 

JJ= ';""'1 

100 
110 
120 

130 

1,'11 RITE ( c '" ~ 1 1) ~ ( 11 .. ,;) ., Y < I 1 "J) 

IF( K "EO .. NUME1A } GO TO 102 

CELX= ,IlES{ X{!"JJ}-X{I"J) » 



Vl 

DELY= ~ES« Y ( ]" JJ }-V ( I"J) 
5~CI)= 5LMAP*SQRT( DELX*OELX + DELV*DELY 
~RnE{c",912) 5'1'(11) 

102 CCNTINlJE 

GO TO 150 
110 CONTINUE 

II = N1 
12= N 1 + 1 
wRITEi6~914) XHIl}"XI02}.dhI2 
DC U4 j<:::l.,f'-Uf<lETA 

J= NUMETA-K+l 
JJ= J"'l 
DELX= AES{ X{I2"J} .... XCI1"J) ) 
DELY= AES( 'It 12.,J}"'Y( 119.;) ) 

SXUl )= SLl\ltlP*SGPTC CELX*CELX + DELY*DELV } 
WR I TE ( C 991::} )I ( 11 .. J ) " 'V ( ! 1 .,.J) .. SX ( 11 ) ., X { 12 .. J } .. 'I' { 12 • .J ) 

IF{ K .. EQ .. NUMEl'A) GO TO 114 

eel 1 2 1;= I 1 ., 1 2 
DEL X= A85< X{ I .. .JJ }-X« I .. ..I) 
CELY= AeS{ '1'( I.,.J.J )-y{ 19..1) 

SVCU= SLlVAJ:*SCFT{ rELx*rELX + CELY*CELY } 
112 CONTINUE 

W~ITEC6991c) SY(Il)"SY{12) 
114 C CNT I NUt' 

GO TO 150 
1 .20 C (. NT I NU E 

I 1= N 1 

12= Nl+1 
13= Nl+2 
'" RITE .( f: .. <; 1 7) )( I { I 1 ) .. X I { 12 } .. X I { I 3 ) " I 1 • 12 .. I 3 
CO 128 K=l .. NUMETA 



UJ 
N 

..1= NUMETA-K+l 

JJ= ..1-1 

DO 1"22 1=11.13 
IF{ I .EO. NUMXI } GO TO 124 

11= 1+1 
DELX= A8St ~{II.J}-X{I9J} 

C EL V= A 8 S { 'Y ( I! • ..1)- ..., ( I" J ) 

SX( I}= SLtJH'*SQRT ( [ELX*CELX -+ CEl-V*OELV ) 

122 CONTI NUE 

1.24 CONT INU E 
IIlRITE(6.918) ETA(J) .X(Il.J).V(Il .• J).SX( 11 '.X( 12.J).Y{ 12.J).SX.(I2}" 

9X{I3.J).,Y(I3.J}. J 

IF { K • E G. I\U'" ETA } GO TO 12 C 

DO 126 1=11.13 
DELX= ABS( X{Y.JJ)-X(I.J) 
CELV= JlES( V(h..lJ)-Y{I .. J} 

SY( 1)= SLMAP*SQRT( OELXXcOELX + OELY*OELY 

126 CCI\TII\Uf 
Vi RITE ( f: .. <:; 1 <; ) ~ ..., ( I 1) .. S 'Y ( I 2 ) .. S V ( I 3 ) 

128 CONTINUE 

GO TO 150 
1 30 CON TIN U C 

11= N 1 
12= Nl-+l 
12= N 1 -+ 2 

I4= N 1 -+::3 
V. R IT E .( 6 ,,92 1) X I ( ! 1 ) • X I ( 12 ) .. X I { I::; } • X I ( 14 ) ~ I 1. 1.2. 13. I 4-

DO 138 K=l.NU~ETA 

J.= !\U ~ ETA" K -+ 1 

J J= ..I-I 
00 132 I = I 1. I 4 



VI 
VI 

IF{ I .. EO. NV1>IXI } GO TO 134 

1 1= 1+1 
DELX= JlES{ X(II.J)-X(!.J) 

DEL Y = A 8 5 < Y ( I I • J ) - Y ( I • J ) 
SX{I}= SLMAP>I<S{)RT{ CELX*OELX + OELY""OELY ) 

132 CONTINUE 

134 CONTINUE 

IN l;( IT E (f, .922) ET.A ( J ) .. X ( 11 • J } • Y ( I 19 J ) • S )c { I 1 ) • )( ( I 2 ~ J} 9 Y ( I 2 , J) • S X ( I 2) • 

9X(!3"J) .V(I3.J).'3X( I3).X(14.J}.Y{I4.J). J 

IF ( K • EO. NUl\I'EiA. ) GO TO 13€ 

CC 136 1=11.14 

OELX= ASS( X{Y.J.j) .... X(I •. .H 
C EL Y= .A 8 S ( Y ( I. J J )- Y ( I. J ) 

SV{I)= 5L~.AP*SCJ=;T( CELX*CELX + CELY*CELY 

136 COl\lTINUF 

138 
150 

900 

903 
'904 

905 

906 

910 

911 

WRlTE{6.923) SY( Ill.SY( 12).S'( I ~).Sy( 14) 

CCNTINUE 

CONTINUE 
FCFil\l'AT ( 1~1.4fX93S~RECION---LAG~NA MADRE 

9// .55)c.21H5HC~ELI~E CCC~CI~ATES 

9//.58X. If~~URRICANE CA~LA 

TO MAR SH ISLAND 

9// .46X.ll')~DELT.A·S*= .F6.:;,,,6X.l)rDELTA-T*= .Ff.3. /// 
FOP !VI A T ( 2 X • '= ( 1 4 X • 3H X I = • F 7 .2 ) 9/ • ') ( 1 9 X .1 r ( • 12. 1 H ) • 1 X ) • / / 

FORMAT( lX.4~FTA=.F7.:;.2X.FE-.l.1H. ,F6.l 
94(3X.F4.1 "4X,F6.1.1H.,,F6.1). ::2X.F4.1./ .C;X.l~(.I2.1H} 

FOPMAT( lX.4HETA=.f7.3.2X,F6.1.1H •• F6.1 

94{3X.F4.1.4X.Fc.l.1~,".Ft:.l). / .':X.IH{.I2.1H} 
FCRMAT{ ::(1fX.F4.1 ,,2X)./ 

FORMAT ( 

FCRWAT ( 

If.:x.3HX!=.,F7.2./ .19X.IH{.12 .1H) ,// 

912 FORMAT~ 

14)( 9 F6. 1. 1 r. 9 F6 .1. / 

lex.F4.1./ 

• 

) 

) 

• 

} 

) 



Vl 
~ 

914 FCRMAT( 2X92(14)93H~I=.F7$2}~/ 92 { 1 9X " 1 f- ( ~ 12" 1 H ) ~ 1 X ) • / / 

915 FORM AT { 

916 FC~MAT { 

14X"FE"1 .. 1H",,Ff:,,1 .,3)C.F4" 1"4X.Ff,, 1 "lH •• FA"l./ 
208X"F4.,1 .. ?X),,/ 

917 FORMAT{ 2X"::(14)t,,3HXI=,,F7.2),,/ ,,3{19X-.1h(. 12·.1H)"lX }.// 

918 FORMAT{ lX"4r-ETA=,,F7 • .2,,2X.Fc.,1.1H •• F6 .. 1 

92(3X.Fl;.,,1 .,l;.X .. F6.1 "1r- •• f-6,,lh, / .~X. U .. {" I?'.lH} 

919 .. FORMAT{ 3ile)l.F4.1 .. 2X)./ 

9.2 1 FeR MAT ( 2 X • 4 { 1 <'4 X. ::: I-' X I = • F 7 .. 2 ) " / " 4 ( 1 S X " 1 H ( .. r ;;: , un " 1 X) .. / / 

922 FORMAT; lX·.4r-ETA=.f7 e 3.2X"F6.1.1H ... FA.l 

93(3X .. F4"1 .. 4X.FE,,1,.1H.,,FE.,1). /' .SX .. 1H{"I2 .. 1H} 

923 F[~MAT{ 4(18X"F4,,1.2X},,/ 

RETURN 

END 
SU8ROUTI~E TRtN( XCST .. YCST9XSEA9YS~A.XI 
DIMFNSION C08{200}9 C(C{20n) 
CCMMON/fD/ XKBETA~BZP8T~BZM8T 
CCMMON/FChI~/ ((6.CCC~EZRC.XK~N~AX 

XC S T= 0., 

YeST = 0 e 

X SEA = 0" 

Y SEA= 0 e 

X I<X I = X K '* X I 
DO 10 l\=l .. I\IV/lX 

XN=N 
XI\K8T= XI\*XKEET,II 
)(I\K)(1= )(N*XKX! 
(SH= COS~( XNKBT 
51\H= SI~~( XNKeT 
A= COC(N)*C::H 

E= C08( N }*SNH 
c= cec 0';) * SNt-' 

.. 
) 

) 

) 



0J 
(J'I 

10 

c= CCf (/', >* (St-

E= S1 N ( )(1\100 

f= COS ( XNK"I 
XCST = )«(SI + {;lH-E)*E 

xSEA= )( =oE A + {A-B)*E 

'( CST= VCST + { D-+( } '*F 
VSEA= '(SEA 4- ( C"'O*F 
CONTINUE 

XCST= X (ST 4- XI 
XSEA= XSEA -+ XI 
VCST= VCST 4- EZP8T 
,(SEA= ,(SE A -+ ElNleT 

RETURN 

END 

SUBROUTINE TRANH XDUM " YDUM • XI " ETA J 
DIME~SIC~ «(8(200). C(C(200) 

COMMON/FORIA/ CCB.C(C.BZRC.XK.NMAX 

XCUM= 0 .. 
'fCUM= 0 .. 
X!<XI= Xl<*XI 

Xl<ETA.= )IK*E1A 

DO 10 N=l~NMAX 

X~=N 

XNK8T= XN*XKE1A 

XNKX 1= XN *XKX I 
CSH= CCSH{ X~KET ) 

SNH= SI\\H( XNl<BT 

f4= COC(~)*CSH 

B= C08(1\}*S~H 

C= COC { N} *SNH 

C= CCfH~D*(SI-' 



UJ 
en 

E= SIN{ XNKXI 
F= cost XI\KXI 
XDUM= XDUM + {A+B>*E 
YDUW= YCU~ .. ( C+C),*F 

1:) CONTINUE 
XDUM= XDUM ... X I 
YDUM= YCU~ .. E2RQ + ETA 
RETUR.N 
END 
SUBR.OUTINE TRAN2{ KOP9XI.ETA.ANGLE.DXDXI,OVOXI 
DIMENSICN (08(200) 9 (CC{200) • XNK(200) 
COMMON/FORIA/CC8.COC.BZRC.XK 9NMAX 
IFCKOP.EC.l)GC TO 10C 

GO TO 2CO 

100 DO 105 N= 1.NMAX 
XI\= N 

105 XI\K{N)= XI\*XK 
GO TO <;<;;9 

200 DXDXI= 1. 
0)'0 XI = o. 
CO 205 N=l.NMAX 
XI\KFTA= XI\K{I\)'*ETA 
XNKXI= )tNK(N)*xI 
SNH= 51N .... ( XNKETA ) 
CSH= CCS .... ( XI\KETA ) 
DXDXI= DXDXI+XNK(I\)*CCCB(I\)*SI\H+CCC(N>*CS .... '*CCSeXNKXIJ 
[YDXI= [YCXI-XNK(I\,*<C08(N)*CSH+COC(Nl*SNHJ*SIN(XNKX!) 

205 CCNTINUE 
IF{ KOP.EG.2} GC TO 99<; 
ANGLE= AT~1\2{[YDXI9DXDXI) 

999 RETURN 



(JJ 
-.J 

e 

Et--D 
S~8ROUTINE CU~V9( XCU~'Y9Yl.A.B9C 

Z= A8S{ XCUM ) 
IN = ASS { C-l. 
Yl= 8 
y= A+8*<XCUM)**e 
IF( Z .LT.,).O:JOl .CR. 'Ii .LT. 0.')01 } GO TO 10 
Y 1 = 8 >lee H )c f) L M ) * '*' ( C- 1 • ) 

10 CONT INUr: 
RETURN 
END 
SUBROUTINE CURV1{ SLPl 9 SLPN • SIGN1A } 

DIMENSION X2{lCCC) 9 Y2(lOQO} 
DIMENSION R(80J) 9 5(800) 
COMMON/YF/ )(2. Y2 • r<'G 

COMMON/JOHN1/ R 
eOMMON/JOI-N2/ S 

C 
c******************************************************************** 
C 
C THIS SU8RCUTI~E CETE~~I~ES TI-E FftPftNETERS NECESSARy TO 
C COMFUTE AN INTER~CL~TCRY SPL IN~ UNDER TENSION THROUGH 
C ~ SEGUEI\CE CF FUNCTIONAL ~ALUES. THE SLCFFS AT TI-E TWO 
C ENDS OF THE CURVE MAY BE SPECIFIED OR OMITTED. FCR ACTUAL 
C COMPUTATIOI\ Of FCII\TS CI\ TI-~ CURVF IT IS NECESSARY TO CALL 
C THE FUNCTION CLR~2. 
C 
c********************************************************************
C 
C ON INFUT--



c 
C 

C 

C 
C 

C 

C 

C 
C 

C 

C 
( 

C 

C 

C 

UJ C 
00 C 

C 

C 
C 

C 
C 

C 
C 

C 

C 

C 

C 

C 
C 

C 

N= lYe IS Hoof I'U~EEP OF VALUES TO BE INTERPOLATED { .. GEe 2} 
X2 IS AN ARRAy C$=" N II'CRFASING A8CISSAE CF Tl-'F FUNCTHJ"JAL VA,LUFS 
'1'2 "IS AN ARPAY Of N ORDINATES OF THE VALUES 

leE .. Y?(K) IS Tl-'E FUI'CTIC!\AL V/lLUfOS CORRESPONDING TO X2(K). 
'< IS AN ARRAY OF LENGTH AT LFAST N { PER/II'AI\EI\;T STORAGE} 
S IS AI' ,e~t;tlY Cf LENCT!- AT LE-.AST N { SCRATCH STr:lRAGF' }. 

SLPl AND SLPI\ CC~TAi!\ Tl-'E DESIRFC VALUE~ FCR Tl-'E FIRST 
DERIVATIVE CF T!-E CURVE AT X;?(l} AND X2("J}9 RESPECTIVELY. 

IF lH~ GLAI'TI1Y SIeNA IS NECATIVf TI-ESE VALUES WILL BE 
DETERMINEC INTERNALLY AND THE USEP NEED ONLY FURNISH 
PLACE-HClCII\G PtP/l~ETEPS FOR SLP! AND SLPN. SUCH DLACE-

HOLDING PARAiIIETFR:': \;1ILL t<f ICI\Cf:;EC EUT I\(T CESTf:;CYED. 

SIGNA CGI'TAI!\S Hoof TfNSIDf\. FACTf'F<" Tt--1S IS NON-ZERO AND 

P,.\DICATE~ THF CV~\dI\E55 DESH?ED. IF A8S{SIGfII.A) IS NEARLY 

ZERO (E"e. "OG1) THE RESULTING CURVE IS APPROXIMATt::LY A 

CUOIC SPLII\F. IF A8S(SICMAJ IS LA~GE (E.G. 50.1 THE 

RE5LLT!NG CURVE 15 ~FA~lY A POLYCOf\.AL LINEs T~E SIGN 
OF SIG~A (I\[YCATES wHET~fR T~E GERIVATlvE INFORMATION 

HAS RF:EN Ii'\PLT [~ N(T.@ IF SICfIIA IS I\ECATrVE Tt--E E'\I[)DOYNT 

DE~IVATIVES ~ILL 2F QETER~INCD II\TERNALLY. A STAf\.DARD 
VALUE FO':; SIGfllii IS tlPPRUXIMIlTELY 1. IN ABSOLUTf VALUE. 

C 1\ 0 U T PU T "" om 

R CONTAINS VALLES PRCPCkTIONAL 
OF THE CU~VE AT T~E GIVEN NODES 

TO THt:: 5ECC!'D 

X2.Y2 ) 
CE~IVATIVf 



OJ 
W 

c 
C N (~G'9 X2. V2. SL~l, SLPN. SIGWA ARf UNALTERED. 

C 
C 
C 

c 

1\= illiG 

Nl\iIl = N""'l 

I\Pl = 1'+1 
DElXl = X2{2}eX2(1) 

OXl = (Y2{ ;:)-Y2{1)} IOELXl 

C OETER~INE SlC~FS IF ~ECESSAkY 
C 

c 

If {SIG~A.LTe0o} CD TO ~ 

SLPPI = SLPl 

SlPPN = SLPN 

C OENOR~ALIZE TEi\SICi\ FftC1C~ 

C 
1 SIGtJAP = tlES(SIGIlllt):*\k-1L"(X2(N)-X2(lH 

C 

C SET LP RIGHT HANe SIOF A~D TRIOItlGONAL SY~TE~ FC~ ~ AND 
C PERF[~1111 FC~Wtl~C ELI~Ii\ATION 

C 
OElS = SIGIVAP*f)ElXl 

EXPS = EXP {eELS) 
SINHS = ,5'*(EXPS-l./EXPS) 

SINHIN = t./{DFlXl*SINHS) 
[lAG! = SII'l-IN*HJELS,*.5*(EXPS+l",/f)(PS)-SINHS} 

CIAGZN = 1./DlAGl 
RO) = CIAGIN>HOX1-SlPP1} 



~ 
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c 

c 

c 

c 

SPDIAG = SINHIN*{~INHS-DELS) 
SO) = CIAEIN*SPCIAG 

IF (N. E Q • 2) GO TO 3 

DC 2 I :: 2.i'~1 

DEL X 2 = X 2 ( 1+ 1 ) .. X 2 ( I ) 
DX2= (Y2{Hl)-Y2{I»/OELX2 

DELS = S rGf\'. AP -*0 EL X2 
EXPS = EX!={CcL~) 
S IN HS = .:: ,. ( E XD ~- 1 • /E XP ~ ) 
SINHIi' = 1./(CELX2*SIN~S) 

OIAG2 = ~I!\HI"*{DELS*(.5*{EXPS+l./E:XPS) )"5 I!\r-S) 
DIAGtN == 1./(DIAGl+DIAG2-SPDIAG* SII-I» 
R(I) = CIAGI"*{CX2-CX1"SPCIA<:* R(I"l») 

SPDIAG == SIi'HIN*( ~I!\HS-DELS} 
S(J) = CIACIN*SPCIAG 

OXl :: DX2 
2 OIAGl = CIAG2 

3 OIAGIN = 1./(CIAC1-SFtIAG* S{!\Nl» 

R{N) = DIACIN*(SLPPN-DX2-SPDIAG* R{N~l)} 

C PERFGR~ BACK ~leS111L1ICN 

c 

c 

c 

CC 4 I = 2.1' 
18AK = t-!=l-Y 

4 R{IBA.K)= R{YAAK}-

kETURN 

S( 18AK)* R{ IEAK+l) 



~ 

c 
5IF{N.EC.2'GOT06 

( 

C IF NO DERIVATIVES ~RE GIVE~ USc SECCNC ORDER PCLY~CMIAL 
( INTERPOLATICN ON INPLr DATA FOR VALUES Ar ENDPOINTS. 
C 

( 

DELX2 = )2{3)-)2(2) 
D EL X 1 2= )< 2 ( :3 ) ... X 2 ( 1 ) 
(1 ::: -{CELX12-+0ELXl l/CELX12/CELXl 
(2 = DELX12/DELXl/DELX2 
C3 = -CELXl/OELX12/0ELX2 
SLPPl = (1*Y2(l) + C2*Y2(2) + (3*Y2{3) 
DEL N = X 2 ( N ) - )< 2 ( N M 1 ) 

DELI\Ml = X2{l\fJl )-X2(N-2) 
OELNN ::: )(2{~)·X2(~-2) 

C1 = {OELNN-+DELN}/DELNN/OELN 
(2 = -CEL~~/DEL~/CELN~l 
(3 ::: OELN/OEL~N/DEL~Ml 

SLPPN ::: (3*Y~(N-2) + C2*V2{NM1) + Cl*V2(N) 
GC TO 1 

( IF O~LY TWO POINTS ANC NO DERIVATIVES ARF GIVEN~ LSE 
C STRAIGHT LI~E FC~ (URVE 
C 

c 

c 

6 R( 1) ::: o. 
R(2) = o. 

RETURN 
END 
FLNcrION CURV2( T 9 SIGMA 9 IT • 
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C IMENS ION :X~( leCO) " "t2{ 1(00) 
DIMENSICN f:;(801l 
COMMON/y8/ )2. Y2 9 ~G 

COflAMON/JOt'Nl/ R 
C 

C******************************************************************** 
C 

C THIS FU~CTIC~ I~TE~FCLATES A CURVE AT'A GIVEN POINT 
C USI NG A SPL INf UNOFR Tf: I\S I eN.. THE sueRCUT INE CU RV 1 S HOUL D 
C EE C~LLED E~RLIFR TO CETERWINE CERTAIN NECESSARY 
C PARAJIIETERS. 
C 

c****************.*************************************************** 
C 
C ON INPUT--
C 
C 
C 

C 

C 

C 
C 
C 

C 

C 
C 
C 

C 
C 

C 
C 

T (X-COORD) ([1>.'-,1111\5 t. j:;EAL V,IILUE TC EE MA.Fl=ED [1\TO THE CURVE 
N:= (MQ} IS H-E NUMBER OF POINTS IhHICH wERE II\TERFOLATED TO 

DETERMINE T~E CURVE~ 
X2~Y2 ~RF ARRAY~ CCI\TAINING THE AECISSAS ANC ORCINATES Of TrF 

ORI~INAL INTERPOLATED POINTS$ 
R IS AN AR~foY wITH VALUES FR(PORTIONAL TO T~E SECOND 

DERIVATIVE OF THE CLRVE AT THE NODES (X2 9 Y2J 0 

5 I{,/IIA CmqAII\S TI-E TENS ION fACTOR (ITS ~IGN IS IGNORED) 

IT IS AN INTE<:ER SWITCH .. IF IT IS NOT 11'1-15 JI\CICATES 
THAT THE FUNC1ICI\ HAS BEEN CALLED P~EVICUSLY ,.ITI- N.X2~ 

Y2"R 9 .41\0 SIGfl.ltl UNALTERED) AND Tt'AT THIS VALUE OF T 
EXCEEDS THE ~MEVICU~ ~ALUEs .111- SUCI- II\FCR~ATICN THE 
FUNCTION IS AELE TO PERFORM THE INTERPOLATICI\ ~LCH MORE 
RAPIDLY. IF A USER SEEKS TO INTERPOLATE AT A SEQUFNCE 



~ 
(,;J 

C OF I=OINT59 EFFICIENCY IS GtlINEt BY ORDERING THE VALUES 

C INCREASI~G A~C ~EiTiNf IT TC T~E INDEX IF T~E CALLe 
C fF IT IS 1 T~E SEARCH FOP THE- INTERVAL (X2{K) .X2U<+1)} 
C COf'-TAINIl\:G T ST tlRTS WITt- K= i" 
C 

C THE PARAMETF.'HS N (MOb )(2 .. \(2. R~ AND SIGMA SHOULD BE I\lPUTTED 
C UNALTERED FRC~ T~E OUTPUT OF CURVl AND T~E5E ARF UNALTERED IN CURV2 " 
C 
C 
C ON OUTPUT e'" 

C 
C CURV2 (=Y-CCORD) CO~TAI~S THE INTERPOLATED VALLEe 
C 

C 

C 

C 

f-O!' T .. LT .. X2(1) .. CURV2= Y2{1). FOR T "GT" X2(N).CUPV2= Y2{j\.) .. 

1\= MQ 

C DENOR~ALIZF SIGW~ 

5 = X2(N)-X2{ I} 
SIGMAP = tES{SI(MtI}*(N"'l )/5 

c 
C IF IleNF .. 1 START SE~RCH wHERE PREVIOlSLY lER~I~ATEO. 

C CTHF~WI5E ST'~T F~G~ EECINNING 
C 

IF (I T .. EQ " 1) I 1 = 2 
c 
C SEARCH FOR INTE~VftL 

C 

1 CC 2 1 == l1 .. N 
IF{ X2(I) ... T } 2 .. 2.3 

2 CaNT BWE 



.:. 

.:. 

C 

I = N -C CHECK TC I~5UhE CCR~E(T INTERVAL 
C 
31Ft X2{ 1-1) .LE. T .OR. T .LE. X2( 1) ) GO TO 4 

C 
C RESTART SEARCH A~D RESET II 

C ( INPUT •• IT'" WAS INCORRECT 

C 

c 

I 1 = 2 
GO TO 1 

C SET UP AND FE~FC~~ I~~E~FCLATIC~ 

C 

c 

4 DELl = T-X2fl-l) 
DEL2 = )<2 {I)-T 

D EL S = X 2 ( I ) - )c 2 ( I - 1 ) 
EXPSI = EXP(SIGMAP*CELl) 
SINHDI = .5*(EXP51-1./EXPS1) 
EXPS = EXP(SIGMAP:+OEL2) 
Sl~HD2 = .5*(EXPS-l ./EXPS) 
EXPS = E)<P51*EXP~ 
SINHS = .5~(EXPS-l./EXPS) 

CURV2 -= ( R( I>*SI"HD1+ R( I-I )*SII\H02) /5I~rS+( (Y2( O-R{ I»*DELl +-
9(Y2(I-l) - F«I-l»*CEL2 )/OELS 

11 = I 
RETURN 
END 
SUBROUTINE CURV~{ SLPI 'I SLPN • SIGMA) 
CIMENSICN X2F{lOOO) • Y2P(lOOO) 
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CIMENSION V(800). S(800) 
CCMMON/JCHr-.2/ S 

COMMON/JOHN4/ v 
CCMMON /yt/ X2P,Y2F.MQP 

C 

C******************************************************************** 
C 
C THIS SUB~OU1I~E CETE~~I~ES T~E PtR~~ETE~S NECESSA~Y TO 
C COMPUTE AN INTERPOLATORY SPLINE UNDER TENSION T8ItUGH 
C A SEGUEr-.CE CF FU~CTIOr-.AL VALUES. T~E SLOPES AT THE TWO 
C ENDS OF THE CUR~E ~AY BE SFECIFIED CR CMITTEC. FC~ ACTUAL 
C COMPUTATION OF POINTS ON THE CURVE IT IS NECESSARY TO CALL 
C THE Flr-.CTIC~ CV~V4. 

C 
C************* •• ***************************************************** 
C 
C ON INPUT-
a 
C N= ~QP IS THE ~U~EE~ CF V~LUES TC EE I~TE~FCLATED ( .GE. 2) 
C X2P IS AN ARRAY OF N INCREASING ABCISSAE OF THE FUNCTIONAL VALUES 
C y2P IS A".. _~RAY CF N ORCINATES OF T~E VALUES 
C V 

C S 
C 

IS AN ARRAY CF LENGTH AT LE~ST r-. (PE~.Ar-.Er-.T STCRAGE ) 
IS AN ARRAY OF LENGTH AT LEAST N { SCRATCH STORAGE ). 

C ON OLTPUT-
a 
C V ~ONTAI~S VALUES FRCPC~TICNAL TC T~E SECOND CERIVATIVE 
C OF THE CLRVE AT THE GIVE~ "'CDES ( X2P.Y2P ) 
C 
C N(Nep). X2P.Y2F.SLPI. SLPN. SIGNA ARE UNALTERED. 
C 



..t> m 

1\== MOP 
NMl := hi""l 
l\Pl ::: f',-U 
DEL X 1 == )(.2 P { :2)'" ):I2P ( 1 ) 

[; X 1. == { Y 2 != ( 2 ) .. y 2 P U. ) ) I C EL X 1 

IF (SIG~A0l1@O$) GO TC 5 
SLPPl = SLPI 
SLPI=N = SLFI\ 

1 SIGMAP -= tlES{SIGMtl)*<I'- .. l )/(X2P{l\} ... X2PU.}) 

OELS = SIGMAP*OELXl 
EXPS = EX\7(CELS) 
SlNHS::: ,,5*(E}q::S"1,,/EXPS) 

SINHIN = l,,/(CELXl*SINHS) 
CIAGI = SIf-i-If',*WELS*®5*<EXPS-H,,/EXPSl-SINHS) 

CIAGIN = Xe/DIAG! 
V(l} = DIAGI"*(DX1-SLPFl} 

SPDIAG = SII'-HIN*(SI\\HS~DELS) 
S(l» = DIAGIN*SPCIAG 

IF {NeEG,,2) G[ TO 3 
DO 2 I = .2 " NM 1 

DELX? -= X2P (IH }-X2P (I) 

DX2= {'V2F(I+n",'V2P{IHI'CELX2 

DELS= S IGMAP *DEL:<2 
EXPS ::: EXP{CELS) 

SIN 1-1 S = "e: * { E )I F S- 1 " I' E X P S } 
SIN~IN = 1,./(OELX2*SINHS) 
DIAG2 ::: SIl\l-iI"-*(DELS*(",5*(EXFS+1 ,,/EXPS»)""'SINHS) 
OIAGIN -= 1,,;'(DIAGHDIAG2-SPDIAG* Si 1""1)>> 

v<I) = CIA(IN*WX2"'CX1""SPDIAG* V{I-n) 
SPDIAG = ~I~HI~*(~I~hS-CELS} 

S(1) -= OIAGIN*SPDIAG 
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C 

DXl = D,X2 
2 DIAGt = C!~G2 
3 DIAGIN = 1./{CI~Gl-SprIAG* S(~~l) 

V(N} = DIAGIN*{SLPPN~DX?-SODIAG* V{~~l)} 
DC 4 I :: 2~" 

IB.A.K :: NPl-I 
4 V ( leAK) = V ( I SA K ) ... S( lBAK)* VOBAK+U 

f;ETURI\; 
5 IF (NeEQ02) GO TO 6 

CELX2 = X2P(:3 ),.,X2P{ 2) 
DELXl2 = X2F(3'·X2PCI) 
(1 = -{OELX12+DELXl}/DELX12/CELXl 
C2 = CElX12/CELXl/DELX2 
(3 = -DELXl/0ELX12/CELX2 
SLPPI = CI*V2P(1). C2*~2P(?)+ C3*~2P(3) 
DEL". = X2F(~'$X2P(NMl) 

6 

DELNMI = X2F(~Ul)-X2F(N-2' 
DELNN = x2P(N)-X2P{N-2J 
Cl = (CEL~~4CEL~)/CEL~~/[EL~ 
C2 = -DELNN/DEL~/DEL~~l 
(3 = C~LN/C~LNN/DELNMI 
SLPPN = C3*V2F(j\""2)+ (2*V2P{I\;Ml H· 
GO TO 1 

VU} = I) a 

V{ 2} = Co 
RETURN 
Ej\.D 

FLN(TI Cj\. CLRV4{ r • 5.1(MA " IT 

CI~ENSICj\ X2F(1000) • Y2P(100C) 
DIMENSICj\. v(EOC) 

> 

Cl*v2PiN) 



~ 
()) 

C[MMON/JCHI'41 V 
COMMON IYAI X2P.Y2P,MGP 

C 

c******************··.*********************************************** 
C 
C THIS FUNCTION INTEPPOLATFS A CURVE AT A GIVEN POI~l 
C USING A SPLINE UNDER ~ENSION. THE S~8ROUTINE CUPV3 SHOULD 
C EE CALLED EflRLIER TO [ETERMINE CERTAIN N~CESSARY PARAMETERS. 
C 

C******************************************************************** 
C 
C 
C 
C 
C 
C 

C 
C 

C 

C 

C 
C 
C 

C 
C 

C 
C 

C 

ON II\PUT--

T {X-COCf:;C) (C"TAINS fl REAL VALUE TO SE MAPPED DNTO THE CV~VE 
N= MQP IS THE "Ut.lBER. CF PCII\TS WHICH WEFF I"TERPCJLATEO TO 

DETERMINE T~E CURVE. 
X2P.Y2P ARE AFR.AYS C(I\TAl"!"" TI-E ,IlECISSAS ANC ORDINII,TES OF THF. 

URIGINAL INTERpeLATED POINTS. 

V IS·A" ARPtv \lIIT~ VALUE'S PROPOPTIONA.L TO 11-E SFCONO 

DERIVATIVE CF TI-E CURVE AT T~E NODES ( X2P.Y2P ). 

THE FARAMETEFS I\(MCP)9X2P.Y?P. V AND SIGMA SHOULD BE INPUTTED 
UNALTERED FRC~ T~E CUT~ul CF CU~V3 ANC T~ESE ~RE UNALTERED IN CUQV4 • 

CN OUTPUT- .. 

CURV4 (=Y-COORO) CC~TAI~S T~F INTERPOLATED VALUE. 

,,= Map 
S = x2Pqn-)(2 P { 1) 

SIG~AP = flES(SIGM~)*(N-l }/S 



~ 
<.D 

IF (IT. EQ • 1) II = 2 

D02 1= 11.1\ 
I Fe x 2P ( r ) - T ) 2. 2 ~ 3 

2 CONT If\U E 
I = N 

3 IF( X2P{I-l) .Ll':::. T .CR. T .LE. X~P(l) ) GC TC 4-

11 = 2 
GC TO 1 

4 CELl = T-X2P{ I~l) 

CEL2 = X?~{!) - T 
DELS: )2P(I)-X2P(I-l) 

EXPSl = EXP(SIGMAP*DELl) 
SINHC1 = .5'HEXFSl-l./EXFS1} 
EXPS = EXP(SIGMAP*OEL2) 
SINHD2 = .5>1(EXPS-l./EXPS) 

EXPS : EXFS1*Fx~S 

SINHS = .~*<E)(DS-l.IE=XPS) 
CURV4 = (V(I)*SII\HC1+ V{I-l)*SINHD2)/SINHS+«Y2P(!'-VU»*OELl + 

9{ Y2P( 1-1)-V( 1-1) 1*CEL2 )/OELS 

11 = I 
f<ETU RN 

END 
FUNCTION COSH(XDA~) 
YCAM= -XCftM 
COSH: EXP{)(DA~) + EXP(YOAM} 

COS H=C 0 S H / 2 • () 

RETURN 
END 
FUNCTION SINH(XOAlV) 

YCAM= "XDMJ 

SINH= EXF(XCAM) - EXPIYCAM} 
SINH::: 51""-12.0 
RETURN 
END 



APPENDIX C 

FORTRAN Listing of Program SSURGE 

150 



(J1 

C SSURGE 

C 

COMMON/8LK?/C2.CC.CIXI.CtETA.CXI.CETA.DELT.F"IM.JM. IMM.JMM. N 
COMMON IBLK2~/ CCRI09CS.C3.C4.ROT9I~~2.I~~3.JMM2 

COMMON/ELK3/ GRAV. NMAX.JHl.JH1.ITl.JTl.IH2. 
IJH2.IT2.JT2.IH3.J~3.IT3.JT3.1~4.J~A.IT4.JT4.INC 

COMMON/BLK61IH~.JH5.115.JT5.IH6.JH6.lle.JT6 

CCMMON /HURRI/ YRANGE .THIT .XHIT 
3 C10 .Cl1 
4 
5 

DATA 
1 

DATA 

NT 1 

IM".Jt.'. 
45.15. 

ex ! .. 

"NT2 • 
PINF 

f\.fIIAX.INC/ 
1321. 10/ 

C ET ft 'iJ eEL T • 

., '\I'HI T 

"PHI 

" IX 

GRAV. F/ 

1 11081 .. 3.,17441 .. 7. 180"0,, 9"8,, ,,0025/ 

1 

1 

1 

OAT A r H 1 " .J H 1 • IT 1. JT I. I h2 • JH 2. IT 2. J T 2 / 
18.15" lR. 14. 10.15" 10.14/ 

DATA IH?.JH3.IT3.JT3.IH4.JH4"IT4.JT4/ 
16. 15", 1 61> 1 4. 32. 

DATA IH5" JH5 " IT5., JT5 " 
36 9 

IMM=IM-l 
IMM2 ::;; IM-2 

I fIIM3= I fII""3 

JMM=JM-l 

JM-M2=.jM-2 

15" "3 e'l> 

CORIO= 6@70B75E-05 
CC=SQRT(GRAV*OELT) 
CS = SGRT«(R.V*30~8GJ 
C2=2" O*OEL T 
C3 :: COR 10 *DEL T 

14" 

15" 32. 14/ 
IH6 'l> .JH6. IT 6. 

389 15. 3 E. 

JT61' 
14/ 

9 

"I Y 



()1 

'" 

c 

C 

C 4 = C 3*C"3 
f;CT = C 3 

CIXI=GR~V*DELT/OXI 

CIETA=GRAV*OELT/DETA 

I X=! M 
IY=JM 
XHIT=160. 
YHI T=l 68. 
THIT=49."35 
YRANGE= 17. 
PHI=20. 
P IN F= 11) 1 6 • 
CEGRAD=3.141593/180. 
CIO=COS(PHI*DEGRAO) 
Cl1=SIN(PHI*DEG~AO) 

CALL ZFRD 
CALL F IEL D 

DO 100 N=J ,NMAX 
IF«N/2}*2.£Q.N)GC TO 30 
CALL W INDF 
CALL EL EV 
CALL DRAWl 
GO TO Ion 

30 CONTINUE 
CALL FLUX 

100 CONTINUE 
CALL HUV 
STOP 
END 



(Jl 
(;J 

c 

C 

SUBROUTINE ZER0 

CCMMON/eLKl/GRICl(45~15).GRID2(45915}9 S( 45 .. 15) .. HYDI {30 

1 O} ~H YD2 {3 C ')} .. H YD3 (3 00 ) • HY04 {300 ) .. UC,,1t {300 } .UC M2 (300 )" UO'13{ 300 )" UCM 

24(3CO)9VCMl(300).VCM2{300)~VCM3{300).VCM4(300' 

CCMMON/PLK2/C2.CC.C1X I.CIETA.DXI,DETA.DELT,F,IM.JM. IMM.JMM. N 

COMMON/8LK3/ GRAV. NMAX. Irl.JH1" IT1 "JT 1. IH2. 

1 J H2 .. IT 2 "J T 2 .. I H :.: .. J H 3" I T :3 • J T :3" I H 4 ~ JH 4 • I i 4 ~J T 4 .. I NC 

COMMON/BLK5/0SCX I (45) .. DT DET (15)" HVD5 ( 300 )" HYD6{ 30') )" UCM5! 30')} "UCM6 

11300} .VCM5{ 30':) .VCM6( 3(0) 
COM M 0 N / EL K 7/ H 09 S 1 {6 7 } , HO 8 S 2 ( 6. 7 ) • HO R S 3 ( 6 7) • H a 8 s 4 { 67} • H C 8 S 5 ( 67) • H C E S 

16(67) 
COMMON/STOqM/N0.XFYE.YEYE.P(45.15)"wI~n(46.15J 

COMMON /TRtlNS/ XX{45,1S) .YY(45.15) .COSG{45.15l.SING(45.15) 

COMMON /HURR/ TIfV{SO) .RCT(50) .RAC(SO>.VRMAX(50} • 

1 PZRO(50) 9TIMPGS(1~OJ.XPOS{15C).YPOS(15aJ 

CQf.1MON /FX1QA/ X(45915) .Y(45.15) 

CC 1 0 C 1= 1 .. IM 
o SO x I ( I ) =1 .. 
00 100 J= 1'9 JM 
G H I 0 1 ( I • J ) =,) • 

GRID2( 19J)~0. 

SCI .. J}=!). 
P(I .. J)= 0.. 

X(I·.J}= o. 
Y{!.J)= n. 
XX(I.J)= rI. 

YY(!.J): 0. 

C CS G ( I .. J l= 0 .. 
SING ( I 9 J )= o. 



U1 
-t:> 

10" CCNTINUE 
NDEX== NN'A.X/INCfrl 
Cc 2')0 K=l~l\CEx 

H YO 1 ( K» :::0 ... ") 

HYD2(K J=C., C 

rY03 (K }=') 01'\ 

H YO 4 { K) = 0 0 'J 
HYO,?{K)==0,,() 

l-YD6 (K l==0 ,,'1 

LCM I ( K) =0" 

UCM 2 {K }=o " 
U C N' ~ { K ) =0 " 

UCfv!4(Kl=('l .. 
UCM5 (K }=I) • 

UCM6 ( K) =1"\ " 

VCM1(K}=(l" 

VCM2 (K }=0" 

VCM~(K)='}0 

VCNlA-{K)=(l" 
VClI;1C) (K )=0 .. 

VCNl6(K)=0o 
20') CONTINUe 

IMAX = PJ1~1 

DC 300 I=l.TMAX 

DO 300 J= 19JM 
'f<j I NO ( I • J) ::: \)., '" 

300 COf\JTINUF 
[:0 400 J=l~JM 

DTDET(J}= "l. 

40:> CONTINue 

1)0 5')0 K::!:1.67 



U1 
U1 

500 

1-'08S 1 (K )= 0$ 
I-'C8S2{K)= ') " 
HOHS3(K}= 00 
1-'08S4 (K )= 0 .. 

1-08S5{K}= I}., 

HOBS6( K}= fje 

CONT INU f 
00 600 l<=1 ",,)1"1. 

TIM{K)= o. 
KeT {K }.= 1) .. 

RAD(K)= 0 .. 
VRMA X{ K)= 0 .. 

PZRO{K)= f'l .. 

600 CONTINUE 

70') 

DO 7CO K=1~1::!'j 

T IMPOS {K}= ,!,. 

XPO S { K} = IJ .. 

YPOSeK}= 0 .. 

CONTINUE 

RETURN 

END 

sue R OU TIN E F I EL C 
COMMON/RLKl/GRJDI(45~15) .GRIO?(45.15), S(4S.15J.HY01(30 

1 0 }. HY 02 ( 3 Q I) ) " H yo 3 ( 300 ) • H YO 4! 3(0) " UC M 1 ( 300) "VC f'J 2 { 300} "UC!V3 (3 <) I') ) "u C 1\1' 

24 (3)0) .VC!Vl DOl)} "VCM2 {30r hVCM3(300}. VCM4{ 300} 

CO~MON/BLK2/C?CC,C1XI.CIETA"DXI.CETA,OELT.F.I!V.JM, IMM.JMM. N 
CCMNlON/ELKS/OSCXH4!":).CTDET( 1':'}.HYD5{~OO) "HYDf(300) .VC~S{30'J} .UCl\l6 

l' 3(0) .VCN'S (300) .V(M6 (300) 

COMMON/RLK7/HOBS1(67).HOBS?{67).HCBS3(67} 9H08S4(67)~H08S5(67}~HOtS 
16 (67 ) 
COM~ON ITRANSI XX{45~15} "yy { 45 " 15} .CCSG(45.15).SIN~(45.15J 



01 
en 

C 

CO!\llMON /HU F<R/ TIM(50} .RDT(50) "RAD{50) • V RM AX ( 50 ) 

1 PZ RO(50) "TIMPOS(1S0).XPOS{15C).VPOSII50) 

CCMMON /HURR1/ YR AN (E .THIT ,XHIT "YHI T ,. 
3 CI0 .Cl1 "PHI .. 
4 NT 1 .. NT2 .. 
5 PINF .. IX .. I Y 

READ(5.11) NT! 

11 FORMAT! IS } 

READt 5" 12} (TIPI( I) "ROT{ I} ,F<.AD{I} .VRMAX (I) .PZRC( Ih I=l.NT 1) 

12 FCt;lMAT{ 5F10.1) 

F<EAD{5"lU I\T2 
READ( 5,13)( TIMPOS(I ),,)<POS( I) ,YPOS( I) .1=1 .. "T2} 

13 FCRMAT(3Fln.l) 
wPITE(6,,1S) 

15 FORMAT{lHl,,15X.24HTHE" STORM PARAMETERS At;lE "I/ .. IX. 
151H TIME ROTATION RADIUS MAX WINDS CEN PRESS ,,/.IX. 
250H (HPS) WEG) ("tv) (K"CTS) (MB) ./l 

WRITE(6.16)(T IM( I 1. ROT! I) "RAD{ I) .. VRMA X{ I) .. PZRO{ I) 91 =1 .NT1} 

16 FORMATCIX.F8.0.F10.O.2FI0.1,FI0.0J 

W RITE ( 6 .. 1 7 ) 
17 FORMAT (JHl.15X.::7t-Tt-E POSITIONS FOR THE STOR,.. TRACK ARE .II .. IX, 

129H TlrvE X COCRD Y COORD ./91X. 
210H (HR S) 'I/) 

W R IT E (6 , 1 8 ) (T 1 M PO S { I}, XP 0 S ( I ) 9 YPO S ( I ) , I = 1, N T 2} 

18 FOR~AT(lX9F8.0,2FI0.1) 

NUl = '3 
CO 400 I=l,IM 
READ(NU1.::) (GRID2{I.J)9.J=1.JM) 

5 FOR MA T ( 1 1 F 7.2 » 
400 CCNTINUE 



01 
~ 

CG5'')O T=l.IM 
READ ( NUl" c) ('3 ( I • J) .. J = 1 .. J fool ) 

6 FORM AT ( 5E 1 4.7 ) 

500 CONTINUE 

DO 600 I=l . .IM 
REA 0 { NU 1 9 7) C SOX I ( I ) 

7 FGPMAT{E14.7) 

600 CONT INUF 

DC 70 ') J= 1 9 J M 
nEAO{NU1.8> DTDET(J} 

R FORMAT(2X.E14.7) 

70') ceNT INUE 
READ( NUl.<:;) (HCASl (I I) 11 II =1.67) 

READ{NU1.9 }(HOBS2( I I). II= 1.67} 

READ(NUl.9J(HC8S3(II •• II=1.67} 
READ{NUl.9)(HCBS4{II).II=1.67) 
READ(NU199}{HOES5{IIh II=1 .. 67) 

READ(NUI • <:;){HCBSf,( In.II =1.67) 
9 FORMATe 19F4.1) 

DC 300 11=1,,67 
HOSSleII)= <:;999<:;. 

C PO 8 S 1 ( t I ) = PO B S 1 ( I I ) * 0 • 3 0 4 e 
H08S2{II}=H08S2(II)*0.3048 

H08S3{II)=HOBS3(II}*O.3048 
HCbS4( II)=HoeS4{II1*0.304€ 
HG8S5{!I)=HceS5{!Il*O.3048 
HOBS6( II )=HORS6( r I) *0.3:)48 

3:10 CCNT INUE 

DC 101 I=l.JM 
READ (!":'.lCl) (XX( I.J).YY{I .J) .J=1 .. HI) 

10 FORMAT (1!)F7.2) 



01 
00 

101 CCNT INUE 

DC 102 1=1 ~I~ 
RE A 1) ( 5" 1 9 } {CO ~G { I 9 J } ., ~ r NG ( I <j) J) " J= 1 ., JI M} 

19 FORMjlT 00FS,,5) 
102 CONTINUE 

DO 200 J= 1., J~ 

DC 100 I=ldM 
I J= 1-+ J 
IF({U/2)*2 .. FQ.,IJ)GO TO 110 

GRID2 {I <j)J} ="'G~IC2 n ,>J }>i<j ,.3048*6 .. 0 
GO TO lCi") 

110. C [NT I NU E 
GPHH (I .... J) =0 .. 

GRID2(I.J)=C.C 
lon CCNT INU:: 

200 CCNTINUF 

CCC***** 
WHITEU').21J) 

210 FORM~T(IHl.//11.20X.16~n F P T H S 
9 A S T ,,//) 

W P IT E (6" 21 1 H J <j) J:::? 9 JM!\II., 2 } 

211 FORMAT{8X .. 7 {6X.2HJ=.I2) ./) 
WRITE(6.212){J .. J=1<J>JlM ... 2) 

212 FCRMAT{4X"S{6x.2HJ=.I2} .. //) 
DO 21 5 I::: 1 • I !IIi ... 2 

K= 1+1 
W RI TE {I) ,,213) I 9 { {; F 102 { I" J ) "J= 2 <j) JI 1>11'192 } 

213 FORMAT(lX92HI= .. I293X,,7(4)\9F6,,1) .. /) 

IF ( I • E Q" 1M) (; 0 TO 2 1 5 
WMITE{6.214}l<9{GRI02(K .. ,j) .. J=l ~J\'Ig2} 

214 FORMAT{lX~2HI=~I2",f:H4X .. F6 .. l) .. /) 

un ,,///.7'X.5HS E A ,,'3SX.9HC 0 



OJ 
(,{) 

( 

215 CONTINUF 

HETURN 

El\O 

SU8ROUTINE ELEV 
C CI\i'MON/ EU< V G RID 1 ( 45 eo 1'S ) " GR 102 { 45 .. 15 ) 9 S ( 4 5 ~ 1 '3) • H YO 1 (3 0 

1 C) .HY02 (3eO) ,!-Iye3 {30e) ~HYr:4i 3(:0) ~UCf'Jl C3,)O ).,UCJV2{ 301)) .UCM3( 300 } .. UCM 

2 4 ( 3 eo) • V C M 1 { :;3 C ('J ) .. \lC M 2 ( :'100 ) " VC IV "3 ( 301) ) • \lC 'IJ' 4 ( 3 DO) 

CCMMON/FLK2/C2.CC.CIXI.C1ETA.DXI"DETA"DELT.F,IM.JM. I'IJ'M.JMM. N 

COMMON /SLK?C/ CCRIC.CS.C3.C4.PCT,I~~2.I'IJ''IJ'3.JMM? 

COMMON/8LK5/DSf"'XI(45l.DTDET( 1':') .HVD5( :':lOO} .HYDf:(300) .UC,v5(300) .UCj\l6 

1 {30,)} .VCi\I1'5L'30'1) .VCM6C30r;) 

COMMON/51CRj\I/~C.XFYE.YfYF.P{45.15'.WIl\D(4~.15' 

CC iRO J=3.JlV~ 

o TE T=O TOE T (J) *f)ET A 

IS= 4 
1"'$= INiV~ 

IF«J/?H<?"EG.J) is = .~ 

IFcrS"E0,,:;3} iNS = IMM2 
JP1 = J+ 1 

JMl = J""'l 
CO 130 r=IS,,!MS~2 

IPl = 1+1 
aMI = 1-1 
(9= DELT/S(IwJ)/S(I 9 J) 

DSXI=osnXliI>*OXI 

URIT = (oRleH IP1 .. .JH'S< IPI ~ .. n 
ULEF = (RICl{P.JI1.,J}'*S{ Il\I!l.,J) 
VTOP = GRID2i!",JPU*S(I.JI=1) 
V80T = (oR!D2{ I.JI\I!U*S(!"Jl\I'li 
(~IDl(I,.J) = (RIDl(hJ'''' C9*< {URIT"'ULEFL/DSXIHVTGP-Vi3fJT~/DTET ) 



0) 
o 

130 CCNT INU E 

180 CON TI NUl: 

CC*** 

C 

DTET= CTDET(J~)*DETA 

DO 170 II=29I~M92 

IP 1 = I 1+ 1 
I ~1 = I 1-1 

C<;= DELj/~(II .JIV}/S{II.Jf<I) 
CSX 1= DSOX I( I I) *OXI 

URI T = G ~ I D 1 ( I Pl. J W) *S ( I P 1 9 J M ) 
ULEF= GF<ID t (Y N1 .JH *S( 1M! 9JI\I) 

1Ft II .EQ. 2 .OR. II .EO. IMM ) ULEF=URIT 
VBOT= G~rC?(II9JMN}*S(II9JMM) 
VTOP= -VROT 

Gf<ICl (I I, JI'J)= (f< 101 (I I.JM )-C9 >to( (UR IT-ULEF) /OSXI+( VTOP"'V80T) /0 TEn 

170 CONTINUE 

DC 30 J=3.JMM2.2 

11= 2 
G RIO 1 ( I I 9 J ) = G R r 0 1 ( I I • J ) - { OF L T / S ( I I • J ) / S ( I I • J) ) * ( S { I I .. J + 1 ) * G R I 02 ( I [ 

19 J+1 )-S (I I d-1) *GR I02{ I I. J-l} )/{OETA*DTOET{J» 

II= I MM 
GR I D 1 ( I 19 J )= GP ID 1 ( I 19 J )- ( DEL T / S( I I • J ) /S ( I I " J) ) * ( S ( I I 9 J+ 1 ) * G R 10.2 ( I I 

1 "J+ 1 ) .. S (I I .J - 1 ) * G ~ I C 2 (I I " J -1 n / { C ET A * C TOE T( J ) } 
30 CONTINUE 

CC*** 
00 150 II=2.INI'I 
IFUII/2)*2.EQ.II) GO TO 140 

CCC G~IC1{II92)= P{II 9 2}'" GRIC2{II9:3)/CS 
GRID 1 ( I :r • 2 )= '" • 2 5 * { P ( I I "" 1 9 1 ) + G RIC 1 ( I 1- 1 9 3 ) +P ( I I + 19 1 ) + G P 10 1 { I I + 1 9 :3 } » 
GO TO 150 

:::' 



en 

140 8 ARO=P ( I ! .. 1 ) 
CCC Gf< 101 ( 1'1 .. I}.::: 8 ,ARO"'GR 1 C2 ( I I .. 2 )/CS 

GRIDI(Y!,,!): BARO 

C 

150 CONT INUE 
f<ETURN 

END 
SUBROUTINE FLLX 
CCMMDN/ELKl/GRIDlr45 .. 15, .. GRl02(45 .. 15).. S{45 .. 15J.HYOl(30 

1 OJ gHYD2{3CC) .HYC3{300}.HYC4(300 )",UCMl {300 ) .. UCM2{300'"UCM3{300 hUCM 

24 ( 300 ) " V C ~ 1 ( 3 C ,) )" VC M 2 ( 300 ) " V C f'J 3 ( :: 0 C ) • \lC M 4 { 3 0 0 ) 

CCMMON/ELK2/C2 .. CC .. CIXI.CIETA.OXI.OETA.DELT.F.IM.JM. IMM.JMM§ N 
COMMON /BLK20/ CCRI09CS",C39C4",RCT§IM~2.IM~39JMM2 

COMMON/BLK5/0SDXI(45)§OTDET{15),HYD5(300) 9HY06(300)9UCM5{300)9UC~6 
1 (300) 9VCfoI5 nOO) .VCM6 (300 ) 

CONMON/STCRM/NO.XEYE.YEYE",P{45.15).WINO(4E.15) 

CC 8999 J=l.JM 
DO 8999 I=1§lw.2 
IP1=I+l 
~ABS=SQ~T(WIND(I.J)**2+wIND(lPl.J}**2) 

IF(WABS.LE.7.0)GO TO 9998 
WCOF.:::1.100E-OE+({1.-7./WA8S)~*2)~2.50E-06 

GO TO 9997 
9998 WCOF=1 .. 1CCE-CE 
9997 DUWX=W !ND( J"J) 

DUWY=WINO{!Pl.J} 
WIND! I.J)=WCOF*WABS*DUWX 
wINO( !l=l,J)=WCCF*WA8S*DUWY 

8999 CONTINUF 

C 
DC 130 J=2 9J~l\I 



O'l 
N 

IS .::: 3 

IMS= 11'JNl? 
IFOJ/2)J!t?"FQ .. ,.n IS=4 
IF(IS®EG.4}I~S=IM~3 

JFl = ..1+1 
JMl = J-1 
CC 8,) I=IS"IMS .. 2 

IP! = 1+1 
I!VI = 1"'1 
I lJIiX=I 
IwY=IPl 
IF(IS-4)270~2A~9270 

2BO I\,\X:::;IMl 

hiY=I 
270 CCNT INU E 

CXI= CIXI/5(I.J)/CSOXI(I) 
CETA= C1ETA/SfI 9 J}/OTDET{J) 
01 = GRID1{IjIH .. J)""'GRI02tIMl.J) 
02 = GRI01(JPl.JJ-GRID2(IP1"J) 
03 .::: GRI01{I~J~1}~GRID2(I .. JM1) 
C4 = GR!01(I~JF1)-GPIC2{r~JP1) 
OELHX = GRID1{!Pl .. J)-GRID1(I~l*J)~(P{IPl .J)-P{!Ml.J}} 
CELHY = GRW10 .. JP1,-<:RIDUI.JM1}-CP{!".JP1) ... PO"JM1}) 
c: = SQRT(GRYCl {IhH*GFdOl (I"JHGRI02( I .. J)*GRID2( I.J» 
AVHX = C®5*{Dl+D~) 
A I,J HY = f') .. 5 * ( 03 + 04 ) 
DSAR = C®5*(.~HV+AV~XJ 
G = {I "C+C2*F>I>O/{D8AR*08AR),. 

G2 = G*G 
A = GRICl {I ".J)+RCT*GRID2 (I .J}-CXI*AI,JHX*DEU-X+C2*WIND( Il.iX 9 J» 
8= GRID?( I.JJ-ROT*GRIDIII.JJ-CETA*AVHV*DELHV+C2*WINDCIWV.JI 



(T) 
(Jl 

GRIDI(I.J) :::: (G*A+C3*B)/(G2+C4J 
Gf:;I02(L",n:::: (G*e"'C3*,a)I'{G2+C4) 

81) CONTINUE 

130 CONTINUE 

CC***** 
DC 140 1=3.I~N2.2 

C X i= C 1 )( 1/ { S ( ! 9 J M ) *0 SO X 1 ( r » ) 
CELHX :::: GRItl OH.,JM)""C:RIDH 1-19JM}-{P(I+hJM}-P{ I''''l.JM)} 
Q :::: ABS{GRI01{I.JN)) 
DBAR:::: OsS*(GRIOl(I-l.JM)qGRI02CI-1.JM)+GRIDl(I+1.JMt

+ G F 102 ( I -+ 1 "J N.~ ) 
G :::: (1 .. f)+C2*F*Q/( DB,AR*DBi'UH) 
GRmn I.JM) :::: (GRID1U.JM)-CXI>lcOBAR*OELHX+CZ*v.INO{ I "JMHI'G 

140 CONTINUE 
GRIDH 1 ",Hn= GRIOH 3"J)\Il) 
G RID I ( 1M. J M}:::: G RID 1 { I MM 2. JM } 

CC***** 
DO 9000 TI=?"IM)\Il91MM3 
DC 9,000 J::::::!"J)II!M 
IF( {J/2}*? .. EQ .. J j GO TO 8100 
GO TO 8S0() 

8100 CCNT INU':;: 
CETA= C1ET~/S{rI~J)I'CTDET{J) 
DEL HY= G RIO 1 ( I I" J + 1 ) -GR I D 1 ( I I ., J- I) "" ( P { I! .. J+ 1 » "" f: ( I I '» J.., 1 } } 
AV H Y:::: 0 '" 5 >1< { (; RIC 1 { I I '0 J -I- 1 } "" G RID 2 ( I I il J + 1 ) +G RID i { I I 9 J ... 1 } ,.. G RIO 2 ( I I " J- 1 ) } 

Q::: SQRT{ GRIDUII.,J>>1<GRIDIU:I"J)+G.RIC2{II.,J)>1<GRID2'(I!"J} » 
G= t 1 ",O·i-C2*F*Q I'{ AVHV*AVHV» 
111=3 
IF( II .. E00 Ij\1M } In= I)\I'~2 

U BAR::: !)" 5 ~ { G R ! () 1 { I I I '" J + 1 } + G RID 1 { I I I 9 J- 1 » 
UFLUX: UB~!=i +- (Ot;ICl UIsJ) 



0) 
~ 

E= GRIC2(II~J'-ROT*UFLUX-CET~*AVHY*DELHY+C2*.IND(II9J' 

GRID?( Il:"J)=8/G 
_ GRIDl (I y".)= UBAf~ 

GC TO 9000 
8900 CONTINUE 

111= 1 
1111= 3 
IF( II .. EO. I~~ ) III= l~ 

IF ( I I .. E Q.. I MM ) I I I 1= I MM 2 
Gf<IDl(III"J)= G~!Cl(IIIl.J) 

900D CONTINUE 
CC***** 
CC SPECIAL C~LCULATICNS FOR SEAWAQr CORNERS 

DO 905C I=29I~N9I~M3 

11= '3 
1Ft I .FG. IfVj\I ) I.I= IMM2 
I S= I I'" I 
01= SORT{GRIDl( II.! >**2+GRID2{ II91 >**2) 
02= SORT(GJ:.;ICl(I.2}**2-tGRID2CI,,2}**2) 
o l=-{ GR 101 ( I 1- 1" 1 )-GR I D? ( I 1-1 .. 1) +- G R If) 1 U 1+-1 " 1 ) "GR ! 02 ( I 1+1 • 1 ) ) /2 .. 
C2=( GR IC1 {I. 1 } ... GQ ID2( 1.1 HGR IOH I. 3}"'GRID2{ I,,:!» /2. 
Gl={ 1 .. +C2*F*Ol/(Ol**2)} 
G2={ 1 .. +C2*F*02/(D2**2}) 
CELHX= O:;rCl(II-+1.1)-GR![1{II-l.1)-{P(II-+l,l}"'P{II-l.1») 
DEL H Y = G R ! f) 1 ( I • ?) -G RID 1 ( I • 1 ) .. { ~ ( I • '3 ) ... ~ ( I • 1 ) ) 

ex. I = C IX I/S { II .. l)/CSCX!( II ) 
(ETA 
A8 = 
tiP = 
88 = 
BP = 

= CIETA/S(I.?)/OTOET(2) 
GR If) 1 ( I I 9 1 )+ (3 *GR ID 2 ( I I .1 ) -C X I *0 1 *DE LHX+(2* \v r NO ( I 1.1 
AF+.5~C3~(QIC«!1+IS.2) 

GRID2{ I .2)"C3*c;RIDl {! .2)-CET.A*02*OEU-Y+(2*WINO{ 1.2) 

88-.5*C3*GRID1(II.3J 



m 
01 

c 

C 

DENOM = Gl*G2~.2~*C4 
Gf<IOl (I 1 9 1) :: (fJP*G2i-8P>1< .. 5*C3)/DENOM 
GRID2(J .2) = (BP*Gl~AP*.5>1<C3}/DeNCM 
GRID1{I .. 2):: .. Sll«GRIDHII.3H·GRI01(II .. 1}) 

GF<ID2(rI.ol) = .. 5*(Gf'ID2{I,21+GRI[)2(II+IS 9 2» 
9050 CONTINUE 

GR I D 1 ( 1 11 I) = GR m 1 ( :3 .. 1 ) 
GPID1(I~.1) = G~ICl(IMM2 .. 1) 

RETURN 
END 
SUBROUTINE CRfJWl 
COMMONJ'BLKl/GRIDl {45 .. 151 .GRID2(45,.15).. S{45.15 ).HYD1{ 30 

10),HYD2(300) .. HYD3C3001.HYD4C300).UCM1(3DOJ 9UC~2(3DO)9UC~3(300'.UCM 
24i3001 .. VC~1{30~} .. VC~2(300)9VCM3{300}9VCM4{300 ) 

COMMON/BLK?/C2.CC .. C1XI9CIETA.DX! .. OETA.DELT,F.IM .. JM. 
COMMON /8LK20/ CORI09CS9C3.C49ROT9IMM29IMM3.JM~2 

I MM. JMM. N 

CCMMON/E'LK3/ GRAV. NfVlAX,. IH1 .. JHl. ITl.JTl .. IH2" 
IJH2~lT2 .. JT29IH29JH39IT39JT39IH49JH4~IT49JT49INC 

CCMMON/PLK5/0SCX!{45}.DTOET( 15).HYD5( :;OOhHYOt'(:300l.UCM5( 300) .UCjI,I6 
1 (3QO) .. VCM5{30C) .\lCM6(300) 
COMMON/BLK6/i~5.JH59IT5 .. JT~"IH6.JH6.1Tt9JT6 

DIMENSION U\lEL(45.1S) .. VVEL(4S.1S) 
EQUIVALENCE (UVELI2) .. VVEL) 

jI,IIN = {(N=l,*DELT)/60. + 1.E-S 
IFCMOO(MIN 9 30).NF.OJRETURN 
Nr = N/!NC + 1 
HV01(NH) = GRI01{IH1.JH1) 
~YD2(NH) = GRID1(IH2 .. J~2) 
HYD3(NH) = G~ID1(IH3,Jh3) 



(J) 
(J) 

c 

HYD4(N~) = (~IDl(IH4.,J~4) 
HVD5(NH) '= GRIOl(IH5 9 JH5J 
HV06{NH) = GRID1( IHt .. JH6) 
CALL METE~ 

IF (MODOJlIN.,60) "NE., 0) RETURN 

C CALCULATE THE X fo~D V VELOCITIES 
C AT THF I~TER!CR PCINTS 

DO 100 J=2.,J~~ 

IS = 3 
IMS = IMlV!2 
IF ({JI'2)*2 .. EQ$ J) IS = 4 
IF (IS .,EO" 4) INS = I~M3 

CCC FOR RAD .. LBC 15=2 AND IMS=IMM 
CCC REM CHANGE IN DC 31n 

JPl = J+l 
JMl = J .... l 
CO 100 I=!S"Iflis.2 
IPl = 1+1 
Ifill =: 1""1 

01 = G~IDlnM19J)"G~ID2{IM19J) 
D 2 = G R If) 1 ( I P 1 '0 J ) -G RID 2 ( I P 1 9 J) 

C3 =: G~ICln9JM1}""GRID2(I9JM1} 

04 = GRIDl n? JPl } ""GfdD2 n .,JP1) 
08 A R = " 2 ~ 'I« 0 1 + D 2 +D .3 + 04 ) 
UVEL{I9J) = (RIDIO,.J}/DBAR 
\iVEL{I .. J) -= GRI02{I"J}/DBAFI 

100 CONT INUE 
C 8CUNOA~V PCINTS 

DO 201 J=19J~9J~M 

DO 200 1=3., !MM2.,2 



O'l 
-.l 

IP1::: 1+1 

I~l ::: 1-1 
D1 = GRlnln:~1 .. Jl ... GF<ID2{I\\Il".O 
C 2 ::: GR 10 1 ( 1 P 1", J ) "'G RIo 2 ( I P 1 " oJ' 
OSAR ::: .5*(tl+02) 
UVEL{ 1 .. J) = Gr:< 101 (1 "Jl .lOBAR 
VVEL(I .. J) ::: ERI02{19J)/OSAR 

200 CONTI NUE 
UVEL{ IM .. J) ::: GR IOU IM"JLf084R 
VVEL{IM .. J)::: (R!02{U.ihJ)/OBAR 

201 CONTI NUE 
1 ::: 1 
DC 2C2 J=l "JM9J\IJ~ 
01::: GRIDl{2"J)-GRI02(2 .. J) 

02 ::: GRIOl{4",J}-GRI02{4 .. J) 

OSAR ::: .S*(Cl+D2} 
UVEL( I .. J) = GRIDI0"J)I'OEAR 

VVEL( I"J} = ERID2{I",J }/08AR 
202 CONTINUE 

00 310 I=2,IMM .. IMM3 
DO 3 1 0 J= 2 9 J 1111 M 

IF {{J/2l*2 "EO" J) GC TC 305 
Ii := 1 
lIII= 4-
IF -{ I .. FQ .. IrJM} II = 1M 
1Ft I "fa .. IM1III IIII= IMM3 
D1= GRIt1 n.J)""<:RI02{I"J) 
02= GRID1(IIII.J)-GRI02(IIII .. J} 

DEAR::: 0,,5*(01+02' 
UVELU:I.J} ::: G~I01{II,.J)/08AR 

VVEL( II" .. B> ::: GRI02{ II "J}/D8AR 



en 
00 

( 

GO TO .: 1 0 

305 ceNT INUE 
jPl= J+l 

JMl = J"'l 
03 -= G~ICl{I9JDl)-GRI02(I.JDl} 

04 = GPIDl(I.JMl)-GRIC2(I~JMl) 
CBAR= O.~.(C~+04) 

UVEL(I"J) = CRIClfJ.J)/DBAR 
VVEL(!.J) -= GRID2<I.j)/DBftR 

310 CONT INUr: 

003111=1.17-' 

DO 311 J·=l.J'" 
IF{ MOD{I+J .£} .FO. I} GO TO :311 

UVEL{I.J)= UVfL(I.J)*100. 
VVEL{ 1.J)= V\ll='LO .. J)*10(". 

311 ([NT INUF 

T = ~IN/eC. 
WRITE {e.400) T 

400 FCRMAT (lHl.cXd3I-TIMI'O (bf;S) = .F6.2.///.2CX" 12HE LEV 
1///97X.5H~ E ~95eX.SHC 0 A S T.//) 

WRITE {A.405) (J.J=2~JMM.2) 

405 FORMAT (8X.7(f-X.2hJ=.I2)./ ) 

WRITE (f.40f.) (J.J=1.JM.2) 
406 FCRMAT {4X.'3{6X.2I-J=.I21.//} 

DO 415 I=l.rM.-:> 

K = I'" 1 
wRITE (6.lflO) 1.{CRICl(I.J).J=2.JMM.2) 

410 FORMAT (lX.2HI=~I2.:3X.7(4)(9F6.2)./ ) 

IF {I .EO. 1M} GO TO 415 

w RITE (6 9 4 11) K. '{ (R Ie 1 (K 9 J ) .. J = 1 • J M 92 ) 

('.}, } 9 



(j) 
<D 

411 FCRtviAT (lX .. 2l-I=.I?8(4X.F6 .. 2},./ ) 

415 CONTINUI=" 

WRITE {f.4l<;) T 

419 FeRMAT (IHl.6X.13l-TI~F (l-RS) = .FA.2.///.20X.~5HX AND Y V FLO C 
1 I T I F S (CM IS) • / / / , 7 X • SH SEA. :: ex .. SH C CAS T ~ / / ) 

WRITE (6,415) (J.J=2.JMM.2J 
V'lRI TE (f .. 4":f:) (Jh)=l.JN .2) 

CO 425 1=1.PA,,2 

K = 1+1 
1J;PITE {F.421) I.{LVEL(I"J).J=l .. JM.?) 

W R IT E ( f', .. 42?) ( VV '::L { I .. J} • J= 1 "JM " 2 ) 

421 fCqlllAT (lX.2l-I=.I2.8(4X.F6.1» 
42? FORMAT (SX.F{4X.~~.1)./ 

IF (1 .. ~G. 1M) GC TO 425 
wRITE ((.423) K.U .. VEL(K .... ) ",J=2.JlllfIi.?) 

w R I T c: (6.. 4 :;:: 4) (V V J:L ( K • J) , J = 2 • J Mill. 2 ) 

423 FCRIVAT (lX.?l-I=.I2.3X,,7(4X.FE.l» 
424 Fm~ML\T <8X.7(4X"Fc.l). /) 

425 C [NT INU t=: 

METURN 
E:ND 
SUBROUTINF METFQ 
C r I"'MCN / PL K 1/ G f; ! r 1 {4 5 • 1 ~ ) • <:: PIC? ( 45. 1 5 ) • S ( 4 5 ~ 15) • H Yi) 1 ( :3 fl 

1 0 ) • H YO? ( :'l C ,,) • H Y 0 3 { 3 CO} • H Y C 4 { :'l n (l ) .. L C M 1 C3 0 n ) • U C '" 2 C3 0 0 ) .. U C t-'!.3 ( ~ 0 I) ). U ell!! 
2{~{300 ).VO'1 (:300>'VCt-'!2{3')f) }.VCM2'( 3C,,).\iCM4( 30 0 ) 

CCWMON/eLK2/C?CC.CIXI.CIETA.CXi.CfTA.OELT.F. r~ • .J~. IMM • .JI"'M. N 

COr-WON/i-]LK3/ GRA'v. i\f\I A x.IHl.JH1 .. IT1.JT1.IH2. 

1 Jr2. IT?.JT2. H-"3.JI-3. IT3.JT3. H-4.JH4. I T4.JT4. I'4C 
COMMON 18L K'5 /0 5 r:; X I (4 5) • DT DET ( 1 5 ) • HY C5 ( .30 (\ ) • I-Y r 6 ( 30') } • U eM '5 (10 0 ) • UC M6 

1 {300 ).V(M5( ::'OO).VCM6( 3(0) 

CCN',MON/ELK6/II-").Jr5. IT5.JT:::. Il-t .. Jj-'E. IT6.JTh 



C 

-.J 
0 

2:-" .I 

30 

4') 

50 

60 

7') 

80 

!\UV= N/INC+l 
DO 10 KK=l.E 
(C TO (20.30.4).50.60.70 ).KK 

I I = I T 1 
,J J = JTt 
C; C TO 8" 
I I = I ,. 2 

JJ = .1T2 

CC TO ~r: 

I ! = I ,.? 

.1.1 = .1"~ 

GC TO 8D 

I I = IT 4 

JJ = JT4 
GC TO f'0 
I 1=1 T5 
JJ=,J T5 

C:C TO 80 
II=1T6 

JJ=JT6 

I1 = I 1""1 
12 = TH-l 
Jll = .1...1-1 
...12 = J,J+1 
AVEDX = ((i'IC1{Il.JJ}-GPID2{I1.JJ)+Gj.:;'ID1{I2 9 .1J}-G1"ID?(I2.JJ»)*Oe5 

AV EOY = (G 1" I D 1 ( I I" J 1 ) ""G1" IO? ( I I" J 1 ) +G RID 1 { I I • J2 }"'G RI 02 ( II " ...12 ) » *0 e 5 
GO TO (110.120.13"",,140.150.1£0).KK 

Hi) UCM1{NU\!l -:: GRID1UH"JT1)/AVEOX 
VCM1{NUV) = GRID2{ITl.JT1)/AVEDV 

GO TO 1:) 



-...J 

c 

120 UCM2 {NUV) :::: GRICI(IT2 s JT2)/AVEDX 

VCM2( NLV} = GPI02{!T2.JT2)/AVEDY 

GO TO 10 
13:) lJCM3(NUV} = (f:;lCl (IT:3.JT3l/A\fECX 

VCM3{ NUV) = GFID2(IT3.JT3)/AVEDV 

GO TO 1 (') 

140 LCM4{NUV) = G~ICl{IT49JT4)/~VfCX 
VCM4(NUV) = G~ID2(IT4~JT4'/AVEDY 
GC TO 10 

150 UCM5{NUV)=<:f;IDl (IT5~,JT5}/AVECX 

VCM5(NUVJ=GRID2(I15,JTS,/AVEOV 
GC TO 10 

160 UCM6{NLV}=G~ICl 016"JT6)/,iWECX 

VCM6(NUV)=GRID2II16.JT6)/AVEDY 
10 CCNT I NUE 

RETURN 

END 

SUBROU TINE I-'U V 
COM NJ 0 N I fl L I< 1 / G P I 0 1 {4 5 9 1 5} • G RIO 2 { 4 5 9 1 5 » , S { 4 5" 1 S }" HY D 1 ( :3 0 

to), HY D 2 ( 300 ). HYO:3 ( :3 00 ) "H YD4 { 30,)} " LC IV! 1 { :3 (\ O) "UC lV2 ( :; 00» • UC 1¥'3 (300 ) "U C /11 

24(300J.VC~I(300).VCM2'3CO).VCM3(:300).VCM4(:300) 

COMMON/RLK2/C2.CC.CIXI9CIETA~DXI9CETA.OELT~F.!~.JM. I~~.,JMM. N 

CCMMON/P-LK3/ GRAV. NMAX.IHl.JH1.IT1.JTl w IH2. 

1 JH2 • ! T 2 '> J 12 • It-"3 • J t- 3 .. IT 3 '" J T:3 .. I t-4 • J I- 4 .. ! T 4 • ,J T 4. INC 
COMMON/8LK:: ID 80)( I (4 !5 ) .. OTDE H 1 S) .H Y05 ( 3(0) .HY C r: {3 OO} • U eMS {30 0 } .. UC M6 

10(0) .V(M5{3JO ).VCM6(300} 

COMMON/BLK~/IH5.JH5.rT5.JT5.It-69,JH6.iT6.JT6 

COMMON/BLK7/HOBS1( 67} ,H08S2{ tS7) "HOElS:3{67} "HOBS4t67) "HC8S5(67) .. HOBS 
16(67) 

WR[TE f6.505) IH1.JH1.IH2~JH2.IH3"JH3$[H4.JH4.!H5.JH5~IH6.,JH6 



-..i 
N 

wRITE (E9~Cf) 1119Jl1~rT29JT29I13~JT39IT49JT49IT59JT59IT69JT6 

505 FCRMAT(lrl.411- ACJUSTE'O-COMFUTEC HYDROGRAPH (M) AT 9M1291H99 
6 I297X} ./930H Afl..C THE DESERVED wATER LEVEL .// } 

506 FORMAT! UX •. 34t-<SIMULATEO CURRENT (M/~) AT .6{ 12 .. 1H n I2 ,,7X} 9/ 

1//} 

J==l 
K == 1 
fl..DEX= I\IVAX/II\C+l 
DO 500 I=l.NDFX 

T = ( K"" 1 ) >1< C EL T / :: E CO. 
~IN== (K-l'*CELT/60. +1.0£-05 

C CORRECT COMPUTED H FOR INITIAL OBSERVED .ATER LEVEL CONDITIONS 
l-'YCl{!)= I-YC1{YH1. 

C HYD1(!}= H'tDl(If+HOeSl{l) 
I-YD2( 1)= I--Yf)2( I HH08S2( 1) 

l-'Y03(I)= I--YD3{!HrOES3(1) 
HYD4i Y}= HYD4{ I )+H08S4{ 1) 
I-YDS { I}= HYC5 ( I H..-a ES5 ( 1 ) 

HYD6(I)= HYC6(!}+I-OES6{1) 
WRY n= (c. ~ Ie) K .. T.H 'to 1 ( I ) .HY02 ( ! } .HY03 ( I) .HYD4 (I) .HY 05 (I) .. HYD6 ( I ) 

IF{ MOD (M IN.")0) .FO.O )WPITE(6.'S13}H08S H J),H08S2(J} .H08S3( j) ~HOBS4{ 

9 J) .. H DB 5'5 ( J) .. f-! CBS 6 ( J ) 
WRITE (6. 511) UCM HI} "UCM2{ I) .. UCM3{ I) ~UCM4 (I) ~UCM5{ I) .,UCM6 (I) 

WRITE (6~512) V(l'Il(I) .. VCM2(I)"VCM3(I)9VCM4(I)~VCM5(I)9\1CM6(I) 

K = K+INC 
IF(MOO{MIN.60 ) .. fO.!')) J=J+1 

500 CCNTINUE 
510 FORMAT (/ .. 13X .. 2HN=.I5"lOH T CHRSJ="F6.295~ ~ ,,6(F6.296X») 
511 fORMAT {39X.4t-U ';) 6( F7 .2. 5X}) 

512 FORMAT (39X.4bV 96(F7.2.5X)' 
513 FORMAT( 34x.7H08S H .6(F6 .. 2.6X)' 



-.j 
UJ 

C 

C 

RETURN 
EI\D 
SUBROUTINE ~II\Cf 

COMMON/8LK2/C2.CC.C1XJgCIETA.DXIgDETA.DELT,F9I~9JM. IMM,JMM. N 
COMMON/ TRftNS/XX{45.15).YY(45.15'.COSG(45,15l"SING{45,,15} 
COMMON /HURRI TIN(50) 9~OT(50) "RAC{SO) .V~MAX(5G) 

1 P Z RO ( 5 0 ) "n M pes ( 1 5 oJ) , XP 0 S { 1 50 ) 11 'lfP 0 S ( 1 5 I) ) 

(OAMON /HURR1/ 'Iff< .AN GE 9TH!T "XI-' IT .'VHIT 
3 or .Cl1 .PHI 
4. NT 1 .NT2 • 
5 PINF , IX 

CONlMON IE XTRA/ X{Li5.1S) ,,'d45.15} 
CCMMON/ STCRM /NO.XEYEgYEYE.P{4~.15).wlND(46.15) 

DATA 1110 1.1T201/2.2/ 

I\C=N 
TIME=FLCAT(I\-ll*DELT/3600. 
DC 101 I=I T IDl"NTl 
IF{TIM(I).GE.TINE) GO Tn 102 

1 'H CONTINUE 
I=NT 1 

102 IT1=!-1 
DO 1 0 3 1= 1 i 2P 1" NT 2 
IF{TIMPCS{I}.(E.TIME)([ TC 104 

103 CONTINUE 
I=NT2 

104 I T2::: 1 ... 1 
ITIP1=111+1 
IT2P 1= IT 2+ 1 
TFAC1=(T!ME-THt{In ))/(T 1M! nlP! ) ... THH IT1» 

" ,. 

" I Y 

" 



-..! 
.$!:> 

C 

C 

C 

TFAC2=rTI~E-TI~PCS( IT2)/(TI~POS(IT2PI'-TIMP05(IT2JJ 

DELT2=( 11~PC5(IT2~1Ie1IUPCS(IT2)1*3600. 

k=PAD( In HTFACl*rRtlO{ IT IPI )"RtlQ{ IT!)>> 
v R = VR M A X ( I l' 1 ~ + T F A C 1 * { v f:; tJ .II X ( I TIP 1 ) ,., 'if f:; M .II X ( IT 1 ) ) 
T?-,ETA=POT( ITl H TFAC1*{ROT{ I TIP1)-ROT{I Tl)} 

PO=PZRC UTI }+TFACl* {PZRO{ !TIPl »"'PZRO( IT 1) 
XEYE=XflCS( I 12)+1FAC2* (XPC5( I 12P1 )-XPOS{ lT2) ) 

YEYE=VPCS{ IT:::: )+TF,sC2HYPOS( I12Pl}-VPOS{ 112)} 
LS=(XPQSCIT2Fl'-XFOS(IT2JJ/CEL T 2 
vs= (yPr]S( n 2 0 1 )-YPf) S( I12} ) JOEL 12 

R=R*",84167 

VR=VR* .. S15 
US=US *2201 .f: 

'IJ 5=VS *2 201 .6 
T?-'ETA=(~O.-lHETA+FHI'*",0174533 

CO=COS{-T?-,ETA) 

Cl=SIN{",THEltd 

USR=US*C0 + VS*Cl 

VSR=VS*CO - US*Cl 

DO 108 1= 1 9 I X 

DC 107 J=l ~IY 
XP=XX( I ",J) 

YP=YY{I.,J) 

.x 1=1 =X P""X EV E 
\fPl=YP-YEVf':: 

RSML=SC~T(XPl**2 + YP1**21 
IF{MOfHH+,,,,}.2'.EC .. lH:(] TO 109 
A=-YPI*CI0 -XPl*Cll 



-'Ii 
Ui 

c 

A= XPl:/f.C10 -YPl*Cll 
[F'RSML$LT01.0F-l~) RSML= I.OE-IO 
IF{RS~L.LE. q)GC TO lr5 

C POINT IS OUTSIOF. RADIUS TO MAX WINDS 
C 

C 

C 
C 

C 
C 

C 

105 

106 

Sl=RI'{R4-RSI<IL» 
S2=(VRI'RSML>*(R/RSML}**.45 
GO TO 1:J6 

POINT IS INSICE RADIUS TO MAX WINDS 

S 1 =R S M L j' { R 4- R S l\I L ) 

S2=(VRI'~SML}*({RSMLI'R}**1.5) 

X 1 = < U 5 R * S 1 } {- { f, *- 52 } 
Yl=(VSR*Sl)+{8*S2l 

ROTATE VEL(CI1Y PCk CU~V (RIC 

C=CC:SG { 1., J } 
S=SING{Y~J) 

XR=X 1 *C -+V 1 *S 
YR=Yl*C"'Xl>JtS 
X{:["J}=XR 
V { I. J )=YR 
GC TO 107 

109 ROIST=22.*-.84!c7 
PP=POHFINF"'PiH*EXP{ ... RCI Sl'I'RSML} 
P{I.,J)={PI~Fe~~}*-.Ol 

107 CONTINUE 
1. 08 CCNT .H>4UE 



-..,j 

O'l 

DO 110 ...1=·1. IY 

DC 110 I=ldX92 
IF«j/2J*2@EQeJJGC TO 112 

WIND(I.j)=X(I.J) 
WIND(!+I.J)=V(I"J} 
GO TO 11;1 

112 IF(I.EO.IX'GC TO 110 
W I NO { I 9 J) = X ( I -+ 1 "J ') 

WIND! 1+ 1. J )·=Y{ 1+1 • ...1) 

110 CCNTINUE 
RETURN 

END 
FUNCTION YLftN[(XDJ 
DATA YRANGE/17./ 

YLAND=ABS{ XD"' .. YRANGE )/7. 

f'ETURN 

END 




