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00000,(23),24)0 20000,0000 apy/mH ,ap,/HOOODOO,

FU
m(x/H)e = —(ps)y + 200t /H + FV (2.26)
ooa,
_ —apo 0 _ A @ 0 !
FU = i /_H[Eu mnuv/a — F +a,00/z pAdz]dz (2.27)
_ —apo [° _ 2 _po, 9 [° '
FV = I /_H[[,v mnu’/a — F +ap0/z p(pdz]dz

OO00.00000,(.250 (226)0000000000000000O00O.00O
g,gbooooooad.

(mwA/H)At"‘(@btp/Hm)wt = (FV)A_(FU)cp+¢A(2Qn/H)w+¢w(29n/H)A (2.28)

gogobooooogoo,boo

O=[ ()i (2.29)

000,0000000000 ()0000000.000,0000000000
ooooo.

(u, v) = (@, 0) + (@, ) (2.30)
00 4,00 (223),(2280000000. 490000000, (2.3),(24)000,
0000 (22400000000.0000 p, 000 000000.

_ 0
uy + Lu — 2Qnv — mnuv/a = g (/ pdz) + F* (2.31)
poa Nz A
_ 0
vy + Lo + 2Qnu + mnuu/a = _g(/ pdz) + F? (2.32)
Pod Mz P

o, 0w,y 00000.000000000000CC0O0000OOOOO0O0O0
goobooooobobb.e,o00boooob,boboboooboo.

(4, 0) = (v —u', v =) (2.33)

¢,y 0000000,0000000000«,»"0000000000.0000
0,00000 ,000000000,0000¢,Y0000000000000
goooog.
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3 dooooooooon

O000000oOo (slandD000D0O0OD0ODOODO0O0O,((228) 0000000
goooooboo.

»=0 (00D0D00O0O0OD0) (3.1)

000000000000 0D000000000 (multipli-connectedegion) 0 0
.o oobooood

V= Uy r=1,2,3,.., R (3.2)

gbod.-r0oobgbob.obt pbobbooooo. gy ogooooo,
Kamenlovitch(1962)J 0 0 0 00O O O (Antarcticcircumpolarcurrent)] OO0 OO
ggooboooobobod.

voggooooooog,

(v)e==V(p/m) + G (3.3)

000.vO0OOOOO0OO0OO0,G0000000000000000000000
000000.3.3)00000,(2.2500 (226000000,

0
—-H

kx V== [ (Vp/pm—G)dz (3.4)

O0D0.(k00000000000DOOO0DODDO0OD.(B4D HOOD,OOO
goo,

VX%H?XV%)Z—VX%/LG@ﬁm—Gﬁ& (3.5)
000.0000000000000000 (@ 100).00000000000
Dooooooo. )

Y =1+ ;Mrﬁbr (3.6)
@mmmmm¢ﬂjMmmmmmmmmﬁﬁmuwmmmmmm
Vx(k/H x Vi) =0 (3.7)
0oo000.000,00000

$,=1 (0r00D)

Y, =0 (00O0OO0) (38)
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M//////////////
’% @

ISLAND |

/OUTER BOUNDARY /
T T T T

Fic. 1. A closed ocean basin with two islands.

O12000000000000

36) 000000, 000D000000DDO0D0ODOODOODOODODODO.

R
WPy = é+1+2ulr+1¢r—¢ll] /2At (3.9
r=1
oboobooobl/oobbbooooo.

0000000000 ¢,0000000,(3.5),3.7),3890000,
Vx(k/HxVipht!) = Vx(k/Hszﬁl1)—2At[Vxé/_oH(Vp/po—G) dz| (3.10)
0oooo

$=0, (D0DO0DD) (3.11)

p-(r=1,2,3,..,R) 0000000, 0000000000000 OODODOOOO
gbb.sudbbuogogbbouoboooouooooon.

fs[k/H XV i,ﬁﬁlw,] ds
= — ¢ s{k/H x V(" ') -

00000000000,3.12)000 ROOODOO, Wt (r=1,2,3,..,R) 0

T

O000oOOO000oOoo0o0ooOooO0.gooo0o G1auoooooooooo
goodo.goobbooooo,

3.12
oy (3.12)

7 | [V w/n) ~Gldz} ds

f{s[% /_ OH Vp,dz] dS =0 (3.13)
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000,p,00000000.000,2.2400000,

j{s[% /_OHVpdz] dS:}{s%[/_OH(V/ZOpdz') dz] ds (3.14)

gogd.
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4 OJdo0ooooood

00000000 (finite differencingscheme)l OO0 00000000 ,00000
gogoogoooobooboobooobouobobooo.bo,goo,bbbooo,o
goodbooooooobooboboobboubobo,bbbobboooo
0000.00000000000000000D0000DO0O Arakawa(1966)1 O
O.Arekava0 000000000, 00000000000000000O000OAO
O00,000,Phillips(1959)0 0000000000 0O,0000 00000
goooooobouo.booboobooboooo,bobobooo
gdodobbbooobboobobooo.oobbobbobooobboboooa
0000000 (systematierror)D 000 O000ODO.

gboboboboob,0d0bodg bbb ouooobbogg.

¢+ Vg = 0 (4.1)
Voo = 0 (4.2)

gob,o000dgobubob.n0dgobobbbbooooobobbon
gb.0bogobobobboobbobboboobboobuoobbbobbood
goooon.

n-v = 0 (4.3)

000000000 p000000,0000000000.0000000 a,0
000.0000000¢0000 Q,000.0000000 @.1)000000,
d
a7 Qy = — § qv-ndS (4.4)
dt
0000,»0000000000000000000.000000000,00
000000 (4)000000 440000000,

ooboo,00s0b000000 BOODODOOODOODOOOODDOOODO.
goboooo,oobobobbobobebbobb,0bbbOO00O0O0bDO0OOO
oooooo. A,0000D000O0,WOO0OOOOOODODOOO.OOO,4.40

goboooooobon.

d B
an%@u = - ZQbeAb (4.5)
b=1

000 00000000 ¢gU0OU0O0.ODObDDDOODbOObOObLO,

f%%:o (4.6)

b=1
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O00.0000000000C000000D0obDOob00O0ogg, Noh(196510
goooboooobobooobooooon.

gobogobooob,0bobbbuobboboobobboooooobooon
goboboog.gogooogd.

N

L = ) Qo (4.7)
=1
7]N

L = ) Qo (4.8)
n=1

NOOoOooooooooboobbh.LOeUUODbUooobobbooboooo
0,L0 0000000000000000D0O0.000000000 (4.5)0
goood,

dIl N B

% D> aVedy (4.9)
n=1b=1

d1'2 N B

=1b=1

3

000.(49000000000000000D0000000O00OODDOODODO
00,dL4/d¢=0000000000.000000000000000000O
0000,00000000000000DDOO0DDOOOODOAO. (Bryan,1966)] 0O
oo0ooooooooboboO0oOo,0d0 @1000DbDOooDOoOobboOobOOo.oo
gbdd,egbiood

g = (Qn + Qb)/2 (4.11)

000000000000 00000000000000.Q,00000000
0000000 ¢0000000. (41000 (4.11)00000,

L,

N B B
o= L[ Vs + Y QuQ Vi) (4.12)
b=1

n=1 b=1
O00o0o@e)ioioooo,00oooo oonoooooooo.opoooon
000000000 ooOoooooooogoo.go)uooooooooood
goo0oooooboooooooooooon.

goboboob,bogbbooobbobooboooobooboboobobo
OO0000O0O000D.0D000goooboOg, Arakawa(1966)0 000 OOO0OO
O000D0. Arakawa(1966)0 0,0 00000000000 0DO0OO00OO0ODOO
gooobogo.
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S ooon

00 ¢, 4, K 0000,00 A, 9,2 000000000000000000.
000,\, ¢, 00000000000,

o= YA (5.1)
i=1
jl
wo— @y = I A (5.2)
7j=1
kl
w o= — YA (5.3)
k=1

000002000,000000000000000000000000000
0000000.000,00,00,00000,¢4+4%,//+3, 0000000
00000oooooo.oooo,

1 1
)‘i’—|—1/2 = )\;:1 + EAZ'I+1 (54)
o 1

Pjr+1/2 = 90;':1 - §Aj'+1 (5.5)

O00.0000000C00D00D0O002000000.0000 Leith(1965)0
gbooboooooobobo.oooobobobbboob,bboboobooooo
00000 (meshingd 00 ,0000020000000000000,0000
ggbboobbib.«0o000oobbuogooobuoobogobo.

gogoo,gobob,0obobboboobobobbboobbooobobobbon
gogo.bggobbooooobobobobboooo,obboo k’+%DDD

ooo. )
Ziy1/2 = 2 — iAk’—H (5.6)

gooobbooboiliogoooon.
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u,v u,v
? 4
§ ]
: |
TSY | TS | TS¥
i i
H 1
1 1
u,v lu,v v u,v
L ————b e ? —————————— °
| I
I i
TSy | TSy | TS¥
T ]
I 1
i |
u,v n,v v uv
O —— o ——— ————— - ——— P e ]
] |
: ]
1
TSy | TS¥ | T.S¥
| ]
1 I
1 1
1 1
‘u,v ‘u,v

FiG. 2. The arrangement of variables in the horizontal plane for a grid with equal spacing
in both directions. ‘

Oz2.00000002000000000000000000D0DODOO.

TABLE 1

THE PATTERN OF VARIABLES®

i J k
u, v 1 1 1
T,S 3 3 1
Wu,e 1 1 3
Wr.s 3 3 3

® An entry of 1 or 1/2 indicates whether a variable is located at an integer of half value of
the index.
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6 DO0oDooon

“‘box method”"C OO DO ,00000 (231)000000,00 /00000000
gobobobOoooooo.obobobob sauboboboooooo.ooon
gobooooogooogo.

o1 = a?Ais1)a0j 120k 41/2/m; (6.1)

oo

Aiyig = (Ai+Ai)/2
Ajrip = (B +4811)/2
Agriz = (Ag + Agir)/2

oood.0oooooooa,
al[(u'l“ _ ul_l)/QAt _ Qn(v'lH + Ul_l)]

k
ag

=Ck — p_Ak+1/2Aj+1/2[Ak(pi+1/2 — pim12) k=1 + D_(Pis1/2 — Pi-1/2)g-1/2]
0

q=2

(6.2)
g0 kO0ODO0O0O0ODOOOO. (e2)00O,000000000000,0000
004 7 k0000000006200 00000000000000000O
O.000, 0000000 j000000000000.000000,00020
oddoooododoooooooooooood.

Pi+1/2 + Pj—1/2 = 2p;
Pk + Pr+1 = 2Pk41/2

oO0bOoooODbOobobDO ¢yObOob,00o00b0oboboo.

6
C, = — Z Vo Apup + aquvmn/a

b=1
+a? Ay (Djar2Bir1yo) (k-1 — ug) /A — (ug — Up1)/Dpa]
+AM{mAj+1/2Ak+1/2[(Ui+1 —ui) /A1 — (wi — uim1) /A
+ Aiv1/28%1172[(uj-1 — ug) /mA; — (uj — wj1)/mA; 4]
-1
+ (1/1(1 — n2m2)u/a2 — 2nmA]‘+1/2Ak+1/2(’UZ‘+1/2 — ’Uz'_l/g)} (63)
0000 (2000000000000 00D00D0D00DOO0ODODODOOOoDOoOOO

g.ggggb,gpgoouooobooobbboouobboobboobobbod
O00,0000000D00O0000 2At0000000000DO0DOD0OOOO
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i
R [}
Ai+z | v
4
?T.S; {T,S
)
1|
: *(u,v)i‘]‘k
]
e
T.8
Ax+y ot /// ; 7S
’ %
/
/
7
e Y Ai+2L__’
Ai |
I o
Iyl
u,v u,v
L
i |
L
I T(T,S)i-r";, -3,k
I
S N P,
U,V // ! duU,v
Ak"l"-'z- // |
y X
/
/

— A —

] F16. 3. a) The finite difference cell centered on the points at which the horizontal velocity
s calculated. b) The finite difference cell centered on the temperature and salinity points.

030000000000 00ODO00000oooD.hyooopDooooo
gbobooooggog.
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O0.00000,Richtmyer(1957n 0 00 000000ODOOOOOOODOOO

gogoobobooobooaa.

000000000 0o0ooooooDOooD.e2O00000o0oooDil+10
[-1000b00o00b0ooboooooob.coboog,coooopobooOoo
0000000000000 (Marchuk,1964)0 00 00000,0000000
goopooOooobOOoOo,00oooood (mplic)C00C0O0O0OO0OOOOOO,
000000000 (inertialperiod) 0 00 000000D0O0D00O.000,000
OO0 4°00000000000000O00O (coarsgrd)D 00000000
O0.00000000000,00 (@djustment OO0O0O000000ODODOOO
O000O0obooooO0ooooOo.o0oboooD,0000o0oooOgd (grid)

guodgbbooboooboboba.

(63)J0ooobf0oooooooooUooo.cg,0booooboobooog,o

00000, 4, k000000,

ViAdiuy = Ak+1/2Aj+1/2Ui+1/2

X[atliv172 = (Yig1/2,j-1/2 — Vit1/2,5+41/2) [ (H1Aj11/2)] (6.4)
VaAgug = _Alc+1/2Aj+1/2ui—1/2

x[atii 172 — (Yi-1/2.5-172 — Yic1j2,4+172) [ (H2Aj11)2)] (6.5)

V3Aszuz = Alc+1/2Az'+1/2Uj—1/2

X [a(ﬂ)j_lﬂ - (¢i+1/2,j71/2 - 7,/11'71/2,]'71/2)/(1.'13Ai+1/2)] (6.6)

(6.8)

m
ViAguy, = —Ak+1/2Ai+1/2Uj+1/2
v
% [“(E)Hm = (1412 = Vi 1j25112) [ (Hibisapo)| (6.7)
VsAsus = alukfl/ka71/2/(mAk+l/2)
VeAgue = _a’luk+1/2wk+1/2/(mAk+1/2)

(6.40(6.7) 0000 40 40000000000000.

1KM

(4, D) = (u, v)g — H Z(uqa Uq)AqH/?

g=1

00,0000 Hy, H,, H;, H,0000000000O.

H1 = maximum of (Hz',j or Hi—l—l,j)
HQ = maximum of (HZ,J or Hi—l,j)
H; = maximum of (H; or H;; 1)
H; = maximum of (H;;or H; j1)

(6.9)

(6.10)
(6.11)
(6.12)
(6.13)
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00000000000 0D00D0D00000 (diagnosticrelation)d , w, v 000
T SOo0o0ooooooooooooobooa.

aq

4
A (wk—l/Q - wk+1/2) = - Z Vo Ay (6.14)
k+1/2 b=1

Vi, Vo, Vo, V4O OO (6.4)0(6.7) 0000000000,

T, SO000000000O0,000DbOb0bOOob0O0bDOoOooboOoOn. “pox’method
0000000000 3b0000000000.00000 7,Ss0000000
goou,bobooogoobbob.booguoooobbboobobob.

Qg = azAi+1Aj+1Ak+1/2/mj+1/2 (615)

0000000000,0000,000000000000,i+%,j+1, k00
0000000000.00000/0000000000000.700000
000000000000.S00000000,70000000000000

oo.
oo (T — T J2At
6
=Y VAT, + A’UA [(Th—1 — T3) /| A — (Ths — Tios1)/ Apa)
b=1 k+1/2

+AHa{mAj+1Ak+1/2[(ﬂ+3/2 - Tz'+1/2)/Az'+3/2 - (Tz'+1/2 - Tz'—1/2)/Az'+1/2]
-1
+Ai+1Ak+1/2[(Tj—1/2 - Tj+1/2)/mAj—|—1/2 - (Tj+1/2 - Tj+3/2)/mAj+3/2]}

(6%

(6.16)
oooooooooooooaon.
a
AViTy = §Ak+1/2Ti+1 (U118 4372 + 1D 41/2) i1 (6.17)
—a
A Vol = TAk—H/Qﬂ(uj—HAj-i-S/Z+ujAj+1/2)i (6.18)
a
A3V3Ty = %Ak—kl/?Tj(vi—l—lAi—Hﬁ/Q+Uz'Ai+1/2)j (6.19)
j
—a
AT, = 5 Ak+1/2Tj+1(Ui+1Ai+3/2+'UiAi+1/2)j+1 (6.20)
mMjt1
o
AsVsTs = %kal/kafl/Q (6.21)
MAQgy1/2
-«
AgVeTs = TQTk+1/2wk+l/2 (6.22)
MmAgy1/2

i+3,j+10000000WO0O000000,(6.1400000000,00
(6.170 (6200000000 V4, (b=1,2,3,4 00000000,
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oooooooooo,TH, s410ooo (preliminaryvalue)d |, (6.16)0 000 O
O00o0oo0o00oooooooo.oog,200 (29000000 0 Eckart
0000000 JHO000000.0000,0000000000000000
O00.py'0,000000000,0000000000000D0D000000OA0O.

(P > (0" (6.23)
OO00 (k000000000 ,000000000O0.00000DO0O0O0O00O00O0O,,

00000000000000000000000000 7%0 s*'ooo0

oogo.
(Tlé7 Tlé 1a"'ﬂTlé N):X:Z—i_:]ZTk’Akq—l/2
" " S Agriay
O00,k---k+NOODOOODOODODODOOOOOO.(e20) 000000000
000000000000 0000000 (nfintemixing)OOOOO. 0000
00o0dooooooooo.0oooooooo,dd e23)0000o0o0on
gooooobooooodoooboobo.oooooooooo,onoon
gooooooooog.

(6.24)

gogbboooooboboooboboooobobooog.

K
a Z poUAk+1/2 = —(wj—1/2 - 7/1j+1/2)i+1/2/Aj+1/2 (6.25)
k=1
K v
ay, pO(E)Ak—Hﬂ = (Yit1/2 — Yic1/2)iv1/2/ Dig1)2 (6.26)
k=1

0000000000 @& o0000.00 @, 90 ,(6.25)0 (6.26)0 000 (peaH)™!
0 (peH)"'mO0000000000000,000000000000000O.

00000000000000000000000.0000,00000000
000,00000:+4,i+3000.
Aiy1 A LY = gt /248
1 FU;; FUjn FU1,;  FUi0

_ - A %] _ ]+ +A 1+1, _ t+1,9+
5caun (o = ) (T )

Mj+1
1
+3 [Ai+1/z(FVi+1,j — FVij) + Aiyayo(FVigr,j41 — FV;,J'-H)]

7 7
_Q{A”W [nj (b;)Z] AT (Egi,jﬂ]
i3/ [nj (R)iﬂ,j M+ (E)Hl,jﬂ]
+A 1l (Hig1g — )] + Ajpapalng o (i jan — tig41)]}
(6.27) 000000 LO (628000000000,
m(¢i+3/2 - ¢i+1/2)Aj+1
(Hit1,08j11/2 + Hig1,541043/2) NivsjaDiti)o

(6.27)

L
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m(Yiv172 — Yic12)Djs1
(HijAji1y2 + Hij1Aj1372) Aig1/28641/2
m(q/Jj—l/z - ¢j+1/2)Ai+1
mjr1y2(HijDiy1y2 + Hip18i4372) 81172054172
. m(¢j+1/2 - 1/)j—3/2)Ai+1 (6.28)
mji3/2 (Hi,j—|—1Ai+1/2 + Hi+1,j+1Ai+3/2)Aj—|—3/2Aj—|—1 .

+

DDDDDDDDDD,Lwl“:MiH/Q,jH/QDDD 20000 (secondrderequa-
tion)D OO (relaxation] OO0 000000 0O0O.000,0000000000
oo0oooooooooo, 00000 oooooooo.ocoooon
o0, 00000000oo0ooooooooooo0oggooooooooooaa
go.0oooooooooooooogn.,

6.27)00ooO0 FVvoOOOoOooooooO,

a
.FY]Z = ;0 Z(Ak+1/20k/a1)
i k=1

g K;j mAk+1/2 k
7{Ak(pi+l/2 - pi—1/2)|k:1 + Z Aq(pi+1/2 - pi—l/?)q—l/Q}
Hij = Aitay2 =2
(6.29)

rvoobooboooooobooooooob.ooooobooboob,qg kDO
gobooboooobooboobobog.

0000,0000000000000000000. 00000000000
(6160 0000000000000 000DO. 000 (620 v0000000
00, ,)*'0000000000.000,0000000 (4,¢)"*' 0000
00oOoOooooooooo.
1 K
(a,@y+1:(ucU®H4-}§§:(w,qu4Ak+u2 (6.30)
k=1
(u,v) 0000000000D000000D0000 (6.250 (6.26)0 000000
ooa.

00000000 (predictedvariables 000 000000000000, 000
000000000000 000000000,00000000000 w0 p0O
000.0000,leapfrogime00000000000000000O0 (split)
000000000000 (Lily,1965).00000,0000000000000
0000000000000 00000000000000000000000.
Arakava0 00000000 O00O0,000000,0000000000000
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ggobobboobobbbooooooobob.obpoboo,boboaoon
0000000000000 000000D0D00000000 0. 230 leap-frog
ggbboooobobbbooobbobuoooobooooobobooo.
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( Jodoogoooood

DDDDDDDDDDDDD,DDi+%,i+%DDDDDDD T,50000,0
Ooobo0ooooooooooooonon.0oodoiin Kiyee000
gooooobog,

Kit1/2,5+1/2

Hii195112 = Z Ay, (7.1)
k+1

oo, 0o oooouao.
Kij = Minimum of (Ki+1/2,j+1/27 Ki—1/2,j+1/2: Ki—1/2,j—1/27 Ki+1/2,j—1/2) (7.2)

i, 00000 (7.)00D00000000DO000O0O0DOO0ODOO. 00000
goooogood,
(U,, U)i,j:() k>Ki,j (73)

oo, gobooboooobog,

VYiy1/2,j41/2 = constant, Kjy1/941/2 =0 (7.4)
Yiv1j25 — Vic125 =0, K;;=0 (7.5)
Yij-1/2 — Vij+12 = 0, Kij=0 (7.6)

OO00.(r4)0 constan0 D00 O0D0ODOO0O0OO0ODOOOOOOO.O000O0OO
gbooboogo3bnoooooo.

gbooboog,bodbooooobuoobooouooobobobboooa.
gobogoboobuoo,ogboogboboobboboobbobbobooon
guodgouoboooo.obbobboog.

k> Kii1/2145+1/2+B (7.7)
oooo,
Tiv1/24 541248k = Liv1/2,541/2k (7.8)
ooooo.odo,
(A, B) = (1’ 0)? (_15 0), (0’ 1)’ (05 _1) (7.9)

O00.(770000000,0000000000D0 kODODODOODOOO
O0O0DOO0DOO0oOob0.000DobObo0o0oDoobooOoOooDoO.((.73d(r.9
gogbooobooobooboubooobouooobob,obboboobo
gogooboobboo.oobbbooobobbboooooobobuooboo.g
bbb, obbdoobbooobboubuoooboboboooogoog
gbogodoooo.boobbooobboboobobobbbobbooooog.
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8 Uuooonoond

gobobooo,boobooboboo,bo0b0.oboo,3gbbooobon
goobooodoo.rRODO0OOODLO,D0DOODOD R+1UOD0DOO
goboogo.

R
=g+ D prtr (8.1)
r=1

yoUooooboboo,00ogd ¢ 00b0obbobob,boobboon
gboodooo.og,bbooogobdotd g 0o0obbboobuoaobobo
gd.

GO00000000000000000.
G =iG" + jGY (8.2)

gobobobooogoooboboboobbo pObOoOoDO,

I+AT Apprjp T8
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FiG. 5. The pattern of transport stream function obtained in a theoretical study of the
Antarctic Circumpolar Current.
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