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ABSTRACT

Henry, R.F. 1982.e Automated programming of expliC'it shallow-water

models. Part 1. Linearized models with linear or quadratic friction.

Can. Tech. Rep. Hydrogr. Ocean Sci. 3 : iv + 70p.

This report describes a system for reducing the programming effort

requi red to develop expl i cit finite-difference models of shall ow-water

phenomena. Informati on about the model geometry is reduced to a set of

numerical codes, which are checked graphically. These codes are used

during model runs to control ~:t,he finite-diffe'rence calculations throughout

the model. Use of standard predeveloped subroutines provided greatly

reduces the ltkelihood of programming error and speeds up model development

for a modest increase in computing costs.

Key words: programming, shallow-water, model, automated.

; ;

RESUME

Le present rapport decrit un systeme quipermet de redui re 1 I effort de

p,pogrammation necessaf re pour elaborer des mode l es explicites de

differences fi ni es de phenomenes qui se produisent en eau peu profonde ,

L'{n fcrmat t on concernant lageometrie des modal es est reduite a une serte
de codes numer l ques , qui sont verifies graphiquement. Ces codes sont

uttlises au cours des essats de model es afin de contral er , pour 1 I ensemble

du mOdele, les calculs des differences finies. L'utilisation des sous ­

programmes norma l i ses pre.-dev,eloppes reduit debeaucoup les possibilites

d' er-reu r de programmat ion et acce.l.e re le deve1oppment de model es au pri x

d I une le.ge,r.e a,l:l.gmentation des coUts de cal cul .

Mp,/:s.,.cles: programmati on, eau peu profonde, model e, aut omatise.
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1. Introduction:

This report describes a method which simplifies numerical modelling of

long-wave phenomena such as tides, tsunamis and storm surges. The

. !J~v~rni ng shal l ow water equati ons are represented by means of a common

explicit finite-difference scheme; the main innovation is the method

proposed for automating programming of all the calculations required in the

interior of the model and at the boundaries. The latter may include closed

(land) boundaries, for which a zero normal transport condition is assumed,

boundaries where waves radiate out of a model into adjacent water bodies,

and boundari es at whi ch the exchange with a ri ver or adjacent sea can be

specified as a function of time. Different procedures are required in each

of these cases and all differ from the calculations carried out at interior

points of the model.

The irregul ar geometry of most model domai ns compl i cates programmi ng

very severely. Normally at each time step, variables are computed row by

row (or column by column) across a model grid. Unless a boundary happens

to be parallel to a coordinate axis, the row (column) where the boundary is

located varies from row to row (column to column) and the program must

contain instructions identifying which grid meshes in each row (column)

require special boundary calculations. But the same type of calculation is

required at all boundary points of similar nature, irrespective of position

on the grid. It follows that the problem of defining where a particular

type of boundary calculation is required can be separated from that of

defining the actual calculation to be carried out.

Instead of programming the specific steps necessary at each variable

point on the grid, it is proposed to allocate an integer code indicating

the nature of each such point and later to deduce the required calculations
from this numerical code. In this way the task of programming the

finite-difference calculations is split into two distinct stages:

a) numerical coding of the geometry of the model domain,
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b) provlslon of a general time-stepping subroutine which can

perform the computation required at each grid-point, given

the corresponding code.

The major advantage of this approach ;s that although stage a) must be

carried out .each time anewl)1odelling prob l.em is tackled, stage b) need be

done only once, should the same finite-difference method be suitable for

subsequent models. This eliminates a recurring source of programming

errors.

Leendertse [lJ ma.de partial use of thi s concept ,and later Heaps [2J

implemented it fully; however the methodi s cumber-some .when .appl i ed to the

particular finite-differenc:e scheme used in the latter paper. Because both

components were defined .at all ve l.oc tty-po ints ,ther-ewere 19 distinct

types of velocity point .even though.onlytwo types of boundary were

permitted. Thismq.de it 'difficult to code model geometry correctly,

..,particularly in the absence of independent checking programs. An important

~part of the syst.emdescribed in thfs p.eportisa;plotting program which

permies convenient ,graph; ca lC'hecks on t!h.ecorr.ectness of thenumeri ca 1

,coding done at stage a ). Themedel·boundariies;a're plotted,usi ng different

·:s,tyl.es of 1i ne (e •.g• fun, brok,en ~das;he.d) 1;oindicat:e boundaries' .accordtnq

-to type, thus permitting rapi:ddetecti:o.n of .errors in coding of the model

~(~leol)1etry •

To summarize the pr.op.o,S,e,d method, theus',er is requi red t·o choose a

'G'ar'tesian grid for the area b·eing modelled and to provide a corresponding

:,Q;r'r,ayofmean wate r depths. The pos i t i ,on··and nature of the va ri .ous

J?Q:limdaries .are then coded, as explained in detail in §5 and the codingi:s

ehackad using pre-developed graphi cal pr-oqr ams., Thenumeri cal model is

:'$'h,e,n progra,mmed, all the necsss.ery fi ntte-di fference cal.cul ations being

,)~,a;rri ed Qut in apre-dev,eLoped time-stepping subruuttne , The user must

pp:r.ovi de information ,i'n the'form of a subroutine, concerning any forces or

iti;fl1e,,""dependent boundary cDnditi,ons i nfluencingthewater body, Asamp'l:/e

,~mQpel is di scussed in §10.
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A model programmed as proposed here takes roughly 20% more computing

time than an equivalent model in which the finite-difference equations are

programmed directly for the particular grid in question, but the saving in

programming time is substantial. Memory requirements are increased by the

;,t:ed to store arrays of integer codes : the vari ous methods whi ch can be

used to minimize this additional storage are not considered here, as, in

general, they are rnachine-dependel')t.

The programs described are written in ANSI FORTRAN 77.

,
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~. Governing Equations

The programs discussed in this report apply to problems, which can be

described adequately by the partly 1; neari zed shallow-water equati ons

"t = -(du)x - (dv)y (1)

ut = -g11 + fv - F(u)+ G(u) (2 )
x

vt = -g" - fu _ F(v)+ Gf v) (3)y

where

,,(x,j,t) = elevation of water surfac~ above mean level

u(x,y,t). = depth-averaged vel oci ty in x-di recti on

v(x,y,t) = depth-averaged velocity in y-direction

d(x,y) = mean water depth

= Cartesian coordinates in horiz~ntal plane

=Coriolis coefficient (assumed constant)

= acceleration due to gravity

= time

F(u)and F(v) represent friction terms.

subroutines supplied (VLCA01), provision i~

linearly proportional to velocity, t ,e ,

In one' of the stepping

made for fricti on bei ng

(4)'

where r is a (linear) friction coefficient. An alternative subroutine

(VQCAOl) uses the more commonly assumed quadrati c fri ction forms:

(5)

Where k is a non-dimensional (quadraitic) friction coefficient. The

steppi ng subrouti nes currently aVdiilab le use constant values of r or k
throughout the model domain.
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The terms G(u) and G(v) in equations (1) - (3) represent forcing
terms. such as surface wind stress. equilibrium tide gradient. etc. which
may vary with x.y.t. Appropriate values for these must be specified for
the particular problem being considered. by means of a user-provided
subroutine (§7).

3. The Finite-Difference Scheme.
I )

The simple Richardson grid shown in Figure 1 was chosen as the basis
for the finite-difference scheme on the grounds that it minimizes storage
and permits particularly simple simulation of coastlines. At interior
points of the grid. equations (1) to (3) are represented by the following

finite-difference forms:

(d •. + d'+ l .)u·+l . -f d, 1 . + d··)u··lJ 1,J 1,J 1-,J lJ lJ
2.flX

(6)
(di j+ di,j+1)vi,j+1 - (di ,j-1 + dij)Vij

2./).y

I

u·· - u· "lJ lJ
/).t

I I

ni J' - ni -1, J'= - g + fv
/).x ij

- F(U) + G(u)
ij ij

(7)

(8 )- F(V) + G(v)
ij ij

I I

niJ' - ni ,J' -1 -,... fu
fly i j

- g-----

I

Vij - Vij =
/).t

where
/). t = time step

/).x,/).y = grid interval sizes in in x,y directions respectively

di j = mean water depth at elevation point nij

u = 1 [ u + u + u + u ]
ij 4 i .j-1 i+1.j-1 ij i+1.j

1 v + v + v + v ]v = -
ij 4 i-1,j ij i-1.j+1 i .j+l

(9)

(10)
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Primes indicate variables updated during the current time step;

unprimed var-t ab les are those evaluated at the previous step. The use of

old (unprimed) values of v in the Coriolis term in (7) and new (primed)

va1ues of u in the correspondi ng term in (8) is necessary for stabil ity

[3]. For-tunate ly , it al so el imi nates the need to store any but the most

recently updated values of each variable, provided that the equations are

applied in the order given, that is, at each time step, all llij are

updated, then all the ui j' and finally all the Vij' The same

stability and storage conclusions apply if variables are evaluated in the

order n,V,u, using old values of u in the v-equation and new values of v in

the u-equation. To reduce possi bl e bi as, the steppi ng subrout t nes VLCAOI

and VQCAOI evaluate the variables in the order n', u l
, Vi, on odd-numbered

steps and n l
, v',u', on even-numbered steps.

Strictly speaking, equations (6)-(8) imply that Uij and Vij are

evaluated !J.tj2 later than nij' but normally -they are regarded as

pertaining to the same time level. The distinction is important only when

ca 1cul at i ng quant i t fes whi ch depend on phase differences between el evat ion

and velocity, for example, energy flux, and then only when there are

relatively few time steps per wave period.

4. Choice of Grid.

In finite-difference models, coastlines have to be represented

approximately by line segments of a rectangular grid. Often the need to

obtain a reasonable fit to an actual coastline is the principal factor

determining the choice of mesh size for the grid. Figure 2 shows a typical

situation, where the mesh size and orientation of the grid have been chosen

to give a compromise between the following requirements:

(i) the closest boundaries of the model should fit the actual

coastlines with reasonable accuracy

(ii) that one of the coordinate axes of the grid should be

aligned with the expected principal direction of currents
at the sea boundary
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In theory, requirement (i) can be satisfied to any required degree
simply by reducing the grid mesh size suff i ci ent ly, However, computer

storage and time limitations often dictate the minimum practicable mesh
size. Since the minimum time step permissible for computational stability

with equations (6)-(8) is related to mesh size by [3J

*( 11)

reducing the mesh size by a factor of 2, for instance, involves
halving the time step as well as quadrupling the number of variables to be

stored, thus increasing by a factor of 8 the computation time required to

run the model for a fixed length of real time.

5. Numerical' Coding of Grid Geometry.

5.1 Introduction

The working programs described in the report constitute a simplified
version of an automated system being developed for converting information
about model coastlines into specification of the required finite-difference

formulas. An overall view of the final system is shown in Figure 3. When
the whole set of programs is available, the normal starting point will be
at Box A, Figure 3: a video display with graphics tablet or cursor will be

used to overlay a suitable grid on the area being modelled and subsequently
to sel ect whi ch 1i ne segments of the gri d are to represent the vari ous
boundari es. A program represented by Box B wi 11 then convert thi s

information into "primary" codes (integer arrays KE, KU, KV), which define
the general nature of the finite-difference treatment required at all n, u
and v points respectively on the model grid.

* N.B. See §5.2.6.
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Since graphical entry of model geometry is likely to be hardware­

dependent, work on steps A and B has been postponed .and, for the present,

the normal starti ng poi nt is Box F. This means that the user enters the

codes KE,KU,KV directly in numerical form, as detailed in §5.2, and then,

proceeding to step G, uses a graphical program (GKCAOl) to check for coding

errors.

Some processing of the coded information is required before it can be

used in a stepping subr-out i ne, In order to set up the finite-difference

equations correctly in even the simplest linear model, it is necessary to

distinguish between similar types of boundary with different orientations.

For instance, different fi nite-difference cal cul ati ons are generally

required at land boundaries on opposite sides of a model. For such

reasons, the primary codes are next converted by a program (I3ICA01),

represented by Box C, Figure 3, into more complicated codes, IE,IU,IV, here

termed "i ntermedi ate codes II, whi ch expres s the necessary di sti nctions

between different boundaries. The intermediate codes are defined in detail

in Figure 9, in case some user wishes to improve or modify the stepping

sUbroutines; otherwise, there is no need to concern oneself with details of

the intermediate codes. The conversion program also computes the bounds of

the model area to be scanned by the steppi ng subrouti ne at each time-step

(see §8).

When this approach to model construction was first tried, specifying

'what are now the intermediate codes was the first step in the coding

process (Box H). Even with t~~ aid of a graphical checking program (Box

f), this takes considerably greater time and effort than defining the model

geometry by means of primary codes (Boxes F, G and C) and the 1atter entry

method has superseded the former.

The intermediate codes are adequate to specify all the different

calcuiations required in problems involving linear or quadratic friction

'.b:ut no advection terms, that is, models using sunrout tnes VLCAOl (Box J) or

VQCAOI (Box K). When the equations of motion (6)-(8) are amended to cope

with non-linear effects, such as advection, one-sided (asymmetric)

, I
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definitions of various terms are necessary at boundaries. Furthermore,
where two boundaries form a corner, special formulas are needed to cope
with the overlapping asymmetric calculation regimes. Consequently, when at
a later stage of this project, a subroutine (Box E) is developed to handle
the time-stepping finite-difference calculations for the fully nonlinear
shallow water equations, it will be necessary to convert the intermediate
codes at Box D to an even more diversified set of "secondary codes", NE,NU
and NV, capable of distinguishing all the various combinations of
asymmetri c boundary formul as requi red. Work is in progress on programs to
perform steps D and E.

It is intended also to use the numerical codes to specify the areas
for active computation in programs designed to analyse the output of
numerical models. For example, production of a cotidal chart from the
output of a tidal model involves harmonic analysis and contouring over sea
areas only; the region of the grid over which to carry out the appropriate
calculations could be derived automatically from the numerical codes.

5.2 Primary Codes KE, KU, KV

The nature of the variable points nij' Uij' Vij associated
with the ijth mesh of the model grid (Figure 1) is conveyed by respective
integer primary code numbers KE(I,J), KU(I,J), KV(I,J). The arrays KE,KU,KV

have the same dimensions as the arrays nij, Uij, Vij respectively~

5.2.1 Interior Points: KE, KU, KV = 0

An elevation point,n, in the interior of a model, not directly
affected by boundary conditions, is governed by equation (6) and is given a

primary code KE = O. Similarly, interior u-points and v-points, where the
fi nite-difference cal cul ati ons requi red are (7) or (8) respecti vely, are
given codes KU = 0 or KV = 0 (see Figure 4).
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5.2.2 Closed Boundaries: KU or KV = 1

As explained in §4, coastlines are represented by strings of line

segments on the model gri d. Assumi ng that there is no vol ume transport

through such boundaries, they can be represented by putting the appropriate

.velocity component, u or v, identically equal to zero at every u- or v­

point lying on line segments representing the coastline. The time-stepping

subrouti nes VLCAOI and VQCA01 are instructed to set the appropri ate

velocity component to zero by setti ng the correspondi ng primary codes to

KV = 1, as fQr example in Figure 4.

5.2.3 Spits or Causeways: KU or KV = 2

A spit or causeway or a narrow barrier island can be represented by

putting u = 0 or v = a as appropriate on ~ne or mor~ suitably.chosen line

segments. For later purposes, a distinction has to be drawn between these

vari abl e-poi nts and those on closed boundaries representing coastl i nes.

For thi s reason, the code KU = 2 or KV = 2 is used in these cases where a

narrow barrier separates two bodies of water.

Figure 4 shows a sample model grid illustrating all the primary codes

introduced so far. It may be noted that while the area being model 1ed can

be covered effectively by a 6 x 5 grid, an extra column of u-points and an

extra row of v-points must be i ncl uded to represent the ri ght-hand and

upper boundaries respectively. Thus appropriate dimensions for the

variables nij' Uij. and Vij in this case would be 6 x 5, 7 x 5, and

,6 x 6 respectively. The arrays KE, KU, KV are of corresponding size.

Where the code KE, KU or KV = a appears in Figure 4, finite-difference- ,
calculations are never required since the corresponding variable point lies

on 1and. At these poi nts the codes shoul d be set equal to zero neverthe­

less, as if they were interior points. In . the primary to secondary



- 11 -

conversion program BICAOl (Box C, Figure 3) bounds are computed for the
area to be actively scanned at each time-step by the stepping subroutines
and variable-points on land or outside the boundaries of the model are
subsequently ignored.

5.2.4 Sea Boundaries with Specified Elevation: KE = 1

Where the area of sea being modelled is contiguous with another water
body, the boundary line between the two is termed a sea boundary or
sometimes an open boundary. In general, the two water bodies will
interact, or to be more specific in the present context, long waves may
pass in all directions across the boundary. In this .case , the model is
ill-posed unless suitable boundary conditions can be provided. This may be
possible from theoretical knowledge or on the basis of tide gauge readings
in the case of surface elevation, or current meter measurements in the case
of velocity.

Where a model has a sea boundary at which elevation can be specified
as a function of time, the code for elevation-points which 1ie on this
boundary is KE = 1. An example is shown in Figure 5. The user supplies a
subroutine, here arbitrarily called UFORCE, which, when called just prior
to the steppi ng subrouti ne at each step, places the updated val ues of
boundary elevations in certain designated arrays (see §7),ready for use in
the stepping subroutine.

It should be noted that since the stepping subroutines always
require n , u, v arrays with dimensions M x N, (M+l) x N, M x (N+l)
respectively, for the model in Figure 5 these arrays must be 7 x 5, 8 x 5
and 7 x 6, i.e. the u array has an extra, dummy column in this case. Once

again, the arrays KE, KU, KV should have the same dimensions as n,U,v
respectively.

The expressions used in equations (7) and (8) for the Coriolis terms
are not suitable for velocity points lying on a sea boundary where
elevation is specified, because the spatial averaging involves velocity
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poi nts outsi de the model boundary. It was deci ded to use one-s i ded

approximations in all such cases, using the mean of the nearest two

velocity components inside the boundary. For example, in the model shown

in Figure 5, the stepping subroutine would represent the velocity in the

Coriolis term for v73 (point A) by the expression

rather than by equation (10). Boundary velocity points of this type should

be all ocated codes KU = 0 or KV = 0; the necessary program changes are

arranged automati cally by setti ng appropri ate i ntermedi ate codes IU or IV

from the primary codes KE through execution of subroutine BIeA01.'

5.2.5. Sea Boundary with Specified Velocity: KU or KV = 3

A model may have sea boundaries at which velocity normal to the

boundary is speci fi ed as a functi on of time. The primary code for a

u-point or v-point lying on such a boundary is KU = 3 or KV = 3

respectively. An example is shown in Figure 5. Again, the updated values

of the boundary velocities required are placed in designated arrays by the

user-writteri subroutine UFORCE (see §7)at each time step.

5.2.6 Sea Boundary with Radiation Condition: KU or KV = 4

Where there are good grounds for assuming that no waves enter the

.model area from an adjacent water body, it is appropriate to use a

radiation condition on the sea boundary between the two. This permits

waves reaching the sea boundary from the interior of the model to pass out

of the model domain.

When choosing the model gri d initially, radi ati ng sea boundaries

pa rall e1 to the x-ax is of the modelshaul d be placed to run thro ugh

v-points on the grid (as illustrated in Figure 5). Si·mi1arly,. those

para l l e l to the y-axis should run through u-points. It is. assumed

that the radiation problem can be treated one-dimensionally at each
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velocity point on the sea boundary and thus that the surface elevation and
normal velocity at the boundary are related by

outward normal velocity = (g/d)1/2 x elevation

Sinee there are no el evati on points actually on the boundary, the
nearest interior elevation value t s taken instead, so that the formulas
used in the stepping subroutines for u-points on radiating boundaries
facing in the positive or negative x-direction are respectively:

or
u, . = (g/ d . 1 .)1/2

1 J 1- ,J n, 1 .
1- ,J

u.· = - (g/d .. )1/2 • n..lJ lJ lJ
Similarly, at radiating sea boundaries facing in the positive or

negative y-directions, the formulas used are respectively:

or
v, , = (g/d .. 1)1/2 . n· . 1lJ l,J- i .i-

v.. = - (g/d .. )1/2
lJ lJ

For example, in the model shown in Figure 5, at each time step, the
I I

new velocity values v
4 6

, v
5 6

, on the radiating boundary are found from
I I

the newly-updated elevations n
4 5

, n
5 5

by putting

v' = (g/d )1/2
56 55

This simple but effective radiation condition was introduced by Heaps
[4]. In practice, transmission across the boundary is nearly complete for
waves impinging normally on the boundary, but there is conside~able

unwanted refl ecti on when the angle of i ncidence exceeds 450
• Tests show

- - -- -~-- -- ---~--------~-------------~--------~------------
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that use of the radiation condition can reduce the permissible

as much as 50%. Equation (11) should therefore be amended to:

!:lX. !:ly

time step by

(12 )

to ensure stability in models using the above type of radiating boundary ..

In practice it may be found possible to increase !:It to between 70 or 80% of

the value given by (11) without causing instability.

5.2.7 Summary of Primary Codes

Elevation Points

KE = 1 specified elevation at sea boundary

= 0 elsewhere

Velocity Points

KU = 1 KV = 1 coastline, 1and boundary

= 2 = 2 spit or causeway

- 3 = 3 specified velocity at sea boundary

= 4 = 4 radiating sea boundary

= 0 = 0 elsewhere

i 6. Graphical Check of Numerical Coding

In order to check that model geometry has been coded correctly, a

program (GKCAOl) is provtdedwhich plots the mode:l boundarsies (Box G,

Figure 3) as represented by the primary codes KE,KUand KY. Thepl:otting

scale can be set equal to that on which the model grid is laid out, SO' that

by overl ayi ng the plot on the chart the correctness of the' nurne-r;·c.a,ltcod';l1g
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can be readily checked. The plotting program uses standard CALCOMP
graphical routines and is documented internally (see Appendix 1).

It is recommended that the coding be checked in this manner whenever
the codes are changed for any reason. In fact, it is this facil ity for
checking the coding of the model geometry which makes this system of
automatic programming really practicable.

A similar program (GICAO!) is available for plotting the boundaries
using the intermediate codes IE, IU, IV as input, but is not listed in this
report since it is very unlikely that future users will choose to enter the
intermediate codes directly.

7. Provision of Boundary and Forcing Information

The user is expected to provide a subroutine UFORCE, which supplies

appropriate values of the forcing stresses G~~)and G~~) at u and v
lJ lJ

points, and whatever values of nij' Uij or Vij are specified at sea
boundaries (§§5.2.4, 5.2.5). Since in general these values will be time­
dependent, e.g. wind stresses, this subroutine will normally be called at
each time step, just prior to the stepping subroutines, as shown in
Figure 7. An example of this type of subroutine, corresponding to the
sample model discussed in §10, is shown in Figure 4.

The val ues provi ded by UFORCE must be stored
order to be available to the stepping subroutine. The
and G~j)are stored in arrays (GU and GV in App. 3, 4)

same dimensions as Uij and Vij respectively.

In transferring values of nij' Uij, Vij for sea boundaries
from the user subrouti ne UFORCE to the steppi ng subrouti nes , some economy
in storage has been sacrificed for the sake of convenience and generality.
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Arrays BL, BR, BB and BT are defined for storing the required values at the

1eft, ri ght, bottom and top edges of the model gri d, respectively. It

helps if these arrays are visualized as lying parallel to the edges of the

grid, as shown in Figure 6, which refers to the same model as Figure 5.

Projecting straight outwards from each variable point on a sea boundary

where a value has to be supplied shows the location in the associated

storage array where UFORCE should place the required value. Thus, for the

example in Figure 6, updated boundary values are stored as follows:

I

++ BL( 1)
I

u
ll

n ++ BR(2)
72-

I

++ BL(2)
I

++ BR(3)U
1 2 n7 3
I I

U
1 3

++ BL(3) n7 4
++ BR(4)

I
++ BB(4}

I
++ BT(4)

\1
v

4 0
I

++ BB(5)
I

++ BT(5)Vs 1 v
S6

Wi th thi s system, some 1ocati ons in the boundary storage arrays are

not used, but this is counterweighed by the convenience of having storage

array subscripts identical to one of the grid variable SUbscripts. Updated

boundary values cannot in general be placed directly into the grid variable

arrays, because some val ues from the previ ous time step may be required in

the finite-difference formulas.

8. Conversion of Codes and Calculation of Limits

After the pri rna ry codes KE, KU, KV, have been verifi ed and stored on

file, they are converted (at stage C, Figure 3) to intermediate codes IE,

lU, IV, by a subroutine BICA01provided (see Appendix 2). SUbseq~sntly, in

the same program, the area of the gri d which must be scanned at each time

step by the stepping subroutine is deduced from the intermediate Codes. It

is assumed that the finite-difference calculations will be performed column

by col umn through. the gri d. A lower 1imi t JB and an upper 1imit JT is

worked out for the range of gri d meshes in each column for which

computations are required in the stepping subroutine. This information
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enables the stepping subroutine to ignore variable points lying on the grid
but outside the model domain and so economizes in computing time.

9. Procedure for Programming a Model

Assuming that the primary codes have been entered, checked and
converted, the output of the conversion program (Box C, Figure 3),
consisting of files containing the intermediate codes IE, IU, IV and column
limits JB, JT, is now available for use in the model. Other requirements
are a user-written subroutine UFORCE for providing boundary values (see §7
and example, Appendix 4) and a file containing an array of mean water
depths, D.

The flowchart in Figure 7 shows the essential steps common to most
models and the following notes refer to correspondingly labelled boxes in

that figure:

(A) Appropriate val ues of physical parameters, such as f ,g,k are
read in from file. Also entered here are program parameters to
specify the length of run, to control the choice of starting
conditions at step C, to set the intervals at which output is to
take place (step G) and to specify which type of output is
required. Information about the physical layout of the model is
entered here by readi ng in fi 1es , prepared by the user,
containing mean water depths and the primary codes.

B) Intermediate codes and column limits are computed from the
primary codes using the conversion program BICA01 (§8) and stored
on file for use in the event of restart.

C) On the first run, a model is normally started from a state of
rest (all n, u, v = 0), since synoptic initial conditions are
hardly ever known. In tidal simulation, for example, a model is
often started from rest and run for a few cycl es. If analysi s of
the output shows that starting transients are still significant,
the simulation is resumed, (steps I, J) for several more cycles.
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D} It is convenient in many cases to choose the time step so that
some integer multiple of ~t is equal to a convenient time

interval in the problem considered, e.g. one cycle in the case of
a tidal model. Of course ~t must not exceed the limit dictated

by stability requirements (see §§2, 5.2.6).

E} The updated values specified in §7 are computed in subroutine

UFORCE, provided by the user, and stored in the arrays GU, GV,
BL, HR, HB, BT ·for use in step F (see example, Appendix 4).

F) For this step, the user chooses between the two stepping
subroutines VLCAOl and VQCA01, depending on whether the governing

equations have linear or quadratic friction. The argument lists
of these subroutines differ in only two terms (see Appendix 3)
and consequently it is easy to replace one with the other.

G) The selection of variables to be output has to be left to the

user, s.mce the information required depends on the problem
considered. One general recommendation that can be made is that

all the variables should be saved at a few intermediate times
during each run, in the same format a5 the final output (step H),
so that the run can be resumed (steps I, J) if interrupted for
any reason.

H) The final output should be adequate to define the complete

state of the model , in order to permit resumption of the runi f
necessary, (steps I, J).

J) A dummy step, i .e.a call to UFORCE followed by a call to VQCAOl

with ~t set equal to zero, is required to evaluate Uij and
Vij, when VQCAOl is used. VLCAOl does not use Uij, Vij,

- -so not storing Uij, Vij, at step H facilitates replacement of
VLCAOl with VQCAOl if required.
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10. A Sample Model

A very simple tidal model involving the grid shown in Figure 5 will be
treated here as an illustration. The .resul t i nq program is listed in..
Appendix 4.

The mean water depths dij in metres are shown in the following
table:

5

4

J 3'

2

1

- - - 167 165 - -

- - 111 155 164 156 153

172 174 161 145 156
1
145 148

151 162 150 123 125 132 130

120 91 83 90 95 - -
1 2 3 4

I

5 6 7

The forcing terms G(u) and G(v) in equations (2),(3), for a tidal

model originate from gravitational effects and in reality are so small that

their effects in this coastal model would be negligible. Simply to make

their contribution to the computed motion detectable, these terms will be

assumed here to be 104 times larger than their true physical va.lues•. Only

the dominant semi-diurnal lunar tide, M2 , which has frequency
w = 1.4052.10-4 S-l will be considered.

Supposi ng that the x-axi s of the model poi nts 30° north of east, the

corresponding forcing terms in equations (2) and (3) are then

(13)

G(v) =

where the coordinate origin is at B in Figure 5.
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The following conditions are given at the sea boundaries:-

v = 0.12 sin (wt - 0.077) mls
v~~ = 0.13 sin (wt - 0.096) mls

Other parameter values given are

f = 1.2.10-4 S-l

g = 9.81 m/s2

/::,.x = 6000 m
I:!.y = 5000 m

U1i = 0.21 sin wt mls
u

1 2
= 0.22 sin wt mls

u
1 3

= 0.23 sin wt mls

n
7 2

= 0.88 sin(wt
n

7 3
= 0.89 sin(wt

n74 = 0.90 sin(wt

0.135) m
0.138) m
0.140) m

(14 )

To mi nimi ze starti ng transients, each

boundary conditions (14) is replaced with

until its first zero crossing occurs.

u
ll,u12,u13

in (4) apply from the start

treated in effect as

of the forci ng terms (13) and

zero in the computer program

Thus the boundary conditions

at t=O, but the term nn is

n
7 2

- 0 for t < 0.135/w

= 0.89 sin (wt-0.135),for t ~ 0.135/w

It is assumed that at t=O, the system is at rest, that is, all n, u,v

equal zero. The maximum permissible time step is 46.49 s according to

(12). The number of time steps per tidal cycle was chosen to be 972, which

gives an actual time step of 48.00187s.

The values computed for n , u, v at the end of steps 22 and 23 (by

which point all the boundary driving terms are in effect) are included in

Appendix 4, for checking purposes. After 10 cycles, most of the transient

starting error is damped out and the solution is periodic within 1%, error.

The co~responding amplitudes and phases for all the variables, based on the

11th cycle, are listed at the end of Appendix 4. Each variable is assumed

to be in the form A sin (wt + <p), where A is amplitude and <p is phase

4ngle.
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CODES KEJKU,KV

G GRAPHICAL CHECK OF
CODES KEJKUJKV

H ENTRY OF INTERMEDIATE
CODES IE, IU. IV

(
VERIFIED )
KE,KU,KV

A,/~GRAPHICAL-ENTRY OF'\
" MODEL GEOMETRY /

r ~~---:----:j: --------~~- -,
B: CONVERSION TO :

I PRIMARY CODES KE, KU, KV I
I I
L _

C CONVERSION OF KE, KU, KV TO
INTERMEDIATE CODES IE, IU, IV

GRAPHICAL CHECK OF
CODES IE, IUJ IV

K STEPPING SUBROUTINE
FOR MODEL WITH

QUADRATIC FRICTION.
NO ADVECTION

J STEPPING SUBROUTINE
r-----iil--_....J FOR MODEL WITH

LINEAR FRICTION,
NO ADVECTION

(
VERIFIED)
IE, IUJ IV

------------------,
D : CONVERSION OF IE, IUJ IV TO :

ISECONDARY CODES NEJ NU, NV I '-- -----.....
~--------w---------~
r--------T- - - - - - - - - ,

E I STEPPING SUBROUTINE FOR:
: MODEL WITH QUADRATIC I
: FRICTION AND ADVECTION:L ~

Fig.3 Flowchart for Programming System



26

KE (for 7]-points)

2 :3 4 5 6
I

, ... . , .. '.
;:;1'0""'

IX:". .'

./.. f.
.

~~ ~

\ x ~ l):~
1'0:.' •

"

~ ~
V·

.' '. " - .- ..
... 0 ••• "

2 :3 '4 5 6 7
I

- Closed Boundary

-- Spit

5

4

J :3

2

Q 0 0 0 0 0

Q 0 0 0 0 0

0 0 0 0 0 0

0 0 Q 0 0 0

0 0 0 0 0 Q

KV' (for v-points)

5

4

J :3

2

I

KU (for u- points)

,Q Q I 0 0 0 I

0 I 0 0 0 0 I

I 0 0 0 2 0 I

I 0 I I 0 0 I

I 0 0 0 0 I Q

I, 2 :3 4 5 6 7
I

6

5

4

J3

2

J

0 0 I I I I

0 I 0 0 0 0

I 0 0 0 0 0

0 0 I 2 0 0

0 0 I 0 0 J

I I I I I 0

2 :3 4 5 6
I

Fig.4 Sample Model Grid Showing! Coding of Interior Points

Closed BoundarIes· and Spcjf1s



KE (for 'T] - points)

N
-...,J

7654
I

:32

0 0 0 0 0 0 0

0 0 0 0 0 0 I

0 0 0 0 0 0 I

0 0 0 0 0 0 I

0 0 0 0 0 0 0

5

4

J :3

2

I

2 :3 4 5 6 7
I

Specified sea boundaries
Radiating sea boundary

'./ -x--!-- x-- ,

',J ( " :.:.~. . °
0

... " •

P" - II./..... 0
': ..... II

x-
II

+ 0

II ~A
+ Y
II ;',' .li.:::::
~ VT····lI':··0 ·0

~~ --'- ;:'.,. .:
-/._..... ". '. x--x -:

6

5

4

J 3

2

I
III
S

"'T1
to

()1 KV (for v-points)

5

4

J :3

2

I

KU (for u-points)

0 0 0 I 0 I 0 0

0 0 I 0 0 0 0 0

:3 0 0 0 0 0 0 0

:3 0 0 -0 0 0 0 0

:3 0 0 0 0 I 0 0

6

5

4

J :3

2

0 0 0 4 4 0 0

0 0 I 0 0 I I

I I 0 0 0 0 0

0 0 0 0 0 0 0

0 2 0 o ·0 I I

I I I :3 :3 0 0

2:3 45678
I

2 :3 4 5 6 7
I

Sample Model Grid Showing Coding of Sea Boundaries



28

• •
BT

• • •

BR

I I
1

.ie·- I..)(..

Uo-

r II
+ 0-

/I II

"
ft-

; " x=x-
------+

I

------+

6

5

4
BL

J ~

2

I

•

I
I
I
I
I
I•

BS
2 3 4 5 6 7

I

Example of Storage Arrays for Sea Boundary Values

Fig. 6



•I
I
I
I
I
I
I
J

'C

29

A(Input model dimensions,
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Fig. 7 Flowchart for Typical Model
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APPENDIX 1 Graphical Checking Program GKCAOl

The input to this program consists principally of files containing the
primary codes KE, KU, KV prepared by the user. The output is a diagram
showing the boundaries of the model according to the followin9 line
codes:-

closed boundaries

spit or causeway

sea boundary with specified variable

radiating sea boundary

Use of this program is recommended for checking the primary codes when
they are first prepared and later whenever the codes are changed for any
purpose. The program uses standard CALCOMP plotting subroutines.

A sample output plot, produced with this program from the primary
codes given in Figure 5, is shown in Figure 8.
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Listing of Program GKCAOl

I/O UNIT NUMBEPS

PROGRAM GKCAOI TO PLOT BOUNDARIES OF MODEL GRID
SPECIFIEO BY PRIMARY CODES KE,KU,KV

COMMON/COOES/KE(SO,5D),KU(SO,50},KV(SG,5D)
IDUV=3
ILINE=6

REQUIRES SUBPROGRAMS KEHV,KESPEC,IEUl,IEU2,TEVl,IEV2,
PLTHnB,PLTVDB,PEAo,XRANGE,YRANGE (ALL LISTED BELOW) AND
CALCOMP SUBROUTINES DASH,DASHLN,FRAME,PLOT,PLOTND,SYMBOL

ALTERED

- UNIT NO.FOR FILE CONTAINING KE,KU,KV
- UNIT NO. FOR LINEPRINTER OR EQUIVALENT
- UNIT NO.FOR CARDREADER OR EQUIVALENT

- PLOTTED LENGTH IN INCHES OF ONE GRID
INTERVAL IN X-DIRECTION

- PLOTTED LENGTH IN INCHES OF ONE GRID
INTERVAL IN Y-DIRECTION

- SPACING IN INCHES BETWEEN DOUBLE LINES ON
BOUNDARIES WHERE VARIABLES ARE SPECIFIED

- PRIMARY CODE AT H(I,J}
- PRIMARY CODE AT U(I,J)
- PRIMARY CODE AT V(I,J}
- NO. OF GRID MESHES IN X-DIRECTION
- NO. OF GRID ~ESHES IN Y-DIRECTION

DIMENSIONS IN COMMON STATEMENTS MUST BE
IF M OR N EXCEEDS 50

IDUV
ILINE
IREAD

KE(I,JI
KU(I,JI
KV(I,J)
M
N

NOTE

STE.P X

STEPY

DST

INPUT VARIABLES

PLOT PARAMETERS

GRAPHICAL CODES FOR BOUNDARY SEGMENTS ARE AS FOLLOWS
1) SOLID LINE REPRESENTS CLOSED BOUNDARY (KU OR KV = 1)
2) LONG DASHED LINE (TWO DASHES PER MESH) REPRESENTS A

SPIT OR CAUSEWAY lKU OR KV = 2)
3) SHORT DASHED LINE (FOUR DASHES PER MESH) REPRESENTS

A RADIATING SEA BOUNDARY ( KU OR KV = q)

4) DOUBLE SOLID LINE REPRESENTS BOUNDARY WHERE ELEVATION
OR NORMAL VELOCITY IS SPECIFIED ( KE = 1, KU OR KV =3)

c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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IREAD=5
REAO(IREAD,25)M,N,STEPX,STEPY,DSl

25 FORMAT(I5/15/FIO.5/FlO.5/FlO.S)
wRITE(ILINE,20) M,N,STEPX,STEPY,DST

20 FORMATt'lM ='tIS,' N = ',15/' STEPX - ',FIO.5,' STEPY = '
IFIO.5,' DST = ',FlO.5/)

MPl=M+!
NPl=N+1

c
C READ IN PRIMARY CODES
C

DO 23 J=N,l,-l
23 READ(IDUV,lI1) (KE(I,J),I=l,M)

DO 21 J=N,l,-l
21 READ(IDUV,lI1) (KU(I,J),I=I,MPl)

00 22 J=NP1,I,-1
22 READ(IDUV,111) (KV(I,J),I=l,M)
111 FORMAT(4012)
C
C CHECK VALUES READ
C

WRITE(ILINE,29)
29 FORMAT(1117X,'KE'I' J')

DO 28 J=N,l,-l
28 WRITElILINE,31) J,tKE(I,J),I=l,M)

\oj RIT E ( I LIN E,30 )
30 FORMAT(1111X,'KU'I' J')

DO 32 J=N,l,-1
WRITE(IlINE,31) J,(KU(I,J),I=I,MPl}

31 FORMATlIX,I2,13X,5012)
32 CONTINUE

WRITEHLINE,33)
33 FORMAT(1117X,'KV'I' J')

DO 34 J=NPl,l,-1
WRI TE( I LIN E, 31) J, ( KVrr , J ) ,1= 1, M)

3~ CONTINUE .
WRITEIILINE,3S)

~5 FORMAT('l')
CALL BDPLTtM,N,STEPX,STEPY,DST)
STOP
END

SUBROUTINE BDPLTtM,N,STEPX,STEPY,DST)
C
C THIS SUBROUTINE CONTROLS THE PLOTTING
C

COMMON ICODES/KE(SO,50),KUlSO,50),I'<V(SO,50)
MU=M+l
NU=N
MV=M
NV=N+l
DSHXl=STEPX*O.125
DSHX21=STfPX*O.40
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OSHX22=STEPX*O.1
05HYl=STEPY*0.125
DSHY21=STEPY*O.40
DSHY2Z=STEPY,:<0.1
CALL PLOT (0.0,0.0,3)

c
0=OST/2.0

C
C IN ORDER TO FACILITATE THE LOCATION OF BOUNDARIES WITHIN
C THE GRID, THIS LOOP PLACES DOTS AT ALL GRID VERTICES.

HT=O.G2*STEPY
DO 300 J=l,!l.JV
YPT=IJ-l)*STEPY
DO 300 I=l,MU
XPT=II-l)*STEPX

300 CALL SYMBOL(XPT,YPT,HT,l~O.,-ll

C IF LARGER DOTS ARE DESIRED (ESPECIALLY FOR PAPER PLOT OUTPUT)
C THEN HT SHOULD BE MADE A LARGER FRACTION OF STEPY
C
C THIS LOOP PLOTS ALL BOUNDARIES ASSOCIATED WITH U GRID POINTS
C

DO 510 I=l,fwlU
51=1
X=ISI-l.0)*STEPX
J=l

501 IDUA=KUII,J.)
1FI1DUA.EQ.O) GO TO 500
CALL YRANGE(I,J,MU,NU,STEPY,Yl,YZ)
GOT a I200 , 240 , 260 , 2 30 ), IOUA

C
C THE FOLLOWING STATEMENTS PLOT VERTICAL SOLID LINES
C
200 CALL PLOTIX,Yl,3)

CALL PLOTIX,Y2,Z)
GO TO 500

c
C' THE FOLLOWING STATEMENTS DO LONG/SHORT DASHES
240 CALL DASHLNIDSHY21,DSHY22,DSHY21,DSHY2Z)

CALL PLOT(X,Yl,3)
CALL DASHIX,YZ)
GO TO 500

C
C THE FOLLOWING STATEMENTS PLOT SHORT DASHED LINES
C
230 CALL DA$HLNIOSHY1,OSHY1,DSHYl,DSHYlJ

CALL PLOTIX,Yl,3)
CALL DASH(X,Y2>
GO TO 500

c
C AND THESE STATEMENTS PLOT A DOURLE SOLID LINE
C
260 CALL PLTVDBCX,Yl,Y2,O)
500 J=J+l

IFIJ.LE.NU) GO TO 501
510 CONTINUE
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C
C THIS LOOP PLOTS ALL BOUNDARIES ASSOCIATED WITH V GRID POINTS
C

DO 910 J=l,NV
SJ=J
Y=«SJ-l.O)*STEPY
1=1

9 0 1 I 0 VA.=KV (I ,J )
IF(IDVA.EQ.O) GO TO 900
CALL XRANGE(I,J,MV,NV,STEPX,Xl,X2)
GO TO «700,7~0,760,730),IDVA

C
C THE FOLLOWING STATEMENTS PLOT HORIZONTAL SOLID LINES
C
700 CALL PLOT(Xl,Y,3)

CALL PLOT(X2,Y,2)
GO TO 900

C
C THE FOLLOWING STATEMENTS DO LONG/SHORT DASHES
C
740 CAll DASHLNlDSHX21,OSHX22,OSHX21,DSHX22)

CALL PLOT(X1,Y,3)
CALL OASH(X2,Y)
GO TO 900

C
C THE FOLLOWING .STATEMENTS PLOT DASHED LINES
C
730 CALL DASHLN(DSHX1,DSHXl,OSHXl,DSHXl)

CALL PLOT(Xl,Y,3)
CALL OASH(X2,Yl
GO TO 900

C
C AND THESE STATEMENTS PLOT A DOUBLE SOLID LINE
C
760 CALL PLTHDB(Xl,X2,V,D)
900 1=1+1

IF(I.LE.MV) GO TO 901
910 CONTINUE

c
C AND THIS FINAL LOOP PLOTS ALL LINES REPRESENTING
C BOUNDARIES WHERE ELEvATION IS SPECIFIED
C THE PROCEDURE IS TO FIND A NONZERO KE VALUE, DET~RMINE

C WHETHER IT IS HORIZONTAL OR VERTICAL AND THEN SEE HOW
C FAR THE BOUNDARY EXTENDS. IT IS DRAWN, THE KE VALUES ARE
C RESET TO ZERO AND THE PROCESS IS REPEATED. TH~ SEARCH
C FOR NON ZERO KE VALUES PROCEEDS BY ROW.

DO 600 J=l,N
DO 602 1=1, M
IE=KElI,Jl
IF(IE.[Q.O) GO TO 602
CALL KESPEC(I,J,M,N,STEPX,STEPY,O)

902 CONTINUE
600 CONTINUE

CALL FRAME
CALL PLOTND
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C
STOP
E"JD

SUBROUTINE YRANGElI,J,MU,NU,STEPY,Yl,Y2)
COMMON ICOOES/KElSO,50),KUlSD,501,KV(SD,5D)

c
C THIS SUBROUTINE DETERMINES THE RANGE OF Y VALUES OVER WHICH
C THE CURRENT LINE IS TO BE DRAWN
C IT IS ASSUMED THAT KUlI,J) IS NON ZERO.
C
C NOTE FOLLOWING ABBREVIATION
C BWSE = BOUNDARY WITH SPECIFIED ELEVATION
C

HSTEPY=O.S*STEPY
Jl=J

9 K=J+l
IF(K.GT.NUI GO TO 10
IFlKUlI,KJ.NE.KUlI,JI) GO TO 10
J=K
GO TO 9

10 J2=J
C NOW CHECK IF THE UPPER OR LOWER GRID SEGMENTS SHOULD BE
C SHORTENED BY HALF A GRID INTERVAL TO END AT HORIZONTAL B~SE.

Yl=lJl-1)*STEPY
Y2=J2*STEPY
IFlJl.EO.J21 GO TO 11
IF(IEUIlI,Jl,MU).NE.OJ Yl=Yl+HSTEPY
IFlIEUl(I,J2,MU).NE.O} Y2=V2-HSTEPY
RETURN

11 IF<IEUlCI,Jl,MU1.EQ.0) RETURN
C SPECIAL CASE WHE~ THE VERTICAL LINE IS ONLY 1 GRID
C INTERVAL HIGH

CALLIEU2lI,Jl,MU,DYl,DY2}
Yl=Yl+OY1*STEPY
Y2=V2-DY2*STEPY
RETURN
END

INTEGER FUNCTION IEUllI,J,MUI
C THIS FUNCTION DETER~INES FOR A GIVEN COORDINATE POINT,'
C WHETHER OR NOT A 110R1Z0NTAL ELEVATION BOUNDARY IS ADJACE'NT

COMMON ICODES/KE(SO,50),KU(.50,501 ,t<VlSO,50)
1E1=0
1[2=0
IfII.N£.l} IEl=KElI-l,J)
IFlI.NE.MUI IE2=KE(I,JI
IEUl=IEl+IE2
RETURN.
END
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SUBROUTINE IEUZ(I,J,MU,Yl,YZ)
C THIS FUNCTION IS FOR THE SPECIAL CASE WHEN THE VERTICAL
C LINE TO BE DRAWN IS ONLY ONE GRID SQUARE LONG AND
C IS ADJACENT TO A HORIZONTAL BWSE.

COMMON ICODES/KEISO,SO),KUISO,50),KVlSO,50)
Yl=O.
Y2=O.

C THE APPROACH IS TO CHECK FOR NON ZERO VALUES IN THE
C SURROUNDINGlUP TO q) KV VALUES. THIS INDICATES IF 8WSE IS
C ABOVE OR BELOW VERTICAL LINE BEING DRAWN.

IV=O
IFII.GT.l) IV=IV+KVII-l,J)
IFII.LE.MU) IV=IV+KVlI,J)

C IF IV.NE.D THEN THERE IS A LAND BOY BELOW SO BWSE IS ABOVE
IFIIV.EQ.O) GO TO 10
Y2=O.5
RETURN

10 IFlI.NE.l) IV=rV+KVlI-l,J+l)
IFl!.LE.MU) IV=IV+KVlI,J+l)
IFIIV.EQ.O) GO TO 11

C THERE IS A LAND BOY ABOVE SO BWSE IS BELOW
Yl=D.5
RETURN

11 WRITEIILINE,12) I,J
12 FORMATI'OCHECK THE CODES THERE DOESNOT SEEM TO BE A LAND

lS0UNDARY AROUND THESE U COORDINATES',2IS)
STOP
END

SUBROUTINE XRANGEII,J,MV,NV,STEPX,Xl,X2)
COMMON ICODES/KEISO,50},KUISO,50),KVISD,5D)

C THIS SUBROUTINE DETERMINES THE RANGE OF X VALUES OVER WHICH
C THE CURRENT LINE IS TO BE DRAWN

HSTEPX=O.5*STEPX
11=1

9 K=I+l
IFIK.GT.MV) GO TO 10
IFlKV(K,J).NE.KVII,J» GO TO 10
I=K
GO TO 9

10 12=1
C CHECK IF LEFT OR RIGHT GRID SEGMENTS SHOULD BE
C SHORTENED BY HALF A GRID INTERVAL TO END AT VERTICAL B~SE.

Xl=(Il-1)*STEPX
XZ=TZ*STEPX
IFIIl.EO.TZ) GO TO 11
IFIIEVlIIl,J,NVJ.NE.O) Xl=Xl+HSTEPX
IF(IEVlII2,J,NVJ.NE.D) X2=X2-HSTEPX
RETURN

11 IFIIEVllIl,J,NV).EQ.D) RETURN
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CALL IEV2IIl,J,NV,DXl,DX2)
Xl=Xl+QXl*STEPX
X2=X2-0X2*STEPX
RETURN
END

INTEGER FUNCTION IEVl(I,J,NV)
C THIS FUNCTION DETER~IN[S FOR A GIVEN COORDINATE POINT,
C WHETHER OR NOl A VERTICAL ELEVATION BOUNDARY IS ADJACENT

COMMON ICODES/KE(SO,50),KU(SO,50),KV(5D,5D)
IE 1 =0
IE 2=0
IFtJ.NE.IJ IEl=KE(I,J-l)
IFtJ.NE.NV) IE2=KElI,J)
IEVl=1El+IE2
RETURN
END

SU8ROUTINE IEVZ~I,J,NV,Xl,X2)

C THIS FUNCTION IS FOR THE SPECIAL CASE WHEN THE HORIZONTAL
C LINE TO BE DRAWN IS ONLY ONE GRID INTERVAL LONG AND
( IS ADJACENT TO A VERTICAL BWSE.

COMMON ICODES/KEI50,SOJ,KU(SO,50),KVtSO,50)
Xl=O.
X2=0.

C THE APPROACH IS TO CHECK FOR NON ZERO VALUES IN THE
C SURROUNDINGIUP TO 4} KU VALUES. THIS INDICATES IF
C VERTICAL BWSE IS TO LEFT OR RIGHT OF HORIZONTAL
CLINE 8EING DRAWN.

IU =0
IFtJ.GT.l) IU=rU+KU(I,J-IJ
IF(J.LT.NV} IU=IU+KU(I,J)

C IF IU.Nf.O THEN THERE IS A LAND BOY AT LEFT AND BWSE AT RIGHt
C OF THE MODEL

IFtIU.EQ.O) GO TO 10
XZ=O.5
RETURN

10 IF(J.NE.IJ IU=rU+Kutl+l,J-l)
IFtJ.LT.NV) IU=IU+KUtI+l,J)
IF(IU.EQ.O) GO TO 11

C THERE IS A LAND BOUNDARY AT RIGHT SO BWSE IS AT LEFT
XI =0 .5.
RETURN

11 WRITEIILIN[,IZ1 I,J
12 FORMAT('OCHECK CODES THERE DOES NOT SE~M TO BE A LAND

IBOUNDARY AROUND THESE V COORDINATES',215}
STOP
END
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INTEGER FUNCTION KEHV(I,J,M,NI
C THIS FUNCTION DETERMINES WHETHER OR NOT A BWSE IS
C HORIZONTAL OR VERTICAL KEHV=O DENOTES HORIZONTAL,
C KEHV=l DENOTES VERTICAL, KEHV=2 DENOTES BOTH (CORNER
C FORMED BY TWO BWSE'S).

COMMON ICODES/KE(SD,50),KUlSO,501 ,KV(SO,50)
IEl=KVlI,J)+KVlI,J+l)
IE2=KUlI,J)+KUII+l,J)
KEHV=O
IF(1E2.GT.O) 'RETURN
KEHV=l
IFlIEl.GT.O) RETURN

'C THE THIRD POSSIBILITY IS A CORNER FORMED BY TWO BWSE'S
KEHV.=2
lE3=0
IFIJ.GT.l) IE3=IE3+KE(I,J-l)
IFlJ.LT.N) IE3=IE3+KElI,J+l)
IFlI.GT.l) IE3=IE3+KElI-l,J)
IFlI.LT.M) IE3=IE3+KElI+l,J)
IFlIE3.EQ.2) RETURN

C THE FINAL POSSIBILTY IS THAT ELEVATIONS ARE SPECIFIED
C ALL THE WAY AROUND, IN WHICH CASE 1[3 EQUALS 1.

KEHV=3
RETURN
END

SUBROUTINE PLTVDB(X,Yl,Y2,~)

C THIS SUBROUTINE PLOTS A VERTICAL DOUBLE LINE.
X l=X-O
X2=X+D
CALL PLOTlXl,Yl,3)
CALL PLOT(Xl,Y2,2)
CALL PLOTIX2,Y2,3)
CALL PLOTeX2,Yl,Z)
RETURN
END

SUBROUTINE PLTHDB(XI,XZ,Y,D)
C THIS SUBROUTINE PLOTS A A HORIZQNTAL DOUBLE LINE

Yl=Y... O
Y2=V+D
CALL PLOT(Xl,Yl,3)
CALL PLOT(X2,Yl,2)
CALL PLOT(X2,Y2,3)
CALL PlOTlXl,Y2,2)
RETURN
END
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SUBROUTINE KESPECII,J,M,N,STEPX,STEPY,O)
C THIS SUBROUTINE ASSUMES KEII,JI IS NON ZERO AND IS THE
C AT THE END OF AN EL[VATION BOUNDARV. THIS BOUNDARY IS PLOTTED
C AS FAR AS POSSIBLE, INCLUDING AROUND CORNERS.

COMMON ICODES/KEISO,SO),KUCSO,50),KVCSO,SO)
HSTEPX=O.S*STEPX
H5 TEP V=0 • S ':= STEP Y

10=1
JO=J
ISTOP=O
GO TO Cl1,10,12,131, KEHV(I,J,M,NI+1

13 WRITECILINE,1311 I,J
131 FORMATC'OKEHV CODE=3 INITIALLY FOR COORDINATES',2IS)

CALL PLOTND
STOP

C
C THE BOUNDARY IS VERTICAL
e ENTRY HERE IMPLIES THE BOUNDARY EXTENDS UPWARDS AND
C AND IS ADJACENT TO V LAND BOUNDARY BELOW
10 Y1=CJ-l)*STEPV

X=(1-0.5)*STEPX
JSTEP=l
JLIMIT=N

C ENTRY HERE IMPLIES A HORIZONTAL BWSE HAS ALREADY
C BEEN PLOTTED.
100 Ll=J+JSTEP

00 101 L=Ll,JLIMIT,JSTEP
IF(KEfI,L).NE.KEII,J» GO TO 102

101 CONTINUE
J2=JLI MI T
GO TO 103

102 J2=L-JSTEP
C CHECK IF END POINT IS ADJACENT TO ANOTHER BWSE
C TH[N DRAW DOUBLE LINE
C DOUBLE LINE
103 IENO=KEHVCl,J2,M,N)

YZ=CJ2+0.5*(JSTEP-1»*STEPY
IFCIEND.GE.2) V2=V2-HSTEPV*JSTEP
CALL PLTVDB(X,Vl,Y2,Dl

C RESET KE VALUES
00 104 L=J,J2,JSTEP

104 KEn,U=O
IFCIEND.EQ.2) GO TO 106
IFCISTOP.EQ.1) GO TO 121
KECIO,JO)=O
RETURN

C PLOT HAS ENCOUNTERED A HORIZONTAL BWSE, THEREFORE CONTINUE.
C KEEP KEIIO,JO)=l IN EVENT OF RETURN TO STARTING POINT.
106 KECIO,JOI=l

KECI,J2J=1
X1=X
Y=V2
J=J2

C IEl=1 IMPLIES LINE GOES LEFT, IE2=1 LINE GOES RIGHT.
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C
C
C
C
11

c
C
110

111

112
C
C
113

C

i i «

I'
C
C,
116

e
c
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lEl=O
lE2=0
IF(I.GT.IJ IE1=KE(I-l,J2)
IF«I.LT.MJ !E2=KE(I+1,J2J
IF(IE2.EQ.11 GO TO 105
ISTEP=-l
IlIMIT=1
GO TO 110
ISTEP=l
ILI MI T=t-1
GO TO 110

THE BOUNDARY IS HORIZONTAL
ENTRY HERE IMPLIES BOUNDARY EXTENDS TO RIGHT AND
IS ADJACENT TO U LAND BOUNDARY

ISIEP=1
ILIMIT=M
Y=«J-O • 5 I *STEPY
Xl=(I-1)*STEPX

ENTRY HERE IMPLIES A VERTICAL BWSE HAS ALREADY
BEEN PLOTTED.

Ll=t+ISTEP
DO 111 L=Ll,ILIMIT,ISTEP
IFlKECL,J}.NE.KE(I,JI} GO TO 112
CONTINUE
I2=ILIMIT
GO TO 113
I2=L-!STEP

CHECK IF THIS END POINT IS ADJACENT TO ANOTHER BWSE
ANOTHER ELEVATION SPECIFIED BOUNDARY

IENO=KEHV(I2,J,M,N)
X2=«I2+0.S*(ISTEP-lll*STEPX
IFCIEND.GE.2} X2=X2-HSTEPX*ISTEP
CALL PLTHDB(Xl,X2,Y tDJ

RESET KF.: VALUf,S
DO 114 L=I,I2,ISTEP
~E(L,JJ=D

IF(lEND.EQ.2) GO TO 116
IF(ISTOP.EQ.l} GO TO 121
KE CI 0, JO ) =0
RETURN

PLOT HAS ENCOUNTERED AVERT! CAL BW~Et THEREFORE CONTINUE.
KEEP KEIIO,JOJ=l IN EVENT OF RETURN TO STARTING POINT.

KE(IO,JOJ=l
K[(I2,J).::1
1=12
Yl=Y
X=X2

IEl~1 IMPLIES VERTICA~ BWSE GOES DOWNWARD
1[2=1 IMPLIES VERTICAL RWSE GOES UPWARD

lEl=O
IE2=0
IF(J.G'T.IJ IEl=KElI,J-l)
IFlJ.LT.N) IE2=KE(I,J+IJ
If(I£2.EQ.l) GO TO 115
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JSTfP=-l
JLIMIT=l
GO TO 100

115 JSTfP=l
JLIMIT=N
GO TO 100

c
C PLOT IS AT CORNER FORMED BY TWO BWSE'S. CONTINUE
C HORIZONTALLY AS FAR AS POSSIBLE. DUE TO MANNER OF
C SEARCH, FIRST BOUNDARY MUST EXTEND TO THE RIGHT.
12 X1=(I-O.5)*STEPX

Y=(J-O.5l*STEPY
ISTEP=l
ILIM1T=M
ISTOP=l
GO TO 110

C RETURN TO PLOT VERTICAL LINE, IF NOT ALREADY PLOTTED.
C DUE TO ~ANNER OF SEARCH, IT MUST EXTEND UPWARD

121 1=10
J=JO
IF(KEII,J+l).EQ.O) GO TO 122
ISTOP=O
Yl=(J-O.5)*STEPY
X=(I-O.5)*STEPX
JSTEP=l
JLI MI T=N
GO TO 100

122 KE(IO,JOl=O
RETURN
ENe
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Appendix 2

Code Conversion Subroutine BrCADl

\

\

Su8ROUTINE 10 CONVERT PRIMARY GRID CODES KE,~U,KV

Tu IN1ER~tDIATE CODES I~,IU,IV AND FIND LIMIT~ ..JB
ANf J1 FOR E~CH COLUM~

c
c
c
c
C
C
C
C
C
C
C
C
C
C
C
C

C
C

IEtI,J)
i ur t ,J)
IVn,J)
.;8(1)
JTII)
KE(J,J)
KU(1,J)
KVtI,J)
M
MPl
I\i
NPI

- INTERMEDIATE CUDE AT HII,J)
- INTERMEDIATE CODE AT UII,J)
- INTERMEDIATE CODE AT V(I,J)
- LOwEST J VALUE PROCESSED IN COLUMN I
- HIGHEST J VALUE PROCESSED IN COLUMN I
- PRIMARY CODE AT HII,J)
- PRIMARY CODE AT UII,J)
- PRIMAPY CODE AT v(I,J)
- NUMBEP OF GRID MESHES IN X-DIRECTION
- M+l
- NUMBER OF GRID MESHES IN v GIRECTION
- N+l

c

DIMENSION JBIMP1),JTIMPIJ
DIMENSION KUIMP1,N),IU(MP1,N)
DIMENSION KVIM,NP11,IV(M,NP1J
DIMENSION KEIM,N),IEIM,N)
INTEGER EDGES

DO 4pO I=l,M
DO 400 J=l,t-!
lUII,J)=O
IVII,J)=O
Ifll,J)=O

400 CONTINUE
DO 401 1=1,114
IVII,NP1)=U

i.f.Ol CONTINUE
DO 402 J=l,N
IU(MP1,J)=O

402 CONTINUE
DO 403 1=1,MPl
JBlIl=U
,JTII)=U

403 CONTINUE
C
C CHANGING KU COUfS TO IU COUES
C

00 2 J=l,fIi
EDGES=O
JPl=..J+l
J~q=J-l



47

DO 2 r=1,t-1Pl
KUGO=KUCI,JI+1
GO TO (5,10,20,30,401 KUGO

eLAND
5 IF(EDGES.EQ.O.ANO.IU(I,J).EQ.OI IU(I,JI=7

GO TO 100
C LAND BOUNDARIES
10 EDGES=EDGES+l

IFIEDGES-Zlll,12,100
11 IUII,JI=l

GO TO 100
12 IUII,JI=4

EoGES=Q
GO TO 100

C SPITS
20 IUII,JI=lO

GO TO 100
C VELOCITY GIVEN
30 EDGES=EDGES+l

IFIEDGES-ZI31,32,100
31 IU(1,JJ=3

GO TO 100
32 IUtI,J)=6

EDGES=O
GO TO 100

C OPEN RADIATING
~o EDGES=EDGES+l

IFlEDGES-2141,42,100
41 IU(J,JI=2

GO TO 100
42 IU(1,JI=S

EDGES=O
100 IFlI.EO.MP11 GO TO 2

IP1=I+l
IM1=I-l
IFlKEII,JI.EO.OI GO TO 53
EDGES=EDGES+1
IF(EDGES-ZI 51,52,2

C LEFT HAND BOUNDARY(WESTERNI
5 1 I F l l KE I I ,J MIl • EQ• 1 • 0 R• KE ( I , J P1 J • EQ • 1 ) • AND. KE C'I PI', J ) • EQ• 0) THEN

IE(I,J)=l
IFIKElI,JM11.EO.1l IVII,JJ=S
GO TO 2

ENDIF
C LOWER LEFT HAND CORNERlSOUTH WEST)

I F ( KE I I , J P 1 I • EO. 1 • AND • KE ( I , J M1 ) • EQ• 0 • AND .K Ell PI ,J I • EQ • 1 I THE N
IElI,JI=9
IUIIPl,JI=8
TVII,JPll=8
GO TO 2

ENOl F
C UPPER LEFT HAND CORNERlNORTH WESTI

I F IKE I I ,JP 1 J • EO. 0 • AND. KE I I , J M1 ) ~ EO'.1 • AND. KElI Pr, J ) • EQ• 1) THE N
IEII,JI=5
IUlIP1,JI=9

.-_1
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IVlI,J)=a
GO TO 2

ENDIF
EDGES=EDGES-l
GO TO 2

G RIGHT HAND 80UNDARYlEASTERN)
52 IFllKElI,JPl).EQ.l.OR.KElI,JMl).EQ.l).AND.KElIMl,J).EQ.0) THEN

IElI,J)=2
IFlKElI,JMl).EO.l) 1V(I,J)=9
EDGES=O
GO TO 2

ENDIF
C UPPER RIGHT HAND CORNERlNORTH EAST)

IFlKE(IPl,J).EQ.D.ANO.KElIMl,J).EQ.l.AND.KEII,JPl).EQ.0
1.AND.KEl1,JMl).EQ.l) THEN

IEl1,J)=6
IUlI,J)=9
IVII,J)=9
EDGES=O
GO TO 2

ENDIF
C LOWER RIGHT HAND CORNERlSOUTH EAST)

IFlKElI,JPl).EQ.l.AND.KElI,JMl).EO.O.AND.KElI~l,J).EQ.1

1.AND.KElIPl,J).EQ.0) THEN
IElI,J)=8
IUlI,J)=a
IVCI,JPl)=9
EDGE S=O
GO TO 2

ENDIF
EDGES=EDGES-l
GO TO 2

eLAND - OUTSIDE MODEL OR ISLAND
53 IFlIUlI,J).EQ.7.0R.IU(I,J).EQ.4) 1E(I,J)=7
.2 CONTINUE
C
C CHANGING KV CODES TO IV CODES AND SETTING COLUMN LIMITS
C

00 3 I=l,M
EDGES=O
IPl=I+l
1Ml=1-1
ILOWER=O
DO 3 J=l,NPl
KVGO=KVlI,J)+l
GO TO l105,110,120,130,IQO) KVGO

C LAND
105 IFlEOGES.EQ.O.AND.IV{I,J).EQ.O) 1VCI,J)=7

GO TO 200
C LAND BOUNDARIES
110 EDGES=EDGES+l

IFlEDGES-2)111,112,200
111 IVlI,J)=l

IFl1LOWER.EO.O) THEN
JBtI)=J
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ILOl-iER=l
ENDIF
GO TO 200

112 IV(!,JI=4
EOGES=C
.JT(I)=J-l
GO TO 200

C SPITS
120 IVII,Jl=10

GO TO ZOO
C VELOCITY GIVEN
130 EDGES=EDGES+l

IFIEDGES-Z)131,132,ZOo
131 IV(I,Jl=3

IF(ILOWER.EQ.o) THEN
JBII)=J
ILOwER=1

ENDIF
GO TO 200

132 IV(I,JI=6
J rt I ) =J-1
EDGES=O
GO TO ZOO

C OPEN RADIATING
140 EDGES=EDGES+1

IF(EDGES-Z)141,142,200
141 IV(I,J)=2

IFCILOWER.EO.O) THEN
JBII)=J
ILOWER=l

ENDIF
GO TO 200

142 IVII,J)=5
JTIT)=J-1
EDGES=O

200 IFIJ.EO.NPl) GO TO 3
JPl=J+l
JMl=J-1
lEG 0 =1 E I I , J I + 1
GO TO 1150,3,3,150,150,6,6,154,4,4) lEGO

150 IFlKEII,J).EQ.O) GO TO 153
EDGES=EDGES+l
IF(EDGES-Zl 151,152,3

CLOWER BOUNDARYlSOUTHERN)
151 IF(lKE(IPl,J)"EQ.l.ORoKE(IMl,J).EQ.1)"ANO.KElI,JP1).EQ.0) THEN

IEII,JI=3 '
IF(KEIIM1,J).EO.l1 IUII,J)=S
IFIILOWER.EQ.O) THEN

JBII)=J
ILOWER=l

ENDIF
GO TO 3

ENOIF
EDGES=EDGES-l
GO TO 3
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C UPPER bOUNOARYtNORTHERN)
152 IFttKEtIPl,J).EO.l.OR.~EtIMl,J).EO.l).AND.KEII,JMl).EO~O)THEN

IE(1,J)=4
IFIKEIIM1,~).EO.1) IUII,J)=9
EDGES=O
JT(l)=J
GO TO 3

ENDIF
EDGES=EDGES-l
GO TO 3

C l~ND - OUTSIDE ~OOEL OR ISLAND
153 IFtIVll,J).EO.4.0R.IVtl,J).EO.7.0R.IUtIPl,J).EC.7.0R.IUl!Pl,J).

lEO.l) IEII,J)=7
154 IFtIUt!,J).NE.7) THEN

IFIILOWER.EQ.O) THEN
.;BIJ)=.J
ILOWER=l

E.LSE
JT(1)=J

ENDIF
ENDIF
GO TO 3

C LOWER CO~NER BOUNDARY
4 EOGES=EDGE5+1

lftILO.ER.EQ.O) THEN
JB (l ) =J
ILOwER=l

E"'DlF
GO TO 3

C UPPER CORNER BOUNDARY
6 EDGES=O

JT(I)=J
3 CONTIl\UE
C

DO 600 J=l,N
IfIIUtMPl,J).NE.7) THEN

JBIMPl)=J
GO TO 601

ENDIF
600 CONTIl\UE
601 DO 602 J=N,J8IMPl)+1.-1

IFIIU(MPl,J).NE.7) THEN
JTIMPl)=J
GO TO 603

ENDIF
f,02 CONT1Pl.UE
603 CONTINUE

RETURN
END
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Appendix 3

Stepping Subroutines VLCA01 and VQCA01

SUBROUTINE VLCAOlIBB,8L,bR,BT,O,DT,DX,Dy,F,G,GU,GV,H,IE~IU,IV,

~JB,JT,M,MP1.~,NPI,~S,R,T,U,V)

oI ME NSION Ii ( M, N) • UIMP 1 f N) , V1M, NPI) , I UIMP I , N) , I V( M, NPI) ,. I E ( M, N)
DI~ENSI0N DIM,N),JBCM PI ) , J T CMP l ) , FAC( 6 )
o I foil ENS 10 I'll GUI ~ PI, N) , GV( ~ , NPI) , BLIN) , BRIN) , BB1M) ,B T( M)

'vLCAOl IS A STEPPING SUBROUTINE FOR SOLVING LINEARIZED
SHALLOw ~ATER EOUATIONS ~ITH LINEAR FRICTION FOR A GRID
SIZE ~X~. A~ ALTERNATING HUV,HVU SCHE~E IS USED.
THE IU,IV,IE GRID IDENTIFICATION SYSTEM IS USED

c
c
c
c
C
c
C
C
C
C
C
C
C
C
C
C
C
C
C
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C

B8 I I )
BLI.;)
BR I J )
BTl I )
Dll,J)
DT
ox
DY
F
G
GUll ,J)
GVlI,J)
HIl,';)
IEII,Jl
IUII,J)
IVII,J)
.JB 11>
.;TII)
1"1

MPI
N
NPI
NS
R
T
UII".Jl
Vll,';)

_ BOTTO~ BOUNDARY VALUE IN COLUMN I
_ LEFT HAND BOUNDARY VALUE IN RO~ .;

RIGHT HAND BOUNDARY VALUE IN ROW J
lOP BOUNDARY VALUE IN COLUMN I
wATER DEPTH AT HtI,J)
TIME STEP
GRIC INTERVAL IN X-OIRECTION
GRID I~TERVAL I~ V-DIRECTION
CORIOlIS COEFFICIENT
ACCELERATION DuE TO GRAVITY
FORCING TERM AT UCI,J)
FORCING TERM AT V(I,J}
SURFACE ElEVATION,ETA
GPID CODE AT H(I,J)
GFIO CODE AT U(I,J)
GRID CODE AT VII,J)
LO~EST J VALUE PROCESSED IN COLUMN I
HIG~ESl J VALUE PROCESSED IN COLUMN r
I\JU~BER OF GRID~ MESHES IN X-OIRECTION
~+1 '
NUMBER OF GRID ~ESHES IN Y DIRECTION
N+l
NU~BER OF T1ME STEP
LINEAR FRICTION COEFFICIENT
TIME
VELCCITV IN X-DIRECTION
VELOCITY I~ V-DIRECTION

no
IS)
11'0
00
(5**-1)
IM/S**Z)
IM/S**Zl
(M/S**Z)
1M)

(S**-l)
IS)
I MIS)
IM/S)

C
FACIIl=DT/(2.*DX)
F~C(2)=Dl/12.*DY)

FAC(3)::G'ltOT/DX
F AC I 4 ):: G* 0 TID Y
FACIS)=F*DT
FAClb)=R*DT
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c
C CALCULATE NEw SURFACE ELEVATlONS
C

00 9 I=l,M
..1Bt-,:=J8tI)
.;TN=.;Tll)
IFtJTN.EQ.O) GO TO 9
IP1=I+l
IMl=I-l
00 9 J::.JBN,JTN
JPl=J+l
..11''\1=..1-1
1EGO=IEf1,..1)+1
GO TO (20,1,2,3,4,4,4,9,3,3) lEGO

20 RH~=O.

IUGO=IUfl,..1)+l
GO TO (27,21,20,26,21,21,21,21,21,21,21) rUGO

26 RHS=R~S-U(I,..1)*2.*Dfl,J)

GO TO 21
27 RHS=RHS-U(I,J)*fD(I~l,J)+D(I,J»

21 IUGO=IU(IPl,J)+l
GO TO 129,22,22,22,22,28,28,22,22,22,22) IUGO

28 RHS=RhS+U(IPl,JI*2.*OfI,J)
60 TO 22

29 RHS=RHS+U(!Pl,J)*(O(I,J)+O(IPl,J»
22 RHS=RHS*FAC(l)

RH=O.
IVbO=IVfI,JPl)+l
GO TO (31,23,23,23,23,30,30,23,23,23,23) IVGO

30 RH::RH+Vfl,JPl'*2.*OfI,.J)
GO TO 23

31 RH=RH+V(I~JPl)*(O(I,JPl)+O(I,J»

23 IVGO::IV(l,JJ+1
GO TO 133,24,32,32,24,24,24,24,24,24,24) IVGO

32 RH=RH-VCl,Jl*2.*O(I,..1)
GO TO 24

33 RH=RH-Vfl,J)*tD(I,J)+DC!,JMl)}
24 RH=RH*FAC(2)

Hf1,..1)::H(I,J)-RHS-RH
GO TO 9

1 HfI,J}=BL(J}
GO T09

2 Hfl,J)=BR(J}
GO TO 9

3 H(l,~)=BB(l)

GO TO 9
4 H(I,J)=Bl(l)
9 CONTlt\UE
C
C AN ALTERNATING UV,VU ORDER OF CA~CU~ATION

,C
MOO=NS-2*CNS/2)
IFCMOD.EQ.O) GO TO 10



12
C
C
(

11G

120
121

122

123
124

140

150

HD

170·
1('0
C

Ie
(

C
C

CONTl!liUf

CALC~LATE U COMPONENT VELOCITIES

DO 10(' I=l,IoIPl
.;BI\I=.;E(I)
JH,::.;T(I)
IF(JT~.EW.O) GO TO 100
IP1=1-+1
IMl=I-1
00 100 J=JfjN,..JTN
JPl=.;-+!
Jt-\l=J-!
IUGO=IU(I,.J)+l
GOT 0 (12 0, 11 C ,140,1 SO, 110,1 7 0 , 160 ,1 00 , 120 ,120 , 110) IU G0

UfI,JI=o.
GO TO 100
IFlIUGO-9) 121,122,123
VVHAT=IVlr,J)+VlI,JP11+VIIM1,J)+V(I~I,JPI»/4.

GO TO 124
VVHAT=(VlI,JPl)+v(I~1,JPl»/2.

GO TO 124
VVHAT=(V(I,J]+V(lMl,J»/2.
UlI,.;)=UII,J)-FAC(3)*(HCI,J)-H(IM1,J»+FAC(Sl.VVHAT-FAC(6)*UII,J)

GO TO 100
U(I,ul=-SORTlG/Oll,J»*HlI,J)
GO TO 100
Ull,J)=f:lLIJ)
GO TO 1[10
UlI,J)=BRI.J)
GO TO 100
U(I,J)=SQRTfG/DlIMl,J»*HCIMI,J)
COt-JT11\UE

IFIMCC.EQ.O) GO TO 11
CONT ll\'UE

CALCULATE V .COflilPONENT VELOCITIES

DO 2DC 1=1,~

JBN=.JBIIl
.;TN=JTIIl+l
IFIJTlIl.EC.O) GO TO 200
IPl=l+l
IMl=I-l
DO ZOC J=JI:3N,JTN
1VGO=IVfl,u}+1
JPl:;J+l
JMl=J-l
GO TO (220,210,240,250,210,270,260,200,220,220,210) IVBD

ZIG VCl,.J)=O.
GO TO 200

220 IFIIVGO-9) 221,222,223

...._ - _._..•.. _ -.
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221 UUHAT:lUtltJ)~U(lPltJ)+UlI,JMl)+U(IPl,JM1»/4.
GO TO 2211

222 UUHAT:tUlIPl,J)+U(IPl,JMl»/2.
GO TO 224

223 UUHAT:tUtI,J)+UfI,JM1»/2.
224 VlI,J)=Vl!,J)-FAC(4)$(HfI,J)-HtI,JMl)-FAC(S).UUHAT-FAC(6)~V(I,J)

GO TO 200
240 V(I,J)=-SORT(G/O(!,J»$HtI,J)

GO TO 200
250 V(I,J)=eBf!)

GO TO 200
260 V(I,J)=STf!)

GO TO 200
270 Vfl,v)=SORTlG/O(l,JMl»*H(I,J~l)

200 CONTINUE
C

IF (MCD.EO.O) GO TO 12
11 CONTINUE
C

RETURt\
END

SUBROlJTINE VOCAOlfBB,Bl.8R,BT,O,DT,OX,OY.F.G,GU,GV,H,I~,lU,IV,

*JB,JT,M,MPl.N,NPl,NS,T,U,UHAT,V,VHAT,XK)

V~CAOI IS A STEPPING SUBROUTINE FOR SOLVJNG LINEARIlEP
SHALLOW WATER EOUATIONS WITHOUADRATIC FRIC110N FOR A
GRID SIZE MXN .. AN ALTERNATING HUV,HVU SCHEME IS USEP.
THE IU,IV,IE GRID IDENTIFrCATION SySTEM IS USED

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

B8fl)
BltJ)
BR(J)
B T (1)

011,.1)
OT
OX
ov
F
G
GlHI,J)
GV(1,J)

- BOtTOM BOUNDARV VAlUE IN COLuMN 1
- lEFT HAND B~UNOARY VALUE IN ROw J

- RIGHT HAND BOUNDARY VALUE IN RO~ J
- TOP SOUNDARY VALUE IN COLUMN I
- wAtER DEPTH AT HfI,J)
- tIMf STEP
- GRID INTERVAL IN X·DIR~CTION

- GRID INTERVAL IN Y-DIRECTION
- CCRIOliS COEFfiCIENT
- ACCELERATIDN DUE ~o 6R~VITY

- FORCING TERM AT U(l~J)

- fORCING TER~ AT V(I,J)

00
( S )
on
(M)

(S$*-1)
IM/S~*2)

(M/SlI'*2)
(M/S**2)



DIMENSION H(M,N),U(MPl,N),VCM,NPl),IUfMPl,N),lVlM,NPl),IE(M,N)
DIMENSION OCM,N),JB(MPl),JTfHP1},UHATCMPl,N),VHAT(M,NPll,FACC6)
DIMENSION GU(MP1,N),GVlM,NPl),BL(N),BR(N),BBCM),BT(M)

FAC(1)=DT/(2~*OX)

FAC(Z)=DT/(2.*OY)
FAC(3)=G*DT/OX
F~C(L+)=G*DT/OY

FACIS)=F*OT
FACC61=2.»XK*OT

c
c
C
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c

hfl".»
IElI,J)
IUII,J)
IVlI,J)
J8(1)
.;Tll)
~

MPI
N

NPI
/Ii5
1
U f 1 ".J)

U..,ATlI, .. )
V(I,J)
V~'ATlI, .. )
XJo<
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- SURFACE ELEVATION,ETA
- GRIC CODE AT HII,J)
- GRID CODE AT UCI,J)
- GRID CODE AT VlI,J)
_ La. EST J VALUE PROCESSED IN COLUMN I
_ HIG~EST J VALUE PROCESSED iN COLU~N 1
_ ~UMeER OF GRID ~ES~ES IN X-DIRECTION
- M+l
_ NUM8ER OF GRID MESHES IN Y DIRECTION
- N+l
- NUMBER OF TIME STEP
- TIMe
- VELOCITY IN X-OIRECTION
_ SPACE-AVERAGED U-VElOCITY AT VII~J)

- VELOCITY IN Y-DIRECTION
_ SPACE-AVERAGED V-VELOCITY AT UlI,J).
_ OUAoR~TIC FRICTION COEFFICIENT,K

1M)

( S )
(MIS)
(MIS)
(MIS)
(MIS)

C
C CALCULATE NEW SURFACE ELEVATIONS
C

00 9 1=1,1-1
JBN=JEl(I)
.;TN=JT(I)
IF(JT~.EO.O) GO TO 9
IPl=I+1
IMl=I-l
00 9 ... =JBN,JTN
JPl=J·q
JMl=J-l
IEGO=IEll,J)+1
GO TO 120,1,2,3,4,4,4,9,3,3) lEGO

20 RHS=O.
IUGO=ILJ{I,J)+1
GO TO (27,21,26,26,21,21,21,21,21,21,21) IUGO

2f: RHS=RI-S-UII,J)*2.*DII,JJ
GO TO 21 -.

27 RHS=RI-S-UfI,J}*IDlIM1,J)+C~I,J)
2k IUGO=IUIIP1,JI+1

bOT 0 (29,. 2 2 , 22 ,22 , 22 ,28 , 28 , 22 ,22 ,22 ,22) lUG a
28 RHS=RHS+UIIPl,J)*2.*O(l,J}

GO 10 22
29 RHS=RI-S+UIIPl,J)Jj<IDII,J)+D(IPl,JI}

- --_.-- ----.--- ----- ----------- --



22

30

31
23

32

33
21.1

1

2

3

4
9
C
C
C

12
C
C
C

110

120

121
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RH5=Rl-'S*FACCl)
RH:O.
IVGO=IVfl,.;Pl)+l
GO TO (31,23,23,23,23,30,30,23,23,23,23) IVGO
RH:RH+VfI,J Pl).2.*DfI,J)
GO TO 23
RH:RH+vII,JP1'*fDfl,JP1)+DfI,J»
IVGO::IVfl,J)+l
GO TO 133,24,32,32,24,24,24,24,24,24,24) IVGO
RH::RH-Vfl,JJ*2.*Ofl,J)
GO TO 24
RH::RH-Vll,J>.fDfl,J)+DII,JMl»
RH::RH*FAC(2)
Hfl,J)=HII,J)-RHS-RH
GO TO 9
Hfl,J)=BLfJ)
GO TO 9
HCI,J)::BRfJ)
GO TO 9
HCI,J)=BBfI)
GO TO <)I

Hll,J)::rHfll
CONTINUE

AN ALTERNATING UV,VU ORDER OF CALCULATION

MOO=NS-Z*fNS/Z>
IF(MOO.EQ.O) GO TO 10
CONTINUE

CAlCUL~TE U COMPONENl VELOCITIES

DO IOC I=1,MP1
JBN=JB(l>
JTN=Jl(I)
IFIJTN.EQ.O) GO TO 100
IPl=r,+!
1Ml=1-1
DO 100 J=JBN,JTN
JPl=J+l
JMl=J-l
IUGO=JUfl,J)+l
GO TO fl20,110,140,150,110,170,lbO,lnO,12D,120,110) IUGO
U« 1,,,Jl::O.
GO TO 100
oEN OM =1 • 0 + FA C«6 ) *- SQRT f Uf I ,J ) *'* 2 + VHAT ( I ,J ) '* '* 2 ) I ( 0 ( I , J ) + 0 (l M1 , J ) )
ELEV=FAC(3l*(H(I,J)-HtIMl,J»
IF(MOO.NE.O) THE~

UtI,J)=fU(I,J)+FAC(S)*VHATtI.~)p£LEV+GU(I,J)*DT)/OENOM

EL5E
IFIIUGO-9) 121,122,123
VVI-: AT=f V( 1 , J ) + V ( 1 t J PI) +V f 1M 1 "J ).+ V (1 M1 , J PI» /4 •
GO TO 124
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122 VVrAT=(V{I,~Pl)+V{IMl,JP1»/2.

GO TO 124
123 VVrAT=IVII,~)+V(IM1,J»/2.
124 UII,J)=IUII,JI+FACISI*VVHAT-ELEV+GUII,J)*OT)JOENOM

VHATII,J)=VVHAT
(NOIF
GO TO lOG

14U UIl,J)=-SORTIG/OII,J»*HII,J)
GO TO 100

150 U(I,~)=BL{J)

GO TO 100
.160 UII,J)=BR(~)

GO TO 100
170 U(I,J)=SORT{G/OCIMl,J»*HCI~l,~)

100 CONTIIIJUE
C

IF(~O[.EO.Dl GO TO 11
10 CONTINUE
C
C CALCULATE V CO~PONENT VELOCITIES
C

DO 20e 1=1,,",,
J8N=~BII)

JTN=~T(I)+l

IFtJTII).EQ.O) GO TO 200
IPl=l+l
IMl=l-1
00 200 J=JBN,JTN
IVGO=IVCI,J)+l
JPl=J+l
~M1=J-l
GO TO (220,210,240,250,210,270,260,200,220,220,210) IVGO

210 Vfl,~)=C.

GO TO 200
220 DENOM=1.0+FACI6hSQRT(VCl,J)**2+UHATII,J)**Z)/IOII,J)+DIl,JMl»

ELEV=FAClq)*IHII,J)-HC1,J~1»

IF(MOO.EO.O) THEN
V(I,JJ=tVII,J)-FACIS)*UHATII,J)-ELEV+DT*GV(I,J»/OENOM

ELSE
IfCIVGO-9) 221,222,223

221 UUhAT=CUCI,J)+UCIPI,J)+UII,JMl)+UCIPl,JMl»/4.
GO 10 224

222 UU~AT=«UCIPl,J)+U(IPltJHl)/2.

GO TO 224
223 UUhAT=CUfl,J)+UlI,~Ml»/2.
224 V(I,Jl=lVtI,J)-FAC(S)*UUHAT-ELEV+DT*GV(I,J»/DENOM

UHATCI,J)=UUHAT
ENDIF
GO TO 200

240 vII,J)=-SORTlG/O(I,J»qH(I,J)
GO TO 200

250 VII,J)=BBCI)
GO TO 200
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260 Vll,J)=BT(I)
GO TO 200

210 VlI,J)=SQRTfG/OCl,JMl)}*HCI,JMl)
200 CONTlt-iUE
C

IF CMOD.EO.O) GO TO 12
11 CONTlf>.IUE:
C

IFlMOU.EQ.O) THEN
DO 40 I=I,~

IPl=I+l
JBI\=JBCI)
JTf\=JTCI)
IFC·JTN.EO.C) GO TO 40
DO 40 J =.JB~ , J 1 N
IVGO=IVCl,J)+l
GO TO 141,40,40,40.40,_0,40,40,42,43,40) IVGO

41 ~Ml=J-l

UHAT(1,J)=fU(I,J)+UtIPl,J)+U(I,JMl)+UtIP1,JMl»/4.
GO TO 40

42 UHATtI,J)=(U(IPl,J)+U(!Pl,J-l»/2.,
GO TO 40

43 UHATCI,J)=CUfI,J)+Ut!,J-l»/2.
40 CONTINUE

ELSE
00 50 1=1,1'1
IMl=I-1
JBN=JB(I>
JTN=JTI!)
If(JTN.EO.O) 60 TO 50
DO 50 J=JBN,JTN
IU60=IUtI,J)+1
GO TO CSl,SO,SD,50,50,50,SO,50,S2,53,50J IUGO

.51 JPl=J+l
VHATtl,J)=(¥fI,J)+VC1,JPl)+VClMl,J)+VlIMl,JP1»)/4.
GO TO 50

52 JPl=J+l
VHAT(I,J)=tVCI,JPl)+VCIMl,JPl»/2.
GO TO 50

53 VHATCI,J)=CVCl,J)+VtIMl,J»/2.
sn CONTINUE

ENDIF
c

RETURN
END
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Appendix 4

Program and Results for Sample Model

( M )

(S)

1M)
( M )

(5**-1)
(M/S**2)
(M/S>;<*2)
(M/S>;<*2)
( M )

(RAD/S)
r s r
( MI S )
1M1 S)
(MIS)
fM IS)

ARE SUPPLIED ~y USER
APE SUPPLIED bY USER VIA UFORCE

_ bOTTu~ BOUNDARY VALUE IN COLuMN I
_ LEFT HAND BOUNDARY VALUF IN ROW J
_ RIGHT HAND BOUNDARY vALUE IN POW J
_ TOP bOUNDARY VALUE IN COLUMN I

wATER DEPTH AT HII,Jl
- TIME STEP

GRID I~TlRVAL IN X-DIRECTION
GRID INTERVAL IN V-DIRECTION
CO~IOLIS COEFFICIENT
ACC~L~RATION DUE TO GRAVITY
FGPCING TERM AT u(I,J)
FORCING TfRM AT V(I,J)
SU~FACE ELEVATION,ETA
iNTERMEDIATE CODE AT HtI,J)
INTERMEDIATE CODE AT UII,J)
INTfRMEOIATE CODE AT VII,J)
LOwE~T J VALUE PROCESSED IN COLUMN I
HI GHE S T J V/l L1JE. PROCE. SSE 0 INC 0 LUMN I
PPI~APY CODE AT HII,J)
PRl~ARY COUE AT UII,~)

PRIMARy CODE AT VII,.J)
NUM8ER OF GRID MESHES IN X-OIRECTrON
!"I+ 1
I~ UMB EP 0 F GPI 0 ME SHE S ~ N Y 0 IRE CTI 0 N
N+l
NUMRER OF TIME STEP
~UM8EP OF STEPS PER CYCLE
TIuAL FREOUENCY
TT~I,f

vELOCITY IN X-DIRECTION
SPAC~-AVERAGED U-VELOCITY AT VII,J)
VELOCITY IN Y-DIRECTION
SPACE-AVEPAGEn V-VELOCITY AT U(ItJ)
~UAORATIC FRICTION COEFFICIENT,K

VALLiFS PRECEDlD RY *
VALUFS pRECEDED RY **

MODEL VAPI~BLES AND PAPA~ETERS

*N
NPI
f\iS

*'I\,SPC
*Ui"lGA

T
utI,Jl
U~ATII,J)

v r i , •.!>
VHATII,J)

*X~

CGNTRuL PARAMETEPS FO~ PUN

c

c
c
c
C
c
C 'f*bf=;,ll)
C >;<#8LlJl
C '~,*bR 1.J)

C **oTIIl
*Oll,J)

DT
*ux

·*DY
*F
>;oG

>;<*l?!.J(I,Jl
",,*GVll,J)

hll,J)
IflI,JI
1 U I I , J )
IV(I,J)
.JP I 1 1
JI ( I I

*/'I[(I,JI
*KUII,J)
*KVII,JI
*1"1

J",p 1

C DRIVER FUP SA~PLt MODEL IN SECTION 1U OF R~PORT 1.
e uSES QUADRATIC FPTCTION STEPPING 5UPRouTINl VQCAOI
C ALSO SUPROUTINES PRT8,PRINT LISTED BELOW.
C uSEP MuST P~(OVIDE SUERUIJTINE UFORCE (EXAMPLE
C dELOwl T0 SUPPLY ~ORCING A~D ROUNDARY VALUES.

C

c
c
c
c
c
c
c
c
c
C

c
C
C
C
C
C

c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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I/O UNIT NUfv1REPS

DIMENSION
011"1[1'15101\1
DIMENSION
DIMENSION
OH'lfNSION
01!",ENSION

HI7,t),
KEI7,t),
lEI7,5),
017,5),

U(8,Sl, v t t , e :
~U(S,S), KV(7,61
IU(S,5), IVI7,6)

UHAT(8,5),VHAT(7,bl
GU(b,5), GV17,b)

J818I,JT(8),bRt7),8TI71,bRIS),HLI5)

- .Fo.U READ PRl~~RY CODES FROM uNIT NO. KEUvD
.NE.D READ INTERMEDIATE CODES FROM UNIT NO. IEUV~

- .FO.O ZERO INITIAL CONDITIONS
.FQ.l READ RESTART DATA FROM UNIT NO. INPT
.FO.2 READ RESTART DATA FROM UNIT NO. INPT

AND RESET T=O , Ns=n
- NO. OF STEPS IN THIS RUN
- NO. OF STEP IN THIS RUN AT WHICH OUTPUT bEGINS
- STaRt RESTART DATA ON uNIT NO. lOUT

EVERY NPT STEPS FOR NPT.GF.NLPST
- RECORD NO. OF RESTART DATA ON UNIT NO. INPi

-'U!\IIT NO. FOR FHE wITH IE,IU,III,JP,JT,O
- UNIT NO. FOP FILE wITH KE,KU,KV,U
- UNIT NO. FOP IMPUT OF RESTART DATA
- UNIT NO. FOP OuTPUT OF RESTART nATA
- UNIT NO. FOR LINEPRINTER OR EQUIVALENT
- UNIT NO. FOR CARDREADER OR EQUIVALENT

*IRSH:T

*ICUDt.S

*NCT
*NLPST
*l\;PT

~lEuVu

*KEUVO
lI<lNPT
*IOUT
*ILINE
*lREAO

c
c
c
c
c
c
c
c
c
c
c
c
c
c
C
c
c
c
C
C
C
C

C
H'EAO=5
READIIREAO,121IINPT
REAOIIREAD,121)IOUT
READtIREAD,12111LINE
REAOCIREAD,121IIEUVO
REAOtIREAD,121IKEUiJO
PEADtIRFAD,121IICODES
REAOtIREAD,121IIRSTRT
REAOtIREAD,121lNCT
REAOtIREAD,121lNPT
REAOtIREAO,121lNLP~T

REAOIIFEAD,121INREC
REAOIIREAD,121INSPC
READ lIREAD, 121 Hoi
READIIREAD,121)N
RfAOtIREAD,122)DX
REAOIIREAO,12Z}OY
READIIRE.AD,122lF
READtIREAO,122IG
REAO(IREAO,1~2)OMEbA

READIIREAn,122)X~

171 FORMATII5)
122 FORMATtF15.PI

MPl=M+l
NP1=I\I+l
PI=3.141S9265
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wPITllILIN~tIO~l ~,N,DT,Oy,Oy,G,F,XK,OMEGA,NCT
FOk~AT( 'IND. OF ~FSHES I~ X-DIRECTION =',IS/IX,

t~iO. Or MESHeS I~ Y-OlkECTION =',IS/IX,
'TIMe STEP = ',F14.6/,IX,
'GRID INTERVAL I~ X-OIR (M) = ',F9.2/,lX,
'GRID l~TERVAL IN Y-DIR (~l = ',F9.Z/,lX,
'ACCELERATION DUE TO GRAVITY = ',F9.5/,lX,
'CGP10LIS COEFFICIENT = ',E12.4/,lX,
'cuADRATIC FRICTION COEFFICIENT = ',EIZ.4/,lX,
, TIDAL FPEQuFNCY = ',Els.a/,IX,
'NUM8ER OF TIME. STEPS IN THIS RU~ = ',IR/)

c
IFllCODES.EO.D) THEN

c
C READ GRID CODES FRU~ UNIT RKEUVD

C
REAU(KFUVD,lll) ((~E(l,J) ,I=l,M),J=N,l,-l)
REAO(KJ:UVD,llC) l(KU(I,J),I=l,MPl),J=N,l,-l)
P. E. IJ. D ( K F- Uv[j , 1 11 I 1 I K V ( 1 , J ) ,I =1 , MI ,..J =NPI, 1 , - 1 )
PEAu(hFUVU,lIZI (IO(I,JI,I=l,MI,J=N,l,-l)

CALL CLOSE(KEUVD,l)
110 FOPMAT(oI2)
III FOPMATI7I~)

112 FOPMAT(7F6.G)
CALL PPTlD,lLINE,KE,~U,KVtM,MPl,N,NPl)

c
C CALL sUeROuTINE TO CONVERT PRIMARY CODES TO INTERMEDIATE CODES

C

wRIIE llE~VD)lUrIVrlf,Jti,JT,O

CALL CLOSE (IEUVO,IJ
Wh'ITE (ILINE, 130)
CALL PRTBID.ILI~EIIE,lU.IV,~B,JT,M.MP1,N,NPI)

\dn TE (ILINE, lzq)

c
c
C ~RITl INTER~EDIATF CONDITIONS ON UNIT # IEUVD

C

l.
EL.SE

READIIEUVOl IU,lV,IE,JB,JT,D
CALL CLUSE IIEUVD,l)
~RITEI ILI~E,1311IEUUO
CALL PPTPIO,ILINF,ll,lU,IV,JB,JT,M,MPl,N,NP11

£~\iDlF

LFIIRSTRT.fO.OJ THEN

C
C ZEP0 l~lTIAL CONCITIONS
C

c
( READ INTERMEDIATE D~TA ON ~NIT # IEUVD
C

C! li 1 I:: 1 , t4
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fI(ll J=l,(\i
h(I,J,=IJ.
UII,Jl=LJ.
VI I, J l =U.
UHATll,J}=n.
VHATl1,J)::O.

1 CONTINUE
DO i 1=1,1"
VII,NPll=U.
VHAT II,NPl )=0.

2 CO~TINUE

00 i J=l,N
UpAPl,J)=O.
UHAT(M P 1 , ..J I =O.

3 CONTINUE
1'-,1 SO =0
wRITE I ILlt,,[ ,142)

ELSE
c
C NON-ZERO INITIAL CONOITIONS AVAILAbLE
C
C READ INITIAL CONDITIONS ON UNIT NO. INPT
C

DO 10 J=I,NREC
READlINPT} h,U,V,NSO,1

10 CONTINUE
CALL CLOSE (INPT,l)

C FOLLOWING DUM~Y STEP WITH UT=O INITIALIZES UHAT.VHAT
CALL UFOPCEIBb,bl,8R,eT,GU,GV,M,MPl,N,NPl,T/
CALL VCCAUlI8b,8L,8R,~T,D,O.,DX,DY,F.G.GU,GV,H,IE,IU,lV,

1 Jb,JT,M,~Pl,N,NPl,NSO,T,U,UHAT,v,VHAT,XKI

rFIIRSTRT.fu.2) THE~

NSO=U
1::U.

Et\lO IF
WRITEIILINE,141l NSU,T
CALL PRINT(H~lLINE,IE,Iu,IV,M,MP1fN,NPl,U,V}

ENLJIF
C
12Y FORMATI'l')
130 FORMAT(I/'lI~TERMEDIATE CONDITld~S 6FrE~ SUbFOUTINt BlGAD!'//)
131 FORMAT(I/'lI~TERMEDIATE CO~DITIONS READ FROM UNIT ~',Ib/I)

C

c
C MAIN COMPUTING LOOP
C
20 T:::'f'IIS~[)T

C
CALL UFORClfbE,RL,KP,RT,GU,GV,M,MPl,~,NPl,T)

CAL L V(;CAP 1 f b B , RL ,f1 h' , F\ T , L , lJT , [1 X, UY, F , G, GW, b V , H , IE., III , I V,
lJR.JT,~,MPl.N,NPl,NS,T,U,UHAT,V,vHA1,XK)

c
C PRI~TOUT A~O SAVING OF VALuES ON UNIT ~ lOUT
C
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~.NS=l\is-r"Sr)

IF(N~S.Gl.i~LPST) THlN
NI\i S S=I\i t\1 S - f', LPST
MOC=NNSS - (NNSS II'JPl l ¥~jpT

IF(~OD.EC.Ol THEN
wRITl(lLIN~,14U)NNS, NS,l
iN R,I T E. I IOU T I H, U , v , NS , T
CALL PRINTIH,ILINE,IE,IU,IV,M,MPI,N,NP1,U,Vl

f f\dJ 1 F

lNCIF'
C
140 FOPMAT(I/' STEP NO.ITHIS RUNl=',18/' CUMULATIVE STEP NO. =·,18/

l' TIME SINCE T=r IN SECONDS lS',t20.6l
141 FO~MATIII' STfP NO.IRfSTAPT)=',I8/' TIME SINCE T=O IN SECONDS IS'

..;t1:.2U.o)
1~2 FOpMAll II' ZlPO INITIAL CONDITIONS')

C.
1\15="1$+1
IFINS-NSO.LF.NCTl GO TO 20

LNG

c.

c

UIMENSIO~ KUIMpl,NI,KV(M,NPlJ,KE(M,NJ
DIME~SIO~ 08l MPll ,JT(MPl),DIM,N)

wPIH.llLINE,l)
wPITEIILINE,Zl 108(1),1=1,MPll
wRITEIILlI\iE,3l
~PITEIILINE.,2l IJT(Il,l=l,MPll
FOk~ATI/' LOwER bOUNDS FOR EACH COLUMN - JB'/)

S F0RMATIII' uPPl:.q hUUNDS FOR EACH COLUMN - JT'/)
2 FORMAlI2GI411)

ENTqy PRT(U,lLINE,KE,~U,KV,M,MPl,N,~Pll

\II R1 TE ( I L I ~,! r ,In I
IN R1 TE I I L 11\! £ , 11 ) ( 0 , I D I I t J ) ,I =1 , M) , J =N , 1 , - 1 )

wp .iT E Cl L I Nt. , 1 6 l
WPIT E. I ILl NE , 1 5 ) ( .J , IKE ( 1 , -J ) , 1=1 ,M) ,J=N , 1 ,- 1 )

.. 1:<lTE.IILINE,121
wPIT Ell LI ~! E , I 3 l ( J, (K U( I , -.J ) , I =1 , MP 1 ),. J =I\i , 1 , - 1 }
W1';' 1 TE.l I LI "J~ , 1 4 l
wr~ IT E ( 1 L 1 T\' E , 15 ) ( ,j , ( KV( 1 , .J l , I =I , M) ,J =NPI, 1 , - 1 )

C
1[-

17
14
H,
11
13
is

FOki"lATIII15X,' fll::PTHS'I' J'}
FOkMAT(lllS~,' U VELOCITY CODE'!'
Fnp~AT(1115X,' V VELOCITY COOE'I'
FOkMAT(/ll~Y,' ELEvATION CuOE'l'
F0RMATIIX,12,IGY,7F5.0J
FOk MATIIX,l2,IUX,RI4)

FORMA TIIX,12,lOX,7I41

RE TURN

ENO

J ' l
J' )

J' )
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c
DIMENSION HIM,N),UIMP1,N},VI~,NPl),IEIM,N},IUIMPl,N),IV(M,NP1)

CHARACTER L!NE.l~(10}

C
wRITElILINE,l )

1 FORMAT\/' SURFAC[ ELEVATION')
UO 10 J=N,l,-l
00 11 l=l,~i

IF(IEII"J).E(;I.7l THEN
LI ~E ( 1) ='

ELSE
ENCODE.t12,10n,LINEII)} H(I,J)

Et\IDI F
11 CONTINUE

wRIT[IILINE,110l (LINEIV),K=l,H)
10 CONTINUE
C
100 FOkMAT(F12.7)
110 FORMATII0A12)
111 FOR~AT( 1UA1Z)
C

wRIT((ILINE"d
2 FORMATI/' u VELOCITY CO~PONENT')

00 2D ..;:::1\1,1,-1
DO 21 l=l,MPl
IF(IUII,..;).EQ.7) THEN

LINElll='
ELSE

ENCODEI12,lDO,LINEIIl) UtI,.Jl
ENUTF

21 CONTINliE
wR1 T El 1 L IN E , 1 11 I I LIN E ( K ) , K=1 , MPI)

20 CONTINUE
C

I

I I

3

3l

3[
C

WRITE.IILINE,3)
POR~Al(/' V VELOCITY COMPONENT')
UO 30 J=NPltl,-l
00 31 l=l,MPl
IF<!v(I,JLFt;l.7l THEN

LINE.lll='
ELSE

ENe 0 IJE ( I? , 1 U0 , LI f\,: E ( I 1) V( I , J )

ENDIF
CONTJNUE
wRIT[IILINE,llOI (LINEIKl,~=l,M)

CONTINUE

RETURN
ENU
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DIMENSION GUI~Pl,Nl,GVIM,NPll,BBIMI,BTIMI,BL(N),BRINI

OM=1.4052E-4
DX=6000.
DV=5000.
Cl=-3.76E-4
C2=2.17[-4
C3=4.78[-7
C4=-2.76E-7
C3DX=C3'~DX

C40Y=C4'~DY

OMT=OM*T
DO 100 I=I,t-",Pl
DO 100 J=l,N
ARG=OMT+C3DX*II-11+C4DV*CJ-O.5)
IFIARG.LE.O.IGUII,JI=C.
IFIARG.GT.O.)GUCI,JI=Cl*SINIARG)

100 CONTINUE
DO 101 I=l,M
DO 101 J=l,NPl
ARG=OMT+C3DX*II-0.SI+C4DV*IJ-ll
I F I ARG• LE .0 • I GV I I , J I =0 •
IFIARG.GT.O.IGVCI,JI=C2*SINIARGI

101 CONTINUE
SOMT=SINIOMT)
ElL 11 1=0.21,;rSO~T

BLIZI=C.2?*SOMT
BLI31=O.23*SOMT
ARG=OMT-O.135
IFIARG.LE.O.)BR(21=O.
IFIARG.GT.0.IBRI21=O.SS*SINIARGI
ARG=OMT-O.138
IFIARG.LE.O.)BRC31=O.
IFIARG.GT.O.IBRC31=O.89*SINIARGI
ARG=OMT-O.140
IF 1 f1 RG• L E .0 • ) 8 R ( 4 I =0 •
IFIARG.GT.O.IBR(41=O.90*SIN(ARG)
APG=OMT-O .077
IFIARG.LE.O.188141=0.
IFCARG~GT.O.)BBI41=O.12*SIN(ARGI

ARG=OMT-O.096
I F ( ARG• L E • 0 • ) BB ( 5 1=0 •
IFIARG.GT.O. )BBISI=O.13*SIN(ARG)
RETURN
E"JD

SUBROUTINE UFORCEIBB,BL,BR,BT,GU,GV,M,MP1,N,NP1,TI

c
C COMPUTES FORCING TERMS AND BOUNDARY VALUES FOR SAMPLE
e MODEL IN REPORT I.
c

i '
I

.. ~., '. ,• ., • " .,.__ "...,._._.,~..,....~ ",,_.,_,,-e"""-"""'-''':-'-'~''''---'''. .,.'-'. . •.• _ .. - •. ,.,-..•... -- '_'_"__~ '_"""'~"_:_',"" __-'-C--"""-'~-'-'-
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Output from Sample Model

NO. OF MESHES IN X-DIRECTION - 7
NO. OF MESHES IN Y-DIRECTION - 5
TIME STEP = 46.001867
GRID INTERVAL IN X-DIR (M) = 6000.00
GRID INTERVAL IN V-DIR (M) = 5000.00
ACCELERATION DUE TO GRAVITY = 9.81000
COR rOLlS COEFFICIENT = .1700-003
QUlOR·ATIC FRICTION COEFFICIENT = .2500-002
NUMBER OF TIME STEPS IN THIS RUN = 23

DEPTHS
J
5 o. o. o • 167. 165. a • o•
4 o. o. 111. 155. 164. 156. 153.
3 172. 174. 161. 145. 156. 145. 148.
2 1 :. 1 • 162. 150. 123. 125. 132. 130.
1 120. 91. 83. 90. 95. o. '0.

ELEVATION CODE
J
5 0 0 0 0 0 0 0
4 0 0 0 0 0 0 1
3 0 0 0 a 0 a 1
2 0 a 0 0 0 0 1
1 0 0 0 0 0 0 0

U VELOCITY CODE
J
5 0 0 0 1 0 1 0 0
4 a a 1 0 0 0 0 0
3 3 0 0 0 0 0 0 0
2 3 0 0 0 0 0 0 0
1 3 0 0 0 0 1 0 0

V VELOCITY CODE
J
6 0 0 0 4 4 0 0
5 0 0 1 0 0 1 1
4 1 1 0 0 0 0 0
3 0 0 0 0 0 0 0,
2 0 2 0 a 0 1 1
1 1 1 1 3 3 0 0
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IN1ERMfDIATE CONDITIONS AF1ER SUBROUTINE BICADl

LOWER BOUNDS FOR EACH COLUMN - JB

1 1 1 1 1 1
., 0L

UPPER 80Ul\iCS FOR E~CH COLUI'iN - JT

:3 3 1.1 5 I: 5 1.1 0...;

ELEVATIOfll CODE

J
5 7 7 7 o 0 7 7

1.1 7 7 0 0 0 0 2

3 0 G 0 0 0 0 2

2 0 0 0 0 0 0 2

1 0 0 0 0 0 7 7

U VELOCITY CODE

J
,

5 7 7 7 1 0 ~ 7 7

4 7 7 1 0 0 0 0 7

3 3 0 0 0 0 0 0 7

2 3 0 0 0 0 0 0 7

1 3 0 0 a 0 4 7 7

V VELOCITY CODE

J
6 7 7 7 5 5 7 7

5 7 7 4 0 0 4 4

4 4 4 0 0 0 0 9

3 0 0 0 0 0 0 9

2 0 10 0 0 0 1 1

1 1 1 1 3 3 7 7



Output from Sample Model

STEP ND.iTBlSRUN)= 22
CU~ULATIVE STEP NO. = 22
TI~E SINCE 1=0 IN SECONDS IS .101201.j+004

SURFACE ELEVATION
.0627580 .0328530

.1084765 .0634346 .0326364 .0189228 .0019908
.2050225 .15 zu7 2 6 .1011221 .0568959 .0235198 .OO1l.i186 .0037487
.1907428 .1372952 .0891075 .0458161 .0092818 -.0049634 .0063Q6S
..1780325 .12e7519 •. 0796102 .0365285 -.0077946 O'l

co
U VELOCITY CnMPONEN1

.0000000 -.0079399 .0000000
.0000000 .0011358 -.0115892 -.0212206 -.0215388

.0325986 .021LJ209 .0134374 .0010636 -.0122066 -.0265824 -.0319199

.0311813 .0203030 .0122392 .0007600 -.0117181 -.0312812 -.Ol.l40566

.0297640 .0232174 .[0960I.jO -.0002465 -.00LJ5940 .0000000

V VELOCITY COMPONE~T

.0152106 .0080106
.0000000 .0131870 .0177976 .0000000 .O[][JOOO[l

.0000000 .ooouoeo .0071921 .00768~8 .0086621 .0080533 .0208639
-.C0277SP -.0006540 .OC13311 .0020851 .0017138 .007Lt246 .02111.105
-.(;033964 • (OCOOOO -.0021981 -.0005406 -.0089424 .0000000 .0000000

.OOOOOOD .CODODOO .oeooooo .0078199 .0060051.1





70

Amplitude and Phase of Constituent with Frequency

UJ :: 1.4052.10- 4 5- 1, during 11th Cycle of Sample Model

SliPFACE ELEVATION - AMPLITUDE (M )

1.7350 1.5325
1.81.j·98 1.6320 1.4203 1 ..1827 .9000

2 •.2125 1.9810 1.7538 1.5353 1.3196 1.1014 .8900
2.1161.f 1.8856 1.6580 1 ..4368 1.2223 1.0217 .8800
2 • .0197 1.7898 1.5591 1 .. 33142 1.1146

SURFACE ELEVATIO.N - PHASE (RAD.)
- ..0534 -.0618

-.0209 -.0399 -.O52~ -.0661 -.1400
.0092 -.[;001 -.0146 -.031Lf -.0481 -.U745 -.1380
.0098 -.0000 -.01.1 7 -.0251.j -.0409 -.U665 -.1350
.0112 .0032 -.0099 -.0206 -.0322

U VELOCITY - AMPLITUDE ( M'I·$)

.0000 .0289 .0000
.0000 .2746 .09I.1R .3158 .8-959

.2300 .2396 .2774 .2122 .0661 .1154 .4275
,1

.2200 .2350 .2058 .15q3 .0785 .25ltO .9498

.2100 .1897 .2307 .1094 .0554 .0000

U VELOCITY - PHASE (R.aO.)
.0000 -1.8153 .0000

.0000 -.2158 -1.1724 -1 ..9159 -1.3335
.0000 - ..0720 -.1378 -.}925 .... 5822 -2.7679 '""'2.9187,
.0000 -.0671.1 .... 0728' -.0424 .5198 1.5557 1.p-Ob3
.0000 .0053 -.0699 -01001 .0765 .0000

V VELOCITY - AMPLITUDE ( M )

.4205 .3737
.0000 .4318 .3804 .0000 .0000

.0000 .0000 .2221 ..3041 .3162 05500 1.,55 b 6

.0108 •. 0247 .1182 .1962 .2459 •.5578' 1.5948

.0339 .oouo .0769 .1373 01510 ..0000 .,0 Q00

.0000 .0000 .0000 .1200 01300

V VELOCITy - PHASE (RAD.)
-.0534 -.0618

.0000 - •.u923 .0183 .0000 .0000
.0000 .0000 -.1736 -.2291 -.5365 -1.04&8 -1.09711

-.5'647 -.3')45 -.2107 -.3358 -.837'4
.,-.:\

... 1.•.;5184 -1.56'b4
-.3342 .0000 -.1655 -.198Lf -.0989 .0000 ,.0000

.0000 .onoo .0000 -.0770 - ..U960
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