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Flow Variations off Cape of Esan, northeast of Tsugaru Strait

Tomomi TANNOV » Hiroshi KURODA? » Yutaka IsopA® « Tomokazu AKP

Abstract

To investigate the seasonal and periodical variations of flow in the Tsugaru Strait, the mooring current
measurement was carried out off Cape of Esan, northeast of the strait, at a depth of 3 m below the surface during
about one year from March 2003 to May 2004. The seasonal variation of flow roughly corresponded to the
seasonal change in sea level difference across the strait (between Fukaura and Hakodate), which denotes the
strength index of geostrophic surface current passing through the strait. It is found that a noticeable decrease of
eastward current occurred from December 2003 to January 2004. Such a rapid decrease in early winter is also seen
in ADCP analysis for the Tsugaru Warm Current by Kuroda et al. (2004). Remarkable periodical variations of
flow were the four major tidal constituents (M,, S,, K, and O,) and about 14-day period. Our study focused only
on the 14-day periodicity and examined its seasonal stability. We found that this variation contains a 13.66-day
periodicity throughout the years and its amplitude becomes larger in spring to summer. This suggests that the
variation for Mf tide or spring-neap tide for K, and O, constituents may dominate, but it is frequently disturbed
by spring-neap tide for M, and S, constituents and by wind forcing with a similar periodicity in winter.

Key words : Tsugaru Strait, Flow variations, 14-day periodicity, Mf tide, Spring-neap tide for K, and O,

constituents
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Fig. 1 Upper: Study area indicating a schematic view of the flow paths of Tsushima Warm Current, Tsugaru Warm
Current and Costal Oyashio. Lower : Bottom topography around the Tsugaru Strait. Solid circle indicates the
current observation point off Cape of Esan. Open circles indicate the locations of tidal stations in Hakodate and

Fukaura.
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Fig. 2 Time series of the observed raw data. (a) East-
ward and northward current velocity components
(Esan), (b) water temperature (Esan), (c) sea level
(Hakodate), and (d) eastward and northward wind
stress components (42.85°N, 140.62°E).
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Fig.3 Time series of 30-days running mean data. (a)
Current vectors (Esan), (b) water temperature (Esan),
(c) sea level difference between Fukaura and Hako-
date, and (d) wind stress vectors (42.85°N, 140.62°E).

OSSR R OMNIE I T 2 KL TW5 £ T 5 DIER
2y LI, fIZIE, K& (197D BEE~EZEOEILM
IHMEREEOWREREASEEL, HRNAFAT S Z
LRERLTVWS, $2bb, 20034E4 A~5 Aicash
72O PILHE MRS Z ISR L T b Live vy, il
2T, AEANIEBRAZFHIL 12720, REIZEERTTIA
TH->THTRBCIBERENAPGEET 2 & 5 RETHEE
DOR[EERELEZ 5N 3,

JEUEAT1E 2003 £E 4 H~9 1285 <, 20034E 10 Ha o4t
& 7 I DOLAFERHEIERL T»d, I OLESRHE
NI B 2O & OVGETR 2 BB &€ 555, [FH
RO B CRIMEELSRBIET L T, ZHdE
Iz B8 1) 2 ZZZOWET 2 T PN OWREFR CIEEHA
TERWIERBERLTWS, Z2h0 2, ElUrhoVoEH
WZoWTIE, BLOILEAEN(IET 2 BEENTRHES
ERELUTL 3EBOFELERT ILEBH S I,

TOE, Kim, KGL EISHIZEETY 2 EMAEE)

B O & AR, BEEOKAL & HEE I O RIS
HEL-EHERE2RE T 57012, FFTHRIC X 3 X<
NVEBHT B T o Te o AR DIVERKT 21T 7-HAfEX, Fig 2

D EBIZR U e KR OB (20034 5 §~2004 424 A)
T, T— I BUIET 2B lTH B, 2721, BB AT =9 D&
Y7 v 7R (GERE) B8R 370, 2003458
~2004 5 1 HE TOFF 2O T =2 RFER LI, A7

FVIZSEIDNZY F 7 4 V8 — (EH 025,05,025) T
FHEL, ZOEEDOEBEIXO LD,

Fig 4 KRHEDEEEARY PNV ERT, LERIZART b
WVERERRL, KOEROEEHE D RS, #VLERISRKEE
SHEID B4y, BHENEART PVEERT, TRIZEANR
7 b VEIC K BIFETEIY RS & RERETE D i OElE

- Clockwise
____ Anticlockwise
_____ Total
Period(d) ]
a10? 10' 1 10
g 10 ; —
Q h
K]
%
€
A
&
[7:3
c
(1)
k-]
®
B
0 1
@ 10'
Frequency(cpd)
Period(d) 1
162 10' 1 10
1.0 \ A
s
:g 05 /\ /\ {
g |V \, {V m
3 o0 11
PV
% -05 |
[+ y l | 1
-1.0 { |
102 10" 1 10'
Frequency(cpd)
.;'_" Period(d)
3 Nm"’ 10' 1 10"
0
@ ° B N 1
2 60 T AN
® T v 'V\\j\)
o
e LN
2
SNITRY, |
£
° Y | ”
g s
3 102 10" 10 10'

Frequency(cpd)

Fig. 4 Rotary spectra (upper), rotary coefficients (center)
and average directions of major axis (lower) using
current data (Esan) from March in 2003 to May in
2004. The frequency with solid circle in lower two
panels indicate four tidal periods (M,, S,, K, and O,)
and about 14-days period (12-18 day).
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Fig. 5 (a) Spectral densities of sea level (Hakodate) and
water temperature (Esan). (b) Rotary spectra of
wind stress (42.85°N, 140.62°E), which is calculated
from the rotary-spectral analysis.
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and 42-day (dotted line).
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Fig. 7 Time series of 14-day band-pass data using HAB
method. (a) Major-axis and minor-axis current com-
ponents (Esan), (b) water temperature (Esan), (c)
sea level (Hakodate), and (d) eastward and north-
ward wind stress components (42.85°N, 140.62°E).
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Fig. 8 Total spectral densities of wind stress during Period
1 and 2, respectively.
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Fig.9 The contour maps for 14-day band-passed time
series of (a) alongshore current (Esan) and (b) sea
level (Hakodate). In these maps, the time series are
divided by 13.66-days for the period of MTf tide, so the
lateral axis is always fixed by the period of 13.66-days
and the vertical axis denotes its division number from 1
to 29. Contour intervals are 1 cm s~!in (a) and 1 cm
in (b), respectively. Hatched area indicates the nega-
tive value, i.e., roughly eastward flow in (a) and lower
sea level in (b). Symbols of @, ©, O and (P denote
the new moon, the first quarter, the full moon and the
last quarter, respectively. Symbols of N, S and E
denote the maximum south declination, the maximum
north declination and the equator, respectively.
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