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PREFACE

This report is published tr vrovide coastal engineers with the results
of a study to develop an oper. .onal program for numerical simulation of
: storm surges on a given segment of the Continental Shelf, using a curvi-
3 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).

T2i§3X9l2EE_!é§_2I2Eﬂxﬁd_hx»lnhn_i‘tﬂaqggxath; Volume I was prepared
by John J. Wanstrath, Robert E. Whitaker, Robert 0. Reid, and Andrew C.
Vastano, Department of Oceanography, Texas A&M University, College Station,
Texas, under CERC Contract No. DACW72-73-C-0014. Most of the computational
work in the development and application was carried out at the National
Center for Atmospheric Research which is supported by the National Science
Foundation.
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The authors express their appreciation to Thomas J. Reid for assist-
ance in program coding, and to Dr. D. Lee Harris, CERC, for very con-
structive comments on the draft of this report.

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

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th
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e |
OHN H. COUSINS
Colonel, Corps of Engineers

Commander and Director




o

; W b LB g Bt £ S G SRS

Sac

A

PRECEDING mai_,’hm,m FIUED
CONTENTS
Page
CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) 6
I 1 T A1 Rl e EAA gl e G A L p gt e e R s 7
11 COMPUTER PROGRAM DOCUMENTATION FOR PROGRAM-CONFORM.

8
1. Program Purpose . . : . « & » « » 8
. Program Description . e R G R R e S 8

FYpel o CoMpuEe I | L e S U U el e o e e e &
. Input Data. g 9
. Mathematical Procedures and Program L1m1tat10ns : - 10
. Flow Chart. . . . . : e e S S |
. Glossary and Descrlptlon of Terms e R SR e 15
Enputt andiOoEput o e e e e e o s e e R T

O AUTH NN

ITI COMPUTER PROGRAM DOCUMENTATION FOR PROGRAM-GRID . . . . . . 20

L+ Program PUEDOSE. i v o s Bl i corie wile o v o nii ek wipieis 20
« Program DeSCEiptiont . s v o T n e f 0 e e e e e s 20
. DypetofiComputer. s. L G CRIRE s eee ee  2E
Input Data. . . . Eegning © T 22
Mathematical Procedures and Program L1m1tat10ns ik a 22
FIOR CBARE .o v ¢ v s = ange s om w E E ew w WR s LD
Description of Terms R S e e e D
Inpit e andiOuEpuE ST e R e e b e L BB

OOV LN

IV COMPUTER PROGRAM DOCUMENTATION FOR PROGRAM-SSURGE . . . . . 35
L. s PEO s amuBUrpOSe il o e R e e st e o 9O

2. Propram Description i . v o it s s s on x v en v owoa  OD
3. Type oEGoMpuEers il - et L L e L e s e e e e 96
4. Input Data. . . . AR e
5. Mathematical Procedures and Program L1m1tatlons S (e 38
6. Flow Chart. . . . . S e S S e WP
7. Glossary and Descrlptlon of Terms R G e DR |
8. Jbut SRGOIEHGEt . v v ke e e R e W e
APPENDIX
A FORTRAN LISTING OF PROGRAM CONFORM. . . . . . . . « .« « . . 68
B FORTRAN LISTING OF PROGRAM GRID . . . . . . . « . . . . . . 113
C FORTRAN LISTING OF PROGRAM SSURGE . . . . « . « . « . .. . 150




+

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 (SI)

units as follows:

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

! 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.




STORM SURGE SIMULATION IN TRANSFORMED COORDINATES

Volume II. Program Documentation

by
John J. Wanstrath

I. INTRODUCTION

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

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

The second program, GRID, develops the detailed computing grid
information, based on the mapping coefficients evaluated by CONFORM
plus coordinate stretching information supplied by the user (see
Section III of Volume 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 Island
region.

Program SSURGE (Shelf Surge) carries out the numerical integra-
tion of the storm surge equations in the transformed coordinate system
supplied by CONFORM and GRID, using a parametric representation of a
hurricane wind field and pressure field. The theory is given in Sec-
tion 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 this volume contain detailed FORTRAN listings
of the three programs in this application. The data to be supplied
by the user for other applications are discussed in the documentation
of each of these programs.
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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 Defines constants. Reads and writes the 1
coordinates delineating the given coastline 4
and seaward boundary curve. Calls Subroutine
COEFFS. 2

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

FUNCTION XTRAN Is the transformation function x(&,n)
FUNCTION YTRAN "~ Is the transformation function y(&,n)
3
SUBROUTINE SLFAC Determines the scale factor and derivatives,
9x/3& , 0dy/d3& , for a given value of £ and
0 =
SUBROUTINE CUR1YB Determines the necessary parameters to fit a

spline under tension through the given coast-
line coordinates. The spline is fitted with
Y2 as a function of X2 .

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




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

SUBROUTINE CUR2YB Determines the necessary parameters to fit a

spline under tension with X2 as a function
of coastline arclength.

FUNCTION CUR4YB Interpolates the given coastline returning a
value of x at a specified value for arclength.

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

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

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

3. Type of Computer,

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

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

4. Input Data,

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

(1) Card 1
IWANT, MQ, MOP, NMAX, Continuation flag, number of shore-
JMAS1, 1L, VARWT line and seaward boundary coordinates

T 00T N 2 S T T T L —— TSt .l s~ o~




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,¥2 The x,y coordinates (units in x,y space) of
the given coastline in the region 0 < x < X
are read with one pair per card in format 3X,
F7.2, 3X, F7.2 (1imit 150).

(3) Card Group 3

E X2P,Y2P The X,y coordinates (units in x,y space) of
the given seaward boundary curve in the region
0 < x < A are read with one pair per card in

format F7.2, 3X, F7.2 (limit 150).
Optional Card 4, Card Group 3, and Card 6

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

(4) Card 4

B, BZRO The values of B and By 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

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

(6) Card 6

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

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

5. Mathematical Procedures and Program Limitations.

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




6. Flow Chart.

MAIN - CONFORM

Y

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

!

both given curves are multivalued in y for a specified x value.
The only program limitation relates to the computer memory capacity.
No program error messages or consistency checks are incorporated in
this routine.

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)

b

Yes

Read transformation
coefficients and
weighting factors

No

CALL SUBROUTINE COEFFS




SUBROUTINE COEFFS

Compute coastline arclength

Arclength computed directly
from given coordinates,

X2 . ¥2)

Yes Consequently, assumed that
used has sufficient data
points to accurately define
the curve.

Stored in ARCYB

COASTLINE HAS
FOLDBACK,
IYB=1

. CALL CUR1YB I
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
) 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.




Arclength computed
directly from X2P,
Y2P.

Stored in ARCYA

No

CALL CURIYA
Arclength computed from a
spline. Stored in ARCYA

CALL CUR2YA

v

CALL CUR3YA

v

Write coastline and seaward boundary
coordinates and arclengths.

!

Compute CS and SN where
CS = cos (nkg) ,
SN = sin (nkg) ,

for n=1,2 -++ NMAX
and &=(i-1) A»/(IL-1)

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

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




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

ATXB , ATBY and ATXA , ATYA

- =

Compute B and BZRO

: |

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

v

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

|

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- A
mined from the arclength of the new transform-generated
curves for the next iteration. Write the values.

COMPUTED VARIANCE

ICOUNT = ICOUNT + 1 A

Yes

ICOUNT < JMAXI




7. Glossary and Description of Terms.

Arrays

X2

Y2

X2P

Y2P

COB

cocC

DUMB

DUMC

ARCYB

ARCYA

SN

Cs

ATXB

ATYB

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

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

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

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

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

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

Dimensioned NMAX. Contains the iterative value for Bn
(max. 200) .

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

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

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

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

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

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

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

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

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

R,S,T,U 2 y

V:W,X,Y’ Dimensioned IL. Temporary storage.

Constants

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

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

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

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

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

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

XLAMDA A = X2(MQ) = X2P(MQP)

XK k = w/A

A -B

B B

BZRO Bo

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.

b
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8. Input and Output.

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

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

The results from CONFORM required by Program GRID are B8 , B ,
and the coefficients, B, and C, . 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 80 for the first 20 iterations,
(2) For the next 10 iterations, NMAX is 60 and IL is 120.

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

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

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

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




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

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




The following input is required by CONFORM to conformally map the Laguna Madre, Mexico
to Marsh Island, Louisiana region into a rectangle in the image plane. Note the fourth and
fifth parameters on the first card image 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 INPUT DOATA
c
1 a7 40 150 15006001 360000 110,00
c c
c c
c COASTLINE COORDINATES 4 SEAWARC ECUNDARY COORDINATES
c c
c c
000400 €3500 000600 0CZze00
005450 040.00 007450 0C=eCC
010450 Caa,80 016400 010400
018400 €S1400 021450 014450
028400 €S54 00 028400 019400
040400 066480 036400 02:400
050450 €73.00 045400 028400
056450 C7€450 056,00 022400
f 063400 82400 060400 036400
| 070400 €S3400 C6€e 00 040400
074,00 102,00 077.00 086400
076450 1C€450 085400 051400
079400 116400 089.00 055400
082450 127,00 095,00 0€4,00
088400 127,80 106,00 076400
095400 14€.00 110400 084400
106,00 14400 112400 89400
121400 1€2.00 113.50 065,00 3
136400 167400 114,50 1C100
153,00 1€€4 30 11750 1CE.,00
158,0C 16€.00 121,006 11200
161450 167430 127.00 116400
166400 16€480 139,00 121400
17100 165 00 153,00 123,50
183,00 168400 16500 122400
197,00 16€.00 179400 115400
i 214,00 165408 193400 115.c0
| 230,00 16€400 213,00 104,00
| 242,00 16790 229400 052400
F 250,00 1€€e 70 2646400 080400
| 253,40 167.20 257400 071400
| 257400 169050 26700 0€€400
265.00 165400 276400 062400
280400 166400 289400 05€¢00
! 291400 1€2,00 298400 085400
4 296,00 155430 307.00 042400 g
298450 155490 318400 035,00
303,00 159400 333,00 027400
314,00 1£3400 347.00 020400
! 323,00 148,00 360400 014400
b 328400 142,00
g 331.00 137.20
|4 335450 129420
E: 342,50 121400
& 349,50 11%00 5
% 352450 113,00
b
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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 locationms, and, at each
grid point, the orientation of the £-axis to the x-axis .

The program GRID is composed of

MAIN Defines constants. Reads transformation coeffi-
cients outputed from CONFORM. Reads water
depths along a line near center of grid from
the seaward boundary to the coast. Computes grid
point locations, scale factors (u, v , and F),
and, at each grid point, cos 8 and sine 6 .
Writes computing grid information.

SUBROUTINE XUT Writes information transferred into XUT.

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

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

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

SUBROUTINE TRAN2  Computes 3x/df , dy/3€ and 6 = tan-l(%§§%%3

SUBROUTINE CURV9  Contains the expansion curve Y = Z + B(X")
where A, B, and C are constants. The term
Y is either Sp (units, nautical miles) or T
(units, minutes). The term X ic cither S*
(units, nautical miles) or T* (units, 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 .

Type of Computer.

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

a) 150 transformation coefficients, Bn or Cn H

b) 121 evenly spaced values of ¢ for determining the
transform-generated coastline arclength as a function
of §;

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

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

e) for determining the scale factor F , the area in x,y
space of each quadrangle is approximated by using 4
evenly spaced increments between £ isolines and 2
evenly spaced increments between n isolines,

2l




For production runs, smaller sampling intervals might be required
in b, ¢ 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, Number of mapping coefficients, number of ¢

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

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

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

(2) Card 2

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

(3) Card Group 3

COB,COC The NMAX cards containing the Fourier-type
transformation coefficients, Bn and C ,
in format 2E14.7. -

(4) Card Group 4

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

5. Mathematical Procedures and Program Limitations.

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

S = A+ B(s*)"

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

6 nautical miles, the number of AS* intervals of each region and
the value of 23Sp/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 AS* )

38p _ 7.6225 at S*

38 * 176 nautical miles

L}

]

Bp .5 at  S*

38 * 236 nautical miles

S =8 at S*
P P

236 nautical miles

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

a5p *
35+ 1.5 at S

236 nautical miles

25 . *
5G* 15 at S

i

260 nautical miles

[ S =8 at S*

260 nautical miles
P P

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

§§§-= 1.5 at S* = 260 nautical miles

%§§'= 1.0 at S* = 302 nautical miles

———

S
P

302 nautical miles at S* 302 nautical miles

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

|A

356 nautical miles

%2% ® 1.0 at S* = 302 nautical miles
i %gg = 1.0 at S* = 356 nautical miles
; S, = 302 nautical miles at §* = 302 nautical miles
;
1
.
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{

EE RS T




%
'ﬁ\'
e
7
&3
.&
.

<
-
¢

For region V, 356 nautical miles < S* < 452 nautical miles
(16 intervals of AS* )

%%E = 1.0 at S* = 356 nautical miles
%%% = 2.7 at S* = 452 nautical miles
S = 356 nautical miles at S* = 356 nautical miles

P

A similar procedure is followed for the expansion function
T=A4+ B(T*)C

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

MAIN - GRID

!

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

ND, NS, XLAMDA, SLMAP, and XIDUM

-

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

v

Determine and write transform-generated coastline

and seaward boundary curve coordinates for N4 evenly

spaced values of & (0 <& < 1) . Store in ATXB
ATYB, and ATXA, ATYA.

v

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

b

Store Sp in X2 .
Store & in Y2 .

v

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

l

Defines number of expansion regions (IRG)

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

number of AS* grid intervals of each
region (IIC).

25
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Determine appropriate values of £ for
evenly spaced values of S* .

For i = 1,2 -+ NUMXI

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

CALL CURV9
Computes Sp for a given S* .

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

Store ¢ in XI.

Determine and write coordinates and arclength
Sn (nmi) along a particular isoline of ¢
(=XIDUM) for NS evenly spaced values of n ,
e ) s N

Store S in X2,
n

Store n in Y2,

v

CALL CURV 1




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

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

Store T in X2P.
Store Sn in Y2P.

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

l

Define number of expansion regions (RG) for T(T*) ,

coefficients A, B, and C, and number of AT* grid

intervals of each region (IIC). If TIIC(1) = NUMETA-1,
compute AT* .




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

For j - 1,2 .. NUMETA

*
T (j-1) x DELTT

CALL CURV9

Computes T for a given T*

Function CURV4

Returns a value for S, given

T. Arrays X2P and Y2P can-

not be altered from the last
call of CURV3.

Function CURV2

Returns a value for n given

S, - Arrays X2 and Y2 can-

not be altered from the last
call of CURVI.

Store n in ETA.

l

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




@

CALL SHRCOR
Determines and writes the grid point coordinates
in x,y space and the distance (nmi) between
grid points.

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

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

Store yu 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.

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

.. NUMXI-2.
. NUMETA.

b

NN

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

b
b

29




Determine and write cos 6 and sin 6 where
6 1is the orientation of the £ axis to
the x axis.

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

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

1,2
1,2 .. NUMETA.

30
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7. Description of Terms.

Arrazs

All arrays except COB, COC, XI and ETA are reused throughout the
program. The user is cautioned to consult each major program divi-
sion for assessment of array contents.

X.Y,Z Dimensioned NUMXI x NUMETA.
X2,Y2
X2P,Y2P

ATXA,ATYA

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

A, B, C -

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

SX Dimensioned NUMXI-2.

SY Dimensioned NUMETA.

COB Dimensioned NMAX. Contains the conformal mapping
transformation coefficients, Bn'

cocC Dimensioned NMAX. Contains the conformal mapping
transformation coefficients, Cn'

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

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

Constants

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

NUMXI Number of computing grid & 1lines. With respect to the
computing grid in Program SSURGE, there is an extra ¢
line at each lateral end. This requirement results from
the averaging procedure used in determining the grid
data.

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

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

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

DXI = 1852 -
nmi

x AS* nmi x [SLMAP nmi__ . ounit ]
X,y unit

DELTT The value in minutes at AT* . This corresponds to DETA
in Program SSURGE.

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

. m P nmi :
DETA = 1852 . AT* min x [ SLMAP ST i X v unit ]
SSSTRT The first value of S* in nautical miles.
ND 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.

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

XLAMDA Horizontal extent of the mapped region in units of X,y
space.
[ XIDUM The particular value of & wused in determining n(Sn) 3
* SLMAP 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).

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

N4 The number of points used in determining & as a function
of arclength Sp .

IRG The number of expansion regions of SP(S*) or t(T*) .

32
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IQUAD The area in x,y space of each grid quadrangle is sub-
and divided into IQUAD intervals between ¢ lines and
JQUAD JQUAD intervals between n lines.

8. Input and Output.

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

|
|
]
i
|
|
|

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

i 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 1
seaward boundary coordinates, the transform-generated arclengths along
the coastline and seaward boundary, and for each of the five sections,
oSp/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 g£-line
such that AT* 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 u 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

i 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.

:

I
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IV. COMPUTER PROGRAM DOCUMENTATION FOR PROGRAM-SSURGE .

1. Program Purpose.

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

2. Program Description.

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

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

The Program SSURGE is composed of:

MAIN Defines constants and interfaces the
subroutines.

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

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

SUBROUTINE WINDF Calculates the wind and atmospheric pressure
fields.

SUBROUTINE ELEV Computes the water level anomaly, H .

SUBROUTINE FLUX Computes transports, QS* and QT* .

SUBROUTINE DRAW1  Outputs H and vertically averaged water
velocities, Qs*/ﬁ' and QT*/ﬁ',

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

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

Type of Computer,

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

Input Data.

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

(1) Card 1

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

(2) Card Group 2

NT1 cards with each card containing values of

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

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

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

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

36

P 0




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

e) PZRO Atmospheric pressure in millibars of the storm

center (format F10.1).

(3) Card 3

NT2 - Number of cards (max.150) containing on each

TIMPOS, XPOS and YPOS (format 15).

(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 F10.

1).

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

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

(5) Card Group 5

GRID2 The fluid depth in fathoms relative to
level along each column, i=1,2..IM, is
a nested do-loop for j=1,2..JM (format
The program will zero those values for
prior to computations. The depth data

mean sea
read with
11F7.2).
even i+j
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=1,2..IM, with a nested do-loop for j=1,2..JM

(format 5E14.7).

| (7) Card Group 7

DSDXI  The values of the dimensionless scale factor, u,

transforming £ to S* are read with
per card for i=1,2..IM (format E14.7).
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(8) Card Group 8

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

(9) Card Group 9
HOBS1 The values of the observed hourly water level
in feet at grid location (IH1, JH1) are read
with 19 values per card in format F4.1.

(10) Card Groups 10 through 14

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

(11) Card Group 15

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

(12) Card Group 16

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

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

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 QT* , are computed at the same location

but are staggered in time and space with respect to the water

38

-




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

y

Define constants

v

CALL ZERO
Initializes all arrays to zero

v

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

N odd
and < NMAX

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

v

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

v

r** CALL DRAW1
outputs H, Qg+/D and Qr«/D at hourly time
intervals and saves information for output
at program completion

CALL FLUX
computes transports, GRIDI (i,j) and GRID2(i,j)




Glossary and Description of Terms.

Arrays
GRID1

GRID2

DSDXI

DTDET

XX

YY

COSG

SING

WIND

HOBSk
k=1,2..6

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

Dimensioned IM x JM. Contains fluid depth values,
D, , in meters at odd i+j and QT* in meters squared
per second at even i+j

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

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

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

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

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

Dimensioned IM x JM. Contains cosine values of 6
relating the orientation of the &-axis to the
x-axis at the computational grid points.

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

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

Dimensioned IM 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
(IHk, JHK).

41



HYDK
k=1,2..6

UCMk
k=1,2..6

VCMk
k-1,2..6

TIM

ROT

RAD

VRMAX

PZRO

TIMPOS

XPOS

YPQOS

Constants

M

JM

NMAX

Each array is dimensioned 300.
of the computed water level H
grid locations (IHk, JHkK).

Contains values
in meters at

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

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

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

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

the region of maximum winds.

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

Dimensioned 50. Contains the maximum observed
windspeed in knots.

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

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

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

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

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

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

DXI Grid increment in meters in the S* direction.

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

DELT Time increment in seconds. DELT must be less

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

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

F Dimensionless seabed drag coefficient (=0.0025).
IHk, JHk Grid point location for saving the computed water

k=1.2..6 level. The sum of the indexes must be odd. Index
il i IHk cannot exceed IM. Index JHk cannot exceed JM.

1Tk, JTk Grid point location for saving the vertically
averaged water velocities. The sum of the

bkl indexes must be even. Index ITk cannot exceed
IM. Index JTk cannot exceed JM-1.
CORIO Coriolis parameter (=6.70875 x 10 ° second 1) |
for latitude 27° 23.232' N. |
PHI Wind ingress angle in units of degrees. J
PINF Far field atmospheric pressure in millibars {
(=1016 millibars). |
|
|
Comments I
|

1. A symmetric analytical hurricane wind field representation |
as given by C. Jelesnianski (1965, A numerical calculation j
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). i

; 2. The wind stress coefficients, K; and K, , are 1.1 x 1076
! and 2.5 x 10® 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° 23.232' N.

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

For the Carla surge computations, the hurricane characteristics are
stipulated at 6-hour intervals for the first 18 hours and at 3-hour
intervals for the remainder of the 66-hour prototype time simulation.
Note the radius to maximum winds are in 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
p ) 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 (HOBS1), Aransas Pass (HOBS2), Port O'Connor
(HOBS 3), Pleasure Pier, Galveston (HOBS4), Mud Bayou (HOBS5), and
Sabine Pass (HOBS6). These data are not necessary for any phase of the
surge calculations and may be omitted.

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

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

The storm parameters, hurricane center coordinates, and depth field
are printed out immediately following input. At hourly time intervals,
the water level anomalies and the depth averaged velocity component
fields are printed. The six simulated hydrographs and current meters
are printed out with their positions and the corresponding observed
water levels at the completion of the surge simulation.
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(3KHNIS%2XT13A)7°1 = NIHNIS
(SdX3/°1le54X3) %xS* = SHNIS
(S732)dx3 Sdx3
X 130%xavn915 = S30
eXM30/((1)cA=(1+4])2A) =2X0
(I)BADGv=(1+41)8AI8¢y = Z2X13d
Iant2 = 1 2 0Q
£ 31 39 (Z°03°N) 4l
OVIAdS%®NIOVIU = (1)S
(ST30=SHNIS)%®NIHNIS = 9VIddasS
(ldd1S=1IXxAd)xNIDVII = (1)3
IDv1d/°*1l = NIOSVIdA
{SHNIS=(SAdX3/° 143dXd4)%G* %3 13A)*NIHN1IS = 19VIU
(SANIS%TX133)/7°1 = NIKHNIS
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(SaAX 3/ °1l=ScX3)ks5°® = SHNIS

(S713G)dX3 = Sax3

IX33*x3v¥wDIS = S130
((1)BADYVe (N)HADHVY)/ (I=N)x(VWOIS)SHEY = dVWOIS 1

Nd15 = Nddls

Idl1sS = 1ddTs

S UL 09 (*0U°L°VNOIS) 3JI

IXA3G/7((1)cA=(2)2A) = 1IxQ

(1)8ADdv=(2)adAddy = 1X7133

1+N = 1dN

I=N = TIAN

OW =N
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(03 1)U NOISN3WIA

(0SI)ZA ¢ (0S1)exXx NJIISN3WIQa
(0S1)4ADdv NOISN3WIO

( LI ¢ VASIS ¢ 1 )BA33ND NOILDNNS

aN3

N3¥N1i3y

*0 = (¢)a

°0 = (1)@

I O41 09

(N)CAXTID + (TAN)ZA%RECD + (C=N)2AxED = NddIS

IANT30/NNT130/N130 = £D
IWNI3G/NI3I/NN133= = 2D
NI3A/NNTI3 Q7 (NT3G+NNT3G) = 1D
(2=N)3ADHv=(N)BADINY = NNTI3Q
(Z2=N)BADHV=(TWN)}3IAIYY = IWNI3Q
( TAN) BAD4V= (N)BADYY = NI3d
(EI2AXED + (2)2A%2D + (1)CA%x1ID = 1ddiS
2Xx130/21X134/1X13G= = €D
X130/ 1X130/21X7130 2>
IX133/21X7133 /¢ 1x130#21X1332)= = 1D
(1 )8ADNVe(E)BADEY = 21IX73Q
(2)BADAV=(E)HADHY = 2SX13Q
9 0L 0d (2°03°N) 31
N¥N13y
CI1+Xv31)a *x(3val)s = (MVEI)a = (Mveal)d

I=1idN = »val
N2 =1 % 0a

(CIWN)O *OV]I0dS=2XA=NddIS)*NIOVIaQ = (N)C
((CIWN)S «OVIAdS=1dVviJ)/*1 = NIOVIQ

2ovIU = 19viaQ

2xa = 1Ixa
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ON3
N3N13Y
1 =11
ST130/(C 2133*%((1=1)3 = (I=1)2A)6
+ I730%((1)0=(I)2A))+SHNIS/ (CAHNISx(I=] )a + IQGHNIS*(I)0 ) =8ASHND
(SdX 3/ *l=wSaxXx3)*5°* = SHNIS
SdXx3x1SdX3 = SdXx3
(Sax3/°T=SdX3)«5° = Z2AHNIS
(2130%dVADIS)dX3 = SdX3
X (1SdX3/° I=ISdXx3)«S®* = TAHNIS
(17130*dVWOIS )dX3 = 1Sdx3
(1=1)8Ad3ve(I)BAddvy = S73C
l=(I)8Aduy = 2730
(1=]1)8ADdV=1l = 17730 ¢

1 01 09
e =11

v O1 09 ( (1)8ADHV °*37° 1 °*y¥0° 1 °*°37° (I=1)8AD3Vv )l €
N =1

3NNI LNGD 4
g¢2¢2 ( L=(1)8ADdV )4l
N*1I = 1 200 1
¢ =11 (1°03°11) 41
S/(1=N)*(VADIS)SHVY = dVWOIS
(1)8Auv=(N)3AdDYY = S
OW =N
© 340438 G3TIvD 38 1SNKW IAESIND 3NILNIOHINS *HION3I DYV 3vINDIiLavd SL1 4v D
A dO 3NTVA 3HL SI SASYNI NI GSNINL3IY 3NTWA 341 *41ON3I DYV 3HL D
404 INTWA NIAI9 v 1v ANITLISVOD 3HL S31VvI0OdY3ILINI NOILONNL SIHL O
OW * CA *2X /BA/NOWWDOD
AUV /3 A7 /NOWWOO
a /ONHIOT /NOWWOO

&l\u ok dlaimand e o #




(s133 )ox3 Sdx3
SX 13UxdvVn91s = ST30
SX MBI/ (1)3CA=(1+1)d2A) =<ZXxa
(I1)dex=(1+41)c2Xx = Z2Xx7130
IAaN*Z = 1 2 00
€ J1 2D (2°23°N) JI
OvVIAdSxNIOVIU = (1)S
(ST30=SHNIS)xNIHNIS = 9VvIdds
(1ddIS=1xG)%xNIDdvIJ = (1)3
19vIU/Z7°*l = NIOVIQ
( SHNIS=({ SdX3/° 1+9aX3) xS* xS 13TIxNIHNIS = 19VIQ
(SHNISx*IXT133)/°1 = NIHNIS
(S3ux 3/ °I=3d4X3)%3°* = SHNIS
(S133)dXx3 SdX3
IXI3UsdVWOIS = S3d
(D) deX=(N)deX)/ ( I=N)%x(VADIS )58V = dVAOIIS
N3dTS = NddsS
Idds = 1ddls
S 31 09 (*0°L7°VNO1IS) 4JI
IX73a/7((1)32A=(2)32A) = 1IXQ
(1 )aex=(2)ag2X = 1X730
I+N = IdN
T=N = IWN
dOW =N

342X 40 NOILDONNY v SV dZA==3NITTdS S4Id

dDW ¢ d2A * dZX /v A/NOWWKDD

S /SNHOF/NOWWOD

8 /3NHIF /NOWNDD

(0ST )d2A ¢ (0S1)dex NOISN3WIQ

(809)S ¢ (CS1)8B NOISN3WIGQ

( VAD IS ¢ NS ¢ .1d71S )IVvAIAND 3 NI LANOYBNS
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e

0 = (1)8
1 G1 09
(IN)ACA*TD +(TWN)AZA%ZCD +(cC=N)d2A«ED = NddIS
TWNI3AZ/NNTI3IG/NISA = £D
IANTI3T/NTI3A/NNIIU= = 2D

NISA/NNI3A/Z(NTISTI+NNTI33) 1
(C=N)dZX=(N)dZX = NNT30
(c=N)deX=(InaN)dZX = TWNTI3A
(TWN)dZXx=(N)deXx = NI3dJ

(E)dEA%ED +(2)deA %20 +(1)dcAix1D = 14d1S
SXM33/2 X3/ 1 X133~ £D

Zx 1347 ix130/¢ i x130 &
IX13A/72IX13UZ7¢ IXA3U+CIX 13T )= = 1D
(T)deXm({g)decX = 21X1130

()acdx=(e )d2X = X130

9 34 29 (S°04°N) 41

NAMN13S
(t+ival)a x(xval)s =(Mdvdl)a = (dvdl)dH
I=idN = VvEl

N¢e =1 % 0d

(CIAN)8 *OVI0dS=2ZXU=Nad13)%NI9vId = (N)E

((IWN)S «9vIJd4S=idvlJ)/s°1 = NIOvVIO

¢oOVviu = 19via ¢

cXu = IXG
OVIOouS*NIDVId = (I)S
(3130=SHNIS5 )xNIKNIS = 95vIddS
((1l=1)6 *2VIloS=IxU=2XA) xN1DVIJ = (1)8
((I=])5 *OVIddS=29vIg+1Dvid)/*1 = N19VIQ

(SHNIS=((SdAX3/° I45dX3)*S°%) %5 13U) *NIHNIS = 9vIO

(SHNIS%xSX13U)/°1 = NIHNIS
(SdX3/°TI=Sdx35)«s® = SHNIS
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*X 04

( SAX3/° 1=SdX3d }x5®* = SHNIS
SaXx3*x1SdXd = Sdx3
(SdX3/° 1«53 X3 ) %xS°* = ZOHNIS
(Z2130%aVWOIS)dXd = SdxX3
(15dX3/7°1I=15dx3)*5° = 1OHNIS
(1133 %3VADIS)dXI = [SdX3

(1=])d2x=(1)dex = ST3a
1L = (I)dex = 2713a
(I=])dex=4 = 173G ¥
I 01 0>
c = I3
v JL 09 ( (1)dex *37° L *¥0° 1 *37 (1=1)a2Xx )l
N =

3INILNOD 2
£*2¢* 2 ( 1i=(1l)acXx )3l
N¢TI = 1 ¢ 0d 1
2 = 11 (3°03°11) 41
S/ (1wN)%x(VWKO1IS)ISHY =VdVWOILI S
(1)dZX=(N)deX = 3
i dOW =N
*4317¥V3 g31IVD 38 15Nk VAL&ND 3INILNQHENS
* 1V A 40 3NTIVA 3HL SI VAASND NI J3N3NL3¥ 3NIVA 3H1L
3NTIWA NSAID ¢ 1v  ANMUY OuVMVE5S 3HL S31LVv I0G¥3LNI NOILONNS STHL
JdOW ¢ Jd2A * 32X /VA/NOWWOD
g /3NAQFC/NOWWOD
(¢31)8 NJISN3WIG
COSTE)dCA * (uSl)d2Zx NDISN3IWIQ
( L1 * VASIS * | )IVAASND NOI ADONNJ
aN3
NaN13y
*d = (¢)8

2
b
2
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(S5dX3/7° 1+53X3)*3° = 2AHSOD
(2130%3dvANDIS)dX3 = SdX3
(ISdX3/7°T +1SdX3)es* = TAHSOD
(17130*%dVADIS)dIX3 = 1SdXx3
(l=])dex=(1)dex = ST30

1 = (I)déex = 2730
(I=]1)d2X=L = 17130 ¢
1 01 09
c =11
7 0L 09 € (T)gexX °*37° 4 °*y0° L °*37° (I=1)dlXx )dl
N =1

3NNILINOD c
g2 ( Ll=(1)d2X )d1
N¢1I =1 2 00 1
€ = 11 (1*°03°*L1) 31
S/(1=N)*(VANDIS)SBVY = dVWOIS
(I)deX=(N)dgeX = S
dOW =N
331 YV3 I3T7WDO 383 ASNA vATsND 3NI1NOH6NS
*X IV XG/AQ 30 3N1IVA 3HL S1 VvAQYND NI G3N3NL38 3INTIVA 3HL °*X ¥C3d
ANTIVA N3IAIO V LV  A¥08 GVMY3IS 3HL S3UAVIINIY3II4IAQ NOILONNS SIHL
dOW ¢ d2A ¢ dcX /v A/NOWWODD
8 /GNHOF/NOWWOD
. (CS1)3 NIJISN3WIQ
(0ST)d2A * (051)d2X NOISN3WIO
( LI ¢ VADIS ¢ 1 )VAQEND NOILONDNS
GN3
N3 NL13y
1 =11
S130/(C 213 *((I=1)3d= (1I=1)d2A)S
IM30%((1)8=(I)d2A) )+5HNIS/ (CAHNIS*x(I=]1 )8 + IGHNIS%(I)3 ) =VAAEND
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1ovIa3s°1 = NIOVIO
(SHNIS=(SdXI/°1+5dX3)*5°xS13U)*NIHNIS = 19VIQ
(SHNIS*1IX13G)/7°1 = NIHKNIS
(SdX3/° l=Sax3)&«S°* = SHNIS
($733)dX3 = Sdx3
m IX130%dVAD I3 = 57130

((T)VADUV=(N)IVAIUV)/(T=N)k(VWIIS)S3?v = dVWOIS 1

Nd S = NddS
1475 = 1d491S
G OL 02 (°*0°i1°YWOIS) 31
IXI307((1)d2x=(&)d2x) = 1IXQa
(1)VADSVe(Z)VADNY = IX130
1+N = 1dN
i=N = IWN
dJO0W =N

VADHY 40 NOILDNN4 V SV dZ2X==3NI1dS S1Id4 D
40N * d2A * dZX /VA/NOWWOD
VAD YUY /¥ AV /NOWWOD
S /SNHGOr/NOWWOD
3 /3NHIC/NOWWOD
(051)d2A * (051)ca2x NOISN3IWIO
(80%)S * (0531)3 NDISN3WIQ
( OST)VAD3v NJIISN3WIQ
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ﬁ ( YWOIS ¢ NS ¢ 1d7S )vAZaND 3INI LNCHANS
N3

g NaN13y

* I = 11
SIIA/(((I=I)@m( =] ddcAd=( (1 1

)8=(1)d2A) )+SHNIS/(204S0d*(I=1)8 =1JHSIOx(1)3 ) =v AQuND
dVWO IS/ (Sax 3/ *1=SagX3)k5® = SHNIS
SdX3*15dX3 = Sax3

P T T R S




Az )dexxE ) +(2)acxXx%2D +(1 )dcXs 1D = i(ddlsS
X133 /2 X130/ IX130= £D
SXI3A/71x133 /21130 2>
IXT730/721X0307( IX13G+21X 130 )= 12
(I1)YADdve(E)VY ADHY = 21IX130
(C2)VADHVe(E)VADHY = 2X113a
9 0L 39 (Z2°03°N) 41 ¢
NdN13y
(T+X%VE81I)3 x(MvEl )5S =( VBl )3 = (M»w3l)3 v
I=1dN = >vgl
v¢2Z2 = 1 v DQ
((TWN)3 %x9V]IUdS=2 XU=Ndd1S)%*NIdv I = (N)3
(( IAN)S *9VIJddS=[(9OVIU)/*1l = NISVIQ
cOvid = 19VvIdQ
exXa = 1x3g
OvIddS*N1IOVviIa = (1)S
(S13]3=SHNIS)%®NI4NIS = 2v1ddsS
((T=])3 %9VIQdS=IX0=ZXA)xNIOVIC = (I )3
((I=])S *¥9V]IJdS=29V IO+1I9vIG)/*T = NISVIG
(SHNIS®=((SoX3/°1+Sdx3)%S° )xST3A)%xNIANIS = ZdvIa
(SHNIS %ZXT13Q)7°*1T = NIHNIS
(SAdX3/°1=sS3dX3)%5°* = SHNIS
(ST133)ox3 Sdx3
cX 13Uxdvnw9Is = ST3U
2x133/7((1)dex=(1+I)dcXx) =2Xxq
C1)VADEVYV=(TI+]1)VADyY = 2X30
ianN*Z2 = 1 2 0a
€ 04 2D (2°03d°N) dI
OVIGAS%NIOVIG = (1)S
(ST30=SHNIS)%RNIHNIS = 9vIaAdS
(1ddIS=IXxU)%xNIDVId = (1)3
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ruan
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7 UL @9 € (1 )vAD¥Y *31* L1 *30* 4L *@T* (1=1)vAddy )I1 £
N =1
SONILNOD 14
22 ( L=(1)vADddv ) dI
N*TL1 = T © 04 1
¢ = 11 (1°03°L1) 4dI
S/(1=N)*x(VWDIS)SHVY = dVWOIS
(TIVADOV=(N)VADYUY = S
dOW =N
*380434 G3TIVD 56 1STW VAZHEND SNILNOE3INS *HIONI D3¢ 3vIND1idve S1I 1V 2
X 43 3NTIVA 3HL ST VAvrand NI d3INaNlda 3N WA SHYE *HI3N3 DY dHL D
03 3NTIVA N3IAIS v 4v A¥3Ad J8VMy IS 544 S3LVIIgHIANT NOILDONNG STHL D
dDW ¢ d<dA ¢ deXx /VA/NURWWOD
VADaVvV /VAV/NOANWAID
3 /3NH3IT/NOWWOD
(U51)3 NOISN3WLJ
(CS1)dEA ¢ (031)d2X NIDISN3WIQ
(USTIVADHY NIISN3WICQ
( LI ¢ VWOIS ¢ 1 )VAvIND NOI LONNA
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OGN 3
NadNi3AH
*0 = {e)a
*0 = (1)3 S
1 0L 09
(N)dSXx %10 +(TWN)cZX%CD +{C=N)acxkeD = Ndds

INNT3A/NNTIIG/NTIS0C = €D
TANT3T/NT132/NN13 0= = 2D
NTI3A/NNTI3A7 (NT3GHNNTSC) 10
(C=N)VADHV=(N)VADSY = NNI3d
(C=N)VADEV=( InuN)VAIHY = IWNO3QJ
CINN)IVA DdVv= (N)VADHY = NI3C




+

S OL 0> (°0°17°vwOIS) I

IX1307 (( 1) d2A=(2)d2A) = IXQ

(1)VADHV=(2)VADHY = IX13Q

I+N = 19N

I=N = IWN

ddnw =N
VADHY 43 NOILONNH V SV aZA==3INI1dS S1id

d9A ¢ d2A * dcX /VA/NOWWOD

VADEY /¥ A7 /NOWWID

S /SN40F/NOWWOD

3 /INHIT/NOWWID

(8C¥)S ¢ (US1)3 NUISN3IWIQ

(0ST)deA ¢ (031)d2x NOISN3WIQ

(UST)VADYY NIISNIWIQ

¢ VWOIS * N3TS ¢ 1d71S )VAEaND 3NILNOHENS

aN3

NYN L3N

I = 11

$7130/( 273a%((I=1)3= (1=1)d2Xx)6

1730 ((1)3=(1)c2X) )+S4ANIS/(ZOHNIS*(T=I)3 +TIHNISK(I)3I ) =vALEND

(Sux 3/ *I=5aux3d)k5®* = SHNIS

S3Xx3x1l3dX3 = Sdx3

(SaX3/° I=Sax3d )x5°* = 2UHNIS

(C130d«aVWO IS )dXd = Sdx3

(1SdX3/°1=1S3X3}1%xs* = TAHNIS

(1130 %avVwd I1S)dX3 = 1SdX3

(I=I)VADiV=(I)VAD¥v = ST13Q

1=(I)vAd3vy = <2730
(l=])VADuVe=L = 17130 ¢

1 0L 09

2 = 11

>
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1=1dN Mval
Ns2 1 v 0C
(CIAN) S *9VI0d3=2XA=NddIS)*NIOVIQ = (N)3
(CT1AN)S *9v13dS=19¢v13)/°*1 = NIOVIQ
¢dvId = 19via
2XQ0 = IXJU
9v1JdSaNIDVIU = (1)S
(S7130=SHNIS )xNIHNIS = 9vIAdS
((1=1)3 *OVI0dS=IXA=2XA) %xNIOVIU = (1)d
((l=])S xOVI3dS=29v13+19v13)/°1 = N1I9VIO
(SHNIS=((SdX3I/°1+5SdXx3)%5°)*ST3AIxNIHNIS = 29ovIaQ
(SHNIS%*2X130)/7°1 = NIHNIS
(SAX3/° 1=Sdx3)%S* = SHNIS
(S730)dx3 = Sdx3
2X130%dvAd13 = 37130
2X30/7((1 )d2A=(1+]1)d2A) =ZXa
(I)VADMV={ I+1)VADNY = Z2X130
IAv*2 = 1 2 0a
£ 01 09 (2°03°N) dI
oOv1IAdS*NIOVIU = (1)S
(S13A=SHNIS)«NIHNIS = 9vIads
(1ddIS=IXU)«NIOVIA = (1)3
19v1iG/°*1 = NIovid
(SHNIS=(SdX3/°T+SdXx3)*S* S BA)I*NIHNIS = 19VIQ
(SHNIS*iX130)/°1 = NIHNIS
(5dX 3/ °I=53dX3J)*%5° = SHNIS
(S133)4Xx3 SdX3

i

IX13UkdVWO IS = SsT130

(T VADIVE(NIVADIVY )/ (I=N)%(VADIS )58V = dVHWOIS
N3OS

las

Ndd1s
ladis

£
e
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* 3404368 G3T1I¥D 268 LSNAW VACHND 3NILINOA3INS *AHLDINI DSy ¥vIND1idvo Sil

A 340 3INTIVA 3HL

304 3INTIVA N3AID v 1iv

S1 VASHND NI d3IN3NL3¥ 3NTIVA 3HL *H1O9N3I DYV 3HL
Ad38 g¥VMy3S 341 S3LVvII4HIAINT NOILONNS STIHL

dOW ¢ dZA * diéx /VA/NOWRWOD

VADHY /VAV/NOWWOD

3 /ANHIT/NOAANDD

(C51)3 NOISN3WIJ

(0S1t)d2h ¢ (0s51)d2X NIISNIWIQ
(OST)VADYVY NIISN3WICU

( LI ¢ VWOIS ¢ L )VvASEND NOI LONNJ

aN 3
NaNl13y
*0 = (2)3
*0 = (1)d
I O+ 39
(N)DCA%1D +(TAN)DSZA%2D +(C=N)dCAkcD = NadlS

TANTIIA/NNTI3ZG/NIZA = €D
TWNTIZA/NTI3I/NNT1E0= 2d
N33/ NNTI30U7 (NT3G#NNT3C) 1D
(C=N) 7 ADdve(N)VADHVY = NNTI3Q

(ZS=N)VADHV=(LlWN)VAOIYY = IWNT3Q
( IWN) VA DHVY= (N)VADHY = N30
(E)d2AxED +(2)d2A%2D +(1)3cAx1ID = 1dd1S

2xX130/21x13G/1 X130= = €D
2X130/1X73G6/cIX7130 e}
IX33/2EX13A/( I1X730+2IXxT13] )= = 1D
(1 IVADYV=(E JVADBY = Z21X13d

(2)VADHVe(E)VADYY = 2Sx3Q
9 01 03 (C*D3°N) dI
N3Nl 3d

(1+5%V3] )3 x(AvV3I)S =(Xdv3l)d = Oivel)d
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A v “\J
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e SR W&\J
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-,

o AR

N3Nl13y
*2/75 =HNIS
(A)aX3=(X)dXx3=S
Xm==A
(X)HNIS NJIIDNNI h
aN3 ,

N3Nl 3y

I = 11

SA3G/( 230%( (1= )d= (I=]1)d2A)6E
+ 1730%((1)3=(1)dCA) I+SANIS/(ZUANISx( I~} d 4+ TAHNIS(I}d )} =VAGHND

v 3

(SdX3/°1=S3X3)1%5° = SHNIS
(Sax 4/ *I=Sux3)k5° = SHNIS :
SaXx3%15dX3 = Sax3
(SdX3/° 1=SdX3)%5° = 20HNIS
(2730%xdvh9 IS )dX3 = Sdx3
(1SIX3/°1=1S3X3)%S* = 1QHNIS =
(1730%dVWD1S)dX3 = 1Sdx3
(1=1)VAD8V=(I)VvADYY = $73d
i=(I)VAD3vY = 2730
(V= )VAdu¢=L = 1730 v
1 01 09
g = 11
% 0L 09 ( (1)VADN¥V *37° 1 *d0°* L °*37° (I=1)VADdV )4l £
N =1

3NN T ANDOD e
£¢2¢2 ( 1=(1)VADNY )4l
N¢1l = 1 2 G6a 1
2 = 11 (1°*03°11) dI
S/ (I=N)*x(VANO15)5€V = dVNWIIS
(T)VADHI=(N)VADHY = S
dOW =N




ON3

NYNL3y
*2/S =HS0D
(A)ax3+(X }dX3 =S

Xez A

(X)HSOD NOI LONNS
GN3

e




APPENDIX B

FORTRAN Listing of Program GRID




®09E =VAWvX
*15/°09=d VWS

(S V]
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