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Abstract—A computer program is documented, implementing a linear Alternating Direction Implicit (ADI) method
for a limited-area finite difference integration of the shallow-water equations on a 8 plane. Arbitrarily large
time-steps can be used with this method, which is stable unconditionally for the linearized equations. The method
also is efficient computationally, as the difference equations are factored into one-dimensional operators which
approximately reproduce the original set of equations, and this obviates the necessity for solving a matrix of large
bandwidth. A line-printer plot contouring the height field is generated as part of the output. Program options
include the determination at each time step of two of the integral invariants of the shallow-water equation. For
long-term runs either a dissipative term is provided, or a nonlinear lateral eddy viscosity coefficient of a friction

force.
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INTRODUCTION

The shallow-water equations system accurately describes
wave motion on the surface of a homogeneous fluid
when the horizontal wavelength is longer than both the
vertical scale of motion and the depth of the fluid. As
such the system is used widely in oceanography as a
mathematical model for simulating circulation in coastal
regions, lakes, etc. (Connor and Brebbia, 1976; Abbott,
Donesgaard and Rodenbuis, 1973; Cheng, 1972; Connor
and Wang, 1974).

In meteorological applications the same system of
equations usually is termed ‘the primitive barotropic
equations’ and has been used widely by numerous in-
vestigators for testing new numerical procedures prior to
applying them to general three-dimensional models of the
atmosphere (e.g. Grammeltvedt, 1969; Gustafsson, 1971;
Cullen, 1973, 1974; Chen and Miyakoda, 1974; Merilees,
1973; Elvius and Sundstrom, 1973; Fairweather and
Navon, 1977; to cite but a few).

As the shallow-water equations constitute a quasilinear
system of hyperbolic equations, they are subjected to the
Courant, Friedrichs, and Levy (CFL) stability condition
when discretized by explicit time-difference ap-
proximations. However, in oceanographic and
meteorological applications the time discretization error
is small compared with the discretization error in space,
and the short time-step imposed by the CFL stability
condition can be avoided by using implicit time-
differencing procedures.

Gustafsson (1971) was the first to propose an efficient
fully implicit differencing method based on alternating
direction techniques for solving the shallow-water equa-
tions, but his method requires systems of nonlinear al-
gebraic equations to be solved at each time-step.

Fairweather and Navon (1977) proposed a linear ADI
method for solving the shallow-water equations, the
method being based on a perturbation of a linearized
Crank-Nicolson type discretization, and requiring at
each time-step only the solution of systems of linear

algebraic equations. The method was determined to be
more efficient computationally than the ADI method
proposed by Gustafsson (1971).

A review of the linear ADI] algorithm applied to the
shallow-water equations on a 8-plane for a test problem
is presented in the next section, whereas the remainder
of the report is devoted to the description of the program
ADIF and specifications for its use. A listing of the
FORTRAN 1V source code of the program ADIF is
included in Appendix A. Two variants of ADIF are
presented, corresponding to the use of either the dis-
sipative term or the nonlinear lateral eddy viscosity term
for long-term runs. Typical outputs for 48-hour forecasts
are presented in Appendix B, which includes a printer-
plotted  map of the height field.

REVIEW OF THE LINEAR ADI METHOD

The shallow-water equations
The shallow-water equations can be written (Hough-
ton, Kasahara, and Washington, 1966)

W o+ B2
W—A(w) o + B(w) 7 + C(y)w
f))

p-1

O0<sx<L, 0<sy<D, t=0.
where L and D are the dimensions of a rectangular
domain of area A= L - D. w is the vector function,

w=(u,v,® (2)
u, v are the velocity components in the x and y direc-
tions respectively, and

& =2Vgh 3)

where k is the depth of the fluid and g is the acceleration
of gravity.
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1In(1) A, B, and C are matrices given by

u 0 OR v 0 0
A=-| 0 u 0 B=-]0 v &2
®2 0 u 0 2 o

0 f0
c=|-fo0o0 @

0 00

Where f is the Coriolis term given by
f=f+8(y-Di?) )

with f and B constants.
Periodic boundary conditions are assumed in the x
direction:
wx, y,t)=w(x+L,y,1), ()
whereas in the y-direction the boundary condition is
o(x,0,0)=19(x,D, 1) =0. ()]
With those boundary conditions and with the initial
condition w(x, y,0) = ¢(x, y) the total energy
E-lrf"( 24074 G2y lgdxdy  (8)
2 Jo 0 T° g cx dy

is independent of time.
Also, the average value of the height of the free
surface is conserved, that is,

L ¢D
_ LLhdzdy
b= 9
3 ®
in independent of time.
The linear ADI algorithm
Let N, and N, be positive integers and set
Ax=LIN,, Ay=DIN,. (10)

We shall denote by wi an approximation to
w(fjAx, kAy, nAt) where At is the time-step. The basic
Do,wi = (Wi x - W;—u)/(w),

Dﬂwi =(Wia— W:'*)IAI-

D_,wi =(wh— wi-1)/Ax

1))

respectively, with similar definitions for D,, D.,, and
D_,. We also define the operators PR and Q3 by

P3 =3 AwRIDw + G,
(12)
. A‘ » [r] '
Qra= ?(B(Wn)DA +G°,

- where
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)
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0 0
"= l:-ft ] WD = |:0 ] (13)
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and where, due to boundary conditions in the y direction,

Dy, for k=
D‘ = D+, al'ld k =
. D

0, (14)

The linear ADI algorithm for the shallow-water eque-
tions (Fairweather and Navon, 1977) is given by

- PRo)wg*™=v3 (15a)
(I-QaM Wi =2wiE*™ - Vi (15)
with
Va=(+Qawa (16)
and where
P3" = 5 (AGRRIDu + G
a7
" =S BRI+ >
Wa=1R0wi~-wi™), a>1 (18a)
Wa=wh+(PP+QPIWE, (18b)

and where wi*"™ is an auxiliary solution. Note that
owing to (18) we now have to solve only sequences of
linear systems of algebraic equations. Also, owing to the
assumption of periodic boundary coaditions in the x
linear ADI algorithm is applied slong horizontal rows,
are cither block or scalar cyclic tridiagonal.

PROGRAM ADEF
The test problem ,
The initial height fiedd condition No. 1 of Grammelt-
vedt (1969) was used as test probiem: :

Di2-y)
h(x, y) = Ho+ H, tanh T’—)

e (252 o )

The initial velocity fields were derived from the initial

19

- height field using the geostrophic relationship

{5 -0 @

The constants used were

L = 4400 km

D = 6000 km
f=10"sec™
B=15-10"sec ' m™"

g = 10meec™?
Ho = 2000 m
H|=mm

H:=133m. @1
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The time and space increments used for short runs (2
days) were

(a) Ax=Ay=200km At=1800sec
(22)
(b) Ax=Ay=200km At =3600sec.

For long-term integrations (20 days) the time and space
increments were

Ax=Ay=3500km Ar=3600sec. (23)

Dissipation term
To avoid nonlinear instabilities in long-term in-
tegrations a dissipation term of the form
eA’[D.,D_, + D.,D_,Iwj (24)
was added to the right-hand side of equation (15a) ren-
dering our approximation dissipative of order 2 (Kreiss
and Oliger, 1973). An optimal value of € =0.020 was
determined experimentally (Fairweather and Navon,

1977) and it permitted the conservation of total energy
and mean height after 20 days of numerical integration.

Nonlinear eddy diffusion

Another method of handling nonlinear instabilities, and
one which is employed frequently in modeling ocean
circulations, is to use a nonlinear eddy viscosity term. In
the program ADIF, by calling subroutine EDDY (des-
cribed here), an option is included which includes a
nonlinear eddy viscosity term. The calculation is based
upon two-dimensional turbulence theory.

Following Haney and Wright (1975) the eddy viscosity
coefficient is written as

v = w(1 + ¥|VEAXY), (25)
where v and y are constants, £ is the relative vorticity
and V is the horizontal del-operator.

To equations (15a) and (15b) are added the terms F,
and F,, the x and y components respectively of the
friction force due to lateral eddy viscosity, and given by

F.=V-(wVu), F,=V:(V) (26)
In subroutine EDDY the same finite-difference ap-
proximation is followed as that of Haney and Wright
(1975).

Another expression which also can be used in subrou-
tine EDDY for the nonlinear eddy viscosity coefficient
was given by Crowley (1970):

v=a"V¢vn’, 27
where d is a dimensionless coefficient.

Fairweather and Navon (1977) determined that when
nonlinear instabilities are being dealt with, the second-
order dissipation term is more efficient.

Program operations

Explanatory comments are included in the program
listing in Appendix A. We shall first describe the input
specifications and then the various subroutines of pro-
gram ADIF. .

(i) Input specifications. The input to the program con-
sists of two cards, as follows.

Card 1: FORMAT (6E10.4,215,F10.0) contains the fol-
lowing nine parameters.

FL—the length dimension (L) of the rectangular
domain;

D—the width dimension (D) of the rectangular
domain;
T—total simulation time (in seconds);

DX—the space increment in the x direction in
meters;

DY—the space increment in the y direction in
meters;

DT—the time-step in seconds;

[PR—a parameter controlling output operations of
the program, that is specifying after how
many time steps the forecast fields should be
displayed;

MM—a parameter specifying which version of the
ADIF program was used;

ADJ—the value of the coefficient of the diffusive
term (¢).

Card 2 (Called in subroutine SETUP) specifies
different parameters relative to the initial field [see equa-
tion (19)] using format 6E10.4, and contains the following
five parameters.

HO0—constant for the initial height field;

H 1—constant for the initial height field;

H?2—constant for the initial height field;

FHAT—Coriolis parameter;

BETA—df/dy, the Rossby parameter.

(i)) Main program and subroutines. The main program
SHALLOW reads the first data card and after some
preliminary calculations calls the subroutines SETUP,
LOOK, WSTAR, and UVOUT which perform the initial
fields calculations and display the initial fields. After
calculating the diffusivity term (or the nonlinear eddy-
diffusion term by calling subroutine EDDY) the program
loops each time step on the central subroutine ADI
which performs the bulk of the linear ADI algorithm
calculation and in turn calls the subroutines CYCBLK
and BLKTRID, CYCTRID, and TRIDIAG. These
subroutines solve the scalar and block-cyclic tridiagonal
systems of linear algebraic equations resulting from the
ADI-discretization of the shallow-water equations.

After a predetermined number of time-steps subrou-
tine LOOK is called, which calculates the integral in-
variants of total energy and mean height and in turn calls
subroutines HOUT and MAPPA. These subroutines
perform the printing and the line-printer plotting of the
height field respectively.

Finally, after the preset simulation time has been
reached, the u and v velocity field components are
printed by calling subroutine UVOUT, ~nd the final
height and velocity fields written on disk for further use.

Subroutine SETUP (U, V, PHI, H, NX, NY, S, C,
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LX). This subroutine sets up the initial height field H,
calculates the variable PHI=®=2Vgh and from it,
using equation (20), the components of the initial velocity
field U and V; the subroutine also calculates the Coriolis
parameter F. The parameters NX, NY, and LX are
calculated in the main program SHALLOW to be the
effective number of space increments in the x and y
directions respectively, whereas LX is the maximal
number of space increments in the x direction.

S and C are auxiliary parameters for calculating in-
termediate trigonometric variables.

Subroutine LOOK (U, 'V, PHI, H, NX, NY, LX). This
subroutine calculates at each time step the total energy
and mean height which are invariants of the shallow-
water equations. It also prints these values, together with
the height-field values, by calling subroutine HOUT, and
calls subroutine MAPPA for a line-printer contour plot
of the height field. The CPU time for each 12 time steps
is also printed.

Subroutine MAPPA (FUN, C, NX, NZ, LX). This
subroutine provides a visual display of the height field by
line-printing an isoline contour plot of the height field for
every 50 meters. The parameter FUN gives the forecast
field to be contoured, whereas the parameter C is the
inverse of the contour distance in meters (&.g. if we wish
a 50-m contour distance, C = 0.02). The parameter NZ =
NY +1.

Subroutine HOUT (H, NX, NY, LX). This subroutine
digitally prints the height field values in a matrix format.

Subroutine WSTAR (U, V, PHI, US, VS, PHIS, F,
NX, NY, LX). This subroutine calculates the starting

values for the application of the ADI algorithm following

equation (18b). It also imposes the corresponding boun-
dary conditions. U, V, and PHI stand for the initial fields
whereas US, VS, PHIS are the calculated fields follow-
ing equation (18b), F is the Coriolis parameter.

Subroutine UVOUT (W, NX, NY, LX). This subrou-
tine digitally prints the values of the velocity field com-
ponents in a matrix format. W stands for either the U or
the V component of the velocity field.

Subroutine ADI (U, V, PHI, US, VS, PHIS, UBS,
VBS, PHIBS, F, A, B, C, E, W, NX, NY, LX, UN, VN,
PHIN, P, Q, R, S). This subroutine performs the bulk of
the work in the use of the linear ADI algorithm to solve
the shallow-water equations.

The variable IND assumes the values 0, 1, or 2. The
value 0 corresponds to the situation when the dissipative
term given by equation (24) is used. The values 1 and 2
are assumed if a nonlinear eddy diffusion term, given by
equations (25) or (27) correspondingly, is included in the
model.

The arrays A, B, and C describe the entries of the
individual 2x 2 block matrices belonging to a series of
N, +1 block-cyclic tridiagonal systems obtained from
the application of the linear ADI algorithm to the cou-
pled variables (u, &) following equation (15a). The matrix
E describes the right-hand side of the block-cyclic tridi-
agonal systems. The solution of those systems is
obtained by calling subroutine CYCBLK which in tum
calls subroutine BLKTRID.

Next a series of N, + | scalar cyclic tridiagonal sys-

tems have to be solved for the v field. The vectors P, W,
R describe the entries of those vectors whereas the
vector S describes the right-hand sides of the scalar
cyclic tridiagonal systems. The solution of those systems
is obtained by calling subroutine CYCTRID which in
turn calls subroutine TRIDIAG.

The intermediate fields thus obtained are renamed
VBS, PHIBS, and VBS and correspond to wi*"™ of
equation (15a).

In the second part of the ADI algorithm we first solve
for the coupled variables (v, ®). The coefficient matrices
now are block-tridiagonal and are solved by calling the
block-tridiagonal solver, subroutine BLKTRID. The
arrays A, B, C, and E are overwritten. Then the variable
U is determined by solving a series of tridiagonal
coeflicient matrices by calling subroutine TRIDIAG.

The new field variables thus obtained u3’', v5"', $5*"
are renamed UN, VN, and PHIN respectively.

Next, new starting values US, VS, PHIS are deter-
mined using equation (18a), whereas UN, VN, PHIN
now become the current values for a pew linear ADI
time-step. For a detsiled description of the linear AD]
algorithm and the algebraic procedure (see Fairweather
and Navon, 1977).

Subroutine CYCBLK (N, P, Q, R, D, W). This is a
cyclic block-tridiagonal solver written so as to take full
advantage of the fact that the blocks in the coeficient
matrices are 2 x 2. The algorithm used (see Navon, 1977)
is a generalization to block-cyclic tridiagonal systems of
the algorithm given by Ahlberg, Nilson, and Walsh in
1967 (the ANW-algorithm).

The definitions of the arguments are as follows:

P, W, and R are amrays of dimension 4« N which

contain the elements of the 2 x 2 blocks along the sub-

diagonal, diagonal, and superdiagonal respectively;

D is an array dimensioned 2+ N containing the right-

hand side:

W is a working-area array of dimension not less than

2e N3,

The solution vectors are stored in array D. N = NX.
During the computation all input arrays are overwritten.

Subroutine BLKTRID (N, M, A, B, C, D, L). This
subroutine is a specific block-tridiagonal solver written
for the situation when the individual blocks are 2x 2. In
the subroutine use is made of a direct-solution method
based on block-Gaussian elimination without pivoting.
The parameters A, B, C, D represent the same arrays as
P, Q, R, D of subroutine CYCBLK.

M takes the value 3 when the subroutine BLKTRID is
called from CYCBLK and the value 1 when the subrou-
tine BLKTRID is called from subroutine AD], in the
second part of the linear ADI algorithm. L stands for
cither NX or NY depending on whether we are solving
equation (15a) or equation (15b).

Subroutine CYCTRID (N, P, Q, R, D, W). This
subroutine solves a scalar cyclic tridiagonal system using
the ANW algorithm and is called only once for a given
matrix. The definitions of the arguments are as follows.

P, Q, and R are N-elemeat vectors containing sub-

diagonal, diagonal, and superdiagonal elements. N =

NX.
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ADIF, a FORTRAN 1V program for solving the shallow-water equations 3

subroutine CYCTRID, or NY, when TRIDIAG is

D is the right-hand side N-element vector. The solu- called from subroutine ADI.

tion vector finally is overwritten on D.

M is either 2, when TRIDIAG is called from subrou-

Subroutine TRIDIAG (N, M, A, B, C, D, L). This is a tine CYCTRID, or 1, when TRIDIAG is called from
classical tridiagonal solver. The definitions of the subroutine ADI.

arguments are as follows.

A, B, and C have the same meaning as the vectors P,

N is either NX-1, when TRIDIAG is called from Q, R in subroutine CYCTRID.
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Figure 1. Initial height field contours with space resolution 4x = Ay = 200 km; CI = 50 m.



D stands for the N-component vector § when TRI-
DIAG is called from subroutine ADI, or it stands for
the working-area array W, dimensioned 2+ N, when
TRIDIAG is called from subroutine CYCTRID.

L stands for either NX or NY.

Subroutine EDDY (U, V, EVX, EVY, LX, NX, NY).

I. M. NavoN

This subroutine calculates the x and y components of the
friction force due to nonlinear lateral eddy viscosity, the
components being here denoted EVX and EVY respec-
tively. The nonlinear eddy viscosity coeficient can be
calculated following equation (25) or equation (27) by
setting an index IND equal to 1 or 2 respectively.
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Figure 2. Height field contours after 48hr. Space resolution Ax =Ay =200km; CI=50m; At = 1800 sec.
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APPENDIX A--LISTING IN FORTRANIV OF SOURCE CODE FOR ADIF

PROGRAM SHALLOW(INPUT OUTPUT s TAPEL=INPUT s TAPEI=OUTPUT»TAPES)
COMMON/CUONST/FLoDoTo DXy DYsUToFX9FYoFToGeTIMES IPR9ADJ9BDY
COMMON/ZEDVORT/GNUs GAMy GDX39PXoPYosPXSQIPYSQePXS29PYS2+ALPHAYFAC IND
DIMEMSION U(35925) 9V (35925) oPHI(35925) 91US(35425) 9VS(35425)

1 PHIS(35029)yUBS(35925) 9VRS(35925) 9PHIBS(35425) sUN(35425)

? UN(35425) sPHIN(35:2%) vH(35925) 9F (35) 2A(4935)9B(4935)9C(4935),

3 E(2¢35) 9P (35)9Q(35)9R{35)+S(35) sW(2+3593)

EQUIVALFNCE (URS(1)oUN({1)sH(1)) o (VBS{1)sVN(1))s (PHIBS(1)sPHINI(]1))

DATA NASE/VFwa'l/

DATA G/10,0/

NDATA ITAPELl/)/

DATA 1TAPEa/4/

DATA ITaAPE3/3/

FURMAT (6E10,492159F10.0)

FORYAT(10 THIS RUN WwITH VERSION ",A3,12)

FORMAT (MO ADJ="9F11.8)

FORMAT (Y NU = "4E1043¢5X9"GAMMA = "yE10,3)

FORMAT (10 ALPHA = ",FE]12,4)

FORMAT (10 CHANGE DIMFENSIONS OF ARRAYS UtVeeseeeosW TO ACCOMMODATE
1 TrIS DATA SETe"/SXe"ANND THE VALUES ASSIGNED TO LX AND LYs WHIC
AH TWNICATF CERTAIN ARQAY DIMENSIONS,™)

FORMAT (1] INITIAL U=FIELD"™)

FORMAT (11 INITIAL V-FIELD")

onNL=0,

Gam=0,

ALPra=0,

CEAUDITITAPE L9 L)FLoDeTolXeDY DT o IPRoMMeADY

LxX=3s

LY=25%

JXsFL/DX

NY=1sIFIX(N/DY)

IF (X, GToLK) GN TO 45

[F(L.Y.LE«LY) GU TO 50

HRITE(ITAPE3.7)

G 10 290

MNT=2T/RT

FX=0T/(4¢%0DX)

FY=DT/(4e®DY)

FT=0,5%DT

CALL SETUP(UsVsPHIsHeFsNXgNYsA9BeLX)
WRITE(ITAPE3s3) ADY

wRITE(ITAPE3s4) GNUsGAM

aRITE (ITAPE3YS) ALPHA

TIME=0,.

CALL LOOK(UoVoPHIsHeFoNXgNYoLX)

CALL WSTAR(UsVIPHIWUSIVSeFHISsFeNXgNYsLX)
aRITE(ITARE]8)

CALL UVOUT (LigNXoeNY LX)
WwEITE(ITAPE3,9)

CALL UVOUT(veNXgNY,LX)

ICPT=0

InD=9

IF(ALPHALEQ,0,) GO TO 90

IND=2

GO T2 100
IF(GNUGEWeDs e ANDeGAMERL0.) GO TO 95
I~D=1

GO TO 100

1F{ADJeFLe0,s) GO TG 100
EPSUT=A0NURDTRDT®DT

ADJ=ERSOT/Z (DY®DY)

AOJ=ELSHT/(DXBDX)

COMTINUE
NP FOR FaACK T1ME STEP

Ny 200 1T=19MT
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3 show the negnt field contours after two days of
simulation using time steps of 1800 and 3600 sec respec-
tively. The contour interval is 50 m and the digits 8, 9, 0,
1, 2 stand for 1800, 1900, 2000, 2100, 2200 meters respec-

1 2 3 4 S [ 7 ] ? 10
1

1 11 000 99 8800
11 0000 999 8¢
il 00000 999 s8s
2 1l 0000000 999 esee
111 000000000 999 o8eee
mn 00000000000 999 888
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nu 0000000000 99 6882
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1l 00000 1 00 9 8e0sd808 a8 7777
[ ] 111 0000 1 00 % pgoendd 88 7717
11 00 00 99 ossss ss 71777
11 00 99 oé8 s 17717
* mn 00 99 88 o8 1717
11 0 999 8 1777
00 999 e8d TTITY
10 1 00 999 ased 7YY
I3 )] 000 9999 e8s TTITY
11111 00 9999 0880 77
11 111111 000 9999999 8888 e
111111 000 9999999 sese 1244
111111 00 99999999 a0s 7
12 111111 000 99999999 80 14
111111 000 999999 s
1111 000 99999 8888
13 129) 000 999 8sese
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Figure 4. Height field contours after 20 days. Space resolution
Ax = Ay = 500 km; CI = 50 m; At = 1800 scc; € = 0.015.
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1111111 00000 9999
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s I 000000 9999
muainn 000000 9999
11111111111 000000 9999
[ munnnl 000000 9999
111111111111 000000 9999
13RERERERREE) 000000 099
7 IRRRRRRRRRYY 000000 999 00800808080
111l 200000 9999 2000080088
1111111111 000000 9999 sscsdesess
] niun 000000 9999 agsssnssee
11111111 000000 9999 0080008080
1minl 000000 9999 88808 L)
1 ] nuunn 00000 9999 S8800858888
mnin 0000 9999 380000088
1111111) 0000 9999 208008000
10 1 0000 9999 008888000
minn 0000 999 s0000088
11111111 9000 2999 a0008080
11 mnn 0000 92999 88000080
mnnn 00000 2999 08088800
ummnn 00000 2999 08008008
12 miunnnl 00000 9999 80500000
1131113113 00000 9999 05000008
11 00000 9999 05000008
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Figure 5. Height Beld coatours after 20 days. Space resolution
Ax=Ay= 500 km; Cl = 50 m; At = 3600 sec; ¢ = 0.020.

tively. Figures 4 and 5 show the height field contours for
a long-term integration using a space resolution of Ax =
Ay =500km and a time step of 3600 sec, the dissipation
coefficients being ¢ = 0.015 and ¢ = 0.020 respectively.
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APPENDIX A—LISTING IN FORTRANIV OF SOURCE CODE FOR ADIF

PROGRAM SHALLOW(INPUT.OUTPUTsTAPEL=INPUTyTAPE3=OUTPUT» TAPES)
COMMON/CONST/FL9DoToDXsDYoDToFXoFYoFToGoeTIMESsIPReADJBDY
COMMON/EDVORT/GNUsGAMyGDX39PXsPYsPXSQePYSQePXS2¢PYS29ALPHAFACYIND
DIMENSION U(35425) 9V (35925) sPHI(35925)9US(35925)9VS(35425)

1 PHIS{35+425)1UBS(35925) ¢VRS(35925) yPHIBS(35925) sUN(35025)

2 UN(35925) 9PHINI(35425) 9H(35925)9F (35) 9sA(4935)9B(4935)9C(4935)

I E(293S) 9P (35)9Q(35)9sR(35)+S(3S) W (203593)

EQUIVALENCE (URS()Y) oUN(1)oH{1)) o (VBS(1)eVNI(]))s (PHIBS(1)sPHIN(1))

DATA NA%E/'FW4't/

DATA G/10.0/

DATA ITAPELl/1/

DATA 1TAPE4/4/

DATA 1TaPE3I/3/

FURVAT(bEIO-"IaISOFlO.O)

FOR“AT(H0 THIS RUN WITH VERSION "4A3,12)

FORMAT (10 ADJ="9F11.8)

FORMAT (v NU = "4E10,3¢5X9"GAMMA = "“,E10,3)

FORMAT (40 ALPHA = ",E]12.,4)

FORMAT (10 CHANGE DIMFENSTIONS OF ARRAYS UdVseeeeerW TO ACCOMMODATE
1 TeIS DATA SETe"/S5Xe"AND THE VALUES ASSIGNED TO LX AND LYs WHIC
PH JUDICATF CERTAIN ARRQAY DIMENSIONS,")

A FOR~AT ("] INITIAL u=FIELD™)

Q FORMAT (] INITIAL V=-FIELD"™)

onL=0,
GamM=0,
ALPHAZO,
CEAD(ITAPEL 3 1)FLoDoToCXeDYsUTy IPReMMyADY
LX=35
LY=2%
JX=FL/DX
NY=]1+IFIX(N/DY)
IF(LiXaGToLX) GN TO 45
IF (.Y LFeLY) GU TO 50
45 "RITF(ITAPE3s7)
Gu 10 250
50 NT=T/RT
IF(IPKLFR.N) TPPR=]

FX=DT/ (44%DX)
FY=DT/ (4o2DY)
FT=0,5%DT
CALL SETUP(UsVePHIsHyFsNXysNYsAeBoLX)
WRITE(ITAPE3s3) ADY
wRITE(ITAPE394) GNUsGAM
#RITE (ITAPE39S) ALPHA
TIME=0,
CALL LOOK(UsVePHIsHeFsNXsNYoLX)
CALL WSTAR(UsVePHIyUSsVSeFHIS)FaINXpNY LX)
WlTE(ITAFEI» 8)
CALL UVOUT (LieNXoNY,o LX)
wRTTE(ITAPE39) ’
CALL UVOUT(VeNXeNYsLX)
[CPT=0
InD=0
IF(ALPHALERL,D0.) GO TO 90
IND=2
GO T2 100

90 IF(GNUERe0es ANDeGAMENR,N,) GO TO 95
I~n0=1
GO T0 100

95 1F{aDJetwwe0a) GO TG 100
EPSUT=ADYSDTADT®DT
ADJY=ERSNT/Z (DY®DY)
ADhy=EPSHT/Z(DXeDX)

1IN0 COMTINUE

C  LOOP FR EACKH TIME STEP

Ny 200 T=19nT

~U e W
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IOPT=TOLT ]
251 CALL ADI(LsVePHTIIUSyVSyPHIS UBSIVBSePHIRSsFoAsReCoEswoNXeNY L Xy
1 UNsYNIDHINIP GRS S)
297 TIME=TIwFeDT
JF(LOPT,GE. IPR) GO TO 195
IF(Tlo LT NT) GO TO 200
C URINT VALUL 2F ENERGY INTEGRAL AT THIS TIME STEP,
c PRILT RETGHT VALUES AT THIS TIME STEP,
1965 CALL LOOK(UsVsPHIsHoFoNRoNY LX)
10PT=0
200 CONTIMNUE
C Ew~) OF TIME STEP LQOP
CALL UVOUT(UsANXeNY LX)
CALL UVOUT(VeNKeNYoLX)
NAYS=T/66400.
nINT=])
PEwWIND ITAPE® .
WAITE(ITAPE392) NAME MM
MRITE(I[APE«) NAME«NINT sMMoDAYSoDTsDXeOY s NX9NY
wRITE (ITAPEG) ((U(JoK) o J=1oNX) oKzl oNY)
WPITE(ITAPES) ((V(JeK)9ym])sNK) sKalyNY)
wRITE(ITAPES) ((PHI(JsK)sJ=leNX) sKzloNY)
REAIND ITAPEG
7259 STOP
END
SUBROUTINE WSTAR (UgVePHIsUSyVSePHISsFoNXeNYyLX)
TO SET UP INITIAL VALUES OF USs VSs PHIS FOR ALL JeK
COMMON/CONST/FL3DoToDXsDYsDToFXoFYoFT3GyTIME s IPRyADJsBDV
oe 0 0 0 0 T
OMEGA = OMEGA +({ P + Q ) OMEGA ) v  OMEGA=(UsVePHI)
JeK JoK JeK JrK JoK
DIMEMSION U(LXeNY) o VILXsNY) sPHI(LXoNY) sUSILXONY) oVS(LXsNY) o
1 PHIS(LXsNY) oF (NY)
DATA ITAPE3/3/
MYS=NY=]
DO 20 K=1sNY
FRrR=F (K)
QY=FY
KPl=Ke]
KM)]=k=]
IF(RPLlLE.NY) GO TO 10
KP1l=NY
60 T0 11
10 IF(kM1.nRE,1) GO TO 12
KMl=1
11 AY=FY+FY
12 NO 15 y=slenx
JPl=Jel
IF(UPL.GT M) JPI=]
Jil=y=1
IF(JvwlaLTel) J1l=NX
UKD=sU(JP] ¢ K) =U(JIM] ¢+ K)
PRKD=OHI(JF] oK) =PHI (UM] oK)
ViV (JeKP1)=V(JeKk])
PUN=PHT (JeKPLl) =PRI (JoyKM])
PHIZ2=PHTI{(JeR) /2,
U (Je") =2 {(JeK)=FRXE (U (JexX) BUKDSPHIZ2#PKD) =V (JoK)®(QYR(U(JsKP])
1 =U(JeK~]1))=FK) ’
VS (JaK) =V (JaK)=U(JyK) R (FXR(V(JP]l oK)=V (JIM] oK) ) ¢FK)
] =O0YR(V(JeX)RVIDePHIZ2#P yD)
PHIS{Jon)S0.5% (PHI(Jer) =F X (PHI2®URD+U(JsK) *PKD) =QY® (PH]2#VJD
1 +V(ek)®PYn))
1% CarneT Jeluf
20 Cai Trabe
NC £y J=lex
vS5(Url) =0,
£S5 VS (JenY) =0,
HE TLIRN
F D

o000 (]
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SUHRCUTTSE rDI(UsVIPRISUS)VSyPHISIUHSeVHSoPHIBSsFsAeBeCoEsWyNXoNY,
1 LXeUrgurigPHIKNIP4QeiHeS)
COnN/CONST/ZFL 9N ToUR DY s DT oFXpFYoF TGy TIME S IPReADJBDY
CORMNM/ZENVORT /GNU s GA* e ODX3 s PXoPY s PXSQUIPYSWIPXS29PYS29ALPHASFACe IND
ODTALISTOM GILXonY) oV (LY gNY) oPHI(LAINY) sUS(LXoNY) o VS(LXeNY)
1 PHISHL XonY) oishS(LXeMY) g VHSILX aNY) o PHIHSILASNY) oF (NY) sA(&sNY) o
2 B(aerYYoC (AoiuY) ol (2enXn) o SINX) W(PoliXed) gUN(LXINY) o VNILXoNY) o
A PHINILX oY) o P INY) o GINY) o R(INY)
QI n SInr FYX(35925) e EVY (35425)
TIF(IDeFual) 1) TO 25
IF({IMNGFG, 1) GOXIsGANSDXANXENDX
TE(T NeFia2) FACSLXBNXEDX#ALPHA®RSQRT (ALPHA)
IF(TINE ,RTeNe) GO TO 20
PXz=0e5/X
PY=p,S/nY
XSy XeRX
PYS,sPYeDY
PXSZ=r AL LGP XS
PYS2=2PYSIePYSN
0 CaLi. FONY(UgVeFEVXIEVYsLXeNXgMY)
LtonpR Fol FACk HORTZOMTAL LINE Y{K)y K=)loeqerNY
PG5 NG 140 k=]enY ,
Freb (K)
Fu=FY
RPl=Ke]
K]l sKe]
IF(KPLl LENY) GO TN 105
KP]=NY
63 TH 110
108 IF(Kkv],iE.1) 6O TO 118
v Kel=]
110 Fusk JeFn
LOOP FOR FACH POIMY  X(J)e JmleaeetNX ON LINE YI(K),
115 RO 120 Jus)lenX
SFT 1P ELEMENTS OF CYCLIC BLOCK (292) TRIDIAGONAL MATRIX, AND
CONSTANT TENMS FOR DETERMINATION OF UBS AND PHIBS.
JPl=zJel
NESE NLD
IF(UMloLTel) JUMIsNX
IF(UPlGTaMX) JP1=]
W(ledl=l,
Al(2ed) =0,
H(3sJ)=0o
HlGed) =)
Clled) =k X8US(J9K)
Cl2yJ)=2FXPKIS(J9K)
Cl3ed)=C(20J)
Clasdlz=Cllo))
99 118 |LL=les
118 A(Led)==ClLoJ)
Ellad) U (Jax) =FU® VS(JeK)®(U(JsKP1)=U(JyKM]1) ) +FK®V(JeK)
F 29 J)SPHI(JIK)=FU® PRIS(JsK)O(VIJeKPLl) =V (JgKM]))=VS(JyK)SFU®
1 (PHI(UWKPL) =PHI (JsKM1))
[F(1n:Da+9,0) GO TO 121
E(loed)=r (1oJd) eEVA(JIK)
6) Tn 120
121 FA(le) 2R (1eJ) +HDUR (U(UPLIK) =28 U(JeK)+ U(JIM]19K))
E(P2y )= (29U) ¢bDNUR (PRI (JPL oK) =2, 8PHI (JoK) ¢PHI (UM]9K))
IF(KaFC 1 eNReKobGenY) GO TO 120
Fllod)=t (1o ) *ADJR(U(JIKPY) =2, 28U (JeK) ¢U(JsKM]))
F(2e )= (PoJ) ¢ ARUR(PHTI (JoKP1)=2,8PHI(JoK) 4PHI (JekM]))
120 CONTINUE
CALL CYCBLR(NXKsAOResCoEosmw)
0125 =letiX
UsS(Jek)=E(]19J)
125 PHIAS(YsK)=E(2vJ)
LOGP FOR EACKH POINT  X(J)y J=loesedNX  ON LINE YiR),
[F(xetti, 1) GU TO 136
TFIK,EQ NYY GO TO 136
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149

0O

135

136
135
140

(@]

142

160

1

170

172
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U130 =l ek
SET 1,P FLEMENTS OfF CYCLIC TRIDIAGONAL MATRIXy AND CONSTANTY
TERMSe FOR GETERMINATION OF VBS,.
':'(\J)=1.'!o
(M FXFUS(YeK)
P(J)z=k(J)
S 2V (JeR)=FUBVS(JoR) B (V(JsKPY) =V (JeKM]1) ) =FURPHIS(JsK) »
(Pl (JeKP])=PHT (Yo XM]1) ) =FKRUHRS (JoK)
IF(IMDL,EN.0) 530 TO 131
S{J)sS(J)+FVY (JeK)
GO T 130
SIS SALIR(V(JekPL) =2, 8V (JeK) ¢V (JeKM]1))
S(U) =S () sRLUL (VJPlyK) =2, 8V (JgK) #V(IMLgK))
CONT T MLE
CalL CYCTRID TO SOLVE FOR VALUES OF VBS AT ALL POINTS X(J)e
J=1'o...hx 0y T*E LIN& Y(K).
Call CYCTRIN( XgPogkySew)
DY 135 g=l9..X
ViaS{JeK) =S8 (.4)
G T 160
Vi 138 a=lenX
VAS(JsK) =04
CONT 1 UE
TF(IND,Eda0) GO TC 142
CaLly FDrY(LUnSeVRSIEVXIEVY oL XeNXgNY) -
UMW FOk FACKH VERTICAL LIME K{J) e JZ]lveeerN
NG 190 g=lewx
NESENLY|
Jrlad=1
IF(Us 141 Tal) JML=NX
IF(JPl,.~Tei-x} JPl=]
LOOF Fi@ EACH POINMT  YIK)s K=leeee*NY ON LINE X(J)oe
D170 ws] oY .
Fusfy
RS ]lske]
RlzKe]
IF(‘ploLE.HY) GO Tg 145
Kl =ivY
50 TA 150
IF(nm] . :Fal) 60 TO 158
Kml=1
FuskLsFu _
SET UP ELEMENTS OF BLOCK (2#2) TRIDIAGONAL MATRIXs AND CONSTANT
TERMSy FOR DETERMINATION OF VN AND PHIN,
R(leK) =1, _
B(‘.K)=l.
B(2+K)=0,
3(3sK) =0
Cl(leK)=FURVS (JeK)
C(29K) =FURPHIS(JU9K)
C(I3eK)=C(20K)
Clask)=sC(leK)
NO 160 L=1vs
AlLeK)==C(LoK) )
E(loK) =2, *VBS (JeK)=V(JoK) ¢FU eVS{JoK)®(V(J9KPLl)=V(JeKM]))+FU»
PHIS(JeK)®# (PHI(JeKP]l)=PHI (JosKM]))
E(2e%) 22 #PHIRS (JoK) =wPHI (JsK) oFU® PHIS(JeK)®(V(JIKPL)=V(JoKM])) ¢FU
BVS(JoK)H(PHI(JoKP])=PHI(JoKM]))
IF(IND.,EQ.0) GO TO 170
E(loK)=E(lok)2EVY(JsK)
COMTIMUE
DO 172 L=l .
alLel)zR(Lel) ¢A(Lr1l)
BlLoNY)2R(LeNY)oC(LoNY)
CALL RLKTRID TO SOLVE FOR VALUES OF VNe PHIN AT ALL POINTS Y(K),
R=]veearNY OnN THE LINE X(J) o
CALL RLKTFIDI(NYolsAsReCoEeNY)
DO 175 Kk=lenY
vN(JoR)=FE (1gKk)
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176 FHTN(Jex) =F (20R)
VN (uel) =0,
Vi JeiiY) =0,
1745 CONTINUF
LOCE FOR EaCH POIMT  Y(K)y K=leogeesNY ON LINE X(J)e
DU 180 k=] enNY
SET P ELEMENTS OF TRIDIAGONAL MATRIXe AND CONSTANT TERMS, FOR
NDETFRMINATICON OF UN,
FU=FY
KPlz=Ke]
KM]=K=1
IF(KP]l,LE.NY) GO TO 176
KP]l=NY
6O TO 177
176 IF(KM1.GE.1) GO TO 178
KM]l=]
177 FuUsFUeFU
178 FK=F(K)
‘J(K)=1.
R(K)=FUsVS(JsK)
P(K)==F(K)
S(K)=2.2UBS(JsK)=U(JsK)¢FUR VS(JeK)®(U(JsKPLl)=U(J9KM]))
1 «FK® (V(JyR)=VN(JeK))
IF(INDLERN.0) GO TO 180
S(K)=S(K)+EVX(J9K)
149 CONTINUE
B(1)1=0(1)+P (1)
N(MNYY=QINY) «R(MY)
P(1)=0,
H(NY)=0.
CALL TwIDIAG TO SOLVE FOR VALUES OF UN AT ALL POINTS Y(K)»
K=1veee?NY ON THE LIME X(J),
CALL TRIDIAG(NY9losPyQeRySyNY)
DY 1885 k=lsNY
185 UN(JeK) =S (K)
160 CCNTINUF
STAKLISH NEw VALUES OF USse VSe PHISy Us Ve PHI,
DY 192 ==1si1Y
DO 192 u=lenk
LS (Jex) =095 (3. 8UN(J9K)=U(JoK))
VS(Jer)z0.5% (3, 8VN(JyKr) =V (JeK))
BHIS(JeK) =0,29% (3 ®PHIN(JyK) =PH]I (JsK) )
HJex)=UN(JeK)
VIiJdexK)zsvn(JeX)
192 PHI(Jak)=PHIN{J9K)
WE TR,
E il
SURROUTINE MAPPA(FUN9CyNXyNZoLX)
DIMENSION FUN(LX9NZ) s ANS(49s116) 9 IANS(116)sNUM(10)
DATA NUM/1H191H291H3y1H4y»1HS91HO91HT e 1HBY 1HO 9 1HO/
111 FORMAT (5X4215)
FORMAT (//5X9231577)
FORMAT (IH »13)
FORMAT (1H +TXe116A1)
FUORMAT (1Hes7Xel16A])
K=3
N=S
FKsK
[
I1=0
nNYshnZ=]
PRINT 1119NXeniY
LEND=K
PRINT le (JeJd=1eN2)
Jii=]
10 I=1+]
PRINT 241
IP1=1+1
IF(IPleTehn) IP1=1

n

W -
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no 1% Jd=lem2
ZOIF=(FUN(IPl 3 J)=FUN(TsJ))/FK
PSSR L SNE NI
ANS(1eJdX)=FUN(L9J)

DO 15 L=2e«LEND

AGS (Lo IX) SANS(L=1sJX) +XDIF

N0 20 JzlehY

JX=]en® (= JR)

Ny 20 LzlysLEND

YDIF=(AHS{LsJX+N)=ANS(LsJX))/FN

MlsJXel

M3=JX¢-“:-1

N0 20 M=M1413

ANS(Le#) sANS(LoM=1)+YDIF

MEMUG=M]

00 86 L=leLEND

40 M=] o ME M)

IF(ANS (L o) oGl abe) GO TO 30

LANSE=AL-S(LyM)

“AMSECHAANS

PN ST (KBNS /D)

IF(RaiS ,FuL KKANS) GG TO 35

KANSERALS/2

KAES=MODN(KAYGS910)

TE(RANS FL ) KANS=]0

TarS (1) 2:UM (Kaks)

BTO 40

WALSSCRLMG (L ot4)

Ko 2 SzPe (RAnS/2)

IF (CANS B G KKARS) GO TO 2s

IAMS (M) =lm

CONT THL

1F(LahT,1) GO TG 45

PRILT Go(lans (M) gmz]gmERD)

GU T 4

URT'T 34 (18 .S (%) M=) g MENMD)

CI\'\,TI‘.‘“:.

TF(T=X) 10eb5e65

LE "=

I=]1+]

PanloT 21

DU AL JzlerZ

JXE]en® (e Jid)
ANS(LedX)=FUN(L s Y)

Gl T 1w

LT TelJeuz=]en2)

BETW0N

SURRAUTINE UVOUT(WeNXeNY ol X)
DIMERSION W(LXINY)
DIMEANSTION JAa(32)
CATA NO:JT/Z3/
OATA INNZ0/
FEOPRAT (IHD 92216/7)
FORMAT(1XK912022F6.2)
IF(INN.:T.0) GO TO &

Ivp=l
LS}
NK2zNXKe D
o0 3 yslenx2
JA(Y) =K

=+ ]

JE=0

Jiizyt el

JES TR0 (NR2 9 JF #22)
=“RITE(NGUT 1) (UALY) s J=JBe JE)
«K=NY, . .
JF(JUReGTel) GO TO 9

JbsJbe]
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D7 R=1enY
KMzkKal]
ARTTF(NGUTe 2 My WINANeKK) o (W(JIKK) 9 J=JB e JE)
YKok
Jhk=zut el
2 1) 8
JE=yr=2
Jhza=1
A0 10 kK=laliy
KizhiK=]
SITE A OUT 92) ARMe (W{JoKK) 9 J2JRJE) s W (] o KK)
=t
e TR
oM
SUARIUTINFE POUT (HeidXgNY gL X)
DIMENRSTON H{LX9NY)
AIMENSTON JAL32)
DATa NOUT/Z3y
DATA INC/ZO/
FOREAT (0 HEIGHT VALUESY/)
FORSAT (3X922167)
3 FORMAT(1Xe12922F6,0)
IF(1ND.GT40) 30 TO 4
INU=]
=i
NK2EAASD
D03 J=1leNX2
JA(J) =K
K=Ke ]
JE=0
JrRsJE +]
JEerTNO (N2 e JE+22)
WRITE(NOUT 9 8)
vRITE (T e 7)) (JA(J) 9 U2JUB e JE)
K=Y
IF(JURe5BTe1) GO TO 9
JE=JE=1
DO 17T K=leNY
(H:Kk-]
SRITE(NGUT9R) KMer (NXoKK) 9 (H({JeKK) 9y J=JBo JE)
KxK=KM
JE=JUEe]
su TO §
JE=JF=2
JR=EJE=1
NO 145 k=l4yNY
KMzKk=]
ARTTE (UT o ) KMy (HIJoKK) 9 J=JBs JE) oM (1 9KK)
K=K
RETUKN
EN{
SURKOUTINE SETUP(UsVePHIsHeF s NXaNY 9SeColLX)
H(XeY)=HO+H]1#TANH(P) +H28SIN(Q) ® (SECH(R) ) 202,
WHERE P = 949(N/2=Y)/(2.,%D)
AMD D= TURISX/FL ¢ AMD R = 2#P,
BHT(JyK) =2, 8SORT(GR#R(JyK) )
HlJaR) == (G/F (K) )& (PARTIAL DERIVATIVE OH/ZDY AT JeK)
viJder)= (G/F (K) IS (PARTTAL DERIVATIVE DH/ZDX AT JoK)
COMmOM/COMST/ZFL Do ToDX o DY 9 DToFXoFYoFToGyTIME IPRsADJIBDY
DICERSTOM O (LAaNY) o VILXeNY) o PHI(LXoNY) oF (NY) o SILX) sC (LX) gH{(LXsNY)
DATA TuPI/e,2R318%3071796/
NATE In/ZL/
JATA MOUT/3/
1 FORYAT(6F]10,4)
3 FORSAT (0] SHALLOW WATER EQUATIONS"/)
s FORAT (10 CONSTANTS:  HO=MeFS5,00" MU 10X "FHATSNGEG, 29" /SEC ",
JOXK ML= gFO 09" MUGI2X e DKEMyFBe00™ MI/14X e "HIZH 3 FS,04" MW, 10Ny
? MEETASUE 942" /SEC/M 9 10X0"DeM"yF9,04" MU 12X e"DYS"4FB, 09" NIy
3 1aXe"H22 9FH, 00" ML 0Xe"T2"eF9,0¢" SEC"910Xe"DT="9FB8,0e" SEC"/)

~
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nJs 141y H2 ARE CONSTANTS In THE HEIGHMT FUNCTION

10

14
1%
20
24
25

2

FHanTe 4FTA  AKFE COMSTANTS IN F = FHAT + HETA® (Y=D/2)

CEAD(TNe]l) HOoH1oH2sFHATRETA

v JTF (MU T 3)

WwRITE(nUT94) HOsFHATGFLoDR9HL1yBETA9DsDY o M2 Ty 0T

YE=9,./D

YF=0,9%YF

N2=U/2

XF=TUPl/FL
FuXI=TUPTI/ZFLOAT (HX)
FJs(e

DO 10 Jz1alix

FJ=F Jel, .

TEMP=F JaFNX]
S(J)=ST(TEMP)
C(JU)Y=COS(TEMP)
S(ha)=0,

Cirx) =1,

NYR=AYe]
FNYMI=9,/FLOAT (NYM)
FKM=0.

Y=0,

DC 20 K=]9NY
TEMP=2=Y
F(K)=FHAT=BETA®TEMP
GH= G/F (K)

YA=4 ,S=FKM®FNYM]
YrE=zD,5%YA
TMH=TANM(YE)
SHZ2=]1,=TNH®*TNH
Cl=HO+H]®#THNH
Co==YFRSH2#H]
THHSTANH(YA)
SH2=] s =TNH®TNH
C?=H2#SHKH2
TIF{K.FQ,1) C2=0,
IF(KeEwga™Y) C2=0,
C3=C24XF
CS5=2,4C2#YERTNH

DU 15 JUslehix

TEMP=S ()
R{Jsr)=C1+C2°TEMP
PHI (JekK)=22,8SuRT(G®
V(Jek)=gHeC3I®C (J)
UlJe<) ==HH* (Co+05eT
COMTIHUF
F(M)sF(r)®FT

Y=YeDY

[ 3 KM=FKvel,

ol 25 JsleNx
ViJel)=0.
VIiJenY)=0,

RE TR

£

SUBROUTINE LOOK(UsV
REAL MSVRT
COMMON/CONST/FLoD T
DIMENSION U(LXINY)
DATA NOUT/3/

H(JsK))

E00)

sPHT o HoF oNX9NY LX)

sDXsDYoDToFXoFYsFToGeTIME IPRsADJBDJ
VILXeNY) o PHI(LXoNY) sH(LXoNY) oF (NY)

DATA IND/N/oNSTEP/0/+TIMEA/O0./

FORMAT (1]1%)

3 FORMAT ("] TIME="9FO,0Ne" SEC"+10Xs"HMEANRN,F 8,291 MU LOXeH"ENERGYmY,

4
5%

1 1PF13.6910%9"CPU T

IME FOR "y 13¢" STEPS s",0PFB.2¢%" SECY)

FOKMAT (2X 9 #MEAN SQUARE VORTICITY=®y1PE]13,6)

FORMAT (5X o "LOOK")
TIMER=SECONN(CPU)
DPTIME=TIMER-TIMEA
IF(INDeGTL0) GO TO
G4 INVE=],/(4.%G)

-

-2
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AREAZNX® (NY=]l)
ECMIT=Dr20Y/((G+G)
S SuUmgENB=D,
HMEANZQ,
{»EAN=0,
EChHST2=NxenY
*Yl=nY=-]
FAC=0.5
NN 40 K=1eNY
IF(KJEQ nlY) FAC=0,5
MRIVRT=0,
HEL=0,
EvVEREL=n,
QI 10 J=lemx
DoSu=PHI (JoK) #PHI(JeK) /4,
FLEREL=PHGQ@ (PHSQAU(JsK) BU(JaK) +VIJeK) RV (JeK) ) +ENEREL
10 ConTI~NUE
[IF{(IviennTa0) GO TO 20
D1% Jzleh
15 HEL=NELeH(JyR)
G TH 3¢
20 20 25 JzleNX
HIJsK)SPHI(JoK) #PHI(JeK) ®G4INV
25 HEL=HEL+H(JsK)
30 IF(FAC.EQ.,1) GO TU 35
HEL=HEL®FAC
35 HMEAN=HMEANSHEL
SUMENG=SUMENG+ENEREL
40 FAC=1 o0
DO 60 K=2sNY]
FIK)=F(K)/FT
DO 56 J=lenNX

JRl=Je]

UMl=y-1

IF(UM1aLTal ) UM1l=NX

TF(JP1.GToNX) JPl=] .

MSVRT=(((VIUPLoK) =V (UML9K)) /7 (2e8DX) = (U(JoK+1)mUlJpK=1))/(2+20Y) ¢
IF(K))#%#2) /H(JeK) +MSVRT
CONT INUE
LMF ati=2ME ANSMSVRT
CONT ItUE,
HME ANsHMWEAN/ZAREA
ENERGYSQUMENGRECNST
IME at=7MEAN®ECNST2
WRITF(NOUTe3) TIMEWHMEANYENERGYyNSTEPIDPTIME
AR ITE(Ry6) ZMEAN .
NSTEF=1PK
CALL. HOLT (HeNXsNY LK)
WRITE(NOUT s 2)
CALL “AFPA(H90e020NXpNYoLX)
TIMEA=SECOND (CPU)
IF(IND,HEL0) GO TO 45
ENg=ENECGY ¢ENERGY
[nD=)
GO TH Sp
45 IF(ENERGY.GT.EN2) STOP
wRTITE(NOUT955)
HE TSN
Fp

SURROUTINE CYCBLK(NsPsQsRsDsW)

wr
=

DIMENSTION P(4aN)»Q(49N) sR(GoN)9D(29N) oW (29Ny3I)

CYCRLK SOLVES T#X=D WHERE T IS A DIAGONALLY DOMINANT CYCLIC BLOCK
TRIOIAGGMAL MATRIXs EACH BLOCK BEING 2%2y AND THE ORDER OF T BEING 2eN,

Ps Qs Re ARE ARRAYS OF DIMENSION 42Ne WHICH CONTAIN THE ELEMENTS OF
THE BLOCKS ALONG THE SUR=DIAGONALs DIAGONAL AND SUPER=DIAGONAL
RESPECTIVELY,

0 IS AN ARRAY DIMENSIONED 2Ny CONTAINING THE CONSTANTS,
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THE RLOCK IN POSITION T(1lsN) IS STORED IN P{ 91)s AND
THAT 1N POSITION T(Nel) IS STORED IN R( #N),

ARRAY w PROVIDES WORKING AREA AND MUST BE OF LENGTH 2#N®3 AT LEAST.
NURING COMPUTATION ALL INPUT ARRAYS ARE OVER=-WRITTEN,

THE SOLUTION VECTORS ARE STORED IN ARRAY D.
NMENe]

D0 10 I=leNM

NoO 5 J=le2
wiJesIel)=D(Jel)
W(Jel1e2)=30e

5 wl(Jele3)=0,

10 CONTINUE

401lele2)=P(10])
v({29192)=P(2e1)
w(le1e3)=P(301)
“(29193)2P(6s])
R(loliMg2) =R (1 g M)
w(29nVy2) =R (29NM)
“(lenMe3)=R(3IgNM)
k(2yNirig3) SR (4 9gNM)

CALL HLuIRIN(nNmeIgPovskowoN)

V1s GoyN)=Vi2aN)®W (19193} =R{GINI®h(29193)=P(2eN)SW(]1yNMy3)
P (4eN) B (PINMg )
V2E=(2e%) ¢ (2aN) B0 (10142) +F (G aN) W (20192) ¢P(29N)®W (] gNMy2)
P (44M) 82 (29NH2)
VAze (305 ) 4K ({1aN) 2w (14193) *R{IyNI®w (291 93)¢P(1sN)®W{19NMy3I)
*P(34i0)®w (29NMe 3)
Vast(len )=k (loh)Bw(lele2)=R(3yN)BW(20102)=P(loN)®W(1yNMy2)=P(3yN)*®
WH(2yime2)
Nnim E0(lar )b (lon} @ (lylygl)=R(3oN)®*W(2919))=P(1sN)®W(]1yNMy])
=P (3eN) By (24NMmy])
L2t S l2env) =R (2e%) 87 (1919l ) =R (4IN)PW(2910)) =P (2oN)BW (]1sNMy])
=P (44i4)®% (2ohtin])
DET=V]#yé4=vpev3
TE=(V1enINeVIHNANY /UET
DZNS (V2810 1NeV4RN2N)Y/DET
Dibh=TEm

10 20 YT=]eN
D(lel)zw(lolol)=DINOW(]als2)=N2NOW(19]s3)
NE2¢1)=0(Polol)=DINBW(29192)=D2N®W(29]93)
ONTIalr

DlleN)=n]n
N(Pely) =non
RETUFN

£

SURRQUTINE CYCTRID(NsPeGoRoDow)

DIMENSTON P(N)+sQ(N)3RIN)9sD(N) oW (N2 2)

SOLVES THE SET A®X=D OF N (NeGE+3) LINEAR EQUATIONS wHERE THE
COEFFICIFMT MATRIX 1S CYCLIC TRIDIAGONAL,

VECTORS P, Us Ry Do EACH OF N ELEMENTSsCONTAIN RESPECTIVELY THE
S'R=DTIAGOMALy NIAGONALs SUPER=DIAGONALs AND CONSTANT ELEMENTS,
ThE FLEMEFNT  A(leN) IS STORED IN P(1l),

AND A(Ns)) IS STORED IN R(N),

aRGAY w PROVIDFES WORKING AREA AND MUST BE OF LENGTH 28N AT LEAST,
MJPING COMPUTATION ALL INPUT ARRAYS ARE OVER=WRITTEN,
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ADIF, a FORTRAN 1V program for solving the. shallow-water equations kI

SOLUTION VECTOR 1S STORED IN VECTOR D,
whzlie]

O 10 T=]lyne
ATel)=0 (1)
w(TeP)=0,
w(1e?2) =2 (1)
s g 2) =R (iva)

CALL TRIDTAGINMZ29PsQoRewWyN)
A= (D(N)=E(N)#W(1s]) =P (M) RW(MM]1)) /7 (QIN)=R{N)®W (192)=P(N)BWN(NM2))

N0 20 I=leNim

DY) =sw(lal)=XN®W (Ts2)
DN} =XM

RETURN

EnD

SURROUTINF RLKTRID(NeMeAsEesCoDoL)

TRID SULVES 1#X=D whERE T IS A DIAGONALLY DOMINANT TRIDIAGONAL
LOCK MATRIXy EACH BLOCK BEING 2%2s AND THE ORDER OF T BEING 2%N,
ING COMPYTATION ALL INPUT ARRAYS ARE OVER=-WRITTEN,

SOLUTION VECTORS WEPLACE Dy THE APRAY OF CONSTANTS.

DIMENSION A(4sL)oB(G4yl)sClasL)sD(2eL oM)
TF{“,EQ.3) GO TO 5

L(1e2)=0,

A(242)=0,

H(29N) =0,

“(291)=0.

Cllen=1)=0,

C(2yN=1)=0.
TE2P=1,/(R(191)%R(44])=R(29])%B(39]1))
VIi=R(4y])#TEMP

VZ2==R{241)2TEMP

V3==R(34]1)2TE™MP

Vesii(lel) ®RTEwP

00 10 Jslem

TEMP= VI®0(1a]leJ)+V38D(2010J)
D({2slsd)= V29D (1alyJ)eVeaD(29]19J)
Dileled)=TEMP
TEMP==(v1I®C(1lyl)+V3I®C(241))
C(2y]l)==(V2RC(lyl)evanC(2y1))
C(ls1)=TEMF
TEMP==(y]1#C(301)¢V38C(49e1))
Claa])=a(V2RC(3e]l)evasC(4y]))
C(3e¢1)=TEMF

NO 20 I=2sN

In=1=1
P(lyT)=R(1oI)+A(1e1)OC{1oIM)eA(I0])RC(291IM)
R(291)=R(291)sA(Ze])I®C(LelM)eA(49])OC(2yIM)
F(AeI)=R(391)*A(1s1)BC(39IM)eA(I9]I)®Cl4s]IM)
RlasT)=B(4sT)+A(2y]1)8C(34IM)I¢A(Ge])BC(4y]IM)
TEMP=],/7(H{1e])8B(49]1)=R(2:]1)%R(391))
V1i=si(eys]) ®TENMP

V2==B(241)®TEMP

V3==R(341)#TEMP

VazR(1ly1) ®TEMP

TEHP==(v1#C(ly])+V3eC(2+4]))
C(2el)=a(V28C{]lol)eVaeCi(2,y1))

C(lel)=TEmMP

TEMPza (yINC(3a1)+V3BC(4y]))
Clag])==(V2RC(A9])evanC(a,y]))

C(3¢l)=TFMP
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DO 15 JUsleM
D{laTed)=id{1eTlod)=A(1s]1)8D(1eIMeJ)=A(39]I)®D(2s]IM9J)
D(2eTed)ER (29T ) =A(2¢]1)8D (1o IMpJ)=A(Gs1)ED(29IMyJ)
TEMPs VI®D(1eleJ)eVIRD( (eI J)
D(2eTed)= V2ED(1eloJ)*VaED(2e]sJ)
IF(eFG.l e ANDILEQ.iN) TEMP=0,

15 N(1leled)=TEMP

20 CONTINUE
K=N
GO 30 I=2N
KP=K
KzK=]

NV 25 JsleM
TEMP =D(19KeJ)*C()9K)ED(19KPsJ) ¢C(3eK)BD(29KkP s J)
N(2sKeJ)=D(29KeJ) *+C(2eK)EN(19KPoJ) +Cl49K)®D(23KPyJ)
IF (M EQ,1.,AND R EQ,1) TE™MP=0,

29 D(leKeJ)=TEMP

30 COLTINMUF
KE TURR

Foyin
SUBROUTINE TRIDIAG(NsMsAsBsCsDsL)

DIMENSION  Alk) oB(H)2CIN) 9sD(LIM)

DO 10 J=leM
10 N{led)=D(le ) /B (1)
C(l)==C(1)/R(])

DO 20 I=2sN
IM=z]e]
RII)=A(II#C(IM)+BI(])
C(I)==C(1)/H(])
00 15 JU=lak
15 D(TeJ)=(D(IsJ)=ALI)RD(IMeJ))/BL(])
20 CONTINUF

KzN

DO 30 I=2¢MN

KP=K

KsK=]

DO 25 J=le¥
25 N(K ) =NIKJ) +C(K)ED(KPoJ)
30 CONTINUF

RETURN
END
SUAROUTINE EODY(UsVeEVXIEVYsLXeNXoNY)
COMMON/EDVORT/GNUsGAMs GDXI9PXsPYsPXSQePYSQePXS2ePYS29ALPHAWFACY IND
DIMENSION D(LXsNY) o VILXINY) s EVX(LXoNY) sEVY(LX9NY) s XST(35925)
1 VISC(3%5925)
20 DO 25 K=]4¢NY
KkiPlsxel
IF(XKPl4GTeNY) KPl=NY
nNn 29 J=1eNX
JPlsye+l
TF(JP1.,GT.NX) JPl=]
X331 (JeX)ZPX®(VIJPlyKP1) =V (JpK)+V(JP]l oK)=V (JeKP1))
1 =OYR (U(JPL1oKPLl)=U(Jo k) ¢+U{JsKP1)=U(JP1sK))
25 CONTINUE )
NO 30 X=zleNY
KPl=xel
IF(KP]GT,NY) KP]l=NY
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Gy 30 Jslemx
JPl=Jel
IF(JP1e1:ToNX) JP1=1
TAZXST(JPLleKP1)=XST (JeK)+XST(JP)yK)=XSI(JsKP])
ThEXST(UP1y¥P1)=XST(JaK) ¢XST(JeKP1)=XST(JP1rK)
SH=SORT (PXSGC#TA®TA+PYSN&TROTR)
IF(IND,+FR.2) GO TO 28
VISC(JeK)=6BAUS (1.+G0OX3I®SQ)
GO TO 3n

2B VISC(JeK)=FAC®S5Q

A0 CUNTIMUE
U0 55 K=leNY
K ]lz=Ke]
K 2=Ke 2
IF(KP1=%Y) 40937935

35 KrlshY

37 rP2=nY

ad 0 55 Jg=leNX
JP1=zye1l
JPesJe?
[F(UPl=nX) 50447945

45 Jdkl=1
JP2=2
cC TO 50
47 JF2=1
50 EVX(JeK)=PXS28 ((VISC(JP29K) +VISC(JPL1 oK) )R (U(JP2sK) =U(JPlsK) )=
1 (VISC(JUP1yk)+VISC(UsK)I 2 (U(JIPLsKI=U(JIK)))
2 =PYS28 ((VISC(JeKP2)+VISC(JeRP1) ) ®(U(JaRP2) =U(JsKP]1) )=
3 (VISC(JeKPI)#VISClUWK)I )R (U(JIRPL)=U(UK)})
EVY (JeK)SPXS28 ((VISC(JIP29X) ¢VISCIJPLyK) ) S (V(JP2sK} =V (UF]l oK) )=
1 (VISCUUPL19K) eVISCUJeK))#(V(JPL9K) =V (JsK)))
? «PYS28 ((VISC{UusKP2) +VISC(JIKPL))IB(V(JyKP2) =V (JyKP])) =
3 (VISC(JehPL1)I+VISC(JUsK)IP(VIJsKPL) =V (JoK)))
55 CONTINUE
RETYRN
Eatd



