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A FINITE ELEMENT SOLUTION TECHNIQUE
FORA DIAGNOSTIC SHELF CIRCULATION MODEL

Glen Watabayashi and J. A. Galt

Pacific Marine Environmental Laboratory, ERL/NOAA
Seattle, Washington 98105

ABSTRACT. A linear diagnostic shelf circulation model
developed by Galt (1975) is implemented using the Finite
Element Method. The model solves a second-order non-
homogeneous elliptic vorticity equation for the surface
elevation within the region of interest. Solutions

are obtained using finite element techniques, with elemental
areas determined by available STD station spacing. After
obtaining the surface elevations, velocities are cal-
culated.

The model was initially tested on several simple con-
trived cases to help demonstrate  the physics and the
numerical techniques involved. Results from these tests
indicate that, physically, the model generates a barotropic
flow within the region of interest such that water and
vorticity are conserved through the bottom Ekman layer.
Numerically, the model approximates the analytical
solution by piecewise linear functions. Therefore,
if the anlaytical solution is not linear numerical errors
occur which depend upon the mesh size.

The computer model has been written up in Standard
Fortran and requires a set of STD station data and wind-
stress data. The model is configured so that it can
be economically run on intermediate size computers {(100-
150K core).

1. INTRODUCTION
The purpose of this study is to develop an economic and easily used flow
model for continental shelf areas to help study the distribution of offshore
pollutants. This report documents the program and demonstrates its use for
simple test cases. A geostrophic model appropriately formulated for time
scales of a few days is attempted. Most geostrophic flow models in the past

have been developed for flow in deep water where a level of no motion is speci-

fied. At this reference level the net horizontal pressure gradient is assumed
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to be zero (Sverdrup et al., 1942; Formin, 1964). From this hypothesized
level, the relative isopycnal slopes can be calculated from STD obser-
vations. Over shelf areas, however, a level of no motion is improbable,
and a different kind of model is needed.

The model developed here for shelf areas is a linear steady-state model
requiring a set of STD and wind-stress data. The model incorporates
baroclinic contributions, a variable depth, a wind-driven surface Ekman
layer, and a geostrophically driven bottom Ekman layer into a vertically
integrated vorticity equation. Continuity is invoked; the coriolis
parameter is taken to be a constant, and the final result is a nonhomo-
geneous elliptic equation for the surface elevation. (A similar formu-
lation for the homogeneous case is presented by Welander, 1957.) This
equation is solved using a finite element technique with a triangular
mesh system which canbe adjusted to a region of arbitrarily located
stations. Once the surface elevations are obtained, estimates of surface
and bottom velocities are computed.

The actual computer model calls a set of subroutines which can easily be
bypassed, altered, or used elsewhere. For example, the model has a sub-
routine to convert §geogrphic coordinates into a nondimensional x, y Car-
tesian grid, and another to normalize the raw station data in terms of
arbitrary dimensions read in by the user.

This report will concentrate on the finite element technique used, the
development of the mathematics and physics of the model has been published
by Galt (1975). A companion report will discuss the details of the

boundary conditions formulation and suggest strategies for model use.
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2. THE FINITE ELEMENT TECHNIQUE

We now turn our attention to solving the elliptic model equation for
the surface elevation. This equation is solved numerically using a finite
element technique. The finite element approach copes with randomly spaced

discrete data within a region, and the finite element grid fits odd-
shaped regions well.

The Finite element approach approximates the solution as a linear com-
bination of *“shape functions”. These functions are inserted into the
differential equation and the residual, or grror,is minimized. For

example, the equation to be solved is
Npv2E - J(g, d) - Nyd(a, d) + NyNpv2e - VXT = O . (1)

This can be written in the following operator form

L(E) = F, @
where
L(g) = Npv2g - J(g, d) , ®3)
F= Nyd(a, d) - NyN,v2a + vxT . %)
The solution, &, can be approximated in the following way:
NVRTX
g= & yC., ®)
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where

NVRTX = number of points at which the equation will be solved
(No. of stations);

i ¢i(x, Y), “shape function”;

c. = value of solution at specified locations,

The shape functions used here wilbe piecewise continuous and take
on the value of one at node “i”, and zero at neighboring nodes. The
exact nature of the shape functions and the strategy behind them is ex-
plained in the following sectionat ‘this point, the ¥'s are a linearly

independent bases set of functions used to approximate the solution.

The next step is to substitute the approximate solution into equation

(2) to give
NVRTX
i=1 .
where

E = error introduced due to approximation.

The error is minimized by the Galerkin technique (Zienkiewicz, 1971).
The method requires that the error be orthogonal to the space spanned

by the bases set of functions. This is expressed by the following equation:

JJ E-wjdxdy =0 for j =1, 2, . . . . NWRTX, @)
D

where

D = domain of interest.
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Writing this as a system of NVRTX equations and substituting the expression

for E from (6) into the above gives

NVRTX NVRTX )
) JJ Ll I ¥iCi| - Flwsdxdy = 0 .
J=1 0 i=1

Since the operator, L, is linear, and the Ci‘s are constants, this can

be written as

NVRTX NVRTY

NVRTY
) B) Ci” L(vi) wydxdy = ] “ Fosdxdy ®)
j=1 i=1 D j=1
D
This can be written in matrix form as
AC=R, (lo)
where
11
A]J = J[ ij(wi)dxdy , ( )
D
R.”= Fyjdxdy . (12)

D

Substituting the operator from (3) into (11) gives

32y, 32y, s 3.
- i i i ad i ad (13)
Ry = ” [Nz“’j (ax2 * 3yZ ) y “’j(ay ax ~ ax a3y | -

D
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The shape functions, g, will be made up of linear functions of x and y, and are
piecewise continuous across element boundaries. Thus the second derivative

terms are not well-defined along the boundaries and the integration shown

in equation (13) cannot be completed. To avoid this problem, the second
derivative terms are integrated by parts (for details, see Appendix V),

giving

3y: s A,
_ 1) i __Jl
Aij - 'NII ax 9x Yy 3y oy ) dxdy

where

s = boundary of the domain,

L QY = directional cosines along the boundary.

x"

Similarly, R,may be obtained by substituting from (4) into (12):

3a ad 3o ad _ 3%a , 3%
Rj = J[leJ 5§'ax " Bx 3y NiNzb; 5%z + 3y2
D

3t 3T } (15)

Once again integrating the second derivative term by parts gives

o 24 2ead { _;au)
Jy ax  8x ay)dxdy + N N2J X ax 3y ay dxdy

|
D

(16)

+ (__x.- X dxdy - N1Nz§¢j(%%'ﬂy + %%»zx)ds .
J
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Equations (14) and (16) now define the matriy equations which must be
sol ved,

Now consider the geometrical problem of calculating Aij and R,. First
the domain is divided into triangular vertices. The five-station case

is an example in figure 1. At each station, the position, depth, a, A,

and wind stress components are given as
s(N), Y(N), depth (N), alpha (N), delta (N), taux (N), tauy (N),
where N refers to the global label of the station,
Within each triangle, the base§ functions and independent variables
are all assumed to be linear functions of x and y. This means that within
each triangle the independent variables are represented as
depthTN = Dx + X+ Dy cy+ Do s
alphapy = ax * X ta, +y+0

o+ '+
X'rxy'r

“PYTN X0

tauyTN = ry « X+ ry *y+ ry o0

The coefficients are determined by matching values at the vertices.
For example, to solve for D, D,, and Do in triangle Tl, we solve the

following set of equations:

depth (1) = D,.x(1) + D,.¥{I) + Do ,
depth (111) = D, .x(111) + Dy.y(III) + 0y
depth (v) = ox .x(V) + Dy ©y(V) + D,
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Each triangle contributes to the value of the shape function at each
of its vertices. For example, triangle T1 contributes to the value of
the shape function of points 1, 111, and V. The contributing elements

to the shape functions are defined as follows:

b e (1) x e () ey w0

17
BT @ e “
bR =, (3) e w(3) v+ 6(3)
where
TN = triangle number,
I, J, K = vertex number.
The coefficients, wx, wy, and wo are determined in such a way that
¢¥N - lat I and zero at vertices J and K. As an example, in triangle

Tl1, to obtain ¢x(1), wy(]), and wo(l), the following set of equations

is solved:

1= g ) x@ oy (1) YD+ v (1)
oo w0 1) x@ v, (1) Y@+ oy () (18)

0= v, (1) - x(3) *+ ¥ (1) “¥(3) + 41 .

Within each triangle the shape functions and independent variables are
planar segments. Over the entire region, the shape functions and inde-

pendent variables are piecewise continuous.
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The next step is to assemble the matrix and right-hand side of
equation (10) one triangle at a time. Since the independent variables

and shape function are linear, all the first derivatives are constants.

Therefore, A, can be rewritten as

iy N4J(¢X(Ki) " oK)+ y(Ki) o g (Ky)dxdy (19)
DTN

: o . 964 CL
Duwi(w(m g = #x{Ky) * D)+ 4 uslat ey ¢ o n e

where

DTN = Domain of triangle TN,
Ki’ Kj = refers to the global coefficient associated with points
i and j.

Rj becomes

N Hj(ay D, - ay - D )dxdy + NlNzlu_N((wx), a, + (b)) a, )dxdy

+ a k,)ds. (20)

* J[(wj(Ty)x '(Tx)y)dxdy"NlNz wj(ux. Ry vy

TN

D ’s

Notice that the line integrals contribute only to the points which
lie on the boundary of the entire domain. In the five-point example,
the line integrals are zero unless both i and j do not equal V.

To evaluate A;and R;, three types of integrals have to be evaluated

for each triangle:

313



@ l)(dxdy ,
N

(b) J I pdxdy ,
DTN

(©) vds

The First is simply the area of the triangle. The second is one-third
the area of the triangle (see Appendix VI), and the third equals the
length of the triangle sides adjacent to the boundary point divided

by two. A, and R,can now be rewritten as:

Aij = - Na(w, (K;) \px(Kj) + wy(Ki)"py(Kj)) . Area o
- (lby(Ki) "Dy - v (K} D) " 1/3 Area
r
oy, (K) "o v (Ky) -o2) ~§wjds ,
R, ™ Mifay - D=« D) 1/3 Area + NyNp(v (K) - ax (22)

(
. + .
+ NN,(a, ly oy 2X) Epjds

The matrix and right-hand side are now ready to be assembled by
adding the contributions from each triangle. [In our test case, we
begin with triangle T1. All the gradients are calculated along with
the area of the triangle. Then the contributions to R,and A, are
calculated and placed in their appropriate locations. For TI, i
=1, 111, Vv, and § = 1, 111, V; the contributions to A;would be

, and A while the contributions
at A.I.l’ A13’ Afl_5’ ’31” 7337 357 517 °53 55°
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to R,would be to Ry, Ry, and Rg.  The line integral terms contribute
only when i and j are boundary points. After Tl is completed, the
system is repeated for T2. For the second triangle A]S and AS]already
have values from the previous triangle, so we add on to the existing
values.

After all the triangles are covered, the boundary conditions are con-
sidered. The solution vector components ¢y are the surface elevations
at the triangle vertices which are known along the boundary. To incorporate
the boundary conditions where the elevation is given, the rows associated
with the boundary points are set to zero except for the diagonal element
which 1s set to 1. Then the element of the right-hand side associated
with this row is set to the boundary value. Along island or coastline
boundaries a no net transport condition is added on to the assembled
matrix. Along these boundaries we require:

-dg—%+N(

BA ) 3
I V(R IR NN €9)

Where n is a unit vector normal to the coast pointing offshore and s
is a unit vector given by k x n = s, where k is positive up. To see
how this is incorporated into the assembled matrix consider the following

triangle with a coastal boundary (figure 3)
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We see:

n=nl+ nya_ (24)
(RS N (X, - X,)
= P T - 1& ~
OG- )2+ (- 92T xg = %024 (g -y 12
s = ALY J (25)
i { (x, = %,) |7_ L!T' . [ v, - ¥,) _ 5
X, - xg)2 + (Y, - yl)f : X, - xl)2 + (Y, - yg)z 21

Within this triangle all variables are expressed in terms of the three

shape functions, i.e.,

£ = ngz + mem + ann

d = dzwl + dmwm + dnwn
a = oy ¢ adn ey
A= By * by * Apvy

And the shape functions are defined by
b, (o) x(v)y ¥+ (v,),
Yy (b )y x + (wm)y v o (vg),

vy Gy )y oy o)
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With these normal and tangential derivatives can be defined by

e =(C,(e), + € (b)) +C(v) ) n

n°x X

(26)
+ (Cy(w,y)

y ¥ Cm(wm)y * Cn(wn)y) ny
Using these forms we can substitute into equation (23) to get a rela-
tionship between known triangle parameters and the nodal values of the
dependent variable. The error in this equation is then required to

be orthogonal to the bases set of functions integrated along the coastal
or island boundary. These constraints are added on to thematrix Which

has already been assembled using the differential equation.

Details are shown in the program listing given in Appendix II.

3. THE PROGRAM

The FORTRAN program making up the model satisfies several specifications.
First and foremost, the program can be easily utilized by anyone who
has a set of standard STD station data and an available computer. Second,
the program has several options as to what is read, computed, and printed.
Third, parts of the program are easily changeable, bypassed, or omitted
without affecting other parts of the program. The program is basically
written as a collection of overlays and subroutines. In the main program,
the user specifies what type of data is to be read, what is to be computed,
and what is to be printed. The main program subsequently activates

the appropriate set of overlays and subroutines.
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Before dealing with the program in detail, it would be helpful to
briefly summarize the program. It begins by reading in several control
parameters which dictate what is to be computed, listed, punched, and
plotted. The program has the option to list whatever is read and
computed, and to punch whatever is computed. This allows data to be
easily echo-checked, and computed values need not be recomputed FOr
future runs using the same source deck. The first set of control para-
meters deals with normalizing the station data. If raw station data
is read in with corresponding geographic coordinates, the program will
transform the positions onto a scaled x-y Mercator grid and normalize
the station data according to scale parameters which are also read
in. The normalized data can be punched onto cards for later runs.

The next set of options concerns the triangular mesh used for inter-
polation and as the finite element mesh. The user has the option of
either reading in the triangular mesh or using a set of subroutines

in the program to create the triangles. Then the boundary values are
read in. If the triangles are internally generated, the triangles
external to the region are eliminated. The program proceeds to generate
and solve the finite element matrix and right-hand side vector subject

to the boundary conditions. The solution yields the surface elevation
at each station, and with this information, the transport, mean velocity,
surface slope velocity, wind-driven surface velocity, andthegeostrophic
velocity at the bottom for each triangle are calculated. Finally,

there is a set of plotting option which will draw and contour the

vesults.
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Appendix | is a flow chart of the main program and overlay structure

with explanations of the key routines. A listing of the complete program

is given in Appendix I1I.

3. Documentation

3.1 Section |

The program begins by reading the control parameters. These
parameters determine what the program will do and how it will function.
There are three types of control parameters. The first allows the
user to bypass an option. For example, if NOGRID 1is setto O, the
program will not generate a Mercator grid; instead, it will read the
grid. The second type of control parameter allows one to list whatever
is read or calculated. These parameters all begin with the letter
L. For example, if LTRI is set to 1, the program will 1ist the triangle
vertices. The third type of control parameter begins with the letters
1P and determines if the program will punch the results on cards.
For example, if IPNORM is set to 1, the program will punch the normalized
station data. A detailed explanation of each option is given in the
program itself (see Appendix I1). If any control parameter is set
to 1, the option will be executed and, if it is O, the option will
be bypassed. In addition to the list, punch, and bypass options, there
are parameters which allow the user to alter the boundary conditions
during the given run, store the decomposed matrix on a file for later

use, and smooth the alpha and delta field to a least squares fit over

the data.
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3.2 Section 11

This section deals with the input of station data. There are several
options available. The first is to set NORMAL and NOGRID to 1 and
read the raw station data. The program will then generate a Mercator
grid and normalize the station data. Another choice is to read in
normalized station data with geographic coordinates, or raw station
data with Mercator coordinates. In the last two cases, either NOGRID
or NORMAL is set to 0. The last option is to read normalized station
data with Cartesian coordinates for the station 1pcations. In this
case, both NOGRID and NORMAL are set to O. If more than one run is
made on the same set of data, the last option should be exercised after
generating a data deck of the normalized data and Mercator grid from
the initial run.

Raw station data is read using format 10. An example is given

in Appendix 121.

3,4 Section 111
The scale parameters which control the scaling and nondimensional izing

are read in here, they are as follows:

USCALE: Velocity scale in meters per second;
DSCALE : Depth scale in meters;

ALSCALE: Horizontal length scale in meters;

G : Gravity in meters per second squared;

E . Perturbation density in grams per centimeter cubed;

Q . Constant density in grams per centimeter cubed;

GAMMA : Bottom friction coefficient in grams per centimeter squared.
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3.5 Section 1V

In this section, geographic coordinates are transformed into
Mercator x-y grid. Notice that the routine works only for the northern
hemisphere and west longitude. The subroutine finds the maximum and
minimum values of latitude and longitude. The minimum latitude becomes
the y = 0 axis. The 'y coordinate value of each station is obtained
by calculating its distance from the y = 0O axis and scaling the distance
by the horizontal length scale. For example, if a station is 100 km
north of the y = 0 line and the length scale is 100 km, the y coordinate
value of the station is one unit. The x coordinate is computed in
a slightly different manner because the distance between a station
and the x = 0 line is a function of its longitude and latitude. The
program finds the mean latitude and calculates the distance in the
x direction that the station is from the x = O longitude and the longitude
of the station at the mean latitude.

The Mercator grid can be scaled so the output overlays standard

hydrographic charts. The transformations are as follows:
X(1) = -(R % x - *min)
Y(1) - R « ALOG(TAN(R/2. + =/4) - TAN(ngin.+ 7/d))

where:

R = Radius of Earth + (ALSCALE *COS (@ average)) this makes
each nondimensional unit in the horizontal direction one
scale (ALSCALE) length at the mean latitude.

A = Longitude
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Amin =Western most longitude to become x = 0 line

P = Latitude

gmin = minimum latitude to become y = o line

The radius, R, is listed by the routine and if a plot is to be made
to fit another Mercator projection, the x and y axis can be scaled
appropriately. For example on a typical Mercator chart there will
be a statement that the scale of the projection is 1:N on reference

latitude @ ref. Then if R is entered as:

R = Radius of the earth (meters)

* COS(PRer)

The plots will be correctly scaled to overlay the chart.

The data for this routine is read with the raw station data. The
degrees of latitude and longitude are read into two integer arrays
and the minutes of latitude and longitude into two decimal places are
read into two real arrays. The x and y coordinates returned from this
subroutine are stored into the real arrays, and the original latitude

and longitude of the stations are lost.

3.6 Section V
This routine calculates the mean coriolis value, FO, by averaging

the maximum and minimum coriolis values of the region.

3.7 Section VI

The raw station data is normalized according to the scale parameters

read in by Section II1. In the following, the primed values are the
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rormalized, nondimensional values:

ALPHA”

(ALPHA - Q* DEPTH)/(E * DSCALE);
DELTA® = (DELTA-Q* DepTH *DEPTH/2 )/( E* DSCALE *DSCALE);

DEPTH *

DEPTH/DSCALE

TAUX < = (1/(FO * USCALE * Q * DSCALE)) * TAUX;

TAUY < = (1/(FO * USCALE * Q * DSCALE)) * TAUY;

CURL © = (1/(FO * USCALE * Q * DSCALE * ALSCALE)) * CURL,

The normalized values are stored in the arrays where the raw data was

stored.

3.8 Section VII

In this section, a least squares fit is made over the alpha and delta
fields. A third-order polynomial in the z direction is fit to both

the alpha and delta data.

ALPHA = A. + A1*Z + A2*Z*Z + A3*I*I*1

DELTA = Do + D1*Z + D2*Z*7 + D3*Z*Z*Z

The coefficients are returned by the subroutine to be used later to
calculate the alpha and delta gradients. The subroutine is a general

least squares fit program, and the basis set of functions used for

the least squares interpolation can be changed. The user also has

the option of smoothing the alpha and delta fields. For example, if

the parameter “SMOOTH” is set to 1.5, the program will smooth data

over 1.5 standard deviations away from the least squares fit back to

1.5 standard deviations.
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3.9 Section VIII
In this section, the nondimensionalized run parameters are either

read in or calculated:

CONST1 = (G * E * H)/(Q * FO * USCALE * ALSCALE);
CONST2 - GAMMA/(Q * DSCALE).

3.10 Section IX

Here the program either reads in the triangles or generates them.
The triangle information is stored 1in an array, }P(I, N), where N is
the number of the triangle and 1 is the local vertex number (1, 2,
or 3). The value of 1P is the global number of the particular point.
See figure 4 for an example.

If the triangles are to be read in, integer format 5 is used (see
Appendix III for an example). A brief explanation of how the triangles

are generated is given in Appendix IV.

3.11 Section X

The boundary values are read in this section. If the triangles are
generated internally, the external boundary values must be read in counter-
clockwise order. This will allow the program to determine what triangles
are inside or outside of the domain. The boundary values needed are
the surface elevations of the boundary stations in centimeters, Coastal
and island boundary points must be identified. A discussion of the
strategy used to obtain boundary values is given in the comparison report
in this series. See Appendix 111 for an example of how the boundary

values should be read.
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3.12 Section XI

This section is used only if the triangles are generated internally.
The subroutine FINDBP stores the number of boundary points that each
triangle has, rearranges the local vertex numbers of the boundary tri-
angles so the boundary points are the lead vertices in counterclockwise
order, and Ffinally checks to see that the boundary points are ordered
consistently. This section sets up the boundary triangles for the

next routine which eliminates the triangles external to the region (see

figure 5).

3.13 Section X1

Again, this option is needed only if the triangles are generated
internally. Subroutine ELIM is used to eliminate the triangles external
to the region. This will be the case for concave domains (see figure 6)

and islands. Each triangle with three boundary points is tested
to see if it is external or internal to the region (see figure 6).

The final mesh of the triangles to be used for the finite element

technique and the number of triangles, NTRI, are products of this section.

3.14 Section X111

Subroutine SETMAT zeros the global matrix and right-hand side. The
subroutine also has the option of eliminating the trianlges with three
boundary points from the finite element mesh. If the second option

is activated, the last parameter in the call, IELI, is set to 1.

3.15 Section XIV

The assembly of the global matrix starts here. K is the number of

the triangle being operated on.
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3.16 Section XV
The triangle vertices are identified in terms of their global labels.

The first vertex of triangle Khas globaliabeiJ, the second, L, and

the third, M.

3.17 Section XVI
The three-by-three location matrix is set and used tO calculate the
area of the triangle and all the gradients within the triangle. FOr

example, the first row of the matrix contains the x and y coordinates

of the first local vertex of triangle K.

3.18 Section XVII
Now the area of the triangle is calculated. Subroutine TRIAREA cal-
culates the determinant of the location matrix A, and multiplies it

by a half. The absolute value of this quantity becomes the area of

the triangle.

3.19 Section XVIII

The gradients needed for the triangle are calculated with the exception
of the alpha gradients. The alpha gradients are calculated in the
next section. The other forcing function gradients are obtained here
using the position matrix as a coefficient matrix and setting the right-
hand side vector, B(l), B(2), B(3), equal to the particular values

of the forcing function at vertices 1, 2, and 3. For example, for

the depth we have: — — ~— —-1 - —_
] 4 B(1) = Depth at vertex 1
X
d = = h at vertex 2
A i B(2) Depth a
= Depth at vertex 3
| ] | 4| (BB eP |
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The three-by-three system is solved by Kramer’s Rule in subroutine SOLVE
which calls TRIAREA to compute the determinants.
The shape function gradients are also calculated in the same manner

by solving the following set of equations:

T 7i_§h§9§_113 Byl 1 - oS
X

A d Shaye 1 =By =|0]| or 1| or| 0

c shape (I) B(3) 0 0 1

_ ] l:_] l:f _1:_:

The subscript I tells you which vertex the particular gradient is

associated with.

3.20 Section XIX

The alpha gradients are calculated differently than the other gradients.
A simple linearization of the alpha field introduces errors which are
unacceptably large, so a more detailed description of the density field
is needed than the bottom alpha values at the triangle vertices. There-
fore, a third-order least squares fit to the alpha field is generated

(see Section VII) and used to obtain alpha values at the triangle vertices

for the centroid depth.

> h ;
Alpha (at centroid depth) = alpha (at bOttom)aAa;z 6z

2(alpha 622 , 32%(alpha)y 2373
+ 9 (QBZ )** 5 + 55 **—-6—

In the above calculations, the alpha gradients are obtained by differen-

tiating the least squares function of alpha. Once the alpha values
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at the centroid depth are obtained over each vertex, subroutine GRAD
is called to calculate the horizontal alpha gradients. The delta gra-

dients needed for the transports are calculated in the same manner,

3.21 Section XX
The triangle’s contribution to the global matrix and right-hand side
is added in here. Each triangle contributes to particular rows and
columns of the global Matrix determined by the global label of the triangle

vertices (figure 7).

3 4 5
3 X x X X | 3
4 X x X € = X 4
5 X ox X X 5
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Then the second triangle would contribute tn

3 5 6
— " ~ 7
3 + o+ +—W + 3
5 + o+ 4+ c = + 5
6 + o+ o+ + 6
L -4 L L

Since we want the final global matrix to represent equation 36 in-
tegrated over the entire domain, we add all the contributions from
each triangle. When contributions from triangles 1 and Il in the example

above are added, the resultant matrix looks like:

1 2 3 4 5 6

1 -6 0 0 0 O 0-1 -b— 1
2 O 0 0 0 O O 0 2
3 0 @ * xx = 4+ * 3
4 0 8 x x x O C ) X 4
5 |0 0 * x * + * 5
6 1_0 0 + 0 + +_1 | u 6

As the integration is done triangle by triangle, contributions to the
matrix are accumulated in the appropriate locations of the global matrix

and right-hand side.

3.22 Section XXI

The boundary conditions are imposed upon the solution in this section.

Each row in the global matrix that is associated with a boundary point
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is zeroed. Then the diagonal element of that row is set to 1, and the
element in the right-hand side associated with that row iIs set equal to
the boundary value. For example, suppose a four-by-four system of equations

was assembled as shown:

GM(1,1) oML ,2) oML ,3)  GM(1 ,4) —C—(lr RHS(1)
GM(2,1)  6M(2,2)  6M(2,3)  GM(2,4) | [c@| [RHS(2)
GM(3,1)  GM(3,2)  GM(3,3) GM(3,4) | |c®| [RHS(3)
GM(4,1)  GM(4,2)  GM(4,3)  GM(4,8) | |c| [RrHS(4)

Then suppose that C(1) and C(2) are known boundary values. Subroutine

BC alters the system into the following:

1 0 0 07| [etmy] v |

0 1 0 0 @) BV(2)
GM(3,1) GH(3 ,2) GM(3 ,3) GM(3 ,4) c(3) RHS(3)
GM(4,1) GM(4,2) GM(4,3) GM(4,4) Eﬁ4) RHS(4)

Coastal and island boundary vertices have a no net flux boundary constraint

added to the assembled matrix.

3.23 Section XXII

The system of equations is now solved by subroutine SOLN. This matrix
solving routine programmed by Steve Smyth from Knuth (19638, 1973) takes
advantage of the sparseness of the matrix by not storing zero values,
and a second to tell us where in the matrix the nonzero values occur.
The program is set to solve a 200 by 200 system with each row containing

no more than 20 nonzero elements and another array, INTP (4900) keeps
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track of where the nonzero elements belong in the matrix. |If a larger
matrix is to be solved, the two arrays can be increased in a manner
described within the program itself, The routine begins by reducing
the global matrix into the product of an upper triangular and lower
triangular system. Partial pivoting on the columns is used and the
triangular matrices are stored into the original global matrix. The

lower triangular system is solved first, then the upper triangular system

is solved for vector C

e {1

The system now can be written as

KIEs
]

now solve the following system:

-

Once y is obtained, the following system is solved for C

U C=y.
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The decomposed global matrix and right-hand side are saved. If different
sets of boundary conditions are to be tested, the same decomposed global

matrix is used and the right-hand side is adjusted accordingly.

3.24 Section XXI1I11
Here surface velocities and bottom geostrophic velocities are calculated

for the centroid of the triangles.

3.25 Section XXIV
This is an option to calculate the terms of the vorticity equation.
The values are calculated at the triangle centroids and are as follows:

Barotropic torque = J(¢, d),

Baroclinc torque = Nyd(a, d),
Wind stress = VX?W.

Bottom friction = -( barotropic torque + barocl ini c torque + wind
stress).
3.26 Section XXV
The plotting is executed in this section. The plotting is basically
handled by several subroutines which draw and label the triangles, label
the vertices, and contour any parameter defined at the vertices. A

separate program is used to take the punched velocity data from the

model and plot velocity arrows at the centroids of the triangle.

3.27 Section XXVI

This is the option to alter the right-hand side of the global system
of equations to take into account new boundary conditions. The user
determines the input for this subroutine for each set of boundary con-

ditions. Basically, the routine changes the specific boundary values
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in the right-hand side vector. Once this is done, the program returns
to SOLN and resolves the system of equations using the decomposed global
matrix, subject to the new boundary conditions. With this syster, numerous

sets of boundary conditions can be tested at minimal cost.

4. RESULTS
Once the theory and software for the model was developed, operational
testing was carried out. The model was run on simple contrived test
cases. These runs were made to develop a better understanding of the
physics involved to test the finite element method which is regularly
used in engineering studies but is relatively new to oceanography.

A summary of the results along with a discussion of the problems encoun-

tered will be presented here.

4.1 Test Cases

The test cases were designed to give a clear idea of how the model
reacts to different physical conditions. Four simple cases were analyzed.
In the first two, the finite element technique yielded exact linear
solutions. In the last two cases, the analytical solutions could not
be exactly represented by the first-order bases set and the accuracy
of the numerical solution depended upon the resolution yielded by the
mesh system.

The first test case was run on a regular six by six grid with a mesh
of 50 triangles. The boundary elevations increased uniformly to the
north from zero to 5 cm and the wind stress was zero. The depth and
density were constant, and the nondimensional parameters were: CONSTI

= 1.00, and CONST2 = .025. The vorticity equation reduces to Laplace's
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equation subject to the linear boundary conditions. Physically, the
geostrophic flow is forced onlyby the surface slope and is unidirectional
and nondivergent. The geostrophically driven bottom Ekman layer is
also nondivergent and is transporting water from north to south. The
analytical solution to the vorticity equation is £ ky where k is a
constant determined by the boundary elevation slope. The numerical
solution for this case is exact since the finite element solution ap-
proximate the solution with piecewise linear functions and is accurate
to the first order (fig. 8).

The second test case is nearly identical to the first. The boundary
conditions were the same and once again, there was no stratification
or wind forcing. For this case, however, the depth was decreased uniformly
toward the north from 1200 m to 200 m.

In this case the vorticity equation becomes

2 g2, 4+ 34 3E

NE vog + dy 19X 0,
and the resulting geostrophic flow is unchanged from the previous case.
The surface slope once again drives a unidirectional, nondivergent current
which has no shear except in the bottom Ekman layer. Mass and vorticity

are conserved within the region by having the geostrophic flow follow

isobaths. The solution once again is § = ky, and the numerical solution
is exact (fig. 9).

In the third case, baroclinicity was introduced into the model by
taking the density as a linear function ofy. The bottom depth, wind
stress and boundary conditions were identical to those of case 2. Alpha,

the integrated density, became a second-order function of ¥+ The vorticity
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equation for this case reduces to:

Nov2g + gg- g—xg- = N;N,v%2e = const.

Now, the linear basis set of functions used to approximate the solution
cannot fit the exact solution and numerical errors are expected. Physi-
cally, the density field, depth, and boundary conditions are only functions
of y and the resulting barotropic and baroclinic flows are in the x
direction and nondivergent. The baroclinic mode increases with depth

and flows cddnter to the barotrépi& mode . This results in a level of

no motion at the mean depth of 700 m. Above the level of no motion,

the boundary forced barotropic mode dominates, and the gesotrophic flow

is to the west. This in turn drives a bottom Ekman layer to the south.
Below the level of no motion, the baroclinic mode dominates? and the
geostrophic flow is to the east. This forces a bottom Ekman layer to

the north (Fig. 10). Therefore, the bottom Ekman layer forced by the
boundary conditions and baroclinic field is convergent. However, the
total flow must be nondivergent, and the interior barotropic mode (specif-
ied by the dependent variable, surface height) must adjust over the
prescribed bathymetry to compensate for the bottom Ekman convergence.

In seeking the analytic solution, we first note the similarity between

the reduced voriticity equation for this case and St0™Mel -5 nodel equation

(1965).

Stommel *s Equation

D 3V - et IY
2 = =
Vi + 3 B 5% = S1Inp

v = 0 on Boundary

335



Diagnostic Model, Case 3 Equation

3
VZE +§9d a% = vaza

£ = Ky on Boundary

This is a consequence of the integrated friction term being set propor-
tional to the velocity in both models and the bathymetric stretching

term for this case being of the same form as Stommel ’s beta term. If

the boundary conditions for our vorticity equation were homogeneous,

we would then expect the solution to be of the same form as Stommel's
solution. The total solution in this case is just a linear combination

of the solutions for the homogeneous equation solved for the nonhomogeneous
boundary conditions (case 2; see equation A below) and the nonhomogeneous
equation solved for the homogeneous boundary conditions (Stommel) type

solution; (see equation B below).

Homogeneous Equation

Z?_Q_B_-.:o

2
N2V5+ay X

E = ky on Boundary

Nonhomogeneous Equation

N, v2g + g—g— 3—55)-( = NN, V2a

£ = 0 on Boundary

Note the effect of the baroclinicity is to add a secondary flow onto

the results obtained from the constant density case. Physically we
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can expect the solution to show southward flow into deeper water to
compensate for the converging bottom Ekman layer and then flow moving

back to the north along the western boundary to satisfy the boundary
conditions. The results of the total solution show wave-like oscillations
which are unrealistic and not what was expected from the analytical
solution. Haney (1975 ) describes similar oscillatory solutions Wh en

a numerical mesh cannot resolve a boundary layer. 10 see if this is

the case, the secondary flow is examined by subtracting the results of
the homogeneous equation subject to the nonhomogeneous boundary conditions,
(i. e., case 2) from the total solution. Figure 11 indicates that the

mesh system may have problems resolving the secondary flow. A western
boundary current structure is evident but not clearly resolved. To

show that this is the problem, the boundary layer size was increased

by setting the nondimensional friction parameter, CONSTZ, equal to 1.25
from its original .025.

In case 3A the secondary flow in figures 12 and 13 is now well resolved.
As expected, the secondary flow resembles Stommel's solution with a
western boundary barotropic mode forcing water to the south to compensate
for the convergent bottom Ekman layer and then moving back to the north
along the Western boundary to satisfy the imposed boundary conditions.
This confirms that the problem with the original solution for the third
case was related to resolving the boundary layer.

The next step was to see if the triangles along the western boundary
could be cut in half to increase the resolution of the secondary flow.
The previous case (case 3) was run again on the same mesh with CONST2

equal to .25. From the results in Figures 1 and 15, it can be seen
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that the numerical grid does not clearly resolve the boundary layer.
For case 3B, the mesh system was then altered such that the triangles

along the western boundary were halved. The results are shown in Figure

16.

The solution is improved for Case 3C. It is more symmetrical and
the surface elevation gradients are not as large. In general, a decrease
in mesh size leads to more resolution, but the improvement is difficult
to quantify because the finite element solution depends upon the triangle
shapes as was the mesh size. For example, as the triangles become less
equilateral, the global matrix becomes less conditioned (Strang and Fix,
1973).

For the fourth case, the density is once again set to a constant.
The wind stress is still zero and the boundary condition is once again
1inear in the y direction. These are the same conditions as in the
first case, but now the depth is made to be a linear function of both
x and y (depth = Ax + By+ C). See Figure 17.

The vorticity equation becomes:

2; 4 8d 3¢& _
N2 V58 + 37 5%

)

o
-+
Chat

= 0

=%
o34

X dY

The depth gradients are constants. Once again the linear basis set
of functions used to approximate the solution cannot fit the exact solution
and numerical errors are expected. In the interior, the flow attempts
to follow isobaths but most deviate from the isobaths near the boundaries
due to the boundary conditions. Along the north-south boundaries, the

barotropic mode is not allowed to force water into or out of the region,
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while the shallower water on the eastern boundary allows the barotropic
mode to force less water into the region than is leaving on the western
boundary. To compensate for this, a secondary flow with a boundary
layer on the western side is set up. The secondary flow forces a con-
vergent bottom Ekman layer to conserve water within the region.

In Figures 18 and 19 of the solution for case 4, clearly, the secondary
flow and 1ts boundary layer are not well-resolved. As in the previous
case, the boundary layer thickness 1is increased by increasing the friction
coefficient, CONSTZ, by an order of magnitude to .25.

In Figures 20 and 21, the solution for case 4A showing surface elevation
and secondary flow, the large oscillations are gone and it is clear
that the flow attempts to follow an isobath until it reaches the western
boundary. The counterclockwise secondary flow and its western boundary
layer is now well-defined. It forces a convergent bottom Ekman layer
which compensates for the excess water the barotropic mode forces out
of the region through the western boundary.

The next step is to increase the resolution along the western boundary
by once again halving the triangle size along the western boundary.

In Figures 22 and 23 for case 4B, the difference in the solution yielded
by the two different meshes is almost negligible. The current along

the western boundary is better resolved, but the finer mesh results
in only a slightly more symmetrical solution. The probable reason for
this is that water is converging along the northern boundary and diverging
along the southern boundary, and to improve the solution, more resolution

along these boundaries is needed.
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The results can be summarized by saying that the model physically
compensates for continuity mismatches between the surface Ekman layer,
boundary forced barotropic flow, and within the region which has either
a convergent or divergent bottom Ekman layer. This secondary flow is
similar to Stommel °s model (1965) with a western boundary current and
is a consequence of setting the vertically integrated friction terms
proportional to the velocity. The model’s inability to resolve the
secondary flow due to too coarse a mesh was a problem in the test cases.
Halving the mesh size along the western boundary improved the solution,
but triangle shape as well as size affected the numerical solution.

The last test case indicates that care should be taken in setting
the boundary conditions. If unrealistic boundary conditions are imposed,
the model will compensate by forming a boundary layer which may degrade
the results. The boundary layer thickness depends on the potential
vorticity gradient (i.e., bottom slope) so the problem will be different

for different geophysical settings.

5. CONCLUSION

A diagnostic shelf circulation model developed by Galt (1975) is im-
plemented using the finite element method. The model is quasi-geostrophic
and incorporates variable depth, baroclinicity, a surface Ekman layer,
and a bottom Ekman layer. Physically, the model assumes a steady state,
a small Rossby number flow. The depth scale is taken to be much less
than the horizontal length scale, and the bottom Ekman layer is assumed
to be driven by a geostrophic flow. The coriolis parameter is set to

a constant and vorticity balance is required between the barotropic
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and baroclinic stretching terms and the bottom and surface Ekman layers.
The test cases indicate that the model accommodates the boundary conditions
and forcing functions by creating a secondary barotropic flow within
the region to conserved mass and vorticity through the bottom Ekman
layer.

The model solves an integrated vorticity equation which is a second-

order, nonhomogeneous, elliptic equation and is tested subject to Dirichlet

boundary conditions. The dependent variable is the surface elevation
solved for by the Finite Element Method. The program is written in
Standard Fortran and is a collection of subroutines and overlays which

can be easily altered, bypassed or used elsewhere. The input data requires
standard STD station data, wind stress information, and the boundary
surface elevations.

The major problems the model encounters are numerical. The spatial
resolution of the model is limited and the exact position of current
features cannot be predicted to any greater accuracy than the available
input data. This means that although the model clearly recognizes the
local dynamics, its resolution with respect to position, is no better
than the station spacing, and this should be taken into consideration
prior to taking stations. The stations must be spaced to create a mesh
which can resolve both the secondary flow and forcing functions, par-

ticularly the density field, and depth.
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Figure

#1

#2

#3

#4

#5

#6

#7

#8

FIGURE CAPTIONS

Five Station case where Roman numerals are global labels and tri-
angles are labeled T1 to T4.

Illustration of a piecewise continuous hat function associated
with node V.

Boundary triangle showing normal and alongshore directions.
Sample triangle with labeling.

Example of boundary triangles with labeling. Number of boundary

points for each triangle:

IBTRI  (1l)=2
IBTRI  (2)=1
IBTRI (3) -2

Relabeled local vertices so that boundary points lead in a counter-

clockwise order:

1P (1,1)°40; 1P (1,2)° 413 1P(1,3)" 41
1P (2,1)°41; 1P (2,2) “43; IP(2,3) = 42
1P (3,1) ~44; 1P (3,2) = 44; IP(3,3)°4 3

Example of a triangle external to the region of interest. If the
outward normal to the boundary is in the triangle, then the tri-
angle is external to the region. In this example the outward normal
between vertices 1 and 2fall inside triangle 1 so triangle 1 is
outside of the domain and” eliminated.

Two triangle examples.

Homogeneous water, flat bottom case, where the geostrophic flow is
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#8 nondivergent and toward 'the west and the bottom Ekman flow is

(cent)
nondivergent and toward the east.

#9 Homogeneous water, sloping bottom case, where the geostrophicflow
isnondivergent and toward the west and the bottom Ekman” flow is
nondivergent and toward the south.

#|0 Baroclinic case with density and depth uniformly increasing toward
the south and a level of no motion at the mean depth above the
level of no motion.

#11 secondary Flow for case 3 where the density is a linear fynction of
Y. The boundary layer is not resolved, resulting in numerical
oscillation. Elevations are in centimeters.

#12 Surface elevation contours for case 3 with boundary layer thickness
increased (CONST2 = 1.25). Contours are in centimeters.

#13 Secondary flow for case 3 with boundary layer thickness increased.
Western boundary layer is now well resolved. Elevations are in
centimeters. (CONST2 = 1.25).

#14  Surface elevations for case 3 with CONST2 = .25. The boundary layer
is not clearly resolved. Contours are .1 centimeter.

#15  Secondary flow for case 3 where CONST2 = .25. The boundary layer
is not clearly resolved. Contours are .1 centimeter.

#16  Secondary flow for case 3 where the triangles along the western
boundary are halved from previous case. The North-South symmetry
of boundary layer is not yet fully resolved. Elevations are in

centimeters. (CONST2 = _25)
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#17  Non-dimensional isobaths for case 4 where each unit is equivalent
to 200 m.. Depth = Ax + By + C.

#18  Surface elevations for case 4 where contours are in centimeters.
The oscillations indicate that the boundary layer is not resolved.

#19 Secondary filow for case 4 where contours are in centimeters and the
boundary layer is not well resolved.

#20  Surface elevations for case 4 where contours are in centimeters.
CONST2 = .25,

#21 Secondary flow for case 4 with CONSTZ = _.25. Elevations are in
centimeters.

#22  surface elevations Tor case 4 with CONST2 = .25 and the triangles
along the western boundary are halved.

#23 Secondary flow for case 4with CONSTZ = .25 and the triangles a’long
the western boundary have been halved from the previous case

(figure 14). Elevations are in centimeters.
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APPENDIX 1| LI STING

KRONOS L418.39, 77/09/13.
OPERATING SYSTEM
JOB ORIGIN = BATCH.
USER NUMBER/ID = G4
JOBCARD NAME = GLEMSOO

NN hN EEEEEEEEEEEE 111 YY YY KK K¥
MNN Nt EEEEEEEEEEEE 1111 YY YY K¥ Wi
NNNN KN EE 111 YY YY KK KK
NN NN MN  EE 11 Yy YY KK K¥

NN NN Hd  EE 11 YY YY KK K¥

NN NN NN EZ 11 YY YY KK KK

NN NM NN EE 11 YYY YYY KK KK

NN NN NN EEEEEZEE 11 YYY YYY KK KK

NN NNNN EZCEEEEE 11 YYY vy KKKKK

NN NNH EE 12 YYYY KKKKKK

NN NN EE 11 Yy KK KK

N} NN EE i1 Yy KK KX

NN NN EE 11 YY KK KX

NN NN EE 11 Yy KU KK
NN NN ECEEEEEEEEEE 111111111111 YY KK KK
NN NN EEEEEEEEEEEE 111111111111 Yy KK KK

FABENEEIBESRRIIIPSIIF IRV ERSNT Y

OUTPUT FOR! CLIFF FRIDLINO
PACIFIC MARINE ENVIRONMENTAL LABORATIORY
3711 15TH AVE. N. E.
SEATTLE, WASHINGTON 98105

FTS PHONE: 339-4850

BEIFITRIRIPISPNV IR RSP PEIEPBREN

@ WHRWrKgExxHk W4 ® *4m*4*4244%+**
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Moo oooo ™

OVERLAY (HCDEL,0,40)
PROCRAM HGDEL(FILEI4OUTPUT,FILEQ,FILEL, TAPES=FILEI,TAPEE=0UTPUT, T
CPE7T=FILED,TAPEL=FILEL,TAPESY)

CUASIGEOSTROPHICMODELWITH ANEXMANBOTTOM FRICTION LAYER
THE MAXIMUM NUMBER CF STATIONS THIS PROGRAM IS SETU? TO TAKE
IS 200. IF MORS STATICNS ARE ANALYSED, THE DIMENSIONSTATEMENTS
MUST BE INCREASED. THE PROGRAM AS | T STANDS TAKESAB0UT750CDCH
OCTAL IF THE U,H.GRAFIX LIBRARY IS ATTACHED.

DIHENS1ON XS{100),¥YS(100)

DIMENSION ALAT(200),ALONGLZ0D)
DIMENSION LAT{200),LONG(200}
COMMON/LSCOEF/SA(4) 4SO(L) ySTNDYA,STNDVD

COMHON/IALPHAZALPHA(200)
COMMON/IDELTA/DELTAL200)
COMMONZIN/N{300}
COMMON/BOUND/IBIT75) +BVITS5) 4yNBYV
COMMON/TIAZA(3,+3)

CONMON/EXTRA/ZEX(303)

COMMCN/IB/BL3)
COMMON/CALC CHP/XX¥AR s YYMAXsISTART4NBC
COMPMCNZIALP/ZALPHID)
COMMONZICCNST/CONST2,CONST2
CC¥~ON/IDEPTH/DEZRTH(2(0)
CCMMON/IGRAD/DALPHAXDALPHAY sODEPTHXODEPTHY s DEXDEY4AREA
COMMONZIHEIGHT/ZHEIGHT (200)
COMMON/ZIIP/IP(3,350)
COMMONZINT/ZINTP(4500)
COMHMON/Z/IRHS/RHS(200)
COMMON/SCALES/USCALE 4OSCALE,ALSCALE +G+E+Q4GANMA,,FD,EDDY
COMMON/HIND/TAUX, TAUY,CURL
COMMON/INCRK/VALP (4500)

COMMONZIX/X (200)

COMMON/ZIY/Y (200}
COMMON/NUMB/NVRTX+NTRISLISTy IPUNCHy NEHBY
COMBON/CUTOFF/NISP,NFLXyNOMATJJ240EEP

COMMON/ XYPLOT/XFLOT,YPLOT

COMMON/GOIV/X1(102) 9¥1C 102) 9 X20102} s vp(102) yNXyNY4XOIV, YOIV
COMMON/DEC/NDEC

COMMON/OEG/DEGREE

COMMON/CHSIZE/SIZE

COMMON/BLCK /I8LOCK
COMMON/DBJ/XRANGE ¢ YRANGE s XHINyYHINy YBT o SLFT, YTP o XRGHT
COMMON/SUBR/XLEFT,YBOT yXSCALE 4 YSCALE

COMMON/STNCH/MCHR

COMMON/LTYPE/NLINE

COMHON/ NPT/NPTS

EQUIVALENCE (HETGHT(1),LONG(1))

EQUIVALENCE (ALAT(1),Y {1))
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EQUIVALENCE(ALONG (1) 4 X({1))
EQUIVALENCE(IP (L1423 4LATIL])

savwy wrxry ¥3%3 YARNI NG+MIXEDMODE OPERATIONS ABCUND*¥*¥%23e3sxnr32s

HE BEG N WITH ALL THE FORHATS RENEED. NOTE THAT THE FORMAT
NUMBERS ARE ALL MULTIPLES OF 5.

5 FORHMAT(1515)

10 FORMATA(IZ I39F6e29I5sFb02aFi0usboFllabsFTs1+4FH643+F5,3,F6,3)

15 FORMAT(*1%)

20 FORMAT (0% *STAT . ®¢SX o * LATITUDE® 45Xy *LONGITUDE* 45X, *ALPHA® 411X ,*0Z
FLTAY 10X ¥DEPTH*)

25 FORMAT(® @ t14t5XS13tIX,F4.1S5X sI3edXsF5a2 44X aFOebybXyF13at,5%,F7.1
296X oFLa295XeFhe246XF10,7)

30 F?(RHAT('0."TRIANGLENO."10X,"VERTEX 1% ,10X 4 *VERTEX 24810)(, "VERTE
e X 3%)

35 FORMATI®® 34X 9T3429X3I3,14Xs13+15X, 13)

40 FORMAT(¥0%, *TRIANGLE NO+*+35X*VERTICES*)

45 FORNMATI® @ g4Xs13S10XS*{*sF50 2¢¥9*3F5,2+*)¥,10Xy ® [*tF502t*s*sF5,2, *
k| Kk 1OX,*(**FS*2***4*F5* 2,!)#,

50 FORMAT(I5,F20,3}

55 FORNAT(*0*4*BCUNDARYVALe NO,*,10X,*GLOBAL LABEL*,10X,*BOUNDARY VA
ALUE®,9X, *CENTIHETERS®)

60 FORMATI® # 8% 413,22%413918XsF7e3915%yF8,3)

65 FORMAT(®0%,*PROGRIMTERMINATED TRIANGLE® 42X41342X4*HAS BOUNDARY P
2OINTS* 92X 3s s 2 s I3 992X s *AND* 32X I342X4*¥FOR VERTICES?*)

70 FORMAT(LHDy *PROGRAMSTOPPED TO CHECK NEW BOUNDARY CONDITIONS®)

75 FORMAT(* 0% yS5X9TI3914XeI3y 110*30X,13)

80 FORMATI(¥0*4*BOUNDARY VALUES? 34/ +¥ 0%+ ?BePe¥o6Xo*LATITUDE® 410X, *LONGI
ZTUDE*,10X,*VALUE*)

85 FORMAT(* ® g I3a7XoI30 X Flhol9dDXyI392XoFhe1,11%,F5,2)

90 FORMAT(™0*)

SS FORMAT(*0* 3 *STATNO.*410Xy*GLOBAL NO.**IOX,'X COOR. *,10X,”Y-CO0OQ’ )

100 FORMATI® ® 32X 3I13,45XsI3,13X+F642910XyF6e2)

105 FORPFAT(?#1%*, *RECHECK BOUNDARY TRIANGLE®,13)

110 FORMAT(* 1% ,*STATION® 42X 314 ,2X+*NOT ONE OF LISTED STATIONS")

115 FORMAT(»p» ,*GLOBALLAEEL*,10X,*X=COOR® 310X, *Y~COOR® 417X *ILEVATION
H NOKDIMe®9»SXe*ELEVATICNS IN CHe®o/)

120 FORMAT(* @ (4XS13S15XSF6.2s10X,F6.2t 20X9F945,12X,F10,.5)

125 FORMAT(LHO+*RADIUS USEO I N MERCATOR PROJECTION IS*¢F18.5)

130;83?}”(*1'"BCUNDARYFDINTS‘,ix'13.1X.’ANDO t$. Xt 13t1 XS*ARE 1osmiica

135 FORMAT(*Y)
140 FORMAT(7F10.2)

145 FORHAT(**y*THISLISTINGISBEFORE HE ELIMINATE TRIANGLES 0UTSIOZ
' #OF CUR DOMAINY)

150 FORMATU7F10.3)

155 FORMAT(AHO*Xz0 LINE IS*+F74s491Xs¥RADIANS OF LONGITUDE HEST*)

160 FORMAT{1H +*Y=0 LINE IS*+F7st41Xs*RADIANS OF LATITUDE NORTH*)

165 FORMAT(* @ j*STAT,*?9X,*GL. LABs®sOX+*ALPHA®y 11X *DELTA* ,11X,*DEPTH
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170 FOAMAT(LX 2T 3422X913 49X9sFTe536XsF11e537X1FI:5,10X4FT,4)

175 FLCAMAT(® ¥, *NCIMALIZED VALUES®,/)

193 FORKAT(* ‘**Transport AND MEANVELOCITIES NONCIMENSIOQHNALIZED*, /)

1'35 FORMATLEX92F10+2950X,*STA*,2%,13)

200 FORMATIFL10. 4oF15e43F1 0a29FL0e4sF1 (et olSXy*STA,*,2X,1I3)

205 FORMAT(3IS,55X+*TRIAS*y 1X,14)

210 FORMAT(F10ebeBOXy *HEIGHT*y1X, 13}

215 FORMAT(® #*,*SCALEPARAMETERS*®)

220 FORMAT( 202y "VELOCITY® 47X sFbs oA Xy "METERS/SEC* o/ /4% *4¥32PTH* 10X, F
A7l sl X PHETERS o/ /3 * ¥y ¥ LENGTH* 4 SX»FB 141X *HETERS*,//y* @ $GRA'JIT
2Y+ g BXoF7e251Xs* M/ ISEC SQV*4//+* # ,%PERT, DENSYTY® 42X, 56, 4,1X*6NH/ ¢
#CM CUY®9//o® %, 2C0ONSTe OENSITY®41XoF7,3,4X o *GH/(CH CUI*,/ /9% %o*GA
IMHAP 3 10XeF7c1s1Xe™GM/ (CM SQY*o//¢® ¥ ¥CORIOLIS® 9 7XyF 97y 1X*L/SEC*
2)

225 FORMAT(*D?, *NONDIMENSIONALRUNPARAMETERS®,//+* *,*CONST1=GEH/QFUL
2=, F5e29//+% #,3CONST2=GAMHA/QH=* yF7,45)

230FORMAT(® #,#*VELOCITY |S IN CENTIMETERS pER SECOND*, /)

235 FORNAT(#%¥,*ELEVATICN SCALE FACTOR IS*yF8e341Xy *CM.*)

245 FORMAT(3IF15.8)

250 FORMAT(FL10eb49F15e44F10eke36Xs¥STA*91X,13)

255 FORMAT{*MEANCORICLIS IS*SF10038)

260 FORMATL*RIND STRESS AND CURL VALUES*,3F10.4)

265 FORMATI® #,¥RAW STATION DATA®4/y © ¥ ¥TAUX=*,F10,4,5X,¥ TAUY=*,F 10,
24 45Xy *CURL=*3Fi0e W)

270 FORMAT(®ALPHA CCEF.*,5F10,.5)

275 FORMAT(®DELTACOEF,*45F1045)

280 FORMATI*0%,3ED0Y CSEFFICEINT=2,F10,3,1Xe®*GM/ (CH SECI*)

285 FORMAT(1HO 1 DH* ¥ or33 228 oy #GLOBAL HATRIX IS SINGULAR, PROBLEM
CTERMINATED* y10H ¥ 2382y

HERE WEREAD | N CONTRCL VALUES WHICH WILL TELL US WHAT WE wANT OUT
A ND HHAT WE WANT DONE

| F ANY OF THE THE PARAMETERS IS SET TO 1y THE PROGRAMWILL EXECUTE
THAT OPTION. IF IT IS 09 THEN THE OPTION W LL B8& BYPASSED
Att LIST OPTIONS BEGINWITH L* AND ALL PUNCH OPTIONS BEGIN WITH IP,

LRNOATA=1 MEANS TH4T THERAW DATA WILLBELISTED. DATEL ¢

NCGRID=4MEANSTHAT THE CARTESIAN GRI O HI LL 8E GENERATED, DATA
NOTE THAT IF THIS IS 09 THEN THE GRID ISRzap | N.

LGRID=1 MEANS THAT THE CARTESIAN GRIDHWILL BE LISTED.

IPGRID=1 MEANSTHAT THE CARTESIAN GRIDNWILL BE PUNCHED,

NORMAL=1MEANSTHAT THE RAH DATA HILL BE NORMALIZED, DATA 3
ONCE AGAIN IF THIS IS SET TO 80 THEN THE DATA HILL HAVE TO 8%
REAO IN,

LHNORM=1 MEANS THAT THE NORMALIZED OATA WILL BE LISTEO.
IPNCRM31MEANS THAT THE NORMALIZEO OATA HI LL BE PUNCHED.

MAKETRI={ MEANS THAT THE TRIANGLES WILL GE GENERATED. DATA 3
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IF THIS |IS SET T€8s THEN THE TRIANGLES HILL HAVE TO 8%
READ | No

LTRI=1 MEANS THAT THE TRIANGLES WILLBE LISTED.

IPTRI=1 MEANS THAT THE TRIancLE LAaBeELs WILL BE puncHED.

ISTOP=1 WILL SEND THE PROGRAM TO THE GRAFIXROUTINES AFTER
GENERATING THE TRIANGLES. THIS ALLOHS THEMESH TO BE CHECKZD
BEFORE PROCEEDING ONs

NOCCRY=4 MEANS THAT THE CORIOLIS PARAMETER MILL BEGENERATED, IF
THIS IS 0y THEN THE OATA HAS To BE READIN. HENCE, NOCORY=1
HILL ALSO PUNCE THE MEANCORIOLISVALUE,.

NOCCNST=41 MEANS THAT THE NONDIMENSIONAL RUN PARAMETERS HILL BES
GENERATED INSTEAD OF READ I N,

IPCCNST=1MEANS THAT THE NONDIMENSIONAL RUN PARAMETERS HILL BEZ
PUNCHED,

LBV=1 HILL LIST THE BCUNDARY CONDI TI ONS THAT ARE READ | N.

NOELEV=l MEANS THAT THE PROGRAMWILL GENERATE THE SURFACE
ELEVATIONS. THE ALTERNATIVE | S TO REAO THEH | No

LELEV=1 MEANS THAT THE PROGRAM WILL LI ST THE SURFACE ELEVATIONS.

IPELEV=1MHEANS THAT THE PROGRAM WILL PUNCH THE SURFACE ELEVATIONS.

NOTRANS=1HEANS THAT THE PROGRAM HILL GENERATE THE TRANSPORTSO
IPTRANS=1 MEANS THAT THEPROGRAM HILL PUNCH THE TRANSPORT INFORMA,

NOVELC=1 HMEANSTHAT THE VELOCITIES HILL BE GEMNERATED.
IPVELO=1 HEANS THAT THE VELOCITY INFORMATIONWILLBE PUNCHED.

NOTER¥=14 HEANS THAT THE VORTICITYTERMS HILL BE LISTED,
NBC=NUMBER OF DIFFERENTBOUNDARY CONDI TI ON SETS YOU HAVE.

NOPLOT=41 HEANS THAT THE PROGRAM HILL CO CALCOMP PLOTTING.

IWHAT==1MEANS THAT OhLY THE TRIANGLES HILL BE PLOTTED.

IWHAT=0MEANS THAT BOTH THE TRIANGLES HILL BEPLOTTED AND THE
SURFACE Elevations WILL BE CONTOURED.

INHAT=1 MEANS THAT CNLY THE SURFACE ELEVATIONS WILL BE COMTOURZSD,

LSF=3 MEANS THAT THE LEAST SQUARES FIT TO THE ALPHA ANO DZL{TA
FIELDS WILL BE OCNEs IFTHIS | S ZERO,THEN THE COEFFICIEMTS
WILL HAVE TO BE READ IN:« CONSEQUENTLY, IF LSF=1THE
COEFFICEINTSHILL AUTOMATICALLY BE PUMNCHED.

LCOEF=1 MEANS THAT THE LEAST SQUARES FIT INFORHATIONHILL 8
LISTED,.

SHMYHA=THE NUMBER OF STANDARD OBVIATIONS YOU WANT THE ALPHAFISLD
SMOOTHED TO. IF SMTHA=0, THE WATER |S MADZ HOMOGENEOUS. IF
SHTHA==1+9 THEN M0 SHOOTHING |S DONE.

SMTHD=DELTA SMOOTHING PARAMETERs THE OPTIONS ARE IDENTICAL TO
THE ALPHA SMOOTHING OPTIONS. SEE ABOVE FOR DETAILS.
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IFILE==-1HEANSTHAT THE PROGRAM HWILL PUT THE DECOMPOSED MATRIX DATA 3¢
ONTO FILE1.
IFILE=DMEANS THAT THE PROGRAM HILL DECOMPOSE THEMATRIX BUT NOT
PUT IT CNTOFILE,
IFILE=1 MEANS THAT THE PROGRAMWILL READ THE DECOMPOSED MATRIX
FRCH FILE1.
+#»¥2REMEMBER TO REQUEST FILEL AND CATALOG !T IF THE MaTRIX IS
PLACEO ONTO FILE{s ALSO REHZHMBER TO ATTACH YHEZFILE IF THEZ
THE KMATRIX IS TO BE READ FR0M THE FILE *»e»s

NISF=NUMBER OF INTERICR{ISLAND)SOUNDARY POINTS YOU HAVE. ONE DArA 1t
ISLAND IS PERMITTED.

NFLX=NUHBER OF ONSHCRE BOUNOARY POINTS YOU HAVE, THESE ARE THi
BOUNDARY POINTS WHICH DEFINETHEMAINLANC COASTLINE.

NOBCK=1 MEANS THAT THE PROGRAM HILL ALTER THE OPEN BOUNDARY DATA 1.
CONDITIONS BY SOLVING THEBOTTOM FRICTIONLESS CASE,

NOINTG=1MEANS THAT THE INTEGRATION ALONG DEPTH CONTOURS WILL BE
DONE. THE ALTERNATIVE {NOINTG=0), IS TO READ IN THE
ELEVATION CHANGES ALONG THE DEPTH CONTOURS.

IPINTG=4 HEANS THAT THE ELEVATION CHANGES ALONG THE DEPTH CONTOURS
HILL BE PUNCHED OUT. NOTE THAT THE ELEVATION CHANGES ALONG
CEPTHCONTCURSARE FUNCTIONS ONLY OF THE DEPTH, ANO FORCING
FUNCTIONS, NCT OF THE BOUNDARY VALUES THEMSELVES.

IPBV=1 MEANS THAT THE NEWLY ADJUSTEO BOUNDARY VALUES MILL 8E
PUNCHED.

NOREeLT=1 MEANSTHAT THE PROGRAIl HILL BE TERMINATE AFTER THE
BOUNDARY VALUZS HAVE BEEN AOJUSTEO TO SEE | F THE BOUNDARY
CONDI TI ONS ARE REASONABLE.

DEEF=CUTOFFODEPTH AT HHICH THE BOUNOARY VALUES ARE OBTAINED FROM OATA 1
DYNAMIC HEIGHT CALCULATIONS, THESE BOUNDARY VALUES HILL NOT

BE ALTERED,
THE QUANTITY OEEP IS READ | N NEGATIVE METERS,

READ(5451LRHOATA DATA
READ(S5,SINOCRID,LGRIDLIPGRID DATA
READ(5,y5INCRMALLNORMyIPNORN DaTA
READ(545)MAKETRILLTRIHIPTRI, ISTO? DATA
READ (54 5)NOCORY CATA
REAO(5, 5)NOCONST,IPCONST DATA
READ(5,5)LBYV DaTA
READ(5+5)INOELEV,LELEV,IPELEV DATA
READ{545)NOTRANS,IPTRANS DATA
READ(S5,S)NOVELO,IPVELO paTA
READ(54S)IKCTERN pDATA g
READ(5,5)NBC DATA 1
READ(545)NOPLCT,, IKHAT OATA 4
READ(5,5)LSF,LCCEF DATA 1
READ(54140) SHTHAy SMTHD DATA 1
READ(S,5)IFILE DATA 4
READ (54 5)NI8P,NFLX DATA |
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READ(S,5)NOBCKy NOINTG»IPINTG+IPBV4NOHALT
READ(5, 150)DZEP

NEHBY=1
ISTART=D

NE NOW PROCEEC TO READ IN THE SCALE PARAMETERS T0 BE USECFOP 0U=
NONCIMENSIONALIZEDGRID AND OTHER SCALING.

THEVELCCITYSCALE, 2USCALEZ, |S I N METERS/SEC. THE DEPTH SCALS,
#DSCALE, | S | N METERSs THE HORIZONTAL LENGTH SCALE,#ALSCALE#,
ALSO | S I N METERS.

G, GRAVITY, IS I N METERS PER SECOND SQUARED

E, THZ PERTURSATYCN DENSITY, Is IN GM. PER CM.CUBED

Qs THE CONSTANTODENSITY IS ALSO IN GMs PER CMs« CUBED,

GAMMA, THE BOTTOM FRICTION COEFFICIENT, IS INGMs PER CMeSQUARED
EODY IS THE EOOY COEFFICIENT CALCULATE FROMGAHHMA,.

READ(55150)USCALE +DSCALEsALSCALE4G4+E+Q,GAMMA
DEEP=OEEP/OSCALE

NOW THE STATICN OATA IS REAO IN.

ALPHA IS ENTEREO IN (GH/CH**3)*METERS ANO BELTA | S ALPHA*METER
TAUy H NO STRESS» | S I N OYNES/(CH*CH)

CU?L IS REAO IN ASCYNES PER CH.CUBED,

AFTER THE LAST STATICNDATA CARD IS READy A CAROWITH STATION
NUM3ZR ZERO IS REA2IN TO INDICATE THAT NO HORE STATION OATA
WILL BE INPUTEZ,

NOTE***THE CEPTH,y ALPHA, ANDDELTA VALUES ARE POSITIVE QUANTIIES

IFINOGRID+EG. 0+ AND+NORMAL+EQ.0) GO TO 111
I=1

2 READ(So10INCI) oLAT(I) yALAT (I)+LONGC I} oALONGLTI) 9 ALPHA (X)40ELTA{TID, D
ZEPTH(I)

DEPTH(I)==~DEPTH(I}
IF(N(I)+EQ.0) GO TO 4
I=I+14

GO TO 2

NVRTX=I~1
READ(5,245) TAUX s TAUY 4 CURL

WE EXIT FROMHEREWITH THE VALUE OF NVRTX, THE NUMBER OF VERTICES
HERE THE STATIONOATA s €ECHO CHECKED IF REQUESTED
IF{LRWDATAL,EQ.D) GO TO 8

HRITE(64+15)

HRITE(B,265)1TAUX, TAUY,CURL

HRITE(6,20)
HRITE(6,90)
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DO 6 J=19 NVRTX
6 HRITE(B225INCJ) 2LAT (Y4 ALAT(J) » LONG(J) s ALONG (U) 4 ALPHA (J) 4 DELTACY)
ZDEPTH(J)
8 CONTINUE
C
C
111 CONTINUE
Cc
IF(NOGRID.EQ.D} GO TO 12
IPUNCH=IPGRID
CALL CVERLAY{(5HMOOEL 8y 0,0)
XMAX=DALPHAX
YHAX=DALPHAY
YHIN=DDEPTHX
RADIUS=CDEPTHY
AHIN=DEX
GO TO 13
12 CONTINUE

sx+33NOTE THAT IF THE GRIo Subroutine ISBYPASSED, ONE NEEDS TO
READ IN YHIN,YMAXsYYHAXy AND XXMAX

OO0 00

RELD(595)NVRTX
DO 2001 TI=14NVRTX
READ {55185 X(I),Y{I)4NII)
3001 CONTIANUE
READ(Sy140) YMIN, YHAX, YYMAXyXXHAX

13 CCHTIMNE
C
C
c NOHNWE GO ON TO CALCULATE F KNOTy THE HEAN CORIOLISVALUE.
C
IF{NOCORY+EQ.0) GO TO 22
CALL BETAL(YMIN, YMAX,FO)
HRITE(75255)F0
GO TO 23
22 READ{5,255)F0
23 CONTINUE
C
EDDY=GAMMA*GANMA®2,¥FC/Q
C
c HERE THE STATION DATA IS NORMALIZED IF REQUESTED.
c
[
IF (NORMALL.EQ.0) GO TO 24
IPUNCH=IPNORHA
CALL CVERLAY{(SHMOOEL+9+0,0)
GO TO 6026
c

24 CONTINUE
00 1012 I=1,NVRTX
READ(S59 250 ALFHAUI) oDELTACT) 4DEPTHIIN ¢ NC(I)

1012 CONTINUE
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READ[5+280) TAUXTAUY4CURL

6026 CONTINUE
HERE HE LIST THE DIMENSIONAL COEFFICIENTS

WRITE(E,415)

HRITE(6,215)

HRITE(6 4220 )USCALE DSCALEJALSCALE+GE»QsGAMNA,FO
HRITE(6,4,280)1EDDY

HEREWEHAVE THEOPTICN TO GENERATE THE NON DIMENSIONAL RUN
PARAMETERS OR READ THEMIN
HEALSO HAVE THE, OPTION TO PUNCH THEM UP FOR FUTURE USE

IF(NQCONSTLEQsi) GO Y0 89

HERE NONDIMENSIONAL RUN PARAMETERS ARE REAO IN
THESE ARE THE GONST COEFFICIENTS IN THE EQUATION
REACIS5,245) CONST1,CONST2

GO TO 91

89 CONTIMUE
CONST1=(G*E*DSCALEYI/(Q*FO*USCALE*ALSCALE)
CONST2=GANMMA/ {Q*CSCALE®L100.)

91 GCONTINE
HRITZ(6+225)CCNSTL.CONST2

THIS IS AN OPTION TO OUTPUT GRIO OATA

IF(LGRIDL,EQ.D) GO TO 16
HRITE(6,15}
HRITE(6,495)
HRITE(6,90}
DO 14 I=14NVRTX
HRXTE(6,1001N[Il SI,X(1) +¥Y(I)
14 CONTINUE
HRITE(6,125)RADIUS
HRITE(64155) XHIN
WRITE(H160) YHIN
16 CONTINUE

THIS ISAN OPTION YC LIST THENORMALIZED DATA

IF(LNORN.EQ.0) GO TO 29
ARITE{B,15)
HRITE(6,175)
HRITE(6,16%5)
00 27 I=314NVRTX
HRITE(E470INII) o Ty ALFHALI) o DELTALIINWDEPTHID)
27 CONTINUE
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CONTINUE
THIS IS ANCPTION TO PUNCH NORMALIZED DATA

IFCIPCONST.EQ.0) GO TO 31
WRITE(74245)CCNSTL,CONST2
CONTIMNVE

BEFIERIBRINRLIPNBIEPRBRIFENEBERFR 4IRS

HE NOWPROCEED TO READ I N THE TRIANGLES IF NECESSARY.
IFFAXETRI=0, THEN THE TRIANGLE VERTEX NUMBERS WILLBE REAO IN
ANO NO TRIANGLES WILL BE GENERATED.

IF{MAKETRYLEQ.1) GO TO 902

HERE NTRI, THE NUMBER OF TRIANGLES ARE READ IN
READ(S,SINTRI

NOW TO READIN THE GLOBAL LABELS OF EACH TRIANGLE VERTEX
DO 903 I=1yNTRI

READ(Sy5) {IP(JeI)9J=1,3)

CONTINUE

CONTINUE

HE NOW READ INTHE 80UNDARY VALUES AND THEIR STATION NUMBERS
SURFACE ELEVATIONS ALONG THE BOUNDARYSHDULDBE._IN CH.

BUBIPBEPSSIFEBPEEE
REMEMBER,y IF AN ISLANO IS PRESENTy | TS BOUNDARY CONDITIONS SHOULD
BE READIN FI RST IN CLOCKHISE ORDERs THEN THE INSHORE BOUNDA-
RY CONDI TI ONS SHCULDBEREAD IN COUNTERCLOCKWISE ORDER. THESE
ARE THEN FCLLOMWEDBY THE REST OF THE BOUNDARY CONDI TI ONS REAO
IN COUNTERCLOCKWISE ORDER.
THE BOUNDARY Elevations FOR THE NO FLUX BOUNDARIES WILL BE
CALCULATE RELATIVE TO THE FIRST NO FLUX STATION. THEREFORE,
IF AN ISLANDIS PRESENT, THE ELEVATION OF THE FI RST 1ISLAND
BOUNDARY POINT NEEOS TO BE DEFINEDo T HEN THE ELEVATIONCF
THE FIEST ONSHORE, COASTLINE BOUNDARY STATION MuST ALSO BE
SPECIFIED, ALLCTHER NO FLUX BOUNDARY ELEVAY1ONS OONT NZIED
TO BE£ SPECIFIED.
A BLANK CARD SHCULD BE READ IN AFTER ALL THEBOUNDARYCONDIDTICNS

= e
‘:‘Wﬁ,‘?ﬁ%ﬁ'*f,?ég,;****

DIM=G/(FO*USCALE®ALSCALE®Q*100.)
I=1

READ(S,50) ISTAT.BVAL
IFUISTAT.EQ.D) GO TO 402

00 54 J=1,NVRTX
IF(ISTAT.NE.N{J)) GO TO 54
I8tl)=y
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402
62

64
746

904

401

754

26

BY{I)=BVAL*DIN
I=I+1

GO To58
CONTINUE
HRITE(6,110)ISTAT
GO TO 2001
CONTINUE

NBY=I~1

HEREy WE EXIT NITHy N3V, THE NUMBER oF BOUNDARY PO INT s

HERE HE HAVE AN OPTION TO ECHO CHECK THEBOUNOARYCONCITIONS

IFILBVY.EQ.D) GO TO 746
HRITE{6415)

HRITE{64+55)

HRITE(6,490)

DO 64 I=14NBV

BVV=BV(I)}/DIN
HRITE{64+60)T4IB(I)},BV(I)sBVY
CONTINUE

CONTINUE

NOW GENERATE THE TRIANGLES IF REQUESTED.
IFI{¥AKETRILEQ.CIGZ TO S04

IPUNCH=NIBP

CALL OVERLAY(SHMOZEL»5+0,0)

CONTINUE

CONTINUE
IF(HAKETRI.EQ«0) GO TO 754

IF TRIANGLES WERE INTERNALLY GENERATED, HEHWILL PROCEED TO
ELIFINATE THE TRIANGLES EXTERIOR TO THE REGION OF INTEREST

LIST=LTRI
CALL OVERLAY(SHMODELs+6, 0,01
CONTINUE

IF{LTRI.EQ.0) GO TO 57

TRIANGLE NUMBERS ALCNG WITH THE GLOBAL LABELS OF EACH VERTEX IS
LISTEDANC ON THE NEXT PAGE, THE VERTEX COORDINATES ARELISTZO

HRITE(6,415)

HRITE (6,30}

HRITE(6,90)

DO 26 I=14NTRI

HRITE(S y35) To (IP(Je1)9J=143)
HRITE(64+15)

HRITE(6+40)
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28
57

156
157

HRITE(H5+90)

DO 28 I=1,NTRI

II=IP(4,1)

IL=IP(2,1}

IM=IP(3,I)

HRITE(&445) IyX{IT)aY(II)y XCIL) YT LIoX(IMILY(IM)
CONTINUE

THIS I'S THE OPTICN TO PUNCH THE TRIANGLE OATA

IF{IPTRILEQ.D) GO TO 157
HRITE(7+5INTRI

00 15& I=1,NTRI

HRITEL7,205)IP(1,T) 3IF(251),IP(351) 41
CONTINUE

CONTINUE

WE NOW FIT THE ALPHA ANO DELTA TO A THIRD ORDER POLYNOMIAL BY
DOING A LEAST LEAST SQUARES FIT TO THE ALPHA AND DELTA FIELDS,

IPUNCH=LSF

LIST=LCOQEF

132

66
67

68

SA(2)=SHTHA
SD{1)=SKTHD
CALL CVERLAY(SHMITEL, 1,0,0)

CCNTINUE

FREIFIBIEES

NOH PROCEED TQ ALTER THE BOUNDARY CONDI TI ONS BY SOLVING THE
INVISCID CASE ALONG BOUNDARYDEPTH CONTOURS.

IF(NOBCKWsEQsO) GO TO 68
LIST=NOINTG
IPUNCH=IPINTG

CALL CVERLAY{S5HMODEL+12,0,0)
IF(IPBV.EG.0) GO TO 67
po 66 I=1,NBV
BYV=8V(I}/DIM

J=18(I)
HRITE(T7sSO0INIUS),EVY
CONTIMNUE
IF(NCHALT.EQ.0) GO TO 68
HRITE(6,7D}

GO TO 2001

CONTINUE

IF THE LEAST SQUARES COEF.« TO THE BAROCL.FIELOWAS GENERATED
THEN WERILLSAYE THE VALUESO
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69

133

162

164

134

176
178

158
159

IFILSFLEQ.D) GO TO 69

NOH PROCEED To PUNCH THE VALUES UP s0 #&¢ DO NOT HAVE T1O
REGENERATE THEMAGAIN.

WHRITE(7+270152{1),952{2)+SA(3)4,5A(4) 4STNDVA
HRITE(74+275)50€1)4S0(2)+S0D(3),S0tu),STNOVD
CONTINUE

IF(ISTOP.EQ.1} GO TO 2999
° *kkkkkk*k

CONTINUE
HENOW ASSEMBLE THE MATRIX

NOMAT=0

IFINEWNBV.GT+1) NOHAT=~%
IJFINOCELEV.EQsL) GO TO 164
DO 162 I=14NVRTX
READ{S+ 210} HEIGHT(I)
CONTIME

GO TO 134

CONTI NUE

LIST=IFILE

CALL OVERLAY(SHMODELy2s 040)
IF{NVRTX.LT.0} 60 TO 4001

CONTINUE
THXS IS AN OPTION 7L LIST THE EVEVATION OF THE VERTICIES,

IFILELEV.EQeD) GO TO 178

HRITE(64+15)
ELEV=(FO*USCALE®ALSCALE/G)}*100.
WRITE(692351ELEV

HWRITE(6+115)

DD 176 I=14NVRTX

OIM=HEIGHT () *ELEV
HRITE(65+1201I+X{I)yY (1) @ HEIGtIT(I),0IM
CONTINUE

CONTINUE

THIS IS THE OPTION TO PUNCH THE ELEVATION DATA
IF(IPELEV.EQ.0) GO TO 159

00 158 I=1,NVRTX

HRITE(7?210) HEIGHT(IISI

CONTIMIE

CONTINUE

HERE HE HAVE THE OPYICN TO CALCULATE THE TRANSPORT AT THE CENTRO!D
OF EACH TRIANGLE

IF(NCTRANS.EQs0) GO TC 184
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184

183

188

2999

1999

4001
2001

IPUNCH=IPTRANS
CALL OVERLAY(SHNCDZLe1040,0)

CONTINUE

OPTION TO CALCULATE ANO LI ST EXMAN VELOCITY, BAROTROPICYVZLCCITY
THEIRSUMy ANO BOTTOM VELOCITY

IF(NOVELO,EQ.D0) GO 70 186
IPUNCH=IPVELO

CALL OVERLAY(SHHODEL,11,480,0)
CONTINE

OPTION TO CALCULATE ANO LIST THEOYNAMIC BALANCE TERMS,

IFI(NOTERM.EQ,0) GO TO 188

CALL CYERLAY(SHMODEL+740,0)

CONTINUE

WE NOW HAVE THE CPTION OF PLOTTING THE TRIANGLES AND LASELING
THE VERTICIESHWITH THEIR ELEVATIONS.

ONGE AGAIN THE UNIV.CF HASH.*S NePosS«SYSTEM |S UTILIZEOD,

CONTINUE
IFINOPLOTWEQs 04 ANDsN2BCWEQ.1) GO TO 2001
IF(NOPLOT.EQ.0)GC T2 1999

HENOW PROCEED 7ZPLOT THE SURFACE ELEVATIONS.
LIST=IWHAT
CALL OVERLAY{SHMODEL 44 00)

CONTINUE

IF(NEHBVL.GEWNBCY GO TO 2001
CALL HEWBVAL

NEWBV=NEHBV+1

IF{JJ2.EQs0) GO TO 133

GO TO 132

IF THE FORCING FUNCTICNS ARE ALTERED, THEN THE HEWVALWUES ARE
READ | N SUSROUTINENEWBVAL ALONG WITH ANY NEWBOUNDARY VALUESO
THEN ONE REASSENM3LES THE RIGHT HANO SI OE AND READJUSTS THE NEW
BOUNDARY VALUES BY SETTING JJ2 INCOMMON BLOCK CUTOFF TO 1 IH
SUBROUTINE NEWBVALs THIS HILL SENO THE PROGRAM INTO BCHKe IF
ONLY THE BOUNDARY VALUES ARE CHANGED |N SUBROUTINE NEW3VAL, THEN

JJ220 ANO ONLY THENEWBOUNDARY VALUES ARE ALTEREDAND NOT THE
ENTIRE RIGHT HAND SIDE.

HRITE(6,285)
STOP
ENO
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CVERLAY (MCDEL 414 0)

PROGRAM LEAST
COHMON/NUMB/NVRTX¢NTRISLISTy IPUNCH
COMHON/IALPHAZALPHKHA (200)
COMMON/IDELTA/DELTA(2C0)
COMMON/LSCOEF/SAL4)+SD14),STNOVA,STNOVD
COMMON/ZIHEIGHT/HEIGHT(200)
COMMON/IDEPTH/DEPTH(200)

270 FORMAT(*ALPHA CCEF** 5F10,5)

275

166

16°?

168

169

FORNAT{*ALPHA CCEF.*45F 10,5}

SHMTHA=SA (1)

SHTHO=SD{1}

LSF=IPUNCH

IFLLSFLEQ.DY GO TO 166

LCOEF=LIST

CALL LQFITC(ALFHASA»STNDVALCOEF4NVRTX)

LCOEF==LCOEF

CALL LQFIT(DELTA+SO,STNDVDsLCOEFsNVRTX)

##%2NOTE, THE COEFFICIENTS ARE STORED INTO SAs AND SD* SA HOLDS
THE COEFFIENTS FOR ALPHA ANO SO FOR DELTA.

GO TO 167

CONTINUE

HERE ¥Z READ IN THE ALPHA AND DELTA COEFFICIENTS 1f THEYHERE
NOT GENERATED,

REAC{5:270) SACLY sSR(2)+SA(3) +SA(L),STNDVA
READIS5,4275)S0(1),SDLZ3,5D0€(3),S0(4),STNDVD

CONTINUE

HE NOH HAVE THE OPTION OF SMOOTHING THE ALPHA AND DELTA FIELDS.
IF {SHTHAWEQ.=14) GO TO 168

CALL SMOOTHTALPHA,SAy SMTHA,STNDVA4NVRTX)

CONTINUE

IF(SHTHOOEQ.-10} GO TO 169

CALL SMOOTH(DELTASD»SMTHDsSTNDVDNVRTX)

CONTINUE

END
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OVERLAY (MODEL 2,6
PROGRAM MATASS

COMMON/IN/N (309}

COMNON/ IRHS/RH5 (200)

COMNON/ IWCRK/VALP (4500)

COMMONZINT/INTP(4500)

COMMON/LSCOEF/3A{4) 4S0C4)

COMMON/IALPHA/ALPHA (200)

COMMON/ IDEPTH/DEPTH (200)

COMMON/IIP/IP (3,330)

COMMON/IA/A(3,3)

COMNON/IB/813)

COMKON/IY/Y (200)

CONMON/IX/X(200)

COMMON/NUMB/NVRTX \NTRTy IFILE yHASL, NEHBY
CCMMON/KIND/TAUX,TAUY,CURL

COMMON/ZIALP/ALPH(3)
COMMON/SCALES/USCALE s DSCALE,ALSCALE 4GoEyQyGAMMA o FO,EDDY
COMMON/BOUND/IBL75) 4BV(T5) yNBY

COMMON/IHEIGHT/HEIGHT (200)

COMMON/ICCNST/CCNSTL, CONST2

COMNCN/IGRAD/DALPHAX,DALPHAY DDEPTHX,DDEPTHY DEX 4OEY, AREA
COMNCN/CUTOFF/NIBP 4 NFLX,JJ1,JJ2

HENCH PREPARE TCASSEMBLE THE HATRIX BY SETTING IT TO ZERO
ANOBY SETTING THE INTEGER BOOK KEEPING ARRAY TO ZERO.

IF1221,EQe=1) G2 T3 199

IFINIHBV.GT.1} 62 TS 201
CALL SETHAT(NVRTXsXIFILE,MASL)

HENOW PROCEED TO CALCULATE GRADIENTS ANO ASSEMBLE THE MATRIX

CONTINUE
CALL CVERLAY{(SHMODELy2+1,0)

CONTINUE

CALL CVERLAY(SHMODEL +2,240)
END
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Al342)=X{N)
Al3421=YCH)
Al1,3)=1.0
Al243)=1,.0
At3+3)=1.0

CALL TRIAREA(A, AREA)
AREA=ABS (ARER)

CALL GRAD(DEPTH{J)»OEPTH(L) o DEPTHIM)+ DDOEPTHX,DBEPTHYCOEPTH)

CALL ALFHX(KoCALPHAX,OALPHAY ALPHA,SA»ALPH)

00 104 I=1,3
DO 102 II=1,3
B{(II}=0,
B(I)=1,

CALL GRAD18{1)+812),B(3) yDSHAPEX(I)}oDSHAPEY(I),CSHAPE(I})

CONTINUE

CALL MATRIX [DSHAPEXWDSHAPEY s Ky NVRTX s NTRI, IFILEyMASL)

K=K+1

IF{KeGT«NTRI) GO T0 132
GO TO 72

CONTIMUE

HONPROCEEDTC AOO ON THE CONTRIBUTIONS FROM THE NO FLUX BOUNDARY
CONOITIONS*

CALL BASS(VALP4RHS)

HERENWEADD THE PRESCRIBED BOUNDARYCONDITONS To THE RIGHT HANO
SICE.

CALL BCUNVRTXNBYIB+BV,MASL)

END
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OVERLAY (MODEL,242)

PROGRAM SCLNM
COMMON/NUMB/NVRTX9NTRI,IFILE sMASL 4NEHBY
COMMON/ZINT/ZINTP(LSDD)
COHMMON/IHEIGHT/HEIGHT (20D)
COHMON/IWCRX/VALP(4500)
COMMON/BOUND/ZIB(75) 4BV(75) «NBV
COMMON/IRHS/RHS(200)
FORMAT(E12.5,020}

NROW=NVRTX

NCOL=NVRTX

SEALL=,.00000012

IFINEWBV.GY41) GO TO i
IFCIFILEYR24204

CONTINUE

HERE THE MATRIX |S DECOMPOSED.

CALL OCPK(NROWsNCOL ¢TI SyIR9IF ¢+ SMALLsINTP,VALP,HASL)
IFLIS.EQ.1) GO TO 10
IF{IFILE.EQs0) GO TO i

OPTION TO CREATE FILE

“00 6 I=144500
WRITE(L1400)VALPIT)«INTP(I)
CONTINUE

GO T&

OPTICN TO REAC FROM FILE

00 a Iz1,4500
JRaI=g
READ(1,200) VALP LI}, INTP (I}
GO TO 1

CONTINUE

CONTINUE

WENOWADD THE BOUNDARY CONDI TI ONS | N. NOTE THEY
| NTO VALP AFTER THE MATRIX HAS BEEN DECOMPQOSED,

00 112 K=14NRCW

VALF(X) =RHS {K)

CONTIMUE

CALL SLVK(NROWsNCOLAIELINTP, VALP)
IF{IE.EQ.1) GO TO 12
GO TO 21
ARITE(6,15)
FORNAT(*0®,*SING IS 14 MATRIX IS SINGULAR®)
NVRTX=-NVRTX
GO TO 301
HRITE(6,20)

FORMAT(*0%,*ERROR IS 1y DIVISIOH BY ZERO IN SLVK*)
NVRTX==NVARTX

GO TO 301

CONTINUE

00 22 I=1,NRQOA

J=I+NROW

HEIGHT(I)=VALPLJ}

CONTINUE

ENO

376

MUST BEACDED



(¢ Xe]

OVERLAY (HODEL +440)

PROGRAM DRAW

COHMON/IRHS/RHS (200}

COMMON/BOUND/IB{75) +BV(75) 4NBV
COMHON/SCALES/USCALEsDSCALEoALSCALE+G2E2Q4GAMMA,FOL,EDDY
COMNON/ZIX/XA(200)

COMMON/ZIY/YAL200)

COHHON/IIP/IP(3,4350)

COMMCN/NUMB/NVRTXyNTRIy IHHAT o IPUNCH,NEHAY

COMMON/IN/N{300)

COHMON/IHEIGHT/HEIGHT {2D0)
COMMON/CALCCMP/XXMAXA ,YYMAXAy ISTART yNBC

DIMENSICN CON{Z2D)

DIMENSION TLAEEL 334X 1200),Y(200)

THIS SECTION |'S FORCALCOMPFLOTTIN

THE UNIVERSITY OF HASHINGTON#S NUMERICAL PLOTTIN SYSTEM IS USED
WE HAVE THE OPTION TO ORAH LABEL ANO CONTOUR EACH PO NT ANd TRI ANGLE
XXHAX=XXHAXA

YYHMAX=YYMAXA

DIM=(FO®USCALE™ALSCALE)*100./G

00 302 I=14NVRTX
X{I!=xXA{I)
Y{Il=YA(I)
302 CCNTINUE
RATIOSXXMAX/YYMAZ
* ¥YSIZZz6,
XsIZE=RATIQ*YSIZE
XINC=2XS1IZE+S.
XINC=0,.
YSTART=,5
XSTERT=2,
IF{IAAATWEQe1) GO TO 501
ENCODE(30+34y TLABEL)
JLFORMATI27HTRIANGLES ANO GLO3AL LABELS)
CALL SETUPLISTART 9L ¢ XSIZEsYSIZE+TLABELy 19049 XXMAX 3049 YYHAX305,05,X
2START,YSTART)
CALL DRTRI{XsYsIPsNTRI424M)
00 41 I=1,NVRTX
41 RHSH(IN=FLCATII)
CALL ADVANCID«» D)
CALL TRILABL{XyYsIPsNIRI s 112,1)
CALL ADVANGC(D.404)
CALL VRTIXLBIX,Y¢RHSy D HYRTX» 0398,14)
IF{IHHATY2+342
3 CALL ADVANC(XINCe0.])
2 CONTINUE
ISTART=1
IFLINHATLEQe=1) GO TO 502
501 CONTINUE
ENCODE(30433,TLABEL)
3 3 FORFAT(26HSURFACE ELEVATION CCNTOURS)
CALL SETUP(ISTART 944 XSIZE+YSIZEyTLABELs190ssXXMAX Do+ YYMAX,05, 05X

2START,YSTART)
00 9 I=14NVRTX
HEIGHT (I)=HEIGHT(I}*DIN
9 CONTINUE
CALL KONTRI(XsYoIP4CONyNTRIZNVRTX48sHEIGHT 43}
CALL FLTBNC(X+Y2IByNBY,1)
CALL VRTXLB{X+Y4HEIGHT,14NVRTXs .091,3)
40% CONTINUE
ISTART=1
502IF (NEHBV.LTWNBC) GO TO 1990
CALL EXITFL
GO TO 1
1998 CALL ADVANC{XINC4+0.)
1 CCNTINUE
END
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QVIRLAY (MODEL+5,0)
PO GRANM MESH

HERE WEGENERATE THE HESH.

COMMON/INCRK/P(20442) «VERT (402,6)
COMEON/ZINTZISIDE(607492) yITRICLO3,3)
COMMONZIX/X(200)

COMMON/IYZY (200)

COMMON/IIP/IP13,350)
CCMMONZ/NUMB/NVRTX9NTRIZLISTyNISP,HEKSY
COMMON/BOUND/IB(75) 4BV{75) 4N3V
COMMON/CALCOMP/XXMAXs YYMAX»ISTART#NBC

Do 101 I=34NVRTX
PI{I.1)=X(D)
P(I,2)¥=Y(I)

CONTINUE

CALL TRIAN(ISIDE4ITRI)
00 2 I=14NTRI
IS1=ITRI(I )
IS2=ITRI(I,2)
JP1=ISICE(IS1,1)
JP2=ISIDE(IS:,2)
JP3=ISIDE(IS2.1?

IF i P1,EQeIP3, 3%, 52, EQ. JP3) JP3=ISIDE(IS2,42)
IPI{.,1I¥=JPL
IP{2,1)=JP2
IP({3,1)=JP3

CONTINUE

END
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OVERLAY (MCDEL+H40)

PROGRAY OUTSIDE
COMMON/BROUND/IB(75) +BVI75) 4NBV
COHMON/IIP/IP(34350)
COHMON/MUMH/NVRTX 9 NTRIZLTRI, IPUNCH, NEWSY
COMNON/IHWCRX/IBTRI1350)

COMMON/IX/X1200)

COMMGN/IY/Y L200)

CALCULATE THENUMBERGF POINTS IN EACH TRIANGLE AND ORDER THE
BOUNDARY POINTS. THE CODE IS AS FOLLOWS, THE VALUE OF IBTRII¥)
MILL TELL US HOWMNANY BOUNDARY POINTS TRIANGLE #K#HAS,

5 FCRMAT{*1*,%4WE HAVE FCUND A BAD TRIANGLE WITHIBTRIGT .3 IN
HPROGRAM OUTSIDE, TRI=*,I4)

10 FORMAT(* ¥4 *THE GLOBAL LABELS ARE*,314)

15 FORMAT(*1+%)

150 FORMAT(**4*THIS LISTING IS DONE AFTER WE HAVE ELIMINATED TRIANGLE
£S OUTSIDE OF CUR DOFAIN®*)

3 0 FORMAT(®0*y*TRIANGLE NOo® 10X y*VERTEX 1% 440X+ *VERTEX 2% 910X, *VERTL
*X 3*)

90 FCRMAT(™0*)

35 FCRHAT(® @ GX,1?,:3X,13,14X913,15X, I3

155 FCR™AT(*1 %, ¥FROGR4EM IS TERMINATED BECAUSE OF FAULTY BOUNDARY TRIAN
#6LE*,/4* @ O*|;TR: &dS GREATER THAN 3¥)

ALt FINDEP{IZ,I7.I2TRIJNTRI(NBV)

HEXZ HE HAVE THEGFTICMN TO ECHO CHECK THE BOUNDARY POINT SEQUENCES
DO 1 I=14NTRI
IF{ISTRILI).LT,.4) GO TO 1
NRITE(645)1
HRITE(6410)IP(1,1)4IPt2,11,IP(3,1)
1 CONTIANUE

HERE HEMAKE ONE FINAL CHECK OF OUR BOUNDARY TRIANGLES.
IF IBTRI IS GREATER THAN 3, THE PROGAM IS KILLED.
& *W@*IT Is syGGESTED THAT IBVCHX=1 UNTIL ONS GET3 PAST THIS POINT,
THIS HILL ALLOW ONE TO FIND THE BAD TRIANGLES.
DO 6B8I=2,NTRI
IFLIBTRI(I)WGT.3)GC T O 911

68 CONTIMIE
Go 10281

911 WRITE(6,155)
GO TO 754

281 CONTIME

THIS SECTION CHECXS TO SEE THAT ALL THE BOUNDARY TRIANGLES ARE
| NSI DE THEOOMAIN

IF THERE ARE EXTRANEOUS TRIANGLES OUTSICE OF THE DOMAIM,THZY
HILL BEELIMINATED ANO NTRI HILL BEADJUSTEOD ACCORDINGLY

CALL ELIMCIBIRIZIP4XsY4NTRI}

754 CONTIMNJE
END
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OVERLAY (MODEL 74 0)
PROGRAM TERM
COMMON/NUNE /NVRTX ¢NTRT,LIST, IPUNCH,NEHBY
COMMON/IHEIGHY/HEIGHT (200)
COMMON/ICCNST/CONST14CONST2
COMMON/LSCOEF/SA (L) ,SO(4)
COMMON/IALPHA/ALPHA {200)
COMMON/IIP/IP (3,350)
COMMON/IAZA(3,3)
COMMON/1B/B (3)
COMMON/ZIDEPTH/DEPTH200)
COMMON/HWIND/TAUX, TAUY JCURL
COMMONZIX/X(200)
COHNON/IYZY (200)
COMMON/IALP/ALP (3}
COMMON/IGRAD/DALPHAX,DALPHAY,0DSPTHX s DDEPTHY s QEX,4DEY, AREA
WRITE(6,1)
FORMAT(*1%,*0YNANIC BALANCE TERMS*)
WRITE(642)
FORMAT(#0%,*TRI®,8%X,*BAROTROPIC TORQUE*, 8X, *BAROCLINIC TORQUE®,7X,
2*¥*CURL OF WIND*,5X,*BOTTOM FRICTION¥)
DO 999 I=1,NTRI
=IPlL,1)
K=IP(2,1)
LzIP{3,1I)
AL 133X
At1.2)=¥(J)
AL4.3)=1,0
AC2y1)=X LK)
AL2,2)=Y(K)
AC243)=1,0
A3, 1)=X(L)
A(3,2)=Y(L)
A(3+3)=1,0 -
L GRADIDEPTH{J)4DEPTHIK) pEPTHIL) » DDEPTHX, DDEPTHY,CLEPTH)
CALL ALPHXCUIy0ALPHAX,DALPHAY ALPHA,SAALP)
CALL GRAD(HEYGHT ¢j) JHEIGHT (K)+HEIGHT(L) ,DEX, DEY,CE)
CALL DYBALAN(BRT,BRCsCURLyBFRIC,CONSTY)
HRITE{643)I,BRT;BRC,CURL,BFRIC
FORMATU® *9X3011XsF 100k 92X oF 200l 912X 2F 100 4oGX,Fi0,t)
CONTINUE
END
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OVERLAY (MODEL1040)

PROGRAM GRI D

COMHON/ZIN/N(300)
COHMON/IGRAD/XHAXoYMAX, YHINsRADIUS s XHIN,EXTRAL2)
COMHCN/Ix/% (200)

CONMON/IY/Y (200)

COMNON/IHEIGHT/HEIGET (zQ0)

COMMON/IIF/IP(3,350)
COMMON/NUMB/NVRT X, MTRILIST, IPUNCH,NEHBY
COMMCN/CALCCHP/XXMAX, YYMAXsISTART,NBC
COMMON/SCALES/USCALE 4DSCALEyALSCALE +GoEsQ+2GAMNALFO,EDDY
DIMENSICN ALAT{200) JALONGE200) 4LAT (2003 ,LONG(200)
EQUIVALENCE (HEIGHTC1) ,LONG{ 1))

EQUIVALENCE {ALAT{11,Y{1))

ECUIVALENCE (ALONG (1) 4X(1))

EQUIVALENCE (IP{141},LAT (1)

CALL CARTSN{LATyALAT,LONGyALONGyNVRTXyALSCALE s XXMAX 9 YYHAXy XHAX, YMA
AXsYMINyXe¥ ¢ RACIUSSXMIN]

IPGRIC=IPUNCH :

THIS IS THE OPTION TO PUNCH THE COORDINATE OATA UP

IF(IPGRID.EQ.D) GO TO 152
HRITZ(745INVRTX
5 FORMAT(1515)
DO 152 I=1,NVRTX
HRITE{7+195)IX1T)4Y12)4N(1)
195 FORMATUF10439F15¢23:50Xe*STAL¥92X41I3)
151 CONTINUE
HRITEL(7 y140)YHIN, YHAX Y YMAXy XXHAXRADIUS
140 FORMAT(7F10.2)
152 CONTINUE
END

OVERLAY(MODEL,11,0)
PROGRAM NRML
COMKCN/ZIN/NL300)
COMMON/IALPRAZALPHA (20D)
CCMMON/IDELTA/DELTA (200}
COMNON/IDEPTH/DEPTH (20}
COMMON/WIND/TAUX, TAUY,CURL
COMMON/NUMB/NVRTX NTRIHLIST, IPUNCH,HEHWBY
CALL NORM{ALPHALDELTADEPTHy TAUX,TAUY,CURLsHVRTX)
IPNCRM=IPUNCH
256 FORMAT(F10s 4yF15.4,F10. 4436X4*STAL*,1X,13)
260 FCRMAT(*WIND STRESS AND CURL VALUES*,3710,4)
IFC(IPMORMLEQ,. D) GO TO 154
00 153 I=14NVRTX
HRATITE(7 250 JALPhRA(I) ,DELTACI ) ,DEPTH(I),NIT)
153 CONTINUE
HRITE(7+260)TAUX,TAUY,CURL
154 CONTINUE
END
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OVERLAY (HCOEL y12 0)
PROGRAM TRNS

COMMON/ICCNST/C1,C2

COMHON/THEIGHT/HEIGHT (200)

COMMON/ NUNR/NVRTXNTRI, LISTs IPTRANS, NEWBY
COMMON/SCALES/USCALE sDSCALEy ALSCALE +G+E+ Qe GAHMA 4FOEDDY
CCHHON/IIP/IP{3,350)

COMMON/IX/X (200)

COMNON/IY/Y(209)

COMMON/IALPHA/ZALPHA (200)

COMHON/IDELTA/DELTA(200)

COMMON/IDEPTH/DEPTHI200)
CGMMON/IGRAD/DALPHAX . DALPHAY yDOEPTHX, DDEPTHY ,DELEVX ,0ELEVY 4 AREA
COMMON/WIND/TX,TY,CURL

COMMON/LSCOEF/SAL4) 4SO (&)

COMMON/TAZA(3,3)

CCMNCN/IB/B(3)

COMMON/IALP/ALP (3)

SUBROUTINE TO CALCULATE TRANSPORTS AT CENTROIE OF EACH TRIANGLE
CX AND CY ARE THE LOCATIONS OF TRIANGLE CENTERS

XTRANS AND YTRANSARE THE TRANSPORTS IN THE X AND Y DIRECTIONS
TTRANS | S THE TOTAL TRANSPORT

HRITE(64+15)

FCRMAT(*1%)

DIr=USCALE*DSCALI>T

HRITZ(6o240)0IM

FORFAT(® *,*»TRANSPORTSCALE FACTOR IS®*:F8.3+1Xs*CUBICHETERSPERS
ZECGND PER SQUAREMETERASSUMING DENSITY IS ONEW*)

HRITE(64230)

230 FORHAT(*#,*VELOCITYIS|I N CENTIMETERS PER SECOND*,/)

180

HWRITE(E,180)

FORMAT(® * *TRIANGLE*13X4*X=COOR* 44 Xo*Y=COOR® ,7Xy*X=TRANSP*,7Xy*Y~
ZTRANS? 95X *TOTs TRANSF* 4SX o *DEPTH® 36X s ®U-ME AN* 3 UX ¥ V-HEANY4SXy*V T
20T7%,7)

DO 100 I=1,NTRI
J=IP(1,I)
K=IP{2.,1)
L=IP{3,1)

Al1,1)=X(D
A{1,2)=Y(D)

At143)=4,

A(251)=X(K)

Al2,2)=Y(K)

A(2:3)=1,0

Af3,4)=X(L)

At3,2)=Y (L)

Al313’=1o

CALL GRAD(HEIGHT(J) HETGHT (K)2HEIGHT (1 y \DELEVYXsDELEVY,CELEV)
CALL GRAD(DEPTHIJ),DEPTH(K) 4 DEPTHIL) ,DDEPTHX 00EPTHY,COEPTH)
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CALL ALPHXCI,CALPHAX,DALPHAY  ALPHA,SAALP)
DELTAGRACIENTS AREHANDLED LIKE THE ALPI'A GRADIENTS
CALL ALFHX{I,CDELTAX,DDELTAY,DELTA,SD.ALP)

CX=(X(JI¢X{KI+XILY) /3,
CY=(YLJ)+¥{KI4Y(L}I/3,

DEP:(DEPTH!J)iDEPTH(K)fﬂiPTH(L))/3.

XTRANS=DELEVY®DEP~CL1*COELTAY+C2* IDELEVY-DZLEVX)=C1*C2*(0ALPHAX~0AL
ZPHAY)+TY

YTRANS=~(0ELEVX*DEP)+CL*DOELTAX=C2* (DELEVY+DELEVX)Y~C1*C2* [DALPHAY+
2DALPHAX)=TX

TRANS= (XTRANS*XTRANS+YTRANS*YTRANS) *#,5

DEP=-DEP*200.
XTRANS=XTRANS*DIN
YTRANS=YTRANS*DIM
TRANS=TRANS*DIM
U=XTRANS/CEP*1C0.
V=YTRANS/CEP®*1130.
VI=TRANS/0EP*122.
HRITE(6+185)I4CXeCY W XTRANSYTRANSy TRANSHDEP U4V, VT
185 FORMATIIX o I3 90X oFSua 20X aFBa2otXeF11a holXoFLlolioltXsF114b93X ,FT0143X
FoF3abe2XsFGat 234734 4)
IF'ZPTRANS.232.,2132T70 100
WRITE(T7 9260 XTRANSy YTRANS s TRANS U9V, VT sl
260 FORMAT(O6F10.3910X+*TRANS®42X413)
100 CONTIMUE
101 CCNTINUVE
END
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DVERLAY {MODEL+13,0)
PROGRAM VELO
COMMON/IHEIGHT/HZIGHT (200}
COMMON/NUMB/NYRTX4NTRIZLISTIPVELOWNEWBY
DIMENSION ALPH(3)
COMMON/IGRAD/DALPHAX s DALPHAY 4 DOEPTHXy DDEPTHY 3 DEX9BEYyARE S
COMMON/LSCOEF/SA(4) 4SO(4H)
COMMON/SCALES/USCALE +DSCALE ALSCALE 9GsE+QsGAMHALFO,E0DY
COMMON/IIP/ZIP(3+350)
COHHON/IAZA (343)
COMMON/IB/B(3)
COMMON/IALPHA/ALPHA(200)
COMMON/IOCEPTH/DEPTHI200)
COMMON/NIND/TAUX, TAUY 4CURL
COMMCON/ZIX/7X (200!
COMMON/IY/Y (200}
HRITE(6.1)
L1 FORMAT(*1%, *CCMPARATIVE VELOCITIES INCM/SEC*)
HRITE(62)
2 FORMAT(*0%916X¢*EKMAN?y26Xy*BAROTROPIC*425X+*SURFACE*¢26X,*B0OTTON®
#47)
HRITE{6q.4)
4 FORMATI® 3 % TRI*5Xo%UP,9X ¥V o TX o P TOTAL® 41 OXo*U* 43Xy ® V247X ,*TOTAL
EP98X9% U FBXe* v ¥ EXFTOTALY 910X e*UP 5 QX 4P V¥ TX*TOTAL®,/)

00 $99 K=1i9NTRI
I=I3{1:K)
J=I7{24K)
L=I2(3,4K)
All,1)=X(1}
AlL,2)=Y(D)
A(143)=10
Al231)=X{N
A(2,2)=Y(J)
A(2,3)=1.
Al3,1)=X(L}
A(3,2)=Y(L)
Al3e3)=1,

CALL GRAD(DEPTH(I),Q0EPTHI(J)+DEPTH(L), DDEPTHX4CDEPTHY s CDEPTH)
CALL ALPHX(KyDALPHAX,CALPHAY ALPHA,SA,ALPH)
CALL GRADCHEIGHT(I) ¢HEXGHT (J)+NZIGHT (L) 4DEX4DEY,CE)
CALL EXMANCUE,VE,TOTE)
CALL BAROT(UB,VB8,T0T8)
CALL SURF(UE,VE,UZ,Y8,US,VS,TOTS)
CALL BOTT(UBOT,V30T,TOTBOT)
HRITE(S+5)KUEyVE+TOTESUB(VB+TOTH,US,VS»T0TS,US0T,VBOT,TOTBO0T
5 FORMAT(® @ 13 F8S3,2X,F8C3,2X,F8. 345X eFB8e342X+FB8eT12X+F3,3,5%X,F8.3
292X sF8e332XoF 80395 XeFBa392X9FBe3s2XeF8.3)
IF(IPVELO.EQ,0) GO TO 952
WRITE(7y105)K,US,VS+TOTSyUBOT+VBOT,TOTBOT
105 FORMAT(IS,6F1 0, 352X *VELOCITY®)
952 CONTINUE
939 CONTINUE
D
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OVERLAY (MODEL 41440}
PROGRAM BCHX

PROGRAM TO APPROXIMATEBOUNDARY CONDITIONS BY SOLVING
BOTTOM FRICTIONLESS CASE,

COMNON/EXTRA/XX{100),YY11006) ,00(100)
COHMMON/IGRAD/IFLG+IBECGINZIEND,NIBPyNM
COMMON/IIF/IP134+350)

COMMON/IX/X(200)

COMHON/IY/Y (200}
COMMON/ICCNST/CONST1,CON3T2
COMMON/IDEPTH/DEPTH(200)
COMMCN/IALPHAZALPEHA(200)
COMMON/20UND/IB(75) @ BV{751?NBV
COHMON/HIND/TAUXs TAUYHCURL
COMMON/NUMB/NVRTX ¢NTRIZNOINTG,IPINTG,NEHBY
COMMON/IAZA(343)

COMMON/IB/B(3)

COMMON/ZIN/N{30D)
CONMON/CUTOFF/IBPWNFLX4J1,4J2,DEEP
COMMON/SCALES/USCALE9DSCALE,ALSCALEGsE+QeGAMHALFOLEDDY
COMFMON/LSCOEF/SA{LYSD(4)
CCHHCN/IHEIGHT/XI(L90),YI(100)
COMMCN/IRHS/DST(182) EI(100)

ISLAND=IBP

NI2==1BP

LAKZ=NFLX
ESCALE=FOPUSCALE®ALSCALE*Q*1004/6
IF(NZKBV,.GT.1) GO TO 198
IF(NOINTG,EQ.0) GO TO 201

ENTER OVERLAY TO OBTAIN ELEVATION CHANGES ALONG OEPTH CONTOURS*

CALL CVERLAY{(SHMODEL,12,1)
GO 1T 207
198 00 199 I=14NBYV
XTLI)=XX(D)
YI{I)=YY(I)
199 EItI1=BVII)I+DDI(I)
&0 TO 207
201 DO 206 I=1,Nav
J=I8{1)
"READI[S5, 2001%XyNLJ) oXI (1) 4¥YI(I)4DH
XX(I¥=XIt
YY(=yi(n
DH=DH/ESCALE
DO(I)=DH
206 EICI)=BV(I}+DH
207 CONTINUE
IBP=ISLAND
NFLX=LANO
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NIB?=ISLAND

RESULTS FROMSCLVER ARE LISTED HzRE.
IF(NEWBY,6T.1) GO TO 23835
CALL KHINIDST)

HRITE(65+25)
DO 21 I=14NBVY
BVV=BVII)*ESCALE
J=13(I}
DH=0.
DP=0ZPTH(J) ®*DSCALE
CALL BYPASS(ILIYES}?
IFLIYES.EQ.1) GO TO 19
CALL WHCUT(ODST, XI(I)YI(I),EDST)
EEI=EI(X)*ESCALE
DH=EEI~BVV
G0 TO 1214
19 E0ST=8.0
EEI=BVV
121 IFC(IPINTG.EQ.0) GO TO 202
HRITEL(79200) I4N{JIWXTII) 4YI{I),4DH
202 CONTIMUE
21 HRITE(5530) TyJeN(C)2a3VVDPsX (J3aYCJ) S0STCIY o XI(I)oYI(I)2EDSTSEEILD
#H
203 CONTZAUE

THIS IS WHZRETHE BOUNDARY ELEVATIONS ARE ALTERED ACCORDING
TO T=Z RESULTS “RZ™IILVER.

CALL ALTER(XI,HYI}
THE NEW BOUNDARY ARE LISTEQ HERE.

HRITE(65,435)
DO 41I=1,NBV
J=I2(TI)
BVV=3V(I)¥ESCALE
41 WRITE(B+40)I5J,N(J) 48VY

HERE THE NEW BOUNDARY VALUZS ARE PLOTTS0 U? AS A FUNCTION CF
DISTANCE ALONG THE EBOUNDARY.

CALL OVERLAY(S5HMODEL,12,42)

5 FCRMA?I3F10,2]

10 FORMAT(3II5,55Xy *TRIA, ¥y 15)

15 FORMAT(ISF10.2)

25 FORPATCIRL +¥BND . % ,3X, #GLB s ¥ X4 *STA L ¥y UX s sELEV,# 46X *DEPTH® ,5X,*EN
2TR. CODR. (DYIST.) % 45Xy *EXTT COOR (DISTs )% ,SX +%EXIT ELEV.* 4SX*ELEV.
ZCHNG . *4 /)

30 FORHAT(AH oI323Xs T4 43Xy 13,5XsF6.2 s4XsFbe 0,5XeF5.29%4% 4F5.24*(*4F5,

2299 ) % X F5620% 9% 9F 54242 (*4F5.24%1 % ySX s FBalip7XsFBalk)
3 5 FORMATI™1%,%BNDs NDs* 35X s¥GLBe NO»®sSXy*STA, NOo¥ 95Xy *NEW ELEV.*,7/
2)
40 FORMATI® ¥,1548X31598X91548XsF3ob)
200 FORHAT{2I5, 2F1D+3+2F10.4)
205 FORMAT(F 10+ ky15XeFL10,4)
210 FORMATILT7X,FL0s4)
215 FORHAT(F15.,7}
220 FORMATUI1X,4F10e4)
305 FORHAT( 1X,FIO.2SF1002,54X,15 )
310 FORMAT(2F10+2)
END
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OVERLAY (MODELs14 o1}

PROGRAY SLVBV
COMMON/IGRAC/IFLGIBEGINyIENDNIBP,NH
COMMON/IIF/1IP(3,350)

COMMON/Z IX/X(200)

COMMON/IY/Y (200)
COMMON/ICONST/CONST1,CONST2
COMMCN/IOEPTH/DEPTE{200)
COMMON/IALPHA/ZALPHA(200)
COMMON/EOUND/IB(75) 4BVIT5),NBV
COMMON/WIND/TAUX, TAUY ,,CURL
CCHNCN/NUMB/NVRTX NTRIZNOINTG,IPINTG NI HAY
COHMON/IA/A(3,3)

CONMON/IB/B(3)
COMHMON/CUTOFF/IBPyNFLXyJ14J2DEEP
COMMON/SCALES/USCALE,DSCALEALSCALE +G+E+QsGAMMA,F O, EDDY
COMMON/LSCOEF/SA{4) ,SD{4)
COMMON/IHEIGHT/XI(1003,YI [100)
COMMON/IRHS/DST(100),ET(100)

HERE WE BEGIN RY IDENTIFYING EACH BOUNDARY POINT ANO ITS
VALUE. THEN ®Z ENTER THIS INFORMATION INTO SOLVER WHICH SOLVES
THE FIRST ORCEREJUATION ANO RETURNS THE ELEVATION AT THe EXI T
PCINTFCR THE CEPTH INTEGRATED ALONG.

ISLAND=1IBP

DT 7 I=1.MBV
J=I3)

INITIALIZE SOME PARAMETERS

XItTI)=0.
YI{I)=0,.

NOTE THATIF WE ARE BELOW THE CUTOFF DEPTH, SURFACE
ELEVATIONS ALGNG THE BOUNDAYWILL BE CALCULATED BY DELTA-DS.
ALSCIli HE ARE AT THE SHALLOH WATER CUTOFF DEPTH, SOLVER HItL NOT
BE CALLED,

CALL EYPASSIUILIYES)
IFLIYES.ECe1) GO TO 7
XX=X{J)

YY=ytJ)

BVV=3V(I)

CALL SOLVERIBYVy XXy YYLELEVX1,Y1,J,S4)
XItI)=X1

YI(Ii=vy4

EI(I)=ELEV

IBP=ISLAND

CONTINUE

END

OVERLAY (MODEZL,14,42)

PROGRAM TPLOT
COHHON/TIRHS/DST(100),€X(100)
COMKON/SCALES/USCALEDSCALEALSCALE,G2E+Q»GAMMALFO,EDDY
COHHON/BOUND/IS(75) 4BV{75)+NBY
ESCALE=FO*USCALE*ALSCALE*Q*100./G
HRITE(E445)

FORHAT(iH1)

00 1I=1,N8Y

BVII)=BV(I)*ESCALE
DST(IY=0ST(I)*1D,.

CALL PRINTER PLOT RCUTINE
CALL FPLOT(EV+DSTyNBV+1eD091040920e040946424y=1.0)
00 2 I=31.NBY

BV(I)=BV{I)/ESCALE
END
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SUBROUTINE NEWBVAL
SUBROUTINE TO READIN NEW BOUNDARY VALUES.

COMNMON/IRHS/RHS(20D)

COMMON/BCUND/IB(75) +BV(75) 4NBY
COMMON/SCALES/USCALE,OSCALESALSCALE«G+E+QyGANMA,FOD, EDDY
CONMHMON/ WIND/TAUXS TAUYZCURL

COMMON/CUTOFF/NIBP, NFLX,NOMAT 4 JJ
ESCALE=G/{FO*USCALE®ALSCALE®*Q*100.)

FORRAT(I5,F10*4)
FORMAT(3IF10.4)

READ (5,10)TAUX, TAUY,CURL
WSCL=FO*USCALE*YDSCALE*Q*10000.
TAUX=TAUX/HSCL

TAUY=TAUY/HSCL
CURL=CURL/{(WSCL®ALSCALE*100,)

HE HAVE JUST REAZINNEW HIND STRESS VALUESO

DO 1 TI=1.NBY
RILO(5,5)IBN,EVID)
BVI{I)=BV(]I)*ZSTALE
CONTINUE

W HAVE REAT IN THE NEW BOUNDARY VALUES ALONG WITH THEIR BOUNDARY
NUMBERSy THEN PROCEEDED TO NONDIMENSIONALIZED THEM,

KEZNOW RETURN TO REASSEMBLE THEZ RIGHT HANO SIDE AND USE THE NEW
BOUNDARY VALUES. THIS IS DONE BY SETTING NOMAT=-1.

JJ=1

RETURN
END

SUBROUTINE TRIAREA(A,ARER)

DIMENSION A (3,3)

AA=A(L )% (AL, 2)%A(3+43)~A(2,3)%A(3,2))
BBz=A(Lleci " tAL2927 ALI3)=AI243)%213,1))
CC=Al1,31%(AL2,4)1%A(3,2)=A12,2)%A(3,1))
AREA=,5* (AA+BB+CC)

RETURN

END
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SUBROUTINE SOLVE{A,B)
DIMENSION A(3,3),8(3)+CC 3),xt3)
CALL TRIAREA(A,ARER)
DO 2 J=1,3

DO 1 I=1,3

K=J=1

IF(JeNECL) ACI,X)}=C(D)
CIII=A(TI,J)
AlI.J)=BLD)

CONTINUE

CALL TRIAREACA,X{J))
CCNTINUE

Al143)=C(1)
A(2,3)=C(2)
A13,3)1=C{3)
811)=X{1)/AREA
B(2)=X{2)7AREA
BI3)=X(3)/AREA

RETURN

END

SUBROUTINE GRAD (E+F4640X,DY,4C)

SUBROUT| NE TO CALCULATE GRADIENTS

E+sFs AND G ARE THE VALUES TO BE FILLED INTO THZIB VECTOR

DXs0Y AND C ARE THE SCLUTIONS TO BE RETURNEO

COMMCN/IAZA(I, 30
COMMON/IEB/BL(3)
B(1)=E

Bl(2)=F

B(3)=GC

CALL SOLVE(A,8)
DX=B8(1)

BY=81{2)

C=B1(3}

RETURM

ENO

SUBROUTINE BETAL1(YHIN,YHAX,FO)

THIS SUBROUTINE CALCULATES THE MZANCCRIOLISVYALUE FoR THE REGION

FO IS THE HEAN CORICLIS VALUE
OHEGA=,000072722052

DEG=YHMIK
FO=2.*{CMEGAY*SINIDEG)
DEG=YMAX
FM=2,*(OMEGA)*SINIDEG)
FC=(FC*FM) 72,

RETURN

END
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SUBROUTINE ALPHX(IsDALPHAXsDALPHAYyALPHA+S,2LPH)
DIMENSION ALPH{3};ALPHA{1),S (1)
CONMON/IIP/IP{3,350)

COMMON/IDEPTH/DEPTH (200}

CCHNON/IX/X(200)

COMMON/IY/Y (200)

COMNON/IA/A{(3,43)

COHNON/IB/B(3)

“SUBROUTINE TO GET ALPHA AND DELTA GRADIENTS 8Y USING A THIRD QORDER
LEAST SGUARES FIT TO THE ALPHA AND DELTA FIZLOS.

J=IP(1,1)
K=IP(2,I)
L=IP({3,1)

ROEP=(DEPTH(J)+DEPTHIK) $DEPTHI(L)) /3,
CHECK TO SEE IF ALL THE DEPTHS ARE EQUAL

IF{CEPTHU(J) ,EQ.DEPTH{K)  AND,DEPTH(J) ,EQ.DEPTH{(L)Y GO TO 3
GO TO &

ROEF=DEPTHIJ

ALPHE(1)=ALPHA ()

ALPH{2)=ALPHA(K)

ALPH{3)=ALPHA(L)

GO 705

CONTINVE

IFODEFTHS ARE NOT EQUALy USE LSF FUNCTION TO GET ALPHA OR DELTA
AT REFERENCE DEPTH,.

DO 1M=1,3

N=IF(M,I)

DO=BEPTHIN)

0Z=RDEP=-DO0

01=3,*S{(1)*D0*00+2.#5(2)*DO+S{3)
DZ2=6.*S(1)*D0+2,*5(2)

D3=6.*S 1)

ALPH(M)=ALPFAIN) +D1¥02+402%(DZ*¥DZ/2, } +D3*(0Z*DZ*02/6,)
CONTI NUE

RESET A, THE POSITICNMATRIXAND GET HORIZONTAL GRADIENTS

CONTINUE
AlLl,1)=X(J)
A€1,2)=Y(D)
A{1+3)=4%.
Al2,1)=XIK}
A(24,2)=Y(K)
Al2,3)=1.
Al3,1)=X(L)
A(3,2)=Y(L)

R(3y3)=1,
CALL GRADCALPH(1)ALPH(2),ALPK(3),DALPHAX,CALFHAY 4CALPHA)

RETURMN
END
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SUBROUTINE INVR t Ay Ny By #e DETERM, ISI7E, JSIZE )}

NANE S INYR
PURPOSE? LINZAR EQUATION SOLUTION t{HATRIX INVERSION)
ALGCRITHMt GAUSS-JORDAN ELIMINATION, FULL PIVOT SEARCH.
SEE ANY NUMERICAL ANALYSIS TEXT FOR REFERENCE.
AUTHOR? CRIGINAL VERSION, CIRCA 1966+ AUTHOR UNKNOWN,
RECOPIEQy 1976, RIK LITTLEFIELD {UeHedy WITH
STYLISTIC CHANGES ANO MINOR BUG CORRECTIONS (NO
ALGORITHM OR CALLING SEQUENCE CHANGES)
USAGE! SEE U,WASH. COMPUTING INFORMATIONCENTER OQCCUMENT
NUN3ER HW00042 FOR FULL DESCRIPTION, BASICALLY,
A = INPUT: COEFFICIENT MATRIXy LOGICALLY (NsN},
PHYSICALLY (ISIZEs*)e OUTPUT: A-INVERSE.
e = INPUT: RIGHT-HANO SIDEsLOGICALLY (NyH),
PHYSICALLY (ISIZE+*)e OUTPUTt SOLUTION MATRIX.
DETERHM = DETERMINANTOF AyDeIFA APPEARS SINGULAR.
JSIZE = CURRENTLY UNUSED,y ORIGINALLY 2ND DIM. OF A.

LIHITSE (100,100) SYSTEMs CHANGE DIMENSION STATEMENTS FOR
LARGER SYSTEMS.
TIMING: ORCER(N*®*3Z), TYPICAL .4 TO .5 SECONOS FOR (20,20),

M=0y USING *RUN* FORTRAN COMPILERS COC 6400,

COMMENTSS THIS PARTICULAR IMPLEMENTATION OF THE ALGORITHM IS NOT
THE BEST POSSIBLE - SEE ANY MATH SUBROUTINE LIBRARY
(EeGe9yI¥SL) FOR IMPROVED ROUTINESO

REAL ACISIZZ 43, BUISIZE,1)

INTSSERPIVOT(262) s INOEXI100,2J

INTEGER COLUMN,RCx

DO 40J = 14N

DETERM=1,
PIVOT@J) = O

DO 130 | = 14N

e +4 FULL SEARCHFCRPIVOT ELEMENT ¢(BrRANCHOUT IF NO NON-ZERD
. +* PIVCY Is gFouUND)

AHAX = 0.0
00 30 li = 14N
IF( PIVOI{I1YaNELsD ) GO TO 30
DO 20 J=1,.N
IF (PIVCT{JI«NEsO ) GO TO 20
IF {A3S(A(IL4J)) @ LEO AMAX ) GO TO 20

ROW = 11

COLUNN=

AMAX = ABS(A{ILsN)}
CONTINUE

CONTINUE
IF ( AHAX +EQeDe0 ) GO TO 200
PIVOTC(COLUNNY = 1

e VV INTERCHANGE RONWS TO PUTPIVOTELEMENT ONDIAGONAL

391
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IF ( ROH +EQ.COLUFKN) GO TO GO
DETERM = =-DETERHM
D0 40 J = 1,N
SHAP = A(RCH,J)
ACROW,J)} = AICOLUMN.J)
A(COLUMNsJ) = SWAP
IF (F.LE.8) GO TO 60
DO 50 J = 1,M
SHAP = B{ROW,.J)
B(RONyJ) = B(COLUMN.J)
B(COLUMN,J) = SHAP
INDEX(I,1) = ROW
INDEX{I42) = COLUMN
PVTELM = A(COLUMN,COLUMN)
OETERM = DETERM*PVIELHM

#s¢ NORMALIZE PIVCTROW(DIVIOE BY PIVOT ELEMENT)

A{COLUHN,COLUMN) = 1,0
00 70 J = 14N
A{COLUMNLJ) = A(COLUMN.J)}/PVTELM
IF ¢ MyLEsD 3 GCTC 9 O
BC 80 J = 1M
B(CCLUMNyJ) = 2(COLUMNJ)}/PVTELM

#%% REDUCE KON-FIVOT ROWS

CT 120 11 = 14N
IF (I1.EQ.CSLUNN) GO TO 120
T = ACIL{,COLUNN)
AtI1,COLUMN)Y = 0.0
00 100 J = 44N
A{ILlsd) = AtIL1sJ) ° ACCOLUMN.JY*T
IF (HelE40) GO TO 120
00 310 J =1.M
B(I1eJ) = B(I1ysJ) B (COLUMN,J)*T
CCNTINUE
CONTI NUE

#¥s Elimination poNge, INTERCHANGE COLUMNS TO COMPLETE INVERSE

00 150 J = 1,N

L = N¢1=J
IF ( INOEX{Ls1)4EQ.INDEX(L,2)) GO TO 150
ROW = IKBEX(Ly1)
COLUMN = INDEX(Ls2)
00 140 | = 1N
SKRAP = A{I,RCNH}
A{I,ROH) = A(I,COLUNN)
ACI,COLUHN) = SHAP
CONTINUE

RETURM

»#% SINGULAR MATRIX - ERROR EXIT

200 DETERY = 000

RETURN
ENO
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01140
01150

01160
01170
01180

01200
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SUDRQUTINE SMOOTH(VAL +S»DySD4NPTS}
COMMONZIDEPTH/DEP (200)

DIMENSICN VAL{1),S(1)

sUBROUTINE TOSMOOTH The DATA ACCORDING To LEAST SQUARES FIT,

NN 1 Ts1.NPTS

V=St *0EP T apgp (1 pep (1 #SI2V*DEP (I apep (1) +5(3) #DEP (11 45 ()
D0=VALII) =V

IF(CO.LT.=D) DD=-D*SD

IF(0D.GT.0) DD=D*SD

VAL (1)=D0+V

CONTIAUE

RETURN

END

SUBROUTINE SETMAT(NVRTX.IFILE,MASL)
COMMON/IWCRK/VALP(4500)
COMHON/INT/INTPI4S00)

COMMON/ IRHS/RHS (200)

THIS SUBROUTINE SETS THE MATRIXAND RIGHT HAND SIOE TO O OPEZRATC

IFUIFILE.EQ.21) GO TO 15
00 99 I=21,4%00
VALP(I)=0.

INTP(I)=0

00 16 I=1,200

RHS(I)=0.

CONTI NUE

NROH=NVRTX

NCOL=NVRTX

MSZ=45080

HERE HE TELL THE SOLVING ROUTINE THAT WE ARE READY

CALL MINITUINTP+NROW)NCOLoMSZ4HASLY
RETURN
ENO

SUBROUTINE NORH(ALPHA.DELTA,DEPTH.TAUX.TAUYR%URL,NVRTx)

COMMON/SCALES/USCALE +DSCALE,ALSCALEGyEsO+SANNA Fp,EDDY

o:nsnsxcn ALPHA (1),0ELTA{1),DEPTH(1) 4

° * % *

SUBROUTINE USEO FOR NORMALIZATION OF STATION CATA L)

ALPHA IS DENSITY INTEGRATE VERTICALLY {GM/CH®*3)*M 51

DELTA |S ALPHA INTEGRATED VERTICALLY (GHM/CH**3}¥yv*2 52

DEPTH ISCEPTH(K) 53

TAUX AND TAUY ARE HINO STRESS VALUES IN THE X AND Y DIRECTIGH 54
HIND STRESS UNITS ARE DYNES/CH*CH 55

DSCALE IS THEDEPTH SCALE (M) 56

USCALEISTHE HORIZONTAL VELOCITY SCALE {M/SEC} 57

FO IS THE AVERAGE CORIOLIS PARAMETER 58

Q ANO E ARE THE MEAN ANO PERTURBATION DENSITY RESPECTIVELY

NVRTX IS THE RUMBER OF STATI ONS 59

. + 60

TO CALCULATE SCALE FACTORS 61

ALPH=E*DSCALE

DELT=ALFH*DSCALE

00 22 XI=14NVRTX b4

ALPHA{T )= (ALPHA(I}+CEPTH(I)*Q) ZALPH 65

DELTAL{I}=(DELTAL{TI)~(CEPTH(I)*DEPTH(II*Q)/2,) /0ELT 66

DEPTHII)=DEPTH(I) /DSCALE 67

CONTIMUE 68

69

STRESS=FO*USCALE*DSSALE*10000.%Q

TAUX=TAUX/STRESS

TAUY=TAUY/STRESS

STRESS=STRESS/{100.*ALSCALE)

CURL=CURL/STRESS

RETURN 76

E NO
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SUBROUTINE CARTSN{LAT JALATLONG,ALONGsNVRTX4ALSCALE s XXMAX, YYMAX, XM
VAX YHAX 9 YMINy X+ Y4 RADIUS o XHIN)
DIHENSION LAT(L) 4 ALAT (1) ,LONGIL) ALONGUC1) oX{1),Y (1)
CALL RADIANS{NVRTX LAT¢ALAT LONGALONGsYMINgXHIN,YHAXAVEL 9 X, Y}
CALL MERCTR{XyY+ALSCALEsNVRTXyXMINoYMINJAVELRADIUS)
YYMAX=D,
XXMAX=0,
D0 18 I=1,NYRTX
YYMEX=ANAXLLYYMAX,Y (I))
XAHAX=AMAXL (XXMAX X (1))
1.8 CONTINUE
RETURN
END

SUBROUTINE RACIANS(NVRTX4LAT JALAT ¢LONGoALONGyYHINSXMINyYHMAX,AVZIL X
V’Y)

THIS SUBRCUTINE CONVERTS OEGREES LATITUDE ANDLONGTUDE INTO
RADIANSe IT ALSO RETURNS THE MINIMUMLATIDUCE TO BE USED ASTH
Y=0REFERENCE AND THE MAXIMUM LONGITUDE(H) TO BE USEO #S THE x=
REFZRENCE. THE AVERAGE LATITUDE IS ALSO RETURNED.

a

DI MENSI ON LAT(1) yLONGUL)9ALATC(1) 3 ALONG{1)4X (1) ,Y (1)
RADIAN=2,141492654/180,
AVEL=0.
DO 1 I=14NVRTX
DEG=ALAT(I) /60,
ALAT(I)=FLOAT(LAT(I))+DEG
ALAT{I}=ALAT(I) *RADIAN
AVEL=AVEL+ALATII)
DEG=ALONG(I}/6D.
ALONGII)=FLOAT (LONG(l)) tDEG
1 ALONG{I)=ALONG (I)*RADIAN
AVEL=AVEL/FLOAT {NVRTX)
YHIN=ALAT(1)
XMIK=ALCNGEL)
YHAXZALAT (1)
Do 2 I=2,NVRTX
YHIN=AMINL (YHIN,ALAT(Z:
XMHIN= AHAXL(XMIN, ALONSID ))
Z YMAX=:RAXLUYHAX,2LATIIYS
RETUR:
E NO

SUBROUTINE MERCTR(XsYyALSCALE¢NVRTX+XMINsYHINLAVEL+ RADIUS)

THIS Subroutine DOES THE MERCATOR TRANSFORMATION. THE DISTANCES
ARZ SCALEDS8Y THE LENGTH SCALE(ALSCALE} AND THE AVERAGE DISTORTION
FACTOR SUCH THAT THE UNIT LENGTH I N X ANO Y IS APPROXIMATELY ONE
HORIZONTAL LENGTH SCALE.

DIMENSION X(1),Y (1)
RADIUS=6378000,/ALSCALE®*COS(AVEL)
XSHIFT=XMIN®*RADIUS

ARGSYMIN/2.,478533932

ARG=TANLARG)

YSHIFT=RADIUS*ALCG(ARG)

DO 1 I=14NVRTX

X{I1==(RADIUS*X(I)-XSHIFT)
Y{I}=RADIUS*ALOG(TANIYII)/2,+.7853982))=YSHIFT

1 CONTINUE
RETURN
END
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SUBROUTINE HESH
HERE WE GENEZRATE THE MESH.

COMMON/ IWCRK/P (204y2) +VERT (402,6)
COMMON/INT/ISIOE(60742) »ITRI (403,3)
COMNON/IX/X(200)

COMMON/IY/Y (200)

COMHON/IIP/IP(3,350)

COMMON/NUMB/NVRTX yNTRI,LIST,NIBP,NEWBY
COMMON/BOUND/ 1S (75) 4BV(75) ,NBY
COMMON/CALC GNP/ XXHAX, YYNAX, ISTART 4NBC

00 101 I=1,NYRTX
P{I+1)=X{])
PlIs2)=Y D)
CONTINUE

CALL TRIAN

DO 2 I=14NTRI
IS1=ITRI(Iy1)
IS2=1TRI(I,2)
IS3=ITRI(I+3)
JP1=ISIDE(IS1,1)
JP2=ISICE(IS1,2)
JP3I=ISIDE(IS2,1)
IF{JPle EQsJP3(0R¢I?2:2Q4JP3Y JP3=ISIDE (IS5242)
IP(1,1)=JPL
IPL2,I)=JP2
IP{2.1)=JP3
CONTINUE

RETURN
END

SUBROUTINE TRIAN

THE INFCRMATICN NEEC TO RUN THE PROGRAM IS ASFCOLLONS,

AN INTEGER ARRAY T HRHICH KEEPS TRACK OF WHAT THREE SIDESEACH
TRIANGLE HASs, THI'S MUSTBE A NTRI BY 3 ARRAY WHERENIRI IS
THE MAXIFUMNUMBER OF TRIANGLES EXPECTED.

AN | NTEGER ARRKAY+Ss WHICHRECORDOS THE ENDPOINTSOF EACH LINE,
THIS HUSTBE AN NSIDE BY 2 ARRAY WHERE MSIDE IS THE MAXIMUM
NUNMBER ©oF SIDES ONE EXPECTS,

HPe THE NUMBER OF POINTS ONE HAS,

NIBPy, THE NUMZER OF INTERIOR BOUNDARY POINTS,

A REAL ARRAY,Py WHICH CONTAINS THE X ANO Y COORDINATES OF EACH
POINT., THE X COORDIANTEGOES | NTO THE Pi(NP.1) POSI TI ON
ANO THE Y COORDIANTE GOES | NTO THE P{NP,2} POSITION.

THEREFORES P IS AN NP BY 2 ARRAY WHERE NP IS THE NUMBER OF
POINTS.

ALSCNEED AREZTHWOHORKING ARRAYS, VERT(NT,3} ANO IS(3)
VERT HILL STORE THE COORIDIANTES OF EACH VERTEX OF EACH
TRIANGLES AS THEY ARE GENERATED. IS WILL CONTAIN THE SIDESs

FESREIPEINIEBE R RIIRINIINOTES v 4222302002535 530 30

IF INTERIOR BOUNDARYFOINTS ARE ENTERED (ISLAND), THEN THEY MUST
B8E THE FI RST DATA CARDS REAO IN AND YHEY HUST BE REAO IN
CLOCK HWISEORIJER.

THE EXTERIOR BOUNCARY STATION NUMBERS ARE REAO IN AFTER THE
X ANO Y COORIIMATES OF EACH STATION HAS BEEN ENTERED. ANO

THE EXTERIC®R3SUNDARY STATION S ARE REAO IN COUNTERCLOCK
WISE ORDER.

INTEGER S»T

DIMENSION IS(I)
COMMON/ZIHORK/P(20442) 4 VERT (40245}
COMMONZINT/ZS(E0742) 9T 403,33}
COMMON/NUMB/NP,NT LISToNIBPyNEWBY
COMMON/CALCONP/XMAX +YMAXyISTART 4NBC
COMMON/EOUND/ZIBI(75) +BVI{75),NBY
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Do OO0

THEFIRST STEP 3s TO FI ND THE MaxIxuM poMAIN CovERe O BY THE PO NTS
XHIN=0,
YMIN=D,

IF{XMIN, NE, X8AX) GO TO 101
XMAX=P (1, 1}
XHIN=XMAX
YMAX=P(142)
YMIN=YMAX
DO 4 I=2,NP
IF(P(Ie1)oGToXMAXIXMAX=PL{I 1 )
IFL{PCTy 1) eLTeXHINIXFINSP (Xy1)
IF(P(I42)eGT.YNAXIYFAX=P(I,2)
IFIP{T42) oLTo YHIN)YPIN=P(I42)
1 ConTI NUE
101 CONTI NUE

NOH THE OUTER LIMITS ARE SET,

OX= {XMAX=XNIN)*, ¢
DY={YMAX=YMIN)*,1
P{201,13=XHIN~DX
P{204+2)=YNIN=-DY
PL202y1)=XMAX4DYX
Pl2€2.,2)=P{201.,1)
P(203,1)=P(20241)
P{203,2)=YHAX+DY
P(20Ls1)=P(201.4)
P(2C4+21=P(203,2)

NOH THE INITIAL POINT OF REAL DATA IS USEO TO FORM THE FIRST
EIGHTSIDESANDFOUR TRIANGLES,

St1.,1)=201
S(1,42)=202
S(2,1)=202
S(2,2)=203
S(341)=203
S(3,2)=204
Sthe1)=2204
Sluqe2)=2201
S(5,11=201
Si{5,2)=1
S(5,51=202
S{e,z)=1
S(7,4)=203
S(7.2)=1
S(8,11=2204
S{8,2)=1
Ti1.1)=1
T(1,2)=5
T(1,3)=6
T(24+4)=6
Y(242)=7
T(243)=2
T(3,1)=3
T{3,2)=7
T(3,3)=8
Tl 1) =4
T(4,2)=5
Tl4,3)=8
NS=8

NT=4

THIS FILLS IN THE INITIAL VERTICES OF THE TRIANGLES
NOWPROCEED TC LABEL THE X AND Y COOROIANTES OF TNE TRIANGLES

00 z I=3144
2 CALL LOADVERIVERT+P ST, 1)
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THE Retaining POINTS ARE NOK ADDED ONE BY ONE

DO 6 I=24NP

X=P (I41)

Y=P(I,2)

X AND Y BEGOME THE NEXT PO NT TO BE ADDED TO THE MESH
NOW PROCEEO TC FINBOUTHHAT TRIANGLE X AND Y ARE IN

IFLAG=D
CALL INSIOE(VERT ¢XsYoNT,ITRI)

ITRI | S NOW THE TRIANGLE THAT CONTAINS THEZ POINT I.

IF{ITRI+EQe=2) GO TO 6

IF(ITRI.NE«D) GO TO 102

WRITE(6,200)1

FORMATC*0®, "POINT?*,I5+* IS NOT IN DOMAIN®)
GO TO 6

CONTINUE

HEREy THE NEWTRIANGLES AND SEGMENTS ARE ADOED.

HEBEGIM BY LASELING THE SIDES ANO VERTICES OF THE FIRST TRIANGLE

IS1=T(ITRI,1}
IS2=T{ITRI2}
I1S3=T{ITRI3)
IP1=5°I52,2)

TFISITIS2+1)aNELSIIS141)AND.SITS2,4).NELSIIS1:2))IP4=S(152,1)

IP2=S(IS1,2)

IF(S{IS141).NE«S(IS251) s ANDeS(IS141)eNEeS(IS242) )IP2=S(IS1,1)

IP3=5{1IS1,2)
IF(IP3.EQ.IP21IP3=S (IS1,1)

NOWTHE NEH LINE SEGMENTS ARE GENERATED.,

S(NS+1,1)=IPY
S{NS+1,2})=I
S(NS+2,1)=IP2
S{NS+2,21=1
S(NS+3,1)=IP3
S(NS#3,2)=1

NOWTHENEW TRIANGLES ARE CREATEO

TIITRIL1)=IS1
TCITRIZ2)=NS+2
TCITRI»3)I=NS+3
TINT#141)=1I52
TINT+1,2)=NS+1
TUINT#143)=NS+3
TINT+2,1)=1S3
TINT4+2,2)=NSe1

TINT+2,3)=NS+2

NDW THE VERTICES OF THE NEW TRIANGLES ARE LOCATED.
CALL LOADVER(VERTP+SeTHITRI)

II=NT+1

CALL LOADVERIVERT 4P +SsToII}

TI=NT+2

CALL LOADVER(IVERT P4S4T,II}

NOH THE, NUMBERCF TRIANGLES AND THE NUMBER OF LI NES

NT=NT+2
NS=NS+3
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NOW THE TRIANGLES THAT SHARE SIDES.IS1+1S2y AND IS3 ARE EACH

CHECKED FOR POTENTI AL REORI ENTATI ON,

IS{1)=1IS2
IS(er=1S2
IS(3)=1IS83
DO S J=1,43
HERE TOFINDTHWO NEI GHBORI NG TRI ANGLES.

CALL SEIGEIS(J) 2T odTLyJT24NT)
NOW TS JRDER THE FAIR 2¢ TRIANGLES.

IF(JT2.£8Q.0) GO TO 5
JSi1=1s(J)
JP1=StJS1,1)
JP22S5{JS1,2)

00 3 K=1,3

JST1=T(JT1,K}

JST2=T(JT24K)

IF(S{JST151).EQ.JPL1,AND,S (JST1,2)NE, P2} S22 )STY
IF{S(JUSTL42) LEN,JPLLARDLSIJSTL 21V« NEGJP2) gS2208TL
IF(S(UST191) s EQeJP2.ANDeStIUSTL42)eNEJPL) USI=ISTYL
IF(S{JST192) ,EQeJP2ANDSIJST141)  NE, JPL1IJSI=USTY
IF(SIIST241)eEQJFL.ANDGSIUISTZ:2) MNELJP2Z)ISL=IST2
IFIS(JST2s2)eEQeUPLANDSS(UST241)NELJP2)ISH=JST2
IF(SIJST291) e EQeJP24ANDeS{JST242) e NELJPL)JSE5=IST2
IF(S(JSTZ-Z).EQ.JPZ.AND.S(JSTZgi).NE-JPl)JSS#JSTZ
CONTINUE

"JP3I=S(JSTL 1)

IF(UP3,EQ,JP2)1JP3=5(JS3,2)
JPUES(JSS.1)
IFLJPLEQJP2)JPY=SLISS,2)

THE TRIAMGLES ARE NOWCHECKED TO sEE IF THEY FORM
A CONVEx REGICN,

Xi=P(JPLU,»1)

Y1=P{JP4,y2)

X2=P(JP3,:1)

Y2=P(JP342)

X3zP{JP1,+1)

Y3=P(JP1,2)

X=P (JP2,1)

Y=P (JP2,2)

CALL INNERIXL 4 Y1 9X24Y24X%X3,Y3,XsY410)
IFLIC.EQe1) GO TO 5

X3=Xx

Y3=Y

X=P (JP1,1)

Y=P{JP1,2)

CALL INNERIXL4Y14X29Y24X3:Y39X+Ye10)
IFIIC,EQ.1) GO TO 5
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431
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17

10
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13

15

14

18

11

NOW CHECK FOR BOUNDARY SEGVENTS

IF{JP3.6T+200,0RsJPH.5T6200) GO TO 5
IF(JPL.GT420040ReJPZ2e3764200) GO TO 4

00 307 kJ=i.nEv

Ki=18(KJ}

IFIJFLeNEsKL14ANI P 2452 X1} GO TO 307
IMORE=RJ#+1

ILESS3KJ'1

IF{ILESS.EQ.D) GO TO 331

ILESS=IBUILESS)

IF(JP1lo EQOILESS.OROJP2.EQ.ILESS) GO TO %
CONTINUE

IF(IMCRELGTNBV) GO TO 332
IHORE=IB{IMORE)
IF(JPL.EQ.IMORE QR+ JPZ+EQ.IMORE) GO TO 5
GO TO 308

CONTINUE

CONTI NUE

DO 309 KJ=1,.NBv

Ki=1B{(KJ)

IF{JP3.NE,K1. AND,JP4,NE.X1) GO TO 309
IMORE=KJ+L

JLESS=KJ~1

IF(ILESSLEQ.0) GO TO 431t

JLESS=IB(ILESS)
IFCJPILEQeILESSsOReJPLLEQ, | LESS) &0 TO 4
CONTIANUE

IFCINCRELGT.NBV) GO TC 432
IHORE=I8(IMCRE}

IFC JP3+EQeIMORE«OReJPULED, | ND:ZE) GO TO 4
GO TO 311

CONTI NUE

IM THIS SECTICN, THE FLAGGED TRI ANGLES ARE ELI M NATED AND THE
LI ST coxPaCIED. THE actual NUNBER OF TRI ANGLES REMAINING | S
RETURNED AS NT.

T(NT+4,1)=0

ITOP=NT+1

IBEGIN=1

DO 10 1I=IBEGIN,ITOP
IF(T{I,1)oMELDY GO TO 10
G0 TO 16

CONTIMNUVE

NEXT=I+1

DO 9 JsNEXT,ITOP
IF(T(J,1)NE.0) GO TO 13
GO 1C 18

INTV=J-1

ITOF=ITCP=INTY

DO 14 X=14ITOP

L=K+INTV

D0 15 M=1,43
TIK«KI=ST (Lo M)

CONTINUE

IBEGIK=I+1

&0 TO 17

CONTIMNIE

DO 11 I=1,NT
IF(T{I.2).EQ.D) GO T2 =2
COMTIAVE

NT=1I-1

RETURK

END
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SUBROUTI NE LOADVERC(VERT 4PSsTeI}
INTEGER S{60T92)+T(40343)
INTEGER Pi,P2,P3,S1,52
DIMENSION VERTLLD2, €) 4P {204y 2}
$51=7¢(I.:1}

S22T{Iy2)

Pi=S(S1,1)

P2=S{S1,2)

P3=S(S2,1)

IF(FI.EQePL+0ReP3I«E0Qs P2) PI=S (5242}
VERTI(I,1)=PIP1,1)
VERTII,2)=PIPZ, 1)
VERT(Is3)=P{P3,1)
VERT(I44)=PIP1,2)
VERT{I,5)=P(P2,2)

VERT (I 6)=P(P3,2)

RETURN

END

SUBROUTINE INMERIXL1eY19X20Y22X35¥3y X,Y,4IC)
DIMENSICN A (3,3}
CALL LOADKA 4 X1y Y1,X24Y24X34V3)
CALL TRIAREALA,AREA)
IF(AREA+EQ.0e) GO TO
CALL LUAU(AvX'YqXZ'YZvX31Y3I
CALL TRIAREA{A,AREAL)
CALL LOADCA3X14Y14XsYeX3pY3)
CALL TRIAREACA,AREAZ)
ARE A1=AREAL/AREA
IF(AREAL.LT.0,) GC TO 10
IF(AREA1.EQ.1) GO TO 9
AREA2=AREAZ/AREA
IF{AREA2.LT+04) GO TO 10
IF(AREAR.,EQ.1)GC TO 9
AREA3I=1.~AREAL~AREA2
IF(AREAI.LY0.) GO TO 10
IFCAREA3CEQ.L) GO TO O
IC=1
RETURN

10 IC=D
RETURM

9 CONTI NUE
IF(X1,EC«X) GO TO 11
IFIX2.25.%X) GO T¢1L2
IF{X3,EQeX) GC TC 22
GO TO 43

11 IF{Y4.23.Y) GO TC 1w
&0 TO 10

12 IF(YZLEQ.Y) GO T1014
GO TO 10

43 IFLY3.EC.YY GO TO 14
GO TO 10

1% IC=-1
RETURN

B8 CONTINUE
IC=2

RETURN
END
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SUBROUTINE INSIDE(VERTsXsY4NT4IPTRI})

OIMENSICN VERT(4D2+€)

00 1 I=14NT
IFCAHINLIVERT (T 41}, VERT(I+2) yVERT(I¢3)}.6T.%1 GO TO ¢
IFCAMAXLUVERT(I43) o VERT{I42) o VERT(I43)2.LT XV GO TO ¢
IF(AMINLIVERT {T9k) o VERTLI45) 4VERTIIL6)).6T.Y) GO TO 1

IF(ANAXAIVERTI(I o) o VERT(I,45) 9y VERT(I486))LT.sY) GO TO 1
CALL INKRERIVERT{(I+1) ¢ VERT(I+4)sVERT(I+2)+VERT(I45)4VERT(I,43),VERTS
VIQ&"XQY,IC,

IF(IC+EQ.1) GO TO 2

IF(IC.,EQs~1) GO TO 3

IF(IC.EQ.2) GoTO &

CONTINUE

HRITE(645)X,Y

FCRUAT(*D*9*POINT®*92FB84292X9*NOT |IN ANY TRIANGLEY)
IPTRI=0

RETURK

IPTRI=I

RETURN

IPTRI==2

HRITE(6410)XaYoI

FORMAT(*0%3*NE HAVE A DUPLICATE PDINT*,2F8.2, 15}
RETURM

IPTRI=1

RETURN

END

SUSROUTINE LOADCAsX23Y19X2Y29X3,Y3}
DIMENSION A(3,3)
Allel12=X2
A{1,2)=Y1
Af1,3)=1,
A(2,1)=X2
A(242)=Y2
ARl2,+3)x=1,
At3+3)¥=X%3
Al342)=Y3
Al3+.3)=1,

RETURN

ENO
SUBROUTINE CHKAtITRIWVERT,IFLAG)
DIMENSICN VERTI4D246) 4A(3,:3)
X4=zVERTUITRIV1)
X2=VERT(ITRIL2)
X3=VERT(ITRI,J)
Yi=VERT(ITRI L)
Y2zVERTLITRI, 5)
¥Y3=VERT(ITRI,6}
CALL LOAD{AsX19Y1sX2,Y2¢X3,Y3)
CALL TRIAREAC(A,AREA}
IF{AREALEQ,0,.,) -GO TQ 2
IFLAG=E
RETURN
IFLAG=Y
RETURN
END
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SUBROUTINE SHEEP{PeSeToNTyITIMEWNIBP)

THIS SUBROUTINE SHEEPS THROUGH THE TRI ANGLES AND COVPARES
NEIGHBCRS FOR GOCDNESS,

P IS THE POINT ARRAY AS DESCRIBED | N TRIAH.

SISTHE SI DE ARRAY AS DZSCRIBED | N TRIAN,

T IS THE TRI ANGLE ARRAYASDESCRIBEDIN TRIAM.

ITIME IS A COUNTER TELLING US HOW MANY TRIANGLES HAVE BEEN CHANGZOD
NIBP IS THE NUMBER CF INTERIOR BOUNDARY POINTS*

INTEGER S{507+2)+T(403,3}
CCHMON/BOUND/IBLT5) 4BVI75),HBV

DIHENSICN PL204,2)
ITIKE=D

HERE THE SMEEP BEGINS,

Do 100 I=14NT
00 2 J=xi43

BEGIN BY EXAMININGTHEJ SI DE OF TRIANGLE |
IS=T(I+ )
HERZ ®E LOCATE THEYWZ NEIGHBORING TRIANGLES THAT HAVE S| CE 1s0

CALL NEIGUIS,TsJT14uTZsN)
IFIST2.E0.0) GO T2

PRCCEEDTC CODE THE PGINTS OF THE NEI GHBORI NG TRI ANGLES

JP1=zS(XIS,1)

JP2=511S,2)

I1S1=TtJTL,1)

IF{IS.EQ.,IS1)IS1=T(JTL,2)

JP3=S(IS141) _
IF(UP3+EQsJP2,0RJPISEQWJPL) JP3251IS1+2)
IS1=T{JT2.1})

JFIIS,EQ.IS1)IS1=T(JT2,2)

JPL=S(IS1,1)

IF(JPLUGEQIJP2e0RJPLEQIPLY JYPL=S{IS1,2)

NOW CHECK FOR CONVZIX TRIANGLES*

X1=P{JPL4,1}
Yi=P(JP4,2)
X2=PlJP3,1)
Y2=P{JP3,2)
X3=P{JP1+1)
Y3=P(JP1,2)
X=P(JP2y1)

Y=P(JP2:+2)
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CALL !NNE“(Xi1710XZ'YZ|X3QY3QX'YQIC)
IF(IC.EQ.1) GO TO 2

X3=X

Y3=Y

X=P(JP1,1)

Y=zP(JP1,42)

CALL INNERUIX1,Y2+X2,¥2¢X39Y30XsY,IC)
IF{IC.EQ.1) GO TO 2

NOW CHECK FOR BOUNDPRY SEGMENTS

IF(IP3,GT+20040ReJPLLGT,200) GO TO 2
| F(JP1oGTo2CDSORIJIP2. GTAROO) GO TO 4

00 307 KJ=1,N8Y
K1=IB(KJ}
IF(JPL.NEJKL.AND,JP2,NELKL} GO TO 307
ILESS=KJ=-1
IMORE=2KJ+1
IFLILESS.EQ.0) GO TO 331
ILESS=IB(ILESS)
IF(JP1lo EQ,ILESS,C?,JP2.EO,ILESS) GO TO 2
331 CONTINUE
IFUINCRE.GT.NBVISSTC 332
IMCRE=IBC(INCRE)
IF{ P1,EQ.IHOBE, L. UP2,EQ.IHOREY GO TO 2
G250 308.
332 CONTINUE
307 CONTINJE
308 DO 03 KJ=1,NBV
K1=18{KJ}
IF(JP3.NE,K10AND0JP4.NE.K1) GO TO 309
ILESS=zKJ-1
INORE=KJ+2
IFI{ILESS.EQ.0) GO .10 431
ILESS=IB(ILESS)
IFLJPI.EQ.ILESS. OR. JPL,LEQ.ILESS) GO TO 4
431 CONTINUE
IF(IMOCRELGT«NBV) GO TO 432
IHORE=IB(IMORE)
IF(JPI.EQeIMORECORJPLLEQ.IMORE) GO TO 4
GoTO 311
432 CONTINUE
309 CONTIMIE
311 CONTINUE

NOR PROCEEO T€ CALCULATE ANO COHPARE THE GOODNESS OF THE
NEIGHBORING TRIANGLES.

G1=G00D(JPL+JP2eJP3,P)
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G2=GO0D(JP1yJP2yJPL,P)
G3=G00D(JPL s JP 3+ JPL,P)
GLu=000D(JP2 ,JP3:JPL,P)
GH=AMINI(GI 4G4}
IF{CGLeLTeGH) GO TO &
IF{G2.LTs0HIGO TO 4
GO 102

& CONTINUE

THIS 1S WHERE THE SHITCHING OF THE TRIANG ES ARZ DINE.
HE BEGIN 8Y LABELING THE SIDES FOR IDENTIFICATION,

JS1=1S
S1JUS1,1)=JPy
S(JS142)=JP3
DO 200K=1,3
JST1=T(JT1,4K)
JST22T(JT2,K)
IF(SEUSTL+1) LEQeJPLJANDSCJISTL42) (NELJP2) US22JSTE
IF(SIJISTL42) s EQ JPL AND.SCJISTL141) NE, JP2) JS22JSTE
IF(SIISTL:1),EQ,JF2,AND,S(IST1,2) JNELJPL) )S3=JSTL
IFCSTJIST112)eEQeJP2eANDeS(USTL41) NELJPL)JS3=JSTE
IF(SCJIST2e1) L EQsJPLeANDS(UST242) (NELJP2) JSHEJST2
IF(SUJST292) e EQeJPLa AND,SIUST291) (NELJP2)JISH=JST2
IFUSIJST241) ,E0, P02 AND.SUJST242) NE,JP1) JS5=JST2
IF(STJIST2e2)eEQe P2 ANDSIJSTZ91) e NEWJPL)JISS5=UST2
200 CCNTIMIE

NOW THE TRIANGLES AREALTERED.
ANO THE CHANGEDRECORDED.

TiJTL,1)451
T(JTL.2)=952
T(JT1,43)=J54
TiJT2.2012JS51
TL{JT2+2)=JS3
T(JT2+3)=JS5
ITIVME=SITIME L
GO TO 100
2 CONTINVE

100 CONTINUE
RETURN
ENO

SUBROUTINE FINDBP{IBs+IPyIBTRIyNTRI+NBV}
DIMENSION IB{1) 2IP(341),1BTRI(1)
THIS SUBROUTINE CALCULATES THE NUMBER OF POINTS IN EACH TRIANGLE
ANO ORDERS THEBOUNGARY POINTS,
00 1601 MN=1,NTRI
1604 ISTRI(MNI=O
1)0 622 K=14NBV
00 622 JeiyKTIRI

D0 621 I=143
IFLIB(K) NELJIFtILJ)) Go To B2%
ISTRICJ)=IBTRI(J) +1
122IBTRI(I)
NUM=IP(I2,J)
IP(I2,J)=IP(I+J)
IPITI4J)ENUN
GO TO 622
621 CONTINUE
622 CONTINUE
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6534

758

734

735

641

837
635

THI'S SECTION CHECKS 7G SEE IF THE BOUNDARNY TRIANGLES AND NUMBERIKNG
SYSTEM ARE CONSISTENT

DO €33 J=1,NTRI

NUM=IETRI(J}=~2

IFIAUM) 63306344843

00 €27 K=14NBV
IF(IZIK)NELIP(1,J77 GO TO b37
IJ=K+4

IFLIE(IV)LEQ.IP(2,J)) GO TO 633 i
IFCIP(34J) L EQ.IBI1) JANDLIP{2,J).EQ.IBINBV}IGO TO B41
DO 734 M=TJ.NBY

IF(IBIH) ¢EQeIP{2,4)) GO TO 758
GO TO 734

IBTRI(J)I=D

GO TO b33

CONTINUE

DO 736H=1,NBV

IF(IBIM) EQLIF(3+4J)) GO TO b40
CONTIMNUE

GO TO 635

CONTIKUE

NUM=IP(1,J)

IP(1,J)=IP(2,J)

IP(2,4J)=NUH

GO TO 633

CONTINUE

IBTRItJ}=S

IBTRICJI=SINCICATES THAT NO BOUNDARY POINTS HWERE FOUND INTHEZ
TRIANGLE EVEN THOUGH IBTRI HAS OVER 2 ORIGINALLY

FUNCTION GOOD(JPL9JIP24JP34P)
DININSION AL{3),P(204,2)
DIMENSION X (2),Y (2}
X{1)=P(JP1,1)
X{21=P(JP2y1)
Y(1)1=P(JP1y2}
Y(213P(JP2,2)
ALC1)I=ALENGTHIXY)

X (2)=P(JP3,1)
Y(2)=P{JP3,42)
ALI2)=ALENGTH{X,Y}
X(11=P{JP241)
Y{L11=FlJP242)
ALI3)=ALENGTH(X,Y)
ALK=AL{ L)

I=1

DO 2 J=2,43
IF(AL{J}.GTLALNM)Y GO TO 1
GO TO 2

[ =J

ALM=AL(J)

CONTINVE

RLL=C,

D0 3 J=143
IF(JJNELIIRLL=RLL AL (D)
CONTINVE

GOCC=ELL/ALK

RETU=SA

END
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664

666

‘667

662

262

272

676

674
677

737

SUBROUTINE ELIMUIBTRI+IP¢XeY¢NTRI)
DIMENSICN IBTRIC(L) IP(342)4X11),Y(L )
COMMON/JAZA (3,3)

COMMON/ZIB/B(3)
COMFMONZINT/ISUM(300),IPROD(300)

THIS SUBROUTINE ELIMINATES TRIANGLES QUTSI0E OF THE DOMAIN

DO €562 J=1,ATRI
IFLIATRI(IN LLT.2) Go T0 642
NN=IP(1,J)
M=IP(2,J)
L=IF(3,J)
DX=X (M) =XI{NN)
DY=Y{H)~Y (NN}
DS=((DX**2, )+ (DY**2,))1%*,5
0COSX=DY/0S
DCOSY==DX/0S
Al142)=X(L)
A(1,2)=Y(L)
Afl143)=1.
Al241)3XINNY
At2,2)=Y(NN)
A(243)=1,
Al310=X(M)
A(2,2)=Y (M)
A{3:2)=1.
B(1'=1,

B(21=J.

B(31i=2,

CALL SOLVE(A,B)

"DX=X{NN)+40,5*CX+0.01¥0S*DCOSX

NY=Y{NN)+0.S*DY+0,1*0DS*DCOSY
0S=BL1)¥DX¢B(2)%0Y+B(3) "
IF(D0S,LT.,0) GO TO 6€2
IBTII{I) =6

CONTINUE

I=NTRI

DO ET4J=14NTRI
IF{IBTRI(JIWNE.6) GO TO 674
IF(.EQeI) GO TO 677

IxI~-1

DO 676 K=JyI

L=K+1

IBTRI(K)=IBTRI(L)
IP(14KIzIP(1,L}
IP(2,K)=IP(2,L)
IPL3«K)=IP(3:L)
IBTRIINTRI) =0
IF(IBTRI(JILEQseBY GO TO 272
CONTINUE

NTRI=I+3

DO 802 I=1,NTRI

G0 TO 633

00 649 K=1,N3V

IFUIB(K) JKRELIP(L1,J)) GO TO gy9
IJ=Kel

IF(IBIIJ)LEC.IPI24J)) Go To 652

KX=NBY=1
IFLIPEL0J) EQ, IBI1) oARDIP(2,J)+EQ.IBIKK}} GO TO 735
00 737 M=IJ,NBV

IFLIB(MY ,EQ.IF(2,d}) GO TO 651

60 TO 635
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735 CONTIKUE Y
IJ=NBV=1
IFCIBLIJILNE,IP(24J))} GO TO 640
IFI(IBINBV).NE.IP(3,J)) GO TO 640
NUM=IP(14J)
IP(144)=1IPL2, D)
IP(24)=IP{3,))
IP{3,J)=NUM

649 CONTINUE
GO TO 633

651 IJ=K+2
IFCIBLL) JEOLIP(3,J!) GO TO 633
IFLIB(IJILEQ.IP(3,4J}) GO TO 63
IF(IF(L1+J),EQ.IB(1}, AhD-IP(3.J).EQ.IB(NBV)) GO TO 739
Do 852 ¥=TJsNBEV

852 IFLISIN) JEQIFI3+J1iIG5Y 70 743
G0 T2 635

743 IBTRIMJI=3
GOTC 633

739 IFUIBINBVI NELIP(3,J)) GO TO 64D
NUNM=IP(L.+d)
IP(1,J)=IP(3, )
IP(34J)=IP(2,J)
IP(24J)=NUN
GO TO 633

640 IBTRICGJIZY

633 CONTINUE

IBTRI(JI=LINCICATES THAT THE BOUNDARY PFOINTS WERE NOT IN SEQUENCE
RETURN
END

SUBROUTINE BYPASS({I.IYES)
COMMON/BOUND/IB(75) ,8BV(75) ,NBY
COMMON/CUTOFF /NIBPoNFLX9JJ14JJ24DEEP
COMMON/ICEPTH/DEPTH(200D)

IYES=D
J=181{I)

IFIDEFTH(J) JLE.DEEP)IYES=1
NF=}FLX4NIBP

IF{I.LE.NF) IYES=1

RETURN

END

ISUMIDIEIP(Lw JV4IP(2, 2 ¢IP(3, )
802IPROOIIN=IP(1,J)%1IP(24J) o |P(31))
ICOUNT=0
807 IEND=NTRI-ICOUNT
DO 804XI=1,1END
IFLISUMLI)«NELISUNIIEND)Y GO TO 804
IFCIPRODII) (NE, IPRODCIEND) ) GO TO 804
IF(I.EQ.IEND} CO TO 804
ICOUNT=ICCUNT+1
GO TO 807
80% CONTIKUE
NTRI=NTRI-ICOUNT
RETURN
END
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SUBROUTINE WHOUTIDST¢X1,Y1,EDST)
COMPMCR/BOUND/IBITS) 4BYI75) 4NBY
COMMON/ZIX/X(200)

COHNMONZIY/Y (200)

DIMZASICN OST(1}

CALL WHERE(X1sY14J1,J2)
I12=218(J1)

ADD={(X{I2)=X1) % %2, 4 (V{I2)=Y1)"*2.0%% 5
EDST=DST(J1) ¢+ADD

RETURN

ENO

SUBRCUTINE WHIN(DST)
COMMON/BOUND/IB (75) 4BY(75) yNBV
CCHMONZIX/X(200)

COMMOMZTYZY (200)

DIMENSICN DST{1)

DST(4)=0,

00_9 I=24NBYV

J=18(1)

L=I-1

K=1gtL)
DY=LIXIK)=X{JII#22, 4 (YIK)=Y(J})**2.)%*,5
DST(I)=DSTIL)4DT

RETURN

END

SUBROUTINE GUESS(X1SY10J1,JZ*ELEV)
COMMON/BOUND/IB(75) 4BV(75) 4H3Y
CCMMON/ZIX/X€200)

COHMONZIYZY (2000

CCOMPFCN/NUMS/NVRTAWNTRIZLIST, IPUNCHoNEWBY
I1=18{J1)

I12=18(J2)
DSL={(X{I1)=X1)*%2,4{VY(I1)~YL1)2"2,)%%,5
DS2=((X{I2)=X1)%%2,4(Y(I2)=Y1)%%2,)%%,5
DS=0S54+4082

ELEV=(DS52/DS)*BV(J1)+ (DS1/DS)*BV(J2)
RETURM

END

SUSROUTINE ALTERIXI,YD)
THIS RCUTINEALTERSTHE OLD BOUNDARY CONDITONS.,

COMMON/IRHS/DST(100),ET(100)
COMMCN/IDEPTH/DEPTH(20D)
COMMON/BOUND/ZIB(75) 4BVIT5E) 4NBY
COMMON/IX/X (200}

COMMON/IY/Y(200)
COMMONZNUMB/NVRTXJNTRISLIST, IPUNCH,NEHBY
COMMON/CUTCEF/NIBPoaNFLX9J10J2
DIMENSION XTI (1),YI{1)

DO 10 I=14NBV

CALL BYPASSIILZIYES)

IFC(IYESEQs1) GO TO 40
DH=EI(I)=-BV (I}

CALL WHCUTIODST«XI{I)4¥YI(I),EDST)
IFLEDST.LT.0STI11)) GO TO 10

CALL WHERECXIU(I)eYXI(I) vJdieJ2)
CALL GUESSUXI{(INoYI(I)sJLleJ2,ELEV)
BV(I)=ELEV~DH

CONTIMIE

RETURM

END
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Subroutine BTH{X1¢X29Y14Y24XsY,IYES)
IFCAHAXIIXL14X2),LTeX) GO TO 4
IFUAMINLI(XL,X2)406TeXY GO TO 1
IFLAMAX1(Y1,Y2)elTeY) GO TO &
IF(AKINLIYL,Y2)4GT%Y) GO TO &
IYES=1
RETURN

1 IYES=0
RETURN
ENO

SUBROUTINE HHERE(X1,Y1+J19J2)
COMMON/IGRAD/IFLGWIBEGINSIENDyNIBP,HH
COMMON/IX/X(200)
COMMON/IY/ZY {200}
COMMON/BOUND/IBLT75) »BVI75)4NBY
COMMON/NUFB/NVRTXysNTRIy LISTy IPUNGH, NEWBY
I=N1BP+1
I1=1IB(I)
I=1IB(NBV)
CALL BTREXUT) 4XUT1) 4 Y{I)oYII1) 4X1,Y1,IYES)
IFCIYES.NEs1) GO TO 1
Ji=N8Y
Jz=RIBP+1
RETURN
1 ISTCP=NEV-1

00 2 1=1,ISTOP
J=I+l
Ki=IB(I)
K2=1I8(J)
CALL BTHIXIKL) s X{K2) s ¥{KL1) oY (K2} +X14YLieIYES)
IF(IYES.EQ.C.) GO TS 2
Ji=1
Jz2=g
RETUSN

2 CONTINUE

WRITE(B410)X1,Y2

10 FORHAT(®*0%*y2F10. 2427, *NDT ON BOUNDARY®)
RETURN
END

SUBROUTINE INTGUX29Y19X2,Y29ELEVILELEVZ,y ITRILSA,0P)
CIMENSICN SA(1)
COFMFMON/IALPHAZALPHA(200)
COMMON/HIND/TAUX, TAUY CURL
COMMON/ICCNST/CONST1,CONST2
COMMON/ZIIP/IP(3,350)
IFC(X1,EQ.X2.AND.Y1,EQeY2)GD TO ¢
DS=((X1=X2} %22,4(VY1~-Y2) *32,)8%,5
C AL L JACOBCITRIy DOX,0DY,AJSA)
CALL DDDON(X19Y14X24Y2,D0%400Y,DN}
IF(ABS(ON) LT, 000001) GO TO 2
ELEVZ=(CONST1*AJ+CURL)I*DS/DN+ELEVL
RETURN
1 ELEV2=0,
RETURN
2 ELEvV2=ELEVY
HRITE{6410) ITRI
10 FORPATULHOs*HE HAVE RUN INTO A TRIANGLE WITH NO DEPTHGRADIENTS®*,?2
CX,yI3®
RETURN
END
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SUBROUTINE SOLVERU(ELEVL ¢ X19Y14ELEV2eX29Y2+IGLE,SA)
THIS IS THE ROUITNETHATSOLVES THEFIRST ORDER EQUATICHN,

COMMON/CUTOFF/ZIFINIS NFLXoJ1,4J2
COMMON/IGRAD/IFLGIBEGIN,IENDy NIBP+IDONE
COMMON/IDEPTH/DEPTH(200)
COMMON/NUMB/NVRTX 4NTRIJNOINTG.IPINTGoNEHBY
DIMEMSION SA(1)

DP=DEPTH(IGLE)

IFINIS=0

IEND=D

IBEGIN=D

IFLG=D

IDONE=D

BEGIN BYLCCATING THE FI RST TRI ANGLE HZI WILL WORK WITH,

CALL FIRST{IGLB,1ITRY, 0}
IF(ITRIWNELD) GO TO 1
X2=X1

Y2=Y1

ELEV2=ELEVL

RETURN

NONW FIND THEPLIAY ALONG THE TRIANGLE BOUNDARY WHICH HAS THE
SAME CZPTH A S THE PCINT NE CAME FROM.

1CALL FNDPTIXL oY14ITHI4X2,Y2,0P)

KON INTEGRATE FX%ZM THE ORIGINAL POINT TO THE SECONO POINT
WITHIN THE TRIANGLE.

CALL INTGUX1sY39X29Y2+ELEVL4ELEV24ITRI+SA,DP)
ELEVI=ELEV2

TENC=IEND+!

IF(IENDLEQ.NTRI) GO TO 7

NOW LOCATE THE NEXT TRIANGLE THE DEPTH CONTOUR ENTERS,
THEN GO BACK TO ONE AND FIND THE SECOND POINT AGAIN.

CALL EXTEND(X24Y24ITRIZHEHWTRI)
IF(NEATRILEQ.D) RETURN
5 X1=X2
Yi=Y2
ITRI=MHWTRI
GoT0.1

7, MRI TE16, 100) OP
10DFORMAT(LHO, *HE ARE LOST FOLLOHING®¢1XsFBe241%,*DZPTH CONTOUR-)
RETURN
END

SUBROUTINE BETH{VAL,VAL1,VALZ4IYES)
COMMCN/IGRAD/ZIFLG 4IBECIN, TEND NNy NH
IFLG=0
IVES=D
IF(VAL.LEJVAL1.AND.VAL.GE.VALZ) CO TO 1
IF(VAL.GE.VAL1,AND. VAL.LE.VALZ) GO TO 1
RETURM
1 IYES=1
IFIVAL.EQ.VAL1) IFLG=1
IF(YALLEQ.VAL2) IFLG=1
RETURN
ENO
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SUBROUTINE FIRST{IGLB,ITRI,IOLD)
COMMON/CUTOFF/IFINIS NFLXIPL oIP2
COMMON/IGRAD/IFLG,IBEGIN,IEND,NIBP, IDCNE
COMMON/IIP/IP (3,350}
COUMCNZIX/X(200)

COMMONZIY/Y(200)
COMMON/IOEPTH/DEPTHI200)
COMMON/NUNB/NVRTX¢NTRI, LIST s IPUNCH, NEHBY
DC 2 I=$4NTRI

I({I.EQ,ICLD) GO TO 2
IF(I.EQ.IFINIS) GO TO 2
IF(T.EQ.ID0ONE) GC TO 2

DO 1 J=1+3

K=IP(J, 1)

IF(IGLB.EQ.X) GO TO 3

CONTINUE

G0 To 2

CONTIMNUE

I1=IP(1,1)

IZ2=IPI2,1)

I3=IP(3,1)

IF(IGLB,EQ. It} GC TC 4
IF(IGLB.WEQ.12) GO YC 5
IF(IBZGINLEQ.I1)GC TS B
IF{IBEGING.EQ.I2) GO TC8

CALL BETWIDEPTH{IGLE: 2ZPTH(IL)4DEPTHII2) ,IYES)
IFC(IYZ3,EQ.1) G9 1O ¢

GO TG 2

CONTIVE

IFIIZZGINLEQ.I1) GO TG 8
IF(TIEEGINLEQ. I3 GO TC 8

CALL BETH(DEPTH(IGLB) yOEPTH(IL)DEPTH(I3) 4+IYES)
IF(IYES.EQel) GO TO 6

GO TO 2

CONTINUE

IF(IBEGINL,ED,I2) GO TO 8
IF({IBEGIN.EQ.I3) GO TO 8

CALL BETWIDEPTH(IGLB) +DEPTH(I2)DEPTHII3) 4IYES)
IFCIYES«EQe1) GO TO 6

GO TO z

ISEGIN=0

CONTINUE

ITRI=D

RETURN

ITRI=1

IF(IFLG.EQL.0) GO TO 7
IBEGIN=IGLB

RETURN

IBEGIK=0D

RETURN

ENO
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SUBROUTINE VERTCH(X1,Y1,I0LD+IYES,IGLE)
COMMON/BOUND/18175),8V(75) yNBV
COMMON/TIF/IP(3,350)

COMMON/IX/X (200}

COMMON/IY/YL22D)
COMHKON/NUNMS/NVRT Xy NTRIyLISTs IPUNCHNEWBY
IF(IOLD.LT. D} IOLD=-ICLO

00 1 I=1.3

K=IP(I,I0LD?

DX=X1=X(K)

DY=Y3-Y (K)

DS=(DX*DX+DY*DY)e® -5
IF{CS.LT..0000000%) GO TO 2

1 CONTINUE

2

3

4

(o2 ¢ I SN V)

IYES=0
RETURN
IYES=1

DO 3 I=i4NBYV
J=Igtl)
IF(J«EQ.K) GO TO &
CONTIMNUE
IGLE=X
RETURN
I6Le=¢
RETURM

END

SUBROUTINE” EXTEND(X14Y14,I0LDNERTRI)
COMMON/ZIIF/7IP(34350)
COMMONZIGRAD/IFLG.IBEGIN,IEND,NIBP, IDCNE
COMMON/CUTOFF/IFINIS NFLX J1,J2
COMMON/NUMB/NVRTX 4 NTRIGLIST, IPUNCHyNEHOY
CALL VERTCH{X1,Y1.,I0LD,IYES,1IGLB)
IFLIYES.EQ.1)G0 TO 7

Do 5 I=1,NTRI

IF{I.EQ.JIOLD) GO TO 5

DO 4 J=1,2

K=IP(J,1}

IF(KeNEoeJis AND. Ko NELJ2) GO TO U
JJI=J+d

Do 3L=JJ,3

K=IPIL, 1)

IFIXeNEsJ1s ANDLKeNELJ2Y GO 10 3
NEWTRI=I

RETURN

CONTIMNE

CONTINUE

CONTIMNE

NERHTRI=D

RETURM

IF(IGL3.,EQs0) GO T2¢&

RECCRT WHENCE XE CAxzZ,

IFINIS=IOLD

CALL FIRSTIIGLB NZUTREI,LIOLD)

RECCGRS T O HWHERE WEZ TREK,
IDONE=ENENTRI

RETURN

-END
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SUBROUTINE DDCN(X1,Y14%2,Y2,00X400Y @ ON)
DX=X2=X1

DY=Y2~Y1

0S= (DX*DX+DY?0Y)*» g
ON=CX/DS*COY=CY/DS*TDX

RETURN

END

SUSROUTINE JACOB{ITRI ,0DX,CDY,AJySA)
COXMON/IALPHA/ZALPHAL200)
COMHON/IDEPTH/DEPTH(200)
COMMON/IIP/IP13,4350)

DINENSICN SAt1)

DIMENSICN ALPH(3)

COMMON/IAZA(3,3)

I1=IP{1,1ITRI}

12=1P(2,ITRI}

I3=IP(3,ITRY)

CALL FILL{ITRI.A)

CALL ALPHX(ITRIZOAX,DAY,ALPHA,SA,ALPH)
CALL GRAD(DEPTH(I1) yDEPTHII2),0EPTH(13),D0%X,D0DY,CC)
AJ=DAY*DDX=-DAX*DDY

RETURN

END

SUBROUTINE INTSRS(DP¢X29Y24X1,YL}
COHMCN/IX/X(200)
COMMON/ZIYZY(200)
COMMON/IIP/IP(3,350)
CONMON/IDEPTH/DIPTH(200 )
COHMMON/CUTOFF/NIBPNFLX4IPL,IP2
D1=DEPTHIIPL)
02=CEPTH(IP2)
0S1=0P-~D1
0s2=02~-0P
DsS=02-01
#1=052/0S
H2=0S1/0S
IF(01.NE.D2) GO TO 15
X2=X(IP2)
Y2=¥(IP2)
IF{X2.NEeX1sANDsY2,NEeY1) GO TO 20
X2=X{IP1)
Ya=YUIPL)

20 RETURN

15 CONTINUE
X2=X(IP1)*HL+X{IP2)*W2
Y2=Y{IPL)PHL+Y(IP2}*h2
RETURN
END
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SUBROUTINE FNDPTUX1:Y1+4ITRIX2,Y2,DP}
COMMONZIX/X (200)
COMMONZIY/ZY(200)
COMNMCNZIIF/Z7IP(3,350)
COMMONZIDEPTH/DEPTH(20D)
COMHON/NUMB/NVRTXsNTRISLISTy IPUNCH,NENBY
COMMON/CUTOFF/NIBP, NFLX¢IPL, P2
IFLG=0
I1=IP(1,ITRI)
I2=1P{24,1ITRI)
I3=IPI3+ITRI)
DO 10 I=1+3
IF(I.,EQs1) GO TO 9
IF(I.EQ.2) GO TO 8
IPL=12
IP2=13
CALLBETH(DP2CEPTH(IP1)sOEPTH(IP2) +IYES)
IFC(IYES.EQ,0) GO TO 10
GO TO 7

9 IP1=I1
IP2=I2
CALL EETH(DP,CEPTH(IP1) +DEPTH(IP2),IYES)
IF(IYES.EQ.0) GO 1012
GO TO 7

8 IP1=I1
IP2=13 .
CALL EEZTHIDP,DEPTHIIPL)4DEPTH(IP2) ® IYES)
IF(IYZS.€Q.0) GD 7T 10

7 CALL INTERS (DFyX22Y25X1,Y1)
DX=(X1=%X2)**2,
DY={Yi-Y2)**2,
~IF({DXeLTedeDE~13.AND,OY L T4 100E-13) GO TO 40
RETURN

10 CONTIANUE
RRITE(6,50) ITRTI+X14Y1,DP

50 FORMATU*D®o*HE ARE LOST IN TRI+®9I5s2Xs*FROMPOINT*42F74342X4*DEPT
vH¥*,F6,3)
IFLG=4000
RETURN
ENO
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SUBROUTINE PPLOTU(X+YsNPTSoXSTRT 4XSTZE + YSIZEWNOIV.NFL,HNDEC, YMA XY
DIMENSICN A(120) 9 IX8200)4IYL20D0) 9SYM(S) 4FRHT{3),TLABL3) +S3(3IM)
DIMENSICN X(1),Y(1)

DATA SYM/1H +iH*41HDs1H-¢1HX 41HI/

AN ALL PURPOSE PRINTER PLOT ROUTINE WRITTEN | N STaxDARDFORTRAN,

X AND Y ARE COORDINATES OF POINTS TO BE PLOTTED,

NPTS ARE KUMBER OF POINTS TO BE PLOTTED,

XSIZE IS THE SIZE OF THE PLOT IN INCHES INTHE X DIRECTION.
LIKEWISE FOR YSIZE.

XSTRT IS THE VALUE CF THE THEMINIMUM X VALUE.

NOIV IS THE NUMBER CF PARTITIONS THE X AXIS MILL B DIVIDED INTO
ANO LABLEC,

NFL IS THE FIELC LENGTH OF THE LABEL IN F FORMAT.

NDEC IS THE NUMBSER OF DECIMAL POINTS THERE WILLBE IN THE FIELD
LENGTH.

YMAX IS CALCULATE,

CALL SCALE(XeYoIXoIY NPTS+XSIZESYSIZE4YPTS4XHINSXMAXJXPTS, YHAX)

JX=IFIXC(XSTRT/. 1)
IYPTS=IFIX(YPTS)
IXPTS=IFIX(XPTS)
IXTCT=IXPTS+JX
NSKP=UX=NFL~1

TOP LABEL,

NCHR=23
ENCOUE{23,105,TLAS8)

105 FORMAT{23HNEW BOUNDARY ELEVATIONS)

100

CALL TLBUTL #8sNCHRIIXFTS,yJX)

SIDELABEL SET IN SUBROUTINE SLB.
CALL SLB(SBIS,IELIYFTS)

ENCOOE(ZI, 100,FRHT)NSKP,NFL, NDEC
FORFAT(SHILH 99T244HAL4FyI1y 1H. +I1,7H, 110A1})
D0 6 I=i,J%

A(I1=SYNIL)

DO 1I=JX,1140

ALTI=SYMIY)

HRITE(B,5)(ACI) ,I=1,110)
FORFAT(IH 113521

IC=1

00 3 I=1,IYPTS

DO 2 TJ=4,110

A(IJI=SYMI1)

IF(I.LT,IS,0R,I .GT.IEY GO TO 13
A{13=SBIIC)
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SUIROUTINE TOPUINDIVXMIN,XMAXyAyNFL ¢NDEC, ISTRT,HXPTS)
DIMENSION A(1),FRMT (3)
MRKS=NDIVel
AINT={XMAX=XMIN)}/ZFLOAT [NDIV)
DO 1 I=1,KRKS
J=I-1
1TALIISFLCAT (Y PAINTHXMIN

RT=FLCATIISTRT)I=FLOAT{(NFL) /2.
SKP=FLOAT(NXPTIS)/FLOAT(NDIVI=FLOAT(NFL)
IRT=JFIX(RT}
NSKP=JFIX(SKP)
ENCCODE(22,100+FRHTIIRTy HRKSyNFLoNOEC ,NSKP

100 FORMAT(SHILIH 99 1242HX 39124 2H{FyI19lHasI141H,y3I243HX)))
HRITE(65+FRMT) {A(I)41I=1,HRKS)
RETURN
END

SUBROUTINE FILL(IT.R)
OTHENSION A(3,3)
COMMCON/IIP/IP(34350)
COMMON/1IY¥/Y (200)
COMMCN/ZIX/X(200)
I1=IP{1,IT)
I2=IP{2,IT)
I3=IP(3,IT)
All.2)=X(I1)
Af11,2)=Y(I1)
Aliy3)=1,
A(2,41)=X11I2)
Af2.2)=Y(12)
Al2,3)=1,
Al3,1)=X{1I3}
Al3,2)1=3Y(13)
A(3+3)=1,

RETURN

ENO

SUBROUTINE SCALE XYy IXsIYaHOTS e XSIZE o YSIZE . YPIS ¢ XMIN, XHAX, ¥PTS,¥X
v}

DIMENSICN X (1) 4¥{1) 4IXCL) 420,

XMIN=X(1)

YMIN=Y(1)

XMAX=X(1)

YMAX=Y (1)

00 2 1=2,4NPTS

XMINZAHINLOXHINGX (]))

YMINSANINLIYHINLY (D))

XMAX=AMAXE (XMAX,X(I))

YHAX=AMAX1 [YHAX,Y(I))

2 CONTINUE
IF(YXeOTe0s) YMAX=YX

XPTS=XSIZE/ W1
YPTS=YSIZE/ 167
XRANGE=XMAX=XHIN
YRANGE=YMAX~YMIN
XRES=XPTS/XRAMNGE
YRES=YPTS/YRANGE
Do 101=1,4NPTS
IX(I)=IFIX{(X(I)=XHIN)*XRES)
10IY{T)=IFIX( (Y(I)=YKIN) @ YRES)
RETURN
ENO
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IC=1C+1

13 CONTINUE
ALJX)=SYM(B)
IFLG=D
ACL110)=SYH(B)
00 & J=14NPTS
IF(IYIJILNE.I) GO TO 4
N=IX{J) +JX
A(NI=SYM(R)
YLAB=Y(J)
IFLG=2

4 CONTINUE
IF{IFLG,EQ.0) GO TO 11
HWRITELS oFRMT) (ACL) 4L=1,NSKP) 3 YLABy (A(L) oL=JX,110)
GOTO 12

11 HRITE(G,5) (ALL)4L=1,110)

12 CONTINUE

3 CONTINUE
Do 8 I=i4JX

8 A(I)I=SYM(1)
DO 9 I=JXe.110

9 AIIN=SYMIL)
HRITEC(645) (A(I)4I=2t,410)
CALL TOFINDIV XMINyXMAXoAgNFLGNDEC, IXsIXPTS)

BOTTOM LABEL IS SE7HIR

NCHR=22
ENCODZ(22,205,TLAR)

205 FORMAT(22HSURFACE ELEVATIONS CMs)
CALL TLBU(TLAByNCHRsIXFTS,JX)
RETURN
END

SUBROUTINE SLRB(SDsIS+IE,IYPTS)
DIMINSICN SE?(1)
NCHE=27
SB(1)=1HD
SB(2)=s1HI
$B8(3)=1HS
SBl4Y=1HT
SB(S)=1H.
SB(B}=1H
$3(7)=1HA
SBlB)=1HL
SB(S)=4HO
SB(L10)=1HN
S8(11)=1HG
SB8(12)=1H
SB8{13)1=1H8
S$Bl14)=1HO
SB(15)=1HY
SB{16)=41HN
SB(17})=1HC
SB(1B)Y=4HA
SBL1S)=1HR
SB(20)=1HY
S8(24)=1H
SB(22)=1Ht
S$SB8(23)=1H0O
SB8(zLi=1H
SBI231=3iHK
SB(26)=1HNM
SB(27)1=1H.
IH=IYFTS/2
JH=hACHR/2
IS=IH=JH
JE=IS+NCHR=~1
RETURN

ENO
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FUNCTION JFIX({R)
JFIXsIFIX(R)
D=R«FLOAT{JIFIX)
IF(D«GEesS) JFIX=JIFIXe1
RETURN

END

SUBROUTINE ISBNDRY{I,.N0)
COMMON/CUTOFF/IBPNFLXyJJIL,4JJ2
COMFMON/BOUND/IS(T75) «BV(T75) 4NBY

SUBROUTINE TO TELL US | F Wg &2& AT A BOUNDARY POINT, ANO
WHAT TYPE CFBOUNDARY POINT.

NO=0y NOT A BCUNOARYPOINT.
NO==14CIRICHLET BOUNDARY FOINT,0N OPEN BOUNDARY.
NO=1 ONSHORE BOUNDARY POINT INCLUDING ISLAND.

NIBF=1IBP

IFINIBP.LT.0) NIBP=-1BP
IST=NFLX+NIEP+1
TENO=NIBP+NFL X
IS=NIBP#+4

IF(IENDLEQLD) GO TO 4
IF(NIBP+EQ.0) GO TO 2
00 1J=1,NIBP

K=Ig{)

‘IF(IQEQ.K' GO TO 8

1 CONTIME .

2 IF(MLXEQ.0) GO TO 4
00 3 J=IS.IEND
K=15(.2}

IF{I.2Q.XYGO TC 7

3 CONTIKUE

4 DG E J=IST4N3V
K=IZ j}

IF(Z.8Q.X) GO 15 &

5 CONTINUE
NO=1
RETURN

b NO=-1
RETuURN

7 NO=I
RETURN

8 NO=1i
RETuURN
END

SUBROUTINE TLB(TLAIZNCHRHIXPTS,JX)

OIHENS1ON FRHT(3)+TLAB(3)

JHALF=NCHR/2

IHALF=IXPTYS/2

NSKP=JX+IHALF=JHALF

NC=10

ENCODE(16+100+,FRMT)INSKP4NC

HRITE(HFRMTITLAB(L1),,TLABI(2) ,TLABL(3)
100 FORPATISHILH ,,»I2+44HX 434,124 1H))

RETURMA

END
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SUBROUTINE SCS{I1,1245,C5,05}
CCHMCN/ZIX/X(200)

CCOMMCNZIYZY (200)
OX=X112)=-X111}

BY=Y(I2)~-Y{I1)
DS={0X*DXxeDY*DY)**,5

S=0Y/DS

CS=DX/DS

RETURN

ENC

SUSROUTINE MATRIX (DSHAPEX+DSHAPEY +XNVRTX,NTRI, IFILE,HASL}
SUZROUTINE TO FORMGLCBALMATRIX AND RIGHT HAND SIDE
DIMENSION DSHAPEX(1)yDSHAPZY (1)

COMEON/IHEIGHT/N(200)

CCHFON/ICCNST/CONST1,CONST2
COMMON/CUTOFF/HIBP, MFLX4NOs JNO
CCHMON/IGRAD/OALPHAX,DALPHAY yODEPTHX 4LDEPTHY,,DDEL TAX,CDELTAYARZA
COMMON/ZIWCRK/VALP (4500)

COMMON/INT/ZINTP{4500)

COHMON/IRHS/RHS 1200)

COMNON/IIP/IP{3,350)

COMMON/HIND/TAUX » TAUY ,CURL

NROH=NVRTX

DO 1 I=1,3

II=IP(I4X]}

IFIN(II).EQ.~1) GO TO 2
IFI(N(II).EQ.1) GO TC ¢
IF{ND,EQ.~1) GO TO 4
IFLIFILE) 34344
3 DO 2 J=5,3
JJI=IP(JK)
CALL ENSRTIII JJ+INTPyNB4NROH,NASL)
VALF(NB)=VALPINS) +{+CCNST2*(DSHAPEX(I) *DSHAPEX(JS) +DSHAPEY{I)*OSHAP
YEY{ NN 1 #44/3,%C(28uapzv (JIYDDEPTHX=DSHAPEX(J)*DDEPTHY))®*AREA
2 CONTINUE
4 CONTINUE
CHK=CONSTA*{DPLPHAY*DCEPTHX=-DALPHAX*DBDEPTHY) /3
CHK$=CONSTL*CCNST2* (DSHAPEX(I)* DALPHAX+DSHAPEY(I}*DALPHAY)
RHS{II)=RHS(II)+(~CHK=CHK1~-1,/3.*CURL) ® AREA
1 CONTINUE
900 FORMATI®D*4*TRIS*4I3+sS5Xs*VERTXe¥*:15 *5X9*JACOBO**F1004)
RETURN
ENO
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103 CONTINUE
102 CONTINUE
WRITE(64200) 11,12
200 FORMAT(®0%,*HZ ARE L OST ALONG POINTS*,215,2X.*CAN HOTFIND BOUNDAR
CY TRIANGLE IN MATRIXASSEHBLYROUTINZ*)
coT0 101

HE HAVE FOUND TRIANGLE, NOW TO GET GRADIENTS

104 00 106L=1,3
M=IPR(LyK}
AL +1)=X(N)
AlLs2)=Y(H)
AlL3)=1,

4106 CONTINUE
CALL ALFHX{K:CALPHX4DALPHY ALPHA,SA,ALPH)

CALL ALPHX(KyCOELTX +ODELTY+DELTASO,ALPH)
CALL SCS{I1+324S¢CS+D%)

HMEAN==(DEPTH(I1) #+DEPTH(I2)) /2,
ODELTS3CSYDDELTX+S*DDELTY
OALPHN==S*DALPHX+CS*CALPHY
DALPHS=CS*DALPHX+S*DALPHY
TS=CS*TAUX+TAUY*S

00 107 L=1,3
00 108 M=1,3
1 08 B(M)=D,
BtLY=:.
CALL GRAD(B(13,5:2)42{3),0SHPX(L)9»OSHPY(L) ,CSHPE(L})

107 CONTIMUE

NOWADBD TO-GLOBAL MATERIX
1I=1I1

109 IF{(NEWBV.GT4«1) GO TO 111
IF{IFILE)B02,€09,111

609 00 112 L=1,3
JJ=IP{LHK)

CALL MNSRT{IXI+JJsINTP4NBoNVRTX,HASL)
DSHPN==S*DSHPX(L)+CS*0OSHPY(L)

OSHPS=CS*DSHPXIL}+S*DSHPY (L)
VALP(NB) =VALP(NB).{CONST2*(DSHPN+DSHPS) ~HME AN*DSHPS) @ 0S/20

112 CONTIMNUE
111 CONTIAUE

NOW AOD CONTRIBUTION TO RHS

RHSAII) =RHS(TI) - (CONSTL*DDELTS-CONSTL*CONSTZ* (DALPHN+DALPHS)I=TS)*D
CS/2.
IF{II.EQ.JI2) GO TO 101
I1=12
GO TO 1.09
101 CONTINUE
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SUBROUTINE BC{NVRTXsNBV+I8,8V,yMASL)
SUBROUTINE TO ADO ON BOUNDARY VALUE CONTRIBUTION

THE BOUNDARYROWS HAVE ALREADY BEENZEROEDOURING THE ASSEMBLY
PROCESS* THEREFCRE HE PROCEED TO FILL THE RIGHT HAND SIDZ
VECTOR HWITH THE BOUNDBRY CONOITIONS AnD SET THEDIAGNOL
ELEXENTS TOONE IF IT OCCURS IN A BOUNDARY RO4.

DIMENSION IB{1).BV(1)
COMMON/CUTOFF/NIBPoNFLX s JJ1,yJJ2
CONMMON/ZINT/ZINTP(LS00D)
COMHON/THORK/VALP{4500)
COMMON/IRHS/RHS(200)

NROK=NVRTX

NSTPF=NFLX4NIBF+1

Do 10K=NSTPy,NIV

J=IBIK}

RHS (J)=BVIK?

CALL MNSRT(JsJsINTP+N2,NROW,NASLY
VALF(N3) =1,

CONTINUE

RETURK

END

SUBROUTINE SETB{RHS,VALP)

DIMENSICN PHS{1),VALP (1)
COMMON/ZINT/INTP(4500)
COMMON/CUTCFF/NIBP, NFLX,JJ1, JJ2
COHMON/BCUND/IB(7S),BVI75) N2V
COMMON/NUNB/NVRTXoNTRISIFILE ¢MASLyMEHBY
IF(NISPLEQ.0) GO TO 5

KL=18(1)

RHS (KL)=BVI1)

DO 11=1,NVRTX

CALL HNSRTEKLsIoINTF,N3,NVRTX,MASL}
VALFINB) =0,

IF(ILEQ.KL) VALF(N3)=1,

CONTINUE

ISTRT=NIBP+1

I1=IB8(ISTRT)

RHS(I1)=BV(ISTIRT)

00 7 1=14NVRTX

CALL HNSRT(I1,I4INTP4NB,NVRTX,HASL)
VALFINB) =0,

IF(IL0EQol) VALFIN3)}=1,

CONTINUE

RETURN

END
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SUBROUTINE BASS{(VALP,4EHS)
DIMENSION VALPI1) ,RHS{1)

DIHENSION DSHPX(3)4DSHPY (3)y CSHPZ(3)

COMMON/ICCNST/CONST1,CONST2
COHMONZINT/ZINTP (45001
COMMONZLSCOEF/SA(W 450(4)
COMMON/IDELYA/DELTA (200}
COMMON/IALPHA/ZALPHAL20D)
COMMON/IOEPTH/DEPTH200)
COMMON/IYZY(200)
COMMON/IIP/IP(3,350)
COMMON/IAZA (3,3}
COMMON/IB/B(3)
COMMONZIX/Xt200)

CCMMON/NUMB/NVRTXyNTRIo IFILEyHASLyNEWBY

COMMON/BOUND/IBLTS) ¢+BV(75) oNBYV
COHMMON/IALP/ALPH(3)
COMMON/HWIND/TAUX,TAUYCURL
COHMMON/CUTOFF/NISPyNFLX v JJ1yJdJ2

NOWIYPOSE THE NO FLUX BOUNDARY CONDITIONS,

BEGIXK WITH ISLAND,

IFINIZPJEQeDsANDNFLX4EQe O) RETURN
IF(NIBP,L,EQ.D0) G2 TC 2

ISTI=T=1

ISTC=sNIBP~1

GO TO 2

ISTART=s]

ISTCP=NFLX~-2

‘GO Te 2

ISTART=NIBP +1
ISTCP=NIBP+MLX=1
CONTIMNE

NOWLCCATE BOUNDARY SIDE.

DO 101 I=ISTARTLISTOP
J=Ied

I1=18(I)
I2=18(J)

NOW LOCATE THE TRIAMGLE WE ARE IN

D0 102 X=214NTRI

KF=0

JF=0

D0 103 L=1,3

II=IP{L XK}

IFLIT.EQ.23) JF=L

IF{II.EQs12) KF=L
IF(KFeNE«Os AND. JF,NEs 0) GO TO10W
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SUBROUTINE SLVK(NROW,NCOLERRCR:INTPYALP)
Coeossn,y o SOLUTIONCFLINEAR SYSTEM AFTER GLUP DECOMPOSITION
Ceavvoane s KNIUTHORTHOGCNAL LI ST STRAGE SCHEIMST
Cocoscvecve
CovevsassoeNRON | S NUMBER CF ROWS IN MATRIX
CoesesseasNCOL |S NUMBER CF COLUMNS IN HMATRIX
CaoscooessERRORIS A N INTEGRR VARIABLE RETURNHEID AS 1
CesovonscelF AN ERRCR OCCURSC(ATTEMPTED DIVISION BY ZERD)
Covervoses oOTHERHISE 2
CoseosvoaeaIRTP IS AN INTEGR ARRAY OF LENG]HHSZ'((““/(NUHBEQUF 817S
CecoasseaePER INTEGER HORCI#1) eue ILSEE HINIT)
CescoseesoesVALF | S A REAL ARRAY OF LENGTH MSZ
CosoveseseTHE RIGHT HANO SIDEMUSYTBE STORED IN (VALP(I)4I=1520:000NRON)
CosenenensAND THE SOLUTION |S RETURNED INKVALP(I,gI=NR0H’l'NROH¢Z scen
Cnu---...NROHONCOL)

Coeressvene
CisceeseeeCAN ACCEPT A MATRIXHITHBOTHPERMUTEDROWS ANO PERMUTED COLS
Coeoes . ses®*ILAPRTS

INTEGER INTP{1},ERROR

REAL VALP(1)

IP=TUP(INTP,41)

IVSISLEFT(INTP NROW+1 )¢ NRONW

VALFC(IVS1)=VALPLIRS

I=1

80 IF(I=-NCCLY10420,22
10 I=1+1

IP=I0F(INTP,I)

INs=I-g

SU¥=37,0
CeasenneesRIN SCAN FEZnJCL1 TO COL INML

ILFT=1IP

S0 ILFTsLEFT{INTP,ILFT)
KCOLS=ICOL(INTP,ILFT)
IF(KCOLS) 60,60,30

30 KCOLA=ICOL(INTP+XCOLS ¢NROW)
IFt(xCOLA-IMLY 70,70,50

70 KCOLV=KCOLS+¢NRON
SUKHsSUH+VALPLILFTI*VALPIXKCOLY)
GOTO 50

60 IVSLEFT (INTF4I+NRCKH) #NROH
VALPLIVISVALP(IP)=SUN
GOTO 80

20 IP=IUP(INTP NCOLY
HB=NBOXIIP,LEFTIINTFyNCOL#NROW} 4 NROW, INTP)
IF(NBY 100,100,110

100 ERROR=1
RETURN

140 NV=LEFT (INT Fy NROWSNCOL) +NROW
VALP(NVI=VALP (NV) ZVALFINB)

Leeeosneees s COLUMN SCAH FROM ROW NCOLey T O ROW |

I=HCOL

1701F(1~%) 150,150,160

1606 I=1-1

IF(NIBP.EQ.0) GO TO 201
JENIBP=1

IFLISTOP.EQ.J) GO TO 3
CALL SETBI(RHS,VALP)
RETURN

END

zZ0

423



SUZROUTINE DCPKINRON¢NCOL»SINGoRANK ¢FILL,y SHALLYINTPVALP,HASL)
Coeeensse e QLUFPCECOMPOSITION OF A REAL MATRIX
Cosoonssse s XNUTH ORTHOGONAL LIST STORAGE
Ceevsocene
Coveooass o NROW IS NUMBER CF ROWS IN MATRIX
Coe .. ... ++HCOL IS NUMBER OF COLUMNS IN MATRIX
LCeoonvneees RONSCALE FACTORS ARESTORED IN ROWBASE YVALUES TEMPORARILY
CovoseesesSING IS AN INTEGER VARIABLE RETURNING 1 IFMATRIX IS SINGULAR
Cososenne s MCANING THAT RANK IS LESS THAN NCOL +44sSING RETURNS 2 0WISE
CesvesseesRANK IS AN INTEGER VARIABLE' RETURNING THZ BOW RANK OF THE 2aATR
CeevnsesesFILL IS AN INTEGER VARIABLE RETURNING THE NUMBER OF ORIGINALLY
Ceevorosas ZEROMATRIX ELEMENTS THATSECAME NONZERO CURING DECOMPOSITION
Coserones e MINUS THE NUMBER CF INITIALLY NONZERO ELEMENTS THAT BECAMZ
Crooveeee s ZERODURING THE DECOMPOSITION PROCESS
CosveveensSHMALL IS A REBLCCNSTATNT THAT SPECIFIES THE SMALLEST ABSOLUTE
Cesvereos s VALUE OF AN ELEMENT RELATIVE TO THE LARGEST ABSOLUTE VA LUZ
CoevesnneseCF ANY ELENENT IN ITS ROW BEFORE DECOMPOSITION (THE ROWMORM)
Covevraee e THATRILLBE REPRESENTED BY MATRIX STORAGE ELEMENT
Cesesosesd s INTP IS AN INTEGER ARRAY OF LENGTH MSZ* (&4/ {INTEGERNORD LENGT
Cosvoeesvs s INBITS)#1..4,44 (SEEMINIT SUBROUTINE)
CoevnsnseeMASL IS A VARIABLE INITIALIZE BY MINIT
CeveseseessROKS ANO COLUMNS ARE PERMUTED VIA ROW+COL BASES
C***** #***
Coesonenes**IIHARTE
Cosennsnnseas

REEL vaLpe1)

;NTEGER INTPLL) o SIM5RANK(FILL

T -

C-.o..r.f.’INDSCALS FLREACHRON =1,0/(MAXABS VALUE INRON
-

90 IFI{I~MRONW) 10420420
10 -I=z1¢}
ROWNR=0,0
Coensneese s STARTRONI SCAN
ILFT=1
50 JLFYaLEFTC(INTF,ILFT)
IFU ICCLUINTPLILFTY) 30,30440
40 ABV=ABS(VALPLILFT)}
IF(ABV-ROHNR) S0+%50460
60 ROWANR=ABY
GOTC S0
30 IF{ROWNR=SMALL) 70,470,880
70 VALP({I)=0.D
GOTL 90
80 VALFII)=1,0/RONMR
60TO 90
20 NHMi=NCOL-1
Coeonvesnso s STARTCCLUMN SCAN
K=o
240 IF{K-NM1)100,210,110
100 K=K+2
Covenoees s SCANLOHER RIGHT SUBMATRIX FOR COLUMNNWITH LEAST NUMBER T
Cessnnaose o NCHZERDELENENTYSBYT AT LEAST ONE

SUSROUTINE PACK{I3JyVALPyVALJINTP NROH,MASL )
DIMENSICN VALP{1),INTPIY)
CALL MNSRT(I¢JyINTP,NE,NROH, HASL)
IF(PASL.EO.~2) GC TC 19
VALP(NS) VAL
RETURNM
10 NRITE(6,5)1X,J
5 FORMAT(® 0%, %QVERFLOW CF VALP AT ENTRY®*415,%,%,13)
RETURN
END
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GOTC 650
C .. .%%4es e TOOSMALL SO CELETE
690 CALL MDLET(IP,ICJRIS NRONH,INTP,MASL)
FILL=FILL=-2
GOTO 650
Caesssoes s NOHATCHSO FILL IH ONE
660 VAL=EM*VALP(JP)
Cossoenes s UNLESSTOOSHALL TO STORE
IF(ABS{VAL)*SKALE-SMALLY B6504650,710
710 FILL=FILL 41
CALL MNSRT(IPLICJUFS,INTP4NBysNROW,MASL)
C...e0eeeDEYECTMEHCRU OVERFLOW
IF{(NB) 720,720,730
730 VALF(NBY=VAL
GOTO 650
Ceeoasenos e MEHORY OVERFLORW
C...ss60eeUSER DETECTS THIS CONDITION IN CALLING PRIGRAH
c....... «¢BY TESTING WHETHER MASL.LE. O
720 K=}
GOTO 180
110 IFC(NSOX{IUP(INTPyNCCL)4LEFTCINTPyNCOL+NROW) 4y NROH+sINTP))}SD04500,510
Teeoenese s RANK IS NCOL=-1 |IF DIAGONAL IS ZERO
500 K=NCCL
GOTC 180
510 RAKKL=NCOL
SING=2
RETUCA
ENT

IP=TUPL{INTIP,I?
IP1=1+3
SUM=0.0
C . . scessesRONSACNFRONCCLIPL TO COL HCOL

ILFT=]1P

200 ILFT=LEFT(INTP,ILFT)
KCOLS=ICOLCINTP,ILFT)
IF(KCOLS) 180+180,190

190 KCOLA=ICOL{INTP +KCOLS+NROH)
IF(KCOLA=-IP1) 200,310s320

320 IF{RCOLA-NCOL) 310*310,200

310 KCOLV=KCOLS+NROHW
SUM=SUH+VALFIILFT)I*VALP(KCOLV)
GOTO zZzOO

180 NB=NBOX{IP»LEFTUINTP,I+NROW) 4 NROHJINTF)
IF(NB) 100,100,220

220 IV=LEFT(INTP,I¢NRONW)+NROW
VALP{IVI={VALFIIV)~SUM)/VALPI(NB)
GOTO 178

150 ERRCR=2
RETURN
END

SUBROUTINE SUP(INTPMNBOX,IUP)
INTEGER INTP(1)}

CALL FACCINTPINDOX)+20+35,1IUP)
RETURN

=D

425



NEMAX=NCOL+1
NPIV=D
KAsK~1
620 IF{KA=-NCOLY 800,8404820
800 KA=KA+!
CALL FPVSLI(XANROHyACCLyINTPoVALP,IPIV4HE)
IF(NE) 820,820,830
B;BIF(NE-NEHAX’ 840s820,820
B40 NPIV=IPIV
NEMAX=NE
GOTO 82¢
810 IF(NPIV)180+1804190
Cecesnaes s NOPIVOT CN K-TH COLUMN
180 RANK=K=1
SING=31
RETURN
Cevossoees PIVOT ON IPIV
190 KP=IRCHIINTF4NPIV)
KC=ICOL(INTPyNPIV)
CeoosensesROH INTERCHANGE IF PIVOT NOT IN ROW K
CALL HMRXA{KsIRON{INTP KP4 NROW,INTP)
Cesvessess COLUMN INTERCHANGE IF PIVOT BOT | N COLUMNK
CALL MCXA{KyICOLLINTP(KCH+NROHI4NROH,INTP)
PIVCT=VALP(NPIV)
I=X
230 IF(I~NROW) 220420342047
220 I=ZI+:
IP=I 2(INTPLI)
NB=NZOX (IPJLEFT{INTEs K+ NROW) yNROH,INTP)
IF{NZ) 2304230,250
250 EM==VALF(NB)/FIVOT
VALF{NS)=~EH
CaeesosveeSTART SCAN OF PIVOT ROW IN STORED OROER
JP=KP
SKALE=VALP(IP)
650 JP=LEFTIINTP,JP)
ICJPS=ICOL CINTP,JP)
IF{ICJPS) 23U,230,E10
610 ICJPA=ICOL{INTIP,ICJFS+NROH)
IF(ICJIPA-KY 650,550,630
630 IF{ICJUPA=-NCOL)BELOHLD,H5D
CoesesnessTRY TO FIND ACTUAL SAMECOLUMN IN HORK ROW
660 JrR=1P
600 JR=LEFT(INTPyJR)
ICJRS=ICOLLINTP,+JR)
IF(ICJRS) €60,660,570
670 ICIRA=ICOL(INTP,ICJIRS+NROW)
IFLICJRA-ICJPAY 600,650,600
Coreas ... oo FINDMATCH
680 VAL=VALP(JIR) +EM*¥VALP(UP)
IF(ABS{VAL) *SKALE~-SMALL 1 690,690,700
C....... » o STORE RESULT
200 VALF(JR)=VAL
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Subroutine MNSRT(KROWKCOL+INTP4NB;NROH,MASL)
Coveneees s INSERTS A MATRIX STORAGE ELEMENT AT ROWKFOH A ND COLUMNKEOL

cC....... + o UNLESS THERE IS ALREADY ANELEHENTALLOCATFD IN WHICHCASET
Ceee . . . . oo THAT ELEHENT NUMBER IS RETURNED IN NB
Cew . . ... +«INTPIS AN INTEGER ARRAY

c.."'..o-oooo.(SEEEHINIT)
CescseseesNB IS THE NEH ELEMENT NUMBZR
Ceavoesnes s NROWIS THE NUMBER OF ROWS I N THE HMATRIX
CeoovoeseesHASLIS AN INTEGER VARIABLE INITIALIZED BYMINIT
Co e o MASL==-1 THPLIES OVERFLOW IN WHICH CASE NS
Cinavo . e 0000--FETURNS -1
C.Q..* ** xxx
INTEGER INTPLYL)
IRGT=KROW
30 ILFT=LEFT{INTP,IRGT)
IF {ICCLCINTPILFT)Y=KCOLY 50420,90
90 IRGT=ILFT
GOTO 30
50 IBLH=NRCHW¢XCOL
150 IABV=JUP (INTP,IBLW)
IF(IRCH (INTPyIABVI-XRCW) 130,204,120
120 IBLH=IABV
GOCTC 5%
130 IF(MASL) ED0+6D,738
60 NB=-1
RETLS,
70 NB=piZL
MASL=LEFT(INTP,MASL)
CALL SLEFTUINTP,IRGT,AB)
CALL SLEFTU{INTP,NBILFT}
CALL SUFILINTP,IBLH,NB)
CALL SUPUINTPNByIABV)
CALL SRONW(INTF4NBKRONW)
CALL SCOLUINTPyNBsXCOL)
RETURN
20 NB=ILFT
RETURN
END

SU2RCUTINE SCOLCINT F«NBOX,ICCL)
INTEGER IMTRI(1)

CALL FACC{INTP{NBOX) 48,59,ICCL}
RITURM

£hd

SUBROUTINE SRCW(INTPyNBOX,IRCW!}
INTEGER INTP({1)

CALL PACCUINTPINBOX)436,474IRODM)
RETURN

END

FUNCTION LEFTU(INTF,NBCX)
INTEGER INTP{1)

CALL UNFACIINTPINBOX) y4419, LEFT)
RETURN

END

A2



FUNCTION IUP{INTPNBOX)

INTEGER INTP(1}

CALL UNPAC(INTPINROX) 20,35,1UP}
RETURN

ENO

FUNCTION ICCL{INTP4NBOX)

INTEGER INTP(1)

CALL UNPACCINTP(NBOX), 48459,IC0L)
RETURN

END

FUNCTION IRCHI{INTP4NBOX)

INTEGER INTP(1)

CALL UNPACCINTP(NBOX), 36,47, IR0ON)
RETURN

ENO

SUBROUTINE MOLET(KRCHysKCOL+NRO¥s3iTP,MASL)
c....... «oDELETES MATRIX STCRAGE ELEFENT AT IROW,ICCL IF ONE
Ceenve . | | +«NROW IS THE RUMEER COF RORS | N THE MATRIX
Caeeaaeness INTPISENINTEGER ARRAY (SEEMINIT)

L teseessMASL IS AN _ INTFGER VARIAGBLE INITAILIZEDBY MINIT

Ceossascaa¥¥errnppgg TERSELRS

c....‘.l.l.'..'

INTEGER INTP (1}
IABVO=NROR+KCCL
ILFT0=KROK

30 ILFTSLEFTLINTF,ILFTO)
IC=ICCLCINTPLILFT)
IFCICY 10,10s20

20 IFLIC-KCOL) 70,404,780

70. ILFYO=ILFY
GOTO 30

40 IABV=IUP(INTP,IABVD)
IR=IROWIINTP,IABV}
IF(IR) 10,10,50

50 IF{IR-KROW) 60,60s50

80 IABVO=IABV
GOTO 40

60 ILFTL=LEFT(INTP,ILFT)
CALL SLEFT(INTP,ILFTO,ILFT1)
IABV1=JUP(INTP,XIABV)
CALL SUPCINTP4IABVD,IABVL)
CALL SLEFT(INTP,IABV,HASL)
HASL=IABV

10 RETURN
END

FUNCTION IRCH(INTP,NBOX)

INTEGER INTP(1)

CALL UNPACCINTPINBOX) 4362474 IROW)
REZTURA

ENO
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FUNCTION NBOX{KRCH, XCCL,NROW,INTP)
C . eeessssGETSHATRIX SIORAGE ELEMENTNUMBER | F ONE EXISTSFCRRODWKROHW
Ceoses. s« ANDCCLUNN KCOL
Ceeosooes s NROH IS HE NUMBER OF ROWSIN THE MATRIX
CaovennoasINTP IS AN INTEGER ARRAY (SEE MINITY
Cose. ... ¢eNSBOX RETURNS THE ELEMENT NUMBER UNLESS ONE DOESNT EXIST
Cosessvsess INHHICH CASE | T RETURNS -1
C'....l!'.!l.'l
INTEGER INTP(1)
ILFT=KROH
30 ILFT=LEFTLINTF,ILFT)
IFCICCL (INTPLILFT)=XKCOL) 104204530
10 NBOX=~1
RETURM
20 NBOX=ILFT
RETURN
END

SUBRCUTINE SLEFT(IRTPNBOX,LEFT})
INTEGER IKTP(1)

CALL FACCINVPINBDXsL919,LEFT)
RETURN

END

SUBROUTINE HRXA{KRA4JRAJNROH,,INTP)
INTEGER INTP({1)
IF(KRA=JRA) 10,20,10

20 RETURN

10 KRS=IUP{INTP,KRA)
JRS=IUP{INTP,JRA}
CALL SUP(INTP4KRA,JRS)
CALL SUPLINTP3JRALKRS)
CALL SROW(INTP4JRS,KRR)
CALL SROH(INTP+KRS,JRA)
RETURN
ENO
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SUBRCUTIKE LOFIT(VALS¢AVAR,LIST,NPTS)
COMMOR/IRKS /B (200}
CONFCKR/IDEPTH/D(200)
COMFON/IREIGHT/STNDVIZ00)

DIMENSICN AC4y4)

DIMENSICH VALI1)+SU11,C(¢4) IPS(1)

LEAST SQUARES FIT TCTHIRDORDER POLYNOMIAL InZ,
S ARETHECCEFFICIENTS,LIST IS THE LISTINGS CPTICH.

NCOEF=¢4
00 2 I=414+NCOEF
B(I)=D,
00 3 J=414NCOEF
AllsJ)=0.
2 CONTINUE
00 4 I=14NPTS
C{L1=DCII*D(I)*0(1)
C(2)=D(I)¥0(I)
C(3)=0(1)
cCes)=1,
00 11 J=2,NCOEF
00 7 K=JysKCQEF
7 AtJsK)zA0J9K) +CLJII*C(K)
11 BtJ)I=B(J) +VALIII*C(D)
4 CONTINUE

w

NOW TO FILL THEQTHER HALF OF THE HATRIX
DO 8 I=1,NCCEF
00 9 J=314NCOEF
9 "A(JII=A(]4d)
8 CONTIMNE ~
CALL INVR(A4k 4841 s0ETERMak L)
GO 306 I=144
S(Iysa(1)
306 CONTINUE
IF(LISTL,EQ.0) GO TO 101
NRITE(6¢20) (S(I)4I=1,NCOEF)
20 FORMAT(#217,%COEFFICIENTS ARE®¢2XyS5F10e4)
IFLLISTLLT.0) GO 10 201
HRITE(E .45}
45 FORMAT(*D®o*CLOBAL LAEEL* 10X *¥DEPTH® 410X ¥ALFHA® 10X, *DEVIATIONY,
vi0X+*VARIANCES®,/)
GO TO Lkt
201 WRITE(G4145)
145 FORPET L C¥ o *GLOBALLAESL " 10Xy *DEPTH* 10Xy @ CELTA*SIOX!*OEVIL"1 IGh¥ 413
vEOX ' VARIANCE®*, /)
144 CONTIMJE
101 TOT=C.
00 13 I=14KNPTS
ALP=SIII*C(I)*0(TI*D () +S{2:%D{I)*D(I)+S(3)*0(I)eS(L)
SO=VAL{I)=ALP

STNDV(I}=SD
VAR=50%*5D
TOY=TOT ¢VAR
IF(LISTLEC.0) GO TO 102
HRITE{6+35)I,0(X) VAL (1),S0D,VAR
3s FORNATU® #)T7913XeFB842,7XeFL04s4s6Xy FO,3*10X*F9.3)
102 CONTINUE
13 CONTIMNUE
AVAR=TOT/ZFLCATINPTS)
AVAR=AVAR®* .S
IFILISTLEQ.0) GO 10 g03
WRITE(6+30) AVAR
30 FORMAT(®D®,*MEAN STANDARD DEVIATION MAGNITUDE IS*42X.F8,3}
103 CONTIMNUE
RETURN
END

430



20
10

6 IF(VAL.LTVALL1.AND.VAL«GTsVAL2) GO TO
7 IF(VAL»LToVAL2.,ANDsVAL.GT,VAL3) GO TO

BIF{VALWLT VALL1.ANDJVAL.GT.VAL3) GO TO

5 FORMAT (%1%, *HE HAVE SCREWED UP IN FINODING THE TRIANGLE SI0OE#)

11

12

13

SUBROUTINE MCXA (KCA4JCAsNROHINTP)
INTEGER INTPI(1)

IF{KCA=-JCA) 10,20,10

RETURN
KCS=LEFT(INTP,KCA+NROYW)
JCS=LEFT(INTP,JCA+NROW)

CALL SLEFTUINTP+JCA#NROW,KCS)
CALL SLEFTUINTP+KCA+NROW,JCS)
CALL SCCLIINTP,¥CS+NRCH,JCA)
CALL SCCLUINTPyJCS+NRCHKCA)
RETURN

ENO

SUERCUTINE SLCPE(X1,Y 1,X2,Y2,SLOP4RIST)
0DY=Y2-Y1

DX=X2~X1

IF(CX.EQCe0)DX=.00000001

SLEP=CY/DX

DIST=((0X*DX) ¢ (OY4DY})** .5

RETURNM

END

SUBROUTINE FINDSID(VALL1,VAL2,VALI,VAL,»IP1,IP2,IFLG)
OIHENSICN IPLL(2),1P2(2)

IFLG=0

J=1-

IF(VAL1OEO,VALI GO TO 11

IFIYAL2,EQ.VAL) GO TO 12

IF(VAL3ILEQ.VALIGC TO 1 3

IF({VAL.GT.VAL1.AND.VAL,LT,VAL2) GO TO

IF{VAL.GT.VAL2,AND.VAL.LT.VAL3) GO TO

WWN N -

IFIVAL.GTeVAL1+.ANDJVALLLT,VAL3) GO TO
IFLIFLG.EQ.1} GO TO 4
HRITE(6,5)

GO TO 4
IPi(i)=1
IP2(i)=2
J=2
IFLG=1
& TC 7
IP1{1)=1
IP2(1)=2
J=2
IFLG=2
GO 72 8
IP1t.:=2
IP2{(2)=3

CONTINUE

IPL(J)=1

IP2(J)=2
IF(J.GT.1) GO TO &
J=J+1

IFLG=D

GoT1c 7

IP1(J)I=2

IP2(J)=3
IF{J.GT.1) GO TO &
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11

12

J=J41
IFLG=0
GO TO 8
IPL(J)=1
IP2LJI=3
IFLG=D
RETLRA
END

SUBROUTINE SHITCH{A+8)
C=A

A=B

B=c

RETURN

END

SUBROUTINE FIROPTIVAL1sVALZ VAL (x1,Y1,X20Y24XsYSLED)

ISHITCH=0

IF(X2.6T«¥1) GO 701
ISWITCH=1

CALL SHITCHIVALL,VAL2)
CALL SHITCH(X1,4%X2)
CALL SHITCH(Yi,Y2)
CONTINUE
DISTi2=VAL1=VAL2
DIST=VAL1-VAL
RATIO=DIST/CIST12
DIST12=X1-X2
DIST=Y1=Y2
DIST42=(DIST12%C1ST124DIST*DIST) % 5
D1ST=RATIO*DIST12
IF(X1.£QeX2) GO TO 11
ANGLE=ATAN(SLFE)
OX=DIST*COS(ANGLE)
DY=DX*SLPE

GO TO 12

CONTIME

OXf-'D.
IF(Y1.6T.Y2)DIST==D1IST
DY=DIST

CONTINUE

X=X140X

Y=Y140Y
IF(ISKITCH.EQ.0} GO TC 2
CALL SWITCHIVALL,VAL2)
CALL SHWITCH(X1,X2}
CALL SHITCH{Y1,Y2)
RETURN

ENO

SUBROUTINE CHECK{VAL1,VAL2 ¢VALI VAL, ICHK,IPL1,1IP2)
ICHK=1

IF(VALLEQe VALZ2¢AND,VALL.EQ, T0
IF{VAL2.EQeyAL3.AND.VALZ2.EQ, \\//QIL_)) gg TO ]é
IF(VALL.EQ.VAL3AND.V2L1.EQs VAL) GO TO 3
ICHK=D

IP1=0

IP2=0

GO TO 4

IPi=s

Ip2=2

&0 TO &

IP1=2

IP2=3

GO TO &

IPi=

IrP2=3

RETURN

END
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1
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4
3

SUSROUTINE KONTRI(XeYoIPJCONyNTRI NVRTX'CON, VALUELNPEN)
DIMENSICNX(2)oY (30 4IF(3¢1) o COMILT VALUE (1) oX1(2)4Y2(2) 41T 3(2),5J4JJ
v{2) 1 AX(21 AV (2}

THI'S |'S ALINEAR CONTOURING ROUTIKE USING THE TRIANGLES

X &ND Y ARE CCORDINATES OF THE YRIANGLEVESTICES

1P IS THE MATRIX(3 x XTRI} CONTAINING THEGLOBALLALEZLSCFZ:oH
T#IARGLE VERTEX

CONIS THE VECTCR CONTAI NI NG THE CORTCURINTERVALS,.

#TRT | S THE NUMBER CF TRIANGLES

NVRTXIS THE NUMBER OF GLOBAL POINTS

NCON IS THE NUMBER CF CONTOURS YOU HAVE. |F THIS IS LESS THau
ZEROy THEN YOU ARZ READING IN THE CONTOUR INTERVALSHITH
THENUMBER OF INTERVALS EQUAL TO ABS(NCON}. IF NCON IS
POSITIVE, THEN THE FROGRAM WILL GENERATE THE CONTGURINTERVALS
BY BIVIDING THE RANGE OF VALUES EVENLY INTO NCON INTERVALS
VALUE IS THE VECTOR CONTAINING THE VALUES TO BE CONTOUREDALTEACH
VERTEX

MFEM IS THE PEN NUMBER YOU WANT TO USE FOR CONTOURING

CALL STFEN{NPEN)}

IFINCON.LT.0) GO TO 3

VHAX=D.

VMIN=1000000.

00 1I=1.NVRTX

VMAX=AMAXE (VHAX, VALUE (1))

VMINzZAMINS(VHIN,VALUELI))

CALL CONINT(VMAXoUNINsNCON,CCN)

NCON=TABS(NCON)

N=i

I=IP(1,4N)

JEIP (24N}

K=IP{3,4N)

ALARG=ANAXL (VALUE(T) o VALUE(J) 4 VALUE(K})
ASHAL=AMINI (VALUE(I) 4 VALUE(J) 4 VALUE(K))

IFIR=4

00 6 L=1+NCON

IFICONCL) LT ASHAL.CRCONIL) «GToALARG)Y GO TO 6
IF{IFIR.GT.1) GO TO 4

CALL SLOPEUX(T) oY (T} o XCJ) 4YLJ) 4512,01512)

CALL SLCPECX(JY oY (J)4X{K) oYK} 4523,D1523)

CALL SLGPEIXIX) ,Y (I} ¢ X{KIsY(K)S13,0I512)

IFIR=2

CALL CHECK(VALUE (I}, VALUE (J) s VALUE(K) +CONC(L) (ICHK T I JJ)
IF(ICHK.EQ.0)GY TO 5

II=1IPtII,N)

JISIPLIIWNY

X101 =X (1)

Y1{1)=Y(ID)

Xe{21=X(JN

Y1(2) =Y (JN)

CALL STNPTSI(2)

CALL SLLILI(X1,Y1)

GO TO 6

SUBROUTINE CONINT(VHMAX,VMIN,INT,C}
DIMENSICN C (1)

INT=INT+1

DIFF=VYHAX~VHIN
AINT=DIFF/FLOAT(INT)

INT=IAT-1

DO 1I=14,INT
CLII=VHINSFLOATULIN®AINT

CONTIMNUE

HRITE(6,2}

FORMAT{*1%, *CCNTOUR INTERVALS ARE®)
DO 4 I=1,INT

HRITE(64+3)1,C(1)
FORMAT(*D®,15,3X,F1D, 2}

RETURN

E NO
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SUBROUTINE SETUP(ISTART¢IPRINTXSIZESYSIZELTLASELy IAXIS, XHIt, X115V,
YYHINSYHAXgNDIVX oNDIVY XSTRT, YSTRT)

DIMENSICN TLABREL(3)

THIS IS A GENERAL SUBROQUTINE TO SETUP AN KPSPROGRAM

ISTARYT |S ZERO IF THIS IS THE FIRST TIMEYOUCALL THE NPS ROUTIUIS
IF YCU HAVE ALREADY CALLEO PRNTON OR STCCONPREVIOUSLY,IST27T=:
IPRINT=CKILL CALL PRINTER PLOT

IPRIKT=4¥ILL CALL STCCOH

S$XI251S THE LENGHT OF PLOT IN INCHES I N ¥%-2ISECTION
¥YSIZE IS LENGFT OF PLOT It: INCHES IN Y-DIFECTICHK
TLAEEL |S ENCCDEOINMAIN PROGRAH HITH30S¥4CES AND ODIMERSICW
IT KILL BE THE TOP LABEL OF PLOT,

| F YCU WART AXI S oRAKN UP AND LABELED, IAXIS IS 14 OTHERKWISET I3

| S ZERQ.

XHINYHINGJXHAXsYMAXy ARE THE MAXIHUH AND MIKIKUM X AND Y VAELUES
TO BE USEO TO LABEL THE AXIS ANO SET UP THE SUBJECT SPACE,
NDIVX ANO NOQIVY ARE THE NUMBER OF DIVISIONS YOU HANTTHE AxI S
LABELING TO SHOH

IFCISTART+EQ41) GO TO 2
IF{IPRINT.EQ.4} GO TO i
CALL FRNTON

GO TO 2

CONTINUE
CALL STPEN(1)
XADO=XSTRT#4XSIZE
YADD=YSTRT4YS1ZE
CALL STS20B (XSTRT+XADD,YSTRT ,YADD)
CALL STSUBJI(XMINyXMAX YHIN,YMAX)
CALL STNDIV(1,41)
CALL GDLILI
HEIGHY=XSIZE/30,
IFCHEIGRT «GTooe%¥9) HEIGHT=,49
CALL STCHSZ(HEIGHTY)
CALL STKCHR(30)
CALL STLNOR (D}
CALL TITLET{TLABEL)
CALL &XLILI
IF(ILXIS.EQ«0) GO TO 3
CALL STRDIVINDIVX,NDIVY)
HEIGHT=HEIGHT /2.
CALL STCHSZ (HEIGHT}
CALL STNDEC (1}
CALL NODLIB
CALL NOOLIL
RETURN
ENO
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§ CALI. FINDSID(VALUE(CTI) sVALUS{S) 4 VALUELKIZCINtLEITIvJJIIFLG)

IF(IFLG.ED.1) GO TO 6

IA=III(1)

II=1II(2)

Ja=sJdJdJi)

JJI=JJJ2)

IF (TA,EQ.1.AMD.JALEDQ,2) SLP1=S12
IFLJJeEQe1.AND.TILEQ,2) SLP22512
IF(IACECe1.ANDJALEDL3) SLP3xSe3
IF(JALEC, 1. ANDLTALEC. 3) §LP1=S13
IF {11.E€QelsANDsJJLEQL2) SLPR2=2S13
IF (JJeEQe21+ANDITEQ,3) SLP22513
IF{IALEQ.2s ANDJJALED. 3) SLPL=523
IFtJREQs2ANDeIALES3) SLP1ES23
IF(ITe EQe2+ANDeJJ+ED.3) SLP22823
IF(JJLECs2s AND,TI.EQ.3) SLP25S23
IA=zIP(IA:N)

IIzIP(IIWN)

JASIP(JAN)

JI=IPIII e N)
CALLFINDPTUVALUELTA) VALUELJAY GCONCLIoX{TAY s YITAY ¢ XUJAY 4V IJAY 4 X1 (
vid) e ¥L{1),SLFL)

CALL FINDPTUVALUZ (2T} oVALUECIIY yCONILD oXCTTI Y LTIV XU YT XL L
w2) oYL 12),SLP2)

CALL STNPTS(2!

Cali SLLTILI(XS,Y:.

CONToNUE

N=tidl

IFIN.GT NTRYI) GO T0 7

G0 70 1%

RETURN

END

SUBROUTINE VRTXLB (Xs¥ sVAL(NOECINVRTX4HEIGHT » HPENL
DIHENSION X(1).Y(1) VALY

THISSUBRCUTIKELASBELE THE POINTS

THE CCORDIANTESOF THEPOINYS ARE QIVENGYYANDY
THE VALUE AT EACH FOINT IS GIVEN BY Vit

CALL STFENUKPEN)

CELLL STCHSZ(HEIGHT)
CALL STLNORCO}

CLLL STKDEC (NCEC)

00 1 I=1,KVRTX

CALL STLNST(X(I),¥(13)
CALL CECVAL(VAL{I))
CONTINVE

RETURN

ENO
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SUBROUTINE DRTRI{XsYsIPoNTRIJNPEN4N)

DIMENSICN X(1) oY1) +IPC342) 9N (1), ZXX(2)42YY(2)

SUBROUTINE TO DRAW SUEROUTINES

X 1S X-ARRAY
YIS Y-ARRAY

1P IS A THREEBYNTRIMATRIX GIVING THE GLOBAL LABELS OF EACH VRTX
KIS ASTORAGE ARRAYHMAKING SUREWZI DONTvT DRAW ‘A LINE TWICE

N SHOULD EBELARGER THAN THE AMOUNTOF LINES YOU Hav:

NPEN |s THE PEN NUMBER Ypou WANT T O USE
CALL STPENUINPEN}

Ni1)=D

H=1

LL=0

DO 1 I=1,NTRI

IX=1

1Y=2 »
II=IPLIX,1}

IJ=1IP(IY. I}

ZXX{4)1=X{I])

ZYY{t)i=sy (I

IXX(2)=X(1J}

ZYY {2)=Y(IJ)
ICHICK=II*II*IT+I 3021 J¢II%II¢TUTIU¢TIT¢TY
00 o L=¥1H

IF(I2HECKGESe (L2333 TO 6

CONTINUVE

M=Me]

JF(F.LT4301) GO TO 10

M=3C0

LL=LLl+1

IF(LL.GT,300) LLi=1

NI{LL}sICHECK

Go 70 11

CONTIMNIE

N(M)=ICHECK

CONTIMNUE

CALL STNPTISt2)

CALL STTXTRI1)

CaLlL SLLILI(ZxY,2YY)
IF{IY.EQ.31C0 TO B'
1Y=3

GO TO0 2
IF(IX.EQ.2)GC TO ¢
Ix=2

GO TO 2

CONTIMNUE

RETURN

END

SUBROUTINE DYELXLAN{ERT4BRCICURL+8FRIC,CONSTY)

YLIRTXTTS tLAC

CONFON/IGRED/CALPHAX 4 DALPHAY ¢DDEPTHX +DDEPTHY ¢+ DEX+CEY(AREA

BRT=~(DEY¥COEPTHX-DEX*DDEPTHY)

BRC==~{DALFHrY*CDEFTHX~DALPHAX*GCOEPTHY) ¥CONETY

BFRIC=~8RT=-ERC~CUFL
RETLRA
END
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SO 00 o0

-

SUBIOUTINE TRILABLIX,;YeIPsNTRIGHEIGHT yHeEM)
DIMENSION X{1):Y(1)+IF(3,1)

THIS SUBRCUTINELAIELS THE TRIANGLES

X ANO Y ARE RESPECTIVE COORDINATES

1P |S _ THE 3 X NTRI MATRIX CONTAINING YHE GLOBAL LABELSOF THE yrTx
NTRI | S THENUMBERCF TRIANGLES

HEIGHT IS THE HEIGHT OF THENUMBERS IH | NCHES

upzh IS Tz PEN NympzR

CALL STFEN(NPEN)

CALL STCHSZ{HEIGHY)

DO 1 I=14NTRI ‘
IX=IP(1,1)

IJ=IP12,1}

IK=IP(3,1I)
EX={X(IT)+X{TJ) +X{IK)}/3,
EY=LY(ITI¢Y (T +Y(IKII/3,
XSHIFT=(HEIGHT/&4.)%1,25
YSHIFT=(HEIGHT/7,.3%1,5
EX=EX-XSHIFT
EY=EY-YSHIFY

CALYL STNDECID)

CAL: STLNST(EX,ZY}

CALL SECVALIFLOAT (313

CCNTINUE
RET 5N
ERD

SUBROUTINE BAROT (UyV,TOT}

COMFONZIGRAD/CALPHAX sDALPHAY oUDEPTHY ODERTHY,PT X 4OE Yo ARES
COMMON/SCALES/USCALE ¢ DSCALLE ¢+ ALSCALE 4G oF430,5AM L FO,EDDY
Us~CEY*USCELE

V=DEXSUSCALE

Usu*100.

Vsveipg,

TOT=(U*U+V*y) ** .5

RETURN

END

SUBROUTINE EKNANCU,V,T0T)
CCOMMON/HIND/TX,TYCURL
CCMFON/SCALES/USCALE+HSCALE,ALSCALE 46 +8,0,0 2148, 50O, EDDY
C=(ECDYYC*FO) " {~.5)

U=CP(TX+TY) *USCALE®*FO*HSCALE*0
VeC* (=~ TX+TY)SUSCALE*FO*HSCALE®Q
U=U*40000,

V=V*10000.

TOT=(UrUsY*V) ** .5

RETLRN

END

SUBROUTINE BOTT(UsV.TO0T)
COXFON/IGRAC/DALPHAX DALPHAY COEPTINX 4 DDEPTHY o DEXDEY L C
COMMON/SCALES/USCALE4OSCALEALSCALE 1G4E4QyGAMMA,FOLEDCY
C=Gi(Fe+@)

Us=C*(DALPHEYTC OSCALE+DEY*FQ* U5 CALESCTALGCALE/GI /4LSCALE
V=C* (DALPHAX*E¥DSCALE4DEX*FOYUSCALE*ALSCALE®Q/G} /AL SCALE
Us=y*100.

V=V*100,

TOT=(UtU+VEYIS*,5

RETURA

END
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SUBROUTINE SURF(UEZ+VE+UByVB,WU,V,TOT)
UsUE+US

V=VE+VB

TOT={UU+V¥Y)** 5

RETURN

ENO

* BITS | 'J OF A ARE EXTRACTED
«IF | CT 5¢ N=p0<-(I-J=-1)

BITS I - 59, 0 - J OF ARREEXTRACTED
.BIT 4 OF A ALKAYS GOES TO 21T 59 OF 8
~ Je Jo THOMAS LY )
ERTR UKEAC
VFD L2/70LUNPAC ' *
IFEQ *F42
VFD 18/UNPAC FTN ARGUNENT LI :E
UHPAC BSSz 1 -
Se? 1 a7 = 1
SAz2 A1487 GET ADORESSES 07 - - B IN X - o

sb3 22487
SAy A3+87

R MICRC 191,$X$
ELSE
IFNE  *Fgl41
ERR NOT CALLED BY RUN OR FTN
VFD 18/4 RUN 2,3 ARGUMENT LINKAGE
UNPAC BSSZ 1
R HICRO 1,1,8%8%
ENDIF
SA2 VYRv.2 X2 = 1
SA3 vRv,.3 x3 = J
I x5 X3-X2 FIGURE NO4 BITS - 272 EXTRACT Fazvx
PL X54J1
SX5 X5¢60
J1 SB6 X2-60
sS85 X3+1
SB7 xs
HX0 1 HAKE MASK OF CORXECTLENGTH
SAL vRv,1 X1 = A
AXO g7 .
LXO -BE ALIGN MASKWITHCCRRECT BITS OF A
8X6 X0¥X1 EXTRACT BITS FROM2
LX6 85 RIGHT-JUSTIFY THEHM
SA6 VYRV 4 STORE IN B
EQ UNPAC EXIT
END
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.BITS

ICE

NT PAC

CALL PACTEA,X,J,4B!)

PACS THE N RIGHTHCSY BITS QF 9 INTO A

* IF

.DESTINATION

% DESTINATICN YSRITSTI - 59 ¢
*BIT 59 CF B ALHAYS GOES 716

If

PAC

Ji

I LE Jo
| GT J,

ENT
vrQ
IFE
VFD
eSS
SB7
SAZ
SA3
SA4
MIC
ELS
IFN
ERR
vro
€53
27
vig
IAND
32
S$AZ
g4

sAy
1X5
X0
PL

5X5
S86
kX0
$87
LXO
BXx4
587
LXD
LX&
ax1
8X6
SAb
EO

END
I0E

N=J=T+¢1
N=60=-(I~J=1)

RY PAC
L270LPAC
Q e F2
18/PAC
2 1
b 4
A1 +87
A2+BT
A3+B7
RO 14+1,3%X3
£
E ® F?IP1

z 1

RO g,8.827
IF

-X0*X1
X1eX4
Al

PAC

NT UNPAC

ARE NUMBERED LEFT TO RIGHTFROHD - 59

IS BITS T -J OF &

- J OF A
527 J PF A
J. Je THOHAS /7775

FTN ARGUMENT LI NKAGE

87 = 1 GCONSTANT)
GETADDR SSESOF A -8 IN Xl - xu

NOT CALLED BYRUN OR FIN
RUN 2,3 ARGUMENT LINKAGE

B7 = 1 (GONSTANT)

%) =
%2 =
A3 =
=
FIGUR

mm G >

NO. 8ITS - 1 TO PAC INTO A

HAKE HASK O F CORRELT LENGTH IN RIGHT-MDST
PAFT “OF HORD

EXTRAGCT BITS FROM B

ALIGN BITS FROMB AND HASX
HITH CORRECTBITS OF A
INSERT BIVS FROH B INI0 A

STORE A
EXIT

CALL UNPACLAY4J.B)

“ EXTRACTSNBITS A ANO PLACES THEM

*IN B

RIGHT=-JUSTIFIED HITH ZERO FILL

*BITS ARE NUMBERED LEFT TYORIGHTFROM O - 59

I F

ILE J,

N=J~Ie1
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APPENDIX-ITI ~ SAMPLE CARDS

1 ] 3 N ™
RO [ £ 00 £ A 0 5 0 O 5 0 I 0 10 0 O 0 0 0 0 0 10 0 2 O R W o AR

it

'1“"1b0‘lﬂﬂﬂll0000"30Guﬂuﬂd‘)ﬂﬁﬂﬂﬂﬁﬁﬂ’]u“ﬂ“ 9""'l".’“x.ﬂﬂﬂllﬁﬂﬂ(}ﬂﬂ30&003390000950000”

AT 2NN MIBTURIGIDINBISNBIINNNNHNB RN DN SN ‘l5!95‘555&579‘95&!!i‘-)ﬂ““""qnl"7211“ GRUMRERIE ]

It 1|IIlllilllllllllilllllll”llll”llll hll!llllllllllll‘lll :HI!HI‘II’]HHHIII

| !
zzzlz72z22'122222222‘122211222221222222222212222 zzzzz 72121:2;222222722. K12122222212

03
N
]

3]
2
1

l
13 J3333333|J3331333] 133"333333l33333333313333331“ 33]33333’3333"3333333'333333333

A4 48844444804454 44 ‘14414314)44444444414'44S4:H’-H%4444444444"4444@4444"HI 14448
iriessrganhienuwssiuuarasuayrannesusure e s 4).;-ns:nsussurtssa...,ls*...au&.smssmnn.:s',nnm-
55:35555‘5.5555555555'55555555555555555555'55555555a5555555555515555555555:{ 555555555

I
35§50 5E6C!56666566554558 555555558865.555~n5505h505 BSEG §.6. SJSSBSSSSSEEEIESSEGS&G

!
IR RINEEREIETE I 717] 11 117;77 1. 1777"77”1171717”1777711””711171”171]77”
3 ‘8‘588!8’3’8'd¢33“"8!388888883 3838838885 3588!38!.‘55:8 83885388, 16388382123

g2

1rg II' [RRINIRTRE 3') l?""'"ﬁ 3o 1*i.nuu3|1 AU 'i%li UGB QOSBRSS B NI RDKGSBOUOENEIDNN NN
c39%

]

1999985390363509359063.70999999622933389923¢ "359599‘:5’93@999"9"995;“‘3‘ 599568938

CLODE 50 FTANQARD COXw

Control Card
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,? 2313, 1939134, L3t «+ 3133 1.3 533, SCALZS
[iaapsas B R R IR OE| i‘".xl‘l R 2y ST 4 4 e B8] D s sxx.;H"uJLu..m,.r:||I_J.;a=:r:;::.-

l

J0 cpoocpou ﬂnuvonnﬁlll]leﬁmoaawnaeaaecaxluhqoopuaa §080C000] [ QP OoOPO] Eas0jBoas
1, 4Es I shou uuu*runwunuun‘nrhnux;nq u uuuu:numnu*1n;u:qw«ﬂunuauununnuqunﬂnuun
T ] ot
{‘:!!;IIIHHHI!HH ll!ll.llhll‘ll QtiCG IRERIR IR BRI RS R IIRER AR IR RN
2 2pp22222| 2222222232 23222 SRS \"0 222272"2.2222.2222222222[2222|'2222
i 3 ngnuum::sﬁ BRI RN NGB . e Ty LEFREE RS 's'.mlsmns:u:m:ann:u.'u:m;-}nn:;::
< 3! 3323332 33p33mazazial e j v 33| 1333 3'3 31331333[13333333}}3] 3333232

| ] i3 enpin 2)

‘;;4li4:L444‘45~”4’§ 14400 '.g;i“"‘"’fﬁgﬁjﬁ 444#44%4444&44444&4&44444444441

i.';-,.’!-‘}":3“””3“'-‘1-:;"'“ un s N @ L o sugunssuuneaeREnanEa i nansEnne

BotE 3555555355573 ' :.Q§>s 555555555] 5555555555555] 53555
u- is 22 \

Is-"f.;iSS;‘-’cSSE“SE 3668 . Q,"SSBSESBGS:SGS BE6/S6BBEE6C3658566¢]
' l';7!':;numnu uwn i l'u L"er "e niHH‘Iﬂuli‘Tll“H ;uunmumunnruuusmr:nz:-!
[AR)] 7771;7777777,?77?!" INBNIINE 777713'”7777173?'7?“7772717777727'1'-’7‘

e h i
tigc2e vreei) s e*al‘s;sr;es}snasasaaas!sveaaaaskss!ssssaass:anassag
Yoo sk et SR S L Wnununnvquuhwuunnunﬂnvnmuuusnxununnwnuun
R 289y .15.“’]“3“9“3°993$393°99995939933 933353999’595329999923
o~ . RN ’;l! i ot et ‘62 it d}-,i‘ lﬁh‘llﬂﬂ,llnhl?ﬂ QR RIENTEIBH -SF'““H{" AU EaLE Mt gy ng
PN
Scale Parameters
113 53 22,3 153 5. 33 S'.]")S 1275,31141 33,
[i2ags _slo_l tu ufy s nfu un,! ER) «.’un.] EEE] up.an::]nlunxhx 07 43 43ka mu‘q S X EE ) I B £ XS XD G

IC I 60eCOiGE B 00R0GSI[ VG000 CCRIGEND nu'nuapoucuuonaoabmauaaaeuuaannocn
:::n!ssx i uwabissahiona): :zr..uu:nmnum.mn.nn umluuum'd-m:-msm R R R e T T
HHHIIHII[HHHHIHIIllll’ll adL IIHHHHIIIHIIHHIHI!HIlIl-Illl
2222222 ‘2222222223222222222222 (} 122222222222222222222222222222222
1334y 8 !llllﬂuﬂullllll""ln::z:uamnmzunn O umxs’mmsssnmuuuuum:msaznfuanunnnnnu
33323 33l333333333:1333333L:33 / [$33)3333133333333(3333(333333333333
144434448 4444444444444444444140 44414444)44441444411444J4844)4444)3444
tryapsrshiaunumunsinunpin znulsanonjnn ¢ yngnusnsnaneannsosyoaninn g nny
3555;.535p555[555] 35 {55955 55I55 O \q‘) 555/35685/5555/5555[5555/85555555[5555
Fsssssssssosssssssssass’ssssss|ss[,.|; 0 Q,Q'sssssssssssssssssssssssssgssssssss
l!1'3'7l!iltll"mcﬂli"ll"h-'l:-:lunmn:nunnu Qter C} LN DELEIORE R DR D DR TR EE RN ERERE R IRIE
7777111777771777771?7777777777777?7[ '7717,7))1777777717”77777”37”777777
$8888f. 833! 8333388“],‘.‘2368;! aua,aaaz'ul:salssaaasa's’al:ssaassssaaaaasssnensasaaasass
tryeherethino "'HHH-!"B" FESIRE R TR R LU EE RTE R TN FARE LR LR CERE LR ST L s L Rt DRl RS
999935°5"is°,3995"55 } :55’339SSS'J99533399;93“9#&3939999335999"39999 99&33“99999959
Huillmtl"mmuHc-'! sEnlnhpewmprunsrapeuaspEsEEunIRPSBSEINERBOULTNRERRARBU B
. G088 T

Raw Station Data
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3 13 3 TRIAN, 13

RN N R R S e A EE R AR e I R, R R R R SRR B JEX ) RS

S48 2444418 AG A6 40184441145

'JO'J"JE'.GQH ﬂ»-G0000"0'8‘-00"]!}30"309!]@000Ji}U0"9';'(.'91'10@ﬂ"]ﬂGG'GGGGFUO(IUPBUEGWJGUOGU")O! 81080’0080
‘l R REE R RIRHORIR I RH TR IS NS+ \|1'11 AN LMNNUR ll"“i’ii}"diil!li‘ﬂﬁ“”ﬂllﬂﬂ;l iif!!lﬂ'AQI!SY‘?HMI:"U"'Jh daenn
bovdnal oo ondnnidionne A& voalopinfoedienoeguonfip e
| | %C""“f!?v

li"_‘i‘?"222222?22222?2222?252222?22 TR 2222122221222 022222222222222122)22122
R IR M B RIRHU R IR RN Z.'Z-H!:;'«" :!.’31’«"!)13 fiRati ] 5 GUN RIS U DS NEISSREIDTIINLD NN
3333?333333333333333’?333;]33;‘333 333:3333(3333(1333{3333(33] «233/{3232

BRI TP R R AR IR R R RIS N RN L IR (I HR I R B A

B K !
) 555/3565/5555:5555555555535!35] 553535

BI6 655366 8/6666/5566/566515686(56E85566¢
|):AE§ $ ‘ R BRI RN I ] 1" nnmrna o Le’r- Jr QAN HIKYGEBUE|oROKGBWE RN ’luu.Jn.‘:.c.».
111 TITIT I all 10 i1 01 i

.7777;)3;7:?'?71717771 117"71» 2 I
: ’....3"883883"883'8888!38883888388883838888&88888'3888! 12983

n g *r,u nnufun nllu nuu;u snousnsus EussaR RGBT AR 1:[.'; R REHETREY
J.,.1‘,339"i°°"513595393J|999°9999399“5393.‘43934“’9‘ 985,599,

AR HUR RN B R R HH RMULT SRR HE R u,sz‘x's&,sm-m‘ct'.m patragnLy ullﬁ?&il' wni

Triangle
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Boundary Condition Card
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APPENDIX 1V

TRIANGLE SCHEME

The triangle routine used was originally devised by Smyth (1975)
and later simplified by Galt. To demonstrate how it works, we use a

simple 4 station example, shown below”:

e 4

“2 The 4 stations to be triangulated.

The first step is to enclose the region of interest by a
rectangle:

201 204
4*
i
03 _ e
- Rectangle defined by artificial
points 201, 202, 203, and 204
202 203 enclose region of interest.

Next, take the first point and use that to subdivide the

rectangle:

e 2 3 First subdivision of the initial
triangle.
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The second point is then used to subdivide the triangle it is in:

Second point used to subdivide the
triangle.

After all of the points have been used to subdivide the larger

triangles they lie iIn, we have:

3
2 C .
Mesh after all the subdivisions have
been made.

Next, several sweeps are made to check the “goodness” of pairs

of triangles. For example, the pair of triangles:

4




is checked to see if the triangles would be more equilateral if

subdivided in the following way:

4

“203

From tests run on a set of 130 stations and about 200 triangles,
it was found that after about five sweeps through the entire mesh, the

method converged and yielded a “best” mesh.

The last step in generating the mesh is to eliminate all
triangles with corner vertices (201, 202, 203, 204). The final mesh is

shown below:

2 Final mesh.

The routine has been written to accommodate up to 200 stations
including one set of interior boundary points (an island). If there are
interior boundary points, they must be read in first and in clockwise

order.
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APPENDIX V

To evaluate

2
M, IIéjv ¢ sdxdy, ()
D

Beain by evaluating
aring

2 &,
N, Jj¢j —L dxdy.
D ox

First integrate

j¢j —z dx (AZ)

t
J 2 29, ja'q,. 29,
L —t = 3. J Y
¢J % T dxdy ¢j Y 32—-3§T-dx M)

Now integratz by jdy to get
a2 . 29 4. N
Y ”9‘ Y s o _ (2% %%,
2 15 357 dxdy = HZ[I¢j 3§1_dy ax ax-'dXd5J (84)

The second term of (A1) can be integratéd by parts also, to give

2
o« 2 4. TH IJ 3¢i ¢,
o 1 . . ] ———— ,___J_ -
N, ”f-bj 3y Oxdy = uz[ J:;j-@—- dx - | YT dydx}‘(Ao)
Putting (A4) and (AS) ‘togather gives
2 Vi .
52 J[¢jv ¢ jdxdy. = ”3[-f¢i3§l-dy + Ioj Eii-dx
’ (A5)
35 AT l
’ J T TR -ty axdy;

Mow use the Tollawing substitution into the f3rst tuo torms
on tihe rignt-hand sids:

d_‘/ = '2—;—" ds s dx = :g-g' as, (A?)
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APPENDIX VI

To integratej¢dxdy
A

$ = Ax + By + C such that

<
it

Tat (X,Y) and

-
I}

0 at (0,8) and (b,0)

Begin by integrating Part 1 First:

o= (¥

EX = 5, Y + (b-x3) i
Y2 X -

[ " () B0 6] o
¢}

1
( b—Xp_).‘:'Z 5

Now to intsgrate Part 1I:

=Y
© Y2
X
BX =
X §§'Y Xz
Yy
2 X2
f¢dxdy=J ("5—) (-—~y+x2) dy -
T o V2 Y2
1

= XY ¥
The combined results give

1
2 1
J¢dxdy = & Yé(b-xz+xz) = § ¥2b

1.
A =3 (area of triangle).
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