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PRE FACE

This report is published tr’ provide coastal engineers with the results
of a study to develop an opet . ..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 appl ication 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 Hurr icanes 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
establish ing 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 re au~t~rath; Volume I was prepared
by Jo n . Wanstrath , Robert E. Whitaker, Robert 0. Reid, and Andrew C.
Vastano, Department of Oceanography, Texas A~M Universi ty, 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 Sc ience
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 techn ical
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 Pub lic Law 172 , 88th
Congress , approved 7 November 1963.

,~JOHN H. COUSINS

~~

Colone 1, Corps of Eng ineers
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 (SI)
units as l’ollows:

Multiply by To obtain

inches 25.4 millimeters

2.54 centimeters

square inches 6.452 square centimeters

cubic inches 16.39 cubic centimeters

feet 30.48 centimeters

0.3048 meters

square feet 0.0929 square meters

cubic fret 0.0283 cubic meters

yards 0.9144 meters

sqttare yards 0.836 square meters

cubic yards 0.7646 cubic meters

miles 1.6093 kilometers

square miles 259.0 hectares

acres 0.404 7 hectares

foot-pounds 1.3558 newton meters

ounces 28.35 grams

pounds 453.6 grams

0.4536 kilograms

ton , long 1.0160 metric tons

ton , short 0.9072 metric tons

degrees (angle) 0.1745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins’

I 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 SIMU LATION IN TRANSFORMED COORDINATES

Volume II. Program Documentation

by
John J .  Wan.strath

I .  INTRODUCTION

Presented in th is  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-
tam ed in the listings h .,re 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
supp lied by CONFORM and GRID , using a parametric representation of a
hurr ican e wind f ield 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 .

7
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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 conforinally map the interior region bounded
by the actual coastline , a seaward boundary curve, and two parall el
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 E-axis to the x-axis).

The program CONFORM is composed of:

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

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

FUNCTION XTRAN Is the transformation function x(E ,n)

FUNCTION YTRAN Is the transformation function y(~ ,n)

SUBROUTINE SLFAC Determines the scale factor and derivatives,
for a given value of ~ and

n .

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

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

8
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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 f i t  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 CIJR5YB 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 fi t  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 WAN T, MQ, MOP, NMAX , Continuation flag, number of shore-
JMAS1, IL, VARWT line and seaward boundary coordinates

9



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 3X ,
F7.2, 3X, F7.2 (limit 150).

(3) Card Group 3

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

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 ~ and B0 in units of length of
x ,y space from the last iterat ion of the prev-
ious run in format 2El4.7.

(5) Card Group 5

COB I COC The NMAX cards containing the dimensionless
Fourier-type transformation coefficients from the
last iteration of the previous run in sequential
order with one pair per card (format 2El4.7). 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 Cx and y component) and

coastline (x and y component) from the last
iteration of the previous run (4E 14 .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-
ti.ons are sufficiently general to treat the situation where either or

10
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both given curves are multivalued in y for a specified x value.
The only program limitation relates to the computer memory capacity.
No program error messages or consistency checks are incorporated in
this routine .

6. Flow Chart.

MAIN - CONFORM

Read constants; MQ, MQP, NMA X ,
IL, JMAX1, VARWT , IWANT

Read and write coordinates delineating
the coastline and seaward boundary curve;

X2 , Y2 and X2P , Y2P

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

IF
Yes Read transformation

IWANT = 1 coefficient s and
weighting fac tors

No

CALL SUBROUTINE COEFFS

END



SUBRO UTINE COEFFS

Compute coastline arclength

Arclength computed direct ly
IF from given coordinates ,

COASTL IN E HAS (X2 , Y2)
Yes Consequently, assumed that

FOLDBAC K , used has suff icient  data
IYB= 1 points to accurately define

No 

Stored in ARCYB

CALL CUR 1YB
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 CIJR 3YB
Fit a spline through Y2 as a function of ARCBV

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

2
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0

T CALL CUR1YA
Arclength computed from a
spline. Stored in ARCYA

CALL CUR2YAI

CALL CUR3YII

[Write coastline and seaward boundaryl

[ coordinates and arclengths .

Compute CS and SN where

CS = cos (nk~) } for n=l ,2 NMAX
SN = sin (nk~) and ~= ( i—i )  X/ (IL-l)

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

or 
11,2 IL/2+l , IL odd.

[ZcOUNT = 1]

1” 13
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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 B and BZRO

Compute COB and COC J
for n=l , 2 .. NMA X

• 4,
Write transformation coeffi-
cients , iteration number,
NMAX and I L .

‘I,
• Compute the error function and variance between the trans-

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

IF
COMPUTED VARIANCE Yes RETURN

< VARWT

No

ICOUNT = ICOUNT + 1

IF
No Yes

- RETURN ICOUNT < JMAX1

‘4 



7. Glossary and Description of Terms.

Arrays

X2 Dimensioned MQ. Contains values of the x coordinate in
units of x,y space of the given coastline (max. 150).

Y2 Dimensioned MQ. Contains values of the y coordinate in
units of x,y space of the given coastline (m ax. 150).

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

• (max. 150).

Y2P Dimensioned MQP. Contains values of the y coordinate in
units of x ,y space of the given seaward boundary curve
(max. 150).

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

• COC Dimensioned NMAX. Contains values of the dimensionless
transformation coefficient C

n 
(max.200).

DUMB Dimensioned NMAX. Contains the iterative value for B
(max. 200). n

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

n

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

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

SN Dimensioned NMAX x ILl where ILl is IL/2 for even IL or
ILl is IL/2 + 1 for odd IL. Contains values of sin (nk~).

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

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).

‘5 
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ATXA Dimensioned IL. Contains values of the x coordinate of the
given seaward boundary curve as determined from the arclength
of the transform-generated curve (ma.x.400).

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

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

R,S T,U, 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 , B~ or C~ (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 = i r/A

A -B

B

BZRO B~,

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

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

6
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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 coas tline 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 eas ily 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 , 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 coeffic ients , 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 , NMA X 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.

‘7
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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 wi th the proper
instruction enclosed .

18



The following input is required by CONFORM to conformatly 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 .apping coefficients
given as input to Program GRID.

C
C I N P t ~~ T D A T A
C

1 47 40 150 1500.001 160.00 1*0.00
C C
C C
C COAST L INE COORD INATES C S EA wA P C ecu~.oaRy COORDINATES
C C
C C

000.00 035.00 000.00 0C2 .OO
005.60 040.00 007.50 OC !.CC
010.50 C44.80 016.00 010.00
0*8.00 C51.OO 021.50 011.50
028.00 £59.00 028.00 019.00
040.00 066.80 036.00 02~~.O0
050.50 C73 .O0 045.00 028.00
056.50 C76.50 054.00 02~~.O0
063.00 C82.O0 060.00 036.00
070.00 C53.00 oe~-.oo omo.oo
074.00 102.00 077.00 046.C0
076.50 ice.so oes.oo 051 .00
079.00 116.00 089.00 055.00
082.50 127.00 oss.Oo ota .oo
088.00 137.80 104.00 076.00
09 5.00 14 6 . 0 0  1*0.00 081.00
106.00 *54.00 1*2.00 C69.oo
121 .00 162.00 113 .50 ocs.oo
136.00 167.00 1*4.50 icm. oo
153.00 168.30 117.50 ICC .0O
*58.00 168.00 121.00 112.00
161.50 167.30 127.00 116.00
166.00 *68.80 139.00 121.00
171.00 169 00 153.00 *23 .50
183.00 168.00 16~~.00 12~~.00197.00 166.00 119.00 119.00
2*4.00 l65.0~ 193.03 115 .C0
230.00 *66.00 213.00 104.00
242.00 167.30 229.00 092.OC
250.00 1~~6.70 244.00 080.00
253.40 167.20 257.00 071.00
257.00 189.50 267.00 066.00
265.00 169.00 276.00 062.00
280.00 166.00 289.00 056.00
291.00 183.00 298.00 049.00
296.00 159 .30 307.00 042.00
298.50 155.90 318.00 035.00
303.00 159.00 333.00 027.00
3*4.00 153 .00 347.00 020.00
323.00 146.00 360.00 0*4.00
328.00 142.00
3 3 1 . 0 0  137.20
335.50 129.20
342.50 121 .00
349.50 115.00
352.50 113.00
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I I I .  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 co~nputing grid
information of scale factors , grid point locations, and , at each
grid point, the orientation of the c-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 (p , v , and F),
and, at each grid point, cos 0 and sine 0
Writes computing grid information.

SUBROUTINE XUT Writes information transferred into XUT.

SUBROUTINE SHCOR Determines and wr ites 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(~ ,~ ) and y(~ ,~)

SUBROUTINE TRAN2 Computes axf~~ , 3y/~~ and o = tan 1(~~~~~)

SUBROUTINE CURV 9 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~ either S~’
(units, nautical miles) or T* (um,its , minutes).
This subroutine computes Y and dY/dX given
the coefficients and X .

20
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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 necess ary parameters to
compute an interpolatory spline under
tension through a sequence of functional
values contained in arrays X2P and Y2P.

FUNCTION CEJRV4 - 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

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 r~

d) the computing grid of 47 ~ (or 5*) li nes 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 .

21 
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For production run s , 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 , Number of mapping coeff icients , number of ~NUME TA , DELSS, lines + 2, number of r~ lines , ~S* 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.l , 214.

(2) Card 2

BETA BZRO The value of ~ and B0 from the conformal
mapping solution in format 2El4.7.

(3) Card Group 3

COB,COC The NMAX cards containing the Fourier-type
transformation coefficients , B and C

n nin 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 ~~~ 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 S,.~ is arclength (nautical mi les)
along the transform-generated coastlifie. For the sample program,
there are five regions of the expansion curve. Selecting t~S* =

6 nautical miles , the number of AS* intervals of each region and
the value of aSp/3S* at the end points of each region, we can
determine the coeffic ients of each region from three simultaneous
equations derived from the constraints:

22
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For region I , 176 nautical miles < S~ < 236 nautical miles
(10 intervals of ~5* )

= 2.6225 at S~ 176 nautical miles

= 1.5 at S~ = 236 nautical miles

S = S at S~ 236 nautical milesp p

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

= 1.5 at S~ = 236 nautical miles

= 1.5 at S~ = 260 nautical miles

S = S at S~ = 260 nautical milesp p

For reg ion 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 = 302 nautical miles at S~ = 302 nautical miles

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

= 1.0 at S~ = 302 nautical miles

= 1.0 at S~ = 356 nautical miles

S = 302 nautical miles at S~ = 302 nautical miles
p

23
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For region V, 356 nautical miles < S~ < 452 nautical miles
(16 intervals of ~S* )

= 1.0 at S~ = 356 nautical miles

= 2 .7  at S~ = 452 nautical miles

S = 356 nautical miles at S~ = 356 nautical miles

A similar procedure is followed for the expansion function

T = A +  B(T*)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 LiT = LIT* .
The expansion coefficients are determined by the program. If the
user desires only one region ( i . e . ,  T = T* and tiT* = total long wave
traveltime-nuinber of n grid intervals), the program computes LIT* .

24
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6. Flow Chart.

MAIN - GRID

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

ND , NS , XLAMDA , SLMAP , and XIDUM

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

~If 
-

Determine and write transform-generated coastline1
and seaward boundary curve coordinates for N4 evenly
spaced values of ~ (0 < < A) . Store in ATXB

ATY B , and ATXA , ATYA .

,
~I1Determine and wr ite coas tline arclength

Sp (nmi ) as a function of ~~~.

Store Sp in X2
Store ~ ~ Y2

CALL CURV1
Fits interpolatory spline through Y2

as a function of X2 .

___ if_ _ _

Defines number of expansion regions (IR G)
for Sp(S*) , coefficients A , B, and C and
number of AS* grid intervals of each

• 
L 

region (IIC) .

a

25
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P
Determine appropriate values of ~ for

evenly spaced values of S’~

For i = 1,2 NUMXI

S~ = SSSTRT + (i _ l ) *DE L SS

CALL CURV 9
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 .

~ifDetermine and write coordinates and arclength
Sn (nmi) along a par t icular  i so l ine  of

(=XID UM ) for NS evenly spaced values of n
-

~~~ < n <

Store S in X2.n
Store ~ in Y2 .

~1f
[~~LL CURV~~J

2
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Read water depth (fathoms) at ND 7
evenly spaced positions from the sea-
ward boundary curve to the coastline.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _‘I,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

E)etermine and write  the lon g wave t ravel t ime
T (mm ) and d is tance  S~ (nmi) along

XIDUM for the ND positions .

Store T in X2P.

Store S in Y2P.

CALL CURV 3
Fits interpolatory spline through

Y2P as a function of X2P.

~1~Define number of expansion regions (RG) for T(T*)
coefficients A , B, and C, and number of LIT* grid
intervals of each region (IIC). If I I C ( l )  = NUM ETA-l ,

compute LIT*

27
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Determine appropriate values of n
for evenly spaced values of T*

For j - 1,2 .. NUMETA

= ( j-l )  x DEL1’T

CALL CURV9
Computes T for a given 1*

Function CURV4

Returns a value for Sn given
T. Arrays X2P and Y2P can-
not be altered from the last

call of CURV3.

Function CURV 2

Returns a value for ri given
S~ . Arrays X2 and Y2 can-
not be aJtered from the last

call of CURV1.

Store ~ in ETA .

~1~The values of ~ and r~ are now known.
Determine the computing grid data.

28
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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 x coordinate in X and
Store y coordinate in Y for

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

- 

- 

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

Store p in SX for i=l ,2 .. NUMXI-2.

Determine and write scale factor v (units of
x,y space-time minutes).

Store v in SY for j=l ,2 .. NUMETA.

Determine and write dimensionless scale factor F.
Compute area in x ,y pl ane of each quadrangle
subdivided into IQUAD intervals between E
lines and JQUAD intervals between 

~ 
lines .

Store area in X for i=l ,2 .. NIJMXI-l
j=l ,2 . .  NUMETA.

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

— —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~- ~~~~~~~
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P
Determine and write cos 0 and sin 0 where

O is the orientation of the ~ axis to
the x axis.

Store 0 in Z for i=l ,2 . .  NUMXI
j=1 ,2 . .  NUMETA .

Store cos 0 in X and
sin 0 in Y for i=l ,2 . .  NUMXI-2

j=l ,2 .. NUMETA.

I
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7. Descr iption of Terms.

Arrays

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

X,Y,Z Dimensioned NUMXI x NUMETA .

X2 ,Y2
X2P,Y2P

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

A, B, C -

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 coeff icients ,

COC Dimensioned NI4AX. Contains the conformal mapping
transformation coefficients, C~ .

XI Dimensioned NUMX I . 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

NMA X Number of conformal mapping transformation coeff icients ,
B or Cn n

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

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

-

~~~~~ 31
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DELSS The value in nautical miles of LIS* . This corresponds
to DXI in Program SSURGE.

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

DXI = 1852 —~~~~ - x LIS~ nmi x SLMAP nmi x p unitnmi x,y unit

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

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

DETA = 1852 —~~ ..-- x AT* ~~ ~ I ~~~ 
nmi x v unitnmi L x,y unit

SSSTRT The f irst 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 ~ as
a function of arclength Sn

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

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

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 JQIJAD intervals between r~ lines.

8. Input and Output.

The first card input to Program GRID gives the number of conformal
transformation coefficients NMA X , the number of ~ lines NIJMXI,
the number of ~ lines NUMETA, ES4 in nautical miles DELSS, the
first value of S~ in nautical miles SSSTRT, LIT* in minutes DELTT,
the number of water depths ND , and the number of points US used to
establish r~ = u ( S )

The second card gives 8 and B0 and the next 150 cards give the
mapping coefficients Bn and Cn . These 151 cards are the punched
output from Program CONFORM.

The remaining 31 cards are the depths picked off a bathymetric
chart of the northwestern Gulf of Mexico . These depths are on a
constant a-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 coas tline and seaward boundary, and for each of the five sections,
aSp/~S* , S~ , Sp , and ~ are listed . Additionally , the
transform—generated arclengths at values of rj for evenly spaced
increments of T* and at r~ values for constant increments of T
along the chosen ~-1ine, the r~ values along the specified ~-1ine
such that LIT* is constant, and the traveltime and depths along the
constant c-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 intersec tions , the scale factors p and v related to the trans-
formation of ~ to S~ and r~ to T* , respectively, the scale fac-
tor F , and the sines and cosines of theta giving the orientation of
the E -axis to the x-axis. The program listing indicates when these
may be punched or written on tape or disk for convenient input to
SSURGE .
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IV. COMPUTER PROGRAM DOCUMENTATION FOR PROGRAM -SSURGE -

1. Program Purpose.

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

2. Program Description.

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

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

and 
~~~

SUBROUTINE DRAWl Outputs H and vertically averaged water

velocities , and QT*’5
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 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.

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 1

NT1 - Number of cards (max.50) containing on each TIM, ROT,
RAD, VRMAX and PZRO (format 15).

(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 F1O.1) .

b) ROT The angle in degrees between the direction the
storm is moving and the region of maximum winds
(format Fl0.l).

c) RAD The distance in nautical miles from the storm
center to the region of maximum winds
(format FlO.l).
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d) VRMAX Maximum observed windspeed in knots (format
F l O . l ) .

e) PZRO Atmospheric pressure in mil libars of the storm
center (format FlO.l).

(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.l).

b) XPOS The x-coordinate in units of x,y space of
the hurricane center (format P10.1).

c) YPOS The y-coordinate in units of x ,y space of
the hurricane center (format F l O . l ) .

(5) Card Group 5

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

(6) Card Group 6

S The values of the dimensionless scale factor relating
the (x y) plane to the (~ ,u) 

plane are read along each
column, i=l ,2.  . IM, with a nested do-loop for j=l ,2. .JM
(format 5E14.7). 

.

(7) Card Group 7

DSDXI The values of the dimensionless scale factor, p ,
transforming ~ to S~ are read with one value
per card for i=1,2. .IM (format El4.7).
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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-l ,2. .JM (format 2X ,E14.7).

(9) Card Group 9

HOBS1 The values of the observed hourly water level
in feet at grid location (IHl, JH1) are read
with 19 values per card in format F4.l.

(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 cos ine 0 and sine 0
where 0 is the angle between the ~ arid x
axis are read along each column, i=l ,2. . IM, with
a nested do-loop for j=l ,2. .JM (format 10F8.5).

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

5. Mathematical Procedures and Program Limitations.

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

Basically , the model utilizes a centered difference, leapfrog
- 

- analog of the vertically integrated, quasi-linear form
of the long- ~ave equations. The algorithm treats the time
dependency explicitly and employs a computing lattice in which
the transports, 

~~ 
and 

~T~2 , are computed at the same location

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

F~. 38
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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

‘I,
Define constants

1~CALL ZERO

— 
In i t i a l i ze s  all arrays to zero

4,
CALL FIELD

Reads data and writes dep th f ield ,
wind field parameters and storm positions

IF

N odd
No 

~~~~~~~~~~~~~~~~~~ 
Yes

CALL HUV
Output saved information of

F simulated hydrographs , simulated
current meters and obs erved

water levels.

ci ,

a
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CALL WINDF
computes wind and atmospheric pressure

fields WIND(i ,j) , P(i,j)

4,
CALL ELEV 1

computes water level anomaly GRI D 1( i , j )J

4,
CALL DRAWl 

-

outputs H , Q5*/D and QT*ID at hour ly  time
intervals and saves information for output

at prog iam completion

P

CALL FLUX
computes transports , GRID 1 (i , j )  and G R I D 2 ( i ,j )

1~

-

. 
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7. Glossary and Description of Terms.

Arrays
GRID 1 Dimensioned IM x ~JM. Con ta ins  I! values  in meters

at odd i+j and Q
~~* 

i n meters squared per second
at even i+ j

GRID2 Dimensioned IM x JM. Contains fluid depth values ,
D0 , in meters at odd i+j and QT* in meters squaredper second at even i+j

S Dimensioned TM x 3M. Contains dimensionless scale
— factor , F , determined from the conformal mapping of

(x ,y) space to (~,n) space.

DSDXI Dimensioned TM. Contains the dimensionless scale
factor , ~i, transforming ~ to S’6

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

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

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

COSG Dimensioned TM x JM. Contains cosine values of 0
relating the orientation of the F~-axis to the
x-axis at the computational grid points.

SING Dimensioned TM x JM. Contains sine value of B
relating the orientation of the c-axis to the
x-axis at the computational grid points.

WIND Dimensioned TM + 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+l ,j).

P Dimensioned TM x JM. Contains values of }
~
1B (the

hydrostatic elevation in meters of the sea surface
corresponding to the atmosp her ic pressur e anomaly)
and stored at odd i+j .

HOBSk Each array is dim ension ed 67. Contains the observed
k-I 2 6 hourly water levels in meters at grid locations
- 

‘ (IHk , JHk).

4 ’
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IIYDk Each array is dimensioned 300. Contains values

k- i  ~ of the computed hater level H in meters at
~~

-5 . •  gr id loca t ion s (111k , JHk) .

IJCMk Each array is dimensioned 300. Contains values of
- - 

the ve r t i c a l l y  averaged water ve loc i ty ,  Qs*/D , in
meters per second at grid location (ITk , JTk).

V CMk Each array is dimensioned 300 . Contains values 
-—of the  ver t i ca l ly averaged water ve loc i ty ,  Q’1-~ fD

k - l ,.~. .o  in meters  per second at grid location (ITk, JTk) .

TIM Dimensioned 50. Contains the time in hours at
which the wind and atmospheric pressure field
paramete rs (ROT , RAD , VRMA X and PZR O) are
recorded.

ROT Di men sion ed 50. Contains the angle in degrees
between the dire ction the storm is moving and
the region of maximum winds .

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

VRNAX Dimensioned 50. Contains the maximum observed
windspeed in knots .

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

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

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

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

Constants

TM Number of grid points in the S’6 direction .

JM Number of grid points in the T* direction .

NMAX Maximum number of time steps.

— 42
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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’6 direction.

DETA Grid increment in units of meters in the 1* direc-
tion. The units of DTDET.[)ETA (that is, v.~T*) are
in meters.

DELT Time incremen t in seconds . DELT mus t be less
than that required for numer ical stabili ty 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-I. 2 6 level. The sum of the indexes must be odd . Index
- 

IHk cannot exceed TM. Index 31-1k cannot exceed JM.

ITk,JTk Grid point location for saving the vertically
k-l 2 6 averaged water velocities . The sum of the
- 

indexes must be even. Index [Tk cannot exceed
TM. Index .JTk cannot exceed 3M-i.

CORIO Coriolis parameter (=6 .70875 x 10 ~ second 1)
for lat i tude 27° 23.232 ’ N.

P1-lI Wind ingress angle in units of degrees.

PINF Far field atmospheric pressure in mil l ibars
(= 1016 mil l ibars ) .

Commen ts

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

2. The wind stress coefficients, K1 and K2 , are 1 .1 x
and 2 .5  x 10 6 and are defined in SUBROUTINE FLUX .

3. Cons tants YRANGE , THIT , XHIT and ThIT are not used in
H’ 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
gr id and time steps , accelera tion due to gravi ty , 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 hurr icane descr iption se ts ,
followed by NTJ cards giving the time (in hours after start of com-
putations) and the three required storm parameters. These are suc-
ceeded by ont 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 repor t). NT1 need not be equal to NT2, nor must the observed

- - storm parameters and pos itions coinc ide in time.

For the Carla surge computations, the hurr icane charac teristics 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 nautica l nn-Zes, the max imum
w inds are in knots, and the central press ures are in millibars . Due
to the erratic movement of Hurricane Carla , the coordinates of the
center of the storm are specified at hourly intervals , excep t 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 foll owed by the array of
scale factors , S . The array of scale factors, DSDXI (an alias for
ji ) is read along the specified row and the scale factor array DTDET
(an al ias for v) is spec ified alo ng the chos en col umn .

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 gr id 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 parame ters , hurr icane center coord inates , and depth f ield
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 curre nt meters
are pr inted out wi th the ir pos itions and the correspondin g observed
water levels at the completion of the surge simulation .
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