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(a) The bottom topography around the Toyama Bay and the analyzed area for GEK and ADCP data.

(b) The spatial distribution of potential vorticity with zero relative vorticity, i.e., f/H (H is a depth and f is
Coriolis parameter). Open circles indicate the positions of four tidal stations used in the present study.
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Fig. 2. (al)-(a4) Mean annual variations of sea

level anomalies at Ogi (OGI), Wajima (WAJ),
Toyama (TOY) and Kashiwazaki (KAS) after re-
moving the linear trend during 17 years (1986~
2002). (b1)-(b3) Mean annual variations of sea
level difference between WAJ and OGI (b1), TOY
and OGI (b2) and KAS and OGI (b3). These dif-
ferences are obtained by subtracting the monthly
values at OGI from those at WAJ, TOY and KAS,
respectively, and also they are normalized by stan-
dard deviations.
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Fig. 3. The left panels show the spatial distributions of total numbers of GEK and ADCP data on (al): 15
% 20’ grid and (a2): 6’ x 8’ grid. The middle panels of (bl) and (b2) show the spatial distribution of annual
mean current vectors based on (al) and (a2), respectively, grid size. The thickness of current vectors are
classified into three types by the stability (S < 0.3, 0.3 < S < 0.5, S > 0.5). The right panels of (c1) and (c2)
show scatter diagrams between absolute velocity (V) and stability (S), based on (al) and (a2), respectively,
grid size. Regression equation and correlation coefficient are indicated.
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Fig. 4.
responses function for the spatial filtering.
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Fig. 5. Spatial distributions of annual mean cur-
rent vectors calculated from GEK and ADCP data
on (a): 15’ x 20’ grid, and (b): 15’ x 20’ grid. The
currents stronger than 10 cm s~! are indicated by
thick arrows. The gray areas denote the grids with
data numbers smaller than 5 or removed by our
spatial filtering.
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Fig. 6. Spatial distributions of seasonal mean current vectors calculated from GEK and ADCP data during
the period P1 (January~March) after the spatial filtering on (a): 15’ x 20’ grid, (b): 6’ x 8 grid at the
coastal region and (c): 6’ x 8’ grid around Toyama bay. Thick sold line denotes the boundary between coastal
and offshore regions, defined by the present study. The currents stronger than 10 cm s™! are indicated by
thick arrows. The gray areas denote the grids with data numbers smaller than 5 or removed by the spatial
filtering. The upper right panel shows the mean annual variations of sea level difference between TOY and

OGI, which is the same as Fig. 2 (b2).
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300 FAA &— -

Wi (IKEDKER) H HIHEIZHT TORNTENLTH
D, B LW LATFWZ EB80H 5, BILE
AR & YR LI Fih (Fig. 6 () IRV T, B
By LA D B A1 50 D BB RV RNV O B & R E) -
TR 2 @il 3 5 AL (BT, ¥ OB & #59)
L, EESOERNEILET SR (LT, EESIL B
LIER) ILZHE L TWA X5 @B bh b, Sk
b, BUBA~NKATIHAERD ONT, BRTIX
BORMEZBERN OB O ~M D FNUNFEL, BHERM
EEIRIZ 2> THB LI ICRBOBND, RBHOEE
& LT/INR (B RS) & AN 3 R & DKM, %
NODONEBFRND, Ih b IoEmRoF T oK
i) OMIEEEL LTSI LIRS, O
DKNZEITADREDEIME L 22503, AV (FE
ME)FT D &R0k, £LT, MAUEBVLOD,
W& O OB TEE L Tz,

2) Hi P2 (4 A~6 A)
ZOBRBIZEIR DKM ESBEMN LIt B TH B
25, M P1 L RIS OB RAS E 7250 LR &
h5d, KEEFORNE (Fig. 7 (a)) I2BWTiE, AR
(P1) I TEEREEUFBOMHET « WEHENE I
RLTRY, AT - IO R L AR L 25T
Wiz, /IMEF OIS (Fig. 7 (b), Fig. 7 (c)) 28\ T
i, %Wﬁw%%mt’%%wfmmﬁhéio

, BEEEE OIS B ILE O EMRIL RIS Of_(fh
A (H_F BRNWAT L) 08880 bh 3, HE P1
ERBRICEESI ERIEED bR 00, O
RITBARARL LRI LZFin & Y, ZoOlEKIX
AR BN AR > T iz,

3) i P3 (6 B~8 A)
COHMITEHROKMENRELREL Y, BOK
WIS R bR 722 LHIF SN BRI TH D, KIKF
DFNE (Fig. 8 (a)) ICBWWTIE, HEEEEUTEOMH
B - IRFERO ZSENBEE L 2D, NERICIEE
10 cm s~ B2 B8V ISR N, Bl —5cB
WTIRERAE S 72 2% T, A& T O (Fig. 8 (b))
TLYVHRICRD b, B2 RIN 2 B ILBAET
FEN—B/NEL 2B DD, BEHEIZIV TR L

BEH & - K& vob -

RAHRE

MEROBENROOND, BUBRDEILKLE
ﬁmt;z— (Fig. 8 (c)) BT, BB ILM DM 3
mFIEE G LT, FOEEBOMERE LTKE
L, EESERICE LD &AL L& B TR
LTWB L) IO LND, MR TRLI/IA~EL
FOBERGE, b U<IE, VEIEEERN O o
HHZHERTRE L, ZhiddE OB OIS L
TWaLEbha, 7, i (P2) & h~T, &P
WAR bR IN TV,

4) ¥ P4 (8 A~10 B)

ORI OKRMENRENE 2D 9 A% PLE
LRI TH DR, 3NAFHOLEDIZ, TOR%D
KALZERBRIADTHN G NREG SNIERERL TS
AREE DL B 5, KIET < /IMET DN (Fig. 9 (a)(b))
ZHIHARE (P3) LB 2 &, ERMRRNhoD /88—
HEER U Th o7, BN (P3) & D&, B L
DI DO FERENE/NE L 72 B H (Fig. 8 (b)
& Fig. 9 (b) OHE) & BILE~DBRTFAGENT < 72
% Z & (Fig. 8 (c) & Fig. 9 (c) DHER) THotz,

5) #f P5 (10 B~12 B)

Z ORI OKMZEN 2 [ B ORBK & 722 5 i
ThY, P & LT (P4) L AT, BWERDE
BRAEFESND, KETORNSE (Fig. 10 (a)) 2%
5H&, 39°N FHEDWHEOFEFIIIRN L OO, #i 2 H
[ (P3+ P4) IZHT, AATIBIZI - - I A EE <
2o TND, /MMEF OIS (Fig. 10 (b)) ICBW T
T DIRFETRDITE 0 (TR Tl _ Lot
TR0 EDTHY, TOBEMRITEREE DM T
BE Lo TW e, Z0 X5 B ORISR
WCHL R 5L, &S EHEHTHAHMPL T
LRH BN, BILEEIHHR (Fig. 10 (¢) 128\ T
i, BARARIZIZEAERD LN R, BOK
Wik & AL LR R & o, KT, oM
B—FEOPTRLIARICEDLH, HIfPLZED, =
DO OBEWIRITKE~ L ZOBEN TN E Bbh 3,
L oT, KROLZENCH DM P43, BRNEARS
BT 2 HH P3 25 ¥ 0TS sl A B PS5
BRI H D Z B850 5,



BB EDEEIC R T 2 RBIEOFMHE

301
TOY-0GI
T
23 a0 9161112 (moml\)
@ (b) o
30v] -
37N )
6,7,8 (month) ’ 6,7,8 (month)
y @ 2Sem s - 208 ) 30(em )
P3 Suer | L P3 T>uen 575 oty
s A é [y ”%'\ Hems
. o OB oY 4 .
V3K 136€ ’ 138E, 1408 “I3IE 1365 ) 1365 1308 (£ 138E
Fig. 8. The same as Fig. 6, but for the seasonal mean during the period P3 (June~August).
TOY-0GI
2 4 [y 101112 (momh)
(c)
y-.
T e fﬁ"‘;"
o AN [N
o e et -~/
N */@ E A
e peses A
B> 7 A
=
8.9,10 (month)
o 30(em sy p
P Sllemsn I =
‘. hg 2}:{3‘«”‘)
1336 e 10Y 1388
Fig. 9. The same as Fig. 6, but for the seasonal mean during the period P4 (August~October).
4. BREEELD EILBEDIEIC I B R B OB &R LT,

T, KT (15 x 20°) TRE)-L#EKEmT — % %
AT 5 &, REREBLITE DOHNEIL 39°N {3 D B
(PhEHR) & BAFIBICH > 2B I (ER) I 2o L
TW5, —7F, RBLETIX, TRONEFHLT, &b

A CIIEHRICER SN AR TH S GEK &
ADCP OFSERET — & B X O H & B O
IS DEETH D BN FHOKMEZEDFREFHNT,



302 AR E— - BE & - R o -

(a) (b)

39N

N

T 10,11,12 (month)
o 28{em )

~ Pttt
PSS = fen

¢ ———
P5 >

BEE

TOY-0GI
2

2(memh)

10,11,12 (month)
o Hiem )

10,11,12 (month)
0 20(cms)
P

s Sfimen

T 1368 13E HoE 134E 136E

1388 1335
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Seasonal Variations of Surface Flow around Toyama Bay
Tomokazu Aiki !, Yutaka Isoda f, Itsuka Yabe t  and Hiroshi Kuroda *

Abstract

The shelf topography plays an important role in the formation of the coastal
branch flow of the Tsushima Warm Current. This shelf breaks a part of the
branch flow around Toyama Bay. Although its path east of Toyama Bay has
been inferred as the offshore baroclinic flow from temperature distributions, its
flow pattern and seasonal variability around Toyama Bay have not been clarified.
By using long-term GEK, ADCP and sea level data, we describe the seasonal
change of surface current around the Bay. Sea level differences between Sado Is.
(Ogi) and coastal stations (Wajima, Toyama, Kashiwazaki) reveal that there
are two periods in which the eastward surface current velocity is enhanced in
July and November. Based on this feature, we classify the annual cycle into five
seasons in order to examine temporal change in spatial distributions of surface
flow using GEK and ADCP data. The annual common flow pattern shows
that there are two main paths, the one consisting of the eastward offshore flow
(the boundary being 39°N latitude) and the other a coastal branch flow on the
Japanese shelf joining near Sado Is (east of Noto Peninsula). This means that
there is the northward flow west of Sado Is. throughout the year. On the other
hand, the flow pattern around Toyama Bay has a prominent seasonal cycle,
and our gridded current field with fine spatial resolution shows that there are
actually two flow patterns. One is the inflow into Toyama Bay (the near-shore
branch along the western bay coast) which is identified in April to September
and weakens in September. The other is a flow across the bay mouth (the
baroclinic flow from the north of Noto peninsula into Sado strait), which exists
throughout the year and is clearly seen in autumn after the disappearance of
Toyama Bay inflow.

Key words: coastal branch flow, shelf topography, Toyama Bay, ADCP, GEK,

sea level difference
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