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BT - B (2018) 2SR L Cw b 0T, SbE TS
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Fig. 1. Time series of water properties in the Oyashio region with fitted curves for the 18.6-year period and lin-
ear trend. The data processing method is the same as that used by Osafune and Yasuda (2006), but an updated
data set is used. (a) Strength of the diurnal tide in the 18.6-year nodal tidal cycle; (b) apparent oxygen utiliza-
tion (mL/L) at 26.8 04; (c) upper layer salinity in the top 200 m layer (psu); (d) depth (m) at 265 0¢; (e) layer
thickness (m) between 26.7 and 27.2 0¢; (f) potential temperature (°C) at 27.0 gy, around the temperature maxi-
mum; (g) potential temperature (°C) at 264 04, around the temperature minimum; and (h) phosphate (UM) at
268 0y.
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RIS BENEET 5, OB T, KREEKD
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o) 1k, AFAHER F— oAbz oic, BHiEE
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% (Fig. 20 (a)), L7235 TC, RADVROKEIIZ L,
EEPEELT EEZ NS, —F, HERAICE
HHEEN LOEE~OFEORE I, REHERXOIER
2 gl 0, FICHEEETRER ORI
koTikE 2, ZoRFIE, MAMIZIE, BRK - BAVE
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T, BADPROKEIEE, AiREA (BN B o%E
Wk, SHEHAKRMEC (FL) BbEeEZLNS,
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DBIKETH Y, BRI 7 VIVIERIRO KRS I
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W,



W1 18.6 FEARE) & EELE) 23
(a) . (b) (©
Salinity Temperature Oxygen

Weaken

the Minimum
< 2 2
I Z g
o g Weaken 9]
e o the Maximum / e

/

v
v

Fig. 2. Schematic diagrams showing effects of vertical mixing for (a) upper layer salinity, (b) isopycnal potential
temperature, and (c) isopycnal oxygen. Solid lines are mean profiles, and dashed lines are profiles modified by

vertical mixing.
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iz, SEEO DSW BTSN 572 561E, KD EOVE
ERE clRENG LT, TESHEEN LOBRRRE
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Vo AR =Y 7K O SR EoAKNE - AOU 3 AE
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Fig. 3. Differences in winter-SST (color in °C) and SLP (Sea-Level Pressure: contours in hPa) distributions be-
tween the periods of strong and weak diurnal tides based on bidecadal components that are bandpass-filtered

in 11.6-25.6-year periods. After Yasuda et al. (2006).
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KED 25,

Osafune and Yasuda (2013) 1%, [F U #fias2Eass 2
AT, #1186 FIRENC X %, JLAFESEDHFE K
AN DB D W THANRT, 5 DERTIE, 186 )4
HOREIRAGZEENC X - CHREATICA U7z 186 £
DK DS, R AV IEEREE AU > T -
SO EHGEL, e - PERTEIC bR e 8 % K&
¥ L C\w/z, Nakamura ef al. (2006) ic & 3 &, T3l
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ELTC, IRETIVE VIENTERITH © CRE T ANCARTE
L7, $EH2E—FU ELoEXE—FORHER X
v —iAs, HEEVHT IR SERFIE BRI & i 5 BRI B D
(R, B X OCHETRERA L DR HAE OB
) Ik o TSNS Z LT, KFEPRIOIEERI
b 2% MIF T, Osafune and Yasuda (2013) 1%, 5
T 3KEMEICIE, ZOoHAZFOO R L —HOERFKICK
Jis U 7o iR 22 1T & 2 KRR 22 42 i AS B B 7 A Bl % S 7
LCTWwW3bZERR L, 2720, TOETILTIE, PDO
OEBHLHLIET 2 TEARTFERIC BT 2 > 7 F v
FEFEINS L, BHED 20 FEFH L MHL G- T
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T I ADFEAEL, RIEKEREIBEL TV, £,
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Hwimd 5 L IFRNEETH B LiETR AT 7o,

Osafune et al. (2014) 1%, PIRIGE ST — 2 FALF
EERIGH L ESh - RIMBERERT T -4 €2y b
(Estimated STate of global Ocean for Climate re-
search, DLF, ESTOC; Osafune ef al., 2015) % X — &
i, XD BIERNLRE CHROBMEER LT 72, ES
TOC &, RO EE VTR D, #HES
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Bk, BIEFEADET v 7 A2 EREGATED, N
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FERMOMWRKRREAEDS, HAHHEEIFRER IR -
TW - < b EHEEL TWw 728, Osafune and Yasuda
(2013) EHiRT, ZEOIRMEIKE L, AHERED
WL ZeoTWwie, ZOKE, T OHMET 27K ZE DAL
23, FEASTEED PDO Z B AT I 38 v CRLENS
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Shic, TOREIE, WBTEIRE & U 7w e 5
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Bidecadal variability in ocean related to the 18.6-year
modulation of tide-induced vertical mixing

Satoshi Osafune'* and Yuki Tanaka?

Abstract

The 18.6-year modulation of the short-period tides related to the precession of the moon’s
ascending node probably modulates vertical mixing in the ocean through microscale dissipation
processes of internal waves. It is hypothesized that the modulation of mixing contributes to the
bidecadal variability in physical and biogeochemical variables in the North Pacific and its mar-
ginal seas. Previous studies support this hypothesis. However, the quantitative importance of
this modulation remains far from clear. Even qualitatively, we do not understand well the
mechanism linking the modulation of mixing and the bidecadal variability in the ocean. To ver-
ify the hypothesis, it is necessary to evaluate the quantitative importance of ocean variability
as a result of the direct ocean response to the modulation of mixing, which requires us to quan-
titatively discuss the response to both atmospheric forcing variations and mixing modulation.
One promising way to do this is via numerical experiments using a reliable ocean model that
can reproduce both the mean states and temporal variations through realistic processes. It is
also important to obtain more information about bidecadal variability based on observations.
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