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Fig.1 Schematic diagram of the stream function Fig.2 Schematic diagram of the stream function
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Fig.3 Schematic diagram of the stream function when the latitudes of the western

island are within those of the eastern island

2  Munk-Stommel BRI

MCEL L 3 Fiefs B0 60 s A 2R D I3 05 A9 3T R RS B0 2o 9 B 0 2 [RDE T B R T = &, — W AR T X

50

NG JF d 7 BB I YA Wajsowicz B, Pratt #1 Pedlosky™ 358 T 1k 5% Jic B #8 F=

As Vi X (R BUNFEEE F= — Ay ViLVi X (@) T I BRI B A4 IR I T HoAe B8 B8 i —
L6 S5 05 A P (E G R DR 22 LG I R e R — P EE B T L AR SR I 2 R S A B JE B 4 A 4 L TR
5% W B I o RO AT iR O A5 B A AT BE R A 58 B BB

D), (2) A JBE $5 201 (] 1 255 1 N B 485 R R 4 ), T 4%



14 7 L 55 T BB R B A 58 I PR T AR B JE BT A I I e i 5 /Y R 31

—y dp __1ap ¢ *¢ D; 9¢ (3)
Ixr  po dx "oxtay "aytt T H,dy o]
I 1dpP Py I D¢ d¢ <
~=—= A —— = . 4
7y o ay+ n(5 e 91) Hoax+po 4

X_JL Eﬁ/l%ﬁﬁ%%j‘j Ay V4¢1*As VZ(/J*B%:*CUI’K*) Ay E{D"J ﬁ%ﬁ As= 9D/ IE %E*@E/%ﬁo
K Pratt fl Pedlosky™" 5% Wajsowicz S ASERD R P I M I 3 AR — /\kﬁ L.5ih W B —"1KI
& O I RE W < L Jﬂ:Hﬂjﬁﬁ‘ - >>— B2 T B 5 e W] i Ak A

344; N %P L9 T
A dz* As dxt dxr curl(po), (%)
o - e y
R BTG @003 =1 p(Woy) =dos (G5 ) =0,
r=0 /
AR wey |
(735 W ° I
X3 38 A KURE F) I A Y Sverdrup i, H B0 F s W _Jy=y,
B H T S P 00 B/ T 22 R0 R 5t (5) o s
FU T R R (R SRR AR T R Ry
r(Augr® —Asr —p) =0, (6) 0 x
AR AR SR AR B = O BRI A = — B o AR R
s " Fig.4 Schematic diagram of the
(3AH) Gx. coordinates of the two islands

MHH A <0 B RRAE TR (OO A 4 AR A A A SR =z w4 35D %R Y 5 IR O R Y A L B
FIER ¢(xy) =k, + ke ke +hyes , Hdr,i=1,2,3 RGO MM BER b, i=1,2,3,4
TR

ko -tk tky k=g,

kiry +kyry, +kyr; =0

ko ket ke b he =g,
birieV 4+ kor,e?” +kir,esV =0

D

P . 1 B —~ 1 B 93 J
B AT G BB D Fo= | Fedl~ ([ Tan O —ac ) =
Af 0 JA Aty Ja Iz’ . _w dx

(Y —ya) rirar;
Afo A
A eV — e VY (g — ) Hid [A | RO REATIIR, yp—ya=L FEEHKE, % m,

(yp—ya)
_ yBAfyA\ r‘”X;‘f%[(AHr% — A (NI et Wy L (ALl A Y (e OV e Wy L (A
0

A (et — et W AR AE IR 3 RS [RE BT B9 O 5 05 A% R A LA K I I 0 1] 9 s 5
D YWRFES — A0, B S5 R0 5050 5 B4 E & (8 DB, 50569 3 82800, K 5
W5 8] 37 & N

[(Auri — A" — Wy L (Ayr; — AD (e ™2V — Wy L (Ayri —

o =Poideal — moT,

T idea
T, = — = 8
! $o = 1+eom, (&



32 IS i 38 %

N A 0 A ovp AL S
=, €0 —1+A;1 — Aj;l . T, Al TE N ) s T1ided = Youidead — Ylideal o
2)MPUNAFAE T — 05, BT 26 B & AR B 05 i 45 5 (IR 2) B, e = 1, 5 05 A9 3 o B S T 15
NN T idea
5 8] 37 1 N Go =¢osided —mo T 1T = ¢y — ¢y 71+inlo
3) MVPUNAFAE S — A0, B P 7 26 BE AL T AR B W5 1% 26 B2 (IR 3) I, 55 W05 1) 3 o 45 LA B 7 5 0 (i)
Tl ca 1 T -
WA 90 = osaen — mo T T E«po—sbl:imi‘ I T =W = Vi =5 P e d L
1 o lDo
Tanm
[, 25 528 A0 B RRIE T AR (6O 2 DNSER 0, r) Il 2 M IEHIE R (o £ 00, B HAw AR 4
D,
iR GO XN SFIR TR ERAIE X ¢ (v, y) =k + ke +e“ (kycos bax +kysin bx) sk, = Tl ke
‘DZ‘ D%‘ ‘D4‘ ™
:79k2: ) /35: ’ D Yﬁ?ﬁ%nzﬂt
D D DI
k<)+k1 +k2:¢1v
ko +kie™ + ke cos bW + kye” sin bW = ¢, ,
kire™ + (aeVcos bW — eVbsin bWk, + (ae*V sin bW + eVbhcos bW)Hk; =0,
o | Dy | BTSRRI B BT AR 47 1 S
U\ﬂﬁ_f SRR AR I EE R AR e
B 1 B — 1 B (739[’ N (’)i N
F, AL J F . dl N JA[A 913)1,‘” Ag ((7 ) W]dy A~
Qe =y W Va4 _ e —ya) 2
Afo [AH ( ) Y AS (E)A’l‘)liwji Afo [k re (AHT' A\) +
kzew[(asAn—Bab‘An—aAS)COS(bW)+(53A11—SaZbAnJFbAS)sin(/)W)]Jr (10)

56V (3a2bAy — b Ay —bA D cos(DW) + (@’ Ay — 3ab* Ay — aA)sin(bW) | =

(X;T[(a +569)eVsin(bW)re™ (Aur? — A + (bre™ —rae*Vsin(bW) — rbe” cos(bW)) eV
0
[(a®Ay —3ab*An —aA)cos(BW) + (b*Ayg — 3a*bAy + bA ) sin(bW) | +
(raeV cos(bW) — rbe™ sin(bW) —are™) e[ (3a’bAw —b* Ay — bA )
cos(bW) 4+ (a*Ay — 3ab* Ay — aA)sin(bW) ] 1(py — ¢1) s
A
?

Vs —ya)
AfolD]
(bre™ —rae” sin(bW) — rbe*" cos(bW) ) eV
[(a*Ay —3ab* Ay —aA)cos(bW) + (b* Ay — 3a’bAy + bA ) sin(bW) | +
(rae*” cos(bW) — rbeVsin(bW) — are™)e*”
[(3a’bAy — b Ay — bA D cos(DW) + (a*Ay — 3ab* Ay — aA D sin(bW) 1],
A R 3 A OL T I A I R LA B P S 1] 3 R A 5
D Y PEIAFTE S — A, BT TES 5 AR50 B 5 0% 26 B2 3R 43 1 & (&1 1) I, B 05 19 3 bR 5 L K 7 15
WS G0 = dositea — 10T T1 = o — 1 = ligtal o

DM NFER —T BN, HHITESEAS RN BSR4 R (B 2) 5, 5055 7 & £ 0L K W 5 05 (8] 37

[(a® 4+ 0D eVsin(bW)re™W (Aur® — A +

ro=——



14 WA 55 5 RS 5 Y 22 5 B T B0 JE B VA VAL A B e A 33

HH o =oiten — 1T 1T = o — :lJ:;ao
3) MVGHAEAE s — A By 5 H T AR 26 BE AL T A< 30 15 05 09 205 B2 CI&T 3) B, 5 05 79 97 R 25 LA B 1 8% 1 [
MEHN o = ot —reT1:sT1 = o — ¢ :TIT}I"
1+
Af1

A SR A [ BT R 17 1) 0 2L A o RIVER & FE B IRL - o 880 o (9 R BT 2, AT S W T G Y B R A EE 4R
BB ARG T R Z B O AR o TR B8 RE TR I I DT 25 00 R 4 Y R 4 1 R R
Z B DU ke T AR AT I A BUEL S 1) T o 2 BT T o o E T E VR L RE R R B HE T
TE R G0 8 3 A 7K GRBTR M A B8] T o s 2 BB

M L 2 L B BIRE B E R D, — 0 B U Jfﬁ>0,%ﬁﬁﬁ<6>ﬁz4\im<o,8i>,z

1 J3
/N4 K= [
™ ILHE Y B AR ( ZaMiza

), Hop 51\4:(?) A Munk R Z 5, WL AN

1 J]; - 1 Jn S[’
F EF . dl & dy =~
0 Afo N Afo A H ( ),,:W y

(1D
Ap(ye —ya) (E) (/J) B =Y. (W) Py — 1)
Afo Ix®’ Ly AL (W) + 7, (W) v
A, 7, (W)*[COS(IW — /3 sin é;W e%(W)*[coe(fW)Jrf% n(\/iw)]e%%fe M,

S0 1 3 g i 4 BV BE B B A — O B T(S)jjAg?zsbJrﬁf—curl(f) B RANE 90.y) —

1y W, y) =4 ‘Fi’z%*ﬁﬂ ) 55 Iy i AT A
1 J (75/1 ~ As(yp—ya) agl)) :ﬂ(yu*y./\)

F, = :
CAd, A (71 W Af, r71“ W Afo(lfeo“%)

JAF . dl ~— (g[)() *glll)y (12)

Afo

A, O —? o Stommel 1A ZEE, XA 512) BN Wajsowicz!" B Pratt #1 Pedlosky™™ fy H

JE— PRSI A 25 R

3 LElh BICAEENJE BT 5 i AL B 8

BV 2 J& V4 V. 5 337 T IR — BT JRE T T R R it DX o 18] i 2 SR ) ¥ o Rl DX SN A Ak 22 2 2%
) Vi e 5 AR 408 Y R 2 IR AT 4 9 R R R S He . B B R R B AR R 3 R B R A 0 T B L
A EROCTE R PR KA L B — A B ER Y L AR I (] Y W o V- A s R B P Y 4k 5 P A B A
FHEA o P V2 3 T T DB 3 Y T B O L X — A SR EN SR BT T U oy SR T B
AR Sy RS- R ER BE R AR A, R AT Bk R 2% LA A O T O R

3 1B 1T 8 B B U B ) B 5 IO, Wajsowicz ' 43 BT 2 W B JE BT % I Ui ek 0 72 A6 5 R A KU A
IR AR SRR V. P S 285 24 A IR 2 AP 3 A s 1) XU g AR 23 2 B JE BT O O e AR QPR AR Al B 2 B Tt
MR . 70 BN R B P T AR 22 19 96 e rb o BN B T W R B JE BT U Y T R A Gl L B D O R 2 0 v
IR E%Eﬂﬁéﬁﬁ‘iﬁf%ﬁ}fﬂ’] 1B IHB 73 PR R i oz Bl A Ry BR T B2 200~300 m, e I AT S ALK 1F
FSF AR 2 i 3 5 a1 R DA ARl A R 12° S, 1 R R M I ) AT AT B S DA IR TE SE AR 45°S, PR, 8 3

R BRI M) I 5 05 g A E’JLBEtEﬁﬁLf 15~ 0.3



34 IS i 38 %

A5 R B XI5 E R 72 CCMP (Cross-Calibrated Multiplatform) %882, &2 I ERA-40 F- 2 #1197
i DA SRR O R A Fi R 0 ECMWE 890 55 23 B 7 b 19 10 m VT XU 0 8 568 . 280 R T I 4k (W)
R s T SSM/T, TMIL QuikSCAT 45 T H 0 5 R4 DL KA A 45 000 0% R, A48 T ERA-40 A9 7= & s
o BeR o ™ el 38 TR 4R At L Bt A TR T 5 0 KU BN R B T A AR R AR

AR 19882014 AR WA IL 27 a i XA ECHE T AT Y 43 8] 43 BE 3R 0.25° 0,257, B[] 43 B %
L AR 1 =p « Coo |U|+ U HGHEE 1 10 m b 09 K554 RS H1 . v o Sk % S8 BE A SCHU g 1.3
kg/m®, ¢ TR RB ST U RN, U R, Co 8RB, 56 T4 8RB0 5, 28 SCOR )
Yelland #1 Taylor™®" {15 5. C, X 1000=(0.29+3.1/U+7.7/U) . M3 m-s ' <U<6mes ';C; X
1000 =0.6+0.07U, % 6m-s ' <U<26m-=-s ',

THE A e X KU BEAT 248 H 173515 205 H 00 7 34 R0GE L SR 5 8 L A o A OE S KN T . A R
SHES AR ) 9 L, AN S SR T R A e R ] A B AR L B 5 B AR A, e b L Bl 0745 N BE R R
45°15'S, VTR i AR TR R 5 bR R it KU 1 64T R L BV Godfrey' 19 58 5 BS 28 SRy, T H 53 AT A5 76
ROES TSGR EN 10.474 1 Sy,

30°

15°
N
0°
S

15°+

30° 4

M

45° 4

Y

T T 2 T T T
100° 140° E 180° W 140° 120°
5 EJE BT ZE i KU ) B i A 1R

Fig.5 Diagram of the integration path of wind stress used for the calculation of the Indonesian throughflow
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The Island Rule With Consideration of Frictions and Its Application
on the Transport Estimation of the Indonesian Throughflow

YANG Yan-zhao'?, WANG Li-wei'?, XU Teng-fei’ , WEI Ze-xun'"’

(1. College of Meteorology and Oceanography s National University of Defense Technology s Nanjing 211101, China;
2. College of Mathematical Science and Physics s Qingdao University of Science and Technology, Qingdao 266061, China;
3. First Institute of Oceanography, MNR, Qingdao 266061, China)

Abstract; Based on Godfrey’s Island Rule, the Island Rule with consideration of lateral and bottom
frictions is derived with a barotropic model. The islands are divided into three categories according to their
meridional length. By integrating the momentum equations, the analytical solutions of the stream function
with frictions are obtained, and the formulas on the volume between two islands are thus obtained.
Wajsowicz’s Island Rule with friction is obtained when one of the lateral and bottom frictions is ignored.
Based on Cross-Calibrated Multiplatform wind datasets, the volume transport of the Indonesian through-
flow is calculated. It is found by comparison that the volume transport will be increased when only the lat-
eral friction is considered, while it will be decreased; when only the bottom friction is considered. When
both the lateral and bottom frictions are considered, the volume transport will be decreased, and this re-
duction is even greater than the case when only bottom friction is considered. Compared with that without
friction, the reduction rate of the volume transport with consideration of both lateral and bottom frictions
is less than 25%.

Key words: lateral friction; bottom friction; Indonesian Throughflow
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