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To investigate the seasonal characteristics of the flow pattern in Funka Bay, southwest
Hokkaido, the currents at the center of the bay were observed using a mooring system with
two current meters from September 1997 to August 1998. In summer, stable and strong
northwestward currents were observed at the upper layer and the kinetic energy of the mean
current was highest in a year. The magnitudes of the monthly-mean currents were 22-28
cm/s. These stable currents were a part of the clockwise warm eddy developed in summer.
Except for the upper layer in summer, the fluctuating components of the currents were
dominant at both the upper and lower layers. The directions of principal axis for fluctuating
components were parallel to the longitudinal axis in the bay (NW-SE). Dominant periods of
NW components of the currents at the upper and lower layers were the barotropic seiche (4.0
hours), M2-tidal current (12.4 hours), inertial oscillation (17.8 hours) and the periods of several
days (3-7 days). The amplitudes of M2-tidal current increased from summer to autumn.
Inertial oscillation was dominant at the upper and lower layers, except for winter. The NW
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components of the currents with the periods of several days had high correlation with those
of the wind in winter at the upper layer and for a year at the lower layer, and the windward
currents were dominant at the upper and lower layers. The currents at the lower layer
tended to lead against the currents at the upper layer about 0-90 degrees from the time lag
of phase.

I.1¥ C & I(Z

BRI, FICIHEBEIK(T<2C, S<33.0psu)dy, FKicEERTKAK(T> 6T, $S>33.6

psu) HENEFHNRAL, EEZFT 206 B L 2R EMBRNICHET 2 k4, 1971). Efiic
12, RREDBTWMPME KL EOWRKER L E 2B T, BiE, KESOTHBEABEERBK
(31.0~32.0 psu) "EGE A 4 — P MCEEREN D, —F, KEICIZEEGEHIC & - CTHERS
DA, KB, EESOXLEAEK (T<6T, S>33.8psu) »EHNE LEH B (KA KF,
1980).

Ik, F2MEATHRIMITONE CEREELHTI2BARBHNTE, K754, ¥
VTG, TAAVA, PYerl, TXWYy, 30 7EERRELIZBEIEIN TS, F
B 11 45 BE DA EUK REBL S (ALHEE K RBEMTSTE, 2001) o & 2 &, BDIEL &L ANEICE AR
DEFHERERIT 170,159 F >, KBEETHIMER 4 ->TH 0, imERkiSE 1,659,208 +
¥) D#10.3%, EFETH6.5%% HHTNW5,

L& L, EHFKRSTHA DORBREIERNEYLDOBIFEZT Th (, HMABPRBERICBNCE
HIc BRI (BHFBRZBES L.ImI/IUT) »#BELTWEZ EXFBEINTWE CKH,
1998 ; VEHIIZA, 1999). BRRBISIL, KM 75> 7 b VBRBEOZEABEL TR S T 74 0¥l
EH, BRICEBENLRC L » TERPRIRICHEI N, KBSHET oI RET L EE2
LRT 5 (BTHIEA, 2001). 20 &) ZEHIC BT 2BRBRITEBEWREN LRI LIER
Ly TATVAR I Y2 FEDEFRLHMICHRE LB 252 5 (BT, 2001). ZOB
RAROIHITIT, IRIC BIT 2 HERFTADORARFRLBIR L T B I ERBIN TS K
H, 2001). &5z, BREDBERICE %) WS & > TEDRERL HBAKIRAL, BX
B PIRET 2 RELIME N T2 (258, 2001). BRNOWNUTERS T A DFEHER 2
Y7 ORFOMBIERFCEBESE L RITL, LHICIIERC L > TR N REEKIC L 5
A b7 T T IROBEN~OBAHTRBEEE T2 (K - B8E, 1997 ; BEEII A, 1998).

Zn & )iz, BRDWAKITE, EWEREICSZ 3ENOBNAOEEFEHIN TS, B
BT 2 UMW EFELRRE OMWENE TS UThb, BREBORE L ZRESERI N (B
FRARE, 1934). £tk EEEHICBIT 5 REKIC L 2 BREORABRUITHIL, BRNOH
FWRAEINCIIREETE ), LRI EERED Th 5 2 L HTRE S Wz (Fak, 1960). F72, &
W7 AT BV 2 WEMKIC & 2 EROTABRN A &, ERici3BRICHy ) K, KHizE
HicE? ) WUAR SN, BRENWANEHER I NS W EHESN T2 Ltk
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HERFT, 1967). 4E, B4 ADCP & CTD Billd 5, HERREOBEFRE CRLNIERE
I B BHEETE ) OBREDFAEI TR S N7z (BH, 1993 &g, 1999). S HIHBRICL 28
6, BRI CIIERICRKTRY ORRIC L 2FEL RAIFEL, RE/EERBME
DIEEECHEE2 52 52 EREINT5 (8, 1997), —F, HER 3 KL ERLAIEI A
DFRBRBE T, WEBCTATHM, BHRBEE CALEAFMOTEA»BBEI N TS

(Nakayama et al, 2000), RN BESHOEEE TN EH W 2HRAOBEEY 3 21—
Va3 Y OMRTULREN, BRDBMNROENITEENA TS (KB-=5, 1990). ZnbD
Rk R 5, EHNCIIRBICRETEY, KB HCREHE) OBERIFET 52 &, A
2> U EN 2 BROMBRESBRICERSINEG I b > TETWS

L L, INE TOMRTRETFLENL 5XEPLBEBRNOTNOEEI 2R L TWE LD

, BRORN REHMEZSNEL, BNOEYWRBOEENIC I RE(BEE252LE2

LN B RNDZEEEG % 5Lk L 2Bz e v,

RIS EE S L CHAINTE Y, REOEHEFKICIIEED £y, dtlEEkY
KEEFFRDBIE S TH BRI (St. 30) iI2BWT 199749 A5 1998 48 8 A & T 1 FH
DRBRICE AERMKEEZIT) 2 LD TE, FHRTE, LEOW 1 FEROWFEER>» 6, |
KBEHRIBICBITZRNDEB = ANLX —, BREBSENEEZFARLZ Lic L), RANZEH
ZEZER L, BAERLOR L FEER EDEHL) #HLHITT 5.

II. BRBBEERLLT—%

M A I3 AL E R T ERIC AT L, A 50 km, “FHIKER 59 m, HAOKEH 100 m D BHERD
WET, BOMOKRIIERIBL VRSBERICL->TBY), BoRE@HmIL, 13T —ER
FEThsb (Fig. 1), BrETERE, EHBOSWE -4 o7 VIR EEHOR & - BT
o THINTEY, BRANCIIFEELM, Zolilglc i ERrHFEL, BARE, SR CED
FEIREZBY B LTS, F/z, BORERTECET TRPEERLTE ), BAERLD
WBRIEE-FERAADBREZE) B LT3

AR CHEAL2RERT— 213, EERFKEREREROBRIEN TH 5 St.30 (42°
16.2'N, 140°36.0'E) (Fig. 1)ic8\C, Aanderaa BFHHFH (RCM) 12 & » TR S L7z 1997 4
9A3ALS 198 F 8 A 24 HE THOM 1 FMOMHKT — 5 ThH 5., HiEsHZ 20m & 80 m {27

BL K& m), T—FDEHFHERII1045E Lz, 7T— Z#NCiE, 1EHPSEE ERT—
Zxw b ELTHWE, A

WEHBN T — 713, GBEKERBRBHBEMAMERNIC L - TiThNTWa 1 y AR
2 5 Aiz 1 Blo#EN4e (Fig. 1) o CTD, ADCP 7— ¢ 2R L7z, 7z, dLHEERFKESE
ERMHRATFEEAEM O LB & > TiT N2 CTD 77— b &b THW .

BT — 237 A F ABRER (AT, 1997, 1998) &) EwE, EHEIC BT 580 EMN,
BT — 3 B HERG LRSI HH L THz, BELOBRIAIC BT 2 B RLOME L &
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Fig.1. Bathymetry around Funka Bay. Our mooring station (big
closed circle), CTD stations by Hokkaido Hakodate Fisheries
Experimental Station (small closed circles) and meteorological
stations (open circles).

& o TRME N, HEEEE HEL THD LN T 3R B, K - B8l (1997) i3, #&
BTV & RBRBIANC & 5 FEED A 5, £ BT 5 ZEH LTRSS 3 EEO £ s
”HNTC20D1IBETHE I LETRRL TS, Tz, EWERTHORE, ThZFEEE2K
CAERE, MEBORE S L TAMTH 5 (i, 2000). %2 THFETIE, EWLRTBWD
BA7 P EEMERFTREL, BEE 2L EERT -5 & L TR,

. #% ES

1. St.30 LB 5B EENTHEL
St. 30 1= BT B KiE, ¥, sigma-t DEERF % Fig. 2 13R$. Ko S fEs o B R
RLTWS, BE, 8 BEiichELSHAL T BEERGEK (T> 6°C, $S>33.6psu) i,
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W, oM LTl A5 12 A2 THE» S TRICR LN D, ZOHRABIZFIHEIC T
~Bv (Fig. 2 (b)), RBUCIZHBEIGHNC & 2EEEAICE DKEBIF3 ~4 CIETL w527

(Fig. 2 (a)), EEBBRHIADBEL /NS WIzHAHEAEK (T<6C, S>33.8psu) icHHLT
LARBITR SN, 3AEMICIIERE T2 CUTOART R LN, BEFBA(T2TC, S<
33.0psu) DAY D 2722 & 2RL T3, 5 ALIKIZ, FEICHES 32.0 psu LI T OE I X
BFEEK (31.0~32.0psw) ¥ 40mfhEE CRO>NS, 1E2FBLTRIEKEICLLDHIAH
Bk, LB 20057 ARIETHY), BEEAIHBRINLLZNL Z b ORRICHEGL
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Fig.2. Time-series plots of (a) water temperature (C), (b) salinity (psu), (c) sig
ma-t for repeated vertical profiles at St. 30 from Sep. 8, 1997 to Aug. 26, 1998.
Dotted lines show the instrument depths of current meters.
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Tw3 (Fig. 2 (c)).

2. SL3ITHBITBIMERYS FLEERT

1997 49 H 3 HA & 1998 4E 8 A 24 H ORIz 35T, St. 30 T 5 #1172 20 m, 80 m J§ ) Itk
~7 b EERF % Fig. 3R Y. T—2ici3 1 BUTOEBMRS 2 BET B 2dic, ~—77¢
7—R4 >} 81 Kl o) Gaussian filter ##L TH 5. 20mBicBvTid, 5 A» 5 8 AlcBw
THBHEE L 2R LERF RO N2 00BN TH S, 9 Ax L 10 Alcidfimaogii e b
ot RELTGREBIVR LN, 128056 4 Rz 3 HEEBRHORELE RS 5 (Fig. 3
(@), 80mBIZBWTREMND20mBCRLN L) TRWEELLELIZRLSNT, 14£%
WL CHERHOFELEAERL Tw5 (Fig. 3 (b)).

3. St IcHBITBIRNNOEHMS - THES

W7 b NORFHSr, HFHG % PR & BRI 5 L EMEEH 72 ) PO
BrAiL¥— (KE=0.5- (#2+7%)) LiBEHIALX— (KE=0.5 (@*+72=0.5" (0.2
+0.%)) REHEL 2. FHERES% Table 1 (20m Jg), Table 2 (80m @) ioRL7, 22T,

(a) 20m depth

Sep . Oct .

(b) 80m depth

Sep. Oct. Nov. Dec. Jan . Feb. Mar. Apr. May Jun . Jul . Aug .
Month

Fig. 3. Vector stick plots of the currents removed short-time variations by Gaus-
sian filter (a) at 20m depth and (b) at 80m depth at St. 30.
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@, 7 3ABOFHE, u, v IZFEEL LOREETH S, $72, KE, KE/KENZHi%Z{c% Fig.
42w 72,
20m @ TiL, 6 A5 8 BB FoES = R L ¥ —IF, 259.19~381.02cm?%* 2 TH Y 10
BTRLIREL L >TWD, X7 FAEHEIZ 22.8~27.6cm s™Y, FDOFIEZ 280~315T Th
N L BB RERL T3, ZoBMIcBWT, FHREBESHT XL ¥ —DIKE/KE
R 1.0LUTT, PHRHIEHRD LD DRE Lo TR Edbd s, 10 Ak s 4 iz, Ty
OB 2 AKX —(2 7.55 cm?s 2 LT A% NS o T b, —F, BEET R L¥—3,
5 A5 10 RIcA 7T 81.49~178.49cm?» ™2 ¢ KE WAHiIc L > TE s &R 51 5 (Table
1). 80m G Ti3, FHEDEB = ANX—ERATY 6.5lcm’s 2 Th Y, 1HE2BEBLTRIEL
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Fig.4. The kinetic energy of (a) the monthly mean currents (KE), (b) the

monthly eddy kinetic energy (KE') and (c) their energy ratio (KE'/ KE).
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1. Statistics of the hourly-mean currents at 20m depth. The » and v components are for
the eastward and northward components, respectively. or, 6» and ¢, indicate standard
deviations of the T, # and ¥ components, respectively. V and *T indicate mean velocity
vectors and directions of the vectors measured clockwise from True North. KE is kinetic

energy of the mean currents per unit mass (KE=0.5 - (#%+ v?)). KE' is eddy energy per
unit mass (KE =05 * (0,24 6,9).

Month T=or % 0u 7o v T KE KE KE/KE Data
() (cm s74) (cms™') (cms™) (deg) (cm?%) (cm?s™?) Number
Sep. 18.0+1.2 -10.9+11.3 3.9%15.1 11.6 290 67.14 178.49 2.66 672
Oct. 14.9x1.4 1.4+11.4 -1.1£9.2 1.8 128 1.64 107.43 65.45 744
Nov. 10.3+0.6 -1.1+7.5 3.7+6.2 3.9 344 7.55 47.35 6.27 720
Dec. 8.010.6 1.446.8 -0.41+6.6 1.5 106 1.08 44 .81 41.45 744
Jan. 5.61+0.8 -0.914.4 1.5+4.9 1.7 329 1.47 21.93 14.93 744
Feb. 3.6%+0.3 0.1+4.4 -0.1+4.7 0.2 149 0.01 20.50  1446.42 672
Mar. 2.54+0.6 ~0.5%£5.7 0.6+6.1 0.8 321 0.28 35.14  126.28 744
Apr. 3.6%1.1 -1.6x5.4 1.3+£5.3 2.1 319 2.21 28.88 13.06 720
May 7.4%+1.3 -10.8+9.3 5.8+8.7 12.3 298 74.97 81.49 1.09 744
Jun. 10.8+1.3 -27.1%11.0 5.2+13.3 27.6 281 381.02 148.39 0.39 720
Jul. 14.3+1.6 -16.5%x10.2 16.718.9 23.4 315 274.05  90.97 0.33 744
Aug. 18.8+0.7 -19.6x10.4 11.6%9.8 22.8 301 259.19 101.31 0.39 576
Table 2. Statistics of the hourly-mean currents at 80m depth. The and components are for the
eastward and northward components, respectively. or, 6» and o, indicate standard
deviations of the T, # and v components, respectively. V and “T indicate mean velocity
vectors and direction of the vectors measured clockwise from True North. KE is kinetic
energy of the mean currents per unit mass (KE=0.5+ (*+ 7?). KE is eddy energy per
unit mass (KE' =05 - (0,24 6,%).
Month T=or @t 0u 7 E0y v °T KE KE KE/KE Data
() {cm s™Y) (cms™) (cms™) (deg) (cm?%7%) (cm?s7?) Number
Sep. 5.940.5 0.6x7.2 -0.6£6.7 0.8 134 0.36 48.25 135.49 672
Oct. 6.01+0.7 -2.7+8.3 2.3£8.1 3.5 311 6.23 67.38 10.82 744
Nov. 6.2x0.4 0.7£6.2 1.9+£5.9 2.1 19 2.12 36.82 17.36 720
Dec. 7.4£0.5 -1.2+5.9 1.1%£6.5 1.6 311 1.31 38.17 29.16 744
Jan. 5.5+0.8 -2.1£5.0 2.9+5.8 3.6 324 6.51 29.34 4.51 744
Feb. 3.6%+0.4 -0.4%4.3 -0.4%5.1 0.6 227 0.15 22.06  148.31 672
Mar. 3.2+0.1 0.2+4.8 0.9+5.4 0.9 11 0.43 25.92 60.32 744
Apr. 3.3%0.1 0.3%5.3 -1.2+5.3 1.2 166 0.74 28.24 38.07 720
May 3.11+0.2 0.3+4.7 -1.6£5.0 1.6 171 1.25 23.66 18.93 744
Jun. 2.9+0.3 1.3+5.5 -1.2+6.7 1.7 133 1.46 37.21 25.43 720
Jul.  2.8%+0.2 0.2+5.7 0.8+7.5 0.8 15 0.35 44.22  125.72 744
3 9 2

Aug.

5%0. 2.1£9.8 0.7+12.7 2.2 72 .34 128.77  55.02 576
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ZoTwd, BESHIALX L8 AICEATI2S.77cm’s 2 D2 &Y, 20mBLE D kX |
T3, ZOMOLIRIL 22.06~67.68cm?s™2 TH N, 20m G & kT2 & 2HUTEKREL
TN, T2, KE/KEZ1E4BLT1EYREL, FERL 0 L EBHRSDERL T
255hh 5 (Table 2). 2k, 20m Blc BV CELFEIEBES 3L TE8T 5 (KE'/
KE<1) D6 A% 58 ATH), #0MDHATREBRS»ERL T3 (KE/KE>1).
—%, 80 m ETIREE L 2 EERIEFEE T, 1E28L (BRI ST 5 (KE/KE> 1)

(Fig. 4),

S bhiz, MELBRS O, HEiFmOkE 2 25E L2 (Fig. 5). BHDFERH» 20m J§,
BiEH 80mEERL Twa, REWBoRMHE (LB -FERAM), fgkn (LR-—%ES
M) THY, IRTRENEFNLT RLTHSE, 2L, Table liciwkL7zk )iz, 20m g
BWTEBEGTIKEVDIZS5 AH S 10 BiciT TTH 2 3E8 O FRICIEVDH Y,
B0l ~ R, B L & fic 2 Tl db~ RS DB R A F I & > T B,
—%, 80mBTiZ 1 E2EL T~ AR EBEMOFHTH L, £72, 20mEL 80m g
ZHET 5 L, RBEREY L IERERAIC H72 AL RS L LB T, BRiE# O M,
EENFE LICHBENRE, KEIZE->Tn5,

877./\ Nowv. Jan Feb,
16 ) N 10 10 10 v
AU ] FaL v ; S Fai E
A L < T\ A A T4oa L AL TN T A T AN T
@2 [ L a nNe 2 r 2 r 1 € 40 ]
g ‘1) E ‘1 E O g or g of 1 e 9 b
o o H 0 o o X 3 o
v \F = v Vot v v T R B A ]
N /i i i 1 Lo 4]
140 0 10 %% 0 T I Yo "o "0 Yo [) 10

<cmis>
<cm/s>
<cmis>
<cm/s>
<cm/s>
<cm/s>

<cmis> <cm/s> <cm/s> <cm/s> <cmis>

Fig.5. Ellipses indicate the magnitudes of principal and minor axes for fluctuating
components at 20m depth (solid ellipses) and 80m depth (dashed ellipses). Dotted arrows
show the directions of the longitudinal (L) and transverse (T) axes (NW-SE and
NE-SW) in Funka Bay.

4, BHIORBIZEIT 3 FI5%

FRODFLW, BB XX —DFHEEE (Table 1, Table 2) # 5, E#io 20m Bicid
ZE LR B ERAEAT 5 2 AR & Uz, 2 U3, EHOMAEERIC K S 12 Bk (7
H, 1993 ; &f%, 1999) O—WRIPI 2 bDEEZ LN D, I T, MBEME L MNOBER
B0, BOLEELLZENIFEL T2 7H (KE/KEPBA) 12817 2 EoRE#HH,
iy Ao sigma-t BT (Fig. 6) & 20 m JGic BT 2K, #54, sigma-t & ADCP Iz & 5%
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Fig.6. Vertical sections of sigma-t along (a) the longitudinal axis and (b)
the transverse axis in Funka Bay on July 13, 1998.
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Fig.7. Horizontal distrubutions of (a) water temperature (C), (b) salinity
(psu), (c) sigma-t and (d) current vectors obtained by ADCP at 20m
depth on July 13, 1998.
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HE7 P VOKRESAER (Fig. 7) 2777, sigma-t OSEMHER 2 5 &, R#HmE Tl St. 34
5 St 1% iz T BEEE» R LN 2 (Fig. 6 (a))., F/, BEAAFHTH St.2725
St.R2 AT TWEer L HERERNMAECR N, RBICBIT HHEEY ORMEEI TR S
N3 (Fig. 6 (b)), ZHORKRIEFEROBEEL S 0mAEE TELTWREE25M, 20m g
DFEFIE ZDBRFEOPBH 1= N ITAEL Tz b & Bbh s, Kic, K&, B4, sigmat D
KESAR (Fig. 7 (a), (b), ©) 25, ZOBENPF.LMEKIE13CLLE, %% 31.8psullT,
sigma-t #°23.8 LIFTH Y, BOFLALRLPEOL N ITMEBEL TWEZ Ldbh b, 72, Hi
H7 PV sigma-t OFFERICIE ) & D LBFHE ) OBRFEEEERL T3 (Fig. 7 ().
20 m BoOPsEEHE, REOH L LLoEREMIMEL TBY, by s, TARKRLALE
L 2R & oL, IORKABOBNEZRZ DN THE L2 5,

v, &

B

FRERIC & BWHFAERED 5, St. 30 TREMEE ICHEEE ) n%E L7z (KE'/KE< 1) Rk
EWARONIZA, MOHMTIERE 20mJg), TR BImE) & IEHRTH»ERL Tz
(KE'/KE>1) (Fig. 4). %72, R&LE#E0FMF R, EHER TRENE@MFHOLEH
PHBIIKRE { oo TWieds, ZNLUNTRIZIZEORMHANEEH BB T\ (Fig. 5).
£oT, St.30 LETREIcBIT2REEEE, 1E2BLTLETETRLALBORMFMNESE
L, BHIOREBEY L b -2 LBIC BT 2EMARDER TH S EEL DB ENFTES, 2
IR, INLDOFEEHNOERNE L TEAE—HORNEEL2E2 5,

9, WAES7 PV ERNR7 P vEBoREAR GLE-REAR) LE#sm (LR -
HE) L, EnL S RMOBREESEINDL DT DI, FA4T Iy 7ART
P& FFTHICE > CRHEL 72, HETREHRERI M L L, 77— %2 1024 HE 41 H)»T—
XY, EEFTOTF—I 2T L L e LHERT- 12,

HERRLY, BoRSMFANKELZHICBWC 1l HUTORAMH X, TnNFTHEINT
W EARE) (4.18M), M 248 (12.4 RR9), BMERE) (17.8 KR 28l T, 72,
WK, BB LICBHOBIE (3~7H) Kb—28RLNL. 22 TR, INL0HBH
BENEHEIICEBRLS 4+ 3 v 7 A7 F % Fig 8z, 7, BAERE: M 24
1220mJE (Fig. 8 (2)), 80m /g (Fig. 8 (b)) X bic 14E2ML CHBRLAE—2723 5T 3
7%, EEREIA, M 2583 ED HBBIc 2 DIRIBAIAE { > T35, ERIREIZ, &
HIize@ b e— 2% 0, SO - fH (1989) DOEMEERTKRD 6L Nz BFRED
B—x—F (3.82FM) ciiv, M 25BORBFE> SBHIICAE( LT o0, FH
R (1993) »faHEL T3 & ) ICBJGICHE ) WIEIY <, BN RXNCIE R A o 2 08D
HZbhb,

BEYRBEBALH LR THEICHERLTEY, 20m &, 80 m JE & LicEH» L EHicr T TR
RIBIZRES B> TV, 20m BT, P8 (1997) 2488 L T3 & 5 IcRBOREHE ) DFY
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Fig.8. Energy-preserving spectra of (a) NW-SE currents at 20m depth, (b) NW-SE cur-
rents at 80m depth, (c) NE-SW currents at 20m depth and (d) NW-SE wind.
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Fig. 9. (a) Coherence squared and (b) phase between NW-SE current at 20m depth and
NW-SE wind. (¢) Coherence squared and (d) phase between NW-SE current at 80m

depth and NW-SE wind. Minus sign of phase indicate the current lead. 95% confidence
level is about 0.4.
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at 80m depth. Minus sign of phase indicates the
current at 20m depth lead. 959 confidence level is
about 0.4.
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