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I. SUMMARY

'During the course of this research, three technical areas have

been addressed:

(i) eddy-meanflow energetics

(ii) model extension to irregular geometries, and

(iii) flows around seamounts4

In the first area, three models have been developed to study eddy-mean-

flow energetics in ocean circulation. The formulation of these models

is unique and it is felt that they are the first trulV applicable to

regional energetics.

Similarly, NORDA modeling capabilities have been considerably

extended by permitting the modelling of irregular ocean basins. This

extension from simple rectangular geometries has greatly improved the

realism of the model and its behavior.-..

The seamount studies are specifically directed at an examination

of measured circulation perturbations near a seamount topography and a

comparison with predicted patterns. These comparisons provide data on

model ability to predict flow fields and also on the accuracy of pre-

dictions. ...

Each of these areas is discussed in the remainder of this report.
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II. EDDY-MEANFLOW ENERGETICS

Three software packages are developed and tested for the study o-

eddy-meanflow energetics in ocean circulation. They are:

(i) one-layer g'-model energetics

(ii) two-layer free-surface energetics (large core version)

(iii) two-layer free-surface energetics (small core version)

(ii) and (iii) can also be used for rigid-lid model,

a separate preprocessor is provided for this purpose.

The ocean models when subjected to steady forcing functions usually

reach a steady or statistically steady state, provided some dissipation

mechanism is present and integration is carried out long enough. For

statistically steady cases, a meanflow can be defined as the average of

the flow field over a period of time in the final trendless state. The

eddy field is defined as the difference between the instantaneous flow

and the meanflow. Energy equations are then derived for the meanflow

and the eddy field; they relate the time-rate-of-change of various energy

measures (KmPmKe'Pe) to the energy transfers between them. A schematic

energy diagram is often constructed to quantitatively show the flow of

energy between the different variables.

Several energetics studies have been done in the research of

mesoscale eddies and general circulation. Most of them, however, are

concerned only with the global energy balance, or integral properties for

the entire basin. Our formulation, we believe, is the first for layered

ocean models that has correct Reynold's stress terms and the capability of

regional energetics. Detailed derivations of the energetics equations
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have been delivered to Drs. J. D. Thompson and H. G. Hurlburt of NORDA.

Because of the length and the onerous mathematical formulae, the deriva-

tions are not presented in this report. Rather, we concentrate on the

usage of these energy packages.

A. One-layer Energetics (g'-model)

(i) Run Preprocessor

/ LIIT D45 L, 7 .. T)
! PD 1Y*USi!RCAT/D77/:5,S/L r InLl
/ FO FTJ9FC'O91r L!;J=2L/3/l,,' ,pj.SI=OL LR?- qIC,,¢

1FD)
r- D F T j 9g -o o 3 , -i ' ' D = 2 "' - 3 5 / S j, = I " --= P S 1, ,'f S Z = 4 l ,: gl, ! - ,. = oQ 6f ,2 C r ,i= ',' -S

I MFR FLEI , ID=ubu34,
/ FIT FTCIFOC1
/ rIT FTQ I r rO2
/ FIT FTO9FO,3
I MFR!
/F FTGFO ii, =S12K"l2 ,
/ ASG (9 1,14Y/''1LYV9,0JS.= 1)
I L,1K L.%K1PT=(NYA SF ,j1,K)

LI3RAKY *l

I FXQT T=(Y ,Z),CPTiME--,DC-
1Z NP J,

CE 141)
I CATV MY/ M68 34 ,, = 1'C 2
I E,1j

The history tape is #006834, the output is a long file containing

three years of data and resides on disk "EM6834Y3".

See program listing for the meanings of the input parameters.
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(ii) Run Energetics Program

/ JOr~' LIJoG E mE ILIj'i 117,'1 , X, (C9T')1.)C',T-
I LI41T SAh)='V,9,:.3
I PD 4 Y, ISLRCAT/)7/b,.'LI",LL
/ ASG 01, Y/EN6!LYP3mUS'=Sv,
I ASG J, Y/'JDATSU?=S- ,

/ ASG FT1DFOC19MY/CM/6.i3Y3s JS!=S.!-'
/ LNK L'II'1PT=(NJYo'9s,'i , jDLSP.,C-E2C .
LIBRARY II
INCLUDiE E.'GILi.
LIBRARY ,IJ
I .D C T11DOO1L(,,,=4/iO!1
/ FXQI ,PT=(YL)qCPTik!-=3.9-j',

.I.NP'JT
JTsr=1, LIUH=4% ,qJT'=4lI14~
IPLAj-1 ,!fAY=3j4OISKIP=11, !AXxEC= )79
&tA 4i)

I CATV MY/LRASS ,'C','I = TIi..1- .I
I EiJ

The output from preprocessor ("EM6834Y3") is used as the input for

this program. The user should examine the printout of the preprocessor and

determine the time domains of the averaging process (i.e. ISKIP, MAXREC,

and IDAY). See listing for meanings of input parameters.
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(iii) Switching Storage Device for Data File

I JM LI i.G1.TAP2DS 91 7A', 4"X. L J L , "r'T=(CDl,I,(',T=!u
f LIMIT bA )=28C, , T =1

/ PD YPUSEP.CAT/D77/J5f,/L1'itL1
/ FD P-AiJf=15C/2'5C/2:
/ ASG F,!Y/E 6834Y3,USL-
I CATV iY/EM6'634Y39ACN';=r
I Em7J

/ 0 3 LIN. G 1.1.DSK2 T ,AP x '45 X"- L TL , ' = ))C T=
/ LIMIT "iAD=O,"IN=I'
I PD 'YsUSERCATf77/ 5:/L1, LI
/ ASG F,'1Y/Ei6334Y3,S ,.4
/ CATV 'Y/E 16834Y3 ACP'!=- 'TYP=T',T -

The preprocessor creates data file "EM6834Y3" on disk, ready for

use by the energetics program. However, disk changes for such a long

file are quite high. It is advisable that the user move the file to tape

after each use. The above two short jobs switching the storage device.
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(iv) Program Modification

/ J(4t, L I N $GNI$ ENE R6Y T17 4 5 X L !"I L_1 (C ) C. -

/ L10IT BA '19=5) !11.,=j
' PD 1Y USVRCAT/377135!LI L L
/ ASG S1 '".Y/E/NG1LYRSJjUr:=S.1
/ ASC 01 iY E'J LYR,12 S-:SI .
/ CIFER CAD!IE.'=3K SE2't
<< CIPY S1S2
(< CIPY (31,
<< .1E Gt S 1TEAP ,UPDATL
< SELECT MASI' _

-1.0, 1

I 1'D9P2,JSTP I'. J.II jJ , J.2 i ,A x
-43

IA e.XP2= IM 'X+2
< SELECT PREPR3
-152s152839 F J R MA T (IA , S= j. 5 Aj "K ,PL 2. °  , j= ,i 2
/ FT,' FTVERS=Xs'ITJPT=(J, ,'1 y vj),!,.T.'.: -

/ FD 'Tu6%OI! .,V'=ll/1
f CIFER C. D,)ME=3.,SCSO-24
<< SPLII TEAPS2

<< SPLIT SYS.CI 9,J
<< PRINT $2
/ CATV MYIE"J(ILYRS, C --

/ CATV 1.C2 =
f E 1J

In the event that the user wants to make permanent changes to the

energetics package, the above program provides the CIFER updating

procedure. Changes should be bracketed between << MERGE and /FTN.
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B. T,.;-iayer Energetics (small core version)

(i) Run Preprocessor

J In L 1 , 1 " S f , J ' 7- A , ~,  ,I ', = C -L. T =

I L 'AI T 3 1,),
/ P D 'Y 'SC AT/ 771\ ,AT'L ';-
/ AS5 ' , 'Y/sC.'J<.L?3,'Js.-=S4 -
1 L;NK L' KPT(Y,.\,, bF,:,()

LBIRAD.y -I
I4CL0) E P ,P),
S F ) -Tv q!=,1"'-j b " } L i L I " s ' " s # w ' S L~ t I 4 SC: '. ,

/ FIT FT'C F 'ICl ,EFI,=' ,,2" ,' "
/ ~ ~ 9; :0~4FC1~ =4" /7 Z~ )%K L=4~ y=:

/FX!T ~TC,)CT~=

IzL= ,L,.,ST= 3,

/ C.Tv Y IJ 2,L2,- 5 ,C
I rAT V- Y L2C2 5 , 14'I _::. 2

/ 1:T FT"TUr- :-
! FXAQ T T(Y ,,),CPT,.=.

1 :l)'J T

= A '9= .i , B. 31, - 9 " = 1 . '- b
L = 2 L t S 3T

f "Y/f/j-243,7_-1 .C"' 14
/ C.TV "Y/LL243 -I 7,c,.,=.:r4C-T4

C'~=-.i -
I CT T  

;
I FX T -'PT=(YZ),CPT .1= j

I C AT V " /'J 2 43-? 'C' T I

I CTV vy/LC243c-,r,2 .14>-
I CATV " Y .!F T j .-,.

In this particular case year 5-7 are input to the preprocessor.

Year 5 resides as the fifth file on #002022, year 6 and 7 reside as the

first two files on #000243.

7



Note that a total of 7 files are created by the preprocessor program.

Each year has 2 files (U and L) and FT30FOO1 contains bottom topography

and other information.

See program listing for interpretation of input parameters.

(ii) Create Load Modules

I .J, l LTI I;G, I$LW'19') I 7TX ,A. 9L!'",LA ipf,/T (Cv .I,!
/ LI41T mI4iD5 ,' 1,--
I PF "YUS'-RCAT/D77/.,5./L..i-L
/ ASG '1 ,",Y/SC1R2LR ,IYS =,S'"
I L NK LNK11T=(NYy SyF . , ,)4 L S P.C 2
LIUR411Y 'I'
INCLUDE 'IuULI
/ CATV ,Y/LM *f}!,,',C'J =SYJ.L-',)
I E31J

1 J3"3 LT'~ iGM"i'LD2117A A g,L'i,r.,"T(;,I )

1 LI":T 3 0=, 1=1
/ PD "Y USERCTD77 1 ,C/L!'.t.I
I ASG !l1,4Y/SCIR2LR'.'IUS-=S.
I ASG Ili.) /'~jA5!,jL$I
I LN . LhKiPT:Q4,Y, - , .I P) TLSP ,C=P.
LIBRA4Y I!

INCLUDE '[IJLLI
LIBR- Y . ' J
I CAT, , .17q.
I EffJ

The small-core version of the 2-layer energetics program has two

driving programs (PROGRAM MODUL1 and PROGRAM MODUL2). These two programs

should be executed in series. The above two jobs create load modules from

the object library and store the modules on disk, ready for execution with

appropriate input data.
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(iii) Execution of the Load Modules

, J15 LI 'i' G1i, E521;XUT, 17A '4,A PL IV;'

/ PO 4YUSLRCAT/j77/'1../LIJL1

F 0) F T 10 P 0 1 f,l '1'9 1/ L ,C: ~V'
F DO ~T 7 1 FC01 00 1/ ,C''F V

/ ASG FI41FGOO1,'Y/'J2_Zz
/ ASG FT42F011, M!Y/LZ 2~~,J
1 ASG Fr3)!5-OCq1Y/,T37. I ,~jS:= r

/ ASG L-1D 1MY/1-11D,'JS =SI
/ FXQT
fli NJUT1
IYC=1,1SKI1P=5,L.AX=31,'!;S= ' ,L-ASfr~,:Qo1
ISTH=I SI13

I REL 7 T 41F 0 C
/ REL FT42FO~l
I AS S F T 411:(00 1, Y/U2 3- jI, JS~=
/ A S r F 4 2FO I, !Y/LZ4 3 --. 1 J Y-_
/ FXQTIP PT=( Y , ZGP T1 Vz:9,1 j,
FI N Pi11

/ RFL FT4 1F021
I R -:L F- T4 2C1::1
I ASG F T 4 IFUtIMY/UC- 4 3 Z JS = S
/ 4SG F T4 2F 0 11YfL 24 2, JS =Sr
/ F-X5T I DT= Y , w ,GTI =

&NPUT 1

/ RC'L FT44r-c)'l
/ FL FT42F3,11

RE PfL LWI )
IASG L!I DZ ,M Y/L 02 #JS S.

/ AS G FT42F1rl, Y/L2~2 5 5 =SIl
/ F XQT " P T =(Y vL)G PT iL 9:K." ,G el L

GE fir-



f P-EL FT4117-L .I

/ R L FT421-O'l

A :SG F141F(Jt1,MY/UJZ43L 31,'1 S: '

/ ASG FT42F,3C1,"V/L0243 <.1 IS=S,!
/ FXOT "iPT=(yqz.)vCPT1A'i ', - L, =

SI 'iPJT2
TYC291S(1P=. ,LM.,=i6, C 1 ,LST=3, TP -= 15

IS TH=1, 1 'JH=75 , JSTl=3 j, J'f)" 4 '

ID A Y = 15 r
&E WV)

/ REL '-T41-0r l

/ REL FT42forJi

A "SG FT41F C0[11 Y IJ3243 ."'JS.S
/ ASG FT42FUC, 1 YfL 243 2 ' Js i *
f~ F D F T I1F 0 01 V! 9 =4/2 1/ 2
f FXQT PT=CYZ) CPT1 t=9j') J. j ,=L ID D,)D!"4'

&I.NPiJT ;'

IYC=3 ,SKIP= 9L I 'X=33, : 4 XKC=1 '-L.S r= !, -' :,
1STv--1 9 [ :,D'i=75 j JST11=3 , .i . - 4

IDAY=153),

& E L F141/ R.EL FI41I~t 1

Z RFL FT4 f-i'-. :
/ CAT MY/i ..QSS, C:4i=F-Tlr ..U

This is the main program of the two-layer energetics packaqe. The

output of the preprocessor should be examined by the user to determine

the time interval for the averaging process. For this case the first five

records on the first file are skipped and the averaging period covers

100 records. See program listing for meanings of input parameters.
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(iv) Switching of Storage Device for Data Files

Jl j t-. L r1N. U *1o L)SV2 TAE'L ' IX* 4ik K, L. OIL , ' T=( L ,. ), ,T =1
SL ~I I ; ,Mn=5 ,'.=,

' P) 4Y 90SE.CATP)771.5 -,.L1 i{,L
/ ASG r-, Y/U2C22 C.5*JS; = .i

/ ASG F2, iY/LZ 22F5,JUS ='S i
I ASG -3,1 Y/U243-,1*US S.-'
I ASr F4,'1Y/L0243F%.1,US =S!'.

/ ASG F5,1YUC243FjpUS =Si i
/ 4SG r6 " , Y/LC 243F -2'US , =SI'u
, ;IF-' FILe

f CATV MY /J20 2'Z2 5 , AC ? I i j'TYI=T P -_

I CATV ' .Y/L O22 '5,, ,CF5 :1, ',TY'=T 'F
f CATV 11Y/JC243F 1 ,L % f; -,-=9 ATA L

/ CATV ' YuQ243f-%I. ,"Ic--,cv yP=Tr.P-f CATV ' Y/L 243 , L ,'1_TYP=Te-)

/ CATY 4 Y /L,) 24 p A L 4.-r ,T Y P= T I!r
f m4 F R ",:

SECJ

f LIA.IT I.V.: ,=42 _1 9 =1
,I P) 9YUS RC4TIIYTT/,5".IL!' . L.

I F:D FI,3 ,Dg=4)/7) /5 r, K PSJ.KS:=4c> "O°Fg "'-

I r 2 !,A:i L)=4l17 / 5,7- =S, j ,S Z 4 C?-"C '

I FD F3,t,1ND=4.?/7,1/5,P"J joP , Y Si4r ' PCF"= V
I FD t=4 1A,%D=4UI7 ,/SF: -IN ''S !=4C 9: IRC - "I I
I Fr) '5 6Vi1= 4 1/7. /59'- j S = 4 L'. I C r-I _
/D F6 .AN=4/7/5 J 3-G=PS,.r.=Sb4C,7' ,C F S

I MFR FILeCUT

/ ASG F I 'Y/U2022F5,JUS-S A
I ASr F2 9iYL/222c.5,jS, =S 9.

I ASG F3 ,IYIUC243i_ 22JS =S.l
/ A SG F4 "iY/LC243F' I,US -=S.-
/ ASG F5 9Y /Ul[243 O2,US =S:11
/ ASG F6, '4Y/L 243FC2, LIS'-=S:I1

I CATV " I/U2CZ2 5 9,S .
I CATV .WfL2122F""5 , AC', --I=-r"
I CATV n YV , O24 r l L .' , I
/ CATV Y LL' Z43 3 1 ..LC 1 =4
/ CATV ' /, Uf?,243F;)2 1 s.'iI.:b
I C-ITV IY/LO243F-1'2, ,1 '
/ Er)J

11



These two programs switch the storage device for the data files.

To avoid high disk changes, it is advisable to move data from disk to

tape, and then before another execution of the energetics program,

move them back to disk. Note that the outputs of the preprocessor

reside on disk, they should not be left on the disk overnight.
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(v) Program Modification

/ Pt) Y '3 vC /)7 " r  '  * -A

I ASJ S1 - L '1 /Sc"! Q "I I14 =.T

I C IF.

< vELECT ST WDI

-2;? ?&
S Ei L7, C)T..

Li(LI'F(/) . :. .) L. L'. i)' TIC
.  ,c':: -o, ; ;-A . • ),1 7)

PtX.)(7J) ..

IFA')( 3) rG
IrCTP (I?)o.-.. . L..- PL-rl (P, Cr ?L, _- HI )LV17)

7 . ,)(7 ;
7 'PC~) . .) L 'L.. ( ] ' I ' ) 7

/ FT - V' S='., 4 P =(J".t T ) r

/ F1) T'1 6 ,. 91 = ' /)= 1 /,1

/ CIFER CARrAS f" ,St.,-4
<< SOLIT TA'IS?
<< SPLIT SYS.i 'I
<< PPI"I S?
/ CATV ",Y /S(.,'2L ,S,: CN*,:
I CATV '!Y/SCC2LPvS,-C'..-

User may make permanent changes to the package by executing this

program. The changes should be bracketed by << MERGE and /FTN.

13



III. IRREGULAR GEOMETRY CAPABILITY

The hydrodynamical ocean models developed at NORDA were originally

designed for rectangular basins, because of the ease in applying the fast

Helmholtz solver for regular geometries and the simplicity in coding the

computer programs. Most dynamic feacures of ocean circulation can be

investigated with these "square oceans" and, indeed, the computation

cost is relatively low because of the fast solver and the high degree of

vectorization. However, as ocean modeling outgrows its infant state,

a realistic coastline necessarily becomes a major factor in defining the

domain of the flow field.

Historically, the successive over relaxation method (SOR) is used

to solve the Poisson (or Helmholtz) equation in a basin of realistic

shape. This technique is time consuming (especially when a large number

of grid points is concerned) its accuracy is not quite desirable, and the

procedure is usually difficult to vectorize. In order to extend the

modeling capability at NORDA, JAYCOR proposed to implement the vectorized

irregular geometry Helmholtz solver to NORDA's existing hydro-models.

The technique, the so-called capacity matrix method, was developed by

Dr. D. R. Moore of Cambridge University. It has been successfully used

in Dr. H. E. Hurlburt's free surface ocean models in the study of the

Gulf of Mexico.

The implementation is done in the following way. For each model

we have two packages of routines instead of just one as in the square

basin version. The first package is almost the same as its predecessor

except one parameter NREG is added to the input NAMELIST; it controls

14



the basin geometry. If NREG equals zero, the model is run just as it

would with the regular geometry version. If NREG is not zero, it stands

for the number of land blocks added to an otherwise rectangular basin,

e.g. NREG=3 means 3 land blocks are present in the basin. When NREG is

not equal to zero, a number of subroutines are called by the model

program to activate the irregular geometry solver. These routines reside

in the second package, usually named with abbreviations of Land and Sea

such as "QGLNDSGS".

The present irregular Helmholtz solver can handle land blocks of

arbitrary size (rectangular though), at arbitrary location as long as they

don't share a common boundary with each other. Once the basin geometry

is decided, one can modify the subroutine "IRGBDY" in the second package

to define the basin shape and change the parameter IBP (for number of

interior boundary points) in other routines of the same package. The

first package need not be changed except for parameters which determine

the number of grid points (i.e. ISF and JSF). Followinq is a detailed

description of the usage of four hydro models.

15



A. Quasi-Geostrophic One-Layer Model

(i) Run Main Program

/ J"'4 LIf,."I)L ,',Ll 1 u-, lX '4 . 9LT  ,iLit (&,T=C, I .')q, T=
/ L I"IT :.,', ,)--5 t".I ,r--
I P() 1YJ't..1C.\T/ )77/ L '

I AS'j :-LI vUSt,<C. T/ 77 / 5
A AS_, '1 9"Y,/ .'ILIT "US = S:

IASO I 1~/ ) VicL V I
/ ASG I Y'Y/,J6L ,)SJ =S.'
/ L,, L'IPT=( YP T Y , t r K)
L III RA,'1Y f
I iCLIJ)E 4! 11 1,

LIR V<Y It

LI6RA :Y 1. I

/ FX I'T "PT:(Y .),PTI :I
&I NE) IT
XL = 10n: o Y!_:=I u . '11=144, o9: , 1 r 'T:= 9 7. =T 4 1 -ql~ ~ -
T N" T= : -- - .4 ,,; j, -z 9 1 o ' T ,= ' 16 ,
MA X: )Lk g .L. 2=' q t .T 1l -
Z:0. Z2, .,t': .:,

"QGL1TEMO" is the updated version of Lin's QG one-layer model.

A parameter NREG is added to the input namelist; it controls the basin

geometry. "QGLNDSEO" contains routines bridging the irregular geometry

capability to the Helmholtz solver for regular geometry ("DANSLVRO").

See listing for meanings of input parameters.
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* (ii) Update Irregular Geometry Subroutines

L J1. 1:.).JC' 4 1. T. b 4 W).. =, 5., I ,i = )

f P!) ijY t~jS[PC-4T/')77 /-1')/; Li ipL 1
I 1 ASG Si,9 1Y /Q')1L'.OS[ St'S =US:
/ SG Ml ,MY/,,)rAfrSE1,'S5 =S.1-
/CIFEW

NZ< CO7PY 7I1,12

SSEUECT EVKLN.
-13 t13

-5C 973
-74,74

6L0 L!tIfjU4-,1C.,S

D~76 J=1,sJ"

< SELECT Ix&:iV1Y
-1

P"fRV';TFR 1SI,::5s-)
-4

- C0,1 '-'ikPE

C P I' r- . 31 " i tT -17 f. c T JE L All )-S'. '9?Jiik Y

LJ9/.=LSF-1
j '3 D Y S F

(SELECT LAY~rC
-4

1 11A( 4 9 A.
-14
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E 'JT.Y L ,:r 1 (,,Y V . ,r. ; , _I

I. '1 = .11 JK)

I"AX=-P (" K)

2§ U~i ,J) ;*LJcf
I 1 3 0 j 17

J A = ..(, )

D CI 2 J ' J

(< SPLIT T.L'I ,S2_
W( SPLIT SYS. V;vJ

<< PRINT S .:

I CATV f / WL )S L,

/ EJ

The file "QGLNDSGS" (QG-LAND-SEA-SOURCE) contains the irregular

geometry routines. User should modify this file to suit his basin

geometry. Subroutine "IRGBDY" is the one describing the basin shape.

The above is for permanent changes of the file. All changes should

be bracketed by << MERGE and /FTN.
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(iii) Update QG One-layer Model

/ JI-1 L t I 17XC4'iX. *L PidA -k 9'"T ~.
/ LIMIT d )=5, , ih=,
I PD iYUSE C AT77/1" j5_'/L!'-SL
/ ASr. S 1 '!.Y/ 3L 1TL t S 1-iS S,V"
I A SG I I 'iY / Q (L IT F.I'J S. S, I

/ C IFER.
<< Cloy S1952
<< CIPY 11#12
<< MFRrF S' vTE':J'#'P9,T_

< SELECT CILCU
-13,13

-95

Z I)U =UD'.
If_('JkE ; .6T, T' 3 '  . 421

D1 421 J=2,JSF .
01 421 I=2,.YSF

421 Z U'=Z U'J!-.S (. sji;,!)

1° "Z  IS -2 )+(JS . - ) + 1-
Z0'J1=ZL U'+4 PER- S( 1 ,1', :I)
S ..'_7M J =- Z' r , )I- , JS t -2 )+

T P .)
.)1 422 J=IPJSF
DI 422 I=ItIS--

422 S( I PJ A I )= S Ii + ) SIG 11.

G,1 T.1 424
423 Ii F=1

CA LL I T.Pr (S(I v!is' 1))9 S.: J3" S( T 'D J;Y ' ) ZDJ-!P 1'

424 CiTIN'iUE
C SELECT 4 I'

REAL, Q 10I"
C I JNP i/ IzaA J 3j Y

J1lVY=1

-237,237

-241 P242
16 ZO I=Z t 4+!'S. I J

LI'U9=/LUUI+(ISF- )f(Js-:-2)4 0

-Z459,46

CALL I'J ij, A ( S< : JS- : Z , !- ' )

-248,249
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-3 3J 33
1 )'Jl~v.C, .

-334 3.-1)
66'9 ZTJ I =:Z )U'!, S(C 19 "i

Z,) ! =I D / !J 1+( ( . F 2) a ;i--J ' ) ' ; J : Y
-337933"-

21 CA'LL IITUA (S(I,' ,),:S,YS(: ' )y .) , .,1 S.)
-340, 34.

-1'W U i= . i') I , F i- .. ,

-343,343

/ C IF"
< < S"r'L IT T L i SI

I < SDLT SYS,. "9, 2
<< PR I fT S.-
/ C ATV MY/;LIT& .S, 'S .U s
I CATV 'Y/GL 1T_"'AL

This job is for permanent update of the QG one-layer model. All

changes should be bracketed between <<MERrE and /FTN.
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B. Rigid-lid One-layer Model

(i) Run Main Program

/ JlJs LI , J. 'L1 iS,1,-4 ,IL R TL ,, f , 1 ) 4 L -I, C "

/ LI" IIT , '...i ,l,=S
/ PC) Y 'S: , T n T 5.' IL

11 ,S , LZ I 1 US E iC.A T 7 7/t_.5, /- ,j> S I

I ASr I ",Y' /c .rL1';FI I"JS =S iQ
/ AS G2 "' Y/U),'iSL '1 J-,L= '
/ AS r13, Y/LA )S ,,IJS =.i

L 13 R .1 , J1
I NC L IJ ) E 'i ll i '
LI3RAoy '
L 13 R A ,y Y :
LIRIf:Y ,L

I FXQT 'ItT=(Ys,:),CPTI' izg;>
E. I NJ P JiT
XL=I j 0 . YL=IC', Tj 71 2 t !JZ 5 I \ ! . ' ,. = ' "

FL =1* _--Q4 ,=2. -11>1 1!. L -'4 ':= " , '11'*= * :, P #: T=b.,TZZL-??=36

T4AX=.,AXtIL=2' 4L;,'= .5,TST.''--'

NR E r) =1,NREFG=I

G E jn

"RGLINEWS" is the updated version of Lin's Rigid-lid one-layer

model. A parameter NREG is added to the input NAMELIST; it controls

the basin geometry. "LANDSEAS" contains routines bridging the irregular

geometry capability to the Helmholtz solver for regular geometry

("DANSLVRO"). See program listing for meanings of input parameters.
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(ii) Update Rigid-lid One-layer Model

JOB LIN,17XO45XO,LIN$LI,OPT=(C,D,R),GAT=O
I LIIJIT dA,, )=S ,I ':
I P) MYUSERCATIJ77/L'5',/Li.,;Li
I ASG Si 1PY/RUL11EwS,'JS =,:KI AS ~1 M Y .... j,: US' =SH"ASG 1 RG _I, ,

<< CIPY SI,S'

<< M=.RGL S2,Tr-!, JPJT-:
< SEL'CT CALCI
-5,7
-11 ,12

-15 ,15
I [JX2, I3,T FDX2 , T.U J)

-43

-7,097

-76,B 3
45G CALL S1VL'rF&.: )

-94v95
-1261126

503 CALL Lrtk SC ,
< SELLCT 1.41'1
-94 ,97
-101, 11,1
-1,36

-123,123

-177
Tt< I K =2.'• R q'tX

TRD)Y2=2,* RDYZ
-225,22Y

IF(RiEG ,IT. ') .LL "'
/ FT. 1,Y,4, )),i I=TEf

/ CIF i
<< SPLIT TE'f',S?
I'.< SPLIT SYS..V'il ),,?
<< PRIT $2
I CAlV MY/FIGLNtWS,(.CN'", .
/ CATV MY/FKGL1 E.4" ' I
I EIJ

This job is for permanent update of the rigid-lid one-layer model. All

changes should be bracketed between<<MERGE and /FTN.
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(iii) Update Irregular Geometry Subroutines

/JPJ L 1 -491 XC4SX L I % Li,9 IPT=(I, , ,P.,C.I-

I LIMIT ;IArN9)=5',A'.1 ! =,,
I PD 'iY9USLRCAT/rU,7/.5i5.,/L[ ,L
I ASG Si '0Y/L4-'1 S'.,Sq. S =S ;'
f ASS ' i 1Y/LANJ)SEA&91JS =S.11
/ CICOR
<( C'MPY SIS2
<< CIPY J.91
<< MERGE SiTE'1PUPD1T-
< SELECT :%)
-10911

DATA I3i(i/t1p,:, /
/ FTN TI r=X ~ P~,. ~ 9 ~*) 1~
/ CI=ER
<< SPLIT TEMPS?
(< SPLIT SYSO.'I),O2

<< PRIN'T $2
/ CATV 'IY/LA14 'S tAS, S
I C ATV '4Y L A )SF A 9 A

The file "LANDSEAS" contains the irregular geometry subroutines.

User should update this file to suit his basin geometry. Subroutine

"IRGBDY" is the one describing the basin shape. The above job is for

permanent changes of the file, all changes should be bracketed between

<<MERGE and /FTN.
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C. Quasi-Geostrophic Two-Layer Model

(i) Run Main Program

/ JB3 LI-,J. '!)L.GQL2NEw' " I 7X 45X j-±i': .,l =(CjDt .)C'T=!

I Pr) -IY91JS[2 CAT/1)77/.i',,,'L'- t'Ll
/ ASG Oi p 9YI;?L2J',US =S-i
I ASG O2,'I/Q2L _SC',"JS=S:V
/ ASG 03, 1//f},f,'SLVPV1,'JS =S:I '

I ASG ItLI",jUS[P.CAT /07 7' /1-5L t',USr S,.
I L NK L NK nP T =(C. Y ?,Sj }

t I RARY J1
INICtUOE ,7,',I

LI3RARY N2
LI3RARY ,':

1 FXQT ,JPT=(Y Z)9C:T "_= ijj
&IJPUT
XL=10n,)° YL=I1.7 Tj) =144 :1-. : '=5(, P= 2,1 9, " : = .? !T T=4 0"..
FZ=7.43E-C 5 8! =i•8:--11 , I ,"T=,, . 5 --. 14 , =' . . I ti= 'lT = 5 , V fIT = ';-', EULLk- :=461

-m)= 6 ) ,- .-% IJ = 1 ; . ' i6 =7 _ S

TSTAR T=-I . T ,,,X=6 ., -j:,
IP.RIJT=3,

NR EG=I
&E

"QGL2NEWO" is the updated version of Lin's QG two-layer model. A

parameter NREG is added to the input namelist; it controls the basins

geometry. "Q2LNDSGS" contains routines bridging the irregular geometry

to the Helmholtz solver for regular geometry. See listing for meanings

of input parameters.
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(ii) Update Model Program

I J~i L Ii~ .QLU*L?'A-_S, 1t.4Y' ,L 1 ,91 =Crj '3,fr

/PO mY,USRCATD77/_'5j/L!', L1

/ASC, SI, 1Y/U(,'')E-4S,1JS =S i'
/ ASG =S'
/ CIFEQ.
<< C19Y S 1 ,S'

<< COPY iE S,TED,39,T

<< SPLIT TLIPoS2
<< SPLIT S.1)i
<< (PRI1T S?

I C4TV 11/~'L~F.1 =S'_
I EATV

This job is for permanent update of the QG two-layer program.

All changes should be bracketed by «<MERGE and /FTN.
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(iii) Update Irregular Geometry Subroutines

/LIvIT tsA.10=5C 911'=
# I PD 'iyUS:RCA/D71hil).'Ll O-LI

/ ASG S1 ,MY/QJLDSES,U(S, =Si!

/ CIcEP.
<< COPY S1,52-

<< MERGr 1,E ,unr

<< SPLIT T-.-1)3ilS

<< PRINJT S"

/ CAT iY/ .2LJ%)S[UPL.'
/ EIJ

This job updates permanently the land sea package for a particular

basin shape. Replace dots with your changes.
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D. Rigid-lid Two-Layer Model

(i) Run Main Program

I J(113 LI%."0L.R5L .ic ,p T(X ;4 .L1,1 , =( . D .1j . :

/ LIMIT b.'=5,)9MLL=1"
I PD "Y~tJSFCAT/f)77/-T5L/L1. j L1
I ASG eiiv/R;L2"IwiOiiS=S I
I AS, O2,Y/R2LAJJSE1'J-=:
I ASG 73oiY/r)PASLV'! 1,I$S=S1 i
I ASG L " tS PC T IT l.5, L sJr S!

I A Sr S1 9AY/,42LYJSLSIS" =
I CIFE.

( SELECT <GiDY
-7,

DITA .1'4I/15
-10,1

-D AT w -* .3:;,/ I i I p , i , /

/ FT N FTVEP S=FX fF-T''IT (j,., IY 0', p) r'i= E:'

LI3VR.Y J:
W tNCLUOE t 1%
LI3 R'Y '%

LIjNA'%Y 113
L Id PALIY 'ILIs
9 FXQT 41PT=(Ys ),PT III'V..

FINPhIT
XL=I" ,.YL=IO1 .' * i=£ '°*,,L=5q- , 3' -:..rP= . " =*
FZ =7 4 .3- -- t ; it 8 - ,T"T .5Z ' ) '.H L.= . JT 5. P :'T 9 . IZ~ I =

T A AX=3 6 ,"AXE1JL=2,AL.=i.* ' T T=
O,=1 Z.C -,P=2.j5 T T=. - .p
T M A =3 T TST A T =-1. P I , I: P ,'IT= .

G E 4jr
I E 7J

This job run is a rigid-lid, two-layer model with a flat bottom

and closed basin. "RGL2NEWO" contains the main calculation. "R2LNDSEO"

contains land-sea information.
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(ii) Update Irregular Geometry Subroutines

I LImIT dAN')=5.i,MI
I PD MY POSRCiJTl77/~1- l-! ' L!
I ASG S1 91Y/R2L'4DSES,J.S-=s':1
I AS5 11 Y MY/R2L'J!)SE,'iJS =S.41
I C IFER
<< CIVY S1,S2

I' FTN FTVEERS=NX ,FET! 1PT=(,J ,'I~VY P, ) =z
I CIFER
<< SPLIT TE!,S2

Z<SPLIT SYS.111D,0J2
((PRINYT ScL

I CATV IYP2NSSI' S
I UkTV 6 Y IV.LW4rSEtz7 1 9
I EL9J

This job is for permanent update of the land sea package.

Changes are inserted at the dots.
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(iii) Update Model Program

/J,73 LI..,L.RGL2_UY]T!7v' r.X OLT "
/ LIMIT tJfl=5. .
/ PD MY'JSERCAT/)77/,)5 /Li ;L I
/ ASG SI, Y/,L2 W'iz- Si
I ASG 01 MY1RjL2;JE'J1 'JS' =S
/ CIFLR C.\ &1t_"=3?K SzC-2
(< CIPY sivs2<< CIDPY $1v

(< ME'-GE SZTEIPPUPDAT.

/ FTN FTVERS=%X9FT'i'1PT=(4,Js.,9 f ''iJ, ), 'P
' C[Fk CUOIm.E =
(< SPLIT T-MPjS2
<< SPLIT SYS.VI.),Z
<< nIl,,'.T S2
/ CATV -3Y/)GL2.ES,.C1 -

ICATV tl1Y/R(L2'd," 9
9 ;.(ri

/ E'J

This is for permanent update of the main calculation program.

The changes should replace the dots.
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IV. SEAMOUNT

A joint study is presently being conducted with Dr. Andrew Vastano

of Texas A&M University on flow effects near a seamount. Dr. Vastano

has gathered data from drogues released in the western North Pacific

Ocean. The drogues passed through the Emperor Seamount chain located at

approximately 400N, 170 0E. The path of the drogues was dramatically

altered in the vincinity of the seamounts (see Fig. 1). Using models

presently available at Code 322, NORDA, the dynamic effects of flow

around a seamount are being investigated.

The first model chosen for use in this study was the barotropic

model. This model demonstrates the effect of the external mode. The

model is designed to have a steady prescribed inflow along the entire

western boundary and an open eastern boundary with conservation of

mass transport strictly enforced. Numerous experiments were made using

10 km grid spacing in x and y, a coefficient of eddy viscosity of 3x1O5

dynes/cm2 and an inflow velocity of 10 cm/sec. When the model was run

with no topography, solutions were steady out to 90 days. However,

when a small magnitude seamount was introduced, a disturbance appeared

on the upstream side of the seamount. Tests showed that the steepness

of the seamount was not the cause of the instability. The disturbance

disappeared when a westward flow was used or when beta was set equal to

zero. The western boundary condition does not allow the "Rossby Wave"

out of that boundary and the solutions degenerate (Fig. 2).

A number of methods were tried to alleviate this problem at the

western boundary. It was finally decided to use viscous damping at the
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boundary of the form CD V where CD is a drag coefficient of 5x10
- 2. This

boundary damping was also used at the outflow boundary to avoid any

instability on outflow. Figure 3 shows that the solution using the

boundary damping ran to at least 200 days without the instabilities of the

previous cases.

After testing the effects of the location of the seamount in a

basin the size of that in Fig. 3, and a test with a topography like

that of the Emperor Seamount, a two-layer model w'ill be used and drifter

tracks will be made from those solutions to compare with the real data.
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FREE SURFACE DEVIATION

5~Q H= 0.05 M DAYl= qo

.... ........................ ---................

. ............ ..................

............................. ........ .

...................

(Km) 0.

0 (KM) 800

FIGURE 2a

"X" Marks the Center of the Seamount in all 4 Figures
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FREE SURFPCE DEVIRTI0N

DH= 0.05 M OAY= 50

......................

0 (KM) 800

FIGURE 2b
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FREE SURFPCE DEVIATION

640DH-i 0.05 M DAlY= 60
6 4 ,....--- ------ 4 ..... I I

(I..........

0

0 (KM) 800

FIGURE 2c
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FREE SURFACE OEVIRTI0N

60DH= 0.05 M DAY 70

0KM ..M..80

FIGURE 2d
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FREE SURFACE DEVIATION
1920 H= 0.10 M DRY: 100
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FIGURE 3a

'' Marks the Center of the Seamount
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FREE SURFACE 0EVIRTI0N

1920 DH= 0.10 M DAlY= 200
-..... I I -- - i... . ... --- --- I I L .3....
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FIGURE 3b

'T' Marks the Center of the Seamount
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