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NUMERICAL ANALYSIS OF THE CURRENTS IN THE SOUTH
BASIN OF LAKE BIWA

By Kenji OokuBo, Yoshio MurAMmoTO and Hajime KUBOTA

Synopsis

It is an important problem for us to analyze the three dimensional structure of the current in a
shallow lake such as the South Basin of Lake Biwa. Assuming the coefficient of vertical eddy
viscosity to be 0.1-10 cm?/sec, the frictional layer depth is evaluated to be within a range of 1-
15 meter and is no more than a few times of the mean depth of that basin.

We developed the two-dimensional three-level model considering the surface and the bottom
Ekman layer so as to simulate the currents under weak wind conditions, and conducted several
numerical calculations under the transient boundary conditions of the measured wind and the
outlet discharges. The calculated current velocity is reasonarably in accordance with the mea-
sured one if the relation of the eddy viscosity with wind velocity and water depth is appropriately
given. The effect of the non-uniformity of the wind field on the currents is also investigated.
Drift currents and resultant topographic gyre patterns in the shallower part of the South Basin,
slope currents with longitudinal convective circulation and its deflective revolution under the Cor-
iolis effect due to decreasing eddy viscosity after the wind ceased are examined. The distributed
wind tends to weaken the the secondary circulation compared with the result under the uniform
wind velocity.
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Fig. 2 South Basin of Lake Biwa and the computational grid system.

—_3 —



506 FAMIRBFEFER 4526 5 B-2 (B 58.4)

B A, OffI3 0.1~10cm?/sec DBEILH A5 5. Ch&a Y4 Y,85 4 —F f=84X107° sec™ ZH W
%4, Ekman [§ (AIEREERE) OB3R 1~15m BELEFE NS, REKOBE, COBES (RE
wh) RBEEEE D LWHiTh, RATEHIN TS,

D=7r(2A.,/f)”2 ............................................................................................. (9)
Ekman® it khid, £KE A D 025D BETH-Tda ) 4 VHREHPLOEHFLRENSL &I, LLT
EBO A,=10cm?/sec £EZTH 0.25D TN T BKSEIZ 383em &1, EHICBLTOARREULHMS
TrevARNL FSABHBRINAAREDOS ST &0bhrs, FEERIND LHETELLORADOKRE
BEICE > T3, 224 Z A BESHRIN S DIIBRO spin-up KEZET 5,

T,=f"'E;”z ................................................................................................ (10)
zzic E,=A/fr* 353 Ekman 8TH Y, h=380cm B3 &, 4,=10cm?/sec DF A T.5
3.6 BBl &1 3, Chiz—EROYGERR & UTRUTHRENLHETIRNL L, —F, 4=01cm’/sec iT
#MUTIE D=153cm TH Y, FEL AL FABEPHRINES T,51.5 BRUGERBE LTRBRE
Bbhd, EHICBNT, ChEABULORBELEL L ORNERTORMIK S &3 EnEofEdkic
Rohs,

Y { %% L7 Ekman BCRALEARNEOERHE (Ekman transport) LU B2, T LR
KU B3 +ARKRENLETSH 5, BMFAOREZEL LBERERONEE V=10cm/sec, FHill
DOiF% L=4km it &hid, HhotE (EHBER) LKREOLLERT Rossby $ Ro=V/fL i30.3BKE &
7Y, 1XD/NIVDT, TOETHRC FAMERIEFEINS, £B5Y 3 Ekman type OFER
HREHREBEC X > TRIMOMMOMEMELBR L, KOoOBRICINERAKEY 6m BED 3
WICBOTHHEBIL R84 7 VBENBRINTOLBRE « ¥EHETH o EEL DL, Chig®
#mIhis,

WEFERICLTHIER 4, OFfEICH S, 4 OHI VL E, TRLLMEARCBEEHROZ VIR
hhtEohb, EEOBBEE DHKEXV/MIVEEEEMHEIS 5 0 &>0 Ekman @HERIN 5B,
XL ZNODBEOEHMBEKEL VDI TNEFH OB ICIIIEREAR BRI SIS 5, CDLHIT
R EAROZRBRESEUIEEI, ThERALHIZ DRI, B1, 3IFOEIE DOBERES
CEBDBETH B, UTTRREEIICE 1 BIUHEIBORSOBRBZhEH 250,150cm THB, W
% A, BEIFMICEMUEBOEEL, 4,=02, 04cm?/sec ZAOTORD D :¥ET 3L, £heh
217, 307cm &730, HHEL L—FREEOBLRETHBEL BT, FLIhSD 4, OEHIMFHFS
n3EEEROBRR

Ay =2X 0TS ceveeeesersn e et (11)

k- THET B &, 2KE h=200~500cm Ti2 4,=0.2cm?/sec ikt L THE W=50~20cm/sec, 4,
=0.4cm?/sec Tl 2 5D 100~40cm/sec L7155, THbH, COLIIKHELHEEOXH{RBIZ 1m/sec
LUTORETHENS. —F, COBAHEEELT 4, BPHALLE &R, MRRBTRLLA 4 71
#EELTHINEE S, CAREMOKEGHLSRThB L LB LI AR, 4,=10cm*/sec T
U T0.25D L BKENH 38m THoll ehobBhELLNALI,

EEOBAABKECSLT2EELRIIBRAEAT I, TOHEROEOBVTHS, HWOKEH3.S
m U TFOBE Y KET2BIAHAT 2, 3.5~43m OBARLEE 175m itkdh, BOETEELTD
BAET 5, 43~50m OBARB I BIUCE2/ELGIK L75m &L, BVEEIFLLTEZF/LHT
3, 5.0m L LA, B1EE

1.03xVh—2.12 (m)
723RCEL, E3BILSm, BOEE2BELT 2. UELOBAHOFEERRMICTR LicD Fig.3 T
HBo KENSOMLULOBRFT, 4, B—EOHEREIE (IDROKIHKK 4, ¥ h KHEATHHEIC
RELED, ThELORICHIGLLEZI &L 5, L LEHO KEHEETI3, Fig.d Thhs&oick

—4 —



KA « 2 « AR : FET 1l O W SRR 507

B —REBAE - TWN B, HBEREIBTTED
HHRRIZBEIE, —~HOEI@HIOMFTOE 2/
OHEHDBHOWERSERIN Y,

i, BEROEFEBLVERBMECERINS
Ekman BOBETHEEBRTILNTELEIK,
A, DfEAMNE L (0.2,04cm?/sec), L dEBICE - T
ELBNELTHELED I, CORENZELEL
RHBNER OB ORICERSh, ALBBEL

I=57

depth (m)

©w MO
LA )
g

level of layer (m)

10

Fig.3 Sketch showing the level of each layer
in the mathematical model.

I=42

& o oA w N e oo
T

depth
(m)

N

v e W N e o
T

Fig. 4 Some examples of the transverse section divided into two or three layers.
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Table 1 Conditions and parameters of the calculations (RUNOO-RUN20).

RUN LEVEL SETA, SOSUI WIND TIME A, Ay T
(m®/s) (day) (sec)
00 1 measured measured 6~ 8 0.2 10 120
0 3 measured measured 6~ 8 0.2 10 120
1 1 measured measured 8§~12 0.2 10 45
2 3 measured measured 8~12 0.2 10 120
3 1 measured measured 12~20 0.2 10 120
4 3 measured measured 12~20 0.2 10 120
5 1 280, 20 SSW uniform — 0.4 5 120
6 3 280, 20 SSW uniform — 0.4 5 120
7 1 measured measured 12~20 04 5 120
8 3 measured measured 12~20 0.4 5 120
9 3 280, 20 SSW curl — 0.4 5 120
10 3 280, 20 SSW curl —_ 0.4 5 120
11 3 280, 20 — — 0.4 5 120
12 3 280, 20 — — 0.4 5 120
13 3 280, 20 — — 04 5 120
14 3 280, 20 NNE uniform  — 0.4 5 120
15 3 80, 20 NNE uniform  — 0.4 5 120
16 3 10, 20 NNE uniform  — 0.4 5 120
17 3 measured measured 8~12 var. 5 45
18 3 measured measured 12~20 var. 5 120
19 3 measured measured 8~21 var. 5 45, 150
20 3 measured measured 8~21 var. 5 45,150

(UNIT) 4,: (cm?fs), Ay: (X10*cm?fs), TIME: July, 1981
f=0.837x10"%(s"?),  £=980.0 (cm/s?),
0.=1.2x107? (gm/cm?), r2=1.3%x10"3
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Fig. 5 Horizontal velocity distribution; topographic gyre (RUN 5).
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Fig. 6 Horizontal velocity distribution; gyre accompanied by convection (RUN 6).
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Fig. 7 Outlet discharge through Seta River and Biwa-ko Sosui (upper) and water levels at
Katada, Mihogasaki and toriigawa (lower).
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Fig. 8 Variation with time of wind velocity at each location.

..._9_



512 R KB RFER 4265 B-2 (| 58.4)

szg: W,,U/N, WY=§ W,,”/N ................................................................. 13)
THB, oI, EEB L URERMEOZERFHHE

W...=§: JW/N .............................................................................. 14)

WO =;zj: [(Waajer— Waaget) = (Wyiagj= Wyey Y120 AS N7 oo (15

OB ZME Fig. 10 LR T, 772U N, N BFION, 45=1km TH 3, W, OFhr 5, BEHEPEE
LCROBEHHBEETH -7 &dtbh b, Hiz 1 E#KT2AOMNIZ, Fig.8 iIKbRUIX I IKEF
b, tFEDD 2BV THY, THIH, 128, 17~19HI N &, 2hUAOBIIEE SATH B, Chioil
RIRB L TBL O TP TR > TWBEEITHEH, BiLk-> TARPHETIERB4DELAT
BTH 2, o READHE—BEERL, W, BREVEERPBIKRELNLS, ZOKESI2X107* (sec™)
DBRETHS P 5, 1km OKEEEHET 20cm/sec DEEZEL NS T &KL B,

~
~
~
~
~
~
~
~

~ O~~~
L

T T

T
KUSATSU
[

Fig. 9 An example of wind velocity vectors after interpolation.
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Fig. 10 Variation with time of spatially averaged velocity and vorticity of wind.
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—AEEZ 3 v RrEF AOE RUNG6) & KB 5700, ZHEOMIREE A RET -1
FFREMOBM MicHzs NNE-SSW #iTiZIEhRp ol by, ZhThitKEI0ORNS SSW
WAL A7 RUNO (3P 2.5m/sec, M 1.5m/sec THbH, RUN 10 TREMOBEARL 3, VWTh
DBAICH—RADEA &MU ZETFH A& 2m/sec TH b, Table 1 TR L7z RUN O 052 HH]
fili & LT, RUN 6 &R U—SE DR #4M (§H ) 280 m*/sec, Bk 20m®/sec) TEHE L7 1 HHEDHER
% Fig. 11 [KRT, WThOBACHE I BTRRABEROKAE THRASK E (B LT FICRORE

VELBCITY RUN NO. (9) o
TIME=90000., LEVEL=1, UNIT=10.000X10

VELOCITY ARUN NO. (10) o
TIME=90000., LEVEL=1. UNIT=10.000X10

DORETYARAAE DA
Fig. 11 Current velocity in the 1st layer; under the simplized curl wind (RUN 9, 10).

MTHREDOKE? RUNIO T, COHATOLKEIE L BREBNITK SIS KIHEHE D OBRFRMSLE U
T B, CHICH LT RUN9 TRIAOMEDBEHEOHBRICH LTADHRESLSLTVEEI TH b,
EMITHHORE | BEENTOREIESL L-RASORNTH VRO LARSHAIN TSI LT
$5, Fig. 6 & Fig. 11 214 2L, —REOHE RUNG6) BlHEOFHENZ DI - TNET LW
bbb,

RUNG, 9, 10 OREERENMPAZEL LT, BRELDLEORAOE(LERAOMSENEN RUN1Y,
12,13 ThH 5, A% 6 I EOWRRE Fig. 12 1R, RUN 13 TREBS BN L T2 Dkt
U, —HRELEZOBER RUNID) BELAEBELTWS, —H4, HEHEBHEOE L TP T
RUN 12 TRERSER % — Y ILbE T, L THARSHANDE Y BIHE D (2m/sec OF
HEOL AT 1m/sec OEME, RIEHLICLT2.8288) ThHhoEBEA, BMENSTEEUEL
THotLEbELLE, FROBRRZNZEERENEIEDNL V. SR E—REOHE THROD
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VELOCITY AUN NO. (11) 0
TIME=90600., LEVEL=1, UNIT=10.000X10

VELOCITY RUN NO. (12) a
TIME=90600,, LEVEL=1, UNIT=10.000X10

VELOCITY  RUN NO. (13) N
TIME=S0600., LEVEL=L. UNIT=10.000X10

POOHHHNIBESRECNNN LNV NN
R SRRA NN AR

- 10, . 1, . 0.1

Fig. 12 Regulation to the southward current; free from wind (RUN 11, 12, 13).
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3. FMBRORE

3.1 \UEEOHE

Fig. 13 Q&R S EHABT LR L2 b0 TH 3, HH Y OATHRAS MR (RUN 00 DR#ER) &
BERTRENBR LOMBEASRDDPEESTN-TV3, KEOBAETRKET 2m ORMEHT oI
2, st 12~14 TISBEZBOMNE (TRRMEL 1m) 2L T2, 351, st.8, 16, 22 TREKELE
KRE SN BHFHEF#E & 5 KBHE S TbI I,

VELOCITY RUN NO.(00)
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Fig. 13 Measuring points of the current velocity (st. 12, 13, 14: two layer measurement, st. 8, 16,
22 super-sonic current meter in addition to Bergen-type one).
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VRAHEOE I BIROVWTELBC LT, 3V HEDOE2BTREIBEEORALE L BNEHER
Lol TUNNHBEDERE3 VALVHREOZNICHESRTHEMWNSSHAZELLRNEZTHLTHS, &
5T A, OWRIRBIVAAHEOREHEET IS0, v astl (CCTR, FHRomlkl L EETLRE
RHLDRFF =2 BRNE) ORMBEIITILALHRELEVXITH-

—%, BABEBOTRE, 1 v HEORAREE LLERIREL, HlEsEHERCHEILEX
STH-DEALT, 3VAHETRBOKBIG UK EDBER 2 — 2L b5, THROBE
FHEUTOME» OW, b, EREBTHRICO LA LVIBHBOIOK FI 5 7 28 & 5 A%l
Bh, 2hid 4, ZPEIR—FHEIKR-7C T2 ) 3 ) HRBHEL BhTELBEREEL O, Kich
Bk S ic A4,=04cm?/sec BEDMIZ 1m/sec YT OBREDFMTH 35 5 MAKKERNLF—F
BENhBELBbh3, COERODWTHID B DICREEEORBKICINITI 0D, ~y o fEHOHE
RHBERICENTELRED > T2, T TBERREF LORBET I,

BEHRHFDBREIN TV DI s1.8,16, 22 TH B, K KEMETOMETSHE»5EF VOES
HBZETHS st.16,22 LB} 5 HBIEITRMETH B, - THBIZ st.8OHE2FDAITRS, Fig. 14
127 B10B45 200K CO HEEXEDO KB THB, 7HI3 14, 15HO B Bh 2 KEFTEHE
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(RUN2~8) ®320e—7R30Thd (FHFDHO) BAKOLDOTH-T, ThoDHMMUNTREED
BB L. ¥R, BOUFEOLDITITMBARIC 4, ZRKEL USRI ET LI BEELTIE
X,

20
10
o ‘ b _ P W St P,
Lo i iz 13 14 15 16 17 18 i9
Fig. 14 Comparison between the calculated velocity (RUN 2~8) and the measured
one at st. 8.
15 — measured
cm/s - caleulated
0+ T

oo 1 2 13 @ 15 16 7 18 18
Fig. 15 Comparison between the calculated velocity (RUN 17~18) and the
measured one at st. 8.

BHEICE - T 4, 2EMIRBZEVIEIFTRABSY K- THTTREHIN TR, BBHIR
RTHRINTROE L, 22 TE, BHSOHLAERLFEBCLRIEDOLIWANRERV S, HHROLDE
HE A OHOBRREABLC LU, KEIHT ZHELEK U TEEKE h=400cm 215, T
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A, =8X 10 30T crevemer it s (16)
&85, EARKOEET Z2ERICOVLT RUN 2~8 DEi3Rch2, $7bb

A,=0.4 (cm?/sec) W K50 (CIM/SEC)  +vverrrrerssrnrmmeesiniin ittt an
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B, HERMEERMOBER>X¥OH LN S,

A (k) =max (A,ok)y 0.008 W/k) ooveervsmmmneniiiiiiiii i (18)
T Aoy BANUTHRESh 2 EROMMBERTHD, BHE Wlem/sec) itk » TEMLT 3, k) 3%
kBEk+1 BOMTERINIBTHHLLERTY, ZHIHOBRT T k=2 O3 k=3 LLTH
W3, TRHLBEFMRER k=3 TH—T %, COHRDAHBIELT RUN2~8 iZHiET B33 HAEIT 72D
55 RUN 17~18 TH %, 727U 4w L TR k it& 59 04cm?/sec &£ X T,

st. 8 1T 1T B A ERHEME L BER AT OME LB LIzDd Fig. 15 TH 5, WEKIC ST 2 EEDOER
BRI K 2D LIS HE SN,

DER(IORTREB IO TOLRIKBRIHT 2EEEZAN, TRbBUDREZOETEH LT RUN
17~18ic NS § BHEET - 72D RUN19, 20 TH 5, HHERFHR, BER—REDEEIIE - T3,
5D RUN TU)RKHE TS DI

A, (k) =max (A,o(k), 2X 1075 RIF) <oorerreersemmniiiniiiitticiitiettin e e (18)
THY, Aok) 139120 04cm?/sec T—EE LT,
RUN 17~18, 19, 20 O4&HA%HE T % L4 RUN BOED LS NETRE T 3,
RUN17~18 A, < b, W(x, »)
RUN 19 Ay B(X, )y WX, ) b eerrereessrmemsineenin i 20)
RUN 20 A,0c b(x, y), W
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AR L, 2T h=400cm, W 2 (D)ROEAS % b ORBBEHMEICE S, 20)RDEH%EHS & RUN
L LREE — REMTENMEEEARL, 22T A=400cm, W 12 (1) RDRSG%E &2 BB i &
%,

QORDEBEEHSE RUN19 2EARy —R LELZZOMELZS 5, RUN1T~I8 KB THALE
SEERREICE LTI RUN 19 0D E2hIZEEDSTNT LWbid-» 72O TUHKIE RUN19, 20 Ol
BEFNITIEN B,

Fig. 16 2 MBAKBRD st. 10, “FTMHE I st. 14 BLOHAOKBEBRL RIS st. 23 it BT 58
FME & RUN 19, 20 Ol « HAKZAOKBTHS (3 0° Hdk, 90° BHALHNETT) . BEL
Bo, ZoODHEEOER LICEAM S HEEORIBRE, LhL, () ROBEBICS Y % BEERE
OHEBOY (@ BAREBICEY S ERARO BEHOLE () ZEMEACS TS 2R\ KRO—H
) BABSIEEEHETOREEDO —HB LD > NBEHIHIBEFHRIN TV, LT, 36K
BERITELARBE LT C &R, ThETOLIRERTREBVES S, ELBAHEMPLUTASEE

S8“%_ STH0 20 M (VEL ) @

0. 0 L 1 N PR PO | \ A 10. 0

0. 0 A Y A eyl v

YELOCITY (CH/S) 30. l
STN 10,LEVEL=1 20. [
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STN 10,LEVEL=1 272-8 I ’1 M
180, A A A

VELOCITY (CH/S) 30.
STN 10,LEVEL=2 20.

DIRECTION (DEG.) 90.
STN 10, LEVEL=2

500 i TN

VELOCITY (CM/S) 30.
STN 10, LEVEL~! 20.

0. — s | ™
DIRECTION (DEG. ) 90.
STN 10, LEVEL=1 273 g “ I H
180 N e
74 v IF L4
30.0
VELOCITY (CH/3) 30.

STN 10,LEVEL=2 20.0;

DIRECTION (DEG.) 93-0
STN 10, LEVEL=2 - ‘-n
el
sc.0 LA L
JuLiwe o 12 13 " 15 16 4 8 9 20
Fig. 16(a) Comparison of the measured velocity with the calculated ones of RUN 19 and 20 at
st. 10.
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Fig. 16(b) Comparison of the measured velocity with the calculated ones of RUN 19 and 20 at
st. 14,
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P sT23 -0 M (DIR ) s
20. 0 P A 20. ¢
10. 0 W Vﬂ. Iy 10. 0
o0 A B B b T e I v oo
i CPIR ) b TR
0.0 0o
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180. 0 ol e . | 180. 0
90, 0 ! e i, W e 2 it ey rndt i o et ¥ e DA A0 0. 0
VELOCITY (CM/S) 30.0
STN 23,LEVEL=} 20.
10. L
a SN A ISV BV
DIRECTION (DEG.) 0.
_ 0.0
STN 23,LEYEL=1 270.0
180.0
$0.04
VELOCITY (CH/S) 30.0
STN 23,LEVEL=2 20. ‘
10.0:
0. =T A
DIRECTION (DEG.} $0.
0.0
STN 23,LEVEL=2 270.0
s e =
VELOCITY (CM/S) 30.
STN 23,LEVEL=1  20. X
10. A7
0.
DIRECTION (DEG.) 0.
0.0
STN 23.LEVEL=1 270.0
180,
90.0 ~1 1 L
VELOCLTY (CH/S) 30.
STN 23,LEVEL=2 20.0
0. N
0.0
DIRECTION (DEG.) 9:-;
STN 23,LEVEL=2 270:0
l;:.; = e
Juio 1 2 [} " 15 . 7 B ) 20
Fig. 16(c) Comparison of the measured velocity with the calculated ones of RUN 19 and 20 at
st. 23.
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WL T LT 5,

3.2 REREHRNY—>

RUN 17~18THE L BRABZHNO L WA R YESOTE L EBbh7zO T, RUN 19, 20 TR=K
FREDO X D BABH I ET 720 BLOWER DS WL 2DOFHhORBELIFE LY, HHEOEH~
ANF-RAEBBELTHY LA OMROHERERTH S Lbh ol

WE, HREERIIOME (=26 L27TORHORER) TIEHAKREEHARICHET S, FMEHIRD
HRVBEFETIKRETHY, BEIBROYRBEBENEBANE KR TH S, Fig. 17 (a) 1268, b) 3
BRABRICBY 2 EEOERY T 2 v ¥~ (DREHS) THB, E1ETE, HED x BANE (EE)
EBBBFID2NTOZAALF - (=21 ¥—) bRINTVE, B2 IFodHz I rF— b
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Fig. 17(a) Total kinetic energy of each layer and that of the northward current in the 1st layer
(the northern part of the basin; 7>27).

BULR, ChooBEEENIVOTHTREBR LTS, S5ICREBICRRRE, & TRICIIERH
JIBHRENR ENTD, =3 A ¥ MO > BERIAMAE RUN19), SHI—KE (RUN20) O3
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T, LEAKBICETS Fig. 17() 2453 &, BRBICID AL F - ORIIOTREMRE-> TS
&, HikE%E 600m®/sec 25 300 m?/sec iCH LcEEDUHEFEIKEL, 2B AL —DE T o 72
-7 BHBTENSTITI0, 13HIC RUNIY & 20 ODRERBRE S bbb, —F, Fig.17(b) T
BREArF-DOXREIDBHERICEEWINTNAC L, LEHADBEITAHMEAL ~BROBRBRILEZ &
TRShhb, FiIKBbh3 &3, & YHBIGECHEEKRICHEROBBICE LB I i re - —
IDRNTETHB, L LThid, BELESKREERBYT5ORET 2R304 L0 3 HAMKE &R
BELVHITELTERLS 5,

REMAAOERRMICKIET 2HRICBELT, EBCLOWRT 2V F - DERRODEFDLSI KL > T B,
CHRBADOHESERT 2B KR THRCEETH S, HFVOANKL LEFBOKIhIMELE LD LN
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Fig. 17(b) Total kinetic energy of each layer and that of the norhtward current in the 1st layer
(the southern part of the basin; 7 <26).
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Oz 2 ¥ - PEFELZ), HHKRCEWCORUERNRED OISz 2 ¥ -DL iz E L
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I6HIRKRNTHY, ChoORTREHKRE (108) L2hBiNic SRORNTNbD (16H) BEHTH 3
2, O 3EICON TR, EAKOERDOAOREL S ASREBIUDLEEZTEID, e LTHER
#$200m*/sec BETH - 72140 OB (RUN 19) % Fig. 18 (LR ¥, BEABICIIA LD AR T C
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VELOCITY  AUN NO. (19 ' UPWELLING  RUN WO. (19} 2
TIME=141632., LEVEL=2, UNIT=1.000X10 CH/S TINE=1U1632,, LEVEL=3. UNIT=1,000X10 CHM/S
PIRELISILIL LTI LI B T L L L TS 4 O

— 10~ 1. . 0.

WATEA LEVEL RUN NO. (19) N VELBCITY  RUN 0. 19 N
TIME=141632., LEVEL=1, UNIT=(,000X10 CH TIME=141632,, LEVEL=8. UNIT=1.000X10 CH/$

U R P

VELOCITY  RUN NO. (19) | UPHELLING  RUN NO. (18! "
TIME=141632,, LEVEL=l. UNIT=1.000X10 CH/S TIME=141632,, LEVEL=2. UN[T=1.000X10 CM/§

Fig. 18 Typical flow pattern under the south wind condition (RUN 19).

RIZBTFEBEYTE D EBbNE, BF, BANONERERE UTALNORTLAN, RTHNOR
TTRENRONSH, RERHARBRUCE S BHEOEESRERDBH LN > T3,

LR N ARORKBHNRRICOOTHEANREL S, Fig. 17 245 L N Bidl6 17, 18, 19HIKKRIT
WAH, 168D N BRI HERNLLOT, ThUNOHIANE > THBY LhrbIBEFVORTH S
HHEDREHTRE L, THIHLTII~9BD N REICREFRD SEAXRICH I TORED STHRIC
B HROTHRHERBEECENS, ChoDHER TR 3Btk UTH 2Nk
FHICE S REB/BEHAL T 508 Ekman BHLEARELELTORORRTSH S LBbh 3,
Fig. 19 22 N AR f &L L TISADIRET T (RUN19), 58, SROHELB L TR IbhizC &R,
RS N EICRECIKAVENSETH o7, Chitib->T Fig. 20 iWRT &S B TETHEM
EOTRBITBEINEH, ChitonTRI4TERT 3,

3.3 HHEROHE

Fig. 17 Ox 3 A ¥ —Hick 3 &, W 2HPDRICONTHAR (RUN19) E—E (RUN 20) DEEM
FHohd, COXIRAOEZERMAKOKEICAE BT S LELNEY, BHRMOROHEION
TRAWSHRA LGB LNTEST, RICENBEORBOENY OB TROFIHEERTILENS B
PEIDIODVTREZLSNTNEYN, ZZTRABOMKEHMEESTISAMIKESH, HERAZGLUTH
Vo AR - REERHC K > THNRAZOROERNHELERB TS5,
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VELACITY  AUN N, 119} . UPKELLING  RUN NO. (13) o
TIMEZ181500., LEVEL=2, UNIT=1,000X10 CM/S TIME=181500,. LEVEL=3, UNIT=1,000X10  CM/S

KATER LEVEL RUN NO. (18] N VELOCITY  RUN NO. (19} |
[INE=181500,, LEVEL=1, UNIT=1,000X10 CM " TIME=181500,, LEVEL=3, UNIT=1.000X10 CM/S

VELOCITY  RUN NO. (19) A UPHELLING  AUN NO. (19] N
TIME=181500., LEVEL=l, UN}T=1.000X10 CM/S TINE=181500., LEVEL=2. UNIT=1.000X10  CH/S

Tz

Fig. 19 Typical flow pattern under the north wind condition (RUN 19).

Fig. 21 (a) 13 2.3(3) TR~/ 160 ST B 13 5304 T L D RAB D S RO IZAANFAE S TH S, 0D
SHRESS &, EBLEBIEEOHHOBRBEILAMUTED, ChSRSHOELLLEB LTIV
%5, TOREKEITIZ SSW EHLET5E 1 OBAE NNE 2 ed 28 20BKEH 5, choi34e
Al S8 L CORMBEEY OFATHY, EHOBHMERNEb—KT 5, ARMICHEONATIHFD
PEREOMEATHES ) ORSETHMUTEY, HCRHOBRIRE LV, MEET N ABEBTSXS
WRZ20EHM EEOBRMBHICEh T &, BESLDSEBLAT (11HEDS) BRSHKS
hizOTEHNOSHE® S AEESATONERNC itk s EBbh, HicEBEOTREESHE. COXE
ZKpETBHiC, Fig.21(0), () TR, BEOHETHEFMORIKL & & OO & TORMEMNEM
M A E T, (D) REAEET NW~NE SR LX0b0T, HFORARIED b0 Sk
NRTNBD, st.24n 5 st. 18 OEH THEMHENE VLS TH S, BREKBNTHZTNIFERETERI
FHONT, e W ROBL TR L L, RUAEAROBARE XIS PLAHFLE > TH T LITEHRS
N3, ZOM, B LEES ST st. 22 &&HE, FUOBMEIEBEASADShE, () BRULEL
BT SW~SE BDRL EEDRHTH B, St.SHD SL IS D TE = 748 SSW 5 SW ~NEHETHE
TLTWB T EMbhD, st.22 BChITHERE - T, ZOL D AHEHMPREOIHORHMIBEREICE
WTHBDSNEY, Chitt UTREATR S ASBRA LT W BABELIHERLTHWS, TORHELE st
5 QBT st. 2 RS EE > T B, HELER, RELALICEBPRYEBLAND S,
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Fig. 20 Secondary circulation induced by northerly wind (RUN 19).
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i%)@%%ﬁfﬂb,%nﬁﬁbénfwéctmﬁﬁbﬂéo%bfco:mmﬁgﬁmm$w¥—m
ERBEELTWATEESRS S, 0EDEALSC LI RUN20 OFAED 3y 4 ) HROFHOIFHENICR
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VELBCITY  RUN NO. (20} UPMELLING  RUN NE. (

201 20) 2
. TIME=141632., LEVEL=2, UNI’=I.UBQX(I" CH/S, TIME=141632.. LEVEL=3, UNIT=1.000Xi0 CH/S

WRTER LEVEL AUN NO. (20 N VELOCITY  BUN NO. (20} N
TIME=141632,, LEVEL=1, UNIT=1.000X10 CH TIME=141632,, LEVEL=3, UNIT=1,000Xi0 CH/S

VELOCITY  RUN NO. 120 s UPHELLING  AUN NO. (20) "
TIME=141632., LEVEL=1, UN1T=1.000X1D CH/S TIME=141632,, LEVEL=2, UNIT-1.000X10 CH/S

Fig. 22 Typical flow pattern under the south wind condition (RUN 20).
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UPWELLING RUN NO. (19) 2
TIME=190000., LEVEL=2, UNIT=1.000X10 CM/S

UPWELLING RUN NO. (19] -2
TIME=190000., LEVEL=3, UNIT=1.000X10 CM/S

it

Fig. 23 Highly regulated pattern of upwelling after free from the north wind.

UPKELLING  RUN NO. (19) -2
TIME=141232., LEVEL=3, UNIT=1.000X10 CM/$

Fig. 24 Lower upwelling velocity field under calm condition.
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RUN NO. (15)

VELOCITY
TINE:

I

LEVEL=3, UNIT=10,000X10

RUN NO. (10

VELBCITY
TIME=90000. .

]
=10,000X10

RUN N3, (151
LEVEL=3, UNIT

VELOCITY
TIME=90000, ,

AUN NO. 116) o
LEVEL=3, UNIT=10.000X10

VELOCITY
T1ME=90000, ,

UNET=10,000X10

LEVEL=1,

90000, ,

-2
=1.000X10

RUN NO. (15
LEVEL=2, UNIT

UPHELLING
TIME-90000, ,

o
10.000X10

=2, UNI

RUN NO. (15}
LEVEL:

VELOCITY
TIME=90000, ,

Fig. 25 Flow pattern under NNE wind (RUN 15) and the change of the velocity deflection in the

3rd layer (RUN 14, 15, 16).
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