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A. Introduction

More than two decades have passed aince the first primitive
equation, 3-dimensicnal numerical ocean model was coded for- use in
studying the most basic aapects of large-scale, baroclinic ocean
circulation (Bryan and Cox, 1967). A deacription of the physics and
numerics involved wasa published by Bryan (1969). In this model the
prediction of currente ia carried cut using the Navier-Stokes equa-
tions with three basic assumptionas. The Boussinesq approximation is
adopted, in which denaity differences are neglected except in the
buoyancy term. The hydromtatic assumption is made in which local ac-
caeleration and other terms of equal order are eliminated from the
equation of vertical motion. And, lastly, closure is attained by
adopting the turbulent viscoasity hypotheaia in which stressea exerted
by scales of motion tco small to be resolved by the grid are repre-
sented as an enhanced molecular mixing. The temperature and salinity
are calculated uasing conservation egquations, again utilizing a turbu-
lent mixing hypothesis for closure. The equations are linked by a
aimplified equation of state.

Several technigques are used for the purpose of computational ef-
ficliency. High speed, external gravity waves are eliminated by the
"rigid-lid" approximation, and a LaPlacian equation ia sclved for the
non-divergent, vartically averaged flow. The next moat seriocua time-
atep limitation, the half pendulum day constraint associated with in-
ertia-gravity waves, is overcome by a semi-implicit treatment of the
Coriolia term.

Conajiderable improvement was made to the structure of the FORTRAN
code of thig model by Semtner (1974) who, at the same time, added var-
ious features to the mathematical formulation, chief of which was the
use of "hole relaxation' (Takano, 1974) in the solution of the exter-
nal mode for a model with islanda. Thia version of the model haa been
adopted by many investigators and has seen conaiderable use for a num-
ber cof vears in the ocean modelling work at GFDL. During this time,
as vector processing machines became more demanding of suitable FOR-
TRAN satructure, significant changes have been made to the code for
efficiency purposes. It has also been generalized in several ways,
among which is the incorporation of variable grid sapacing in the hor-
izontal, and an arbitrary number of tracer prognostic variablea. The
relaxation code for the solution of the external mode hae been rede-
signed, and a bhetier technique for establishing the initial guess has
reduced the sascana-to-convergence considersbly.

While many alterations have been made to the original Semtner
code, anyone who is familiar with that code will note that the basic
atructure remains the same, It is the goal hare to provide isprove-
nents while retaining as much continuity with the former version as
possible.

- Al - . 8/30/84



The present code was optimized primarily for the CYBER 205 &
tem. This machine yields a great payoff in execution apeed for la
vector lengths, and the basic deslgn philcosophy hez been to prod
long vectors to the greatest degres poasible. At th: same time, r
sonably good efficiency should be realized on virtuxlly any machi
and this conaideration has been made in the deaign as well.

Two objectives have been sought in designiny the code for
cutside of GFDL. Firat, it has been made universal :o some degreea,
the use of optional code lines. Secondly, it has. baen given the [
8ibility of future expanaion and improvement by .incorporating 1
sequence numbers. A separate, FORTRAN coded updat:ing utility is
vided to carry out thesae operaticna (see section H).

In the interests of the greater ocean modelling community, it
our wish that users of the code will be willing to share alterati
and improvementa which they have developed and find helpful. The
companying updating system has been designed with that poseibility
nind. The staff at GFDL will act as disseminators of auch informat
if we are provided with such update dets. An example which will
available at GFDL soon is an update set to provide 4th order, bih
monic mixing. Periodic communications will be mailed to all kn
usera of the code describing available update zets.

Bryan, K., and M. D. Cax, 1967: A numerical investigation of
the oceanic general circulation. Tellus, 19, S54-80.

Bryan, K., 1965! A numerical method for the study of the
circulation of the World Ocean. J. Computat. Phys.,
4, 347-376.

Semtner, A. J., 1974: Ar oceanic general circulation model
with bottom topography. UCLA Dept. of Heteoroclogy
Tech. Rep. No. 9, 99 pp. '

Takano, K., 1974: A general circulation model for the World
Ocean. UCLA Dept. of Meteorology Tech. Rep. No. 8.
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B. Continuous Equationa of the Model

The basic eguations of the model as described above are written
here in continuous form. Let

aacd
Bsine
2flsing 1

= ai/n

< £ "o w
LI

where ¢ is latitude, )\ is longitude and a is the radius of the earth.
An advective operator, )

Peud = ma~dtcuw y+ (vum™ 1) 3 e cwpd ¢2)

is adopted in which y is any acalar quantity. The equations of motiocn
are then

uptMu)-fv = -ma~l¢p/p ), +FY (3)

ve+lv)sfu = -a~i(p/p ) g+FY (4)

vhere Po is taken to be unity. The local preseure, p, is given by the
hydrostatic relation, o

= pS+ d : (5)
pi=z) P f: aP ; |

where p8 ia the preassure at the zsurface of the ocesn. The continuity
equation is

r¢1> = 0. - (6)
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The conaervation equation,
Te+P(TY = FT 7>

appliea to any “tracer" type of quantity carried in the .odel. These
include the active tracers, potaential temperature and as:inity (active
in the easense that they appear in the equation of state;, and any paa-
s&ive tracers such as Carbon 14 or Tritium. The equat.;on of atate ias

P = PO,S,2) 8)

where 6 is potential temperature, S is salinity and the depth depend-
ence arises from compression effects. In the present mocdel, (8) is
represented by a polynomial fit to the Knudsen formula (Bryan and Cox,
1972, see section J). Let

Vgp = nzpkk+n(yaln)g. (4=}

Then the effecta of turbulent mixing are

FY = Anyugzz+Aupa™2192u«(1-n2n2)u-2nav, ] (10
FV = AqyveztAnga 2192v+(1-m2n2)ve2nnuy] -~ S
FT = [(Apy/8)T,]  +Apga~292T - (12>

where Aap i& the mixing coefficient corresponding to
M momentum

T tracar

V vertical

H horizontal. '
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Vertical mixing is known to be a rather complex function of vertical
stability in nature. Since this process is still not well understood,
we have adopted a simple, uniform mixing under statically stable con-
ditions, and an infinite mixing under statically unstable conditions.
If £"z is the local verticail density gradient (absent of compres-
aion effecta), then

1 P, € 0
" 0 P, > © a
z [ ]

At lateral walls, the boundary conditions are

u,v,T, = O (14)

where the n subacript indicates a local derivative with respect to the
coordinate normal to the wall. At the surface,

Polpyluz,vy) = TA,T9
Apy(T,) = n z =0 (15)

w = 0,
The "rigid-1id" assumption of zero vertical motion at the surface fil-
ters out high speed external gravity waves which would otherwise seri-
ously limit the length of the time step of the numerical integration,
The guantitiea TH,7T® are the zonal and meridional componentsa of

the surface strees, and 7 is a flux through the surface, of the par-
ticular trascer involved, At the bottonm,

PoApy(Uz,vz) = Tph,Tp?

Tz = O oz = -H (16)

w = »mua'lﬂk-va'lﬂo.

where 7p» and 7p? are bottom stresses.
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Combining (3) and (4) with (3),

*

ug = u£~na"1pg: ve = vi-a~ip2 (17)
whers

u't = -muufv—ngu‘lf:qdz'wu (18)

v} = -P(v)-fu- a'lf:Podz' +FY. (19)

lLet us define

u = G+ﬁ; v = U+T 20>
where

X = H'lfg,udz' | (21)
Then, since p# is not a function of depth,

Gy = up-ul; ¥y = vi-vi. o 22)

Since #ll terms on the right of (18) and (1%} are known, (22) nay
be solved for the internal modes of momentum. Under th2 rigid-1lid
boundary condition, the external mode of momentum may be -zpresented
by a volume tranaport stream function, w,

u = -(aH)'le; v = m(aH)'lwk. )
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This is shown by integrating (&) vertically, substituting (23) and
noting that the boundary conditiona (13) and (16) on w are satiasfied.
A prognostic eguation for ¥ may be obtained by averaging (17) verti-
cally, and eliminating terms in p# by applying the curl operator,

curlz (¥, ) = nn'ltvtx-(ﬁ/u)tol. . (24)
Substituting (23>,
(@ 5/ (Ha2) 3, + (W o/ (mHaZ) 1 = a~livl, -(ul/m>43. (25)
The boundary condition on ¥ at lateral walls, corresponding to (14> is
Wo = Wy = O. (26)

This condition is satisfied by setting ¥ conatant over each uncon-
nectad land mass compriaing the ocean houndary. In the case of an
enclosed basin with no islanda, W may be arbitrarily set to zero over
the boundary forming land mass. 1f, in additien, islanda are present,
the associated conatant for each island reflects the net flow around
the island and musat therefore be predicted by the governing eguatiens.
The method used is “"hole relaxetion" in which the line integral of the
quantity Vp#®, taken around the isgland, is required to vanish, Aver-
aging (17) vertically, integrating around the coast of the island and
saetting the contribution due to p8 to zero, the predictive equation,

Frinw,, /Hide~ (W, g/ (aH)1dA]) = aflvide+ (uL/midAl (27>

is obtained. Applying the Stokes theorem yields a more useful forns,
a™2f Tlmwpy /BRI ¢ (¥ o/ (aH) I g1dA = a1 f (vl -cul7m) 2dA. (28)

Note that (28) is simply an area integral of (23), taken over the is-
land.
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C. Finite Difference Formulation

The initial value problem described in Section II by prognostic
equations (7)), (22), (2%), associated diagnostic eque: .ons (6), (8),
(23>, and boundary conditiona (14), (15, (163, (2t , (28) nay Lba
solved numerically using finite difference techniques. Rewriting the
continuocus equationa in finite difference form may be done in any of
several different ways. However, it is of critical importance: that
certain integral constraints be maintained during th: solution of the
initial values problem, and these constraints dicters the particular
finite difference formulation which is used. Arakaws (1966) did much
of the early work along these lines and Bryan (1969) generalized it
uaing the arguments summarized below.

Let the basin under consasideration be divided into cella with
interfaces lying along common planes of conatant latitude, longitude,
and depth. The first consetraint which must be satiafied is. that of
mase conservation within each cell. If each cell interfaca is desig-
nated by the index b, with the aree of interface b equal to Ap and
the velocity normal to interface b into the cell equal to Vp, then

6
) Vphp = O. (29)
b=1

Secondly, the baain wide intagral, I' of any conserved quantity gq,
nuat remain unchanged by the advective process. This aasures conser-
vation of momentum, heat, salt and other tracer quantitiea. If qp is
the value of q on interface b and there are a total of N cellas in the
{(closed) basin, then : ‘ : i

_ , : : .
dI‘zdt = - 5 ) q VpAp = O. (30
n=l b=1 :

That the above integral vanishea in general can be seen by ~onsidering
that each term involving interior interfaces appearas twice once with
a positive sign and once with a negative aign. The remain: g, uncan-
celled terme at the boundaries are zerc since Vp is zero thu. .

The third constraint is that the volume integral, of the
square of g ia unchanged by advection. Thie assures conse: -tion of
kinetic energy and the variance of temperature, salinity . :.d other
tracer gquantitiea. If Un is the average of q within the ceil, then

N 8
di'sdt = -2 21 bjl IpQLVpAy = O. (31)
n= =

-Cc1l- 8/730/84




The above integral is not zero for all definitions of gp, although
it haa been shown (Arakawa, 1966) that it can be made to vanish by
defining

Qp = (Qp+@,)/2 : (32)

where Qp is the average of g in the cell sharing interface b. The
integral can be rewritten

X 6 6
a1'/dt = -nzl[agbzlvbnb+bzlnnabvbah]. (33)

The firat term on the right vanieshes by (29) and the aecond term van-
ishes by the same ceancelling process which occura in (30).

The fourth constraint which must be met by the finite difference
equations is that kinetic energy gained (lost) through the pressure
term of the momentum equations must be balanced by an equsl loss
(gain) of potential energy through the advection terms of the conser-
vation equation for density, Note that, in actuality, there is no
conservation equation for density itself, but only for the temparature
and salinity separately. Therefore, when the equaticn of atate, (8)
is nonlinear, the following balance does not strictly hold. Multiply-
ing the preaasure terms by u and v, the denaity advection by gz, and
integrating, we get, in the continuous form,

-1 com-1 = -
fv[—na ulp/p_d\-va <p/P°>°]dv = fvgzP(P)dV. : (34)

Finaily, since an insulating boundary condition existas for the
tracer quantities, T, at all boundaries of the basin except the sur-
face, the constraint,

vaTdV - fAﬁdﬁ (35)

mnust be het, where the integral on the right is taken over the surface
area of the basin.

-C2 - 8/30/84



Let the cells described earlier be indexed such that the gastward
position ia given by i, the northward pesition by j and the downward
position by k. The dimensions of each cell will be denoted iy Ag),
AJO and Axz. The arrangement of variables within the cells
correspondas to the "B-grid™ configuration of Arakawa and Lamb - 1977).
Horizontally, the tracer quantitiea, T ars situated in the ce cers of
the cells with the horizontal velocity components placed at the cor-
ners as shown in Fig. 1la. The two-dimensioconal quantity, % ia also
positioned at the horizontal center of the cells. The vertical ar-
rangement is jlluastrated in Fig. 1b. T, u and v are located halfway
through the vertical dimension of the cell. Two sets of vertical ve-
locities are calculated. The quantity wl is used for computing T
and wV is used for computing u and v. In each case v is calculated
at the horizontal interface of the cell, in vertical line with its
asasociated prognostic variable, T, u, v.

It will be convenient to define the following finite difference
operatoras: :

Sx(mi) = CMye1/2 = Ry-17227850
Bih= (ieasz + wy-3/22/2

&x
o
®
>
~~
="
-~
~
[}

maximum of CMye1/2,Mi-1/72)

=
s
b |
»
~
=
e
Nt
]

minimum of (ﬂ1+1/2'#i_1/2).

In the following discussion, the indiceas i,; will be used in soia
equations to denote the position of T and in other equations to denote
the position of u,v. Whether i and ) are full integeras (T) or half

integeras (u,v) will be implied by the variable they index. Further,

if indices are omitted, the values i,),% are undersatocod.

Based upon the previocous desacription of the placement of variableas
within the cells, it ia possible to define an alternate cell]l where the
tracer gquantities appear at the cornera. The horizontal dimensionsa of
such a2 cell would be

agh = B3 a0 = 558°. (36)

where, as stated above, the index of the term on the left ia implied
to be a half integer and that on the right, a full integer. Further,
cells can be defined in which T, u and v appear at vertical inter-
facee. Their vertical dimension is

Az = Az (37)
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where, again, the index on the left is implied to be a half ipnteger,
These cells are used later in forming volume integrals of quantities
appearing at the horizontal or vertical vaelocity pointa.

From Fig. 1b it mey be aeen that the total depth of the basin
HY, defined at the corner points of the original cells is

HY = Min, (Ming(HT)] | (38)

or the minimum of the deptha HT, of the four sSurrounding vertical

columne of cells. We can now define a finite difference equivelent of
the vertical averaging operator (21},

X
i*= B~1) uaz, (39
k=1

Rewriting (20), we get

u = U+d®; v = VeV {40)
where (23) is rewritten

= —(aH)-laoGA: V= n(aH)-lskae. | 'f41)

We will firat develop the finite difference equations for the internal

modes, followed by the equations for ¢ and then the equations for the
traceras, T.

Using centered differencing in time, (22) is written

8eCu) = Spu' -8pu' 5 B (VY = &v' -av' . (42)
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The Coriolis term is handled semi-implicitly in time so that the time-
step need not be limited to a value small encugh to resolve inertial
cscillations. Equations (18) and (19) may be written

—t N+l ‘
Sgu' -fav' = GY 43

8 _Tt¢ y Ne} v
v feau s G (44>

where N+1 indicates the time step being predicted and

kol/2 —z——z'
GU=-P* (W +£¢1-vN"dunga=2 F g p, A,z +FU" (45)
ki =1/2
Y
- k=1/2 —==z z
GY=-P*(v)-£(1-o0uN=1e ga=1' J  gop Az +FYT. (46)

ki=1/2

It may be shown that, for a value of « > .5, the constraint of resolv-
ing inertial oscillations in time ia removed. This is particularly
useful in coarse resolution studies where long timesteps are otherwise
possible.

Before defining the advective ocperator ', we construct two aux-
iliary quantities

-\

u* = u - (8yw)/ [aMax, (H)] (47)

(v/m)" = v/m - (8, W)/ laMaxg (HY]. (483
Then,

PUepd = mata, tu"EM 48, 1v/ TR ] ¢+ 5 (wYER) (49>

and w¥Y ia defined by

r‘eiy = o0 (50
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along with the boundary condition
Garsz m e (st

Constraints (29) and (30) are satisfied eutomatically by ¢%0) and con-
straint (31) is satisfied by expreasing the advected c.Jantity, x at
the various interfaces, as the average of the neighborins values as in
(32>, The use of the spsecial quantities (47) and (4€:; 18 neaded =so
that the vertical velocity at the bottom of the basin ;& of the form
of boundary condition (16).

The frictional terms are lagged cone timestep for purposeas of nu-
merical atability (Richtayer and Morton, 1987},

Y% = AnySz8zuN L+ ayya 2192 uN"14 (1 -nZn2)WN-1 20524, WN-1) (52
FV = Auysz8,vN leayya=21v2*vR=14 (1-n2n2)yN=1i2na24, uN-11 (s3)

where
v2* () =mﬁkékp+mse(i'1soy).- " o ' (54)

The finite difference form of (25) for the stream function, w ia
alsc complicated somewhat by the seml-implicit treatment of the Cori-
olis term. Bringing the implicit compenent to the left side,

Etn/ (%) 8,855 « s5001/aira?)) 8,8,5

A D

s —— A
+8g Lot/ (R ) 8, wN*ITAN sAN - 8y Clut/ (HY I 5971140 /a0
L d A4 wcmcmcs - A
= 2”118, (6Y>40 /20 ~ 84¢GY /mran /anl. . 55)

- Boundary condition (26) is satiafied by setting ¥ conatant iong the
two rows of cells atraddling the basin boundary. In the =:se of a
singly connected basin, this value may be arbitrarily set a2t zero.
For an island, the value must be calculated using a finite oi:iferencs
form of (28). This simply amounts to taking an area weightud sum of
(3S) over all cells for which ¥ will take the island value.
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The solution of the elliptic problem above is achieved by the
mnethod of asuccessive over~relaxation, A guess is made for all cells
variant in ¥, including the island conatants, a residual is computed
based on (355) and the atated boundary conditions, and a new guesa is
eatabliashed from the residual. This process is iterated until the
change in ¥ between guesses is smaller than an arbitrary constant.
Convergence is assured as long as the matrix of coefficienta of W is
diagonally dominant. Large gradients of bottom depth may destroy such
dominance through the implicit Coriolis term of (55). However, this
is not a problea for moat bottom configurations uaed,

The predictive equation for the tracer quantities T may be writ-
ten in finite difference fornm,

8, TT=-P*" (T +FT* (56)

where

P**(T> = ma~1[8, (GABT 1 /80+64(Tv/mIBA T21 /AN ]
v8 (W T5) (57)
and wT ia defined by
r**ay =o - (58)

along with the boundary condition

T =
uk*l/Z = Q. ({59}

Constraints (29>, (30) and (31) are satisfied by the same arguments
used for the advective cperator on momentum. The additional weighting
by A® and Ax under the bar operators is needed to satisfy conatraint
(34) (asee section D).

The diffusive operator may be written

FT = Apy8 8,T+(Apy/a?)ve T, (60)
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Convective mixing, indicated by 8=0 in (12), is accompliished in
the model by testing the vertical static stability of sach =plumn of
cells at the wnd of sach timestep, voluas aversaging the T v-lues.for
all cells which are found to be statically unstasble, and “asetting

each cell to the average. Thias pProcess simulates a vertivri mixing
with infinite nix;ng coafficient.

Arakawa, A., 1966: Computational design for long-term nuszerical
integration of the equationa of fluid motion! two dimen-

&ional incompressible flow. Part 1. J. Comput. Phyas.,
119"143-

i,
Richtmyer, R. D., and K. W. Morton, 1967: Difference Methods for
Initial Value Problems, 2nd Ed., Interscience, New York.

Bryan, K., 1969: see section A.

Arakawa, A., and V. R. Lamb, 1977: Computational design of the
basic dynamical processes of the UCLA genersl circulation
model. Methode in Computational Physics, Vol. 17, Aca-
demic Press, 174-265.
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D. Integral constraintsa

The importance of maintaining certain conatraints on the volume
integralas of kinetic and potential snergy has besn mentioned aarlier.
It is the purpose of this section to show formally that auch con-
straintgs are satiafied by the particular set of finite difference
equations presented here. The approach follews closely that of Bryan
(1969).

If we denots the total kinetic energy (K.E.) by K, then

K = K+R, <61)
where
K = (32+32%y/2 (62)

is the K.E. of the external modse and

(u2+923 /2 (63)

=
]

is the K.E. of the internal modes. Let { } deaignate the volume inte-
gral over a closed cocean basin., The left side of (25}, when multi-
plied by mW/H, integrated over the entire volume and rearranged be-
cones

((m/aZH) (Cawwy , 7HY ) + (W o /mH) 1)

- tm2wf) /a2y + (w), / (aZH2)) /2,

The first two terms vanish due to boundary condition (26) on w,
and the last two are the time derivative of the right side of (62)
with (23) substituted. Therefore,

(K} = ~{Caw/aH) VL, ~-(up/m)gl) (64)

by (25> with u!' and v! given by (18) and (19). Furthermore, the indi-
vidual rates of change of K.E. due to a particular term on the right
of (18) and (19) may be obtained by substituting that term for u' and
vi in (64)-

-b1- ' 8/30/84



Multiplying (22) by 4,9 and integrating,
(Re) = (dupedvlr-Gul+ov]r. (65)

The second term on the right vanishees by definitiocn of u.o Again,
the contributions of the individual terms in (18) and (19) are obtain-
ed by substituting thea in (65) for us,vi,

To obtain an expression for the rate of change of total K.E., it
will be neceseary to combine the finite difference equivalents of (64)
and (65), For this purpuse it will ba helpful to establish eeveral

identities involving the finite difference operators. It ia easy to
verify that

nAA&A#+yAA6AnA = AA&A(;A#) (66)

and

—_—

TAu -nEM= ANE, (uANS M) /4. (67)

Combining (66) and (67) and substituting ?ofor Moy

———a
NAAEZTD+EARE NC = ANEL (R F0) 4008, (TAGE, (ANELR)

Mia. (e8)

The finite difference equivalent of the right side of (64), cor-
responding to (53) ia .

- —_—0 =}
I = -zzg(muwIHJ[SACGV YA® /80-84(GY /m)ak /ar]azaoal/m. (69)
I3
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Since the integrand is consatant in k, the vertical summation cancels
with H, Using (68},

— — AG
I = a2§§[csV'naxwﬁ-G“'sow*>aoaxfn
)

—_— ————)\
~aA8, (P AGGY ) +4084 (FOANGT /a)

=7 A
A8, [GY AQAGSL(ANS,\ W) 1/4

— @
_+M8,\[(G“ /m)A,\AABA(Aoaoﬂ') 1/4]. (70)

The laat four termes on the right vanish by boundary condition (26) on
W, Substituting (41},

- —— O
T = a2)YH(T*GY +¥*G¥ >acar/n . (71
13

The finite difference equivalent of the right aide of (65), corre-
sponding to (43) and {(44) is

-~

= a2§2z165“+$GV>AonAA/- . : S & -3
3 | e

Note that, since the integrand is defined at u,v pointa, this inte-
gral)l is taken on the alternate cells, with horizontal dimensiona de-
scribed by (36). However, it is easy to show that, for a closed basin,
an equivalent expressicn is

I = aZEEZ(uG“+vGV)AzA¢AA/n . (73)
J

Combining (71) and (73 we get an expression for the rate of change of
total K.E.,

A0
I = aZEZZ(uG“*VGV)AZAGAA/n (74)

1l
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where total u and v are defined by (40). Again, the overbar igs op-
tional, meking neo difference in the value of the integral.

As atated easrlier, the rates of change of K.E. <ue to individual

terms of (45) and (46) may be evaluated by aubatitut: +g them inte (74)
for GY and GY. For advection,

I,= a2§zgr-ur'<u>-vr‘cv>JAzaoAA/u. o (75)
J
This integral may be rewritten
Iy= - u E VpApuptv g VipApy (76)
1 ;gg[ bEy bH*b"b b1 b]

which is equivaelent in form to (31). I3 has been shown to vanish when
uh, Vb are defined as in (32). This condition is met by the advective
operator (49), It is therefore eatablished that no change in total
K.E. occurs through advection.

Constraint (34) states that total (kinetic plus potential) energy
must be conaerved through the pressure term of (45) and (46) and the
advection term of (56). Let

K-1/2 ‘
3 = i Prodmz. ¢ 838 = P T

Then the rate of change of K.E. by the pressure term is

_ A
Iy= gajiz[-unshT@-vsgxk]AzAaAA/a . (78)
13 :
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Applying (68),

Ip= guzzz[IAAGA(uA¢’4AABX(EAuA¢')
3 -

08, [UAGAGS, (ANS) §33 /4

c3a084C(V/RIAN ") -A08g (32 (TTmIAN )

“ .
-aX8y [(v/M)ANANS) (408,))] /4] Az. (79)

For a cloeed basin, all terms on the right vanish except for the first
and fourth, Combining them and substituting (58),

I,= gazzzz-sszth)AzAGAA/n. (80>
3 o
Uaing (66) and (77},
———TF
I,= gazgiz[wTAze -4z6, (TZwT) ] acar/n. (81)
J

The second tera vanishes in the summation, and applying -56) once nore
with 1'1*2 »

Iy= gazzzz[-zazéz(wTFz>+Azsz(EszFz)]A@AA/n. (82)
iy

where, once again, the last term vanishes in the summation. The re-
mainder is equivalent to

Ips= -932§ZZZP"(P)AZAGAA/I . (83)
: ,

since the two horizontal terms of (57) vaniah in the summation. The
expression above is the net loss of potential energy through advection
of density, and constraint (34) is verified.
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E. Program flow

The FORTRAN code of the model consists of the main program OCEAN,
and seven aubroutinea. Their functions are described balow.

OCEAN : Parforss all operations which need be done only onsa at
the beginning of each run of the model, calla STE: 2nCS
per timestep, and attends to oparations which mus: be
done at the end of each run.

STEP : Called once per timestep by OCEAN, it initializes various

quantities, bootatrapa the row-by-row computation of
Prognostic variables, manages the 1/0 for the latter, and
performs various analyais procedures on the Progreasing
solution.

CLINIC: Called once per row by STEP, it computesa the internal
mode component of the u and v velocities (Egms., 43,44)
28 well as the vorticity driving function for use by
RELAX later in determining the external mode (right side
of Eq. 55).

TRACER: Called once per row by STEP, it computes temperature,
salinity, and any tracers which are carried in the model
({Eq. 56).

RELAX: Called once at the end of each timestep by STEP, it takes
the vorticity driving function computed in CLINIC and,
using sequential overralaxaticn, solves the LaPlacian
aquation for the external mode of velocity in terms of
a-ness transport stream function (Egq. 5%).

STATE: Called by CLINIC and TRACER once per row, and STEP in the
bootatrap procedure, it computes normalized densities by
using a 3rd order polynomial fit to the Knudsen formula
(Eq. 8).

MATRIX: Called by STEP on aspecified timestepe, it is a general
2~dimensional array printing routine.

ODAH: (Ocean Direct Access Manager)
Used primarily by STEP, it is & set of routines which is
responsible for handling the tranasfer of data between
memory and disc {(virtual disc residing in memory in the
core contained mode).

In surmmary, for one timeatep, OCEAN calls STEP, which eastablighes
the proper data in memory and calle CLINIC and TRACER row-by-row from
south to north through the basin. Upon completing the final row, STEP
calls RELAX and returna control to OCEAN, which may call STEP for an-
other timestep.

Two additional subroutines, FINDEX and FILTER are used when
Fourier flltering is needed to overcome the timestep limitation
arising from convergence of meridiana at high latitudes.
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F. Diac 1/0 ayatena

Next to the equations themselves, the component of the code which
accounts for the greatest complexity is the I/0 aystem. The purpose
of this ayatem is twofold. First, having a completa record of all
prognostic variables on permanent diasc at the end of esach timestep
allows restarting an experisent from an sarlier run, or from a-machine
malfunction. Seceondly, during a run, it is gensrally impossible to
£fit the three dimenaional arrays in memory entirely. The I/0 ayatea
is deaigned to feed data to and from memory in a row-by-row-manner.
Data for one row, including all east-west and vertical grid points is
termed a "slab*". At any one time, only the slabs neceasary for the
computation are presaent. Whila the computation for one row procsads,
the I/0 system is feeding the slab just computed, back to disc and
fetching the slab which will be needed to compute the next row. If
the disc transfers are done fast enough, no wait for data will be
needed at the beginning of each row and the system is zaid to be com-
pletely "buffered”.

Three disc units are needed for the process when using centered
differencing in time; one for the N timestep data (read), one for the
N-1 timestep data (read), and one for the newly computed N+1 timestep
data (written). Since the N level on one timestep becomes. the N-1
level for the next, it is convenient to permute the diac unita to min-
imize data transfers. Thue, on timestep 1, N-1 and N data are read
from units 13 and 14, and the N+1 data is written to 15. On timestep
2, units 14 and 1% are read and the N+1 data is written to 13. On
timestep 3, 1% and 13 are read with the N+1 data going to 14, etc.

Possibly the moast abatruse feature of the model is the manner in
which the "slab incidental data"™ ia handled. Juet as the slab aystenm
reduces the row dimenaion of the 3-dimensional prognostic variables to
3, it can also be used to reduce the row dimenaion of Z2-dimensional
variables which would otherwiase add considerably to the memory re-
gquirements. Also, if these verisbles are constant in time, there ia
no need to keep multipie time records of them. Consider two arrays, A
and B, for which there ia data, invariant in time, at each row and
column horizontally acroaa the grid. They may be carried in the nodel
as "alab incidental data™, thereby reducing their row dimenaion to 3.
Furthermore, let A reside in the slab corresponding to the N-1 time
level of the primary aslab data, and B reeide in the N level =zlab. The
diagram below illustrates the & timestep cycle which the permuting
disc units execute, with N-1, N and N+1 denoting the primary slab
data, and A,B denoting slab incidental data. '
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TIMESTEP: 1 2. 3 4 5 & 7

UNIT )
13 N-1,A N+1,B N,B N-1,B  N+1,A  N,A  N-1,a
14 N,B N-1,B  N+1,A  N,A N-1,A N+1,B  N,B
15 N+1,A  N,A N-1,A N+1,B  N,B N-1,B Ne1,a

Note that on even timesteps, the slab incidental data entera mem-
ory in the wrong slaba and must be awitched between slabs N and N-1.
Alsoc, atoring of A and B into the N+1, alab must be alternated Oon suc-
cesgive timesteps, In the base code, FKMU and WSY are "&*" type
arrays, and FKNT and WSX are "B" type arrays.

Disgc unit 12 is used primarily for the atcorage of 2-dimensiocnal,
horizontal fieldas. It is divided into 7+ blocks in the following man-
ner: -

Blockas 1-3: permuting blocka for the stream function at N-1,
N, and N+1 time levels

Block 4: reciprocal of total depth
Blocks 5-6: permuting blocks for former relaxation sgsolutions

Block 7+ : atart and end indices (additional blocks are

added as necessary when filtering indices £ill -
block 72

Finally, unit 11 contains the timeatep counter, total elapsed
time, and the area and volume of the basin. '

Data is fed to and from these unita by meana of the entry pointa
of subroutine ODAM. 1It, in turn, muat use a direct access I1/0 package
provided locally. I1f FORTRAN direct access I/0 is available, with
a facility to buffer the operations (such as a FIND atatement), the
QDAM calls in ODAM of the base code may be replaced by the appropriate
FORTRAN astatementas. Otherwise, a sapecially written set of I/0 utili-
tiea such as QDAM Rruat be supplied. If, inatead, the core-contained
opticn ia invoked, no such package iz nesded. '
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G. List of variables

The variables used in the routines OCEAN, STEP, CLINIC, TRACER,

RELAX,
ttbasell
auffix

STATE and ODAM are listed below in alphabetical order.

The

names are often used in altered form, designated by a prefix or

described bealow:
Prefix

C2 ! 2 timesa the baze value

Suffixes

base value at timeastep after present

base value at tinestep before present

a forced full word version of the base value; no
difference firom base value in full word mode

M : base value at row J-1

P ! baere value at row J+1

Q base value with a dimension added for
purpcoesaes of vectorization

AL -l

R ! reciprocal of base value
2R ! reciprocal of 2 times the base valus
4R ! reciprocal of 4 times the base value

When these prefixes and suffixes are used in the following list,
the base name which they aupplement will be underlined.

A
ABT
ACOR

AKNTRL

AM
AMF
AREA
BBTJ
BBUJ
BCON
BIG
BLK
BOXVOL
BUOY

Origination/deatination array

Array of characterae describing topography

=0! treat Coriolis term explicitly

20: treat Coriolis term impliecitly with forward

component weighted by ACOR, past component by !.-ACOR

Coefficient of horizontal mixing of T

An unused series of words in the string saved to unit 11:

available for storage of values which need to ba saved

on the restart file
Coefficient of horizontal mixing of U,V

Area of the asurface of the model baein

Coefficient used in horizontal mixing of . T
Coefficient used in horizontal mixing of U,V

Slab incidental data on N+1 =slab

Virtual diec, holding disc data in core contained noda
A asingle blank character

Volume of one grid box

Energy tranafer through buoyancy effects
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DIAG]

DIAGZ2
DO7T
DPDX
DPDY
DTABS
DTSF
DTSFF
DTTS
DTTSF
DTUV
DTUVF
DXT

In STATE: Coefficients of equation of statae _

In ODAN: Equivalent to BIG, but dimensionad ashort to
avoid 65K vector langth limitation

Comfficient used in horizontal mixing of T

Coefficieéent used in horizontal mixing of U,

Coefficient of eaatern point in LaPlacien &:ar

Coafficient of northern point in LaPlacian ztar

Coefficient of southern point in LaPlaciar star

Coaefficient of western point in LaPlacian star

Vaector descriptor

Index designator

Knudaen forrula coefficients with alternating
reference levels

Normalization array in computation of island flow

Integral of COF

NAMELIST data file cof program flow controllers

Normalization factor used in constructing LaPlacian star

Knudsen formula coefficienta

Criterion for convergence of relaxation

Altered value of CRIT for computational efficiency
Cosine of U,V point latitudes

Cogine of T point latitudes

Number of days per year

Coefficient used in horizontal mixing of T

Coefficient used in horizontal mixing of U,V

Reciprocal of determinant of the matrix arieing from
simultaneous equationa of the semi- implicit treatment of
the Coriolis ternm

Temporary atorage of diagonel differences for
computational efficiency

A single "." character

Zonmal derivative of hydrostatic pressure

Meridional derivative of hydroatatic pressure

- Volume average of absolute change of temperature

Length cof timestep on streanm function
Length of timestep on T
[.ength of timestep on internal mode of U,V

Zonal grid spacing acrosa T boxes (between U,V pts)
(see figure on page G3I)
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Zonal grid spacing across U,V boxes (between T iz,

(aea figure on page

Meridional grid spacing acrose T boxes (between U,V pta)

(see figure on page

G3)

G3)

Meridional grid spacing acrose

(see figure on page

Vertical grid spacing
(see figure on page
Vertical grid apacing
(see figure on page

G3)

across U,V,T boxes (between w pts)

G3)

acroass w boxes (between U,V,T pta)

G3)

U,V boxes (between T pts)

=,true. ! Euler backward timestep for time mixing
=.false. ! forward timestep for tinme mixing
NAMELIST data file of eddy mixing coefficients
Upper vertical mixing coefficient of T :

Total kinetic energy normslized

Accumulators of rates
Accumulatore of rates
Temporary accumulator
Lower vertical mixing

Lower vertical mixing

of change
of change
of change

- Upper vertical mixing coefficient of U,V

by volume

of KE uvf external mode
of KE of internal mnode
of KE of external mode

coefficient of T

coefficient of U,V

Floating point array to read in

Number of vertical levels of
Number of vertical levels of
Number of vertical lavels of

-G 4 -

start and end indices

ocean at T points
ocean at U,V points
ocean at T points

8/30/84




FV3T
FVs5U
FX
FXA
FXB
FXC
GGUJ
GHM
GRAV
H
HHUJ
HR

I

IBK
IBOX
IDX

IE
IEAVE
IEIS
IE¥D
IENDSL
IEPT
IEPU
IETF
IEUF
JEZ
IEZF
II
IKM
IN

Nuaber of vertical levels of ocean at U,V points

Number ‘of vertical levels of ccean at interior (non-land
neighboring) T points

Coefficient of vertical mixing of T

Coefficient of vertical mixing of U,V

Maaking arrey for T pointa; O over land, 1 over occean

Advective coefficient for west face of U,V box in CLINIC:
T box in TRACER

'Advective coefficient for north face of U,V box in CLINIC:;

T box in TRACER

Advective coefficient for south face of T box
Advective coefficient for south face of U,V box
Temporary value, constant in subsequent DO loops
Temporary value, . conatant in subsequent DO lcops
Temporary value, constant in subsequent DO loops
Temporary value, conatant in aubsequent DO loops
Coefficient used in horizontal mixing of U,V
Masking array for U,V pointas; O for land, 1 for ocean
Acceleration due to gravity
Total depth at U,V pointa
Coefficient used in horizontal mixing of U,V
Reciprocal of total depth at U,V points
Zonal grid point index

{see figure on page G3)
DO loop index
NAMELIST data file of island box corner point indices
=0: can’t use Fourier coefficients from previous call
20: can uae Fourier coefficients from previoua call
Ending index fer I DO loop
Ending index for previous I DO loop
Ending I index of island box
Index deeignator
Index designator
Index designator
Index designator
Array of ending indices for filtering T
Array of ending indices for filtering U,V
Array of ending indices for vorticity
Array of ending indices for filtering vorticity
DO loop index '
Index designator
Length of strip to be filtered
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INMT

IMTKM
INTH1
IMTMZ
IMTP1
INU

IMUM1
IMUNM2
IND

INTBV

IPRT
IREDO
IS
ISAVE
1S1S
ISLE
ISMASK

ISP
ISTF
ISTOP
ISTORE
ISTRT
ISuF
182
ISZF
ITT

J

JE
JEIS
JFRST
JEFTO

JFT1
JFT2
JFUO
JFU1
JFUZ
JJ
JMT
JHMTHL
JMTHZ2
JMTP1
JREV
Js

Total number of T grid boxes zonally
INT=KN
INT-1
INT-2
INT+1
Total number of U,V grid boxes Zzonally
IKU-1
IMU-2 :
Indicates which levels to compare for stu-.ic stability -
Bit interior indicator; =1 on interior (:mzn~land
neighboring) pointa
Number of columnas to print beginning at western boundary
Same function as IDX '
Starting index for I DO loop -
Starting index for previous I DO loop
Starting I index of island box
DO loop index indicating island being computed
Grid point type indicator:
=0 over interior (non-land neighboring) points
=1 over perimeter (land neighboring) points
=2 over land points '
Index designator
Array of starting indicea for filtering T
Final column to be printed
Index deaignator
First column to be printed
Array of atarting indicea for filtering U,V
Array of starting indices for vorticity
Array of astarting indicea for filtering vorticity
Timeatep counter; total number of timeateps completed
Meridional grid point index
(seae figure on page G3)
Ending index for J DO lcop
Ending J index of island box
First J row of T to be filtered
Flltering ia done on T with a low-pasa cut-off set to make
the zonal dimension of the box filtered effectively the
same as that of the boxes on row JFTO :
Laat J row of T in southern hemisphere to be filtered
Firast J row of T in northern hemisphere to be filtered
Same funation as JFTO but for U,Y points
Lagt J row of U,V in aouthern hemisphere to be filtered
Firat J row of U,V in northern hemiaphere to b filtered
Index designator ,
Total number of T grid bhoxes meridionally
JMT-1
JHT-2
JMT+1 :
DO lcocop index in reverse order
Starting index for J DO loop
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J8IS
JSKPT
JSKPU
K

KAR
XFLDS

KM
KMM1
KNP1
KMP2
KMT
KMTP
XNU
KMUP
KONTRL
KPR
KREF
KS

X2

L
LABS
LBC
LEN
LENV
LENV1
LENVZ
LL

LN

LD
LSEG
LSEGF
LSEGP
LU
LUPTD

LUPTDB

MIX

MM
HSB
MSCAN
MTEST
MXP

Starting J index of island box

Number of rows of T not filtered in mid & low latitudes-+1

Nuamber of rowa of U,V not filtered in mid & low lats., +1

Vertical grid point index
(eee figure on page G3)

HAR(K)=K uaed to enabla vectorization

Diac unit number (12) for 2-D horizontal fieldse and start
and end indices

Total number of vertical levels

KNM-1

KH+1

KM+2

Number of vertical levels of ocean at T pointsa

Number of vertical levela of ocean at U,V pointa

Diesc unit number (11) for timestep counter etc.

Temporary array for printing topography map

Reference level indicator

Indicates which levela to compare for static stability

Temporary indicator of number of levela of ocean pointsa

Index deaignator '

Diasc unit numberas (123-15) for slaba

Nunber of arrays of slab incidental data

Block length indicator

Vactor length indicator

Vector length indicator

Vector length indicator

Index designator

Vaector length indicator

Restart tape unit number

Max. number of sets of start and end indices for vorticity

Max. number of asets of start and end indices for filtering

LSEG+1 ‘

Diec unit number

Permuting dise unit number for saving previous relaxation
solution

Permuting disc block number for saving relaxation solution
of 2 timestepsa previous: if LUPTD=5, then LUPTDE=&: when
next golution iz obtained, LUPTDB is get te S5, LUPTD to
& and the new solution is written to LUPTD.

Index indicating the tracer being computed

Mixing timestep indicator; =0 ! no mixing timestep

=1 ! mixing timestep

Index indicating the tracer being computed

Unused :

Relaxation scan counter

Print on-off switch

=l on 2nd pass of Euler backward timestep

=0 otherwise
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MXSCAN
N
NA

_NB
NBLK
NBUF
NC
NCON

NDICES
NDISK

NDISKA
NDISKB
NDISKX

NDW

NE
NERGY.

NFIRST

NFRST
NISLE
NJTBFT
NJTBFU
NLAST
NKFLDS

NMIX

NNERGY
NS
NSKP
NSLAB
NSSIF
NSWICH

NT
NTMINZ

NTOT
NTSI

Maximum number of relaxation acans permitted

Index designator

Unused integer read in by NAMELIST: available for Lae-

(used in core contained mode to enable restart tape write)

Unused integer read in by NAMELIST: available fér usa

Number of worda per block on disc unit :

Number of buffers set aaside for diac I/0 use

Unused integer read in by NAMELIST; available for u. a.

Number of passes to make on convection; &ince mixiny ia
done only 2 levelas at a time, total homogenizati:n of
unstable laevels does not occur in one paaa

Total number of start and end indices

Permutes with NDISKB and NDISKA on 13,14,15 indicating the
disc units for the slabs at various time levels; ses-
aection F

Temporary disc unit to which data is writtenm on 2nd pass
of Euler backward timestep ‘

Unused integer read in by NAMELIST; suggest using it to
indicate writeout of data for analysia purpcses

Ending DO loop limit

=1l to execute energy/printout code

20 otherwiae

=]l to start a run from scratch

=0 to reatart from data supplied on units 11-15

Disc unit addresa of the lat word to be transferred

Number of islands in the model basin

Number of J rowa to be filtered on T

Number of J rowa to be filtered on u,v

Final timestep to compute on thia run of the model

Number of 2-D fields needed on disc unit 12; thie ias &
pluas the number of (equivalent) 2-D fields needed to
contain the start and end indices, normally one.

Number of timesteps between mixing timesteps: mixing is-
done to suppress the computational mode associated with
leap-freg timestepping; see EB .

No. of timesteps between execution of energy/printout code

Starting Do loop 1limit ‘

Index designator

Number of words in one slab

Total number of atart and end indices for filtering

Number of worda in slab incidental data within each slab
which is non-prognostic and must be switched; see sec. F

Number of tracer type variables carried in the model; this
ia generally 2 (T and S) + no. of pasgive tracers

Maxinum of NT or 2 '

Total length of & diac unit

Number of timesteps between print of single line of
information containing timestep number, KE, etc.
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NWDS

RWRITE

NWRS
OMEGA
P

PAD
PARMS
PB

PHI
PHIT
P1
PLICEX
PLICIN
PTD
PTDB
RADIAN
RADIUS
RES
RESADR
RESIS
RESLOC
RESMAX
RHO

RHON
RHOS
SCL
SFu

SFUB

SFVB
SINE
S0
so@
S010
SOR
SORF
SPCOS

SPSIN
sa
SUMDY
SWLDEG
SX

INT=JNT

In ODAM: Number of words to transfer in a diac operation

Unuaad integer read in by NAMELIST; available for use-
(used in core contained mode as number of timesteps
batween backup restart write)

Number of worda to tranasfaer in a diasc operation

Rate of rotatien of the coordinate system

Maas traneport stream function

Unuaad memory apace to prevent overwriting on I/0

NAMELIST data file of varicua parameters of the model

Latitude in radians of the U,V pointe

Latitude in radians of the T points

3.141%927

Energy change due to implicit effecta on external mode

Energy change due to implicit effecte on internal mede

Change of stream function acrosas a timesatep

Change of stream function acroas previous timestep

57 .29578 degrees

Radius of the earth

Residual of relaxation

Vector descriptor

Residual of relaxation of island

Index deaignator .

Maximum of the reaiduals at all grid points

Density with a space and time invariant constant
aubtracted; the conatant varies with level and isa
approximately equal to the mean density for the level

RHO for the row to the north

RHO for tha row te the aouth

Scaling factor for printout

External modea component of U
{used elaewhere for temporary astorage)

External mode component of V
(ugsed elsewhere for temporary atorage)

Sine of U,V point latitudes
Normalizing aalinities for KNUDSN confficients

Noraalizing salinities with alternating reference level
Coefficient of over-relaxation; generally between 1.5-1.8

Coefficientse used to turn vectors before filtering and
reastore them afterward, to compensate for spher. geom.
See SPCOS

Normalized salinities

Summation of DYT

Latitude in degreea of the smouthern wall (PHI(1)=*RADIAN)
Salinities
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T
TA

TB

TBN
TBP
TBRN
TBRS
TBRZ
TBSLAB
TDIF
TEMPA
TEMPB
TEST1
TEST2
TFULL
TINIT
TINITF
™

T™T
TNG

T0

TOQ
TOIQ
TOTDX
TOTDZ
TP

TQ
TSLAB
TSPROF
TSTEPS
TTDAY
TTDTOT
TTN
TTSEC
TTYEAR
TVAR
TX

TO

T1

T2

T3

U

uA

UB

UBM
UBP
UCLIN
UDIF
UENG
UM

Tracer type of variablen'(tenperuture. saalinity, tracers)

Zonal summation of tracer, defined toc the north
Zonal summation of tracer, defined to the soutk
Z2onal/vertical average of tracer

Array of entire N-1 alab

Diffuaion computation array

Utility array used aas temporary atorags

Utility array uaed as temporary atorage

Product of reciprocals of four surrcunding dapths
Sum of reciprocals of four aurrounding depthe
Array of temporary storage forced full precision
Initial values of tracers

Meridional masa transport
Tangent of U,V point latitudes
Normalizing temperatures for KNUDSN coefficienta

Normalizing temperatures with alternating reference levels
Total zonal aspan of ocean boxas
Total vertical apan of ocean boxes

Normalized temperatures

Array of entire N slab

NAMELIST data file for initial tracers
NAMELIST data file for timestep lengtha
Current day-of-the-year number

Array of integrasle on tracers

Northward transport of tracera

Current total elapsed time in seconds
Number of years of integration completed
Change of variance of tracers
Temperatures

Parameter used in timing code

FParameter used in timing code

Parameter used in timing code

Parameter used in timing code

Zonal component of velocity

Array of internal mode component of U at row J+1
Vertical mixing computation array for U
Individual forcing terms on U
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UVOVER Pogitioned in COMMON to be equivalent of UDIF with K index
equal 03 used to set surface boundary conditions

up

USAV Array of internal mode component of U at row J

UUNDER Positioned in COMMOR to be equivalent of UDIF with K index
equal KM+l

Vv : Meridional component of velocity

VA

Vb

VBN

VBP

VBR Zonal summation of meridional velocity

VBRZ Zonal/vertical aummation of meridional velocity

VCLIN Array of internal mode component of V at row J+1

VDIF Vertical mixing computation array for V

VENG Individual forcing terma on V

VN

VOLUME Total volume of the model basin

VOVER Positioned in CCMHMHON to be equivalent of VDIF with K index
equal 0; uased to set surface boundary conditions

VP

VSAV Array of internal mode component of V at row J

VUNDER Pogitioned in COMMON to be equivalent of VDIF with K index
equal KM+1

w Vartical velocity
computed in vertical line with U,V in CLINIC
computed in vertical line with T in TRACER

WsSX Zonal component of surface wind stress

WSXX

wSXP

wsy _ Meridional component of surface wind stress

WSYH ‘

WSYP .

2DZ Vertical poasition of bottom of laevels

ZDZ2Z2 Vertical position of center of levela

2TD Change of vorticity acrose one timeatep

ZUN Time change of vertically averaged zonal forcing

ZUNENG Vertical average of U forcing

ZVS Time change of vertically averaged meridional forcing

ZVSENG Vertical average of V forcing
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H. Updating and code options

There ia currently no standardization within the cumputer indus-
try concerning apecific procedures used in cods updat.:.ng utilities.
It ia, therefore, impossible to pProvide the model corda with update
directives that .are usable by all updating asyetema. Frr thisg reason,
a4 aeparata, stand alone updating utility, “UPDOC" (UP: ste OCean) has
been provided with which the “base code'" which is supnslied here, can
be altered to produce the specific model desired. By necessaity, this
ie a "batch", as opposed to "interactive" type of updsuing system. It
requires the construction of a separate set of updates which are-then
used to alter the bame code. Obvicusly, the update sets themselves
nay be constructed and altered interactively. Users who desire to
alter their code directly in interactive moda must be aware that their
code will guickly becoma divorced from the base code eupplied here,
and future interactions with other users, such as use of extarnally
supplied updatea, will be quite difficult. (Note.. such & direct
interactive mode may be feasible if a COMPARE utility is available
locally.? :

UPDOC uses information in columns 82-100 of the FORTRAN lines of
the base code. A sequence number appears in columnas 82-90, and code
optien charactera appear in columng 92-100. The function of the lat-
ter will be described first.

Code can be treated optionally in a FORTRAN program either at
execution time by meana of "IF" atatementa, or in a pre-~compilation,
update atep. The latter has the advantage of shortening and simpli-
fying the executable code and is used here. The options provided in
the base code are designated by single letters and are listed below
with their reaspective functions:@

C ! include comments
F ¢ include Fourier filtering at high latitudes

"H : run in half-word mode

I ! islanda allowed in the topography

-~

run core contained -- no disc 1/0 necessary

O

¢cyclic conditions are set east-wesat
Q ! code which ia apecific to the CYBER 205

S ! symmetry conditione are set at the
northern boundary

T : timing analysia is done for each subroutine
(a routine must be available to interrogate
the system clock - replace GETIME & QSTINE)

W ! WHERE stateﬁents-are used in place of IF
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@ eingle record of input ("option record") ia read by UPDOC from
unit 10, to control the axecution/daletion of optional lines from-the
bage code. It begins in column 1 and its format is:

DPT'-'x’x’x’._. L

where the X’a correspond to the option letters above. A line froa the
base code ia executed if and only i1f all of the option letters.des-
ignated on it appear in the option record. There are also reverse
logic options designated on some of the lines of the base code, indi-
cated by a *-* preceding them. For these casesa, the line is executed
if and only if the option letter does not appear in the option
record to UPDOC.

The sequence number in columna 82-90 is used by UPDOC to alter
the base code beyond the preset optionas described above. The high 4
digite in these numbere will remain unchanged for all time. The lower
S are used for updating. The base code igs altered in the following
manner by recorda 2 and beyond in unit 10:f :

replece a line

in the base code : Include the new line in unit 10 with
the same seqguence number as the replaced
line in columna 82-90,

ingert a line

in the base code {: Include the new line in unit 10 with
a sequence number between those of its
intended neighbors.

delete line(s) , '
from the base code : Include & record of the following format
beginning in column 1:

~XAXAXXXXN,YYYYYYYYY

causing lines with segquence numbers
AXXXXXXXX through YYYYYYYYY to be deleted.
The comma and second number may be omitted,
in whigh case only line XXXXXXXXX is
deleted. Full, 9 digit numbers must be:
provided (include leading zeroesa).

The update command records must be ordered such that the sequence
numbers of the lines preocessed are in ascending order.  In the case of
deletions, the first number on the deletion line muat be greater than
the previous se&quence number procesaed.
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It is poaaible under UPDOC, to perform separate, or rodular up-
‘date stages. This ia convenient if the user has construciazd a sepa-
rate update module for aay, a apecial mixing parameteriza::.on, which
is to be applied along with other updates to form the f‘:3a}l wodel.
Such modules must be separated in unit 10 by a line with tt cr.racter
"/" in column 1. The remainder of the line is free-form &« i .y con-
tain an identifying comment. Note that the ascending ordexr conastraint
on update saquance numbers is released between moduleas, bu. remains in
effact within each module,

It is convenient to catagorizo updates in the followiiig manner:

local ! updates which are used to conatruct a
specific model

global : updates which are more general in nature
and are of use in many different models
permanent ! updates which improve the code for all

possible applications

In conatructing local updatese, only the lower three digits of the
sequence numbera should be altered. Digits 4 and S5 can then be used
for glcbal and permanent updates, thereby limiting the possible inter-
ference when uaing multiple update sets.

The final process within UPDOC is the distribution of the COM-
DECKS, common PARAMETER and COMMON astatements, throughout the code
where they are designated with #CALL commands in the base code.

After consgtructing the input file (unit 10}, the base code is
placed on unit 20, and UPDOC is executed, rewriting unit 20 with tha
resulting model code. Thias file can then be compiled and executed,

Permanent updates should be made only through the GFDL. staff., As
atated earlier, users are encouraged to make homemade global updates
available to other users through GFDL. They should be written as gen-
erally as possible and well checked ocut. All known users will be no-
tified periodically of the latest permanent and glebal updates avail-
able. ' :

-H3 - 8/30/84




I. Memory requirements

The following aymbola will be used in the memory formulas below:

INT : totallnumber of grid points east-weat

JHT : totai number of grid pointas north-south

KM : total number of grid pointe vertically

LBC ! number of arrays kept aa slab incidental data

NKFLDS : number of IMTxJMT fields stored on unit 12
(normally 7>

NISLE : number of lslanda in the model

I : 1 if NISLE>O
0 if NISLE=O

H t 1 if in fullword mode
1/2 if in halfword mode

c + O if in disec I/0 mode
1 if in core contained mode

The common block, WORKSP, is the single largest block of memory
used by the model for most applications. Since the relaxation solu-
tion for the external mode ia done after all of the row-by-row compu-
tations of CLINIC and TRACER are completed, the same work space may be
uzed for both. Therefore, WORKSP appeara in an alternate version in
RELAX. Depending on the grid shape, the RELAX version (R) may be
smaller or larger than the standard version (5} found in the other
routines. The total space taken by each of the two is:

HEH{S)=(78+B8aNT)*INT»KM+ (37+7=LBC)=INT

HEM(RY=6* IMT# IMT+IMT+I«2sINT*«INT+NISLE
The requirement for WIRKSP is the maximum of these two. The require-
ment for the next largest common block, FIELDS, is 4=IMT»JMT. Data in
singly dimensioned arrays takes extremely.little memory and will not
be considered here. If the model is run in core contained mode, an
additional bleock must be provided for the virtual disc, “BIG™:

HEM(BIG)=20+NKFLDS*INMT*IMT+2% ((NT+2)#IMT*KM+LBC*IMT) *JNT

If the model is run in halfword mode, these figures are all multiplied
by 1/2. The total data memory requirement is then

MEM(TOTAL) = {Maximum of (MEM(S), MEM(R)}+4=INT#«INT+CxMEM(BIG)]=H.

In addition, memory will be used by both the object code of the model,
and I/0 buffers (in the disec I/0 mode).
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J. Polynomial approximation to the Knudsen formula.

A technique is described in Bryan and Cox (1972) ~hareby, for
each level of the model individually, a 9-term, 3rd ord: - polv¥nonial
in temperature and salinity may be constructed toc serve . i tha equa-
tion of state, which closely approximates the Knudsen for:.:le for the
density of seawater. A conaiderable decrease in computa’ snz. effort
is realized over using the formula directly. To use this achvique, a
sat of nine coefficients must be provided for esach lavael. The program
"KNUDSN" generatea FORTRAN "DATA"™ statements on unit .0 containing
these coefficients, with the proper aequence nuabers inc. :ded, so thay
can be merged directly into the unit 10 input file = UPDOC., On a
listing of "XNUDSN", near the top are two comment lines with asteriaks
extending to the right, directing the entry of, first, the number of
levala (LEVELS= ), correaponding to KM in the base coda, and secondly,
for each level, the thicknees in centimeters corresponding to DZ in
the base code. The bounds of T and S over which the polynomial ia to
be fitted is given by the array TS for each 250 meter depth apan of
the ccean. It ia currently set at a reaacnably general distribution
but may be altered if unusual T or S valuee are expected, such as in a
palieo-oceancgraphic model. '

The valiuea of LEVELS and D2 currently entered correspond to those
of sample nodels 2 and 3 (see section L). "KNUDSN" may be run in its
present form to obtain a check with the coefficients uased there. Note,
however, that somewhat different valuss may be obtained, particularly
for the higher order terms, due to different precision and/or object
code sequence produced by different machines.

Bryan, K., and M. D. Cox, 1972: An approximate equation
of atate for numerical models of ocean circulation.
J. Phys. Oceanogr., 2, 510-514.
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*CONDECK PARAM
PARAMETER (IHT'??*JHTﬁ?75KH'?TilTH??}LSEGI?TflISLEHTT LBC=?7?

o rLsEFa, JFRST=7%,JF10x$2,0FTi=27, 3 T2x 12, 3f00= 17, JF01=71,IFU25 27
€ FILTER T T0 YIELD EQUIV DX AT JsJFTO FRON J=JFRST TO JFTL AND
c JaJFT2 TO JNTH1
¢ FILTER U 10 TIELD BGUIV DX AT J=JFUO FROM J=JFRST TO JFUL AND
g JsJFU2 TO JHTK2
2 INU=10T-1
-. INUsINT
o) INTPI=INT+1, INTHI=INT-1, INTN2=INT-2, INUN1=INU-1, THUNZ2=TNU-2
», JHTP1=JNT+1, JRTHI=INT-1, s IXTHZ=IKT-2, JSCAK=JNTH2 )
L]
», KNP1=EN+1,KNP2=KN+2,KNN1nKK-1
.usuaa-xnw-t<nr+2>-xﬁ¢an) nuos-:nr-ant NSWICHSLBCeINT
*,J5 PT-JFT: JFTI JSXPU=JFU2-JFT
o ) WITBFT=¢(JFT rﬁsro1)+(snru1-arrzo1>
,lJTBFUi(JFUI-JFRST01)4(JHTHI-JFU 2¢1)
.nssxr-z-clstsrTouatnrn»-Lsssr-xn.z.natnru-Lssnr
*| NDICES=20LSEG#JHT+4#NISLE
INTKMsINT#XN, ITHII2-IT+IIIT ltFLDS-?*(NDICESIIUDS))
" NPLICIT HALF PRECISION(A-H,b-2
+CONDECK FULLWD
REAL TISEC. AREA, VOLUNE, AKNTRL , PAD . ENGINT, ENGEXT, TTDTOT, BUOY,
.LDGIchICI.'pLIbEx EXTOT,DTABS, T

1. EB

CONNOK /FULLWD/ ITT TISEC, AREA, VOLUNE AKNTRL(6) PAD(10)
ENGINT(8),ENGEXT(85,TTDTOT(6,HT),BUOY PLICII.PLICEX,EK+OT.
DTABS(NT) 'TVAR (NT) urxnsr NEAST GBI ANERCY NURITE A NB,NC
RXSCA ﬁubisxa nnzs&innxsxa KONTRL, KFLDS, La3§(3>,uxi,n rGY,

AR(K
TG R xuucquS XNUPCINT),EB,
1Sz (Jnt,LSEG) , IEZ(JN
s, ISISOIISLE) , 1£:scn15Lé) RS (NISLE) JEIS (NISLE)
o ISTF(NJTBFT,LSEGF ,KM), IETF(MJTBFT,LSEGF,XM)
»’ ISUF(NJTBFU,LSEGF,KN), IEUF (NJTBFU,LSEGF,KM),
+ ISZF(NITBFU,LSEGF} 1EZF (NJTBFU,LSEGF),
= SPSINC(INT), SPCos(inm)
sCONDECK SCALAR
COMMON /SCALAR/ DTTS,DTUV,DTSF,C2DTTS,C2DTUV,C2DISE, AH, AN, FXPH,
» FKPH,ACOR,CRIT,SOR,0NEGA . RADI0S,GRAV,RADIAN,PI,SWLDEG
»COMDECK ONEDIN
K Ao JONEDIN/
s DXT (INT),DXTR (INT),DXT2RCINT),DXU (INT),DXUR CINT),DXU2RCINT)
*, DIT4R(INT), *DAT4R(INT) .SFU  CIMT),SFUB (INT),SFV (INT),SFVB (INT)
2 ZUN (INT),2US (INT),ZVN (INT),2VS (INT)
# DYT (JMT) DYTR (JXT), DYT2R(JHT) 'DYD  (JXT),DYUR (JNT), DYUZRCINT)
« 'DYU4R(INT) DYT4R(INT) ,CS _ (JAT),CSR (JAT),CST (JNT),CSTR (
o PHI  (JNT),PHIT (JNT},SINE (JINT),TNG N
(KM .DZ xn),ozzn ¢ XM)|EEH
s FFN ( KX),2DZ  ( XN)
«'D22 {KHPI) "DZZ2R(KNP1),2DZZ CKNP1) , TINIT(KK,NT)
+COMDECK FIELDS
COMMON _/FIELDS/ P(INT,JNT),PBCINT,JNT),2ZTD(INT,JET) HRCINT,JNT)
«COMDECK WRKSPA
COMNON /WORKSP/
sTA (INT,KN,NT),UA (INT,KN),VA (INT,KN), BCON (INT,LBC),

»TBP (INT, KN, HT) unpun’r,xm " VBP(INT KX,
»  FERUPCING) ,WEYP
aTP (INT,KN, n+> Ha (IHT,KH) VP CINT,XM),
s  FENTPCINT) ,WSXP(INT)
«T8_(INT, xn*ni éun czn;.xn) ,VB (INT,KN),
I
o7 (INT, KN xS (INT,KH),V  CINT,KN)
» FKET CINT) uéx (I
»TBN(INT, KN, NE) UBH(IHT KM), VEMCINT, KM,
s  FXNDNCINT) év
»TH (INT,KX PR (IHT XM), VN CINT,KM),
s FENTHCIND) ,WSXMCINT) '
COMMON /WOR
UCLIN(INT,XH) ,VCLINCINT,KH) , USAV (INT,KN),VSAV (INT,KHD,
RHON (INT.XM) RHOS (INT,KM).FUW (INT,KN), (INT X1,
FVSU (INT,XM) FVST (INT.XM)
FMN (INT.KM).FM  (INT.KX).FNP (INT,KM),
"GN (INT,XM),
UOVER(INT) ,UDIF (IHT.KH) " UUNDER{INT),
VOVER(INT) | VDIF (IN » VUKDER (IXT)
¥B§¥¥ixup1:§rknpAtan.xﬁp1: TEMPB(INT, KHP1),

zuuznor:ﬁf 8) zussnscinr.a;.zvuzns(:uf.a).zvsznsx:nv.a;
COXNOR /WORKSP
+ DXTQ (Inr.xn).nxuo (INT,XX) ,DXT4RQ(INT,XN),DXU2RCCINT,KN),
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« DZ2RQ (INT,KM),DZ2Q (INT,KM),DZZ2RQ(INT, XM),C2DZ0 (INT K
» EEHQ (INT, KH) +EENQ (SN "KM} 'FFHO c:nr (INT K
« CO (INT,KM.S 5,700 (INT.kX §.so00 ¢1 kn S
CIG(INT,KN,9,2), tozuczur X%,2). SOID(IHT XK, 23
«COMDECK WRKSPA
CONKON /WORKSP/ -
. ISHASK(IHT INT) ,COF (INT, JHT) , COFTS (NISLE)
e CFNC(INT,INT),CFSC(INT, THD), rt:zur JNT) ,CFUCINT, JNT),
PTDCINT, Jnr) JRES(INT,INT) cprtluri
«COMDECK BITVES

BT KEVENBV (INT, KM)  KODDBY (INT, KH) , KALTBY(INT KN, 2
EQUIVALENCE (KODDBY,KALTBV(1,1,1)), (KEVENBV,KAL T804, 21,23
CONMOM /BITVEC/ KALTBV

*CONDEGY T INE

REAL TO,T1,T2,T3,TINE

COMNON /TIHE/' TIME(10)

Yi.
-]
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- 009100000 I
009200000

DOIZ00000
509400000
209500000

0025800000
003300000
010000000




*DECK OCEAN
PROGRAM OCEAN(INPUT,TAPES=INPUT,OUTPUT=TAPEG)

ct..l.l:.-lltlII!..I.-..ll-l.-l.ll;--.llIIII'IIIIII--B-lllI"IIII.."I.I.IIIIISI

OCEAN I3 THE PRINARY CALLING ROUTINE, IT PERFORMS ALL
OPERATIONS WHICH NEED BE DONE ONLY QONCE AT THE
BEGIXKRING OF EACH RUN OF THE HDDEL6PCALLB STEP

ONCE PER TIMESTEP, AND ATTENDS TO UPERATIDNS
WHICH WUST BE DONE ONLY AT THE END OF EACH RUN.
THE CALLING SEQUENCE OF THE CODE 1S AS FOLLOWS:
=~==> CLINIC - STATE
ODAH ODAH I,
-=) OCEAH -=> STEP --\- -=~=>» TRACER - STATEC

HATRIX \
. ===» RELAX - ODAM

(rlvlelrisirlrlelrlelelololriololololy]

g DEFINE GLOBAL DATA

EEERENREEERN
EENERNEEERS
FRERSNEENDR
EESENEERRES
EENSRNEEEBREW
ANREBRBEEERD
EEREREEEERS
EBEEEEEENES

(2 P21 2T TETE Y

- TP AP W e P Y T S U S S R D A A S N M S e e D G P R A S A T A -

~CALL PARAN
+CALL FULLWD
»CALL SCALAR
«CALL ONEDIN
«CALL FIELDS
»CALL WRKSPA
sCALL BITVEC
+CALL TIME
c i Ak e R A N S e e e R PO W Y PR M P A W S A e R N R R S R N AR e e S D -~
C__DEFINE AND EQUIVALEKCE LOCAL DATA: DEFINE MANELIST INPUT
c
DINENSION FKNP(INT JNT) ,FKMQCINT,JHT),FKNZ(INT,JHT) FINS(3)
CHARACTER=1 DOT,BLK,AB
DIMENSION ABT(IKT)
DIMENSION KPR(INT)
EQUIVALENCE (P, FKKP, FINS), (PB,FKHZ) , (ZTD, FKNQ)
REAL ANF_AWE, FXPKF ,FKPHF, DTTSF , DTUVF, DTSFF , ACORF, SORF, CRITF,
[
NANBLIST JEDDY/ ANE, AHE FXPKE . EXPHF /TSTEPS/ DTTSF,DTUVF,DISFF
» /PARMS/ ACORF,NXSCAN,SORF
#/CONTRL/ NFIRST,NLAST unsnév.xnrx NWRITE,NDW,NTSI,NA,NB,NC
NAMELIST /TSPROF/ TINITF
KAMELIST /IBOX/ 1S1S5,1EIS,JS51S,JEIS
; DATA DOT/*.*7,BLK7* */
C ------------------------------------------------------------ -
€ BEGIN EXECUTABLE CODE
c

-c’l:Iﬂttgitllililitlﬂtl.ll.itltlwtlﬂ‘ﬂllllt-l..tlIntttlt#tﬁt...‘.t!tll'l.l-t.SII

g BEGIN INTRODUCTORY SECTION WHICH IS NEEDED FOR EACH RUH

(INCLUDING RESTARTS)

CI’IB'I"'-!I‘-l‘.’3‘-’.--l.l-‘-IHQSC--.’-’-'ﬂ'.'st".'...’.'ﬂI""S'--l.--ll-l'

C

DO 10 LTINE=},10
10 TIME(LTINE)=0O,
CALL GETINE(T3,T1)

SET THE TYPE OF MIXING
BACKWARD STEP 1S DONE;

TIMESTEP.

IF EB=,FALSE., A FORWARD STEP I

aaaaan

S DOXE.

. . T SR B e e N S A A S M R N A e A A e T

e A S - M T e O -

IF EBI.TRUE.6 AN _EULER
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Q
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X
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m
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=
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1F (MOD{NWDS,2) .NE.O .OR. MOD(NSLAB,2).ME.0) THEN
PRINT 9a3i

STOP 8831
ENDIF
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c9831 FORMAT(1X, *XWDS & NSLAB NUST BE EVEW FOR QDAN IN HALF:ORD NODE’)

T - e e e i e o P s OB A0 . s e O A S

g INITIALIZE VARIOUS QUAHTITIES
c

NWRITE=1000000

KDW=1000000

NTSI=1

NA=D

NB=Q

MC=0

,KORTRL'II

PI=3.1415927

ONEGA=3, 1415927/43082.
RADIUS=6370.ES
RADIAN=S7.29578
GRAV=980.6

A SR D L L S D A S S S Y e P A e A S D e o —— - -

g SET THE LATITUDE (IN DEGREES) OF THE SOUTHERH UALL

R A vl kv 0 ) D L Y s e e S 0 T D i A e o S
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DO 52 J=2-JHTH1
DYT(J) =
DYT(J)-DYT(J)lRADIUS!RADIAH
52  COMTINUE
DYT(1) =DYT(2)
DYT(JKT)=DYT (JMTN1)

Do 57 182 IHTHI
“DXT(I)
DXT(I)lDXT(I)GRADIUS!RhDIAK
57  CONTINUE
DXT(1)=DXT(2}
DXTC(INT)=DAT(INTM1)

SET CYCLIC CONDITIONS ON DXT

DXT(1)=DXT(INTH1)
DXT(INT)=DXT(2)

aao

C
c ‘SET 2 DIHENSION OF BOXES (IN CEﬂTIHETERS)

- -—_----—————nu--—-----——-—q--n-.--—--------—------—_-----.--n--.n—-—---a—

D2(1)=??

READ (5,CONTRL)
URITE(S CONTRL)
READ (5 EDDY)
VRITE(S EDDY) .
READ (5,TSTEPS)
WRITE(6,TSTEPS)
READ (5 PARMS)
URITE(G PARNS)
AN=AM

AH'AHF
FKPN=FKPNF
FXPH=FKPHF
DTTS=DTTSF
DTUV=DTUVF
DTSE=DTSFF
ACOR=ACORF
SOR=SORF
CRIT=CRITF
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c

Crrrrs e cacam=rr

c

c-lll-—--—---

c

COMPUTE AUXNILIARY annnvs BASED UPON THE SPACING SPECIFIED ABOVE

100

110

120

e ——— B S e P A e e G e M . ok

T T . - S P T P P e i e e e B S A A P T R A A e A S Ve e A

130

DD 100 K=1i,K

0202 (K) 23 OsDZ (K)
DZ2R(K)=1.0/C2DZ(K)

CONTIRUE
DZZ2(1)=0,5sD2(1)

z

DZ(l!IDZ{I)

DO 110 K=2,KH

DZZ(K)=0, SC(DZ(K'lj’DZ(K)’
ZDZ(KE-ZDZ(K-I)ODZ(K)

CONTINY
DZZ(KX+1)=0,%5sDZ (KM

oONgD

ZZ2ZR(KNP))=0.5/DZZ{KNP1)
DZZ(1)=D2ZZ(1)

0 120 K=1,Ki

Z2R(K)=.5/DZZ (K)

DZZ (K+1)=2DZZ (K) +DZZ(K+1)
EEH(K) sFXPR/ (DZ{K)«D2Z(K)}
FFH(K)=FXPH/ (DZ(X)*D2Z(K+1))
EEM(K) sFXPK/(DZ(K}*D2Z (K>}
FFU(K)=FEPH/ (DZ(K)wD22(K+1))
KAR(K)=K

'I“ -

CONTINUE
PRI (1)=SWLDEG/RADIAN

p
S
D

HIT(1)=PHI(1)-.5#DYT(1)/RADIUS
GMDY=PRI(1)
YU{INT)=DYT (INT)

DO 130 J=15JHT

IF(J.NE.JET) DYU(J)=.35#(DYT(J)+DY¥YT(J+1))
DYTR(J)=1./DYT(J)

DYT2R(J)=.5/DYT(J)

DYT4R(J)=,25/DYT(I)

DYUR(JY=1./DYU(J)}

DYU2R(J)=.5/DYU(J)

DYU4R(J)=,25/DYU(J)

IF(J.NE.JNT) SUMDY=SUNDY+DYT(J+1)/RADIUS
IF(J.NE.JNT) PHI(J+1)=SUNDY

IF(J.NE.1) PHIT(J)=.5«(PHI(J-1)+PHI(J))
CST{J)=COS(PHIT(J))

CS (J)=COS(PHI (J))

- SINE(J)=sSIN(PHI(J))

CSTR(J)=1.0/CST{J)
CSR(J)=1.0/CS(J)
TNG(J)=SINE(J)/C3(I)

CONTINUE

DXUCINT)=DXT(INT>
DIU(IHT)I.Sl(DIT(2)fDXT(SJ)
PO 140 1=}

IF(I.NE. 1&1) DXU(I) = .5a (DXT(I)+DXT(I+1))
DXTR(I)=1, /DXT(I)

DXT2R(I)=.5/DXT(I)

DXT4R(I}=.25/DXT(I)

DXUR(I) =1, /DXUCI)

DXU2R(I)=.5/DXU(I)

DXUSR(T)=.25/DXU(1)

140 CONTINUE

CREATE A BIT ARRAY FOR LATER WHERE STATEMENTS

- INDTEIC

LENV=22INTaKN
KALTBV(1,],1;LENV)=B’0D’

EALTBV(i,3,1;
DO 145 K=1,KK

LENV)’.NOT.KALTBV(l,I 1;LENV)

. IF (K-2x(K/2) .NE,0) THEN

ELKEVEHBV(I X INT) =B/ O’
- KODDBV(! K:INT)=R’0’

c145_ CDHTINUE

FY=1, 05'10
FXA=DXT(1)/RADIUS
DO &£70 I=2,INUN1

- K5 -
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116800000

19500000
119600000
119700000
119800000
119900000

120000000

120100000
120200000
120300000
120400000
120500000

C



FXB=FXA*FLOAT(I-2)
SPSIN(I)=SIN(FXB)
SPCOS(I)=COS(FXB)
IF(ABSIEPSINGE)) . LT.FX)SPSIN(I}=0,0
IF(ABS(SPCOS(I)).LT.FX)SPCOS(I1)=0.0
670 CONTINUE
SPSIN(1)=0.0
Spcog(1)=0.0
SPIINCINUY=0.0
SPCOS(IHU)'0.0

C PRINT GRID GEOMETRY ARRA?S

PRINT 9701
9701 FORMAT(SOHO GRID BOX THICKMESS ’DZ’
" PRINT 970, DZ :
_ PRINT 9795
9702 FORNAT(SOHO GRID POINT SEPARATION
PRINT 970, DZZ
PRINT 9703
9703 FORMAT(SOHO DEPTH OF BOX BOTTOM
PRINT 570,
PRINT 9
9704 FORNAT (300 DEPTH OF GRID POINT
PRINT 970, 2D2Z
_ PRINT 97
9705 FORMAT(50HO LATITUDE OF T,S5 POINTS (RADIANS)
PRINT 970, PHIT
PRINT 97
9706 ;onunré;guophArITuns OF U,V PDINTS (RADIANS)

_lDzzl
JzDzl

+2D22’

- 9707 FORMAT(SOHO COSINE OF T,S LATITUDE ‘CST’

PRINT 970

PRINT 97

9708 FORHAT(SOHO COSINE OF U,V LATITUDE ’CS’
gg%l? 970, CS

9709 FORHAT(SOHO SINE OF U,V. LATITUDE
PRINT 970,

970 FORHAT(IX,IOElS 5)

*SINE”

CALL OSTART(KONTRL,20
CALL gsranrcerns,ixrﬂns-uuns NWDS, 1)
I
N o START(LABS (1) , JHT*NSLAB, NSLAB, NBUF)
CALL OSTART(LABS(2))JNT«NSLAB,NSLAB,NBUF)
CALL OSTART(LABS(3),JHT#NSLAB,NSLAB,NBUF)
. IF(NFIRST.EG.0) CALL ORD(21)

L A L e e L L L e e -

- ks o e o A e S e el e S e

------- o -

’PHIT’ )

‘PHT’ )

€ END INTRODUCTORY SECTIOH

.cti.llRIIl‘lll'l.-..IIIII".lll.lIllll'll‘llllllt-ltt.l.‘--SII'll.'t'l..lll'lll.

C

¢ BEGIN SECTION WHICH IS EIECUTED ONLY WHEE STARTING
c A RUN FROM SCRAT

EEErEEXEEEEESEREEYEEEEXNME
EEEARREAEEEEENEOEEEREIEERE

cﬂ'Illl'll."'ﬂl.lﬂ.ll.lﬂlBl.ﬂl“lﬂlﬂ.‘.lIIIIBI.IIIIIIllllﬂlﬂ!l.llllllll'l.’!lsl

IF (NFIRST.E@.0) GO TQ 160

. o w o e T A MW A T o ol o A A A e W D e

DO €90 Jx1,JNT
DO 630 I=1,
FXHP(I, JS
FKROCI, '33e0
FKE2(I,7)=0

690 CONTINUE
C IST, SET WUMBER OF VERTICAL LEVELS FOR T POINTS

DO 700 J=2,JMTAL
bo_700 Il?SIHT!

700 CONTINUE
_xs_

8/30/84

aan




C
g SET CYCLIC BOUNDARY COMDITIONS
DO 728 J=1,JHT
FENP( J)IFKHP(IHTB!,J
FKHP(IHT J)=FKNP( 2,J
c728 CONTINUVE
g 2XD, COMPUTE NUMBER OF VERTICAL LEVELS AT EACE U,V POINT

DO 730 JII,JHTHi

)
}

DO 730 I=1,
kRO LTIy SHaN (FKNPCI, 3) ,FXMP(1+1,J) ,FKNPCI,J+1) ,FENP(1+1,J+1))
cvao CONTINUE
C SET CYCLIC CONDITIONS
DO 732 J=i,JAT
FENQCINT, ' IysFKMO(2,T)
732 ‘CONTIN

c
g 3RD, COMPUTE AN ARRAY TO INDICATE “INTERIOR™ GRID BOXES

DD 740 J=2,JNTH1
DO 740 Is2 INU

N
FKHZ(I,J"HIH(FKHO(I-I.J-l),FKHO(I,J—I),FKHQ(I-l,J).FKHD(I,J))

c7'40 CONTINUE
g SET CYCLIC CONDITIORS
DO 742 J=1,JMT

FKMZ(1,J) sFKNZCINTH1, D)
742 CONTINUE'

Y e e o 0 e e e e Y D T TP S I R P P S A D I AR I R R e A A5 e e

C COMPUTE START & END INDICES FOR STREAM FUNCTION CALCULATIDNS ’

Crmerrcccccneree- o e - - - - - -

c
DO 750 N=1 NDICES

):
- 750 cour:uué
LSEGP=L.SEG+1
DO 780 J=3,JSCAN

Lai
DO 780 I=2,IMUNM1
IF(Fknz¢i-1,3).E0.0. .AND. FXNZ(I
IF(I.EQ.2 NN FKNZ(INT,J) .NE.O
_ LF(FKNZ(I,J).NE.O. .AND, FKNZ(I+
IF(I.EQ.IAUMI .AND. FKNZ(J+1,J).
IF(FKNZ(I,J) . KE.O. .AND. FXN2(I+
IF(L.GT.LEEGP) STOP 780
780 CONTINDE

PRINT 833

gg (LSEgg .GT.11) PRINT 834

gaLL FIHDBI(FKHP NJTBFT,KN,JFT1,JFT2, INT, ISTF,IETF)
CALL FIﬂDEI(FKHQ NJTBFU,XN,JFU1,JF02, 1NV, ISUF, IEUF)

PRINT 837
CALL FINDEX(FKNZ, NITEFU 1,JFU1,JF02, INT, IS2F,1
START éun Inbxéss FoR ¥O

833 FORMAT (1H1,
ONLY 11 SETS OF I

834 FORMAT (1X

OTHERS WILL NOT BE PRINTED.’I)
835 FORMAT (I//IX.‘FILTERIHG INDICES FOR'T,S: ")
835 FORMAT (//71X,’FILTERING INDICES FOR U,V

837 FORMAT ¢///1X,’FILTERING INDICES FOR SfREAH FURCTION: ")

¢ COMPUTE FIELD OF RECIPROCAL DEPTH

- o A e e T A A PR L O R L A A S G . e A WD R W W

PO 790 J=1,JNT
DO 790 I=1,IMT
HR(I,J)=0.0
IF(F*HG(I J).NE.O0) HR(I,J)=1,/ZDZ(INT(FKMQ{(I,J)))
790 CONTINUE

c
C . SET SYHMHETRY CONDITIONS
c

-K7 - 8/30/84
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aataa

g

c.

Cc
c-
€
c

DO 792 Ixi
HﬂtlﬁJHTS-

c792 CONTIR

"~ AREA=0.0

VOLUME=0.0

DO 800 J=2,J

DO 800 Is2,1
1IF(FRip (i,

HR(I,JHTH2)

NTH1
HTH1
JJ G7.0) TH

EN
AREA=AREA+GST(J) »DXT (1) aDYT(J)
VOLUHE-VULUHE*CST(J)IDXT(I)IDYT(J)'ZDZ(IIT(FKHPtI.JJ))

800 CDITIHUE

PRIHT TDPOGRAPHY MAP
(..NOTE.. THE NUMBER OF LEVELS ARE PRINTED IN H

Al e s o . e S e L G e e T e S

A DOT SUPERIMPGSED =a=» ADD AN ADDITIDHEL 1e)

--_——--—-------——-p-.-.--_----——-—-——---------—--p----_u - -

PRINT 950
950 FORMAT (S50H1 HUHBEgsﬂF LEVELS AT T,S POINTS AND U,V POINTS )

960

968
972

969

DO 810 IBK=i
PRINT ©60
FORMAT (/)
1SPa1BK
IEPT=IBK+6

4

IEPU=]BK+64
IFC(IEPT.GT.IKT) IEPT=IHT
IF(IEPU.GT.INU) IEPU=INU

DO 810 JREV=
J=JUT-JREV

1,J

<

IF{J.ME.JNT) THENR

DD 968 I
KPR(I)
CONTIN

=1, INT
«FRUO(I,T)

SRINT 972,
FORNAT (2X
DO 969 I=i
ABTCI)-B
CONTINUE
DO 552 1=1SP

(KPR(I)sfllSP » IEPU)

65(1!,

iiﬂ

S T D) ABT (1) ~DOT

952
a7

953
982

979

IFC(KPR(I),
CONTINUE

PRINT 971, (ABT(I).I'ISP IEPD)
FORMAT {28+ #65(1X,41))

ENDIF

DO 953 I=1,I
KPR(I}=F

CONTINUE

PRINT 982,

0 979 1

ABT(I)=B
- CONTINUE
DO 954 I=]ISP

ﬁnpcx D

(KPR(1),I=ISP,IEPT)
_gﬂRHAT(iX 65(%! y21 )

tx"

IF(KPR(IJ 6? 15)ABT(I)=DOT
CONTINUE
(ABT{I)AI=ISP » IEPT)

PRINT 981,
FORMAT (1H+
CONTINUE

»6501X,

om0 o T S ol L T T T U S S e T Y e S A D 0 Al e G D M 8

540 FORMAT(// iSH S
T 9502

PRINT 940, A

REA, VOLUNE
&

ULATION

PRINT AREA AND VOLUNE OF THE OCEAN, :AS WELL AS START & END
INDICES FOR THE STREAM FUNCTION CALC

P ettt L L T T T Ry ——

RFACE AREA *.1PE13.6.5!,93 VOLUME =,1PE13.6)

PRI
9502 FORggT(éSHl START AND END INDICES FCR STREAM FUNCTION)

930
830 CONTINUE

- e o ol ek S P e e S S S S - - - i W o -

READ IN INITIAL TRACER VALUES
AND. ISLAND BOX CORKER POINT INDICES

JREV=
J=JMT-JREV

PRINT 530,J
FORMATC® 58

1 JNT

(ISZ(J L
=f,13, 5!,5(

5

IE2¢(J
15,10

LY,L=1,LSEG)
'




Cu-——-— ----------------------------------------- [T oy epepapapapRpe R L

¢
READ (%, TSPROF)
WRITE (&, TSPROF)
D0 832 ﬁ-x
DO 832 K
TINIT(K, ﬁ)-TInITr(x.ua
832 CONTINUE
READ- (5 1B0Y)
WRITE (6, IBOX)

DO 880 J=1,JNT
DO 840 I’i.IHT

c

g SET VIND STRESS TO SPECIFIED DISTRIBUTION
pSXCI)=1?

o wsSY(I)=12

g SET XAXINUM LEVEL INDICATORS TO VALUES COMPUTED ABOVE
FKET(1)=FKNP(I,J)
FKMU (1) =FKHQ(I,J)

840 CONTINUE
DO 842 K=i,KH
DO 842 III InT

c
g SET INTERNAL MODE VELOCITIES TO ZERO

UB(I,K)=0.0
g (1,K)=0,0
VB(I,K)=0.0
. ¥ (1,X)=0.0
DO 842 H=1 NT
TB(I.K.H)*0.0

(I.X,M)=0,0
a42 - conr INGE
g SET TRACERS OVER OCEAN POINTS TO SPECIFIED VALUES

Do 870 I=1,1
xz-rxnp(i
IF(XZ.XE. 6: THEN
DO 860°Kx1,K2
DO 860
TB(I, nS-Tzuxrtx 1 -
IF(H.EB.2) TB(I,K,M)=TINIT(X,N)-0.035
T(1,K, 4 )-TB(I,x,ni
860 COXTINUE
EXDIF

870 CONTINUE
C SEND THE INITIAL SLABS TO DISK

CALL OPUT(LABS(1), NSLAB (J-1)#NSLAB+1,T

CALL CPUT(LABS(2),NSLAB,(J-1)wNSLAB+1,T

CALL OPUT(LABS(S),HSLAB (J~1)nRBLAB+1,T
880 CONTINUE

B}
)
}

c
c —————————————————————————————————— o A N e A e ke s ol o S PU———
¢ INITIALIZE RENAINDER OF DISK
¢
¢ SET INITIAL STREAM FUNCTION TO ZERO
DO 890 J=1,JXT
DO 890 I=1,INT
PBUI, Jr=f, o
P (1,1)20.0
850 conwxlﬁ

c
g_ SEND INITIALIZED DATA TO DI1SC

CALL OPUT(KFLDS,NWDS,1,PB)
€A OPUT (KFLDS,NWDS, NGDS+1,P)
OPUT (XELDS, NWDS, 3#NWD3+1, HR)
CALL OPUT(KFLDS,NWDS, 4 #NWDS+1,P)
CALL OPUT(KFLDS,NWDS,S#¥dDS+1,P)

c
C CONVERT START AND ERD INDICES TO REAL (THIS I3 DONE TO ACCONODATE

- K9 -
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THE OPTION OF RUXNING THE MODEL IN HALFUORD MODE; AlSO,
NOTE THAT “FINS™ I5 EQUIVALENCED WITH *

DO 164 N=1,XNDICES
FINS(D=15Z(N, 1)
164 CONTINUE _
€ SET TINESTEP COUNTER AND TOTAL ELAPSED TIME TO ZERO

ITT=0
TTSEC=0.0

- SEND REMAINDER OF INITIALIZED DATA TO DISC

CALL OPUT (KONTRL,20,1
CALL OPUT(KFLDS, in:ésé s-nuns'1 FINS)

cllllUIII-'IIIIIIII----.-“III-III--IIIIIII.-l'l.l.l.'.'.l..l.l? HHAETEREFBEFEEEN

C END SECTION TO START FROM SCRATCH cxasssawissanunuaussnennsy s it cesnEEaEes

.cll'..llﬂ'l...llll--lHIIIQIIIIIIIII'---IIII.Il.l..C.I-I.III.I..'-B.IIIS‘I'..-I.l

aad

11+

cl'.-.IIIIIIHﬂ".'.l..llll.'l'l.lIl.l..l"'lllll'lllt-lIIIIIIOIIIIIII‘II’-I.BIHI 1

BEGIN SECTION TO TINESTEP THE MODEL R RN NN IEE RS ERERA RSN KE R

IlIIIBIItIIIIIIl"Il"'llIl.l.'ﬂll““.l.l..lll'l-Ilﬂ-IIIIIIS-IRIII'Kﬂ‘llllll.
-------------------------------------------------------------------

1 TR e S O USRS A R e A ke e i e e Y A S R e i s s e

¢
C»
c
¢
¢
¢ 'READ IN TIMESTEP COUNTER, TOTAL ELAPSED TIME, AREA AND VOLUME
(160 CALL OGET(KONTRL,20,1,1TT)

¢ READ IK START AND END INDICES AND CONVERT TD INTEGERS

CALL OGET(KFLDS,NDICES,6#KWDS+1,FINS)
DO_165 N=1,NDICES
ISZ(N,1) *FINS(R)
165 CONTINUE

" COMPUTE PERMUTING DISC INDICATORS AND READ IR 2 LEVELS OF
STREAE FUNCTION AS WELL AS RECIPROCAL DEPTH.

NDISK =NOD(ITT+0,3)+1

NDISKA*HOD(ITT*! 3)+1

CALL OGET(KFLDS, NUDS (NDISK-1)«NWDS+1 PB)
-CALL OGET(KFLDS HWDS, CNDISKA-I)!HUDS*i
CALL OGET(KFLDS, NUDS 3=2NWDS+1,HR)

nnnh

[#1p

-INITIALIZE SEVERAL VARIABLES TO ZERO TO AVOID AN “UNINITI&LIZEB
; VARIABLE™ TYPE OF ERROR LATER WHERE, FOR PURPOSES OF VEC~
TORIZATIOI, THE COMPUTATION PROCEEDS ACRDSS LAND POINTS

DO 168 1=1,I
uuuneac:i-o 0
VUNDER(I)+0.0

. DO 166 J=1, T
. ZTD(I,J3 50,0
166 - CONTINU
. DO 167 K=i,KiPi
TERPA(I kry=0.0
TENPB(1] 'K)=0.0
167  CONTINU

D0 168 n-x AT

DO 168 K=1,XNP2
TDIF(I,K,1)=0.0

168 CONTINUE
c

CALL GETIME{(TO,TIME(1))

C
¢ PROCEED WITE TINESTEPPING UNTIL THE SPECIFIED NUMBER
C oF STEPS HAVE BEEN TAKEN

c ---------------------------------------- B e e ol e D S M A ol

©,00 CALL STEP
e

c-
c SAVE RESTART DATA EVERY NWRITE TIHESTEPS. AND AT EHD OF RUN IF NA=i

o A S Y e ) e e - - - - -

IF(HOD(ITT.ﬂURITE) EQ.0) CALL OWRT(22)
- K10 - 8/30/04

664
155500000

155600000
166700000
166800000
166900000

167000000
167100000

NO0 AGOO0/ANANNGaND

oaadn

Qo0annn

Ly}

MR OOOOOO-Y




IF{ITT.EQ.NLAST .AND. WA.EOQ.1) CALL OWRT(21) 167200000
CIF{ITT.LT.RLAST) GO TD 200 167300000
167400000

Czesnamuena e RS R ARE NN I R N AN R E AR R RN AN SN E N RN EEE A FS S IR ERER R ERRARER 167500000
C ENRD TINESTEPPING OF THE MODEL =aeszssssnarrrsccsssasssussssssssnxxrxssssacsz 167600000
CrasEERE AR EE RN RSN NI AR EN NSRS IR NA S E OSSR N REERARRESREZRRERERRAxene | E72700000
¢ 167800000
T e e e v e o e e o e - Y T T - - . 157m
c CDHPLETE THE TIHING IANM..YSIS AND PRINT IT :iggtl)owoo
c . 168200000
CALl GETIME{(T1,T2} 168300000
T3=100./(T1-T3 168400000
TINE(2)=T1-TO-TIME(3)-TIE(4) -TINE(S) 168500000
TIMNE(3)=TIME(3)-TINE(E) 168600000
TIME(4)=TIHE(4)-TINE(7) : 168700000
TI!E(S)'TIHE(S) ~TINE(8) : 168800000

3325 LTIKE=1,10 168900000

3325 'rmsu.'rmms'rméu:rm:na 169000000
PRINT 169100000

9601 FORHAT('OTIHING ANALYSIS’ TMAIN®  6X, ’STEP” 'CLINIC'A!. 169200000
S (CLy s ARACER" 14 S TTATE (Thy P o8k , TRELAK” 34X, * SCANS®) 169300000

PRIHT 9602 '!' é(l) TIHE(.’Z) TIKE(3)}, TIHé(S) TIHE(&) T.’[HE(?!, 1£9400000
*TINE(S) TI E{8) 169500000

9602 FORHAT( 13!F9 2,'%°)) 169600000
9603, TIME (8} . . 169700000

9603 FORHAT('OX OF TOTAL TINE IN FILTER:’,F10.2) 165800000
c 169900000
ettt sttt itttk ettt thein et 170000000
C CLOSE THE DISC DATASETS 170100000
Gt e e e e e e e e e e e e e e e e — s ————sCLesssee = 170200000
c 170300000
CALL QCLOSE (XONTRL) 170400000

CALL OCLOSE(XFLDS) ) 170500000

CALL OCLOSE(LABS(1)) 170600000

CALL OCLOSE(LABS{2)) . 170700000

CALL OCLOSE{LAB3(3)) 1708006000

STOP 13000 170900000

ERD 171000000

- K11 - 8/30/84
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;DECK 8kRourTnE sTER

CIglilllBISHIIIIIIIIIIIIIRKIIUIIﬂllltll.lIls‘llllllhdntsktﬂiﬂttﬂllllB!KIII--I.IIIS 200300000 C

C anwranzxsxn 00400000 C
3 STEP IS CALLED ONCE PER TIMESTEP. IT INITIALIZES VARIOUS exarvxanen 200500000 C
e NTITIES, BOOTSTRAPS THE BASIC ROW BY ROW CONPUTATION = wesawcamszx 200600000 C
€ DF PRDGIIOS"‘IC VARIABLES, MAMAGES THE 1/0 FOR THE LATTER, ==sruassERs 300700000 C
C AND PERFORNS VARIOUS ANALYSIS PROCEDURES ON THE FROGRESSING =wxwv:zmsxs 200800000 C
c SOLUTIONM. eezzusousxn 0900000 C
2 ERMERE L AEER -:m:_omo C
c:::---l-n---s:r---------.:ass-:.ul--:s-lsanst--tltlz-llllatl--szullrnsils cexmme 1100000 €
C DEFIHE GLOBAL DATA ) +131400000 C
Grosomsmmmmom e S e e b b et S C i 201500000 ¢
»CALL PARAN - 201700000
#»CALL FULLWD _ : ' - 201800000
=CALL SCALAR ' 201900000
@CALL ONEDIM 202000000 -
«CALL FIELDS ‘ 202300000
=CALL WRKSPA . 202200000
*CALL TINME _ : 202300000 T
g ' ‘ 202500000 &
Cc DEHENSIDH AND EQUIVALENCE LOCAL DATA
--------------------------------------------------------------------- 202700000 C
202800000 C
DIHEHSIOH TBSLAB(HSLAB) TSLAB{NSLAB) ,VBR(KM) ,TBRN(KN,NT),
TBRS(KN, NT), TTN(8, JHT, NTHIK2) , THT(IKT, KN)
" EQUIVALENCE (TBSLAB,TE) , (TSLAB 5 203100000
: CHARACTER CBTINEsS, CTIH&!J.O : 208200000 T
c 203300000 C
G o e o e e e e e 203400000 C
g BEGIN EXECUTABLE CODE
c 203700000 C
‘CALL GETIKE(TO,T1) : T
CALL OSTIHE( 'HASTER= ,CBTIHE) 203900000 T
PRINT 110,TO,CSTIME ’ 204000000 T
110 FDRHAT (" ack TIME(SEC)=’,F10.2,5X,216) 204100000 T
204200000 C

cssu:::-a-s::s::s.:l.-su-suIala:t.::-lnlns:-lsu-::t-.t------lmisssss-::s:s::s::a-: 204300000 ¢

C BEGIN SECTION FOR THE INITIALIZATION OF zsaussssasanaRacsssxREsEiucscaENRETEEE C
C VARIOUS QUANTITIES ON EACH TIMESTEP taEskssszamssnxsEsesRnsr=ezaaszszaxz 204500000 ¢
G SN T R R N I IR NS E N AN AN I R A A SR ET RSN TR NN N BRI R ERNEREREEREEEE 204600000 C
C - 204700000 C
Coemrausaacues e eeemeeonoscee———— e L LR PR D E P - 204800000 C
C UPDATE TIMESTEP GOUITER AND' TOTAL ELAPSED TIME 204900000 C
Cr=momoccnncaan e e e e e e e e —————————— e eEeLcee——ane—— 205000000 C
c 205100000 C

ITT=ITT+1 203200000

TTSEC=TTSEC+DTTS 205300000
o _ . 203400000 C
T Gt e L T RS L e m——— A —————— : 205500000 C
C UPDATE PERMNUTING DISC I/0 UNITS : : 205600000 C
et it e e e - 205700000 C
c 205800000 C

NDISKB= HOD(ITT+2.3)*1 L 203900000

NDISK = MOD(ITT+(,3)+1 206000000

NDIESKA= HOD(ITT+1,3)+1 : 206100000
c 206200000 C
Cmem e e o e e 0 e L T ——— 206300000 C
C &DJUS‘I’ VARIOUS OUAlTITIES FOR HIXIIIG TIMESTEP 206400000
e Tt T C It Dol e et umpu e ipnpiapatpuiye e wisnp SRR e 206500000 C
c 2 206600000 C

HIX=0 . . 206700000

HXP=0 ) 206800000

C2DTTS5=2,0«DTTS 206900000

C2DTUV=2.0=DTUV Z07000000

C2DTSF=2.0«DTSF 7100000

IF(NOD(ITT,KNIX).EQ.1) THEN ¥7200000

HIX21 : : 17300000

C2DTTS=DTTS 77400000

C2DTUV=DTUV 00000

C2DTSF=DTSF ‘ «: 7 7600000

DD 170 J=3, JHT LT TO0000

Do i70 181 4017800000

PR(I JJ-#(: A5 207900000

170 _ CONTINDE 208000000

82 CONTINUE 308200000

1

c ) 208300000 ¢
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DO 184 K=1,KNM
DO 184 I=),INT
pXra (I, ,K)=DXT
DXT4RQ(T, »X) =DXT4R
bxua (I,K)=DXU
DXU2RA(I . X) »DXUZR
(I,K)-DZZ

o 1 = e

CALL STINIT

QUEUE UP DISK READS FOR THIS TIMESTEP

afan

DO 120 J=2,JHTH]

o e i A ke e e i e A e

- -

- -

----- - -

- AR

GALL OFIND(LABS(NDISKB),NSLAB,(J-1)4NSLAB+1)

CALL OFIND(LABS(RDISK), HSLAB (J- 1)IHSLAB+1)

c120 CONTINUE

- e i T

DTABS(M)=0.0
TVAR(M}=0.0
CONTINUE
NERGY*=0
IF(NOD(ITT,NNERGY) .EQ.0) NERGY=1
:stnsncv Eé .AND. MXP.EQ.0) THEN

130

DO 190 I=1,INT
ZUSENG (I, LL}=0, o
ZVSENG(I,LL)=0.0

CONTINUE

PO 192 Nx1,NT

DO- 192 LL=1,6
TTDTOTC(LL, ¥)=0.0

CONTINUE

DO 194 J=1,JNT
D0 193 M=1,NTMINZ
D0 193 trLai'd

TIN(LL J,ﬁ)-o 0
CONTINUE
DO 194 K=1,KM
: S UTHTCI KI*0.0
194  CONTINUE
c ENDIF

190

192

193

- e e

CIIIISSIIIIRIIEIIIBSSIIIl'!!”ltt.8!28"'5'888!!l'lllIIISRIIIIII-I‘IIIIIIl'll.ll'

¢ END OF SECTION FOR INITIALIZATION

CER IR IR FN RIS I NI CE T CFEEENEEEESXEXEFEENEERE

CIIlltl'ﬂllIIl.EIIISIRII.IISSIEl'8lll!l.!.lll!l.lllttlltt-l.ll'!'llll‘llll'..lﬂl

€

CSCRISIIIII'-.l-l!-II!Ittl!llll!IIIIIIIEIltt:l‘-ktllIII-Itl..t‘tt..'l.lll'tlﬂ".

C BEGIN A BOOTSTRAP PROCEDURE TO PREPARE FOR THE
"ROW-BY-ROW COMPUTATION OF PROGNOSTIC VARIABLES

CHENEEREENEREIXITNEREREEIEREER
IIIIIII’--III"--ﬂ‘.Rlt..ll..

C‘SSS:SSl.'l'llll‘lﬂl.ﬂ“‘:‘sl'IISIISII.S-!!I’I!IIIIESE_SEI!ss’xl.ll‘l’l'::lll"

C FETCH DATA FOR ROU 2 FROM THE DISC

e s e e R D e ke A M R S S S e S A -

CALL DGET(LABS(IDISKB) NSLAB ,NSLAB+1,TEP)
CALL OGET(LABRS(NDISK ) ISLAB,HSLABfi TP )

- K13 -
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c

c

A 0 -

IF(MODCITT, 2)#!1? ¥E.1) THEN
DO 220 N=1,NSWICH

BOON N . 15 RFREGD (N
FKKUP (R} sFKNTP (N)
FKNTP () *BCON(H, 1)

220  CONTINU

ENDIF

DO 222 1=
KRR (3> binep
RMUP (1) FERUBCI)

222 CONTINUE

IF(NIX, Eﬂ 1) THEI
DO 224 MN=1 ,NT

TBP;IﬁK.HJ'TP(I,K 1.0

224 CONTI

DD 226 K=1,KK

DO 228 I'l.IHT
UBP(I,X)=UP(I,X)
VBP(I,K)=VP(I,K)

226  CONTINUE

ENDIF

n’o.

DO 240 N=1,NSLAB
TBSLAB (N} =FX
T SLAB (H) =FX

240 CONTINUE

. DO 230 Kai, KH

DO 254 K=1 KH
DO 254 1
IF(KHTP(i) GE KARC(K)>> THEN
FHPC(I,K +0

ELSE
FP(I,K}=0.0
ENDIF

'rxa-o.o
FYB=1
vunns (KHTP(i IHT) GE KAR(X))

1n+
: .oraznwrs
FMP(1,X; INT) =FXA
END WHERE

c254 CONTINUE

e -

o A L A el -

- - -

- —------—--------—---—---un—-—-—---—-u--__--------*—n-—--.‘

-----—_--------——------------——-u---.-_—-—_——-pq.-.-_-_---_——-—--.-.--------

C
g INITIALIZE ARRAYS FOR FIRST CALLS T0 CLINIC AND TRACER

A D e S Dk sl e e S L L e e T R T L e e D e Y o D e

....------——--—————--------—--u...----—-———----——u--—-- - -

C
g SET VORTICITY COHPUTATIOH ARRAYS AT SDUTHEHR UALL

FX=0 ,
Do 253 I=1,INT
2081 =Fk
ZVS(I)=FX

- Kl4q -
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258 CONTINUE

c-—-—--- -------- Y P NP A G W e e o e »---—- - - -

C SAVE INTERNAL MODE VELOCITIES FDR ROW 2
C AND COMPUTE ADVECTIVE COEFFICIENT FOR SOUTH FACE OF ROW 2 U,V BOXES

A N R R Y Cm R A e O e L el e e e e e o R A e G5 4 S S e

¢
FX=DYU2R(2) #CSR(2) #CST(2)%0,S
DO 260" K=1,KK_
DO 260 I=1,I
ucLIxtx.iisup(:.x)
VELIN(I,K)xVP(T K}
FVSUCL, k P(I.x)
260 CONTINU

c COHPUTE EXTERMNAL HODE VELOCITIES FOR ROW 2

G o o e o s 0 B T e

c
g 13T, COMPUTE FOR TAU-1 TIRE LEVEL

J=1
bo 270 I=1,IMTN1
DIAGi-PB(I+1 J+2)-PB{I ,J+1)
DIAG2=PB(I J+2)-PB(I+1,J+1) .
SFUB(I)--(DIAGI*DIAEZ)lD&UZB(J*l)'HR(I,J*l)
EFVB(I)= (DIAG1-DIAG2)»DXU2R{(I )=HR{I,J+1)#CSR(J+1)
. 270 CONTINUE

¢
g ZKD, COMPUTE FOR TAU TIME LEVEL

DO 280 I=1,INTN1

DIAG1:P (I+1,J+2)-P (I ,J+1)

DIAG2:P (I . J+2)~P (I+1,J+1) -

SFU (1)=-(DIAG1+DIAG2)*DYU2R (J+1)#HR(I,;J+1)

SFV (1)= (DIAG1-DIAG2)#DXU2R(I )sHR(I.J+1)sCSR(J+1)
280 CONTINUE

e : .
g 3RD, SET CYCLIC BOUNDARY CONDITIONS

SFUB(INT)=SFUB(2)
SFVB(INT)=SFVE(2)
SFU (INMT)=SFU (2)
SFV (INT)=8FV (2)

C ADD EXTERNAL XODE TO INTERNAL HODE FOR ROW 2 (OCEAﬁ PTS. ONLY)

¢

DO 300 Ex1,KN

DO 300 I=1,

Ircxaupci).cs KAR( N
UBP(I,X)=UBP(I,K)+SFUB(I}
- VBP(LK)=VBR(1,K)+SEVB(I)
P (I.K}=UP (I.,K)+SFU (I}
v¥ (I,K¥=VP (I,K)+SFV (I}

"ENDIF
WHERE (KNUP(1;1IMU),GE.KAR(K))
UBP(1,K;INU)xUBP(4,K: INU) +SFUBLA ; INU)
 VBP(1,K:INU)=VBP(1,X;INU)+SFVB(1};INU)
UP (1,K:INUY=UP (1,K:INUD+SFU (1;IND)
VP (1,K:INUY=VP (1.K:INU)+SFY (1;IND)
ENDWHERE :
(300 CONTIRUE

T S e okl Wy S e i e v o A e L A e - T A -

R(X)) THE
.3
L3

IF(NOD(ITT,NTSI).EQ.0) THEN
po 305 K=1,KM

FI-O.S!C§(J+1)'DYU(Jil)lDZ(x)
PO 305 I=2,INUN1 _
EKTOT=EKTOT+ (UP(I,K) aUP(I,K)+VP(I,X)*VP(I,K))«FXaDXU(I)
305 E"g?gfruus

COMPUTE DENSITY OF ROW 2

. e O R A S e e Al ol e e . e e S - - -

CALL STATE(TP(1,1,1),TP(1,1,2),RHOS,TDIF(1,1,1),TDIF(1,1,2))
v
C SET CYCLIC BOUNDARY CONDITION3

agado

- K15 - 8/30/84
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DO 310 K=1,KM
RHOS (INT, K)=RHO3(2,X)
310 CONTINUE

c‘II!I'IIIIIIISII.IIIIl.lll'.’lll!ll.lll’CIHIIKIIIIIIIIIIIIIIBI'-'-".B.'.--IIIW

C ' END OF BOOTSTRAP PROCEDURE sranxcccssansnsanca s s ssunnnnsasaEa e N wEen s wmen i [

CIIIIIII-IIll..IIHII.I-IIlll..ll'lﬂllIIII'II--IIlll"...'....'...lIISIBBI-IIII’ﬂ E:

c

‘c.IIl;III'III-IIBIII';.'IIIIII;I.I.II-IIIIIII'-I.III‘.l-llII.'.II.III..I.UI'-.E

C BEGIN ROW-BY-ROW COMPUTATION OF PROGNOSTIC VARIABLES zrssmmzussuzmsssssnzszay -

Ctl-ltlﬂInII--:IIIIII!:I:.;I:IIIIllllull..lal.ln-ll----BIIJBIIIIIISIIIISIIIIIUE# A

c
DO 380 J=2,JMTH2

DO 320 M=1,NSLAB
TBNCN,1,1)=TB (n

[
on ,
™ ;1,13 xTEPCN,
T 1,13=TP (N,
cszo " CONTIND é

IF(J.NE.JNTK1) THEN
CALL OGET (LABS(NDISKB) +NSLAB, JeNSLAB+1,TBP)
gALL OGET(LABS(NDISK ),NSLAB J-HSLABfl TP )

-—n--_—--------—-----—---_-------———--—--—qp-——--—-—-- - -
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- IF(HODCITT, 2)+HXP NE.1) THEN
DO 332 N=1,NSWICH

BCON (N 15-quup(n)
- FKXUP (R) =sFKNTPAN)
FKNTE (K> =BCON(N, 1)

332  CONTINUE

ENDIF

C
C SHIFT MAXIMUM LEVEL INDICATORS DOHN OHE ROW AND SET J+1 VALUES

c-----------------n-_-_--------—---u—---_---_--___----—---- -

DO 334 I=1,IMT
KNT (1)=RNTP

1F¢J. EQ.INTHI) THEN
Do 535 I
xurp<1>=§an (1

KNUPCI) =FEKNUMCI)
335 CONTINUE

—VKIG - 8/30/84
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IF(HIX.ED.IJ THEN
DO 337 NT

DO 337 K'l KM
Do 337 I=31, L INT
COTBP(IEK,H)ITP(I.!,H)

DO 338 K=1,KN
DO 338 I=1,INT
- UBR(T, K3 xUP(
VBP(I,K)=VP(
338  CONTINUE
ENDIF

337
I.X)
I, JK)

T ke D e W A A e S R R R P

C SHIFT HASKS DOWN ONE RDW AND COHPUTE NEW HASKS

DO 345 X=1,KM
DO 345 Ix1,IMT
FENCI,K)=FN (I x
FM (1. K)sFMP(I
345 CONTINUE
DO 354 Ka1, K
DO 354 Is1,
IF(KHTP(i).GE KAR(X>) THEN
FMP(I,K}%1.0

ELSE
FEP(I,K)}=0.0
ENDIF

IF (KMU(I) .GE.KAR(K)> THEN
gH(I.K) =1.0

GN(I,X)=0.0
ENDIF
FXA=0.0
FYB=1.0
WHERE <anp<1 INT) .GE.KARCK))
K: 1uF) =Fx
arnsnuxs

FHP(I K:;INT)=FXA
ENDWHERE'

WHERE (KMU(1;INT). GE KAR(K) )
GN(1,K;INTY=FX
OTHERWISE
GM(1,K: INT)=FXA
ENDWHERE
c354 CONTINYE

CALL GETINE(TO,T2)

- e o Al A e i e e e e e e i e e - e - - -
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IF(J.NE.JMTH1) CALL CLINIC(J)
CALL CLINIC{J)

CALL GETINE(T1,T2)
TINE (3}=TIKE(3)+Ti-T0

CALL TRACER(I)

CALL GETINE(TO,T2)
TIKE(4)=TIME(4)+TO-T1

----- - - - -
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- B e

HTEST~NOD(
IF(RERGY.E
IF (MTEST.N
IPRT=1?

DETERMINE INDEX OF FIRST T OCEAN POINT

PO 430 I=1,INT
ISTRT=1
) IF(KMT(I).NE.QO) GO TO 431
430 CONTINGE
431 CONTINUE
ISTOP=13TRT+IPRT-1

moDa
. 4w
OO~
v. ...3
ﬂ:ﬂ

aao
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IF(ISTOP GT I¥T) ISTOP=INT

00 8
r?n EQ. 15 PRINT 8001,J,ITT
. IF{M.EQ.2) PRINT 80602,J,ITT
IF(M.EQ.3) PRINT 8003,J,ITT
5 IF(N.EQ.4)> PRINT 8004,J.1TT
8001  FORMAT(20H TznpsnATunﬁ FOR J =,14,12H AT TINESTEP,I7)
8002 ~ FORMAT(20H SALINITY  FOR J =,I4,12H AT TIMESTEP,I7)
8003  FORMAT(20H TRACER i - FOR J =,I4,12H AT TIMESTEP.I7)
8004 FORMAT(20H TRACER 2  FOR J =,I4,12F AT TINESTEP,I7)

SCL=1.0
IF (M. EG. SCL
CALL HATRII(T(! I,H) INT,ISTRT,ISTOP,0,KN, SCL}
' 8015 CONTINUE

PRINT 8011,J7, 17T
3011 FORHAT(20H W VELOCITY FOR J =,14,12H AT TINESTEP,I7)

g SET CYCLIC BOUNDARY CORDITION ON W BEFORE PRINTING

DD 433 K=1,KNP1
VIET, K =W(2 KD
433 gguT NUE

Lz1.E-3
¢ CALL MATRIX(W,INT,ISTRT,ISTOP,0,KNP1,SCL)
g DETERMINE INDEX OF FIRST U, V OCEAN POINT '

001340 I=1,IMTN1
IF(KHU(I*I) NE.Q) GO TO 441
440 CONTINUE
441 CONTINUE
ISTOP=ISTRT+IPRT-1
- IF(ISTOP.GT.,IXT) ISTOP=IMT
PRINT 8021
8021 EURHAT(zoﬂ v VELOCITY FOR J #,14,128 AT TIMESTEP,I7)

CL*1.0

CALL MATRIX (U,INT,ISTRT,ISTOP,0,KM,SCL)

_ PRINT 8022, J ITT

. 8022 FORMAT(20H V VELOCITY FOR J 14.1zn AT TINESTEP,17)
CALL MATRIX(V,INT,ISTRT,ISTOP,8,K

C - COHPUTE THE NORTHWARD TRANSPORT OF EACH TRACER QUARTITY
C AS VELL AS THE ZOKALLY INTEGRATED. HERIDIOHAL HASS TRANSPORT

¢
8090 IF(J.EQ. JHTHI) G0 TO 8190
DO 8092 K=l

VBR(K) =0, 6
DO 8092 M=1,NT
_ Tnns<x,x:-ranu(x n
TBRN(X,X)=0.0
- 8092 CONTINKUE
IF{J.GT. 2) GO TO 8110
DO 8094 M=1,NT
" DO 8094 K=1,KM
TBRS (K, M) =0.0
8094 CONTINUE
DO 8102 K=1,KM
TOTDX=0.0"
DC 6100 Ix2,INTK1
TOTDX=TOTDE +DXT (1) » (FM(I,K))
B 8100 Mei,NT
"“TBRS (X, M) *TBRS(K, M) +T(I,K, M) sFN(I,K)#DXT(I)
8100 CONTINUE
, IF(TOTDX.NE.0.0) THEN
DO 8101 M=1,NT
_ TBRS(K n)-Tans¢x ¥)/TOTDX
8101 E]c?urx

8102 CONTINUE
8110 CCTI=AEnDYUR(J)
" DO 8130 K=1,KNM
T0TDX=0.0
DO 8120 1-2
TOTD!-TOT5!+DRT(I)l(FHP(I X))
vnatu)-vnncx)ovcl .KyaDXucI>acsc)
DO 8120 M=1,N
, TBRN(K, M) =TBRN(K,N) +TP(I,K, !J-FHP(I.K)-BXT(I)
8120 CONTI
B IF(TOTnx.uE 0.0) THEN
DO 8122 N=i,NT

- K18 - 8/30/84




TBRN(K, X) =TBRN (K, M) /TOTDX
8122 CONTINUE

EXDIF

IF(X.EQ.1) THT(J,1)=VBR(1)DZ(1)
Do:gigonr 21 rnrca "K)sTMT (J,K-1) +VBR(K) »DZ(K)

TN, 35-111t1,a M) +VBR(K) » CTERN (K, X) +TBRS(X, %)) #0.5#D2(K)
DO 8130 I=2,INTHI
TTE(E,T, uS-rwnts M)+ (VCI,K)#DXUCII+V(I-1,K) «DXUCI-1))#

k fysTpex, &, M) )eCS ()00, 25RDZ(K)
TN¢7,], u)-TTl¢5 Som- ccr& FMCI,K)osFMP(I,K)e .
(TPCILK, M) -T(1,K, a)aunxr(1>-cétaanozcx)

8130 courznuz ,

8140 N=1,NT
B0 8140 I=2,INTK1
TOTDZ=0.0
VBRZ=0.0
TBRZ=0.0
IXM=]
IE(KNUCL_1) .GT.KNU(D)) IKN=I-1
EZ=XNU (IKN)
IF(KZ.EQ.0) GO TO 8140
DO 6136 K»1,
VBRZ=VBRZ S (V(1, K) sDXDLT) +¥(1-1,K
TBRZ=TBRZ+(T(I.K, M) +TP(I, X, X)) »
TOTDZ=TOTDZ+DZ (K}

'y

)eDXU(I-1))DZ(K)
Z (X

8136  CONTINUE

‘TBRZ=TBRZ/TOTDZ

TTN(3,J,M)=TTN( . *TBRZ#CS{J)n0.25

3,J,M) +VERZ
TTN(5,J H)-TTH(S JTHY-(WSX(I)#DXUCI) +WSX(I-1) *DXU(I-1))#
e TCI,1,M)+TP(I,1,H)-TBRZ) #CS(J)/(8,0=ONEGARSINE(J))
8140 CONTINUE
DO 8150 M=i,NT
TTN(Z 3,8 =TTHCE, I, 00 -TTN(1, I, 1)
TTN(4 J,H)-TTHtS,J,H)-TTN(&,J.H)-TTN(S 3,1
TTHCB I, H) =TTH(E, T, 8) «TTN (7,3, 1)
8150 CONTINUE

8150 CONTIRUE
339 CONTINUE

Crtmmmrr e e e m e e e e e e e e e A e e e A -

c PuT SL&B INCIDENTAL DATA INTO CORRECT SLAB FOR HRITEDUT

R D e AR A R A A o o i ok ok e ol T A

IF(¥OD(ITT,2).EQ.0) THEN
DO 340 N=1,NSWICH
BCONAN, LSRR O
340  CONTINUE
ELSE

DO 360 M=} NSWICH
BCON (N, 15 =FXNU (N}

360 CONTINUE

. ENDIF
380 CONTINUE

ctlt:'I‘B:I:“=.l..==".ll=--.I-'Bl.Il'.'l-llIllstl"‘l!"IIIIIlll.l'.'..lln.‘l'.

C END ROW-BY-ROW COKPUTATION

c-a::-:.::- -l"‘-lﬂ--l-liiﬂﬂ-ﬂltlB---.'l-.'.'---'*.'.'...""."l.._“‘---.l-'.,.

atinal

Il.ﬂlllll8::I:Illl:!lllIIIIESIIISESSBIBSSBSSSSSIl

- N D T A e ke s Al e e ) e ke Ve S G e A T A s S S A e T 60 B SR

.¢ PRINT ONE LIKE OF TINESTEP INFORMATION ON SPECIFIED TIMESTEPS

----—-_---»n--w-------u-—--—-----_-——-—-----.n-m-.—--.-———----.—----.n_-_-.nn-

IF(EB.AND.MIX.EG.1) GO TO 390
IF(MOD(ITT,NTSI) .EQ.0) THEN
EXTOT=EKTOT/VOLUNE
50 381 M=1,NT
DTABS(H)=DTABS(H)IVULUHE

381  CONTINU
Y STRe365.25
TTYEAR=TTSEC/ (3600, 224, aDAYSYR)
TTDAY=TTSEC/ (3500. %24, )
TTDAY=MOD (TTDAY, DAYSYR)
PRINT 910,ITT,TTYEAR, TTDAY,EKTOT,DTARS(1) DTABS (2), MSCAN
910  FORMAT(4H TS=.16,7H  YEAR=, F7 ,6H DAY=, F5,1,59H - ENERGY=,
* piPE13-6,8H bTERP=, 1PE13.6 sn ’DSALT=, 1EISE €,8H SCANS=,I3)

IF(NERGY.EQ.0) GO TO 390
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g 15T, NORMALIZE PREVIOUSLY CONPUTED INTEGRALS BY VOLUME

DO 382 LL=1,8
ENGINT CLL) SENGINT(LL)/VOLUNE
ENGEXT(LL) =ENGEXT(LL) /VOLUNE
CONTINUE
DO 383 N=1
nggcni-ivnncu)/anuns
TTDTUT(LL,H)-TTDTDT(LL,H)IVOLUHE

382 CONTI
BUOY-BUO?IVOLUHE

] '
C 2MD, CONPUTE RESIDUAL TERNS

382

PlICIH'ElGIﬂT(I)-ENGINT(2) ElGIﬁT(3)-ENGINT(4)
GINT(S)-ENGINT(6)-ENGINT(7)-ENGINT(8)

~EN
PLICEI-EHGEXT(I)-EIGEXT(2) -ENGEXT(
ENGEXT (5) -EMGEXT (6) ~ENGEXT ¢
DO 384 M=}, NT
TTDTOT(S X)=TTDTOT(1,XM)~TTDTOT(2,
-TTDTOT (4 H)-TTDTOT(S
384 COITIHUE

¢
‘g 3RD, PRINT THE INTEGRALS
PRINT 9100

3)-ENGEXT(4)
7)-ENGEXT(8)

H)-TTDTOT(S ®)

s TIDTOT(1,2)

PRINT 9101 ,ENGINT(1),ENGEXT(1),TTDTOT(
PRINT 9102 ENGINT(2) ,ENGEXT(2), »TIDTOT(
PRINT 9103 ,ENGINT(3) ENGEXT(a),TTDTDT(

PRIKT 9105, ENGIHTCS) JENGEXT (5) » TTDTOT(

TTDTOT(Z 2)
TTDTOT(3, 2)

.TTDTOT(S 2)

1
gi
PRIRT 9104 ENGINT(4) ,ENGEXT (4), TTDTOT(;:
6,
{2

PRINT 9105 ,ENGINT(6),ENGEXT(6) . TTDTOT(
i i: , TVAR(

PRINT 9109,PLICIN,PLICEX TVAR(
PRIHT 9107,ENGINT(7) , ENGEXT
PRINT 9108,ENGINT(8) ENGEIT(B)

9100 FORMAT( 1x,5ouu RK BY:

10X, 50H
5101 _FORMATC 1X,20HTINE RATE OF CHANGE
10X, 20HTINE RATE OF CHANGE
9102 _FORMATC '1X, 20HHORIZONTAL ADVECTION.
10X, Z0HHORIZONTAL ADVECTION
9103 FORHAT( 1x,zonvsn71cnu ADVECTION
_ +20HVERTICAL ADVECTION
9104 FDRHAT( 1x 20HHORIZONTAL FRICTION
X, 20BHORTZONTAL DIFFUSION.
9105 FORNAT( 1x.2onvERTIcaL FRICTION
10X, 20HSURFACE FLUX
. 9106 runnar« 1X,20HPRESSURE FORCES
: 10X, 20BTRUNCATION ERROR
9107 FORKAT( 1X, 20HWORK BY u nn
9108 FORMAT( 1X,20HBOTTON
8109 ruanarc 1x 2onxan1c11 EFFECTS
. Z0HCHANGE OF vanxancz
TVAR(1) = Bubv -ENGINT (6) -ENGEXT(6

)]
¥
; TTDTDT( 2}
), TTDTOT (6,22

INTERNAL MODE EXTERNAL MODE
TEMPERATURE SALINITY )

, 201PEYS. 6)

y2(1PE1S.6) 3

2¢1PE15.5)

2(iPE15.6)3

»2(1PE15.6)

y2(1PE15.6)3

»2(1PE1%.6).

2(1PE1%.6)}

J2(1PE15.6), -

»2(1PE15.6)})

L 2(1PE15.6)

,20(1PEY5.6) )

T 2(1PE15.6))

»2(1PE15.6))

v2(1PE1S.6)

y2¢1PE15.6))

DTABS(I)IEHGINT(?)‘ENGINT(S)*EHGEXT(Z)*ENGEXT(S)

PRINT 9110, BUOY, TVAR(1) ,DTABS (1
SsHvok 6

" 9110 FORMAT(1X
" SION ERRD

¢
c PRIHT THE NO
PRINT 8195
- 8195 FORNAT(/
.. aWARD T Rﬁﬁ

HVOAK BY BUGYANCY FORCES: 1PE15.6,%
R, 1PE1S. 6,5X, 2SHNONLINEAR EXCHANGE ERR

2SHENERGY CONVER
RROR ,1P£15 6)

S vl e D G 00 W S e S T S e e Ay P S T W A S S R e S W R R A

RTHWARD TRANSPORT ‘OF HEAT AND SALT

*  NORTHWARD TR&N&PDRT OF HEAT (XiDawid UATTS)’i24I,éggRTH

X MEA

»Z HEAN Z EDDY
» MEAN 2Z EDDY

SPORT OF SALT (XiOw»10 CH!!SISEC}D+ tﬁ ]
TOTAL’)

EXNAN. TOT ADV DIFFUS
EKMAN TOT ADV DIFFUS

X
MEAR X EDDY 2

c
" C CONVERT HEAT TRANSPORT TO PEDAWATTS, SALT TRNSPT TO 10##10 CHa»3/SEC
C :

DO 8198 J=1,JMT
D0 8198 LL=1,8
TTN(LL.J 15-rrurLL J,1)%4.186E-15
TTNCLL,J,2) = TTN(LL,J,2) %1 .E-10
8158 CONTINUE
DO 8197 33s2,IKTH2

J=INT~
PRINT 8196,3, (TTN(I,3,1),1s1,8), !TT!(I J,2),11,8)
: FORNAT (14,8F8.3,1X,8FA. 3}
3197 CONTINUE

§ PRINT 194
.8194 FORHAT(I,' MERIDIOKAL NASS TRANSPORT”)

- K20 =~

ézso/ak:

CO0OO0

aonon




.C -TRANSFER THE DATA WRITTEN TEHMPORARILY TC "NDISKX" TO

SCL=1,.E12
CALL HATRIX(TBT JNT,1,JHT,0,KN,SCL)
. 390 -.CONTIN

A IIITIATE HRITBDUT OF IEULY CDHPUTED DATA FROM THE FIIAL ROW

--------------- R TS AR W S D e bk M o T N B A G 5 S N S M S G SR D GD TR G D IR SR o e e e WA e o e S

CALL OPUT(LABS(NDISKA},NSLAB, (JNT-2)«NSLAB+1,TA)
CALL GETIME(TO,T2) '

aaan

SOLVE FOR THE IEU STREAM FUNCTION

------------- O R R R W N N SH B B S S A e S A A AR B N A A S M O A AP

CALL RELAX

CALL CETIME(T1,T2)
TINE(S)»TINE(S} +T1-10

e R e - e e e Y 0 B g 0 W P O B S e e S

IF THIS IS THE END OF THE 1ST PASS OF AN EULER BACKWARD TIMESTEP
SET THE INPUT DISC UNITS SO THAT THE PROPER LEVELS ARE FETCHED ok
THE NEXT PASS. TRE OUTPUT FOR THE 2ND PASS WILL BE PLACED ON T

(rlriple]

LATER. RETURI TO THE TOP OF “STEP* TO DO THE 2ND PASS.

GaQanado

IF(NIX.EQ.1 ,AND. EB) THEN
HIX=0 .

KXP=1

EDISKX=NDISKB

NDISKBxNDISK

NDISK=NDISKA

MDISKA=NDISKX

60 TO 182
ENDIF

CL T - A S s S S S A S e S -

Cc
¢ IF THIS IS THE EXD OF THE 2ND PASS OF AN EULER BACKUA%gsngﬁiIEP.
C DESTINATION (THE ORIGINAL “NDISKA").

e Al sk e A e il B D e VW e A A - o 0 A s . 0 . M W S G - -

IF(NXP.ED.1) THEN
¥DISKA=NDISK
NDISK=NDISXB
DO 394 J=2,JHTH]
CALL OGE*(LABS(IDISKK).NSLAB (J-1)=NSLAB+1,TA)
CALL OPUT(LABS(NDISKA) ,NSLAB,(J-1)sNSLAB+1,TA)
394! Elg?ETI““E

FDR PURPOSES OF RECOVERIHG FROM THE DISC AFTER AN ABNORMAL STOP,
NORMALLY INACTIVE DISC UNITS ARE BROUGHT UP TO DATE HERE.

e A Y e e e o e e ol

" aooanq

CALL OPUT(XFLDS,NVDS, (NDISKA-1) sNWDS+1,P)
CALL OPUT(KONTRL,2 i,zT

A T T S O A G W D A S S S S 7 L O SR SR D I M e e

PRINT THE STREAN FUNCTION ON AN ENERGY TIMESTEP -

e e P A T P S S M G M e A i A A G A G e el - - -

IF (XERGY. EQ.I) THEI
PRINT 8000,I
8OO0  FORMAT(’ *REAH FUNCTION IN SVERDRUPS, TS=*,I8)

L=1,E12
CALL EATRIX¢P,IXT,2,INTK1l,JNT,0,SCL)
ENDIF ' :

QOO

RETURN
EXD

~ K21 - 8/30/84

THE
UNUSED UNIT (“NDISKB™) AND TRANSFERRED TO THE PROPER UNIT (“NDISKA™

273600000
275700000
273800000
275300000
276000000

00A0OB0600--Y nodonﬂg 00a0n

anoQaan

anaonnn

aaaodd



“«DECK CLINIC 300000000
SUBROUTINE CLINIC(J) 300100000

C"“‘-lllill.t-tltllllIlllllI.-‘llI.ttssl’Iltl'lll:llll!ll'llllIll‘.!'l_'lIlllIll._ﬂ mm C
axxacnwssens 00400000 C

c CLINIC COKPUTES FOR ONE ROW, ‘THE INTERNAL NODE COMPONENT OF buazxzxxxzen JHOS00000 C
c THE U AND V vswcz'rmé AS WELL AS THE VORTICITY DRIVING sscseszssss 300600000 C
o] FUNCTIOH FOR USE BY “RELAX“ LATER II DETERHINING THE suraenssenn NO700000 C
§ . EXTERNAL MO En 900800000 C
. = suurwansens JO0900000
c sexszzzsuas 301000000 g
C:s-;::n::-::-----:--u:lls:un-ls-:--:-.-::-::-:tlsl-t--_--n-:n:llslutllt-ﬂﬁ-u-u---- 301100000 C
: S | - 301200000 ¢
€ DEFIIE GLOBAL DATA : . 301400000 C
g----tu—---—-——--— e R N S e - - Sm—mm—asomeeEsE- ) %im g
=CALL PARAM ' 301700000
#CALL FULLWD ] . _ ) 301800000
sCALL SCALAR . : 3019500000
wCALL ONEDINM 302000000
«CALL FIELDS : ‘ 302100000
«CALL URKSPA 302200000
g - 302400000 g
g DEFINE AND EQUIVALENCE LDCAL DAT& . : . ggzsooooo C
----------------------------------- . - > O = = - 2 c
302700000 C
DIHERSION DPDX ( INT KN} DPDY(IHT Kx) UEIG(IHT KH) VENG(IHT,KH) 302800000
EQUIVALENCE (TDIF(1,1,1),DPDX¢1,1),0ENG(1,1)), 302900000
. (TDIF(1,1 2) DPDY(I,i) VEHG(I 1))
c . 303100000 C
et uatetutabuttnladniatatn ettt bt bl bbbl el TrressessssLLecEEEeeen- 303200000 C
C BEGIN EXECUTABLE CODE 303300000 C
ittt 303400000 ¢
CrsszasFErEErEE S NSRRI E RN R SN S RN ¥ E R N X RN N RS SR AN F NS NN N EESE S CSEXE SRS NEEANEERRY 303500000_0
C BEGIN INTRODUCTORY SECTION, PREPARING VARIOUS EsukazTEasksunuszzcsxananez 303700000 C
C ARRAYS FOR THE CONPUTATION OF THE INTERNAL MODES aswzsssecsssxsxssascaxzzzuxzz 303800000 C
(et 2 32332 E 2 I Y T E T YIRS E A R R I e N I T T e I I e I ™™ Qoam C
c C
------------------------------------------------------------- - 304100000 C
c FIHD ADVECTIVE COEFFICIENT ‘FOW* FOR WEST FACE OoF U,V BOX ' 304200000 C
Al FDR NORTH FACE OF U,V BOX ' 304300000 C
e R e L - 304400000 G
c 304500000 C
€ 18T, CALCULATE EXT. MODE U AT UEST FACE OF U,V BOX 304600000 ©
c & ¥V AT IORTH FACE OF U vV BOX 304700000 C
c 304800000 C
DD 100 I=1,INT ] : 3049500000
SFO(I)==(P(I y J+13-PC(I,J ) eDYURCI)uMINC(HR(¢(I-1,J ), HR{I1,J)). 305000000
SFV{I)e (P(I*l J+1)-P(1 J+1)) #DXURCI) «MINCHR (I ,J*i} HR(I,J)} 305100000
sCSTR(J+1) 3035200000
100 CONTINUE
c : 305400000 C
Cc 2ND, caLCULATE INT. MODE U AT WEST FACE OF U,V BOX - -305500000 C
c & V AT NORTH FACE OF U, v BOX 305600000 -C
C _ : 305700000 C
FX=0.5 : . i : 3
DO 110 K=1.KN ' 205900000
DO 110 I=1,IMT 30600000C -
FUW(I, K)=(UCLIN(I XK)+UCLINCI-1,K))aFX 306100000
FYN(I K)f(VP (I, K)#VCLIH(I ,K))IFI _ 306200000
110 CONTINUE 306300000
¢ : 306400000 C
C 3RD, COMBIKE EXT. AND INT. MODES AND ADD GRID WGT. FACTOR ET00000 C
€ EX«DYU2R(I>2CSR(IIRCET(Ie1) 306700000 _
A= ) u {J+
DD 115 K=i,KN 306800000
DO 115 I=1,INT 306500000
FUU(I.K)S(FUU(I.K)+SFH(I))!CSR(J) . : 307000000
FUN(I,K)=(FVN(I,K)+SFV(I))*FX 307100000
115 CONTINUE - 307200000 c
G e e e v e —a————————— 307400000 g
C '~ SAVE INTERNAL MODE VELOCITIES
--------------------------------------------------------------------- 307600000 €
: : 307700000 C
DO 140 R=1 XM 207800000
DO 140 I=1,INT ‘ =07300000
USAV (I, K3 =UCLINCI,K) _ i 00
VSAV(I K)-VCLIH(I K) 08100000
scLIN(i,%)=0P(I,k} 508200000
VCLIN(I,K)}=VP{1,K) 308300000

- K22 - 8730784




140 CONTIRVE
IF LAST ROW, NO NEED TO PERFORM OPERATIONS ON J+1 ROW

1F¢J.EQ.JNTHL) GO TO 176

CDHPUTE BXTERIAL MODE VELOCITIES FOR ROU in

18T, CONPUTE FOR TAU-1 TINE LEVEL

DO 150 I=1,INTHI
DIAGI»PB(I+1, Je2)-PBCI ,Je1)
DIAG2:PB(I ,J3+2)-PB(I+1,J+1)
STUB(1) =~ (DIAG1+DIAGZ) *DYU2R(J+1) *HR(I, J+1)
SFVB(I)= (DIAG1-DIAGZ)sDXUZR(I ) #HR(I,J+1)»CSR(JI+1)
. 150 CONTINUE

g 2ND, COMPUTE FOR TAU TINE LEVEL

DO 135 I=1,INTHI
DIAGI1ZP (I+1,J32)-P (I ,J+1)

aaQanag Qo0

DIAG2:P (I ,J+2)~P (I+1,J+1)
'SFU 11)-—<nxasx+nzacza-n&uzn(J+1: SHRCI,J+1)
SFV (I)= (DIAG1-DIAG2)#DXUZR(I )aHR(I,J+1)eCSR(J+1)

cxss CONTINVE
g 3RD, SET CYCLIC BOUNDARY CONDITIONS

SFUBCINT)=SFUB (2)
SFVB(INT)+SFVB(2)
SFU (INT)=SFU (2>
SFV (INT)=SFV (2}

@ o o B O o . S Y T D e e e S e R e o e

0 e P A R e P S G S SR R e ek e -—--_‘-“-_-------------—---

DO 170 K=1, xn
DO 170 I=1,1
IF(KHUP(i) GE KAR(K)) THEN
UBP(I,K)=UBP(I,X)+SFUB(I
VBP(I,K)=VBP(I,K)+SFVB(I
UP (I.K)eUP (I,K}+SFU (
vr (I.K)=VP (I,K)+5FV (I

ENDIF
VHERE (KMUP(1:INU).GE.KA
UBP(1,K; IMUS =UBP(1,K
VEP(1 "K3IMU) =VBP(1,]
10K IMDI=UP (1,X
VP 1 (K:INU)=VP (1,K
- ENDWHERE
A0 CONTINUE

------ﬂh--—--ﬁﬂ"w---—-—-----@-—-----——----—----—dﬁ-------—-----,-—--

I

{K))
UY+SFUB(1;IND)
U)+SFVB(1;INU)
UY+SFU (1:IRW
U)+SFV (1; 1 THU)

)
)
)
)
K3}
)
)

R
K; I
In
I
. |

l
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o=
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=
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m
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m
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st
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o
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- 0 e A R R R e e T A O 0 o

IF¢HODLITT,NTSI) .FQ.0) THEN
FXn0.25%€S (T 1) oDYUCI+1)

" WEIGHT SYMHETRY ROW BY OWE HALF

IF(J.EQ,INTH2) FX=FX*0,5.
DO 173 K=1,XN
DO 173 I=1,INT
VENG (T, X} = (FX» (UP(I,X)»UP(I K) $VPCL,K)aVP(1,K0))
. sc2p20(I, k) =bDXUQCT, K
173  CONTINUE
PO 175 K=1,KN
DO 17% I=2,IKUN1
EKTOT=EKTOT+VENG (I,K>
c'l.ll"...ﬂl.'l..'lllIII.""....'I...'II'II'l.ﬂ."l"l...ll'.'l.'...
c DO 175 I=2, INUM1
¢ EKTOT=EKTOT+UENG (I, K)
C swews ABOVE 2 STMNTS REPLACED BY FOLLOWING FOR VECTORIZATION ssssws
EKTOT=EXTOT +Q8SSUN (UENG (2, K ; INUK2) )

c.lllIIIIlII".-II-l..Iﬂ.ﬂl'.lllllllllIIIGIIIII.‘I'IIGI"IIIIIIDOGII'U

175 gOHTINUE
c176_ COITIRUE

c_-_-- ------------- - - - e S B S Em N R -
8/30/84
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¢ SET SYEMETRY CONDITIONS ON THE LAST RDU

T e e o o e e o 0 e . - e e e W P o P . e

IF(J.EQ.3HTM1) THEN
DO 178 K»1,KN
DO 178 Isi,INT
FVYN(I K)'-FVSU(I,K) -
UBP(I,K)= UBX (I.K)
o4 Xim UM CTLKD
178 NTINUE

g .ON IST PASS OF MIXING TSTEP, REPLACE TAU-1 U VEL. WITH TAU U VEL.

Qoo o

IF(HIX NE.O) THENM
0 179 K=1,XKNM
no 179 I«1.TMT
UBP(I,K)=UP(I,K)
179  CONTINUE
. ADIF

CALL STATEITP(I.1.1},7?(1,1.2),RHON)TDIF(l,1.1),701?(1.1,2))
SET CYCLIC BOUNDARY CONDITIONS

DO 232 K=1,XM
RHDH(IHT,K)=RHDH(2 9]

- 282 CONTINUE

c
Q.

C
c
c

- e - —-.--_--——-----_--——-------_-———-—-n--------—-——-------—

FX20
no 240 I=1
1J=ri
zco conr:i
2KD, COMPUTE CHANGE OF ¥ BETWEEN LEVELS
DO 250 K=1,KNM
DO 250 I=1,INT
¥(I,X+1)=C2D20(I, x:-<¢ruu¢1o1 X)-FO¥ (I K32 *DXUZRQ(I, K)
+FUNCT ", Ky -Fysuct
250  CONTINUE _
3RD, INTEGRATE DOWNWARD FROM THE SURFACE
PO 255 xul.xn

DO 285 I=1,
Wil K*I)IH(I,K)OU(I K+1)

: 255 CONTINUE

c
¢
¢

- - - —---.-.._----——-------‘———-6—---_-_--

CONPUTE HYDROSTATIC PRESSURE GRADIENT

ARl R D D D S L e T e D M A S e ) Gl e ) S W U A s e o e T

15T, COMPUTE IT AT THE FIRST LEVEL

FXAsGRAV*DZZ(1)»CSR{J)

FXBaGRAV#DZZ(1)=DYU2R(J)

DO 260 I=1,INMT
UDIF(I,IJ'RHON(IOI 1) -RHOS(
VDIF(I,1)=RHON(I ,1) RHOS(1+

) DPDI(I,l)'((UDIF(I 1)-VDIF(
: DPDY(I,1)= (UDIF(I 1) +VDIF(
260 CONTINUE

2ND, COMPUTE THE CHANGE IN PRESSURE GRADIENT BETWEEN LEVELS

FXA=GRAVSCSR(J) 40,5
FXB=GRAVeDYU4R(T)
- DO 270 K=2,XN N
DO 270 I=1,INT
"DPDX (I,K) *RHON (I ,K-3) +RHON (
DPDY (I,K)=RHOS(I,X-1)+RHOS(
270 CONTINUE®
. DO 273 K=2,KM

1,0
1+1,1)
I,15)aFxa)DXUZR(T)
1,1))FXB

- K24 - 8/30/84
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316900000
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3 1=),INT
UDIF(I,XK)=DPDX(1+1,X)-DPDY(I ,X)
VDIF(I,K)=DPDX(I ,K)-DPDY(I+1,K)
DPDX!I.K)I(FXA!(UDiF(I Ky~ VDIF(I.K)))IDZZQ¢I.K)nDXUZRD(I K)
PDY(I.K)-(FXBI(UDIF(I.I)*VDIF(I,K)J)GDZZO (1,x

c
g 3RD, INTEGRATE. DOWNWARD FRON THE FIRST LEVEL

DO 275 K=1,KHN1
DO 27% I=1,INMT
DPDX(I.K'l)-DPD!(I »X) +DPDX (1
DPD?(I,K’I)IDPDY(I,K)*DPDY(
273 CONTINVE

SET BOUNDARY COHDITIONS FOR THE CGHPUTATIOH arF
VERTICAL DIFFUSIOH OF MOMENTUM

------------------- - e e A e A

1ST, TRANSFER INTERIOR POINTS INTO DIFFUSION CONPUTATIOM ARRAYS

DO 280 K=1,KN

DO 280 I=1,INT
~ UDIFCI,K}=UBCI,X
VDIF(I,X)=VB(I,X
280 CONTINUE

c
g 2ND, SET K=0 ELEMENTS OF DIFF. COMP. ARRAYS TO REFLECT WIND STRESS

K*+1)
K+1)

nonqnnon
|
]

FX=DZZ(1) /FKPM

DO 290 I=1,INT
UDVER(I)*UB(I 1)+ USX(I)!F!
YOVER(1)=VB(I, 1)+ I)eFX

c290 CONTINUE
g SRD, SET FIRST LAND LEVEL IN EACH CDLUHN TO REFLECT BOTTOM CONDITION

DO 295 I<1,INT
tz-xnu&xi
"UDIF(I,KZ+1)sUB(I,X2)
VDIF(I,KZ+1)=VB(I,KZ)

czss CONTINUE

"ciI'IIIII'!ISB....'.IC.II'II.‘lBICﬂ.l.lllllI"l'l-388l'tlllll.!lll...‘lllﬂllIl‘I 3

¢ EXD INTRODUCTORY SECTION A EEEREEESERIEISESENSSENERESSEEEEEEREEESREEEEREIRR
c"l==='.t'="...""..‘.""l-"--.-.-..-..'.l-..-".."-.““...".'.‘."'."‘
g.."a----’-‘-.‘-‘t-l'.g.."'-..l.'..."‘...'.-.'-."-.'t'--...-'--I....-..-..l-
C BEGIN COMPUTATION OF THE INTERNAL MNODES. ASEEEENSEZARNEERSAEE
Cc AND "VA*®, WILL FIRST BE LDADED WITH

THE NEW VALUES “UA™

C THE TIME RATE OF CHANGE, AND "THEN UPDATED. EESSAESATISNEELEOIETNE
Cac::l::::-l:s-lnnn:-n::--n:-n--t:s:ltl-::szz:::-llla:tllll::t--l-Ilnlalllllistl
N

c ------------------------------------------------------ - - -

'g COHPUTE TUTAL ADVECTION OF NMCOHENTUX

¢

g 1ST, COXPUTE FLUX THROUGH WEST FACE OF U,V BOX

DO 300 K=1,KM
b0 300 I=1i,INT
TEHPA(I.K)-FUU(I Ey=(U(I
TEMPB(I, K)IFUU(I,K) s (V(] 1
300 CONTINUE

c
% 2ND, CONPUTE ZOKAL FLUX DIVERGENCE

DO 303 K=1,KH
bo 303 I=1, L INT

UACT,X) = CTEMPA(I,K) -TENPA (1+1,K) ) »DXU2RQ(I, KD
VA(I K)=(TEMPB(I,K)-TENPB(I+1,K))«DXUZRA(I,K)
303 CONTINDE

¢
¢ 3RD, ADD IN MERIDIONAL FLUX DIVERGENCE
DO 305 K=1,KN
DO 305 I=1,INT
UACI,K)=0ACT, PKI-EVR
VA(I,K)=VA(CI,K)-FVN
+FVSU

305 COITIHUE
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g 4TH, COMPUTE FLUX THROUGH TOP OF U,V BOX

DO 340 K=1,XMP1
DO 240 I=1,IMT
TENPACI, KD =W (I, K)a (U
TEMPBCI,K)wW (X, K) e (V x
340 CONTINUE

C
-g STH, ADD IN VERTICAL FLUX DIVERGENCE

DO 343 K=1,XN
DO 343 I=1,INT
AT, X)=DIACT,K) + (TENPACT, K+ 1) -TEMPACI,X) YaD22ROCT,
VA(I K)-VA(I.K)+<TEHPB(I,K¢1)-TEHPB(I,K))UD22RO(
343 COXTINOE

L S e e TS T T e e T AR e R e

ADD IN HORIZONTAL DIFFUSION OF WOKENTUM (EVAL. AT TAU-1 TSTE::

O P e S 0 D 0 B A S D A A i o i G K e

1ST, COMPUTE SEVERAL COEFFICIENTS DEPENDENT OMLY ON LATITUDE

- BBUJ=8.0+AN=CSR{J)eCSR(J)
CCUJ=AHOGST(J+IJIDYTR(J+1JIDYUR(J)iCSR(J)
DDUJ=AM®CST(J )«DYTR(J )=DYUR{J)*CSR(J)
GGUJ=AN® (1.0-TNG(J)*TNG(J) )/ (RADIUS*RADIUS)
HRUJ=2.0e AN*SINE(J)/(RADIUS*CS{JIInCS(I))

2ND, CONPUTE GRADIENTS AT WEST FACE OF U,V BOX

DO 320 K=1,XNM
DO 320 I=1,]IMT
TEXPACI,K)=DXT4RQ(
TEMPB(I ,K)=DXT4RA(
320 CONTINUE

C 3RD, ADD IN FINAL CONTRIBUTION FROEK HOR. DIFF. OF HGHEHTUH

DO 323 X=1,KN

DO 323 I=1,INT
UACT,X)=0A(I,X) +BBUJ= (DXU2RQ(I,K) w (TEXPACT+1, K
. " «CCUJYe (UBP(I,K)-UB(I,K))>+DDUJe (UBNCI X
e +GGUT=UB (I, X} -HHUI#DYU2RQ(T,K) e CVBC(I 1, K)-VB{I-1,K})
VACI,E)=VA(I,K)+BB{II» (DXUZRA(I,K) « (TEKPB(I+1, K} ~TENPB(I,K)))

_ . +CCUJa (VBP (I, K)-VB(I,X))+DDUJa (VBN (I K)-VB(I,K)}
. +GGUJ=VB(I, xS+HHUJ-nxuznn(I K)»(UBCI*1,K)-UB(I-1,K))
323 CONTINUE

hﬂd
zn

Qad

I,K)a(U
I K)w(Vy

,X) =TENPACI,K)))
"K>-UBCIK))
+

c
c o . i D e U e S O o S A Y S A S P - - A [—
g ADD IN VERTICAL DIFFUSION OF MOMENTUR
¢
¢ 11, COMPUTE 'GRADIENTS AT TOP OF U,V BOX
DD 345 X=1,KMP1 .
DO 345 I=1,INT
TEMPA(1,K)=UDIF(I,K-1)-UDIF(I,K)
TEHPB(I.K)IVDIF(I K-1)-VDIF(I.K)
35 CONTINUE
€ 2ND, ADD IX FINAL CONTRIBUTICN FROK VERT. DIFF. OF MOMENTU
DO 348 K=1,XN
B0 348 121’1t
UACT,K) =0

ACI,X)+EENQCI,K) = TEMPA (I, K)-FFNQ (I, K # TENPA (I, K+1)

VACI K)=VACI,K)+EENQ(T,K)«TEKPB (I,K)-FFHG (1K) n TEMPB(I K+1)
348 CONTIKDE

c

.------—---ﬁ--ﬁ---_—----——----’----ﬂ-----—--------------’—---ﬁ--—----

C
€ "~ ADD IN CORIOLIS FORCE (EVAL. ON TAU  TSTEP FOR EXPLICIT TRTMNT:

c AL. ON TAU-1 TSTEP FOR IKPLICIT TRTENT
‘C WITH REHAIHDER OF TERM TO BE ADDED LATER)
D mm e m i e e e e e e e o e O e ————
c .
FX=2.0«0NMEGA=SINE(J)

IF(ACOR.EQ.0.) THEN
PO 357 x=1 xn
DO 357 1 .
vALT, x)-ﬁatz K3 +FXeV(I,K)
. VACI,E)=VACIIE)-FX*UCILK)
as7 EngHTI XUE
“D0 359 K=1,KNM
DO 359 I=1,INT

- K26 - 8/30/84
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UACI,X)=UA(I, K)*FX'VB(I X)
VA(IﬁKJSV& I,K3-FX#UB(I,K)

DO 360 x-1 KN
DO 360 Is1,INT
DACT, KD =EH(T, K)o (UA
VA(I K)=GN(T,KDe(V
CONTINOE

—

1
b

bt

- -

o

Qana

FX=0.0
pa 370 I=1,INT
ZUK (1) =F &
 ZVN(I)=FX
370 — CONTINUE .
DO 380 K=1,KN
FY=C2DTSF«DZ(K)
DO 380 I=1,INMT
ZUN (I =20N¢I) euatl
ZVN (1) =ZVN(I) +VA(T,
380 CONTINUE

- {SET SYMMETRY ROW TO ZERO)
IF(J.EQ.JNTN1) 2VN=0,

JKI)=eFX
K)nFX

GO Aot

DO 390 I=1,INT
ZUN(I}=20N (1) *HR(I,J
ZVN(I)=ZVN(I) wHR(I,J

390 CONTINUE

)
)

QO

FX=0.0
DO 395 LL=1,8
DO 395 I=1,INT
ZUNENG (I LL) =FX
ZVNENG (1, 'LL)=FX
395 CONTINUE

QQa

)- DPDI(
J-DPDY(I

1ST, INTEGRATE TIMNE CHANGE VERTICALLY

28D, FORM AVERAGE BY DIVIDING BY DEPTH

15T, COMPUTE KE CHANGE DUE TO PRESSURE TERM

IFC(NERGY.EQ.0.OR.NXP.EQ.1) GO TO 530

"FX=CS(J) «DYU(T)
(WEIGET SYNMMETRY FOW BY ONE HALF)

IF¢.EQ. JHTHL) FX=FXe0.5
DO 400 K=1,KH
DO 400 I=2,INUM1
UENG (I, KsuGH(I,E>-( -DPDX(I,
VENG (1K) =GN (110 s (-DPDY(T,
(
1

Qo

ENGINT(E)=ENGINT(6)+(USAV
. +YSAV(
ZUNENG(I,6) =ZUNENG(I,6) +UEN
ZVNENGCI,6)=ZVNENG(T,6) +VENG
400 COXTINUE

X
X
’
G

)
)
X
K
(
{

)
)

) #UENG (I
)#VENG (I
1,X)*D2¢
I,X)#DZ(

DO _ANALYSIS OF IHTERIAL MODE FORCING ON ENERGY TIMESTEP
ALSD, _FORM VERT AVE. FOR USE LATER IN EXT. MODE ANALYSIS

- AL e A e s A e e WY

U(I)=DZ{K)

c
g 2RD, CONPUTE KE CHANGE DUE TO ADVECTION DF HOMENTUM

DO 430 K=1
Do 430 1=2, IHUH .
UENG(I.K5=GH(I.K)-<( FUW (I+1.K)-(U (I
* +FUW SK¥m(U (I
) ~FVN (I 2RI (UP(]
» +FVSU(I ,X>=(U (1
VENGCI,K)=GMCI, K)o ((-FUW {I+1,X)n(V (I
t +FUW (I L,Kd)=(V (I
- K27 ~

(I ,K))
(I-1, »K) 3) =DXU2R (I)
(I K))
( ,K)))

I LK)
(I-l,x)))IDxU2R(I)
B/30/84
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. SFvau (3
-
ElGIlT(2)~ERGIHT(2)+(USAV(I,K
+VSAV(I K
ZUNENG (I ,2) sZUNENG (I, 2) +UENE (
zvnsus(z 2) =ZVNENG(I | +2)+VENGC
430  CONTI
? Do 4es x=1 KH
DO 460 I=21
UENG(T xS-cnc:,x)-( tg(t,x X
]
VENG(I,K)=GM(I,K)# (- (U(I,R

Ensznrtaaasusxurcaao(USAG(I

+VSAV
ZUNENG(T,3) = ZUNENG (1 s>+uzn&
ZVNENG(T,3)=2VRENG (I, 3) +VERG

c4so CONTINUE

g GRD, COMPUTE KE CHANGE DUE TO HOR. DIFFUSION OF MOXENTUM

© DO 490 K=1,KN
DO 490 I=2,INUN1
UENG(I, K3 =GN (T, K) »¢
+BBU&~D102R(I)'(DIT4R(I+1)-(UB(I*1 X3-
XT4R(I ) »(UB(I-1 K)-
: +ccua-<uapcrsx)-ustxix>)ennuaucusu

I LK)
I ,KO»
U

(I)!DZ(K)

Pl b o e ™

a_—, o g St Sl

I)#DZ(K)

,X)-UB
UB
(I,K)-
GGUJ#UB (I,K)-HHUJ«DXUZ2R(I)»(VBCI+1,K) -
VENG(I,X)=xGN(1,K)*
+aaua-nxuzn¢1)-(nxT4R(1+1)-¢vs¢:+1 K)-VB
DXT4R(I I w(VB(I-1,X)-VB(I'K)))
+CCUT# (VB (1K) - VB (1 ,K))+DDUJI* (VBM(I,K)-VB¢ P
GUJ-VB(I.x)+auuannxuznc11u«unc1+1 B-uB(r-1,k0)
Ensxu7c4)-znsxu7(4>+¢usav(r K)*UENG(I,K
+VSAV(T  K) nVENG (I x>>-rx-nxu¢:)-nzcx>
. ZUNENG(I,4)=2UNENG(I,4)+UENG(I,K)eDZ (k) oHR(T,
ZYNENG(1,4) =2ZVNENG(I,4)+VENG (I . x:-Dtha-uatz J)
490 CONTINUE

g _4TH, COMPUTE KE CHANGE DUE TO WIND STRESS
. DO 522 ISZSIﬂﬂﬂl

UENG(I, 1) =GM(T ¢ 1J=EEN(1)» (UOVER(I) -UDIF(I,
VENG(I, 1)=GH(T, 1)'EEH(1)!(VOVER(I)-VDIF(I
))aFX

{I
(I
~-UB
VB(
(I,X

L BN

1)
1)
ElGIlT(?)-ENGINT(?)4(USAV(I 1)=UERG(I,1)
+VSAV(I, 1) sVENG(I,1) ) «FXwDXUCI)*D2 (1)
ZUNENG (I,7) =ZUNENG(I 7)fuzu6(x 1)-02ti nn 1,0

- ZVNENG(I, »7)=ZVNENG(I, 7)OVEHG(I 1)=bZ2(1)#HR(I, I
522 CONTINUE

C
G STH, COMPUTE KE CHANGE DUE TO BOTTOM DRAG

DOK224 IszsIHUHI
I

UENG(I,KZ)=GM(I,K2)«FFN(K2Z)= (UDIF(], K2+1)-UDIF(I,K2Z))

VEHG(I K2)=GM{1, K2) wFEM(KZ) % (VDIF (I, KZ*!)-VDIF(I,KZ))

EIGINT(B)-ENGIH*(S)*(USAV(I K23 *UENG (T

KZ)!VEHG(I KZ))!FIGDXU(I)IDZ(KZ)

, ZUNERG{I,8)=ZUNENG(I B)#UEH&(I.KZ)'DZ((ZJ'HR {I,J)

524 CO§¥¥§HG(I a)-zvususcx S)OVEHG(I,KZ)-Dz(KZ)!HR(I D)

C GTH COMPUTE KE CHANGE DUE TO VERT. DIFFUSION OF HDHENTUH

DO 520-1=2, THUN1
K2=KNU(I}

Do 520 x-1 K2
FXAz1,0
FYR=1.0

IF(K.EQ.1) FXA=z0,0
IF(K.EQ.K2Z) FXB=0.0

UENG (I 2KYsGHCI,K)n( FXA'EEH(K)-(UDIF(I,K =1)-UDIF(I,K )}
N FXB*FFM(K3=(UDIF(I,K )~UDIF(J,K+1)))
- VENG(I,K)=GM(T,K)=( FXASEEN (X)n(VDIF(Y,K-1)- -VDIF(I,X )
» -FXBeFFM(K) % (VDIF(I)K )- VDIF(I,K+1)))

-EHGINT(S)!ENGINT(S)+(USAV(I » X)®UENG(I, *

SAY K)IVEHG(I K))GFX!DXU(I)IDZ(K)
ZUNENG(1,5)=2UNENG (I 5)+UEH&(I.K)|DZ(k)IHR(
ZVlENG!I 5)=2VNENG(I 5)*VEHG(I K)IDZIK)IHR(I JJ
520 COHTINU
c550 "CONTINUE

- K28 - '8/30/84
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C 'ALSO, ADD IN REMAINDER OF CORIOLIS TERX IF TREATED IMPLICITLY 358800000 C
"""""""""""""""""""""""""""""""""""""""""" 358900000 C
359000000 C
IF(ACOR.EQ.0.) THEN -359100000
DO 560 K 1, K 359200000
PO 560 1 . 359300000
UhGe. K> =0B(T, %) +CZDTUVRUALT, K) 3394
. VA(] K)'VB K) «C2DTUVaVA( K) 359500000
560 _ CONTINOE 359600000
' ELSE 355700000
FX=CZDTUV#ACOR#*2.0sDNEGA%SINE(J) 359800000
DETAR=1,0/(1.0+FX#FX} 359500000
DO 565 Kli KH
DO 565 I=31, INT 3860100000
UDIF(I, KSI(UHCI,K)ffx'VA(I.K))'DETHR 360200000
VDIF(I,K)={VA(T ,X)-FXeUA{I,K))»DETHR 360300000
UACT, K5 =UB(I,K)*+C2DTUV*UDIF (I,X) 360400000
VA(l K)-VB I,K)+C2DTUVeVDIF(] , K) 360500000
%65 _ CONTINUE
ENDIF . 360700000
‘ 50800000 g
C DETERMINE THE INCORRECT VERTICAL HEANS OF THE NEW VELOCITIES 1 c
[ e A S R D e e e L - 361100000 C
C 361200000 C
FX=0,0 361300000
DO 575 I=1,INT 361400000
SE0(1) <74 361500000
SFV(I)=FX 361600000
575 CONTINUE 361700000
DO B8O K=1, KH 361800000
DO 580 I=1 361900000
. SFU(I)*S#U(I) UACI,K)}»D2(K) 362000000
) SFV{I)=SFV(I) +VA( K) DZ(X) 362100000
580.. CONTINUE 362200000
DO 590 I=1,INT 362300000
SFUCIY=SFUCY) wHR(I, D) 362400000
SFV(I)=SEV(I)»HR{I, D 362500000
590 CONTINUVE 362600000
C 362700000 C
O e e e e e e e e e e e — e e s e s - A A —————— 362800000 C
¢ SUBTRACT INCORRECT VERTICAL MEAN TO GET INTERNAL HODE 362900000 C
IO o e e e e e T e L T L e e S 363000000 C
c 363100000 C
DO 600 K=1,KM 363200000
DO 600 I=] IHT 363300000
UACT,K)=0A (T, K)-SFUCI) 363400000
VA(I K)*VA(I KJ -SFVY(1) 363300000
600 CONTINUE 353600000
‘ b0 602 K=1,KN 363700000
DO 602 I=1 IHT 3800000
UA(I, K)=éH(I K)sUALIK) 363900000
T VA(T K)= GN(I, K sVA(I,K> 64000000
602 CONTINUE 364100000
C 364200000 C
ot m st e e e e e e e S R 364300000 C
C COMPUTE TOTAL CHANGE OF K. E. OF INTERNAL HODE ON ENERGY TIMESTEP 364400000 C
--------------------------------------------------------------------- 364500000 C
364600000 C
IF(NERGY.EQ.1 .AND. MXP.NE.1) THER 364700000
DO 605 K=1,KM 364800000
FX= CS(J)!DYU(M-DZ(R)!C2I§TUU 364900000
IF(J.EQ. JHTHI)FX FX«0.5 365000000 S
00 605 I=2,IMUNM 365100000
ENGIHT(IS ENEINT(I)*(USAV (I,K)Y=(UACI X)-UB(I,K)) 265200000
» i VSAV(], K) (VYA(],X)-VB(I, ))'F!'DXU(I) 365300000
605 CORTINUE : 365400000
ERDIF 365500000
C : ‘ 363600000 C
(st rexss e EEe R T EE A SRS E R ECNC I IR RS SSIECEEXCX RN LI SRR T RS SESSESSEESRISSSET 365700000 C
C  END COMPUTATION OF INTERNAL MODES rcr-axrzassmscxearcsagcEXINITSXCESEEIRIETXCET 35800000 C
c============s===:=======::-===:============ corrsEsx==cxcccrzsrsezac=xrcxz=exe== 365900000 ¢
o} 366000000 C
c:s:===-::::s:::::ss:a:;:s:::::s:s::-n-::s=-=:=-=========-========-=::ss-====-s= 366100000 C
¢ BEGIN COMPUTATION OF VORTICITY FOR INPUT TO "RELAK® ==zz=zzizsazszzzssss=sz=z 366200000 C
(=srCErECoCETRI S TrIRR IR EEIRSSXSFSICEIREEIISISEIAESESISSEESIITSSEIESARERSEERERES 366300000 €
C 366400000 C
Dwmmmmm o —mm o mmm e mma i mm——m e ———— - mmm oo e e mmm 366500000 0C
C SET CYCLIC BOUNDARY CONDITIONS ON EXT. MODE FORCING FUNCTIONS 366600000 DC
--------------------------------------------------------------------- 366700000 0OC
366800000 OC
ZUN(1)=ZUN(INUNL) 366500000 O
ZVN(1)=2VN(INUN1) 367000000 0
IF{NERGY.EQ.0.OR.NXP.EQ.1} GO TO 613 357100000 O

- K29 -
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DO 612 LL=2
ZUNENG (1 LLS-zqunccxuun1 LL)
zvusnc(1 yLL) =ZVKENG (TNUM1 | LL)
612 CONTINU
c513 conr:xus

--—»-_-----_---—---n—--—--------- PR e T AR A

TGO ACCOMPLISH THIS, ZTD IS COMPUTED ONLY BETNEEN GIVEN STARTING AND

 ENDING INDICES.

DO €20 L=1,LSEG
IS=ISZ(J L)
IF{IS.EQ.0) GO TO 621
IE=IEZ(J,L)

c

&

g NON-ACTIVE VORTICITY PTS. ARE KEPT AT ZFRO FOR CONVENIENCE IN RELAK.
C

C

BE DEFINED.

IS=2
IE=IHTK1
DO 620 I=15,IE

0oo0a

ALL VORTICITY PTS. ARE COMPUTED SO THAT THOSE NEEDED FOR THE LIXNE
INTEGRAL OF HOLE RELAXATION (IMMEDIATELY ADJACENT TO ISLANDS) WILL

. ZTh(I J)=((ZUI(I)'DXU(I)*ZUN(I ~1)«DXUCI-1))CS¢T )

* ~(ZUS(I)=DXU(I)+2US(I-1) #DXU(TI-1))CS(T-1))
2TD(Y, Iy (CCZYNCI)-ZVN(I-1))=DYUCY

. +(ZVS(I)-2VS(Y-1))«DYU(JI-1)

# ~ZTD(I,J))#DXT2R(I)»DYTR(J) ) #CSTRL(T)

620 CONTINUE
c.621 CONTINUE

IFéNEEgg .EQ. 1.eaxn MXP.NE.1) THEN
IF(J. EO JHTHI) THEN
DO I=1,INT
_ zvuznctx LL)=0,0
628 CONTINUE
ENDIF
DD 630 I=2,INTM1
EnsExTcL£>=anssxrcLL>

*DXT2R(I)=DYTR({J)

Tedmam

®DYT2R(J$ sDATR(I) ) sDXT (1) sDFT (S
630  CONTINUE

EgECST(J}lDYT(J)ICZDTSF
DG 635 1=2,IXTM1
: ENGTNP = =ENGTMP -PCI,J)e2TD(1,T)#FX«DXT(I)
635 CONTINUE
ENGEXT(1)=ENGEXT (1) +ENGTHP
"~ ENDIF _

CEBS===-!IISS-CIB=ISIt!=EIREIIRSESIatltﬂsﬂaaillttSIHESIﬂllllmlBIIB.IIIIIQSIII.I‘

€ END COMPUTATION OF VORTICITY IR RN AN I RN N SN YIRS EACNETSEARRRE

calazl.8!EHII=!$Et==llltlltllﬂmxnl—SES::I'SSEIIII883.&.33&’!383!8‘l!..t'lwﬂﬂlﬂlﬂ

=P(I,J)n(({ZVNENG(I,LL)-ZVNENG(I-1,LL))#DYU(J)
. *(ZVSENG(I,LLJ-ZVSENG(I 1,LL) ) »DYULJ-1))

~((ZUNENG(I,LL)*DXU(I)+2UNENG(I-1,LL)*DXUCI-1))*CS(J)
~(ZUSENG(I,LL)*DXU(I) +ZUSENG(I-1 LL)#DXU(I-I)JlCS(J =1)

IF((J.GT. JFUi.AHD J.LT.JFU2) .0R.J.LT.JFRST)GD TO 840

JJ=2J~JFRS
- E; (g GE JFUZ) JI=JJ-JSKPU+1
: -
- IF (PHI(J) GT.0.) FX=1.0
ISAVE=0

TEAVE=0
DO 740 L=1, LSEGF
DO 730 Kx1.K
IF(ISUF(&J L,X).EQ. o) GO TO 730
IS=ISUF(JI,L K>
IE=IEUF(JJ,L, x)
REDO=1

1
IF(IS. NE ISAVE .OR. IE.NE. IEAVE) THEN
IREDO=0

- !30 -
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700

720
730

IN=IE-1S+1
ISAVE=1S
IEAVE=1E

Ne2
N«IFIX(IM»CS(J)wC3R(JFUQ)+0.3)
IF{IN.NE.INTK2) THEN

=2
W=IFIX(IN*CS(J)*CSR{JFUO)+0.3)
ELSE

=3
N=IFIX(IH'CS(J)'CSR(JFUO)'.5*.5)
EXNDIF

ENDIF
Do 700 Il=15
I=MOD(II-2, IHUHZ)*Z
UDIF(II+1- iS K)=-FXeUA(I ,K)nSPSIN(I
VDIF(II+l- IS Ki» FXeUA( I K)«SPCOS(I
CONTINUE

CALL FILTER(UDIF{(1,K),IN,H,N,IREDD)
CALL FILTER(VDIF(1,X),IN,M,K,1)

bo 720 11= IS IE
I=MOD(II-2,IMUN2)+2
VAL, K)=-FXIUDIF(II*1 -15,K)=SPSIN(])
+FX+VDIF(II+1~ IS K)=5PCOS(I)
VA(I,K)=-UDIF(I1I+1-15, K) *SPCOS(I) - VDIF(II+1-IS,K)aSPSIN(I)
CONTIRUE
CONTINUE

Y-VA(I ,K)«SPCOS{
)-VA(I K (

n
JuSPSIN(I)

740 CONTINUVE

750

760

770

780

bo, 750 I=1,1nT
UOVER(I)#0.0
YOVER(I)=0.0

CONTINUE

DO 760 K=1,KNM

DO 760 I=1,INT
UOVER (I =UOVER (1) +UACI,K) #DZ(X)
VOVER(I)=VOVER(I}+VA{I.K)*DZ(K)

CONTINUE

DO 770 I=1,INT
BOVER(I)=UOVER (1) *HR(I, )
VOVER(I}=VOVER(I)»HR(I,J)

CONTINUE

DO 780 K=1,KM

DO 780 I=1,INT
UA(I,K)>=0A(I,X)~VOVER(I
VA(T,K)=VA(T,K)-VOVER(I

CONTINDE

DO 785 K=1,KN

DO 785 Ix1,INT
UACT,K) =UACT, K)aGN(T,
VACT K)=VA(T,K) G (I,

)
)

N

K
X

785 CONTINUE

- S W T L S R e R P e R A R NS S MG e PR B SR G U R R W G R R U G G R S W N G M e R A B A AR A R SR e em e

. S A A e e T A PN R e e m d we ol ke o e s s e e G R U W P A e R

800

IF(J.EQ,JFU2) GO TO 840
DO 830 L=31,LSEGF
1S=ISZF(JJ,L)

IF(IS,EQ.05 GO TO 840

TE=IEZF (JJ,L)

DO 800 II=IS,IE
I=MOD(II-2, INTH2) +2
UDIF(II+1-15,1)=2TD(I, D

CONTINUE

iu;xs-xs+1

E

N=IFIX(IM#CST(J)sCSR(JFUO)+.5)

IF(IN,.NE, INTM2) THEN

M=l :

R=IFIX(IX2CST(J)»CSR{JFUO)+.,5)
LSE :

N=3

R=eIFIX(IMnCST(J)»CSR{JFUO) =, 5+,5)
ENDIF

CALL FILTER(UDIF(1,1),IK,N,N,0)
DO 820 II‘IS iE

I=MOD(II-2 IHTH2)*2

ZTD(1, J)=UDIF{II*1-IS 1)

- K31 - 8/30/84

375600000 F
375700000 F
375800000 F
373900000 F-0
376000000 F-O
376100000 FO
376 FO

FO
- 376700000 FO

376800000 F
376900000 F
000000

77 F
377100000 F

000000
383100000 FO
383200000
383300000 FO
383400000
383500000 F



820

CONTINUE

- 830 CONTINUE
840 COITINUE

oQaOQt

44

-£30

FXxCS () #DYU(J) #CSR{J+1) *DYUR(J+1)
DO E44"K=1, KN
DO 644 Ir)
FVSU(, xS-Fvn(I.x>-rx
COXTI
Bo d20 5

zus:x:-zﬁ

- e - - -------—-“—-m--hb---n----—----—---- - e S A M e

TRANSFER QUANTITIES COMPUTED TO THE NORTH OF THE PRESENT ROW
TO BE DEFINED TO THE SOUTH IN THE COMPUTATION OF THE NEXT ROW

INT
N(I)

ZVS(%)'ZVN(I)

DO 660

DO 660 I=i,fMT

ZUSENG(I, LL)-ZUNERG(I LL)
ZVSENG (I, ,LL) »ZVNENG (1 LL)

CORTINUE

EXDIF

IF(RERGY.EQ.1. AND .MXP.RE.1) THEN

Ll=2

- - e T A S e e o R S e O A e e - -

. --——-——-----_-----—-—--—---—---n--—--—u—q----_-—----_—-----—--n - -

- e e e - S T e A M S S e W

c
C SET MERIDIONAL COMPONENT OF INTERNAL NODE TO ZERO ON SYMMETRY ROW

DO 662 K=1

VA(L, xn 6A<1nuui X)
VACL,K)=VA (IKUN]
UACTHU,K)=UAC2,K

SK)

YACINU,K)=VA(2,K)
cSG2 CONTINVE

-------------a-—--——--——-h-—-——-—_-_-----——---—------__—------————--g

830

X=0.

DO &850 Kt

DQ 850 I
VA(IﬁK)

ENDIF
RETURN
END

i
Sk

IF(J.EQ,JMTH1) THEN

~ K32 -

8/30/84

385400000
385500000
383600000
385700000
3a5800000

- 385900000

386000000
386100000

386200000 -

386300000
386400000

86500000
- 386600000

386700000
386800000
386900000
387000000
387100000

gmmmmmmmgggggoocoooggggn




*DECK TRACER -
SUBROUTINE TRACER(J)

’ CSIIIIII---l.nntu-II:tIl:u:u!tlll:::!ﬂl====ll-:a==nlx-n-.zll-IIllltl-BSBllllu.l.
EEEEESEERERREE

TRACER conPUTEs FOR ONE ROW, THE NT TRACERS, WHERE: ' ExnEEExEEEE
JsTHE ROW RUMBER ENEsEEEEgon

7]

Qoo

cl.l.lll:lilllllllliﬂISII.IIIIBIIIIIUIIIII‘lll8".!..:".88!3...."..-.lillﬂlllﬂ

.--a-—-—------------------u----—----n—--_-—-----——-------------—----.
--—-—n—_-———------——-oa--—--——-p-----———o------—u-------——p,------—--

:IGIIII’IIIIIBI'!ISSIII'!’SIIIIII==III=='l'!It:!!IIBES::ISIS-EII!S!:S:‘SIIS’IS#

BEGIN INTRODUCTORY SECTION, PREPARING VARIOUS R REEIXEEIRERIETEOCIITECTESTIER
ARRAYS FOR THE COMPUTATION OF THE TRACERS S NrSEEEEREIEIECTRTEIRTIRLE

C

c

C

C ==a=t:a==-n=-==:=============== co=s=E==T =======8===========I========‘:=====8===
c

c

--——‘--—--—-----—-“‘ﬂ----—_w&—-----—h----—------——--—--‘---—----——--—

.----n-n——--—-—-----——-------—----——---w---——-—n--—------—-———---—---

FXA=CSTR(J)sDYTR(J)

FXB=FXA»CS(J)

DD 690 K=1,XKNM

DO €50 I=1,IMT
FUW(I, K)= (UCI- =1,K)»DYU % J+UMCI-1,K)»DYD (J-1 ))aFXA
FVR(I, JK)= V(T K)=DXUQ(I,Ky+V (I-1 KJ!DXUQ(I-l,K))'FXB

. *DXT4RO(T,K)
(590  CONTINUE

- ---——muﬁ-—--—p----—--——---——---ﬁ_---—u--m-—_———-_—----u——---—-—--

el L T T A —— O L S e e e S e et il W e o

1ST, SET VERTICAL VELOCITY AT THE SURFACE TO ZERO (RIGID-LID)

FX=0
BO 769 I=1,INT
V(T,1)aFk
o700 CONTINUE

g 2ND, COMPUTE CHANGE OF W BETWEEN LEVELS

DO 710 K=1,KNM
DO 710 131 INT
viI, Kv1)=CZDZO(I SKInC(FUWCI+,K)-FUW (I, R))lDXTéRQ(I K)
+FVN(I ,K) FVST(I K)
710 CONTINUE

‘g 3RD, IITEGRATE DOWNWARD FROM THE SURFACE

DO 712 K=1,KN
Do 712 I=1 INT
w(I, K+1)=U(I K)+W(I, K1)
c712 COHTIH

--—---_-__----_____.......---...___.._...__--.....--__..__-...._..._-.._-___-..___'.--.........

AOQo

-—*----—---—-----——*-—n—‘w--——-ﬁ--—h--——-———-&“hw—-----—---—--&—-—--—

15T, TRANSFER INTERIOR POINTS INTO DIFFUSION COMPUTATION ARRAY
"~ DD 720 N=1,NT

taaaa

- K33 - 8/30/84

400000000
400100000
400200000
400300000
400400000

400500000
400600000

400700000

400800000
400900000
401000000
401100000
401200000
401300000
401 400000
401500000
401600000
401700000
401800000
401500000
402000000
402100000
402200000
402300000
402400000
402500000
402600000
402700000
402800000
402900000
403000000
403100000
403206000
403300000
403400000
403500000
403600000
403700000
403800000
403900000
404000000
404100000
404200000
404300000
404400000
404500000
404600000
404700000
404800000
404900000
405000000
405100000
405200000
405300000
405400000
405500000
405600000
405700000
405800000
405900000
406000000
406100000
406200000
406300000
406400000
406500000
406600000
406700000
406800000
4069060000

407000000 -

407100000
407200000
407300000
407400000
407500000
407600000
407700000
407800000
407300000
408000000
408100000
408200000
408300000
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DO 720 K=1,KNM
DO 720 I=1,INT
TDIF(I, K*l K)=TB(I,K,N)
720 CONTINUE

-2ND, SET TOP POINT OF THE COLUHH TO REFLECT SURFACE FLUI,
TTOM POINT OF THE COLUMN TO REFLECT INSULATION.
(THE ROUHDOFF ERROR IK W AT THE BOTTOM 1S5 ALSO ELIMINATED HERE)

FX=0.0
DO 730 I=1,IMT
‘XZ=KMT (1}
: u«z KZ+1) =FX
736 H-l AT
TDIF(I LM=TB(I,1 M
TDIF(I, xz’z K)=TBCI,KZ, K}
730 CONTINUE -

CIBISI::IIHS'lﬂ.l!l--lllllIIIII-SIIISI-ll-'lﬂlllll--.'I-‘IIIIIIIIIIl'-‘ﬁ-'lluill

C- END INTRODUCTORY SECTION sxssxszasassansnsyssrrirssitssestiassrXEENRSNSRERyS

,c::ﬁkltt:lll!BEESR:CIIIISISBEBSII=SIEIBBIISIIIl..l'lll‘llll.!l'l'I.Il!lll"!l‘lt

c

QAQOQ0

c#ﬂllﬂ!tltIﬁIISIIIIRK-ISI'IIIIISIII..II.ISIISIIIIIIUIIEIIIIIII.IRIIII‘IIIRRIIIlI ‘

EEFEEEEEEEEEENEEEEARNESEERErER

C BEGIN COMPUTATION OF THE TRACERS.

C THE NEW VALUES “TA", WILL FIRST BE LOADED WITH szasxassrescaccExsnsssssmsexs
C THE TIME RATE OF CHAHGE AND THEN UPDATED. AR RENETIEEINEESEEEERFESALEEE
c=-n=:g::xs::::::::azn::-::::-::z::stu--::-----za::::::-:s:u:u::--:a:s:tta:-:::-
c

¢ DD 855 M=) ,NT

c----- T e o i e O A A o S O i B i o o S A R e i e B

g COKPUTE TOTAL ADVECTIUN OF TRACERS

] )

g IST, CONPUTE FLUX THROUGH WEST FACE OF T BOX

DO 810 K=1,KNM
DO 810 I=1, L INT
TEEPA(I, K)=Fuw(I JKI#(TCTLK, M)+ T (I~ LK,
810 CONTINUE

c 2ND, COMPUTE ZONAL FLUX DIVERGENCE
DO 815 K=1, X
DO 815 I=1
TA(I, K, uS-(Tsupntr K) -TENPACI+1,K) ) #DXT4ROCI, K)
815 CONTINUE'

c
g 3RD, ADD IN MERIDIONAL FLUX DIVERGENCE

DO 820 K=1, KH
‘DO 820 I-I S INT
TA(LK 1=TA(I K, M)-EVN_¢I,K)® CTP(I,K,N)+T (I,K,M))
+FVSTUI, Xy = (T (I,K,M)+TH(I,K,N))

B
cB?O CONTINUE
'E'-4TH. COMPUTE FLUX THROUGH TOP OF T BOX

DO 822 K=1 KHPl
DO 822 I=1,INT
TEMPB(I, ﬁ)=U(I.K)I(T(I K-1,M)+T{I K, N))
- 822 CONTINUE

c

C STH, ADD IN VERTICAL FLUX DIVERGENCE
- DO 624 K=1,KNM
- D0 824 I=151HT

TACL, K, M) =TACZ,K, %) + (TEMPB(I, X+1)-TENPB(I ,K))#D22R0O(I,K)
824 couTINGE

c
C ADD IN HORIZONTAL DIFFUSION OF TRACERS (EVAL. AT TAU-1 TINESTEP)

- D 2 o B R e S e T P B B A S e Al el i

e

3 15T, COMPUTE SEVERAL COEFFICIENTS DEPENDENT ONLY ON LATITUDE
BBTJ=8,0%AHCSTR(J) *CSTR(J)
"CCTI=AH#CS(J ) wDYURCJ )aDYTR(I)=CSTR(D
DDTJ=AHsCS(J~1)wDYUR(J-1)eDYTR(J) *CSTR(J)

2ND, COMPUTE GRADIENTS AT WEST FACE OF T BOX

DO 838 K=1,KN
DO 838 I=1,INT

0nan

- K3q - 8/30/84

aqaqa GO HaQaAQNoQans

anonan Qo0 oo

aaon




TEHPA(I K)=DXU2RQ(I-1,K)#(TB(I,X,H)~TB(I-1,K, M)
838 CONTINUE

c
€ 3RD, ADD IN FINAL CONTRIBUTION FROM HOR. DIFF. OF TRACERS.
C (TO PROVIDE FOR. INSULATED WALLS, EACH GRADIENT IS NULTIPLIED BY
¢ THE MASK OF TRE POINT IX ITS RESPECTIVE DIRECTION, THUS
G CAUSING IT T0 BE 2ERO IF IT IS TAREN ACROSS A WALL)

DO 840 K=1,KN

DO 840 1-1 INT

TACIK 5=7A(1 %) +BBTI#DXT4RQ(I, KD #
. i K)sTENPACT+1,K)~FHCI-1,K) wTENPACI K))
. occTJlFHP(I,K)I(TBP(i K, %) -Tact, K, 40
+BDTI*FKM(I,K)» (TBH (I x,n)-rntz,x.u>>

L}
c840 CONTINUE

A R R S T e e Y e e

c
C ADD IN VERTICAL DIFFUSION OF TRACERS

[#1r15]y]

18T, COMPUTE GRADIENTS AT TOP OF T BOX

DO 842 K=1, xnp1
DO 842 Ix1
TEMPR(I ﬁ):TDIF(:,x,na ~TDIF(I,K+1,4)
ceaz CONTINUE

g 2KD, ADD IN FINAL CONTRIBUTION FROX VERT. DIFF. OF TRACERS

DO 844 X=1,KNM

DO 844 I=1,INT
TACI,K,M3=TACI,K, ) +EEHOCT, K
-FFHQCI K

, »TEMPB(I, g
. "
¢a44 CONTINUE

)
}»TENPB(I,

- o o e e G i e o e 0 i e e e

DO 850 K-l KH
DO 850 I=1
TACI. K 5=(TB(I K, M) +C2DTTSTACI, K, M)} #FH(1,K)

g FORCE UPDATING IN FULL PRECISION TQ ASSURE CONSERVATION OF TRACERS

TFULL(I, K)=TB(I,K,N)+EXTEND(C2DTTS)=TA(I K,
850 CONTINUE

c
g ROUND TO HALF PRECISION (NOTE.. DOES NOT TRUNCATE)

CALL QBRCONV(B’00000000",0, TFULL(1,1; InTX%),,,0,TACY,1,H; IHTRH))

c TA(w,n, N)=TA(=, !,H)nFH(u '
CBSS CONTIRUE

- - e A o e e i Y e e Y i e B e e A O P G

€
C SET SALINITY TO 45 PPT OVER LAND TO STOP CONVECTION THERE
{..NOTE THAT THIS IS .01 IN MODEL UNITS -- (PPT-35)/1000..)

e A e R e i e -

FXA=

e A e A A A S R A W AR T W L R A M A e e G R R R A W e S A S A S A e e

Y o o i o Y e e vy e S v M B W P e e e e e Gn P S W R e e A P e e e e

IF(NERGY.EQ.0.OR.MXP.EQ.1) 60 TO 920
DO 910 1=2,INTM1
KZ=KMT(I}
IF (KZ.EQ. o> GOTO 910
DO 900 M
DO 900 K=1'K2Z
BOXVOL = CST(J)«DXT(I)*DYT(J)#DZ(K)

18T, COMPUTE TRACER CHANGE DUE TO ADVECTION
TTDTOT(2,M)=TTDTOT(2,M>+BOXVOL#
- K35 ~ 8/30/84

[e1rly]

416800000
416

417000000
417100000
4172000600

00000
419200000
419300000
419400000
419500000
419600000
419700000
419800000
413900000
420000000
420100000

422

422800000
422500000
423000000

Qanoana
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((-FUW (I+1,K)%(T (I+1,K,
+FUW (I ,K3n(T (T LK,
VN (I JOWTRC(T k!
FYST(I ,Kye(T (1 'K.
“TTDTOT(3, u)-TTnTuT(a %) +BOXVOL
. I,KelJe(TCI, K, M)oT JKYY
" —u<1 K (T K-+ T (10K ,n:a)-nzzn(xa

ZHD. COMPUTE TRACER CHANGE DUE TO HORIZORTAL DIFFUSION

TTDTOT(4, M) *TTDTOT (4, M) + BOXVOL »
(BBTIDXUZR(I ) nDXFARC(I)FH(I+1,K)e(TB(
+BBTJI«DXU2R(I-1) #DXTER(I) «FH(I-1 K)w (TR (

~+CCTI«FHP(I,X)»(TBP(I,K ﬁ)-TB(I,
+DDTIFKN(TI,K) = (TBH(I,K,N)-TB(T K

COHPUTE TRACER CHANGE DUE TO VERTICAL DIFFUSION

TTDTOT(S, H)'TTDTOT(S M) +BOXVOLs
" EEH(K)!(TDIF(I oMI-TDIF(I,K+1, H
" : -FFH(K)'(TDIF(I Ktl M)-TDIF I,K M3
900 CONTINUE

¢ : . ,
£ 4TH, COMPUTE TOTAL ENERGY EXCHANGE BETWEEN POTENTIAL AND KINETIC

IF(KZ.LT.2) GO TO 910
: FI=CST(J)IDXT(I)IDYT(J)HGRAVIO S
- DD_905 K=2
X BUCY= BUO? FX!DZZ(K)'W(I »K)= (RHOS{(I ,K~1)+RHOS(I K))
905 CONTINU :
g10 COHTINUE
920  CONTINUE

-——--a----——-pc-----—---p’a_-----»-_-—---n------—p---------u------—-m

J«DXT4R(I)
3

st N e

K, X))
<1 K0
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JKO )
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'SET NCON FOR NUMBER OF PASSES THROUGH CONVECTION LOOP
KS=1: COMPARE LEV., 1 TO 2; 3 TO 4; ETC. AND ADJUST IF NECESSARY
KS=2; COMPARE LEV. 2 TO 3; 4 TO 5; ETC. AND ADJUST IF MECESSARY

NCON=1 -
DO 965 N=z1,NCON
DD 965 KS=1 2

1ST, FIND DENSITY FOR ENTIRE. SLAB FOR STARILITY DETERMINATION
. CALL STATEC(TA,TA(1,1,2),TEKPA,TDIF,TDIF(1,1,2),KS)
2ND, FOR EACH TRACER, MIX Anaoxnxuc LEVELS IF UNSTABLE

DO 960 K=XS,KMM1,?2
DO 960 I=2,IMTH1’
xrégngzacﬁ K 467 - TENPACI,K+1)) THEN
- UTA(TLK uS-(nzcxanracz,x n>-oz<xo1:-TA(1 K+1,M))*DZ22R(K+1)
, R L NI=TACT, K, )
948 CONTINUE
; ENDIF
960 °  CONTINUE
FX=0,5
-Ln-cz-(<xnn§;xs:/21¢1)-131

DO 960 N=1,
a-zurxu>-rx-c2£§a(1 y1sTHTKHY wTACL,1,M; INTIH)

. RANO0OO

Qoo aco

TEMPB (1
WHERE (RALTBV(1
.AND zﬁpnci ks LN) GT.TEMPA(1,KS+1:LN))

. TAQ1, xs u Lu:-thuﬁ 1,KS; LN +TENPB (1, KS+i5LN) )

. . 22230(1 KS+1:LN)
, TA(L,KS+1,N; sLN)=TAC1, XS, N3 LN}
- . ENDWBERE

960  CONTINUE

965 CONTINUE

c,stl:l‘tlllll':l"l‘lllltll-l"l:.'l'l..‘:ltlll!’!lllll‘l!iﬂIIBIIIESIIIIIRIIIIR

C. END COMPUTATION OF THE TRACERS R R R RN I AN EE RS ENOEAIEAEEEEERNRAREERE

c‘lll'I=IlllIISISIIIIIIIIIIISIIRIISIIIIIISIl.ltlt”!'IlﬂtﬂBSIIKSIS:E‘!IIS'!S'IIS

c

.----—----------D--—-nu------—ﬂ-ﬁ--—-bﬁ-------------‘—qh---uﬂ----—-—-

IF(NERGY ED 1 .AND. MXP.NE.1) THEN
-DO 970 N=1 NT
DO 970 K=1 JKN : _
- K36 - 8/30/84

T4
"433100000

425200000
425300000
425400000
425500000
23600

4 000
425700000
425800000
425900000
426000000

426100000

427300000
427400000
427500000
427600

427700000

000000
428100000

428200000
428300000
428400000
428500000

430200000
430300000
430400000
430500000

430600000
230700000

431900000
432000000
432100000
432200000
432300000
432400000

433200000
433200000
433400000

433500000

(27 ]
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FKSCST(J)!DYT (J)nDZ(X) /C2ZDTTS 433600000
bo =2,IXTA] 433700000

0 970
TTDTOT(I H)'TTDTOT(I MW+ (TACILK, M) =TBLI,K, ) YoFX«DIT(I) 433800000
TVAR(N) =TVAR(M) +(TA(I, K K «w2-TB(I,K,H)un2)sFXsDXT(I) 433900000
970 CONTINUE . L 434000000
ENDIF 434100000
c 434200000
Crre—meemrrrrrcccncccccc s rrcas e e . ——— ——————- b L Sl Dl - 434300000
€ FOURIER FILTER TRACERS AT HIGH LATITUDES 434400000
1 el il bttt e samm————— memssde—a-— —————— 434500000
¢ 434600000
IF((J.GT.JFTI.AHD.J-LT.JFTZ)-DR.J.LT.JFRST)GO TO 1190 434700000
JI=J-JFRST+1 . 434800000
IF (J.GE.JFT2} JJ=JJ-JSKPT+1 434900000
c . 435000000
¢ 1IF PREVIOUS STRIPS WERE OF SANE LENGTH, DONT RECOMPUTE FOURIER COEFFS 435100000
c : : 435200000
ISAVE=Q 435300000
. IEAVE=0 435400000
DO 1140 L'l LSEGF
DO 1135 K 435600000
IF(ISTF(J& L X).EQ.0) GO TO 1135 4357
IS'ISTF(JJ,L,R 435800000
IE=IETF(JJ,L,K)
IREDO=0 436000000
IF(IS.NE. ISAVE .OR. 1E.XE, IEAVE) THEN 1
IREDQ=~ 436200000
ISAVE‘IS 435300000
IEAVE=IE 436400000
IH‘IE IS5+]1 436500000
436600000
H=IFIXCIHNCST(J)ICSTR(JFTO)+ 5) 436700000
IF(IH RE.INTMZ.DR.KMT(1).LT. K) THER 436800000
436900000
H'IFIX(IHICST(J)lCSTR(JFTOJ*.5) 437000000
437100000
H 3 437200000
N=IFIX(IN®CST(J)*CSTR(JFTO)»,5+.5) 437300000
ENDIF 437400000
ENDIF 437500000
DD 1130 MM=1,N 437600000
TDXS TREDO SHH 437700000
‘DO 1100 I11=I5,1 437800000
I=MOD(II-2, iHTHZ)* 437900000
TDIF(II+1~ IS 2K, 1)=TA(I K, NI 438000000
13100 CONTIRUE 438100000
c : 438200000
CALL FILTER(TDIF(1,K,1),IM, M,N,1DX) 438300000
438400000
DO 1120 IIxIS,IE
T=MOD(II-2, INTN2)+2 438600000
TA(I K, HH)'TDIF(II+1 15,K,1) 4387200000
1120 CONTIN UE 438800000
1130 CONTINUE
11335 CONTINUE 435000000
1140 CONTINUE 439100000
1190 CONTINUE 439200000
Cc 300000
Cmmm e e e e e e e e e e e e o v o e e 4395400000
C ACCUNMULATE INTEGRATED ABSOLUTE CHANGES IN T EVERY NTSI TIMESTEPS
---------------------------------------------------------------------- 439600030
439700000
IF(MODCITT NTSI).EQ.0) THEN 439800000
FX=0. SQCéT(J)IDYT(J)/CZDTTS 43
DO 983 M=1,NT 440000000
DD 983 K=1,KN 440100000
b0 983 I=1 INT 440200000
TDIF(I K M)=ABS(TA(I,K,N)-TB(I, K, ,N))=C2DZQ(I ,K)»FXsDATQ(I,K) 440300000
983 CONTINU 440400000
DD 985 H 1,NT
DG 285 K=1, KH 440600000
DO 985 I=2 NTH1 440700000
DTABS(H)'DTABS(H)*TDIF(I K,1) 440800000
c PSR Serpuiyp ey eyt iy Ay ROV ORI ep R 440900000
(] DO 985 I=2,INMTH1 441000000
o] DT&BS(H}=DTABS(H)+TDIF(I ¥) . . 441100000
C =e«ax  ABOVE 2 STHNTS REPLACED B# §0LLOUING FOR VECTORIZATION asann 441200000
DTABS(M)=DTABS{N) +QB8SSUNM(TDIF(2,X,K;INTH2)) 441300000
C RO RN RSN RN R R RN IR RO RN R RN AR NN AR AN AN N AN RN E AR 441400000
985 CORTINUE 441500000
ENDIF 441600000
441700000
Ot r o o e e e e e e e e e e e A e e 441800000
C TRANSFER QUANTITIES COMPUTED TD ‘THE NORTH OF THE PRESENT ROW 441900000
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b-_--—-,-._—---—-—--———-um-—------------------——o..- - -

FX*CST(J) «DYT(J) #CSTR(JI+1) #DYTR(J+1) -

tFVN(IiK)uFI

¢
¢
DO 990 K=1,KM
DO 990 Is1,INT
FVST(T, k)
 coRHOS (1K) +RHON
csso CONTI

LN A e e S o O e D e e R e e o e R S B

g SET CYCLIC BOUNDARY CONDITIONS ON NEWLY COMPUTED TRACERS

LY .

c

DO 992 N=1,NT
DO 992 K=1, S KM

TA

(1 ,K,H)ﬂTA(IHTﬂl K.H)

TACIHT, K, M)=TAC2Z  ,K.M)
%2 CONTINUE _

€ SET NEW VELOCITIES AT NORTHERN
g CLINIC IS HADE FOR THIS ROW

----npm-----—-—u—---—-u-—--.-..--_—-——

IF(J EQ.JHTH1) THEN
FX=0.0
DO 680 K=1 KX .

DO 680 1

VACT, x)-ﬁ
VACI K)=FX

680 CONTINUE
ENDIF
RETURH
END

INT

- K38 -
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uDECK RELAX
SUBROUTINE RELAX

cl.l'll'lIS‘IISIIIIIIIIIIIIIIIIIiﬂltﬂﬂlI;i.llk'll-lll-ll-.'-l---.l.3"""‘.'.!'

c ASEEEREEENS
C RELAX TAKES AS INPUT THE VORTICITY DRIVING FUNCTION COMPUTED IN

Q

C. “CLINIC™ (2TD) AND, USING SEQUENTIAL OVER-RELAXATION EEEEEEANSEE

C SOLVES THE LAPLACIAN EQUATION FOR THE EXTERNAL NODE oF RASEREEREEE

g VELOCITY IX TERMS OF A MASS TRANSPORT STREAH FUNCTION (P). =zszmazanax
EEREBEREEERER

c:-ll=:==:l::-ﬂut._t.tl:l:lltnk.lnlzlIt:llllll!l:lltttttlltlll!tlltl-uulllint-llll

c

c"BEEi’iE'EEBBiE'ﬁE?E """"""""""""""""""" T T

e

»CALL PARAN
#CALL FULLWD
#CALL SCALAR
sCALL ONEDIM
»CALL FIELDS
»CALL WRKSPB
!CALL TIMNE

_------—--—-—--u---—--—---—---n---———-———-u-—uh_--—-----——-----------

C
C DEMENSION AND EQUIVALENCE LOCAL DATA

0 - b Rt Y S p——

DIMNENSION PTDB(INT,JMT),H(INT,JNT)
EQUIVALENCE (RES,PTDB), (PTD,H}
BIT INTBV(INT,JKD)

5 Y W S W Al Y Y N G e

e e e i R e e e Lol F A ——

INTEGER CFWLOC,RESLOC
PARAMETER (IENDSL= =16, ISTORE=17, CFULOC=18 RESLOC=19)
DESCRIPTOR CFWADR, RESADR

BEGIN EXECUTABLE CODE

O e R e Y M R e e e e -

c
C INITIATE READIN OF RELAXATION SOLUTION OF 2 TIMESTEPS BACK )
€ FOR THE PURPOSE OF COMPUTING AN INITIAL GUESS FDR THE PRESENT PASS

(INPUT UNIT ALTERHATES OX TSTEPS BETWEEN 5 & 6

LUPTDB=6-MOD(ITT, 2)
LUPTD =5+MOD(ITT,
CALL DFIHD(KFLDS NWDS (LUPTDE-1) sNWDS+1)

e e e e S S L T (e S Y S T T e AD e s m — n S  Ot $96 S e

- 0 7 0 L Y ke i T M S W o o s e

c
o m e e e e e e e e i e e e = e ————

- -

W e e e S e o

et L L L

BEGIN INTRODUCTORY SECTION TO PREPARE FOR THE RELAXATION

c=== EES===z==E=E B R RS S S TS I I N EE S r NS CE A S CCC IS EEI S rEIE RN CICEREXEEENITEIEEEEE

¢
ﬂ ----------------------------------------------------------------- [rayrap——
g INITIALIZE THE WORK AREA
¢ e
FX=0,0
DO 90 J=1,JINT
DO 90 I=1i,IMT
CcFN(1,J5aFx
CFS(1.))=FX
CFE(I,J)=FX
CFW(I,J)=FX
COF(I,J)=FX

ISKASK (I, ) =0
90 CONTINUE

INITIALIZE BIT INTERIOR INCICATOR TO ZEROES
© INTBV(1,1;NWDS)=B’0’

COMPLETE READIN OF RELAXATION SOLUTION OF 2 TIMESTEPS
(INPUT UNIT ALTERNATES ON TIMESTEPS BETWEEN 6 & 5)

CALL OGET(KFLDS,HUDS,(LUPTDB-I)INUDS’i,PTDB!
- K39 -
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CALL OFIND(KELDS,HUDS,(LUPTD—i)lNQDS+1)

QOQQ

~ FORM ISLAND MASK

T O s e R R D e e ok o o B e e g ke e A -

(ISMASK=0 OVER INTERIOR DCEAN POINTS
JOMASK=1 OVER PERIMETER OCEAR POINTS
ISHASK=2 OVER LAND POIN

DO 95 I=2,INU

DO 55 J=2 JHTH1

TEST1=HR(1,J) *HR(I-1,J) «HR
TEST2=HR(I.J)+HR(I-1 7 +HR
IF(TEST1.EG.0.0) ISHASK(I,
IF(TEST2.EQ.0.0) ISHASK(I,

- 95 CONTINUE .

QaQaOQanad

?Ang%ETE DEPTH FIELD FROM ITS RECIPROCAL

E 15 EQUIVALENCED UITH PTD)

COKPUTE RECIPROCALS WITH AN EPSILON ADDED TO AVOID ZERO DIVIDE

FXA=1 .0 .
FXB=1.E-20

DO 110 J=2, JHTHl
DO 110 I=}

H(T )=riA/(HRc1 J)+FXB)

110 couTIﬁu
g THEN RESET H OVER LAND TO ZERD
FX=0.0

b0 112 J=1 JHT
DO 112 I

IF(HR(I j) EO FXOH(I,J)=FX

112 CONTINUE

c
¢ THEN
c.

SET CYCLIC BOUNDARY CONDITIONS ON H

DO 117 J=1,J0T

H{l, J)-H(IHUHl J)

117 CONTIHUE

GENERATE ARRAYS OF COEFFICIEHTS FOR RELAXATION

D O W MDD 0 O O L ke e e ke e 7 D S A A W AD  d le ol hr  mie Be

COMPUTE_COEFFICIENTS OF THE LAPLACIAN STAR

(HOLD NOK~INTERIOR POINTS TD 2ERO USING START AND END INDICES)

DO 130 J=3,JMTH1
DO 130 L=1, LSEG

(SET

[plelp!

IS'ISZ(J

IF(1S. EQ 0) GO TO 130

IE=IEZ(J,L)

FXA®2.0%CSTR(JI) »CSTR(I)

FXB=z2.0#CS(J )*CSTR(J)!DYTR(J)'DYUR(J )
FXC22.08CS(J~1)=CSTR(J)*DYTR(JI»DYUR{JI-1)

BI? IHTERIGR INDICATOR TO OWES OVER INTERIOR POINTS)
IgT?V(IS pJ:IE-1S+1)= NOT.INTBV(IS,J;IE-IS+1)
DO 120 I=IS,IE

CFN(I,J)=FXB/(H(I-1,3)+H(I,J)) :
CFS(I,I)=FXC/(H(I-1,J-1)+H(I,J-1)) :
CFE(I,J) =FXA*DXUR (15 *DXTRCI) J (H(I, ) +H(T,J-13)
© CFM(I,J)«FXA*DXURCI-1)sDXTR(I)/ (H{I-1,J) $H(I-1,J-1))
COSPF(IS=FXI(CFHCI,J)+CFS(I,J)+CFE(I,JJ+CFU(I,JJ5

AUGMENT COEFFICIENTS FOR INPLICIT TREATMENT OF CORIOLIS TERX

IF(ACOR.KE,0.0) THEN
Fxs-cznrsr-ncon-csrnts)-nvwnca:-onasn

b0 125 1=
CFN(I, a>-ésxr1 J)4(HR(I§ -nncx 1,3 ))ISINECW] )
M .
CFS(I,J)=CFS(I,J) - (H;(giJﬁ%)-HR(I-l,J-i))-SIHE(J-I)
B ” . X
CFE(I,J)=CFE(I,J)~(HR(I ,J)*SINE(J)-HR(I ,J-1)#SINE(J-1))
*FX«DXTR(I) -

CFW(I,J)=CFW(I,J)+(HR{I-1,J)#SINECJ)~-HR(I-1,J-1)sSINE(J-1))

« K40 - '8/30/8¢

S08400000
508500000

3.3

onnonnnncnogggHHHuu




*FX¥DXTR(I)
CONTINUVE
o ENDIF
g 3RD, NORMALIZE COEFFICIENTS AND FORCING TERM FOR EFFICIENCY
DO 128 IxIS8,1 :
CFN(I, J)-éFI(I.J «CPF(1)
CFS(1, J)-CFS(I,J)-UPF(I)
CFE(I.J)=CFE(I,J) #CPF(I)
CFW(I,J)~CFW(1,3) *CPF(I)
(I,3)*CPF(I)

2TD(I,J)=ZTD
CONTINUE

130 CONTINUE

C
g 4TH, COMPUTE COEFFICIENTS ON ISLAND PERIMETER POINTS

DO 180 ISLEsi, HISLE

COFIS(ISLE)=0,0

1S=ISISCISLE)

1E=IEISCISLE)

JS=ISIS(ISLE)

JE-JEIS(ISLE)

DO 175 J=JS,J
FXA=2. O0CATR (1) +CSTR(D) L
FXB=2.0vCS(J )#DYUR(J )=DYTR(J)*CSTR(J)
EXC=2.0#CS(¢T~1)*DYUR(J~1) #DYTR(J}«CSTR(I)
FXD=—-C2DTSFaACORPCSTR(J)*DYTR(J) nONEGA

DO 175 I=1S,IE
IF(ISHASK(I J) nE 1) GO TO 17%
IF(HR(I- E.0.0 ,OR, HR(I ) JNE.0,0)

CFR (1 JS:FIB;(PTD(I -1,J3+PTD(I, 30
fD&DxTR(I)!(HR(IéJ) -HR(I-1,J))«SIRE(D)

IF(HRCI-1.J-1 HE.0.0 HR(I ~13-1).NE.0.0)
CFS(I,J}=FXC/(PTDCI-1,J-1)+pPTD(1,3-1))
-FID-DXTR(I)-(HR(I J - HR(I -1,3- 1))-SINE(J 1)
IF(HR(I .NE.0.0 .OR. HR(I ,J~1).NE.O.
CFE(I Jisrxn-nxrntx)-nxunzx>/tpfn<1,3>+prn J-1))
inunxrntx)-(nncx J)-SIRE(J)-HR(I,J- -siusca 1)
IF (HR(I-1 .OR. HR(I-1,J-1).NE.0,0)

CFW(I J5=FXAIDXTR(I)-DXUR(I-1)/(PTD(I-1,3}+PTD(I 1,3-1))
+FAD*DXTRCI) ¥ (HR(I-1,J) #SINE(J)-HRCI 1, J-1)sSINECI-1)) -

COF (I, 32210/ (CFN(I NSoFs (Y ,J)+CFE(1, D) +CFUCI, 1))
CFN(I.I)=CFR(I,J) »COF(I,J)
CFS(I,J)=CFS(I,I)#COF(I, B
CFE(I,J)=CFE(I,J) #COF(I,J)
CEW(I,J)=CFU(I,J)»COF(I, 3
ZTD(I.T)=ZTD(], ) «COF(I 1 J
COF (1, J:-cSTcas-nxTcI)-vatJ>/c0F(: I
COFIS{ISLE) =COFIS(ISLE) +COF(I,J)
CONTINUE
COFIS(ISLE)=1,/COFIS(ISLE)

180 CONTINUE

c
C FINALLY, WULTIPLY THE COEFFICIENTS BY THE OVERRELAXATION FACTOR

060 aananaoa

DO 182 J=1,JHMT
Do 182 I=1, SINT
CFN{(I, JI=CFN/{
CFS(I, »JY=CFS
CrE(I, +J)=CFE
CFU(IEJ)=CFU

o, g S
ot B bt
- w W W
Gty
Tl St N st

E -]

w

=]

]

182 CONTINU

PR —————— R P ke ket et Lt

COMPUTE A FIRST GUESS FOR THE RELAXATION BY EXTRAPOLATING THE TWO
PREVIOUS SOLUTIONS FORWARD IN TIHE.

1
¥
T
]
]
]
]
]
]
1
[]
]
]
1
1
]
1
]
1
]
]
¥
¥y
?
1
1
1
1
]
]
]
]
t
]
]
]
]
]
1
]
]
1
[]
y
]
]
1
]
]
1
1
]
1
]
1
]
1
L]
L]
]
1
¥
[}
]
L}
L}
1
]
1

15T, COMPLETE READIN OF RELAXATION SOLUTION OF PREVIOUS TINESTEP

CALL OGET(KFLDS,NWDS, (LUPTD-1)»NWDS+1,PTD)

2ND, PERFORM TINE EXTRAPOLATION (ACCOUNTING FOR MIXING TIMESTEP)

FXA=1.0
FXB=2.0

IF(NIX.EQ.1.0R.MXP.EQ.1) FXA=0.S5

DO 135 J=1,JHT

DO 135 I=1,INMT
PTDtuﬁJ)IFXA'(FXBIPTD(I $3)-PTDB(I,J))

C135 CONTIN
C COMPUTE CRITERION FOR CONVERGENCE OF RELAXATION AND SET RESIDUALS O

~ K41 - 8/730/84
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522100000
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922400000
522500000
522600000

524700000
524800000
©24900000
523000000
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c 1
CRTP=CRIT=FXA#50R
FX=0.0

DO 140 J=1,JHT
Do 140 I=1,IHT

: ' RES(I Ji=FX
140 CONRTIN
c CALL GETIHE(TO T2}

CI!'l'l-ItllllIIIIIRIIREIltl.ﬁllltlll.-thtltl'!l'tlttl.l‘..l!llllIlthﬂtlllll‘I

C ERD INRTRODUCTORY SECTION R S LS TR IR NI EXTATANSIRRERA NS Eama N DO

c‘llBlllIIS:SlISHIIIt:tllxIIISIIRSHIIIKSISIIIBIIEEBIIIEIB'=SISlltlIIIllll'IIls?.

c
€ BEGIN SECTION TO DO THE RELAXATION ===zxz= ISR RS ECFFISFFISLENICUSENSSENEARS

cxlltllﬂstt:lllsllllR!:!gktttzzﬂlﬂlsl!ltlz=!Elll!llls!::lll=II!IR8=ISIIIB‘SIKI'I

c
MSCAN=0
300 HSCAN=HSCAH01

e D 8 e o O L o 0 e e R D e

CDHPUTE ENTIRE FIELD OF RESIDUALS AS IN SINULTANEQUS RELAXATION
(..NOTE.. RESIDUALS WILL REMAIN O OVER NON-IKTERIOR POINTS)

U SN S e T o P o e D D e O G R e s 2 D

anaan

DO 230 J=3,J5CAN
bg 230 I=1 L INT

RES(I,J)=CFN(I,J)*PTD(I,J+1)
_ +CFS(I,J)wPTD(I J-1)
" +CFE(I,J)sPTD(I+1,7)
. «CEW(I,3)»PTD(I-1.7)
. -SOR= (PTD(I,3)+2TH(1,3))

CZBO CONTINUE

c __________________________________ Y Py —— S -
€ RESET RESIDUALS TO ZERO QVER LAND
¢
FX=0,0
DO 224 J 3, JSCAN
DO 220 I=%,INT
cpr<1>=Fi

220 CONTINUE
DO 221 L=1,LSEG
1S=1SZ(J,L) :
IF(IS.EQ- 0) GO TO 222
TE=TEZ(J
D0 551 oI4 1E
cpr(zaaasécr I
221  CONTI
222 courruus
DO 223 I=1,IMT
RES(I,J)*CPF(I)
223 CONTINUE
224 CONTINUE
LENV= (JSCAN-2) « INT
WHERE (,NOT.INTBV(1,3; LENV)) RES(l 3;LENV) =FX

-

c
& TSET CYGLIC BOUNDARY CONDITIONS GN THE RESIDDALS

-----—---—-n—-m--—-‘&nﬂ-n--——--—--n-m---------nmnm——ﬂumu------d-mwﬁﬁ-

DO 226 J=3,JSCAN
RES(1,9)SRES ¢ INUN1, 3)
RES(IKT,J)=RES (2,7}

czzs CONTINUE

D O L e G -

-ﬂ—--ﬁ--ﬁ-'ﬁ--ﬁ-—-————---&ﬁ-ﬁn*-ﬁ--------ﬂﬁ---------———-—hﬁh---------

‘DO 247 J=3,JSCAN
DO 236 I:2,INMTH1
RES(1,J)= RES(I J)+CFS(1,3) «RES(I,J-1)
236 CONTINUE :
50, 254 L=1,LSEG
IS=ISZ(J L
IF(1S.EQ.0) GO TO 255
IEsIEZQ L5
DO 254 I=158.1
. .. RESUI J):ﬁES(I 3) +CFS(T,J) *RES(I, J-1)
254 CONTINUE
255 - CONTINUE
. "WHERE CINTBV(1,J;INT))

- K42 - . 8(30/84
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P A TR S A R S B A e a0 e e e ke D N A G A G A A

237

RES(1
EXDWH

J: IHT)tRES(l J IHT)*CFS(I J; IKT)»RES(1,J-1;

ERE™’

DO 245 L’l,LSEG

IS=1S2
IE=IE

(J,L)
IF(IS.EQ. 0; GO TO 247

Z(J

DO 237 1=15,1

RES
CONTI

(IﬁJ)lﬁES(I J)+CFW(1,J)»RES(I~1,T)

IND

o ol e D R A R P A P A e sl e T A O T e e e -

o NN RN RN RN N SN A NN RN NN RN NRENRENADRUNRN RN RN AN R OREN
g THE FOL%gU%gg %Slg HAND-TUNED VERSION OF THE RECURSIVE SCALAR LOOP:
=

C
C237

CONTIN

RES(IéJbtﬁES(I J)+CEV(I,J)#RES(I-1,J)

CIIIIlllI!l!lIll'l'!ll'llllll.lllllIIIIIllIIl'lll".l'll.llllllII.l!I'

c
1237

1237

IEND=
I=0

JE+4

ASSIGN RESADR,RES(I,J;0)
ASSIGN CFHADR§CFW(I J: 0)

-OBADDH(liioé

@8ADDX (I
08SUBX(1S,X’16* $370RE)
Q8RTOR (IE, , IENDSL)
oanronccrwann,,crvLoc>
QSRTOR (RESADR, , RESLOC)
08LOD (RESLOC, ISTORE, 15)
Q8LOD(CFWLOC,IS,6)
GSLOD (RESLOC, 15,11)
Q8LOD(CFWLOC,I,7)

08LOD (RESLOC, 1,12)
QBLODH (RESLOC, ISTORE, 15)

G8LODH (CFWLOC, IS,6)

GBLODH (RESLOC, IS,11)

OBLODH (CFWLOG, I,7)

Q8LODH (RESLOC, I,12)

Q8IBXGE(B’ 00060100 ,1,X*16,52237, IENDSL, 1)

Q8MPYS(15,6,6)
0BLOD(CFWLOC, I,8
oesroanSLocixéronE 1%)
08L0D (RESLOE, T,13)
OBNPYSH(15,6.6)
QALODH(CFWLOG,I,8

O8STOH (RESLOC ISTORE 15)
QBADDNH(11,6,11)
naLonuansLoc 3 13>

QB8ADDX(I,X 16
oaaonxr:érons i'1s'.xsroas>

GBMPYS(11,7
QBLOD{CFWLOC
G8STO(RESLOC, 157035,11)
Q8ADDN(12,7,12)
GBLOD(RESLOC 1,14)
Q8NPYSH 7}

: aaLonu<CFw£o& 1,9

08STOH(RESLOC, ISTORE, 11)
Q8ADDNH(12,7,12)
{06, 1 19

GSLODH (RES
QAADDX(I,X’16°
Q8ADDX ¢ TSTORE,%* 15' ISTORE)
D8MPYS(12,8
aaLnnccpwioé 10)
Q8STO(RESLOC IéTan 12)
QBADDN(13,8,13)
USLDD(RESLDE 1,15
Q8MPYSH(12,8,8)
nsLonH¢CFw£qé 1,10
Q8STOH (RESLOC, IéTORE 12)
@B8ADDNH (13,8,313)

Lo& M 15

QA8LODH (RES
OBADDX (I, X 16°
Q8ADDX ( ISTORE, &° 18‘,ISTORE)
08NPYS(13,9,9)
e8Lop(cFwlod, 1,6

éTDRE 13)

Q8STO(RESLOC, I
OBADDN (14,9,14)

- K43 -
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LOoDDD
=N
i

8PORERR

DDI')DD
=mmxr

22088

11 Ca
mnmln

. DoOODDDD



c
2237

2237

c :
237

c

CALL Q8LOD(RESLOC,1,11)

CALL CaNPYSH(13,9 9}

CALL osLoDntcrwtoé &) :
Iérons 13)

CALL GSADDNH(14,9
CALL O8LODH(RES[O&, 1 11)
GALL GBADDX (1 X-16°, 1) -
CALL Q8ADDX (ISTORE i'xs',xsronsa

CALL QSNPYS(14,10, 105

CALL Q8LOD(CFVLOC,T

CALL G8STO(RESLOC, xérons 14)

CALL OSADDN(15,10.15)

CALL 0ALOD(RESLOC’ T 12)

CALL OBMPYSH (14 30, i

CALL QSLODH (CFW,

CALL aasron(nESLoc,zérons 14)

CALL QS8ADDNH(1%5,10,15)

CALL aaLonntnssioc 1,12)

CALL naannxclsrons 16'.ISTOR

B 0665011 *,1,X7167,81237, IENDSL, 1)

- CALL 0813155(3'00000100',I,,&2a7.IENn 3}

CALL GSMPYS(1%,6
CALL 08LOD tcrwtoé

CALL Q8STO(RESLOC zéronz,15)

CALL GBADDN(11,6,{1) ‘

CALL oeLon(REsioé 13)

CALL OBMPYSH(15,6 5

CALL oaLonu(crwioé 1,8

CALL OBSTOH(RESLOG xérons 15)

CALL QBADDNH(11,6

CALL asLann(Rssioé 13>

CALL OBADDX(ISTORE,X°16’,ISTORE)

CALL osxsxcsca'oooéoioo *,1,X°167,5237,1END, 1)

CALL Q8MPYS(11,7
CALL oasrotnzsioé ISTORE 1)

CALL Q8ADDN(12,7

GALL 08NPYSH(31 5 3

CALL uasrouznesﬁoé 151035.11)

CALL Q8ADDNH(12,7,12)

CALL GS8ADDX(ISTORE,X’16’,ISTORE)

CALL QS3IBXGE(B“00000100°,1,X’ 16,5237, IEND, 1)

CALL Q8MPYS(12,8
- CALL asSTornssioé 157035,12:
CALL QBADDN(13,8 i3
CALL O8MPYSH(12 é
GALL 08STOR (RESLOE: xsrona 12)
CALL GBADDNH(13.8,13)
GALL QSADDYX (1578RE x'1s',Isrons) :
Q8IBXGE (B’ 00060100°,1,X 16,5237, IEND, 1)

CALL QB8STO(RESLOC,ISTORE,13)
CALL Q85TOK(RESLOG,ISTORE,13)

CORTINUE

cﬂ'l!Iﬂlilllll.'ﬂ'll.IﬂIIIII.II.IIiIIIIll'IIIIIl"lII.Il.llﬂl'lﬂﬂll'll

C END UNROLLED RECURSIVE SCALAR LOOP

CIIGIQIQﬂ'Il.ll.ll'.l'lllIll.lﬁﬂlﬂIﬂﬂ&ﬂl.ll!.'i.wﬂl!liﬂﬂI.lllﬂlllll'!!_

245
247
€

235
C

CONTINUE
CONTINUE

DO 235 Jwa,JSCAH
DO 23% I=1,

PTD(I J)lPTD(I,J)*RES(I,J)
CONTINUE

RESHAI-O 0

- .p0 253 JtS JSCAH

253

D0 253 1=2'1
cog%?gﬂ!-lﬂX(ABS{RES(I 7)) ,RESHAX)
RESNAX=NAX (ABS (Q8SMAXCRES(1,1;NWDS))),
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ABS(QBSKIN(RES{1,1;NWDS))))

L . R T E G e e T e o i e A A S e U A e ke e e e W AR T W

g DO HOLE RELAXATIOH FUOR EACH ISLAND

262
c :
COMPUTE A RESIDUAL AT ALL PERIMETER POINTS IN THE LATITUDINAL

c
c
C

Qaao

QaQa. O Qaaa

Qo

DO 260 ISLE=1,NISLE
-15-1513(§3Lé;

)

}

IEsIEIS(IS

J5=JSIS(ISLE

JE=JEIS(ISLE

RESIS=FX

DO 262 J=J8,JE

DO 262 I=x IS iIE
IF{ISHASK(IiJ) .EQ.1) THEN

RESIS=RES s+ccru<I,J>-PTnc: ,J+¢1)
FSCI, D ePTD(I  ,J-1)
+CFE(I.J)-PTD(I+1,J )
+CFW(I, 1) #PTD(I-1,J )
ﬁTn(I ,3)+2T7ht1, 33y ) wCOFCI, I

~-S50R=(
ENDIF .
CONTIRUE

BAND COVERED BY THE ISLAND.

[ R W TR

‘LENV2=IE-IS+1

LENV1=(JE-JS) « INT+LENV2
RES(IS,JS:LENV1)=0,0
WHERE (ISHASK (IS, 35: LENVl) ED.1)
RES(IS,JS;LENV1)
(EEN(1S, JS; LENV1>-an(Is,Js+1 LENV1) -
+crs<xs JS:LENV1) #PTD(IS,JS-1:LERV1)
+CFE(IS, JS;LERV1)#PTD(IS+1,JS; LENVI)
. +CFW(IS,JS:LENV1) «PTD(IS-1,J5: LENV]
-SOR« (PTD(1S,JS;LENV1)+2TD (I8, J5; TERvL) >>-cur<13 JS;LENVL)

- ENDVHERE
DO THE LINE INTEGRAL ONLY AROUND THE ISLAND IN QUESTION

RES15=0,0
DD 240 J=JS,JE
DO 240 I=IS,IE
RESI3= RESiS*RES(I M)

I.III'!ll!!'lll.'l!llll!l'IIIIIIIIIIIIll.IIII&I.I.Il.'l..l.ll'.ll.ll

DO 240 I=15,IE
RESIS= RESIS*RES(I J)

sxene ABOVE 2 STATEMENTS REPLACED BY FOLLOWING FOR VECTORIZATION swe

‘RES15=RESIS+Q8SSUN(RES(IS,J;LENV2))

llllll.'IIIIIIIIIIII‘NIﬂlllﬂ.lllﬂ.'ﬂllﬂliilliﬂ'.!I!IIIIIII.'III!I.II

240

CONTINUE

NORMALIZE THE ISLAND RESIDUAL AND UPDATE THE MAXINUNM

230
260 CONTINUE

ABSOLUTE RESIDUAL OF THE RELAXATION IF NECESSARY

RESIS=RESIS»COFIS (ISLE)
RESHAX=KAX{ABS(RESIS),RESHAX)

MAKE A CORRECTION TO PTD OVER THE ISLAND AND ITS PERIMETER POINTS

DO 250 J=35,JE
DO 250 I=IS.1
1P IISHASR (1. 7). 6E. 1> THEN
'PTE(I ,J)=PTD(I, ) +RESIS

END
WHERE { ISMASK (IS, J;LENV2) .GE. 1)
EHPTD(IS J;LENV2)2PTD(I5, J;LENV2) +RESIS

CONTINUE

0 L 0 0 e e A e e e e e e R e R i e e e e e

o e T 0 WY o NS M A R S e el e e e A e e e

c270 CONTINU

DO 270 I=1

nué *)--PTD(I JNTHI)

S P At . - - 0 T T U A i e i ol s A 5l e v e S -

552500000
992600000
532700000
©52800000
952900000
553000000
553100000
553200000
553300000
53400000

253500000

S53600000
S93700000
553800000
553900000
554000000

S56706000
556800000
9956900000
S37000000
557100000
557200000
937300000
557400000
537500000
S37600000
S57700000

SB8700000

oc



b0 272 J=1,IMT
© PTD1(1, J)!PTD(IHUHI J)
PT D(IHU JysPTD(2, KH]
272 COXTINUE

c .
an--n e e i e O o O e P A i o e e e e T Y ) e A2 S Rt e A T e o
[+] .

TEST MAXINUN RESIDUAL FOR CONVERGENCE OF THE RELAXATIDH.
IF NOT CONVERGED, PROCEED WITH ANOTHER SCAN.

c
g (..NOTE.. IF THE NUMBER OF SCANS REACHES HXSCAH, LEAVE THE LOQOP)

= e e B 0 - O o 20 i i sk e O G O i sy A A O et O

. IF(RESHAX .GE.CRTP .AND. MSCAN.LT.NXSCAN) GO TO 300

C-a::::::::-:-:--:::::ct:szl-z:::z:n:--ua:esa:n:a::=:a::ss::t::znnt:nsutt:t-----
C END OF THE RELAXATION IR RN NI IR T T X S E N R ISR NETEEEEE SR NN DANE N RS
c:::::-:-::::::::=:-n==:=::_====-=:a::::a:asn:::u:::lsk-a--un-n--nunut:lx:-nclt:

CALL GETIME(TL,T2)
TINE(8)=TINE(83+T1-TO

c
c -------------------------------------------------- - - -
.g UPDATE THE STREAN FUNCTION BASED UPON THE nznaan:ou SOLUTION
¢ :
DO 340 J=1,Jnr
DO 340 I=1.1
PTDB(I aS-thI J)*PTD(I RS}
PBCI, IS =P(T

P(I, 5>=pTDB(1 D
340 con11nuz

aoaaooaca .

SAVE PTD TO COMPUTE 1ST GUESS FOR RELAXATION NEXT TIMESTEP
..NOTE.. ON 1ST PASS OF EULER BACKWARD TIMESTEP, BYPASS THIS
SAVE, SINCE IT WILL BE DONE ON THE 2ND' PASS)
(..NOTE.. ON_A'NIXING TIMESTEP, ALTER PTD TO BE COHSISTENT WITH
_NORMAL, LEAP-FROG STéPPIHG
IF(NIX.EQ.1 .AND. EB) RETURN
IF (HXP.KE. 5. ORuiE NE.O) THEN
= I
DO 350 J=1,JMT
DO 350 I=1,INT
~ UPTDAI, D EFX*PTDCI, I)
3%0 _ CONTINUE
EWDIF
360 CALL OPUT(KFLDS,NWDS, (LUPTDB-1)#NWDS+1,PTD)
-
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*DECK STATE

SUBROUTINE STATE(TX,SX,RHD,TQ,5Q)

-c;ltttl!ll'l.ll!l'llll.llll.l!llllll:ll.*'!Ill‘ll.'llll..'.llll'.ﬂIII-‘III-I-II’ 600

*CALL PARANM
=CALL SCALAR
#CALL WRKSPA
=»CALL TIKE

aQcan

C
:
g FROM THE DENSITY RETURNED BY THIS
c

c
C

DEMENSION LOCAL DATA

DIMENSION TX{IMT,KN),SX(INT,
DIKENSION TO(KM),SO(KM),C(KN,

ENTER NORMALIZING TEMPERATURES AND SALINITIES,
AND COEFFICIENTS GENERATED BY THE PROGRAN ("KNUDSN“) WHICH

DATA TQ/2%/
DATA S0/727/7
DATA C/%/

BEGIN EXECUTABLE CODE

SUBTRACT NORMALIZING CONSTANTS FROM TEMPERATURE AND SALINITY
AND COMPUTE POLYNOMIAL APPROXIMATION OF XNUDSEN DENSITY
(..ROTE.. FOR PRECISION PURPOSES R s

HOWEVER, SINCE ONLY HORIZONTAL GRADIENTS ARE USED BY THE MODEL.)

. e it -—-=

DO 100 K=1,KX
DO 100 I=1,INT
TQUI, K>3 TXCI,X)-T0OQCI,K)
SQCT,K)=SX(I,X)-S00(T K}
RHO(I,K)=(CALI,K,1)+(CQ(T,K,4)+Ca(I,K,7)s30(T,K))*SQCI,K)
»  «(COCE,K,3)+COCI,K,8)030(F %) +CQ(I, K, £)+TOCT,K))eTOCI,K))
v #TQ(X,K)+COCT,K,20+cCOCI,K,5)¢C0(E,K,5) ‘
» #3Q(1,K))eSQCT, X3)+50¢I,K}
100 CONTINUE
CALL GETIME(T1,T2)
TINE(6)=TINE(55+T1-TO
RETURK

o

ERTRY STATEC(TX,SX,RHO,TQ,50,IND)

FITS 3RD ORDER POLYNOMIALS TO THE KKUDSEN FORMULA, LEVEL BY LEVEL.

e e e AR e W R W e e Y W R R AR e e e W

VS A e - - - - - -

THERE 1S A CONSTANT SUBTRACTED
THIS MAKES KO DIFFERENCE

ERREEXIEEESR
EEAEEEERERX
EuEEZERRESS
EEREEEEREMNE
SSsEEEERRNE

c . .
C STATE COXPUTES ONE ROW OF NORMALIZED DENSITIES BY USING A 3RD

c ORDER POLYNOMIAL FIT TO THE KNUDSEN FORMULA, LEVEL BY

C LEVEL, WHERE!

c TX =THE INPUT ROW OF TEMPERATURES ‘

C SX =THE INPUT ROW OF SALINITIES (UNITS: (PPT-3%)/1000)

c RERO«THE RETURNED ROW OF NORMALIZED DENSITIES

C TQ »ONE ROW OF WORK SPACE PROVIDED BY THE CALLING ROUTINE
g SQ =ONE ROW OF WORK SPACE PROVIDED BY THE CALLING ROUTINE
c===‘l=h==ts33‘tilsllI:’:II*!!IIBI‘IIlll.‘ll.lk‘.l.llll'..'.“'ll.I'I.'...-'--.'
c

Cuvermmmeirrcresecmnce—cma——— S - S -

g DEFINE GLOBAL DATA

C

e M R R e e e A e e e O o A A e e o e A O e

A . G D A W A RS A O A e - - -

-

Cg:=====:==:s====zas::=u::-n-:i:::s:sg::s::::sss=usss-ss::s=tl=:=--xtt=t-t:t8:=:

0O0QOOQOAQnaa

'STATEC COMPUTES, FOR ONE ROW
o A 3RD L

ORDER POLYNOMIAL FIT TO THE KNUDSEN FORMULA, FOR

. PURPOSES OF CHECKING VERTICAL STABILITY BETWEEN ADJACENT

LEVELS. THE REFERENCE DEPTHR FOR PRESSURE DEPENDENCE IN

THE NORMALIZED DENSITIES BY USING-

EEZEREEEERIX
EEEXREEETEIR
EEEREEERELD
EANESEERECIS
EEERESESIEE

THE _KNUDSEN FORMULA MUST BE HELD CONSTANT FOR THIS PURPOSE.szazzsczasx

THAT LEVEL IS DETERMNINED BY "IND". THE ARGUXERTS ARE:
TX =TBE INPUT ROW OF TEMPERATURES
SX =THE INPUT ROW OF SALINITIES (UNITS: (PPT-35)/1000)
RHO=THE RETURNED ROW OF NORMALIZED DENSITIES
TQ =ONE ROW OF WORK SPACE PROVIDED BY THE CALLING ROUTINE
80 =0NE ROW OF WORK SPACE PROVIDED BY THE CALLING ROUTINE
IND=1 FOR COMPARING LEVELS 1 TO 2, 3 TO 4, ETC.

~ K47 - 8/30/84

EREZERIRTETI
‘s.=l==$===
ZETETTERNEN
EZSEREZTIRXTER
ZTERXEBETTE
EEESEEXREEETEE
ZETEREREEIEE

607000000
607100000
607200000
607300000
607400000
607500000
607600000
607700000
. 607800000
607900000
608000000
608100000
608200000
608300000

00000GaNOCaNaaN000

[zlelrielals )

aatatan

QOOOONOOO-EaON0n

aOAQCDOOAONON0O0 O <3-

c



 O0aand

C --COEFFICIENTS FOR THE LOWER ns THE 2 LEVELS ARE USED  sx=scsmz=ws 08400000 C
¢ IND=2 FOR COMPARING LEVELS 2 T0 2. 4 1g 5, ETC, sexasxnnnrs E0SS00000 C
¢ © --COEFFICIENTS FOR THE uppsn 6p THE 2 LEVELS ARE USED  =xxzrzsxs== 808200000 &
c EXZETEXALESE 608700000 (o]
_Cuncatsux:s:nl-:-n-:u:-:l:ksllznltssntu::--:-s:gat-a---::-n!lni!kllﬂ!lsrtttll-w!i 608800000 C }
¢ : C |
‘ CALL GETIHE(TO T2) sosoooooo-r
LS | e
& : .
TO(I,L)-TX(f L)-TDIO(I L,IND) : _ 609300000
SQ(I,L)=SK(I, L)-SDID(I L,IND) . 603400000
RHO(i L)y=(CIB(T,L,1,INHD)+(CIOCT,L, 4 1nn>ocxncx L,7,IND) - 609500000
1430(1°L) 3 v80 13 L>+<610<1 L,3 INﬁ)*CiO(I IND) #SACI,L) . - 609600000
2+c10¢f,L,6,IND}*TQ(T, DYy eTbet Ly)eTa(],L oréx ai1,L,2, i) 609700000
3+(C Iari L §,IND)+CIQ{T,L,9,INh) »S0(T, LS}iSO(I s beSatI, L 609800000
1100 CONTIN : 605300000
CALL GETIHE(TI T=2) : 610000000 T
rInE(7)-TIuEt7S+71-ro : : 610100000 T
RETURN 3 610200000
: . 610300000 C
ENTRY STINIT 610400000
. : : 510500000 C
CS'R.‘IIIIIll‘H..Il"l‘l't‘l=='l‘8=tt“l't.l‘.l‘.‘llll‘ﬂ'atll&l.‘Il:ﬂ’ll*tl!.tlﬂ.' sl%omo c
c =xzescxxzxx 10700000 C
¢ STINIT LOADS THE APPROPRIATE NORMALIZATION CONSTANTS AND COEF~  ssaszex=s=z 610860000 G
¢ FICIENTS INTO ARRAYS OF PROPER DIMENSION TO PERMIT VEC-  =sssssmszzz 610800099 o
c TORIZATION IN THE SUBSEQUENT CALLS TO “STATE" AND “STATEC" ssxsxzxzzzx 611000000 C
C EFXFECIZEEERE 511100000 C
ESTSToETTEEESS ===n==-=====::====:=l=:::g=:==s:a:g:x:==nn=-:=:===a:st=======: 61_1200000 C
. 611300000 C
T e e e e e e e m e e m o ————————— . 611400000 C
LOAD COEFFICIENTS FOR USE IN STATE 611500000 €
BT s S 611600000 C
: - _ . 511700000 ¢
DO 10 W=1,9 - 611800000
DO 10 K=1, xn _ 611906000
DO 10 1=1, 612000000 -
cO(I,K, ﬁ)-c:x P : 612100000
10  CONTINUE : 612200000
.. DD 20 xsz,xn : o 612300000
DO 20 I=1,INT : 612400000
TOQ(I, K} =TO(X) 612500000
S0Q(T,K)=S0(K) : 612600000
20  CONTINUE 612700000
c : 612800000 C
Comcmmmmmmceeamm——- e meecmemieacaea S ————————— 612300000 C
C LOAD COEFFICIENTS FOR USE IN STATEC. 613000000 C
C DETERMINE THE REFERENCE LEVEL INDICATOR, “KREF” IN ACCORD WITH 613100000 C
C__CONMENT ON “IND IN_ INTRODUCTORY srawsnénr FOR ENTRY STATEC. 613200000 C
s ot i el S 613360000 €
¢ . _ 613400000 C
DO 70 IND=1, 2 , 613500000
DO 52 K=1,KM,2 S . : 613600000
IF (IND. EO 1) THEN : 613700000
KREF=K+1 - : _ 613800000
IFCKREF.CT.KM) KREF=KN : : : 613900000
ELSE 614
KREF=K 614100000
ENDIF 614200000
DO S50 T=1,INT _ 614300000 °
. TOIG(I,k, IND) =TOG(I,KREF) 614400000
. soI0(I K, IND)=S00(1, »KREF) £14500000
S0 CONTIHUE : 614600000
PO 52 ¥=1,9 : 614700000
_ DO S2 I=1,INT - 614800000
_ : cza<1 K, N, IND)=CQ(T,KREF, ) : 614900000
52 CONTINUE 615000000
DO_62 K2,KN,2 - 615100000
- IF (IND.EQ.2) THEN : 615200000
KREF=K+1 615300000
"IF (KREF.GT.XM) KREF=KN : 615400000
ELSE _ : 615500000
KREF=X 615600000
ENDIF 615700000
DO 60 T=1,INT . 615800000
, TOIO(I, X, IND) xTOQ( I, KREF) ' S 615900000
: SOIG(I, K, IND) =50 (1, KREF) , 616000000
50 CONTINUE | : 616100000
: DO 62 N=1,9 616200000
DG €2 I=1,INT - , 616300000
ogrS20LT KN, IND) =ca 1 xnsr.u) , . _ . 616400000
62 CONTINUE. '’ . S C 616500000
70 CONTINUE = : : 616600000
-~ -RETURN , :

_ 7 616700000
- K48 - 8/30/84 '



ERD £16800000

- K49 - 8/30/84



»DECX MATRIY _ _ 620000000
SUBROUTINE MATRIX(ARRAY,IRDIM,ISTRT,IN,J,KK,SCALE) sggmoooo

C:::lu'tsg;.:tt:::t-:u:tann:-sstttul:::::lgat-zlsnt:-l:::xus-I:lsu:ati:-ssuul:llllj 620300000

FEICERENERET 520400000

- K50 - 8/30/84

00000 00a0N 0aNaN0AGNaNaRNAGaAON0AA0A0

C HMATRIX IS A GENERAL TWO-DINENSIONAL ARRAY PRINTING ROUTINE, Exxxzxxrnsx 20500000
(o] WHERE:! ) : : sxEwzERaRsx 20600000
C ARRAY=THE ARRAY TO BE PRINTED zxzexzxxzxe 20700000
c IRDIM=THE 1ST DINENSYON OF ARRAY sessczzasnn £20800000
c ISTRT=THE 1ST ELEMENT OF THE 1ST DIMENSION TO BE PRINTED sexmnzzxEEs (20900000
c IN =THE LAST ELENENT OF THE 1ST DIMENSION TO BE PRINTED Euzszsazxas 31000000
€ JM =THE LAST. ELEXENT OF THE 2ND DIMENSION TO BE PRINTED anuxsxsxsnz 521100000
C -~THE ROWS ARE PRINTED IN DESCENDING ORDER-~ mxssxsausze 231200000
c (IF THIS IS 0, KK IS USED) ) Exeszeszzaz §2]300000
¢ .44 =THE LAST ELEHﬁHT OF THE 2ND DIMENSION TO BE PRINTED =asexrarrzs . (21400000
c --THE ROWS ARE PRINTED IN ASCENDING {ORDER-- Exszzazzeas. §21500000
c (IF THIS 15 0, JM IS5 USED) ssanxzzxasz §21600000
C ‘SBCALE=A SCALING FAC{'OR BY WHICH ARRAY IS DIVIDED BEFORE - =uaxzsenzen 21700000
c " PRINTING. (IF THIS IS ZERO, NO SCALING IS DONE.) zxxxzszensn’ £31800000
¢ IF SCALE=0, 10 COLUMNS ARE PRINTED ACROSS IN E FORMAT sesseesssws 621500000
c IF SCALE>0, 20 COLUMNS ARE PRINTED ACROSS IN F FORMAT s=rss=szszszx 23000000
C . ’ eazzxxzzezx §22100000
C:::_z:::r:n::::ltt:::;zz:::::zs:::lss:s:ltll--:li---:lt---:unal:n:i.:unn-lsastl! 522200000
G 622300000
et e E T L PP b DL LT e N S 622400000
C DEFINE GLOBAL DATA
S T T e e e e st mm s b e e e —r e e ——— 622600000
: 622700000
»CALL PARAM 622800000
622900000
g e e e e e e - e e e hmm s e nm e — e ————— 623000000
C DEFINE LOCAL DATA 623100000
---------------------------------- e e e e e e o ———— 623200000
623300000
DIMENSION ARRAY(IRDINM,1),RUM(20) »PLINE(20) 623400000
C BEGIN EXECUTABLE CODE 623700000
C‘"""’"‘""""’""""“‘"“"‘"“""'"""‘“’""""“"“"'""""" ------ —————— 623800000
C _ 623300000
IF(SCALE.NE.OQ) GO TD 500 624000000
DO 251 IS«ISTRT,INM,10 . ‘ 624100000
IE=]S+9 . 624200000
IF(IE.GT.IM) IE=IN . 624300000
IDIF=IE-IS+1 624400000
DO 100 I=1,IDIF . : 624500000
100 NUM(I}=IS+i-1 624600000
PRINT 9990, (NUN(I),1=1,IDIF) ) - 624700000
9990 FORMAT{(10113,/) 624800000
JHORKM=JH+KK 624300000
PO 252 JORK=1i, JMORKN : 3
IF(JN.NE.Q) L=JMORKM+1-JORK 625100000
IF(KK.NE.0) L=JORX 625200000
PRINT 9966, L, (ARRAY(I,L),1=13,IE) 625300000
252 CONTINUE 625400000
PRINT 9984 : 625500000
251 CORTINUE ) . 625600000
9966 FORMAT(1%,12,10(1PE13.5)) . 625760000
9984 FORMAT(//} : . 625800000
RETURN . 625900000
500 CONTINUE . ' 626000000
SCALER=1.0/5CALE 626100000
DO 751 IS=ISTRT,iXM,20 626200000
IE=I15+19 £26300000
IF(IE.GT,IM} IE=IN ‘ 626400000
IDIF=IE-IS+1 i . 626500000
DO 600 I=1,IDIF 626600000
600 NUN(I)=IS+f-1 : 626700000
PRINT 9991, (NUM(I),I=1,IDIF) 626800000
9991 FORHAT(3X.£’OIS,I) 6269500000
JHORKN=JN+KK 627000000
DO 752 JORK=1,JMORKM 627100000
IF(JM.NE.O) L=JHORKM+1-JORK 627200000
IF(KK,NE.0) L=JORK 627300000
DO-753 I=1,IDIF . 627400000
PLINE(I}=ARRAY(IS+I-1,L)%SCALER . ! [
753 CONTIXUE 627600000
PRINT 9967,L, (PLINE(I},I=1,IDIF) ) 627700000
752 CONTINUE ' 627800000
PRINT 99684 . 627900000
751 CONTINUE . . ‘ 628000000
9967 FORMAT(1X,13,1X,20F6.2) 628100000
RETURN : 628200000
END ' T 628300000
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»DECK ODAM 630000000
SUBROUTINE ODAM 630100000
630200000
CrfzEsz s XS N RN FECEEEEEEEEINY N E A AR EERERNEEREENEEEEEEAEAEEEREEEEENERTERARANRER 630300000
mxsssxswexs §£30400000
C ODAM COCEAN DIRECT ACCESS MANAGER) IS A SET OF ROUTINES zaxzxxxxzax 530500000
c HICH IS RESPONSIBLE FOR HANDLING THE TRANSFER OF DATA sxsxxzszEcz £30600000
C FROH CENTRAL MEMORY TO DISC AND VICE VERSA. FOR THIS xwaszzEzzx §30700000
¢ PURPOSE. IT USES THE GFDL LOCAL UTILITIES, GDAM (QUEUVED wsznzssaxsx 35800000
c DIRECT ACCESS MANAGER), WHERE: =zxxxxzzsnze §30900000
c Lo- " 2576 UNLT NURRER sesesxmxens 631000000
c NTOT =LENGTH OF UNIT, IN WORDS sxnxssxunns £3] 100000
c NBLK =LENGTH OF EACH BLOCK ON THE UNIT snssznsnzax §3) 200000
< NBUF =NUMBER OF BUFFERS SUPPLIED TO THE UNIT =zazaxzuxns £31 300000
c : NWDS =NUMBER OF WORDS TO TRANSFER sxxxxzzaxxs 631400000
c NFRST=UNIT ADDRESS OF TRE FIRST WORD TO BE TRANSFERRED szzmaxexanz §3] 500000
of A =ORIGINATION/DESTINATION ARRAY IN MEMORY sswszamznex 631600000
(o] szxcxnxxxxz §31 700000
c:::::::::slstzzsa:s-l--sl-::l:-s:sn:t:.:::x--:----:-ln:ll:n:::::l:a::::s::lsszs Galam
C £31900000
e e o e e e oo o e cmeec—eseceaeeseeesSesseseesacas 632000000
C . DEMENSION ARRAY PASSED IN ARGUMENT (..NOTE.. 8 IS ARBITRARY) 632100000
-------------------------------------------------------------------- 632200000
632300000
DIMENSION A(8) 632400000
c 632500000
ittt b b UL S L L L LR PP T s me————— 632600000
C BEGIN EXECUTABLE CODE - 632700000 -
L it et ettt 632800000
c 63
et bttt L L S L L L LU R L LS R L L 633000000
C  INITIALIZE ONE DISC UNIT 633100000
et L et LT 633200000
Cc 633300000
ENTRY OSTART(LU,NTOT,NBLK,NBUF) 633400000
CALL QSTART(LU,NTOT,HNBLK,NBUF) 633500000
CALL OSTART(LU.NTOT/Z,NB&KIZ NBUF) 633600000 -
RETURN 633700000
€ 633800000
Crmmmmm et e e e e M e e e e e . ——————————— 633500000
C INITIATE A DISC-TO-MEMORY TRANSFER (BEGIN DATA FEED TQ BUFFER) 634000000
il T e LL L L 634100000
c 634200000
ENTRY OFIND(LU,NWDS,NFRST) 634300000
CALL QFIND{LU, NHDS HFRSTJ 634400000
CALL QFIND(LU, NUDS/Z (NFRST-1)>/2+1) 634500000
RETURN £34600000
C 634700000
e bt ittt ettt e L DL L Lr T Pt T 634800000
C CONPLETE A DISC-TO~MEMORY TRANSFER (FINISH DATA FEED TD BI.IFFER AND 6349500000
c TRANSFER. INTQC MEMORY) 635000000
e e e e e e e e o e e e ——— T 635100000
c s 6352000600
ENTRY OGET{(LU,NWDS,NFRST, A) 635300000
CALL QGET(LU, NWDS NFRST 635400000
CALL OGET(LU NWDS/I& (NFﬁST -13/2+41,M) 635500000
RETURN 635600000
c 635700000
it T ettt L L D L L S L e 635800000
C. INITIATE A HEHURY TO-DISC TRANSFER (TRANSFER DATA TO BUFFER AND 633900000
c BEGIN A FEED TO THE DISO) 636000000
--------------------------------------------------------------------- 636100000
’ 636200000
ENTRY OQPUT(LU,NWDS,NFRST,A) 636300000
CALL QPUT(LD, NUDS HFRST I 636400000
CALL QPUT(LU,HWDSIZ (NFRST 1)/2+1,A) 636500000
RETURN 636600000
c 636700000
[ i L L S L LS LD PR L PSS S S 636800000
C. TERMINATE ALL I/0 ON THE SPECIFIED UNIT 636900000
c (GEKERATE A SUMMARY REPORT FOR I/0 ACTIVITY WHEN CLOSING UNIT 15) 637000000
G e e e e R e e e e e - ——————— 637100000
c 637200000
ENTRY OCLOSE(LU)> 637300000
CALL QSNAP(LU) 637400600
IF(LU,EQ.13)CALL QGSUMMARY 637500000
: RETURN 637600000
c o £37700000
END 637800000
. SUBROUTINE ODAN 637900000
C 6380000
Cgs:g:zss==:-a-na-u:::-:-:-x:gnulnsnn--:a:-at-::.:n:::::t-a:::s::::::z-::u::-a:cs 638100000
c cezxxxsencre GIR200000
C .ODAM (OCEAN DIRECT ACCESS MANAGER) IS A SET OF . ROUTINES WHICH zxzzzzzzxzzz §3B300000
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aaq

SINULATES MEMORY/DISC DATA TRAN

CENTRAL MEMORY ARRAY, “BIG"™ AS

IN A TOTALLY CORE CDNTEIHED SYSTEH. THE ARGUMEN

OF NORMAL DISC 1/0
LU =I/0 UNIT nﬁnasn
NTOT »LENGTH OF UNIT, IN WORDS
NBLK =LENGTH OF EACH BLOCK ON THE U

NBUF =MUMBER OF BUFFERS SUPPLIED TB THE UNIT

NWRS =NU OF WORDS TO TRANSFE

A VIRTUAL DISC.

SFER MANAGEMENT, USING THE

THIS RESULTS
TS, IN TERMS

' MBER
- NFRST=UNIT ADDRESS OF THE FIRST UORD TO BE TRANSFERRED
A =ORIGINATION/DESTINATION ARRAY IN NEMORY

CBIISIGIISIISIl!.llttt!l.l!!.‘ttll!

IR A e o O e e e e e e

EEREEEEEEEL
EEEEXERITEE
EzazraxxrCcET
TEmAASRRETE
EXEEREXERSE
EEmEEExxmELx
BEEENREEEEEE

Exxmzamxxxxr G339
texrazsEacsse
EEEREIRFEREER

ERETXEZEEERER

==nlt==s-uu:a::lu:-usg:::===¥88--u-l:l:-:ln:: &3

----------——--- e e e R O e T T M L Al e e e O 3 A A 06 e e ikt s

U e T O e e A A "

A i e i 7 S A A i S

120

PARAKETER (N1125
# NSL=((NT+2)2 1K}
CONNON /BG/ BIG(NTB)
DIMNENSION A(8) C(8)
EQUIVALENCE (BIG,0)

..—uo.--_---q-qmo—-—---——-n—--—-—--.u.q.---—---—p-..--—_---

N12=INTnINT«NKFLDS
KH+LBCx IMNT) = JNT, NTB=N11+N12+3aNSL)

gé##RESHAPIH(‘DROPF’,‘VBA=',BIG,’LEN-’;LEH,'LPAGE’)
ENTRY OFIRD(LU,NWRS,NFRST) '
RETURN

ENTRY OGET(LU,NWRS,NFRST,A)
NSKP=0 :

IF(LU.GT.11) NSKP=NSKP+N11
IF(LU.GT.12) NSKP=NSKP+N12

N5=NFRST +NSK

KP
IF(LU.GE. 13) NSSNSKP#(SI((NFRST 1)/NURS)+(LU -~13))=NURS+}

NEsNS+NWRS-1
D0 100 KsNS,NE
: A(N- HS'I)SC(H)
‘CONTINUE

RETURN

ENTRY OPUT (LU, NWRS,NFRST,A)

IF(LU GT 11) NSKP=NSKP+N11
IF(LU.GT.12) NSKP=NSKP+N12

NS=NFRST+NSKP
- IF{LU.GE. 13) NS=NSKP+ (3= ((NFRST-1) /NWRS)+ (LU~ =13))#NWRS+1

NE=NS+NWRS

Do 120 H=HS NE
e =AN-NS+1)
CONTINUE

RETUR

N
-ENTRY OCLOSE(LU)
RETURN.

e " T

VL o R D S e A Y e . -

IF(LU NE.11) RETURN
LEN=NTB/512+1
LEN=NTE/102 4#1

644
644300000 -
644400000
644500000
644600000
644700000 KC
644800000 XC

K
X
E
£44000000 K
644100000'§
X
K
K
K

. 644900000 ¥C

o o o b o o D D L R vk e L e T o S P T e e

64 0
£45100000 KC

646400000 K
€46500000 KC

646600000 KC
646700000 KC
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EXTRY ORD(LO)
READ(LD)BIG _
RETURN

SAVE VIRTUAL DISC TO TAPE

CEE L L L R P Y Y L Y L O -

ENTRY OWRT(LD)
WRITE(LD)BIG
RETURN

END

- K53 ~
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646800000 KC
646900000 KC
647000000 K



#DECK FILTER .
SUBROUTINE FILTER(S,IN,KM,¥,155)

©

c?SIIIkSIIBI!ISB.IIIISISI‘I.III‘-IUIIQIIISIIIISIII-.BIIIIIIIIIIIIIIIII’IIIIIIIII

c
¢ FILTER FOURIER ANALYSES THE ARRAYS OF VARIOUS L
c PHYSICAL QUANTITIES, THEN TRUNCATES THE SERIES AND
c RESYNTHESIZES THE FILTERED QUANTITIES WHERE:
c S =THE STRING TO BE FILTERED
¢, IN =THE LENGTRE OF § _
c MM =i (COSINE SERIES, BNDRY PTS=0)
c =2 (SINE SERIES, DERIV AT BNDRY=0)
=3 (FULL SERTES, CYCLIC)
N =NUMBER OF WAVES TO KEEP .
1SS=0 (CANT USE FOURIER COEFS FROM PREVIOUS CALL)

sEEREsnnaRn
RESEERERERREE

ESRERARRZND
AESEREREREX

ENEEREERERL.

AENENEER KRR
EEREAKEERNL
SREEEREARERE
ARENENKE N
ERERTEAESBERSN S
ERREXEERNF S
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S ko X G G e A D e T M e e R 0 P I e o

C

¢

g ' ISS>0 (CAN USE FOURIER COEFS FROM PREVIOUS CALL)
c

C

C

DEFINE GLORAL DATA

T L - 5D . D A T A S e A o S T D e R W W WY O G A AR e

Ly
=,
m
1)
—
- 4
[
|y
[=
Q
o=
r
=
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PARARETER (IMTX2=IMT#2,NI=IMT)

S S S e g A A L e SR D A S ek e ) e e .

PARAMETER (IMTD2:=INT/2,LOMSUM=INTD2# (INT-INTD2) ,LHSUM=INTINTP1/2)

PARAMETER (INTX4=IMTw4, JNTX8=THT=8, INTINT=INT*INT)
c PARANETER (INTP1X2=INTP1s2) 7
¢ C0SSAV MUST RENAIN FULL PRECISION IF NOST OF FILTER IS MADE HALF-P
REAL COSSAV _
DIMENSION ICBASE(INTP1),IDBASECINTP1),INDC(IXTP1)
DIMENSION COSSAV(LOMSUN],DENOMSAV (LHSON) ,COSNPT (INT)
DIMENSION CIRCLE(4) ,
DIMENSION INDXCIMTXS),COF(INTX8)
DINENSION COSINE (INTXA)Y,FTARR(INTINT)
DINENSTON DENOM(INTX4) .
DIXENSION S(INT),SPRIHE (INT)
c DIKENSION DIFF(INTP1X2)
REAL T0,T1,T2,TINE
c CONHON. /TINE/ TIXE(10)
. LOGICAL INITDONE/.FALSE./
DATA P1/3.141592653589793/, CIRCLE/O.,-1.,0.,1./
C BEGIN EXECUTABLE CODE YT T
CALL GETINE(TO,T2)
IF (IM.LT,1 .OR. MM.LT.1 .OR. MM.GT.3 .OR. N.LT.0 .OR. ISS.LT.O)
. » GOTO 4000 - .
IF CINITDONE) GOTO 90
c . -
¢ THIS SECTION SETS UP TABLES FOR FILTER; IT KUST BE CALLED ONCE PER
¢ EXECUTION OF OCEAX
C NOTE: LQMSUM IS THE SUM OF (IN-1)/2 FOR IE=1,INTP1
¢ LHSUX IS THE SUN OF IN-1 FOR IN=1i,TMtPi
¢ INSAVE=IN '
g ASSENBLE INDEX ARRAY

DG 10 I=31,INTP1
- INDCI)=1I
10 CONTINUE

c

g CALCULATE AND SAVE ALL COSINES WHICH WILL BE NEEDED
IBASE=0
JBASE=0Q

DO 50 INM=1,INMTP1
FIMR=1.0/FLOAT(IN)

- K54 -
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20
23

30
3%

oot o

60

QOO0

90

92 -

oGO0

100

(plelelrlip

- IF (N.GT.1 .OR. MM.NE.1l) GO

300
100

450

50
CALCULATE ADJUSTMENTS FOR GENERAL FOURIER CASE IF INs2eN

INMi=IN-1
IF (INM1, EO OJ GOTO 25
b0 20 I=1

DEHOHSAV(iBASE*I)'! 0/¢(1.0-COS(PI*FLOAT(I)#FINR))

CONTINUE
IDBASE(IH)-IBASE
IBASE=IBASE+1MN1

INQC=(IN-1)/2
IF (IMQC. EQ 0) GOTO 35
DO 30 I=1,I

CDSSAV(JBASE#I)-COS(PI!FLDAT(I)IFIHR)

CORTINUE
ICBASE(IN)=JBASE
JBASE=JBASE+INQC

CONTIRUE

DO 60 IN=1,I

INT
CDSHPI(IH)*CIRCLE(HDD(IH 1,4+

CONTINU
IRITDOHE-.TRUE.
IN=IMSAVE

CALCULATE SOME USEFUL CONSTANTS
IF(HH EQ, 2 .AND. N.EQ.0) THEN
0 92 I=

S0
CONTINUE
¢0 TD 3950
ENDIF
IF (MM.EQ.1) THEN
NNAX=N-1
ELSE
KHAX=N

ENDIF
NHAXP1=KMAX+1

IF (MM.EQ.2) THEN
LCY=2# (IN+1)
FEORK=2.0/FLOAT(IN+1)

ELSE

LCY=2»]
EHFNORH=2 OIFLOAT(IH}
Li=LCY/2
LHN1=1LH-1
LeN=(LH-1)/2
L2CY=2=LCY
LCYN1=LCY-1
LCYPi=LCY+1

INX2=INe2
IMK4=THn4
IHX8=TKe8

AVERAGE INCONING ARRAY

SSUN= 0
DD 100 I=1,INM
SSUH=SSUE + S(I)

MM
MH
MM

FIN=FLOAT(IN)
FINR=1.0/FIN
STENP=SSUM«FINR

DO 300 1=1,IM

S(I)=STEMP

GO TO 3950

CONTINUE

IF (X%, NE,2) THEH
DO 450 I=1
5(1>=5(IJ-§TEHP

DI
IF (ISS.GT.0) GO TO 3000

- K55 =

(SINE)

1 DERIVATIVE NUST BE ZERO AT BOUNDARIES (COSINE)
2 VALUE WMUST BE ZERQ AT BOUNDARIES N
3 CYCLIC BOUNDARY CONDITIONS (GENERAL FOURIER SERIES)
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713800000
713900000
714000000
714100000
714200000
714300000
714400000
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700

¢ FILL IH COS{PI/2) IF LM IS EVEN

IF
€ FILL IH COS(PI) IN ANY CAS
SINE(LH)=-1,0
c FILL IH REST DF CYCLE

710
c

g ASSEMBLE DENONINATOR ARRAY
IBASE=IDBASE(LH)
FXA=0. 5

720

721

730

Qanan

740

CONTINUE

ASSENBLE APPROPRIATE 1-CYCLE (2#PI1) COSINE ARRAY

USE STORED 1/4 CYCLE TO CALCULATE FIRST 1/2 CYCLE
JBASE=ICBASE (LK)

DO 700 I=1,L0M

COSINE(I)iCOSSAV(JBASE*I)
COSINE{LH-I)==COSSAV(JBASE+I)

(2#(LOM+1) ,EQ,LH) COSINE(LOH*l) =0.0

710 I=]1

CDSINE(LHof)s-COSINE(I)

CONTINUE

DD 720 1

DEHGH(I)=FiAﬂDEHOHSAV(IBASE+I)

CONTINU

DENOH(LH)=0 125
=DENOK{LH-I)

DO 721

Dsnon<LH+15

CONTINUE
NPRINT= 0

DENOM (LCY)=0,0
DO 730 I= LCYP! Inx4
DENOM (I )=DENOM{I-LCY)

CONTINUE

ASSENBLE APPROPRIATE SUBSCRIPT ARRAYS
" CALCULATE WEEDED INDICES

IF (MM.EQ.3) THEN
FACT1=2=NMAY
FACT2=2+NMAXP1

ELSE

FACT1=NNAX
FACT2=NNAXP1
ENDIF

'Do 740 T=1
INDX(I)=Inf
. INDX{IHX4+I)=IsFACT2

CONTINUE

C CALCULATE PARAHETERS FOR REDUCING INDICES

750
760

763

770
790

c
g GATHER COEFFICIENTS

800
810

‘COSINE TRANSFORN

MAXIND=IMX4«FAC
NCYC= (MAXIND- 1)/LCY + 1

YAXNDX=LCY

IF (MAXNDX.GE. naxxnn) GOTO 790
DO 750 NPWR=1.NCYC+2
Haxnnxaznuaxnbx

IF (MAXNDX,GE.XAXIND) GOTO 760

FELL THROUGH DO-LOOP TERNINATION AT 7350

CONTINUE

_STOP_ *ERROR: -
DO 770 NP=1,NPW
HAXNDY= naxnﬁxrz

). GT MAXNDX) INDX{I>=INDX(I}-MAXNDX
WHERE (INDX(i ; IMX8) .GT.MAXNDX)

IRD!CI INX8) =INDX(1; FINX8) -MAXKDX
EXDWHER

DO 765

:F(INDx(i

CONTIN

CUHTIHUE
CONTINUE

D0 810 J=

COF(1) = cosi

CONTIRUE

c
. GO TQ (1000,1300,16005,MN
| girﬁsssyBLE TRANSFORMATION ARRAY WHICH WILL FILTER S
¢
¢

NECINDX(J))
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7166800000
716900000
717000000
717100000
717200000
717300000
717400000

717500000

717600000
717700000
717800000
717900000
718000000
718100000
718200000
718300000
718400000
718500000
718600000
718700000
718800000
718900000
718916000
719000000
719100000
719200000
719300000
719400000
719500000
719600000
719700000
713800000
719900000
720000000
720100000
720200000

- 720300000

720400000
720500000
720600000
720700000
720800000
720900000
721000000
721100000
721200000
721300000
721400000
721500000
721600000
721700000
721800000
7219006000
722000000
722100000
722200000
722300000
722400000
722500000
722600000
222700000
722800000
722900000
722910000
722920000
722930000
723000000
723100000
723200000

7233006000

723400000
723500000
723600000
723700000
723800000
723900000
724000000
724100000
724200000
724300000

~ 724400000

724500000
724600000
724700000
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1000 IOFF1=LCY

10FFZ<LCY+INX4

FXA=0

DO 1300 J=1

JOFFe(J~ 1>-i

DO 1100 I=3

FTARR(Jorroi) (COF (I-J+IOFF1)~COF (1-J+Y0FF2) ) ¥DENON(I-J+10FF1)
+(COF({I+J-1)~COF (IKX4+I+J-1))sDENON(I+J-1) = FXA

1100 COHTIHUE

FTARR(JOFF*J)=FTARR(JDFF+J)*0 5=FLOAT(NNAX)+0,25

1200 CONTINUE

C
C s8I

GOTO 3000
NE TRANSFORM

1300 IOFFl=LCY

I0FF2= ch+Inx4

DO 1500 J=1

JOFF=(J~- 1)-1

DO 1400 I=

FTARR(JDFF*i)=(COF(I -J+I0FF1)-COF(I-J+IOFF2))=DENOM(I-J+I0FF1)
~(COF(I+J)-COF (INX4+I+J) ) »DENON (I +J)

1400 CDHTINUE .

FTARR(JOFF+J)=FTARR(JOFF+J)+0,S5«FLOAT(RNAX) +0.25

1500 CONTIKUE

“GOTO 3000

e . ’
C GENERAL FOURIER TRANSFORK
1600 IF (2#N.EQ,IN) THEN

GENADJ=0.5
ELSE

GENADJ=0.0
ENDIF

IOFF1=LCY

JOFF2=LCY+INX4

FXA=2.0

FXB=0.5

DO 1800 J=1,IM

JOFF=(J-1)»INT

DO 1700 I=1,IM

FTARR(JOFF+1)=

® (FYXA=(COF(I-J+I0OFF1)-COF(I~J+I0FF2)))eDENON(2#I-2+J+I0FF1)
# -F{B - GENADJ»COSNPI(I)*COSNPI(J)

1700 CONTINUE

1800

FI

Qann

FTARR(JDFF+J) FTARR(JUFF+J)+FLOAT(NHAX)+0 S
CONTINUE
GOTO 3000

LTER S

3000 gPRIHE(I INy=0.,0

C X0
3100

3156

c
- 3700

3800

3900
3950

4000
4001

®

oo f=1,1M
IOFF=(1- 1:-1nT
DO 3100 J
TE THAT FTARﬁ(J I)=FTARR(I,J), SO FOLLOWING IS LEGAL
SPRIME(J)=SPRIAE(J)+S(1) xETARR CIOFF+3)
CONTINUE
SPRIME(13;IN)=FNORMsSPRINE(1;IM)
IF(MM.ED.2) THEN
DO 3150 I=1,IN
SCI)=SPRINE(])
CONTINUE
¢0 TO 3950
ENDIF

554=0,0

DO 3800 1=

SSK= SSH+SPRIHE(I)
CONTINUE
SSH=(SSUN-SSH) «FINR
DO 3900 I=1,IM

S5(I)= SSH*SPRIHE(I)
CONTINUE

CONTINUE

CALL GETINME(T1,T2)
TINE(9)=TIME(3}+T1-T0
RETURN

PRINT 4001, IM,HN,N,ISS

FOR??; ¢’ BAD ARGUHENT(S) IN CALL TD FILTER’/” IN,HM,N,IS5 = *

gggp *BAD ARGUMENT(S} IN CALL TO FILTER’

- K57 - 8730784

724800000
724900000
724910000

725000000 -

725100000
725200000
725300000
725400000
725300000

725600000
725700000
725800000
725900000
726000000
726100000
726200000
726300000
726400000

726500000

726600000
726700000.

;26800000

727200000
727300000
727400000
727500000
727600000
727700000
727800000
727900000
728000000
728010000
728020000
728100000
728200000
728300000
728400000
728500000
728600000
728700000
728800000

729500000
729600000

729700000
729800000
729500000
730000000
730100000
730200000
730300000
730400000
730500000
730600000
730700000
730800000
730900000
731000000
731100000
731200000
731300000
731400000

731500000

731600000
731700000
731800000
731900000
732000000
732100000
732200000

732300000 F

732400000

732500000
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" wDECK FINDEX

- K58 -~ 8/30/84

SUBROUTIRE FINDEX(FKXX,JJMAX,KMAX,JF1,JF2,INAX,ISF,IEF) 740100000 F

: _ 740200000 FC
c:llIllIt--il'::-.usrlllltt:lsnﬂlals:-ll---nslls-t--n:nlll-wlnulwlllz-llls-338--; 740300000 FC
C Exxzanauxan 740400000 Ff
C  FINDEX FINDS AND PRINTS STARTIuG AND ENDING INDICES exssxraxxns 740500000 FU
c ‘FOR FILTERING, WHERE:! exzxxnzaxzz 740600000 FC
C FKXX -FIE£D or naxznun LEVELS FOR THE QUANTITY =xsaxxssnrns 740700000 FC

¢ BEING FILTER saxxnenmaen 740800000

¢ JIMAX=NUNBER OF nnws TO BE FILTERED rszzxczzans 740900000 FC
C KMAX =HAXINUM NUMBER OF ‘LEVELS TG BE FILTERED sxexxcxzane 741000000 FC
C JF1 =LAST ROW IN THE SOUTH TO BE FILTERED =xaxszxxxzs 741100000 FC
C JF2 =FIRST ROW IN THE NORTH. TO BE FILTERED sEssxzszmexn 741200000 FC
¢ IMAX =MAXINUM I INDEX 70 BE FILTERED sssnzxxzszs 741300000 FC
c ISF =RETURNED VALUES OF STARTING INDICES xxzezz=zzxe 741400000 FC
c IEF =RETURNED VALUES OF ENDING INDICES rxzxzzssnxz 741500000 FC
C ) EamEEnsEEEE 741600000 FC
c=l=:l:::::::::=s-==sznassalnssssatzznzsszslas::uus:::::nl:sa:!ss-llss-:::::::s: 741700000 FC
g e &
c DEFIRE GLDBAL DATA FC
i e e B ittt il 742100000 ;‘_g
!CALL PARAN 742300000 F
742400000 FC

----------------------------------------------------------------- 742500000 FC
C DEFINE LDCAL DATA AHD DIMENSIOR ARGUNENT ARRAYS 742600000 FC
T e e e e e e e e e e mmm ik sas e mm—me— 742700000 FC
742800000 FC

DINENSION FRXX(INT,JNT) 742900000 F

n LISF{JJIMAX, LSEGF RHAX) IEF (JINAX, LSEGF , KMAX) 743000000 F

* ,IIS(LSEGF+1), IIE(LSEGF+1) 743100000 F
743200000 FC

--------------------------------------------------------------------- 743300000 FC
BEGIN EXECUTABLE CODE 743400000 FC
b el b 743500000 FC
743600000 FC

FIND START AND END INDICES 743700000 FC
743800000 FC

JJ = 743900000 F

Do 100 J = JFRST,JNTM1 74400000C F

IF (J.GT.JF1 .AND. J.LT.JF2) GOTO 100 744100000 F

JJ = JJ+1 744200000 F

DO 80 K = 1,KMAX 744300000 F

DC 30 L = 1,LSEGF+1 00000 F

IIS(LY = 0O 744500000 F

IIE(LY = 0 744600000 F

30 CONTINUE 744700000 F
L =1 744800000 F

IF (FEXY(2,J}.GE.K) THEN 744900000 F

IIS¢1) =-2 745000000 F

ENDIF : 745100000 F

DG 50 I = 2,IMAX-1 : 45200000 F

IF (FKIX{I -1,33. LT.K .AND. FKXX(I,J).GE.K) THEN 745300000 F

1IS(Ly =" § ' 745400000 F

ENDIF 745500000 F

IF (FKXX(I,J).GE.K .AND, FKXX(I+1,J). l.'l' K) THEN ; F

IF (1,NE,T1iScL) IOR. (I1.EQ.Z .AND. FKXX(1,J).GE.X))THEN 745700000 F

TIECL) = 1 745800000 F

L = L1 745900000 F

ELSE 74 0 F

IIS(LY = 0 746100000 F

ENDIF 746200000 F

ENDIF 746300000 F

1o CONTINUE 746400000 F
IF (FK!X(IHAX J).GE.K AHD. FEXX{IMAX,J).GE.K) THEN 746500000 F

I1ECL) = THAK 1 746600000 F

Le1 746700000 F

EHDIF 746800000 F

LM = L-1- 746900000 F

IF (LM.GT,.1) THEN 747000000 FO

IF (118(1).EQ.2 ,AND. IIE(LN).EQ,IMAX-1 747100000 FO

" +AND. FKXX(1,J).GE.K) THEN 747200000 FO
I{IS(1) = IIS(LN) 747300000 FO

IIE(1) = IIE(1) + IMAX-2 747400000 FO

[IS(LM) = O 747500000 FO

IIE(LM) = O 747600000 FO

LM = LN-1 747700000 FO

- _ENDIF 747800000 F

ERDIF 747900000 F-

IF (LM .GT. LSEGF) THE!I 748000000

PRINT 1006, J, K 748100000 F

STOP 34 - 748200000 F

748300000 F




1000 FORMAT (1X,’LSEGF NOT LARGE ENOUGH.
DO.70 L = 1,LSEGF
ISFCIT,L, K} » 1IS(L)
IEF(JI, LK) = TIE(L)
70 CONTINUE
80 CONTINUE
c1oo CONTINUE
g PRINT THEM
LLAST=LSEGF
IF (LLAST .GT. 11) LLAST=11
TIedJel

DO 200 J=JNTH1,JFRST,-1
IF (J.GT.JFi
13 = 33-1
IF (KMAX ,GT. 1) THEN
PRINT 1010,
DO 130 Ka)

150

AND. J LT. JF2) GO TO 200

Jet,14,°

K=*,13)

KMAX ' .
PRINT 1611,X, (ISF(JJ,L,X),IEF(JJ,L,K),L=1,LLAST)
NTINUE )

ELSE -
"DggIHT 1011,2,(1SF¢JJ,L,1),IEF¢(JJ,L,1),L=1,LLAST)

200 CONTINUE
1010 FORMAT (/1X,’INDICES FOR ROW /,13,°:%)
1011 §g$ﬂa; (1X,f9,3%, {1(15,14))

END

- X359 -
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L. Forming and running nodels

.~ The program tape includes the following files with racord lengtha
as epecified, and a block size of 4000:

'FILE RECL

The formation of a specific model involves several atepa, liasted

below:

1.

2,

1 100 base code

2 80 uppocC

3 80 KNUDSN

4 100 ., Model 1 update file
S 80 Model 1 data file

6 100 Model 2 update file
7 - 80 Model 2 data file

8 100 Model 3 update file
9 a0 Model 3 data file

deternine the code options needed and enter them in record
1 of unit 10 (see section H)

deternine other code alterationa needed and entar the update
lines on record 2 and on, in unit 10

run “KNUDSN"™ and place the update linea generated on unit S0,
into their proper place in unit 10

-place the base code on unit 20

run "“UPDOC*®

compile the code generated on unit 20 by UPDOC

eatablish the namelist input file for execution of the modal

run the model
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Thera are sevearal places in the base code which puat be updated
in atep 2 above to obtain & auccessful compilation. As these:lines
currently stend, they have "?7" on the right side of the FORTRAN as-
aignment stetementa. They conaist of!

SEQ. NO, . : -EUNCTION
000200000 PARAMETER aasignments

111100000 designation of the latitude of the aouthern wall
111800000 designation of meridional grid aspacing

112900000 designation of zonal grid apacing
114400000 deasignation of vertical grid spacing

133400000 deasignation of bottom topography
152400000 designation of zonal wind driving

152500000 designation of meridional wind driving
249100000 designation of rows to be printed for diagnosis
249400000 deasignation of columnas to be printed for diagnosie
603800000

through data for the equation of state from KNUDSN
604000000 , ‘ :

Replacements for all of these lines must appear in the updsate
file, along with any other changes to the base code that are needed.
Several sample models have been constructed to illustrate the proce-

. dure and are deascribed below.
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. Nodel 3 ia a duplicate of the sample model Semtner aupplies in
his report. It consistas of a closed, rectangular baein with a ghelf
along the western wall and a small island in the center. The update
file, NAMELIST input data file, and output file for this model are
given on the following pages. The option record apecifies that an
island is included, that the model is to be run core contained, and
that comments ere desired in the code listing. The updates which fol-
low eimply alter the base code to vield a model like that of Semtner’s
samnple. Note that many of the updates arise because an alternate
equation of astate is used. There are differences in the manner in
which the computation ia handled between the two mnodals, eso that the
answers will not be exactly the same. In particular, Semtner’s.ver-
sion ugea a relaxation which doea not converge as rapidly ms that used
here, and, in fact, is cut off on moat timeatepa at 26 scans, before
convergence occurs. In the Present model, the convergence is complet-
"ed for all but a few timesteps. The result ie that the answers are
gomewhat different but Presumably more accurate in the present model.

The NAMELIST ‘dnput data file specifiea the following:

NFIRST=1 atart from acratch

NLAST=42 stop after timeatep 42

KNERGY=20 print fields every 20 timesteps :
NTSI=1 Print single line of information every timestep
NMIX=10 do a mixing timestep every 10 timeateps :
AMF=1 _.E9 horizontal mixing of momentun _

AHF=2 ,E7 horizontal mixing of heat, salinity, tracers
FKPMF=1.0 vertical mixing of momentunm

FKPHF=1.0 ' vertical mixing of heat, salinity, tracers

DTTSF=172800. length of timeatep on temp., sali., tracers
DTUVF=7200. -langth of timestep on internal mode velocities

DTSFF=7200. length of timestep on atream function ;

MASCAN=25 cut off relaxation at 25 acans if not converged

SORF=1.50 coefficient of over-relaxation :

CRITF=4,E9 -criterion for convergence of relaxation

ACORF=0.5% weight forward and backward tinmeatep equally in
the semi-implicit Coriclis term

TINITF=.., initial values of temperature, salinity, tracers

(note.. for purposes of precision, salinity is
carried in the model in units of parts per part,
with .035 aubtracted off, however TINITF is ex-
pected in parts per part: .03%5 is subtracted
after read-in)

I515=13,... the izland and its perimeter pointa are included
in a box between I=13-16 and J=9-12
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UPDATE FOR MODEL 1:
oPT=I,X,

702

704

706

708

710

712

: FKHP(15511)

Egnagnrsg (INT=25,JHT=20,KN26,NT=2,LSEG2,NISLE«1,LBC=2
SULBEC-3€ 0

DYT(J)=2.0

DXT(1)=2.0

DZ(4)= 800.E2
DZ(5)=1000.E2
D2(6)=1200,E2
FEMP(1,J)=KN
bo 702 Jl2;JgTH1
-

)=5

qupc15 J)a%

CONTINUE

DO 706 J=8,1
FEMP(14, 5)=4
FKNP(15,7) =4

CONTINUE

DO 708 J

DO 708 Isié
FENP(I, D)=

CONTINUE'

FKNP(14,10) =0

FENP(15,10)=0

FXMP<14, 112=0

DO 710 J=1,JHT
DO 710 I=1,INT
IF(I-J. sé 18) FKMP(I,J)=0
CONTINVE
DO 712 Jx1,JHT
DO 712 I=1,INT
IF(I+J.GE.39) FKMP(I,J)=0
CONTINUE
FX=-C0S (PIsFLOAT(J-2) /FLOAT (INT=4))
WSX (1) =FX
. WSY(I)=0.0
NTEST=NOD(J,7)
IPRT=INT

Cannannannnansnns SPECTAL PATCH FOR PRESCRIBED SURFACE VALUES seanse

a7e

878

FXA=SIN(2.*PI*FLOAT(J~2) /FLOAT(INT-3))
IF(NERGY.EQ.1 .AND, MXP.EQ.0) THEN
FXB=CST(J)#D¥YT(J)#DZ (1) /C2DTTS
DO B76 I=2,INTM1 _ ,
TTDTOT (5,13 =TTDTOT(S,1) :
v +(27.-25,*FLOAT(J- 2>/ﬁLaar(JnT -3)-TA(I,1,13)»FXBsDXT(I)sFN(I,1)
TTDTOT (S 2)=TTDTOT(
s +(,0007«FRA-TA(I, S-Fxn-nxrcz>-pnc1 1)
CONTINUE
ENDIF
DO 878 I=2,INTH1
TA(I, 1S=<27 -25, 8 FLOAT(J-2) /FLOAT CINT-3) ) nFH(I, 1)
TA(I,1,2)=.0007*FXA=FN(I,1)
CONTINUE

Cnuuniulianennnni END SPECIAL PATCH SonaNsebicnesnassericidrenenncnenes

600300000
*CALL ONEDIN

601500000

-603100000, 604000000
—604700000,606300000

100
200

300

L]
CONTINVE

DO 100 X=1,KNM
FACTOR= 5391 ++2022(K>/1013.
p0 100 I=1,
RHOCT k) 4 ACTOR+3000. #(SX(T,K)+.035)+(38.-0,375#TX(I,K)) »TX(I,K)
CONTINUE
DD 200 K=1,KM
DO 200 I=1,INT '
RHO(I, x)=<1779 54(11.25-0.07454TX(I,K)})wTX(I X
3800.+10. #TX (I, K) ) = (SX(T, KD+ 03535/Rna<1 )

DO 300 K=1,KM

DO 300 I=1,INT
RHOCI,K)=1.0/(0.698«RAOCI,K))-1.02

CONTINUE

-607000000, 608300000

- L4~ 8/30/84

400000
114400010
114400020
114400030
114400040
111400050

133400000
133500010

133500060
133500070
133500080
133500090
133500100
133500110
133500120
133500130

- 133500140
- 133500150

133500160
133500170
133300180
133500190
133500200
133500210
133300220
133500230
133500240

1wﬁ§nn7ﬁn
133500270
133500280
133500290
151900010
152400000

152500000
249100000

423500070
423500080
4233500090
423300100
423500110
423500120
423500130
423500140
4233500150
423500160

602200000

£06300010
606300020
606300030
606300040
606300050
606300060
606300070
606300080
606300090
606300110
606300120
606300130
606300140
606300150

33500250



-6091 00000, 609300000
Kb=1kD-1

DO. 400 Kx1,KN
L=K+NOD(K+KD,2)
FACTOR=3891, +2DZZ(L) /1013.

DO 400 I=1,INT

400 CON
DO S00 Kx1,KN
DO 500 Is=1,INT
RHO(I,K)=(1779.5+(11,25-0.0745~TX(I, X)) »TX(I,X)
" -(3800, +10. #TX(,K)) = (SX(I,K)+.035) } /RHO(Z, K}
500 CONTINUE :

DO 600 X=1,KN
. DO 600 Ix1,INT ,
. REO(I,K)*1.0/(0.698+RHOCI,K))~1.02
600 CONTINUE
-£10500000, 616600000

DATA FOR MODEL 1:

- &CONTRL NFIRST«1,NLAST=42,KNERGY=20,NTSI=01,KNIX«10,&END
&EDDY AMF=1,ES,AfiFv2.E7,FKPNF*1.0, FKPHF=1,0 &END

&TSTEPS DTTSF=172800.,DFUVF=7200. | DTSFF=7200. , &END
&PARMS HXSCAN=25,SORF=1.50,CRITF=.4E10,ACORF= .5, LEND
&TSPROF TINITF:4.0,4.0,4.0,4.0,4.0,4.0,

.0349, ,0349, .0343, .0349, , 0349, 10345, 6EX
&IBOX ISIS=13,1EI3=16,351S=9, EIS=12, &END

~L5 -~ " 8/30/84
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609900160
609900170
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The two integral constrainte addressed in Section D may be seen
to hold for Model 1 from the energy integral printout on p. Li1. The
conegtraint of Eq. 31, proven by Eqs. 61-76, is verified by the "NON-
LINEAR EXCHANGE ERROR" which is some 10 orders of mnagnitude lees . than
the "HORIZONTAL®™ and "VERTICAL ADVECTION" tarms individually. The
former ie simply the summation of the latter 4 terms. The constraint
of Eq. 34, proven by Eqa. 77-83, ia verified by the "ENERGY CONVERSION
ERROR"™ which is 9 orders of magnitude amaller than the "WORK kY BUOY-

ANCY FORCES”, indicating a balance of the latter with the 2 "PRESSURE .

FORCES"™ terna. Theee balances should be checked carafully upon set-
ting up & new modael or changing an existing one. The error terms will
generally be at least three orders of magnitude lesa than the constit-
uent terms, depending on the praciaion of tha computer used.

Model 2 is a 15 level, rectangular basin with a shelf along the
western wall, extending from 54’ S to the equator, where asymmetry con-
ditions are imposed (by means of the "S" option). It also includes
a telescoping grid in the zonal direction, increaeing from 2° spacing
in the west to 3° spacing at the eastern wall. Bottom drag has been
included in the updates aa well as a Newtonian surface boundary condi-
tion for T and S. The NAMELIST input file is similar in structure to
that of Model 1. '
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UPDATE FOR MODEL 2:

oPT=K,S

702

(oL ]

846

PARAHETER CINT=025,JNT=020,KN=15,KT=2, LSEG'I,IISLESO, LBC=2
SWLDEG=-54.0

DYT(J)=3,

0

DXT(I1)=2.0
. IF(1,GT.B)DXT(1)%2,5-0.5+C0OS{PI*(I-8)/16.)
DZ(1)=30.00E2
D2{2)=46,30E2
D2(3)=67.45E2
DZ(4)=94,46E2
DZ2(5)=128.46E2
DZ(6)=170.57E2
DZ2(7)=22],91E2
DZ{B)=283.51E2
DZ2(9)=356.21E2

DZ(10)=440,
DZ(11)2536.
DZ(12)=644.
D2(13)=«763.
DZ{14)=890,

S7E2
78E2
S4E2
O0E2
71E2

D2(15)=1025.53E2

FENP(1,J
CONTINUE

_F!=(*SIH(£§|FLOAT{J 2)IFLOAT(JHT-4)))I2.

WSX (13
WSY(I>

J=2'I

0.0

g;g;?;gOD(J,?)
 8 ASSUNE 10 DEGREE TURNING ANGLE AT BOTTOM BOUNDARY

CD=1.3E-3

FXAzCD/FKPHM

FXB=FXA#SQRT(UB(I,KZ)»=2+VB
UDIF(I,K2+1)=UB(I, Y KZ)-FXBr(
VDIF(I, KZ*1)=VB(I K2)- FIB'( B

i S A Vit e vk A AR W P A A e e G e T G A TR S -

SET NEWTONIAN SURFACE BOUNDARY CONDITION

e e i e S e i e S T G T S U S R D e e s ey S A D S e e e i e e A

FXA=25.0

FXB=20.0

IF(N.EQ.2)
FXA=0.0
F!B -.00

NDIF

DO, 846 I=2(1
TACI,1

CONTINUE'

THEN
1

{
U
U

2R2)en2)sDZZ(KZ+1)
(1,KZ2)»,98481-VB(I,KZ)»,17365)
(I, KZ)!.17355+VB(I.KZ)!.984811

i
SRTA(I 1,4)+2,315E-7= (FXA+FXB#PHIT(J)-TB(I,1,H))

c .
C ADD IN CONTRIBUTION FROM NEWTONIAN BOUNDARY CONDITION
c

IF(M.EQ.1) TTDTOT(S,1)= TTDTOT(S 1)
$2.315E-7(25,0+20.0#PHIT() -TR(X,1,1))

L ]
DATA S0/

L]
-

*
DATA (Ct

IF(M.EQ.2) TTDTDT(S 2)= TTDT@?(S,2
2.315E-7{

DATA TO/

13.4979166,13.4926065,13.46846595,13.4732852,
8.4517059, 5.9421330,

~.0022500,

DATA (C(

DATA (Ct 2,

DATA (C( 3

. 0001500,
- 0002000

,l) N=1,9)/
»2019152E-

.4496149E*00

2,8360754, 2. 7780657,

- . 0022500,
- .0001000,
- . 0002000,

-03,

-65481965+01/

N) 1,9

.205527§E -03,
- 4497566E+00,
.554577zg+o1/

N, N=1,9)

.2o§saséa 03,
.4495593E +00,

/

/

«6544648E+01/

4,M),N=1,9)/
=.2051946E-03,

.7703042E+00, -

+ 7697646E+00, -

4.4281250.
2.7025290, 2

-.0022500,

-.0001000,
-.0002000,

- L14 -

3 9040599,
6052822,

- .0022500,
-.0002500,
-.0002000,

-.001=PHIT{J)-TB(1,1,2))

8.46798%0,
2.8802061,
2.9625234/

«7709387E+00, -, 4915766E~05,-.2007672E-02,
.3652747E-07, .4725372E-02, ,37683B0E-04,

. 7706838E+00, - . 4903913E-05, - . 2004045E-02,
+3639690E-07, .4712010E-02, ,3761764E-04,

-.4886267E-05,-.1998629E-02,
. 3620095E~- ~-07, .4692196E-02, ,.3751913E-04,

.4861205E-03, - .1990901E-02,

8/30/84

114400100
114400110
114400120
114400130
114400140

420100080
420100090
420100100
420100110
420100120
420100130
420100140
427200010
427200020
427200030
427200040
427200050
427200060
427200070
603800000
£03800010
603800020
603800030
£03500000
£03900010
603500020
603500030
£04000000
604000010
604000020
604000030
£04000040
604000050
604000060
604000070
£04000080
€04000090
604000100
604000110
€04000120
604000130



. .4502325E+00, .3591934E-07, .4664216E-02, .3737920E-04, 604000140
. 6541624E+017 604000150
DATA (CC 5,N),N=1,9)/ : 604000160
» -11632162E-03, .7810057E+00, -.5277472E-05, -.2322824E-02, 604000170
. . 7159905E+00, .4943163E-07, .5146399E-02, .3859627E-04, 604000180
. .6612560E+017 , 604000190
DATA ¢CC 6,K),N=1,9)/ ) : : 604000200
. -.1664980E-03, .77992687E+00, - .5223968E-05, -, 2305658E-02, 604000210
. -6964292E+00, ,4903556E-07, .5108021E-02, .3838043E-04, 000220
. .6607319E+01/ 230
DATA (C( 7,X),Nei.9)7 : 604000240
. ~.1440378E-03, .7842682E+00,~,5519369E-05, - ,2473774E-02, 6 250
" .5910575E+00, ,5793752E~07, .6154590E-02, .3926047E-04, 604000260
. .6638471E+017 S 0
DATA (CC 8,K),N¢1,9)/ . 604000280
. -.1336783E-03, .7860867E+00, ~.5672235E-05, -, 2557069E-02, 604000290
. .3528398E+00, ,6399606E-07, .7004312E-02, .3962390E-04., 604000300
. .6655343E+017 - 604000310
DATA (C( 9,K),N=x1,9}/ . 604000320
. -.13571956-03, .7848000E+00, -.5628947E-05, - , 2554850E-02, 604000330
¥ . +1057585E+00, .6555468E-07, ,7215849E-02, .3964243E-04. 604000340
. . 6652038E+01/ :

DATA (C¢10,¥),N=1,9)/ - ' £04000360
» -.1348395E-03, ,7842621E+00,-.5657955E-05,~.25785445-02, 604000370
. - .6064741E+00, .7002210E-07, .7931478E-02, .3974567E-04. 604000380

-~ .6657217E+01/ 604000350

DATA (CC11,N),N=1,8)/ 604000400
. ~.1472340E-03, .7804559E+00, ~.5461105E-05, - . 251 2906E-02, 604000410
. -.2829495E+01, .6901463E-07, ,7878454E-02, .3931736E-04, 604000420
» ,6640514E+017 : 604000430

DATA (C(12,N),N=1,9)/ - : 604000440
. - 1619146E-03, .7759107E+00,-.5224071E-05,-.2433677E-02, 604000450
" -.4372853E+01, .6757406E-07, .7827411E-02, .3881627E-04. 604000460
" .6620347E+017 - 604000470

DATA (C(13,N),N=1,9)/ 604000480
. -.1789724E-03, .7705813E+00,-.4943833E-05,-.2335711E-02, 604000490
' ~.6434825E+01, ,6554043E-07, .7786706E-02, .3824815E-04 . 604000500
.+ .6596461E+017 604000510

DATA (C(14,N), K=1,9)/ o 604000520
. -.1984058E-03, .7644511E+00,~.4619129E-05,~,2230396E-02, 604000530
. -.9215148E+01, .6271601E-07, .7769342E-02, .3762998E-04. 604000540
. .6568810E+017 . 604000550

DATA (C(15,N),N=1,9)/ 604000560
» -.2240840E-03, ,7565406E+00, -.4162414E-05,-.2069851E-02, 604000570
. $.9845579E+01, .S5543124E-07, .7290867E-02, .3652558E-04, 604000580
. .6526380E+017 _ 604000590

DATA FOR MODEL 2:

"&CONTRL NFIRST=1,NLAST=100,NNERGY>50,NTSI=01 NMIX=20,&END

'SEDDY AMF=1.ES,AfiF=2.E7 FKPXF=1.0,FKPRF=1.0,&END

&TSTEPS DTTSF=172800. D*UVF'?ZOO.,DTSFF=7200.,&END

&PARNMS HXSC&N=100,SDR§=1.60,CRITF=1;EB,ACDRF=.G.GEHD

&TSPROF TINITF=4.,4.,4.,4.,4.,4.,4.,4.,4.,4.,4.,4.,4.,4.,4.,.0349,.0349,,0349,
;0349,.0349,.0349,.0349,.0349,.0349..0349,.0349,.0549,.0349,.0349,.0349,&END
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Yodel 3 18 a global model with greatly aimplified land maszes.
It contains an island at its southern extremity eand another in the
interior. The option line specifies that Fourier filtering is to be
done tc handle the convergence of meridians at high latitudes, that
islands are present, that cyclic continuity exists east-west, and that
comments are to be included in the FORTRAN listings The NAMELIST in-
put file is similar in structure to that of Model i although, on line
1, "NA=1" has been added, directing that a restart file be sent to
unit 21 at the end of the run. .
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UPDATE FOR MODEL 3:
DPT!F i1,0,K,C
"Pi

:l

RA fTER (INT=062,IMT=032,KH=15, NT=2,LSEG=3, NISLE=2,LBCx2 000200000

o LSEGF=3,JFRST=3,JET0=8, JFT1%7, JFT2=2¢, JFUO=S, JFUL=7, JFU2=27 000300000
QULnEcs—éo - 111100000
DYT(J)=6.0 111500000
DXT(1)=6.,0 112300000

DZ(1)=30,00E2

DZ(2) =46 . 30E2 114400010
DZ(3)=67.45E2 114400020
DZ(4)=94,46E2 114400030
DZ(5)=128,46E2 114400040
DZ(6)=170.57E2 114400050
DZ(7)=221.91E2 114400060
DZ(8)=283.51E2 114400070
DZ(9)=356.21E2 114400080
DZ{10)=440.57E2 114400090
PZ(11)=536.78E2 114400100
DZ(12) =644, 54E2 114400110
DZ(13)=763.00E2 114400120
DZ(14)=890,71E2 114400130
DZ(15)=1025. 5352 114400140

FENP (I, J)=KH 133400000

DO 702 3=10,2 133500010

DO 702 1=2 i 133500020
FKXP(I, J$=o 133500030

702 CONTINUE 133500040
DO 704 J=8,27 133500050

DO 704 1=34,45 133500060
FENP(I,J)20 133500070

704 CONTINUE 133500080
DD 706 J=8,11 133500090

DO 706 1=15,18 133500100

FRMP (I, )20 133500110

706 CONTINUE 1133500120
DO 708 I=11,33 133500130

U FRMP(I,27)=0 133500140
708 CONTINUE: 133500150
~ PO 710 J=10,27 133500160
DO 710 I=60,61 133500170

: FENP(I,J)=0 1335001280
710 CONTINYE 133500190
77 po 712 I=2,INTHL - 133500200
FKMP(I,25=0 : : 133500210

712 CONTINUE 133500220
7% Do 714 J=3,4 , 133500230
CFKNP(2,3)=0 133500240

714 CONTINUE : 133500250
FX*(SIN(3.#PIwFLOAT(J-2) /FLOAT(JNT~4))) = , 151500010

. (1.1+C0S(2.sPIsFLOAT(J-2}/FLOAT(INT-4)))#.5 151900020
WSX(I)=FX 152400000
WSY(I)=0.0 , 152500000
MTEST=MOD(J,7) 249100000
1PRT=20 : 249400000
420100010

--------------------------------------------------------------------- 420100020
¢ SET NEWTONIAN SURFACE BOUNDARY CONDITION 420100030
-------------------------------------------------------------------- 420100040
c - : 420100050
FXA=25.0 : 420100060
FXB=-15,0 : 420100070
IF(K,EQ.2) THEN . 420100080
FXA=0.0 420100030
FXB=+ . 001 . _ 420100100

EXDIF 420100110

DO 846 I=2,INTH1 : . 420100120
TA(I,1,M5=TACT,1,M)+2.315E-7= (FXA+FXBnABS (PHIT(J) )~ ~TB(I,1,H)) 420100130

846 CONTINUE' 420100140
c - 427200010
¢ ApD IN CONTRIBUTION FROM NEWTONIAN BOUNDARY CONDITION 1§;§ggg§g
(IFON.EQ.1) TTDTOT(S, 1) TTDTOT(S,1) 427200040
315E-74(25.0- 15. O*ABS(PHIT(JI))~TB(1,1,1)) 427200050

IF(N.EQ.2) TTDTOT(S 2)=TTDTOT(S,2 427200060

" +2.315E-7#( .OOI*ABS{PHIT(J))-TB(I 1,2)) 427200070
DATA T 603800000

. ®a. 4979166,13.4926065,13.4846595,13.4732852, 8.4679890, 603800010

. 3.4517059, 5.9421330, 4.4281250, 3.9040595, 2.8802061, 603800020

. .2.8360754, 2.7780657, 2.7025230, 3 6052822, 2.9625234) 603800030
DATA SO/ 603900000

. -.0022500, -.0022500, -.0022500, -.0022500, .0001500, £03900010

" 0001500, -.0001000, -.0001000, -.0002500, ~.0002000, 603200020

. -.0002000, -.0002000, -.0002000, -.0002000, -,0002000/ 603300030
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DATA (CC 1,N),N=1,9)/
. -T20i9155k-03,
v - 4496149E+00
» 16548196E+017

DATA (CC 2,03 ,M=1,9)7

- i2056275E-03,
- 4497566E+00,
"DATA (cC 3% el 5y
=
,
. =1 2036885E-03,
. - 4499598400,
. . 6544648E+01/

DATA (CC 4N, N=1,9)/

» -1 2051946E-03,
» - 4502325E+00
. .6541624E+01/
"DATA (CC 5,N) ,N=1,9)/

. -11652165E-03,
~7159305E+00,
" .6612360E+017
DATA (C( 6,N),N=1,9)/

. <1166

. .6964292E+00,
" .6607319E+017
DATA (CC 7,N),N=1,9)/
-11440378E-03,

- "

+5910575E+00
. -6638471E+017
‘DATA (CC &,K),N=1,9)7/
.- -11356783E-03,
. +3528358E+00,
. \6655343E+01/
DATA (C¢ 9,N),N=1,9)/
» . -11387185E%03,
. ~1057585F+00
. .6652038E+01
DATA (CC10,N),N=1,9)/
. -.1348398E-03,
.- - 6064 741E+00 |
. .6657217E+017
. DATA (C(11,N),N=1,9)/
. ~11472340E-03,
. -.2829435E+01
. .6640514E+01/
DATA (C(12,N),N=1,9)/
. ~.1615146E-03,
T -.4372853E+01,
. .6620347E+017
‘DATA (C(13,K),N=1,9)/
. -.1789724E-03,
. - .6454825E+01 |
“DATA (C(14'§?9§4?1§;?1,
» =
v ~.1584058E-03,
. -.9215148E+01,
- -6563810E+01/
DATA (C(15,N),N=1,9)/
. -+2240840E-03,
_— - .5645579E+01,
. .6526330E+017

DATA FOR MODEL 3:

&CONTRL NFIRST=1,NLAST=100
&EDDY AMF<1.E9,AfF=2.E7,FKPNF
&TSTEPS DTTSF={72800.,D%

&PARNS MXSCAN=100, SORF
-&TSPROF TINITF=4. '40 ‘-,4-‘ 4.
0343, .0349, .0349) , 0549, . 0549
&IBOX 1SIS=2,14,1E1S=61,19,J5

NNERGY=50

UVF=7200. ,DTSFF=72
=1,60,CRITF=1.E8,ACORF=,6,&END "
.'465:-’4654.'4. 4-,-0349,.0349,-0349' ’

"- ‘
i.0549,.05495. 49, .0349), .0349, - 0349, 6END
» .

. 770'9387E+00 s 4915766E-03 e 20076725-02'
«3652747E-07, .4725372E-02, .3768380E-04,

+ 7706838E+00, - . 490391 3E-05, - . 2004045E-02,
«3639690E-07, .4712010E-02, .3761764E-04,

+7703042E+00, - .4886267E-05, - . 1998629E-02,
+3620095E-07, .4692196E-02, ,3751913E-04,

«7697646E+00, - .4861205E-05, -, 1990901E~02,
-3591934E-07, .4664216E~02, .3737920E-04,

-7810057E+00, -, 5277472E-05, - . 2322624E-02,
-4943163E-07, ,5148399E-02, ,3859627E-0M,

.7799287E000.-.52239685-05,~.23056585-02,
+4903556E-07, .5108021E-02, ,3838043E-04,

+7842682E+00, -, 5519369E-05, ~ . 2473774E-02,

+S793752E-07, .6154590E-02, ,.3%26047E-04, .-

- 7860867E+00, - . 5672235E~05, ~ . 2557069E-02,
«6399606E-07, .7004312E-02, .3962390E-04,

- 7848000E+00, - ,5628947E-05, - . 25546850E-02,
»6955468E-07, .7215849E-02, .3954243E-04,

~7842621E+00, - . 5657959E-05, -, 2578544E-02,
«7002210E-07, .7931473E-02, .3974567E-04,

+7804559E+00, -.5461105E-05, -. 2512906 E~-02,

-6901463E-07, .7878454E-02, .3931736E-04,_

.7759107!400,-.5224071E'05,-.24336775762)
6757406E-07, .7827411E-02, .3881627E-04,

.7705813E+00, ~ . 4943833E-05, - . 2339711E-02,

+6954043E-07 r 7786706E-02 P 3824815E-04 '

+ 764451 1E+00, ~.4619129E-0%, -, 2230396E-02,
+6271601E-07, ,7769342E-02, .3762998E-04,

« 7365406E+00, - ,4162414E-05, ~, 2069851E-02,
-5543124E-07, .7290867E-02, .3652558E-04,

NTSI=01,NMIX=20,NA=1,&END
1,0,FRPHF=1.0,&END
08, , KEND

4.,4,

S,
§=3,7,JE1S5=5,12,6END
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START AND END Le0LCES ruk FUURTER FILTERING
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M. Restarting procedure

All data that is needed to reatart a run from a previous run is
included in units 11-15. When using disc 1/0, if permanent diac files
are available, no action is neceasary at the end of each run. If the
diasc files are not reserved after the and of the run, they muat be
-saved to tape and then recopied to diac when restarting. .

When running in core contained mode, the virtual diac, "BIG™ must
be saved to tape at the end of each run. This is designated by set-
ting NA=1 in the “CONTRL"™ NAMELIST file, wherupon unit 21 will recaeive
the restart data. For safety, it may be wise to save this file- peri-
odically through the run. This can be dona by setting NWRITE to the
‘interval, in timeatepas, for which this ia to ba done, the data going
to unit 22, A S :

In both the disc 1/0 and core contained modes, resatarting is in-
dicated by setting NFIRST=0 on the "“CONTRL* NAMELIST file, whereupon
the run will resteart at whatever timestep the data on the dimsc (or
virtual disc) is defined. '

-n1l - 8/30/84




GFDL OCEAN MODEL CIRCULAR NO, ‘i

Sept. 28, 1984

Toward the goal of keeping all users and potential users of the GFDL ocean
model abreast of the latest happeninge with respect to the model code, this . is.
the firat in & series of circulara to be diatributed occaasionally. It ia
anticipated that thesé notee will include updates to the coda of both PERMANENT
and GLOBAL types (see sec. H of the manual), clarifications and correctiona to
the manual, and varioua other communicationa which nay be helpful. It ia
suggested that they be kept in the binder with the manual. All pereona who
have requested the documentation manual will receive the circulars unless they
indicate otherwise.

The following update should be made persanently to_the base code. Some of
these changes have already been indicated to some users on the introductory
note accompanying the tape.

PERMANENT UPDATE:

IF(J.EQ.JNTM1) THEN =o. 345500000 S

DO 382 I=1,INT »as 345510000 S
ZVN(I>=Q. *»s 345520000 S

382 CONTINUE «ss 345530000 S
ENDIF : «ss 345540000 S
PARAMETER(N11=20,N12=INT»JXT*NKFLDS, «=« 6540800000 K
PARAMETER (IMP1X2=IMTP1#2) ess 703200000 F
DIMENSION COSSAV(LQNSUM),DENMSV(LHSUM) ,COSNPI(INT) «»s 703800000 F
DIMENSION DIFF(INP1X2) - saa 704400000 F
LOGICAL INITDN : rve 704900000 F

DATA INITDN/,FALSE./ ' ees 704910000 F
IF(INITDN> GOTO S0 «av 706100000 F
DENMSV(IBASE+I)=1.0/¢1.0~COS(PI*FLOAT(I)*FINR)) «es 708700000 F
INITDN=.TRUE. «». 710700000 F
DENOM(I)=FXA+DENMNSV(IBASE+I) «ea 719100000 F

3000 DO 3010 I=1,IM .. v 729400000 F
SPRIME(I)=0. ' se. 729410000 F

3010 CONTINUE : o ces 729420000 F
DO 3110 I=1,INM C.a. 730100000 F

’ SPRIME(1) =FNORM*SPRINE(I) _ , ves 730110000 F
2110 CONTINUE «se 730120000 F

Explanatory remarhks:

345500000-345540000:

This is a replacement of CDC 205 specific code by equivalent standard
FORTRAN. No change in answers or running speed.

(over)



640300000:

This is a minor bug. N11 ia changed frosx 5 to 20. No change in
answers unless the auxiliary array AKNTRL, normally unused, waa-
brought into use specifically by the local programmer.

703200000-7191000002

Saxe as 345500000-345540000 (.. 36 characters in variable name
' & implied data statement not standard)

{
729400000-7294200003
Same as 345500000-345540000
730100000-730120000:

Same as 345500000-345540000

Hanual.correctipn:

On p. Il;'the formula for MEM{BIG) should read kcorrections underlined):

HEH(BIGJ=293NKFLDS*IHT*JHT+3ﬂ((NT+2)!IHT*KH*LBC*IHT)!JHT :

END -

circular 1, page 2




GFDL OCEAN ¥ODEl, CIRCULAR ND, 2

Oct. 28, 1984

Minor alterationa are needed to get the model running on varioua ayatens,
For systems which require all FORTRAXN I/0 units to be specified ahead of tine,
for instance on the PROGRAM statement, unita 10,20,22,24, and 25 must be mo .
specified before running the UPDOC utility, '

Sone ayatess require header cards preceding each routine in the FORTRAN
source coda and others do not. Such cards (*DECK) are included in the source
code supplied to you originally, and are the separators required by the CDC
syatem at GFDL. If your syatem doas not use separators between routines, an -
alteration to the UPDOC utility, suggested by David Webb of 105, England can be
made to eliminate thea. Iznediately after the statement labelled 322 in UPDOC,
place the following lina: . :

IF(CD(1).EQ.’»’ ,AND, CD(2).EQ.’D”) GO TO 320

An additionel line can ba inserted at this point if an elternate separator is
needed. _

The following update should be made éernanentlg to the bare code.
PERMANENT UPDATE:

15M1s 151 JEB10000 F
IEASIE : 3768%6000 :

IFCTE GE. TN TEATMUMS 376830000
Do 70¢ I-1s.IEA , 376560900 F
UDZF ( I-ISM1, K) »=FXXUALT, K ) XSPSINCT )~UACT, K ) REPCOSCT) 377100000 F
UDIF(I-ISM1.K)» FXZUACT,K)XSPCOS(II-AcT.KIESPSING I ) 377200000 F
IFCIE.GE. T THEN , 377310000 £
IT=IMMI-15 377320000 F
DO 702 1~2,IER - 377340000 F
UDIFCT471.K) n—FXEUAL T, KITSPSING I )—UAL 1, KIXSPCOS(E) 377350008 F
- UDIF(I+11,K)= FXEUAC T, KIXSPCOS( T I—ACT K ) XSPSINGT) 377360009 F
702 CONTINUE 377370000 F
ENDIF 377320000 F
DO 729 I+IS,IEA 377900000 F
UACT.K) =FXE(-UDIF ( I-1SM1, K)XSPSINCT) 378100000 F
+UDIF( T-15M1, K)$SPCOS (1)) . 378200000 F
UALT,K ) a=UDIF (1~TSM1,K)3SPCOS (I )-UDIF{ I-JSM1 »K)XSPSINGE) 378300000 F
IFCIE.CE. IMT) THEN 378410000 F
DO 722 I=2,IEB 378420000 F
UACT.K ) ~FXX(~UDIF (T4 1T, KIXSPSINCT ) - 378436000 F
x +UDIF(I+IT.K)$SPCOSCT)) 578440000 F
VAL, X) »~UDIF (1411.K)Z5PCOS(TI~UDIF{1+11,K)XSPSINCI) 378450008 F
vap CONTINE : 378460000 F
ENDIF 378470000 F
15M1 =151 437710000 F
1EA=1E : 437720000 F
IF(IE,GE.IMT) IEA=INTM1 . - 437730000 F
DO 1100 1-15,1EA 437800000 F

—437900000
TDIF (I~I1SM1,K.1) s TACT,K. M) 438000000 F
IF(IE.GE. IMT) THEN - 438110000 F
1EBa IE~ INTME : 438120000 F
1I=IMTHi-1S 438130002 F
DO 1162 I=32,IEB : 438140000 F
TDIF I+, Ko 1= TACT K000 438150000 F
1102 CONT INUE . 43BiE0000 F
DO 1120 1-15,1EA | prot¥id e g
- » . 4
—4 TALLL K. S TDIF(I-TSML.K 1 @00a F
A7) - - Kal) ) 43879

IFCIE.GE. INT) THEN _ 438810009 F
DO 1122 I-2,1EE 438820000 F
: TACT, K, M)« TDIF(I411,K. 1) 438830009 F
112 CONTINLE ‘ 438840000 F
ENDIF 438850000 F

{over)

circular 2, page 1



Explanatory remarks:

376810000~438830000:

This is an alteration to enable vectorization of the esaction of the -
code which sets up tha atrip of velocities (ist part) and tracers
{2nd part) which are to ba filtered when the "F™ option is used.
The pravious code contained a NOD function which prohibits
vectorization on soxe machines. No change in anavers, but a
speed increase of 10-20X depending upon the acdel. '

END

PR R T ) —_———— ™



GFDL OCEAN MODEL CIRGULAR NO..3
April 30, 1985

Please sdvise me of address changes. (Mike Cox, Box 308, Princeton, NJ 08540)

Thera are two pagesa aceonpanying thig circular which should replace the
corresponding pagee of the GFDL ocean modal documentation, along with a new
table of contents which should replace the old one. An error in the indexing

of W is corrected on p. 6 3, and the error in the memory requirement foraula
(firat. reported in Circular 1) is corrected on p. I1. '

The following update should be mede permanently to the base code.

PERMANENT UPDATE:

BIT KEVENBV(IMT,KM),KODDBV(IKT,KN),KALTBYV(IMT,KM,2},CONBV(INT,KM) 009500000
c CON?ERTGHEAT THANSPORT TO PETAWATTS, SALT TRNSPT TO 10%%10 CNY#3/SEC 274200000 ¢
DO 967 N=1,NCON

429500000
LCE=0 ) 429410000 w
CONBY{(1,K3; LN} =KALTBY(1,XS,KS;LN) _ 431310000 W
£ »AND, TEMPA(1,XS;LN).GT.TEMPA(1,KS+1;LN) 431320000 W
LCA=QBSCNT(CONBY(1,XS;LN)) 431330000 W
LCE=LCB+LCA

IF{LCA.EQ.0) GO TO 965

WHERE (CONBV(1,KS;LN)}
-431700000
IF(LCB.EQ.0) G0 TO 968
967 CONTINUE
966 CONTINUE
¢

MM =1 (COSINE SERIES, DERIV AT ENDRY FTS=0)

431340000 W
431350000 W

431600000 W

432310000 W

432320000

. 432330000 W
SEERRsusxeE 7010“0000 PC

‘e ’ =2 ( SINE SERIES, BNDRY PTS=0) =emascxnses 701100000 PC

Explanatory remarks:
009500000 & 429400000-4323300000

This is an improvement in the 205 optimized code to eliminate passes
through the convection loop (when NCON>1) when static stebility has

~ already been achieved and further passes would accomplish nothing.
No change in answers, but a minor speed increase depending on model,

274200000

Spelling correction on comsent line.
701000000~701100000
Correction of erronecus connents:

(over)

circular 3, page 1




There have been several inquiriea concerning the running speed of the
nodel. A convenient method of representing the apeed is the quantity, time per
gridpoint per timeatep. There are several factors in the model which affect
thie quantity. For vectorizing computers, one of tha most important factors
affacting rate of computation is vector length, The curves plotted below show
the results of several teat runs of the model on the CYBER 205 with "Q" and “"
optimization aspecified (see p. H 1 of documentation), and for fullword (64 bit)
and halfword (32 bit) mode as functions of the most predominant vector length
in the model, INT#KM. There is an appreciable increase in computation rate
between vector length 0¢100) and 0(1000) on the 205. The ‘computation rate for
the model run on the 205 with no “Q* or “W" optimization, as well as the rate
using the CRAY-1 at NCAR is indicated for the vector length 1500 case by lone
dota. Note that the computation rate of the CRAY-1 is not as gensitive-to
vector length, for vectors more than several lultiplea of 64, and its curve is
probably nearly horizontal through moat of the region depicted heras.

12+ » CRAY-1
* 205 unoptimized, fullword
{no Q8, no “WHERE")"
104
2
S
%5'
&
] 6 -
17
2 fullword
'.l 47 hatfword
E .
]—-
2 .
0

375 750 1500 3000 6000
LOG VECTOR LENGTH (IMT x KM)

. Obviously, there are many other factoras affecting the computation rate,
some of which are liasted below with their values in the tests above:

# of relaxation scana to convergence (MSCAN) 20
# of convection passea (NCON) 2
frequency of Euler backward timeatep (EB, NMIX) 0
frequency of energy/printout timeatep (NNERGY) 0
# of tracers computed (NT) 2
use of Fourier filtering at high latitudes 0
# of islands computed (NISLE) 0

END

circular 3, page 2



GFDL_OCEAN MODEL CIRCULAR NO. 4

Feb. 12, 1986

If ay current addresa for-you is not up to date, please advise,
(Hike Cox, Box. 308, Princeton, NJ 08540 - Tal. (609) 452-6531)

Since the last circular, there has been a series of suggestions for-
correction and improvement to the medel. These have been included on pages 2
and 3 as a perzanent update. In each case, the alterations produce either a
speed incresse, prevention of machine bomb for certain configurationa of the
model, or aimply an aesthetic improvement to the code. HNone of them produce
eignificant (other than roundoff) changes in answers. Thanks to tho=ze
indicated for their suggestions.

_ Some additional work has been done on the UPDOC utility recently and a -
factor of two increase in running apeed has been achieved. A listing of the
new version is included on pages 4 and 5. '

A “global®” update (see p. H3 of the documentatiosn) for utilization of a
‘Robert time filter on prognosatic variables has been aubmitted for general use
by Malcolm MacVean of the U.K. Met. Office and is included on page 6.

ﬁll"ll!!llll'!llllll.I*Ill!lll!lllIlﬂlililiﬂl'.I!lllll.ill!lllﬂlIlll!‘]ﬂlillﬂl

. »
» Anyone wishing to have their program tape updated to the current "
" vereion (through this circular, inciluding the new UPDOC) may do so by *
* returning the originel tape or sending a new one to me at any time, I »
# will update it and return it prosptly. T
" . . »
* ”n

ﬂl!lli!ﬂlll!ﬂi"!lll'lﬂI.IllII.II'lﬂi'l'IIIII'!ﬂ[{lllIﬁlllﬂl!llll'lli!llﬂ.ll*
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The following update should be made persanently to the base code.

v

PERHMANENT UPDATE
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Exnianatorg‘tenaxga:
002210000~0091 000000

This gets around a potential problem which can arise when using half-
precision and iaslands, Machine bomb is prevented for thess cases,
no change 1n answers otharwise. (A. Rosati, GFDL)

166600000~167000000

The "C" option identifier was inadvertantly left off these comaents.
No change in anawers. :

211710000-211790000

Initi&iization which is needed for certain configurations of the model.
Machine bomb ia prevented for theea nodels, no change in answers
otherwige. (H. Cattle, U.K. Met. Office) '

260600000-261410000

Correction of a minor bug in the code to compute northward transport

of heat, salt, tracer due to vertically averaged flow. No change in
anawera for prognoatic variables.

353710000-358210000

New code to prevent execution of a possible null DO loop. Ne change
in answers. (M. MacVean, U.K. Met. Office)

376000000-437300000

'Reﬁlacenant of “IFIX" function by “NINT" function which is more
appropriate for this section of code. No change in answers.
(M. MacVean, U.K. Met. Office) '

608600000

Correction of erronecus comment.

" 647810000

Thia causea the restart file to be overwritten each time in core- .
contained mode. Whether overwriting or cumulative writing ia done -

is at the option of the programmer by keeping or deleting this
rewind. No change in answers.

703700000~ 725000000

These are varioue updates to FILTER which enable vectorization of
code previously unvectorizable on the CDC-205. There are

,',,”Lngiggiiiggng,ghﬁngeagin,ansuergfdueﬁtO—aenegraardering—ofggf
computation, and a modest speed increase. (M. MacVean, U.K.H.O)

(over)
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3 PROGRAM

3

PROGRAM UPDCC
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£0.0) GO TO 196

{13730, KXy HsOPTCD

EQ.0) GO YO 197
99901 CD(1:73), MX,H,0PTCD
1:11.NE.*/") €O TO 220

" PREPARE TO PROCESS ANOTHER UPDATE SEY

~ OOWD W DOwWwbWwOozZo
T b b BT b e b e et £
R vl gl P et R B O
2o e O 0 0 R D, e 00 3O T AL
0 O RO W TR AD TR D Ot

C
C

o o ok e S e e e e Y B S 2

Cr=—

PROCESS CODE OPTIONS

C

GD TD 260

B»END=300) CD,M,0PTCD

£

22

GD TO 230

+HELOPTIN(HNINND)

2

SE.

219,
NiN)
RUE

st e it = Y
<y ey Lw
LZoen WD
* Tl W=rd
LI = e T
IO =ZX sthroguey
X Q.00 LM 8 INND

- B OO Ol UL O e e X0
B Il 1T A5 O W -
zrQ
[TIT=

«AND oNOT . LOPT)

[+NOTCLMATCH.ANCLLOPT)} GO TO 220

«OR

9998} CDsH,0OPTCO

PLACE COMDECKS

LN{23:2) ,EQ.*CV) GO TO 340

1.EQ. 'A%} GO TO 360
E .
NEJMANEC)

. QQ'
L]

o et

MD=363} LN
LH

LT =
i
~a
oo
o

o wr Q
A O D LY
N D
TEO
A et ol 2 e W 00
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364

"END -~ NO QOPTIDN RECCRD PRCOVIDED®)
(over?}
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GLOBAL UPDATE: Robert time filter

Sutaitied by
{ 4 a1l Inquiries to }

Kalcolw MacVean
¥eteorological Difice
Brackrell, Berkshirs
RG12 251

ENBLAND

Notest

1. Tested only under K
option. Due to the
additional OPIT at
24BE27020 which inter-
feres with the normal
1/0 flow of the nodel,
severs reduction in
wall-tlock efficiency
may be experienced
when running An dise
1/0 sode.

X NDISKIPHUPNUZM,
XiTF{1NT KM, NTD'UFIIHTnkﬂl-VFlIH1oFMlgFﬂCONllHT L&C)
T FOCONP{ IMT4LBC )
x,SSFuathTl-SSFvnclnT).ssrunrtlnrl SSFVHPUIMTY
REAL PNUF
X4 EB PHUF
PNU=PHUF : '
PNUZH=] . ~2, "PRU
NDISKS=NDISKA

SAVE INCIDENTAL QUANTITIES FOR USE IN TIME FILTER

|

oOoQaon

D0 210 Ml NSHICH :
FRCONP [N L) 5FKHTP N}

210 CONTINUE

(4

Crmomnm

[ SAVE EXTEWMAL MODGE FDR ULE IN TIME EILTER

C
c :
DO 290 el IMT
SSFUBP{T )=SFUR(T}
5S5FvBPLI}=SFVBLT)
290 CONTINUVE
c TOGETHER WITH QUANTITIES SAVED FOR TIME FILTER
DO 321 151y IHT
SSFUB I 1=4SFUBP(T)
SS5FVB [T )=SSFYAPY{I) .
221 CONTIMUE
DD 322 N=lyNSWILH
FBCONIN, 3 1=FBCONP{N, 1]
32z CONTINUE
c .SAVE INCIDENTAL QUANTITIES FOR TIHE FILTER
DO 323 N=1,NSHICH
FRCONPINy L) =FXMTP(N)
323 CONTTINVE ; . *

=

Qoo = —_—

C TIME FILTER THE TRACERS AND BARCCLIMIC VELDCITIES TO PRODICE
c NEW VALUES AT TIME {EVEL TAU. THE UNFILTERED TIME LEVEL TAU
[ VALUES ON 'DISK' ARE THEN OVERWRITTEN WITH THE NEW SLAB (TF)
[ A —— —

c

DO 348 HM=L¢NT

DD 346 K=1,KH

00 346 151, 1IRT

TFl1, KvMI=PN02H*TII;K.H!*PNUtlTAlvi-HI*TBl!uKlHl!
M& CONTINE

IF!J.PE.JMTMI]TMEN

DO 349 X=1,KiH4

DI 349 1=1,1HT

UFITeKIeGH{T K )¥SSFUBIE)
: VEEIRI=GHI I K} SSFVERIT)
349 CONIINJE

DO 250 Krel,.FH

DO 350 I=),1MT

UFIIyKI=PHUSIUB (T (K)=UF{T4X )+UALT K )

VFIT+K)IEPNUA{VE (1 K)=VF (14K 1HVALTK)
350 LONTINUE
- DO 347 K=l kH

DO 347 1=1,IMT

UF 1R} EPNUZRBISAVE L K UR L 1, K )

VEE LK) =przuay SAVI T K H+VE{ 14 R)
347 CONTINJE

ELSE

FXx=0, -

DD 348 K=l ,XH

DO 348 1=1,IMT

UF{T¢XE=FX

VFL1iK]l =FX
348 CONTINIE

ENDIF

CALL DPUTILABS(ROISK);NSLAB-IJ 1IMISLAB 41, TF)

ND1SKS=KD ISKA

}
H

SAVE EXTERMAL MDDE FOR USE 1IN TIME FILTER

[2XaRa¥alsl

DO 156 1=1,1IHT
SSFURP{1)=SFUR{ 1} .
SSFVBPIIIRSFVALI} :

156 CONTIMIE
TIME FILTERIMG THE STREAMFUNCTIOHW AT TIME LEVEL TAU
THE UNFILTERED FIELD HELD DN 'D ISK*' 15 DVERWRITTEN WITH THE
VALUES FROM THE FILUTERED FIILD PB
POATyJ}=PRIZMEP {1, J J4PHUTIPPIT, JE+PIDD{1,4.J))
CalL OPUTIKFLDS yNHDS 4 IRDISK S~1)sNWDS+1, PR

END
eircular 4, page 6
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002350000
007110000
007120000
007130000
104710000
105010000

116710000

116720000
163250000
216750000
216751000
216752000
216753000
216754000
216755000
2146756000
216757000
229550000
229551000
229552000
229553000
229554000
229355000

. 229556000

229557000
229558000
235250000

- 234050000

236051000
236052000
236053000
236054000
236055000
236056000
236350000
236850000
236851000
236852000

T 248601000

248602000
268603000
248604000
248605000
248606000
248607000
246600600
248609000
248610000
258611000
245412000
248613000
248613500
248612510
248613520
24B81353G
248613540
248613550
248613560
248613570
248613580
268613590
248614000
240615000
248614000
248517000
248618000
2486 19000
248620000
266621000
266622000
266623000

[sRalaNalyl

aGooM

[aRalaNalaRalal

248624000 -

248425000
268426000
248627000
281450000
311750000
311755000
311752000
311753000
311754000
311755000
3117546000
311757C0¢
All7s5a0b0
550950000
56C951000
560952000
5461500000
561750000

[aEaNa Rl sl

(ol el el



GFDL,_OCEAN MODEL CIRCULAR NO. 5
ﬂpr- 23, 1988

If ay current address for you is not ut-to date, plesse advise. Also, anyone-
wiahing to receive a current version (through this circular) of the model on
tape, please notify me. (Mike Cox, Box 308, Princeton, NJ 08540; 609-924-7530)

The main feature of this circular is en updote which allows those running in
core-contained mode to reduce their meaory requiresents aignificently. lonse -
replace 2 pages of your manual with the enclosed 2 sheeta which reflect this.

The follouihg update should be made permanently td the bass coda.
PERMANENT UPDATE: .

TITIRII™"hk

" MALAMALTTIIITRT

~1%64D00 :
ROT OB aNOD (T TT42,3] 41 205900000
LT L A e 00000000
npisks-nobtiHalz 24l o6t $8800
NOTSK -#00(ITT 13141 g¢} 20000
NOTZKASNDT _ 6150000
€ UNUSEDTUNIT T2NDISKB=} AND IRANSEERRED TO THE PROPER UNIT {™NDESKA®) 3 78100000
LATER. RETURN TO THE TOP OF ~STES* T0 DO THE ong Base 278200000
§ "NOISKA® UNIT, RETURN TO THE TOP DF WSTEP= T0 DO THE 3ND PASS. ?35553338
: 7950000
. € IF THIS IS THE END OF THE ZND PASS OF AN EULER BACKKARD IgESTE rqsgooos
€ TRANSEER THE DATA WRITTEN TERPORARILY 10 *No1sxen e irs FiEsT 19700000
DESTINATION (THE ORIGINAL ™NDISKAR) 79800000
: 33300008
TFLHXEEQ 1) THEN .anggoooo
NDISRi=RDISK 602 00000
NDESK=NDISKB 80300000
00 v deerininl oo KX)oNSLABs [J=1)*NSLAB41 s T4 333;33388
cAtt'cpu?fl‘nsfun{§xA;:N§Laa:’J—:2#n§tna¢1:}at 500500000
29 e fpTINGE 804 D885
CALL OPUT{KELDS)NVOS,HOD(ITT+1,3)¢NUDSH1,p 28150000
c SEF DENTIERLOSLMEOT 004 kup1’ 90 2eag 0¥ 55203008
: WA LIKNPLT=Ex fo310000
DO 250 KelsKHH2 321400000
B 4 kit St
[ ]
IF éigoifo.aﬁnrnggall KREF) §i2f§8838
LR it
4 L4 1
e 1Bz EaNaNpAEE Ot 1o KREF, £12328283
;nrot}.x,auoa-roo!r.xaer; 613300000
I H AR R : £16409899
* NSL-Ifnr+33*fn?nnoLagtin?)tﬁn?.nra-ulltn1z+thSLl bls?nnoou X
TETLY.gE13) NS-NSKP+|Z#”NFRST-!IINHESl+|LU—13|l‘HURgil 644100000 K
TFELULGE.L3) NSaNSKP+(2¢{INFRST-L}/NWRET4 (L U=13]] NyRLes 645700000 K

Explanatory remarks:
156400000-281500000 & 640900000-645700000

When running in core-contained (K ottion) mode, it is not necessary -
to save all three time levels of the prognoatic veriables in sepa-
rate areaa of the virtual disk "BIG". This ipdate causes the
taus+l date to be written over the tau-1 area, thereby reducing the
size of "BIG" by almost one third. No change in anawera.

Note that when running in disk mode, thia procedure would cause
1/0 channel interference which could reault in severe reduction in-
wall-clock efficiency. It is therefore coded for X option only.
(Thanka to R. Slater, GFDL)

320510000-322200000

The vertical velocity is computed to be zero at K=KNP1 only within
the limits of the preciaion of the machine, It im later sultiplied
by U and V at KNP}, addresses which are outside their dimensions.
TKe poseibility therefore exists for erronecus answers under certain
circumstances. Thie update eliminates that goaalbllity. Unless the
trailing neighbor array of V was changed by the iccal prograamer,
it ia very unlikely that thia change will reault in a significant
change in anawers. No change for the three sample programs.
(Thanka to M. MacVean, U.K. Het. Office) ) .

{over)
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613500000-616400p00

Ueing the variable "“IND" in entrx "STINIT” aa a DO LOOP index and in
entry “STATEC" as an argusent 1s not acceptables . to soma compllerns.
This update eliminates that potential problem.

(Thanke to M. MacVean, U.K. Met. Office)

GLOBAL_UPDATE: Update to accelerate convergenca of lover lavels.
Submitted by M. Cox, GFDL
Notea: 1. This update sllows one to use longer tino-steps at lower levels to-
speed convergence, It should only be used when the final solution will not

be altered bI this procedura.

2. In its present configuration, the multiplicative factor increases
from 1 at the surface to 60 at S000 meters on an exponential curve end remains
at this value below 5000 m. Lines 119400010-50 may be changed to effect
different configurationa.

[ UPRAEFKIE"’CCEIERATE LOWER LEYELS t40sdss48t 400 kent bt ng 005400070
';“{’20 LIMT,KH)»DZXO®  (INT,KN},ZZ2RXQ (INTHKM)» 808600070

-
BRALORIX5K) /5. E5 }13480010
00 12 ¥=1,KH 1194060030
OTX(KIsHINCEXPIBX*IDZTIKY ] » XBK) 119400040
12 CONTINUE 119400050
A i
rngxu Hog B orxe ‘g.giggggg
D0 185 Ke2,KH : 210200072
sos ool LER5E T IKISFX/ (DZXD(4sK=1140TXR (45 K1 ) 210200074
ikme et mecsemssome ek R0 448588858
et F 1M ST IR HE M xot1.i+iltrn!§igigi¥|&:" 3 S;ooggo
TEMPB(1, 13 IHTKHY=DZXO(1,15 INTKR)#TALY, 1o K3 IHTKNS ’ 42121289
*IT2RXOCL,KS+1ILN) 431960000
TORFUT, K MI=TDIFCIsKsNY/DTROCI KT 440300070

GLOBAL UPDATE: Update for a aingle state variable.

Submitted by K. Cox, GFDL .
Notea: iI. This update allowa one ta run with an “apgarent tenperature”, with
changea to the “STATE" aubroutine to yield an equation of state of the type:

rho = 1.0 - 2,5E-4 * (apparent temperature)

/ UPEATE ;DR A SINGLE STATE VARfABLE FEERRSRAIIRRR RO RR LN R SER R AN
XXX XXX : 8700000
-8890900
-600200000, 601900000
~602100000, 602200000
~603000000, 604000000
-604760000; 605 ¢00000
Ne7e5E= 605400010
RHOET oK ImEXARTXLT,K)
~60580000C» 606200008 1 F 11 05105000
~6069000005 608800600
P D 1oL ) EXA*TX(L, L) ' 809305000
-6094000005s 609600003 e 609300000
-610500090, 516600300

Present distribution of this circular: 46

Australia 2 Italy 1
Belglium 1 Japan 2
Canada 4 Switzerland 1
Denmark 1 USA 22
England 5 Weat Germany 1
France 3

END
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GFDL OCEAN HODFL CIRCULAR ND. &
Dec. 15, 1986

If my current address for you is not ut to dute,'pleaae advise. Also, anyone
wishing to receive a current version (through this circular) of the model on
tape, please notify me., (Mike Cox, Box 308, Princeton, NJ 08540; 609-924-7530)

This circular contains one permanent update that correctas a minor bu "in the
base code, & minor correction to the documentation, two optiocnal (“global")
updates and other comments that may be helpful.

- The following update should be made permasnently tp the base code.
PERMANENT UPDATE:

LENV=(JSCAN-2) = IHT . 250210000 Q
RESHAX=HAX(ABS(QB8SMAX(RES(1,3;LENV))), 350300000 Q
* ABS(QASMIN(RES(1,3;LENV)))) 550400000 Q

Explanatory remarks:

KEXAAAREAK " UXXARANXRX

This corrects a bug in the base code when running under both Q and I
options (at the same time), and rows 2 or JMTM1 contain island
neighboring ocean points. Before this fix, i1t is possible that,
under the above circumstances, the convergence of the relaxation
in RELAX could have been measured errcneously, resulting in the
execution of more scans than necessary to reach the prescribed
convergence criterion,

Manual correction:

On p. C7 of the documentation there should be an m< immediately -
following the equal sign. in Eq. 54. e

GLORAL UPDATES: There are two new update modules available which
may be useful for esome applicationa, They are hoth of considerable
length sand will not be listed here, but anyone wishing to receirve

them may do so by contacting me as directed above.

1. Update for biharmonic mixing:
This module replaces the previoue LaPlacian type mixing on velocity
and tracers with mixing of biharmonic form, uvseful in eddy-resolving
studies. It containa code to keep S instead of 3 rows in memory at
ance.

. Update for wind-forced mixing:
" This module is an implementetion of the Kraus-Turner bulk mixed-
layer model., It takes a given KE input and converta it to PE via
nixing with:n the upper layers.

{over)

zirgslar &, page L




List of global update mepdulea aveilable:

Update Circular
Robert time filter 4
Accelerate convergence of lower levels S
Single state variable 5
Biharmonic mixing 6
Wind-forced mixing - B )

Most of these modules are available either on floppy disc or tape
from me. at the addresa above. Anyone who has developed a module of this type
that may be of use to othera in the modelling community, and is willing to
make it available is invited to do so through thia circular. _

For those nen-CDC users who don’t want the *DECK lines to be passed by
UPDOC to the coapiler, you can get rid of them: by placing the follewing line in
the UPDOC code after the statement labelled 322:

TF(LN(1:5),EQ. =DECK’) GO TO 320

AEEXENERAEEHERERERTERADR

HAPPY HOLIDAYS

* *
»* »
» -*
L L
» »*
» *

ARRERAUNERRUDERLE L RAY
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N_HO RN 7.
Jan. 1%, 1987
1f ;I current address for yoﬁ is not ughto‘datcﬁiplna;e.adVilo. Alsc, anyone
n !

wishing to recaive s current version (through this circulsr) of tha sidel on
taps, pleass notify ma. (Mike Cox, Box 308, Princeton, NJ 08%540; 609-:42~6%31) -

The Yurpo:a of thia circular is.to announce the availability of an update. .
rodule which 1nglg--nt¢ mixing of all “T" quantities (temperature, zalinity,

passive tracers) along isopycnala in the model. The theoratical hacis for-this
algoritha is presentaed in: : :

"Redi (1982): Oceanic isopycnal mixing by cocordinate rotation.
_ J. Phys, Oceanogr., 12, 1154-1158.

The nixing tensor derived there is aimplified somewhat uaing acale analysias,
For numerical atability, a conetraint, read in through nsmeliat input data, is
imposed upon the maximum slope of the mixing vector. To relax this constraint
somewhat, the "zz" term of the tensor is calculated fulls implicitly. For moat
agglicationa, nixing vector alopes of at leaat ©y/Fz=1/100 ahould be '
attainable without reducing the timestep.

This module has been in use at GFDL for several m»ontha on an experimsental baais
with promising results. Due to its computational complexity, a significant
decrease in running speed ia realized in the overall model. However, the.
improvesent in the solution in various aspects may more than justify the
additional investment. :

Anyone wishing to obtain thia (approx. 400 line) module may do so by contacting
ae at the above addreaa. Standard ASCII text file on a PC-DOS floppy diac is
the preferrable mode of tranafer, although 9-track tape ia posaible as well.
Please specify.

List of global update modules availablae:
Update . Circular

Robert time filter )

Accelerate convergence of lower level
Single atate variable '
Biharmonic sixing

Wind-forced aixing

Isopycnal mixing

NEOUUD

A note on using update modules under "UPDOC™. Update modules na¥ be included
in the unit 10 {nput data to UPDOC aa separate entities. After the initial
block of updates with the "OPT=" card leading, additional modules may be
included separately, with “/" cards leading: :

OPT=1,X,C
rersoa #ERARRERE
HUNRRUNER

HENRERRRR

- RERRMRNN S
HERRRRN RN

HARNRRRA R
RENENENEN

/ UPDATE FOR XXXXX

/ UPDATE FOR YYYVY

dsamasse

Care should be tsken that there is no interference between update modulea.

END

ey e 7 e~ 1




- If m

_ X current addres
wiahin

g to receive &

tape, please notify me. (Hike Cox, Box 308, Princeton, MJ 08540: 609-452-65

GFDL _DCEAN MODEL CIRCULAR NO. 8
© Sept. 9, 1987

E to date
hrough t

pleane lat ma know. Anyone

s for you is not u
8 circular) of the mode ogl)

current varsion (

h1

On

pages B2-3 of the documentation, convection within a staticall

unatable water colusn ia deacribed as a s
proceas, wherein the coefficient goes to

cisl case of the verticel diffuaicn

nfinity.

a two-pasa

roceas . in which firs

In the model, this is.
odd levels are rixed with

accoaplished br
their lower neighbor

if unatable, and then even levels alsc conditionally mixed

with their lower neighbor.

This prcoceas cen

obviocusly, leave reasidual

inastability behind for odd relative to even

fe

vels, and to bring the proceaa

toward completion

it 18 necessary to perform aultiple

¥aicall
atabi

passas (NCON>1). ,
it is difficult for thia slgoritha to-

!

In

reasonable atatic
zation is & function of

practice, partfcularly for KM>10 or so
maix the evelu,vigorously enough to maintain ph
etability, 1In sddition, the resultant degree o

tisestep léngth with shorter timest
stabilization.
algoritha which performsz the proces
Convection is in egrated ipto the d
coefficient of aixing in staticall

To eccomodate the large coeff
conatreinta, it ia necemmary to eva
implicitly. The scheme described ﬁ
this gurpoaa. A coefficient of 10
Btabi it¥ quite well, although thia

Besidea maintaining ata ilitY
in a more continuoua, lesa epimodic

lci

eps resulting in relatively more complete-

The following module replacea the above systea with an

a deacribed in Eq (12) more literally.
iffusive procesa by adopting a large

natable regions.

ent without exceeding numerical

luate the vertical diffusion tern

n R&chtiyer and Morton, 1967 18 used for-

em< 8”4 ia found to maintain .
value can be adjusted for preference.
better, the new system conducts convection
manner resulting in a generally lower noiae

level within the solution in some canea.

Although same additional nenort i=s
licit treatsent, the new acheme is generally faster than a

required for the ing

sulti-pasa application of the old acheme.

This is primarily because the

equation of atate muat be calculated only once per grid point, whereaa the old .

achese requireas a new call to STATEC for each double paaa,
model in which convection may
C-DOS floppy diak ia available through ae.

the new module in an

procesa. A copy on

!/ UPD

QOOOR-M oo
- . e e
A BTV AT
D000 New
QOO0 XX
COOOMMM-EX
TMX D
e

I recommend trying

be a critically importent

PLICITLY
Y

15T, CORPUTE THE VERTICAL DENSITY GRADIENT OF THE

»ID (191021 sTEMPASTDIF,TOIFT 12
B (1s102)sTENPB»TDIFSTDIFE

-y
ey

f=Tw 1

:1.¥

Ea0e0) FRI{IsK23)aFXA
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OGS =M
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*rr e

(over)
circular 8,
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GEDL OCEAN HODEL_CIRCULAR NO. 9
Feb. 18, 1988

If mr current address for you ia not up to date, plesme let me know. Anyone.
wishing to receive a current version (through this circuler} of the model on
tape, please notify me. (Hike Cox, Box 308, Princeton, NJ 08540; 609-452-6531)

The elliptic eguatian relating the maaa tranaport atream function to the-
vorticity calculated in CLIKIC is currently solved in RELAX using the method of
successive over relaxation. Since, in thims acheme, updating of the fleld bein
relaxed is done immediately when the reaidual is calculated, the weastern or I-
segment of the relaxation etar cannot be vectorized. This presents a serious
probleam for the overall efficiency of the code. In some model runa where many
(0(100)) scana are needed for convergence, the relaxation proceas may take a-
conaiderable part of the total cg saconda per timestep, with much of it tied up
in the scaler I-1 component of the ater, ne alternative is simultaneous
relaxation in which ugdatin$ of the field being relaxed is done after all
residuals are calculated. hisa han the sdvantage of being completaly
vectorizable, but takes 20 many more scans to convergence that its speed
advantage is more than cancelled by additional computation.

. A new schene has been developed by John Derber at GFDL, using the :
technigue of conjugate gradienta, which has the advantage of baing completel
vectorizable but ?enera ly doea not require more ecans for convergence to equal
accuracy. Preliminary tests indicste that 10-20X and more can be saved in

- overall model running time with the use of thies scheme, depending on the number
of scane being uaed presently. Tests alao indicate that convergence using the
conjugate gradient technique ia somewhat nore adversely affecte bI aharpgy
changing bottom tcpographg (particularly shallow areas), or implicit treatrment
of externsl bets wavea (ACOR>O.) The advantage of the scheme may be reduced if
such conditionas exist.

An update module in UPDOC format has been prepared and is availsble to
implement the scheme. Since it is roughly 200 Elnes in length, I have not
liated it here but will make it available on PC-DOS flo Yr isk to anyone
requeating it, J. Derber has a short manuscript descrig ng the technique and
will provide it upon request. Thanke to Ron Pacmnowaki whe helped expand the
update to UPDOC format for general use.

There are various other major code supplemente currently being'developed
by different users, some I am aware of and possibly others I am not. One
involves & major change in the treatment of the external moda in which the
rigid-1id constraint 1s relaxed, ‘and the free surface height is calculated bI
means of multiple aub-timeateps within the main timestep. Thiz technique will
probably become more asttractive as we enter the realm of eddy resolution where,
fron experience ao far, the relaxation scan count can become large. Carrying
.surface elevation as a prognoastic variaple also has the advantage of
facllitating the utilization of altimetry data.

Another effort involves the implementation of multi-tasking in the nmodel
for use on multi-processing machines. There are various ways in which - o
nulti-tasking cen be imglenented, and opinion currently ag ears to be in a
state of flux as to what is the most approprieste. How will charging algorithme
be written? What mix of multi-proceassing/multi-programsing will facility
menagere prefer? What degqree of auto-tasking will compileras provide? Is there
BDY prospect of having a universal multi-tasking Erotocol? How much redundant
calculation or suEplementarK menory is justified to echieve a given level of
nulti-tasking in terms of the optimization of total machine usagel! The answeras
to these questiona will largely determine the optimum multi-tasking approach.
Anyone who has been or will be engaged in efforts to multi-task the code is
invited to make their update modules available through this circular., I know
of at least one such effort.

Likewise, anyone who hmas developed & code supﬁleaent of any type which may
be of use to other modelers is invited to make it known through thia circular.

END
circular 9, page 1}



GFDL OCEAN MODEL CIRCULAR NO. 10
April 22, 1988

1f n¥'current address for you is not up to date, pleasae notify me. Also, anyone
wishing to receive a current version (through thia circular) of the model on
tape, please notify me., (Mike Cox, Box 308, Princeton, NJ 08540; 609-452-6531)

" Thia eircular containa three Eerlanent-updatea, two of which correct minor buga
in the base code, end one that generalizea the timing code eomewhat.

The following updates should be made permanently to the base code.

PERMANENT UPDATE -1:

IF(MXP.EQ.0> THEN . : . f 561110000

ELSE 961710000

DO 342 J=1,JMT 561720000

DO 342 I=1,IMT ' 961730000
P(I,J)=PB(I,J)+PTD{1,J) 561740000

. 342 CONTINUE _ 961750000
ENDIF 561760000

Explanatory_ramarks:

This corrects a bug in the base code when running with EB=.TRUE.
(Euler backward aixing timestep.) In the uncorrected code, the
stream function at tau-1 (PB) is updated on both passes of the:
Euler backward tineateg. This update corrects the code so that
PB is updated only on the first pass, as is required in the Euler

. backward formulestion. The error occurs only on'nixing tisestepa

and ia found, with recent teat runs, to be generally insignificant
.except when the stream function is changing rapidly in time.  Such
conditions may exiat when P contains high frequency waves, or at the
beginning of a spin-up when P is developing rapidly. For this
reason, the answers in Examples 2 and 3 of the documentation are
changed somewhat. Solutions for experimente which have been

brought to reasonably ateady state with only temporal variations
remelning which are well resolved by the timeatep used should not be
significantly affected by this change. Since removal of the erreor
ceuzea P to evolve more anoothlr acrosa mixing timesteps, the scan
count tends to remain somewhat lower in the corrected code. Thanks
to C. Wilbber at AWI, Bremerhaven, FRG for finding this bug and
naking it known. _ ) ' -

PERNANENT UPDATE 2: 7
DD 168 M=1,NTMIN2 R _ 165300000 -
Explanatory remarks:

This corrects a bug in the base code when running with NT=1 where
an "uninitialized variable" error may occur due to initializing
only half of the TDIF array. No change in answers,

(over)

r
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PERMANENT UFPDATE 3:

T3=SECOND()
TO=SECORD ()
TIME(1)=T0-T3
T1=SECORD()>
~203200000
TO=SECOND )
~-203300000
PRINT 110,TO
110 FORMAT (’ ACC TIME(SEC)=’,F10.2)
TO=SECOND ()
T1=SECOND ()
TO=SECOND ()
TO=BECOKND ()
T1=SECOND()
TO=SECOND ()
T'1=SECOND ()
TO=SECOND ¢)
T1=3ECOND O
TO=SECOND ()
T1=SECOND()
TO=SECOND ()
T1=SECCRD()

Explanatory remarks:

This replaces the non-standard timin
standard function "SEGOND" making
for more users. No change in answers,

END

106700000
165800000

165810000

168300000
203800000
204000000

204100000"

246900000
247900000
248400000
276600000
277400000
925500000

- 560500000
- 604500000

606400000
609000000
610000000
705700000
731800000

call “GETIME"™ with the more
e use of opticn T possible





