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%, ZOWFETIE, ELREHEIRSG & v 5 WILERICEE U, LR 2 o 2 ShAn L 2 4
DELT, EMWEY T 5 v 7t v AEOHFHCE S 2 K EREREE O I ICHL D FHA
2o R—=V ¥ 7GR R O KEEM AR ¢ O BB B & KB L, BEERD 5
WIS RAITHE D T 5 ORI - S5, BEF ORI 72 v 7 v o4z
MR 2 LCEETHL I LER L, £, BFRGQREOFELITEIZ T - 7o Tl g
W T, T LI RAET 2RI O RICE A Z2MEEDS, SLRSNEIR SIS HE S TED
O OWHBERIED R Yy FAXR Y FTHD T EE2RL Tz, KEEILIRAEREOBLANZ, #
HiEm oA L L bic, LHBMBXOEMHREML T, REEIXERDOS 545
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. EUBIC

PEER LA B & O 2 ofgildifg L, EVERE - #SEE
PEMIER TG F 72 M#k T & % (Takahashi ef al., 2002),
HFENE CoELISRERASIX, L TokEEATSC
ET, BIESD, IWAEYES 2 IREIMICERT Ak
25, TEOBELRERE ARG, EYEE
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ERA, AREERERX,

PaERACAAE - Azl i

T AEEAYEBRREO DL LTEASNTER
(Sarmiento et al., 2004), L2 L, GLIREATERAICHES
RERNEER RO B WD bicld, HEMHEEG
Z2WE $ 2 LA C 5 5 N7 ShiEIR A EEEF’F &, HHEK
EIEE DIE 70 7 7 A VO % B U 72 Bl 7 —
ey bEMEET B0, RFHETOEMICE DK
EENEFEREOERNA R S5 Tz (Cyr et al,
2015), FRic, ELIRSREIRAWEICIE, BA—F—ick
SREGREMEH NS 5 Lo b, KEHEOHEHER
BROEMEENOFELFHET 5 LTIk, ZOoERICH
2 Y HLETE O A % & 0 72 KRB RSB R O FL A 1 72 B
RSB TH 5, AFTIE, KEEMAEE (52 %) ©
Mg (58 3 %) 72 b, WEMIZ ofRICE A 2T
EL 7z, EFSICXBWMEZHENL, SBROBLAINIZ
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OFHEICOVLTHwRT 5 (H4E),

2. N=U>JHB

N—Y v R RBEMA L, BEFEThEL—
RAEFEDFE L, FRECWEMASEIER T 20 E L
THIsN, 7=y~ )L b N TS (Springer ef
al, 1996), ez &, FlloMwaE, GRENIC
REEDIEFEL TV 2ICbEbET, MESELETH
DEDART B L T—RAEENEIET 5 HNLC (High
Nutrient Low Chlorophyll) i & 72 2 —J5, Dk
Wi IE, FOLENICERIZERET 2 b 0D, KEHEI S
L, —REEPEIL L %5 (Aguilar-Islas ef al.,
2007), WA E X OBEMIEIC B £ h 7o KBRS ©
I, AU UCOREE B KOs h, EFETh
REFEDHIESINDI DD, INETITbNTELEL
Rk D, ZDEEIHED 5T (Coachman and
Walsh, 1981; Mizobata et al., 2006; Aguilar-Islas et al.,
2007 72 &),

KEEMBIEE N 1%, *—Y > 7 8HE% (Bering Slope
Current (BSC)) & MEiZi 2 dLVE [ & 0¥ (SE¥ R
0.15m s~ FfE, Kinder ef al., 1975) #d b, 7V —v
~OV b OAZEE, T BSCIcHEd BEMGA 7 v v b L i
ARG L Tw % (Iverson ef al., 1979; Okkonen ef al.,
2004), KEEMNRHE CHZIC S 0 5 PRI (Mizo-
bata and Saitoh, 2004) &, KVHRAIC &b, BEl—EE
MoOWE ML RAE L, BRSO S E R KER (Krchd
Fe i) % BEMN 77 17 N3k 9 % (Coachman and Walsh,
1981; Mizobata et al., 2006), #hE 2 XILDOK Y 7 ZE€T
VxR OB 6, T OREMIT R~ O SRR E % X,
FKETIE2L, F80mUE HKRETRE WL L AED
5T Wiz (Coachman and Walsh, 1981), % offfifs
1%, FEBRICBLUCH S N EMEIESREWTE A 5 b K
Fr& 7z (Mizobata et al., 2006), EEfifZL 7 v MHE
T OHREICHHA S 7RG, PRI RS T 0
WEREIRSIC X D, REAtEEShDLELEZ LN
(Coachman and Walsh, 1981),

L2 L, IHE CELIMENEIR A& O % Sl L 72 W58
P &, BSOS T W ANTEIR A E U B W HhE R
DAL LTl ol, 7z, BMEL7 oy b 2EA

CREEMMANE, SRR & REIE N 2 HEE KR 100-200 m @
M CTH b, &b FBEMLITOBRFHRRENE
(Aguilar-Islas et al., 2007), Z O ¥ AU ICEE 7 8
2, ED XS UTEEMY & KEEREI O £ EH A~
Lt Eh, ZU—rL b OEFE-REEDSHERS
D%, ZOEXREEOERNRIMEIRD SN TV
(Simpson and Sharples, 2012),

21. EFJYV—-2N) FTORHERIE - BFEH&KELRNE
@iz O EE

Z T, FEHE SR, 2009 4 8-9 H, AL E L
i c 2N $ 22580, B 6B TRE:
R % R 2 B2 SEME L, 27U — > L b DR
B D B REE - oW BEEZHS I T 2050 %
T 7- (Tanaka et al., 2012, 2017), < @oWF%ETIZ, #L
Jat CRAN L 72 BLSRER A BIE O 7 — 2 iz, AH
(AR KA BRI 51 & > TERK - BIE S N7
ek (<022 um) 7—2 b, BB T 2ELIRRE
BAICX D TRE? O BHENDOBEGFHREEREE, F1OT
RED -7z,

A CHE U7 HRE B & IR IR (DUR,
TREFRIE LS ) LR T %) 13, BEMEICHYE T 2 okt
L (<0l umol 1), H&MEFECTRBEFL TV
(Fig. 1a), Zh ke, AHAERER, BRIKET
e $ 2 —7 (< 0lnmol 1Y), Bt LT, Ko
JEAHECIREPRKE L LR T 2010 & 72> Tz (Fig
1b), RECrmR 7 4 VEEN] pug 1" 22 2 B
1857 GIEKVERT 200 m) 2> & il o KBEMIAM I < 1,
REFOBEHFSHS BRI L CTHNWIZAR LT
S, MR (125 m iE, 262-26.30,A3) 12i&, IRFEkRE
FE DSRERMADSTER S h, WEED 5 REICH T AR
PR E o ShiE AR AR E T wiz (Fig. 1b DR &H]
Ro DI, WAWHESHRE OSREM AL W 5 iz & OBLRE
%, TEEMHGM B A R, DB DSREMRA
1%, BEMRE AL O B8 RIEEHkD, 7Y a—vx Vi
b % %% CACERED B L 72 BB 2o W /KB & 53 B TR A&
THIEILLVIBENS EEZ 5N (Tanaka et al.,
2017),

GLRSAEIR AT & 2 L& ORI - W kE =
(Flux) 1%, SLIRSHEIAHURE K, & BB O SRE AL 0 C/
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0z (C: MHIRME - IBFERIRIE, 20 LA IEDEHEERE)
o,

aC

Flux =—Kpa—z

(1)
TEHESND, AP 28T — 2 2 5, ALK
SRIER A, BEM Lo E AT (100 m DUZE) o, Bl
B R o fiEE (70-80 m ) 1< B W TR (L
Eh, K,=0 (107°m* s ™) i L Tw i (Fig lo),
ZOfER, ch ool clE, 010 *nmol Fe m 2
s Blbo, KEREFEHILRMERA,SECTED
(Fig. 1d), BEEMGAENS T, REEHIAE D 53
[ER & T = © O EF#OF I $h1E % = 1%, 280 nmol Fe
m 2 day ' & REED bt — 8, PRGBS &
DHE S ICHEM T, ELRSAER AT (K,=0
(107°m® s7h) WUF), BESEEOMEARS NI
L s, EESEOSEEEEIE 0 (10 ° nmol Fe m
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(o n

s ) BRE L, BRI IR T 24—y =k
HIRWETH o 72,

7 =RV N TCOBEFHAEREICET 2 A0
(Sambrotto et al., 2008) & &k ¥, FICHEICH T 58kE
RZEDHLD AA L (Aguilar-TIslas ef al., 2007; Sunda and
Huntsman, 1995; 1997; Sunda ef al., 1991) %> 5, 150-
3000 nmol Fe m™* day ' o #ftia7s, EFOFHAEED
HMERFICABETH 5 L JAED o7 hs, Bl 8
THE 6 N ELRSRTEIR AT & 2 T D & OIRfF#kik &
%, = o NRfE% L% & TdH - 7 (Tanaka ef al,
2012), %7, ZORICET S NED 5 OIEBIETRX R
1%, 26 mmol N m™? day ' & HEES 5, RYEEIE L A
it E O i (Fluxyos/ Fluxpg) &, 1 X 10" T -
Tro $RERFZDALD A& H (Aguilar-Islas ef al., 2007;
Sunda and Huntsman, 1995, 1997; Sunda et al., 1991) &
Ly F7 14— R (Redfield ef al, 1963) 2»5, 77U —
YRV TCOEFRO-REFETHES NSRS #ho
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Cross-sectional distributions of (a) nitrate + nitrite concentration, (b) dissolved iron concentration, (c)

vertical eddy diffusivity, and (d) vertical turbulent iron flux across the continental slope of the southeastern
Bering Sea (Tanaka ef al., 2012, with some modifications). Contours are the isopycnal (26.1 0, and 26.3 o, are

colored by red (a and b) or pink (¢ and d)). The red arrow in (b) is referred to as the station off the shelf break
in the text.
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HEE05-50 X 10' L RS 5 d C Lhn, EEiliED
WIS TR, 27U — R b TO—RAEEDHERC T
IR - EREMIE A U T W B 2 ERE I hi,
—75, WEZEA (BEMIE) o BLIS © ok i, 50 X
10" AL (05 X 10" BUF) ThoC bhn, SRR (7Y
BEARR) kb, —REEPEILT L LEANT
Holz,

INGDENLL, HESY — )L NDOIREH
RICOWT, UT &S HillREZE N Lt?nkxﬁ%
Zbhiz, (A) BEEMIE O WEIEMNT TOmOLIREIRS
ko TEE LT 5N IAEED, ()¢ﬁﬁﬂ£k;é
HEEEHREAIC X - T, BRAMICERE X, BEillEI
R (100 m %, 262 0of10) IIEFFERIREE O ShEHR
KEZET 5, (C) ZOfER, HFEE» S5RBIH T
T, RERBESEEONEARSTER S h, Pl
AR TOMVERSICLD, U —r LDk
@A EESREN I SN B,

22. EEFJ) 2N TOHEEBKIE - BESKIRNE
WXICHE Y 2NEREYRENICE T A HfEETE

Hiffio (A) BL O (C) THRARZEIRSHERAITHES
Bk - THRRIEIR I, EF:0Y — v 0L P O—RERE
MEFRCESE LT E2 T EEZON, UL, 7?;%4_:5*
W AL 3 & VPRI i i 2R JE Rl R E R A
LS N5 D, %@’%?L%%%@l@&%%%#k@"
7.0, BB X OCBMEFEZHVIELED
(Tanaka et al., 2013, 2015), KEEMIRHAN I, WYL
BSC OB I KE S BT 2R Tch v, FricHEM
WL DB KE W EE X 5T &P (Schumacher
and Reed, 1992; Foreman ef al., 2006), HLISRIER A D
I B B KB RE I C o N Ik o i - (=
& - BORRHERHS Tl o, 22T, EEHIE
N—VU Y 7HEEREE R E LT, SHEREE S H A
(K1) 3 & OHEY (M2 ) ONEERIY %2 5.2 7215
it S 3R L% £ 7 v (MITgem, Marshall ef al.,
1997) 1T & 2 A6 EE 21T\, ELIME O 3 RITAE/- 5
i, 7V —r~L FCOMERSICES T 2 HEM -
e H NSRS I O Rt & B 6 20 SR AT o 72
(Tanaka et al., 2013),

EFIVDOEAMIZ DT, Tanaka ef al. (2013) 12

BH, N—FHEEPIZ L 2 FKEE T VT, KT
Mk 1.25 km, $RIEAS T MR HE 2> 5 200 m FEE T
Z 10 m, 200 m DA BRI Ic kg T-RfR 2 K& L 7,
WIIEE & LT, RP—RROEFMEFRKL 707 714 )L
% World Ocean Atlas 2009 (WOAOQ9; Locarnini ef al.,

2010; Antonov et al., 2010) »5HUE L T5 2, FHILIREE
5 10 HHEFVERB L, H&EO 1 HEZ@TictA
L7z, BLESREIRGHEOIEELE LT, MTTERLL
IRV X —HORE e 2EME L 72,

s[5+ (5] (2)
zCwT, a,AV@mﬁ SRTECREMEAREL (454 10m® 57"
107° m? s &), uwvIZAKPRE X, y, zZEFIL
NTOEMEETH 5 (&7 IVHEBIIREHE D i1c 43 FER]
BRLTCHRELL), &8, AfaTld, 3L —8oaKL
SRIEIREER A,

F

(T RAZEHE (=02),
N FEHIREE) (3)

K, =

Wk, Aot 5h 3 L35 (Osborn, 1980),
SAEREE L 72 1 HE O = 2L X —HoiE o 22 M 54
&, BEMIES & CEEMIBGA A TR E L, Rl
W (Fig. 2a, fHL, e QK EE p, %L 72 EDRERE
RiEZXR), 2 LT, BEMELREOEN T 2L ¥ —
HokiZ, 2 > DA (Pribilof Canyon, # & ¥, Zhem-
chug Canyon) % /inic, FEMICHMLTWB I LD
ﬂ?ﬁfﬁ:o F 7z, FABGUERM L A R (Fig. 2a 0 5 A
¥ P) iR o 7 ShEWE N O = 20V ¥ —HoR3E, R
L@ﬁﬁﬁﬁk@WﬁL#6@M®%E-ﬁ%@fﬁm
& (Fig. 2b), BEMIGOAVIEE 0 B 100 m PR Cld, #
W BEFERE b, Bhe=0(10"Wkg ') Tho
72 (Fig. 2¢), 72, TO &5 MmO, A
D (Fig. 2ad 74 » S) tb R oni (Fig 2d), L
LAY S, ELIREHcE, Bl o 70-80 m i
BT, 0 (107W kg ) 10T 2 R0 A AL R (LA
HohTwah, BEERTIE, 0 X5 REIN 2
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Fig. 2. Horizontal distribution of depth-integrated energy dissipation averaged over the final 1-day period of
the numerical experiment driven by K1 + M2 barotropic tide. The dotted lines represent the 200- and 2000-m
isobaths. The model domain is rotated clockwise by 43 deg, and x and y are the horizontal coordinates of the
numerical model. Also represented are the cross-sectional distributions of the energy dissipation rate averaged
over the final 1-day period (b) along line P and (d) along line S. Line P corresponds to the observational tran-
sect mentioned in Section 2.1. Black lines represent the semidiurnal characteristics. Thick (thin) lines are for &
=[%/4 (k* = 0 and [?), where k (I) is the wave number in the x (y) direction derived from the possible direction
of horizontal propagation (Tanaka et al., 2013). (c) is a comparison of the observed (red) and modeled (blue) en-
ergy dissipation rate in the proximity to the shelf break (Tanaka ef al, 2013, with some modifications).

BWEHHTE VAL, X0 ERRET, EiEREET
T2 HAAAT, FEEKTEE T NIC X BBEALSS BN
Thsb,

EEflOLE 5 cllii s ik S h 2 A2 #5720, H
DA TETFT NV EERE L 254 L, 2H A A TH

LB EDT 2V X —HBORE MO K E{To 72, H
FEI D A CTHEN L 72354, T 3L ¥ —Hokormiiz, B
A FEA g EAHEICRE S 15 2 (Fig. 3a), FH
JAi D A CEE L 7235413, S0 RE - HEE
Thimfhani (Fig 3b), £, 94 v SEFTIEE
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<, BEMABA (150 m HEME CTER) 20 5 O IY 75 B
BB WT, TRV X —HOREOREN M E 2 v R
Uy MR LIS Ron7 (Fig 3c 8 L U Fig. 3d).
BUACELR LAY HL 6 7 BRI EOL M (le., BEAIRR
A 59 20 km M) <&, HRE# X b HEHER T
1ot EBO A, W 100m FELRICB VT, K&k
B R R L Tz, TOEWIE, OBERToOEME
JAWE f 28, HEMOREE KD b REL, FHEMHD
FEE LD HNI ECBERTEEEZ N, OF
b, HEMORNEEG R, SEicHifishzss, FE
e & LT TICABRTE 2 W AR & 2 2 Dlcx L,
FH A O NS %, RHE 2 S ¥R~ B RERE T
DN E L CHERRETH 2, Z OEEBRIEDE VI
£ o, HEMOWNEEG B HE S TS X, B
AOWIEATTOARIEPKE SRS N DKL,
FHEH O G, WK O = 20L X —(EZF& % ©
b 2 FEdhROE 5 ciRiF LS 1 % (Fig. 2b, 2d, 3b @
= EET A AE a (=K + m. k(L m) x (y,z)
B OWE) 13, wy, ZEABEEKE LT,
Joli—f/INE— w?, TEABbN3), 2ol ki, H
JAA L H A o T, B 25Tt e 7 ol
PELBILE2EKRT 2, Thbb, HEANIEL I,
Bl (A) Tib~ 7z BEMINE K AT o LR s IR & 0 Ak
WCHEGT Z0IR L, FHENEEY I, #if (C) ©
TR 7z B A R O BLR SR EIR A 2 LT A L F
A bl

78, Fig 3eld, BUAEBRCE NN 7L — P
(Fr=U/Cp(U:*HEMIEFRROMRIE, Cpithl €—
F oW O MAEE) OERISHATH 5 (FHEDFEM
1, Tanaka (2014) 22M), Fros1 282 5L, &T
DE— FOEMEINOEES Tay 73N b0, B
IR A TR E e R IE &2 R o 7o NER s Fe A L, FERR
TEMESEEIC 72 5 55 (Hibiya, 2004), A cid, Bl
Bo—#zRwT, Fr<lok®, JERFEDE VAR
OV FAET 2 ATREE IRV EE L 5 h b, £k,
74 v PIZBIT 3 tidal excursion (= U/ wyy,) & HFED
KR 7 — )b (= L:shelf break 7» 5 #HADJE % T DK
S EE (Legg, 2004)) @t (R=21U/ wy,L) %009
LD, 1 &b+ Snc Ers (BElBZLETO U
=~02ms ', L=~100km), % - FERIEOBIH

NS L, FEAET ZNERRIY L, MR T 5 2 7o
WBPEBT 2 EEZ 605,

—77, HIEO 3RTCMEICIZEESLETH b, G
W] % 47 - 7z Pribilof Canyon W TIZ, FHEEZ T T
<, HAMizo>wTY, BEMGAhoRE - lERETK
EhEORELEL D EBTIREIN TS (Fig 3f, Tana-
ka, 2014), Zhuid, THRENENY = B0 R AR
ToHuREl, A HENEHY =R - i
[@coutimity L) Lo E 3R 2HITH
b, Canyon NTiE, R DOAEAHE L, HIZERERE
WAE S MBRARECOBWITE S 728, EllEL O X b i
il & cREE MIE L T 2 RS 2 515 (Tanaka
et al., 2013), 2012 4FicB L & A AfidE 11 - 72 Pribilof
Canyon TOBMITIE, FIHIIC & 2> 7ITHANT,
HIA - FHEERIC X 2 7858k L TE 0, FH
AR A 2 i s 7, HEEIRIC & 203> 78 &
O, HEE & H EREIR O AAERICHE S Rl > 7 5
E 5 LT, GLRELAEC 2 A RES RS T
% (Tanaka et al., 2015),

3. B#FEE

ERo—HOWFEIE, ~—V v 7R EE o RElEI
FEHEEAS, SLISREIRAIC & 2 TIED» 5 oREE - 1K
FHEIEDRY PARY bTHBILRRBL TV 5,
SKEIEEREDO Ry F ARy Mg, N—UrZiRICR
59, L BiEETHRE IR TW B, HATEZE&D
JEPE A o BHA A IR S T vz (Cyr et al.,
2015), 2015 42 5 0h £ - 7= BLE R EwHIhE - FoEol
TS NEERAY ORI  WEER - A - AR
DR L REAMZE O, (OMIX, RS @ ZH
— BB R R RKM T 3%)) i, HADES®
FEZD D gl % hii e %  OBRINESER S N, EH
b % ORI G S8 CTHEHLS B 25, EF OB
HBifioFEIC L > T, I —THL RBERE S
A= —DEIEHNTEE L 2 b, FEERIE OELITNE % &R
b, WML v — 2R L AR E B LA RR I
otz (RARIIG, 2019), F#LUEELH & CTD - B/KELH
LD TS, Bl & Omiti iICi S iz’
5, EHEICELRBLIZ 1T 5 O AT, HEEEOELINTE
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Fig. 3. The cross-sectional distributions of the energy dissipation rate averaged over the final 1-day period along
line S from the experiments driven solely by (a) K1 and (b) M2 tide, respectively. Black lines represent the semid-
iurnal characteristics. Thick (thin) lines in (b) are for k% = [2/4 (k* = 0 and /%), where k (/) is the wave number in
the x (y) direction derived from the possible direction of horizontal propagation (Tanaka et al, 2013). Composite
cross-shelf distribution of the energy dissipation rates averaged during the final 1-day period concerning the dis-
tance from the shelf break (150-m isobath) derived from a numerical experiment driven by (c) K1 or (d) M2
barotropic tide (Tanaka et al, 2013, with some modifications). (e) is the distribution of the computed Froude num-
ber. The model domain is the same as in Fig. 2a. Green dotted lines represent the 200- and 2000-m isobath. (f) is
the cross-sectional distributions of energy dissipation rate averaged over the final 1-day period along line P de-
rived from a numerical experiment driven by K1 barotropic tide (Tanaka 2014, with some modifications).
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Bk B O S EE O MENTH DA 2 ST 2 2 L8 TE
%o FEOIE, HEIH UL 7 S Y & S B i -
HEE T, CoFEEZACEBENEERL, MEREHNE
ED ARy ARy b OFIEEAS DI L7z (Tanaka et
al., 2019; Hasegawa et al., 2021), [FEED 5k T &5
BERLRELH 2 17 o 72, EREBE T O A5 R (Tanaka
etal,2021b) b T, UTICHENT %,

3. REERT SFRERE - MHTBRTOHRKRIE
Bl RSN E EX O BRA

BOE, ERETDH 2 AV EIR & T 2THER
FRTH D05, A 72w I NG EL L DIFADE -
i fI A SN BiECch b, TREI ST Py 7 R
(Saitoh, 2019) & & MFIEN % Z DR 75 B4 RER O
HMERRBRE & LC, THED 6 OREREE O BEMED 5
XN T &7 (Hasegawa, 2019 7 &), JT4E D IE T 72 L]
tic k- ¢, Bl Lokt mifpEics v, Lty
F ARy S DELEDHS & 7o CE 72— )7 T (Hasega-
wa et al., 2004; Nagai et al., 2009, 2012, 2017; D’ Asaro et
al., 2011; Kaneko et al., 2012; Chang et al., 2013, 2016;
Tsutsumi et al., 2017), FELIICHE S KRN EHIL R O
RELDERenEBRTcLIr TN T I otz
(Kaneko et al., 2013; Liu et al., 2013), kric, HEifizs&
W2 75 3 ST L % 38 b Bk 2 2 Wit o ipsa i e Uk, B
R LI OBELICHE S T, TR 5 OKERHE
HEH 2 EEZX SN TERD, OMIX IZ & 24EH1
REEMP T ON D DAY, ZOEENZBED b R
RAEFENDFEFTMIZ IR 5 T v iz (Hasegawa ef al.,
2009),

EHE 5L, 2016 FFOFHFMMIFICB T, HEEL v
F—2EEL EIRENE v, s 5 T
8T OMEMIE AL S EIX B E O TR D 5 72 (Fig.
4a, Tanaka et al., 2019), BREOWNICTED L35, #
DR UAT o e LB & - ¢, B3R EHaEN O
W Z 2R, ERshEIRA EIL S 1 (Fig. 4b,
e=010°-10"Wkg"), K, =0 (10"'=10"°m*
s)), YT T s b iz & BRI A E RN P
T2 0 (10 'mmol Nm *day ') OREEHENET T v
A, HIRETE (1%06ME) TAELTw» s 2 L 2R
L7 (Fig. 4c, Tanaka et al., 2019), %7z, Hasegawa et

al. (2021) 1%, A JiEECITbNz 2016 DT L E
AMHFIC BT, & N 2 A2 B A i L 7
B2, FWMEIC7 VE v - AL LKLY A E 50 m B
RlicgcHEL, WL CERMLT 28T%, ELiREHEL
& PRI X 25 BB X o THHBRICHEX 2 2 LT/
WLz ZIVE Y « ~OV LRIV Y IR ORERICHE S iR
ShEEEEIEAT O (10° mmol Nm 2 day 1) I2EL
Tz iEd, HAICHE S EREH %D 0 (10° mmol
Nm?day ') LRBED bN24E, HRBEREOME
HSRERRADE L TO B ERHE N E a0z, EllT
Bonic TED b OGS, TIRcoEY 75~
Ik REEOHREEY T I Ptk b
B EfEET 2 2 LT, RAEBROMIFICKRESFS
LT3 ZeD, MEEBEEZ RN R EERD» S RS
17z (Kobari et al., 2020),

FHIEEL X O 2 7R CORLRMEIRS X, RE
HHENNOIEBHEMEG72TTid e, X0 EOERER
T OMMMIETXIC b HERKE 2 R LT 2 ML
b5, REHOAERHEIIPRRFZERE VD, 20—
7T, WMBEREOH I TEEZEBRETHL I Lrb,
ACEE & SREIRIRIE OFE T & 2 /KFI7 [ ORI ik
B, HRE (2600000 THKE %% (Guo ef al.,
2012; 2013), < DREERIEKFE OMUAREEE, T Nutri-
ent Stream &MEIEN, JRFEFEOFEEIIRTH %
Gulf Stream T b FIfEO#EE /L 5 71 5 (Pelegri and
Csanady, 1991), > Fifin 5 HARREREIC 2T T, S
O R (42 2650,00%) T, THALT IchE> Tl
FRIEREE ST 22 H v (Guo et al., 2013), TJE
B> b OIEHIEENE DR ER I N TE 7, Etick 3
THRRIESAETE A, NI COMBEIRIE LRI 52 55
Iz oW T, Gulf Stream THEMPEA TR TW»
% 7% (Palter and Lozier, 2008; Whitt, 2019), i
1%, EENZERETD 2 OICBERBET — 2 9
TldZehro 7z,

P HEEE TIT - 72 2016 SE QBT I, Fed K E 72
i 56 60 TE % 1%, 300-400 m %€ (26.0-26.6 09) THELHEI S
i, O (10mmol Nm *day ') LW (Fig 4c B
& O, Fig. 4d, Tanaka et al., 2019), Z OIEEEIEELITSH
EEEROME TR 7 7 A VEHWT, SEEHEICE
THRESTAOIUR - FEEEHHRT 5 &, 266 0ylHI T A
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Fig. 4. (a) Observational stations across the Izu Ridge along the Kuroshio with arrows showing the surface ve-
locity derived from the shipboard ADCP. (b) and (c) are cross-sectional distributions of energy dissipation rate
and vertical turbulent nitrate flux overlaid with isopycnal contours at 0.2 04 interval. Black triangles on the top
are the stations shown in (a). Note that the data around 1394 and 139.7 E are missing in (c) because the nitrate
sensor stopped recording due to the low battery life and high internal temperature. (d) is the vertical turbulent
nitrate flux observed across the Izu Ridge at four stations denoted by the red arrow in (c). The black line is

the arithmetic mean for each 0.2 0, bin. (Tanaka et al, 2019, with some modification)

K&t —47T (0 (10mmol Nm % day ")), &
b EfE (25900 2630y) CTilEkZol, 2D L,
J& (~2650,) » 5 Nutrient Stream 2 7 (26.0-2620,)
NKRE R IEERIGHNE D H B 2 L 2R LT 5 (Tanaka
etal, 2019), [FREROSEMEE & [FIRRE OISR $hE X
F b SR THBAShTE D, BRNO L2 5T
Wiz 2 3 €T ©100km @ X [ T O (10 mmol Nm >
day ') OREHREMEHSFEL T2 LIRET 3 &,
S b T & i T B BRIC 255-26.5 0l AT B
THERIGE IR E o BRI 1%, Guo ef al. (2013) 2378 LB

¥ PN 7 1 v » 5 EM ASUKA 51 v £ TOREZR
ft: (~05mmol m ) 1ZVEH¥ % (Tanaka et al, 2021a),
INHORERIF, FEEES LD Tk T OMEE
TLITSAE % A, B8] Nutrient Stream OHH &I #H% 1<
EEAEEE R L0 A REER RS L TV 5,

3.2. AEBIRTORIBBKICH D REFWEOHRA

W FiEh 5 b A Jifg A L T HARF & 5 E S
B HBENCR LT, WIS 2 B CARMACRE 2 L B 2K
FEREITIE, BRMAICEREENEDE S L I3RS AgEh 5 Zh
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FRRFHEEB KO =y 7¥FICRE T 5, FHEGFED
OURH U 7 EER IR A 1, R - R TR e &R
72 BB E DWFPERTIRZTE L, =¥ 37k EIRf O
Lb, BEOMEBET -2k 5 &, BEERO A
TR, PEHAMERIC N, EFEChiRs nn
7 4 VIREDE L MRS h aEms R 6T b (Tana-
ka et al., 2021b), FEESEMIC I, HAEHD S, NEBE
M O EREIEK L, Z N DIFEO IR B K % B
JE@Z - THRAT 275, HIETH 2K FEEEITIR, %E
DEE L L, REEREIRELGETEAT %
v, MIRERER BRI X 2 HEIRNTOMERA DY
BHRTRBEINTE7 (eg., Saitoh er al., 2008), F7-, &
BRI V5 o BEAR R ¢ 1%, @ A5 R D
L WY 2 i 4 2 B8, KIRIE O NER i A3 B
na7zr (KHESG, 2015), 20873 EHIZE S T D NES
B ORI AE S SREIR G OIBLDRR I NTED, %
DOREZICIZ AR RO ERW LM LETH -
720

Z 2T, BN TORMEE - REEINERXIBE 2
S 22T 5720, 2017 4 9 B O E[EALNIE T, HRE
Wl & BV ICHEWT 3 2 CTD il B X O, BRI T o
BLIR B % 17 > 72 (Tanaka et al., 2021b), #FIKE L%
T4 - 7z Rinko Profiler (JFE 7 Ko 7 v Z#181) 1 &
LRI C X, HAR¥EM O 50 m AT R 60 588
FRESWMAB L7007 4 L OHEEH AL, KF
FEl~ED 2N T E N AEICHEB L Tw Lkl K
WHMR A ICZE L e 3o il 2 i 2232 5 h
7z (Fig. ba), Fic, BEMRIMCIE, ZURZHBEHTE (M
T, Toovy EWEER) 2650) - 7268, SEEmIRKELST
HIHHL P65t b (Fig ba REH), BRI OK
H 5, 2015) CTHE S iz K& R IRIE O NI O FEED
RSN,

C OFEIRIIh D 2 VI T DRBZE B 2 B 5 H
T 5720, BEEEISERRICIRES 225, Yvo ik
O T2 CRIREBM 2B viR$ L & dig, MRIE
ADCP CTHUS L 7@ % & ifE Tl 217 o 7o, SFHEE
MK E S FAIIL T 65 ooV Fiimess ¢,
R (~2400y) &0 EEPELL LD, YLz iE
TORNDPIEFICHL B0, BERELL THE
T, YVEBBET 2MAPERMLTlm/s 22 T

BO, MYy bEFHELTWZ (Fig 5b). 72, &
WERBKZ S L, TRIGSEREDORNLE 2D, Jd DRI
24U %7 ¥, hydraulic control %521 72 iiEhY - #EE
BEORMEAE LTI E» 5 (eg, Farmer and
Armi, 1999), 2400, 255 L Lz 2@k L LT, M
TNV— R Fr oitE 2T -7, Uz TE (2400,L1)
OVEE, Nz TEoVRERE, |2 THEOBEE
L LT, Fr (= U/NI, Layer Froude number (Musgrave
etal, 2016)) ZFE L LA, LU EDO FHREGIZE W
T, 12HEATHI s, NEBKOFREIRRI N
72 (Fig. 5¢)o 7z, Frdl &z 2580 6 TR
T, FL il s (Fig be 8 & O Fig. 5d,
e=0 (107=10°W kg "), K,=0 (10'—=10"° m®
s 1)), HEANEBT 2 FEIEES N 7B VNE T 2
O (1—10mmol Nm™* day ') RERMEHELITEAE %S
RS sz,
RELRBONTRE I, VO TR TR, Hin
PIRL 7= TR E, MnEHd 2 LELORT, My
> 7H4E U (Fig Se DRKEHINTEE), HERBELFEICES
WC, YTARLEICESe=0 (10° Wkg ') 0L
FHFET S, MAT, TOKRELBEHEEEHEND TR
BV TE, AKERT—vo/hE% (=0 (100m)), iR
MES0m BREONIEINCHHL T kTR 6N
(Fig. 5f), 01m s ' 2#Z 2 K& LINER 2> Tz
(Fig. 5g). Z OPEHSNE, PR O IRIRNE £ 5
BIREDNT VAL >THEL B EEZ SN, RENIC
el d U<, Homvaiiikic & 28680 (Lm s,
2020) i &b, EMHGEL TV EFEZHND,
AKigigx, HEEROIRIEIKE gl cdh v (IH
&, 1984), KARIED P 0 FEERIC N 25RO
WENPEZ N TwD (KEB, 2015), BEEOBLEIRZ
oIk, YVEBZ LR E ONDRAD S LR
O BUEICH T T, HERES TTICHL TS0 TRIE
PRS2 L, YV A BZ MNP ED L, KEX
TV NS OHEEIIR R 6, YL EBZ BRa
ROIFORHCHEIET % C LA WE SN T3, Kifko
ELIRELENE, KT, P2 2 E Ofhs 88 E
DIRFICERI NI DD TH b, BEAEOBEH & FER DR
FEARL T, BREAEICHES BKES2HE L
Farmer and Armi (1999) %z & &k 5ic, BENZE 7
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Fig. 5. (a) Cross-sectional distribution of salinity profile during the hydrographic observation across the Tsuga-
ru Strait. Contours are isopycnal. (b), (d) and (e) are the cross-sill flow, energy dissipation rate, and vertical
shear squared, respectively, across a sill off the cape Tappi in the Tsugaru Strait during a microstructure sur-
vey. The contours are isopycnal. Vertical profiles of energy dissipation rate (red), vertical shear squared (blue),
and the Richardson number (black) at a station denoted by the red arrow in (e) are also shown in the small
box in the bottom left corner. (¢) is the distribution of layer Froude number (red line) and the energy dissipa-
tion rate averaged at 50-100 m depth (blue dashed line). (f) is the backscatter intensity near the lee edge of
the sill with vertical profiles of energy dissipation rate taken by a microstructure profiler at each point denoted
by a black triangle on top. (g) is the vertical velocity measured using the shipboard ADCP (Tanaka et al.,
2021b, with some modification).
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W= FE» 1 2B T0RREED > T, EELOS NI
KTdHh 2 LRI 270101, REHICE T 5 tidal ex-
cursion parameter (= 2w U/ wiL) 73, 1 2 K& L kA
5 LN TH D, HEWROKRE U= 1m/s, >
DAFERT =V L=10km £ 5L, TDNTA—=FF
86 Thb, LFELDOLS K (EERENL) BRARETH
b EEZ T, —77, NEbEOMEEMRECEL T T71—
FEDS 1IR3 L, EREHET 2N, 2oV T i
DIFIFIIEH LARAICEZ DA S 2 LT, ZORIE
DHEFICEE L Tw ) v Hibiya (1986) ORI
kMBI T CKHS, 2015 (L1765, 2020),
Sk, WIRDSTI /N L O e PRt RS 5 2 &
DEELEZ TV,

4, REBEXOBAAEICIRDSERORE

ERo & ST, EFHZ, JERFES X * 2 oL
ICBWT, SURkigRHITZEGFIC BT 5, HLiRnERA
ERER MBS EOBIICID A TE T, N—
U v ZiEREEM AN T, W oM BRI X B
BRIV I D D - (ZREReMEDS, LR 0L ¥ — o HGk
DRICEEL, WHRE - SothElnE 2 Ml 5, B
PR T, EOIRN AP O RR OB L v
VA EET BEE, TV E Y - AL LKRILY RNEERNH
HEAKIC X - TEHEIRA2YE L (kS 5, Hiffi ol
Rz & ST, HEREET O NEK O FEEER I, Y
TOWENRBINT LB, b h TGk i
b, FHRBENEEY OBEE R B EEZLNTED
(e.g., Niwa and Hibiya, 2001; Masunaga et al., 2018),
- H JE N BRI I DAGRRICFE S Tl & 7 DRE DS, (R
BT A 5T\ (Tanaka ef al., 2021a), AT,
At cix, HEBMONEEY S L E, EEENERE
ICHED TR S 7 A8, WLt 2 i T % WREtRIC D v T H
HEnh T3 (eg., Nagai et al., 2017), B L NERHk D
MAAFH o7 J1mfe &, REE O LI SR TE L ~
OB 2 HEE, SRED TOLRBEND B,

—7, WEERSEMEE~NDEFELVIBRD» S
1Z, ELRENTEIR AN O 7 1 £ 2 HE S RERRIE O E
HIVGHI S, 5B ERICH 2 EEZ NS, HlZIZ,
R—Y ¥ ZHERENRE T, FHE 2 Y 2 $hiE ki i

THEIW AT & 2165 (Maas and Zimmerman, 1989)
DR ST w3 AREEDS, BiEFEB > 5 RBEhTw»
% (Tanaka et al., 2013), FEBRZZ OFEESEI T — 2
&k o THER S N BEICI, T DI ERATLAY Y 5%,
B DIk - TSR ER I R 7 T AENCRIL T b
BIUICHLDIL L T RESH B, £72, ThETHR
NTE &S RIE MOREEIAICMZ T, KV
mOE RO HETH 5, §TICHNTL ST,
N—U v 7T, EED OB TEL &5 254
OplHIC BT, TR L 2 EZEHEAICED,
WEE T OWED, EEZ Y —v v bt sns
HHEEDS, WEOWED 5 bIEFM S Tw» b (Sambrot-
to et al., 2008; Hurst et al., 2010), ##fix Tanaka et al.
(2017) 138275, COEFEEMBAICL 27 Y —v
A IE A~ OVEF SR L, FLRSREIRAIC X o T T E
oI N BICIEET 2 IR H 5, 5D, Hl
MEEREAZELOELT, BT I 7 b EEED
HERFIC AR R 25 SRERIE MR N OB 4 R YRR 0 %5 5. %
ERMICHS P LT BEDH 5,

CR

DL, KEDDHRNBEFARMHEZES L
L, RENFKCHLET, SHOZEICHD, H
BB L OOEZICHED > THW - BRE QBRI ICE
HLHLEFBELEDIL, ThETOMRICBLT, %<
DI ADTHIPTIEL2HEE LI LE, L&D
oL 3, R, HEERPERKIBENTIEHT O H—
ER#dI21%, N—=1U v s ) — v L b 2 iFTR i L
LTRELTHEE, BT -9 oliE» 56, BonziG
FicBT2EmcEs T, BLEE» s TEICcTRE
HEF L7z, WO TEMT BRETT, /2, HEKRYE
REHFEWIFEFT O EREHE R 2 13 U O, WY
Bl 26770, MEMRENNOLE, BEOEKT
LoEHEELT, AFRICOVWTOHREED L L
MHTEF L7, MAT, HERYHYRAER OB
foz Bz (B - W KRELZEHRIK) 23, B
T oBEEICED > THWEEETICH, 4L 0lfE
EBAHZE L, COHEEELLTLLDEFHVEL
7,
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KEEWIE - BEWRE 0L TS (IHEALXKETZLT)
CEMEL T 513, BRI IL— TEDLEARNIAN T
B 213 Lo, BIFERETOERITICE, TROM
g8 - ¥, TN, IV —BHREEHEL DB
HEGICEoTEBY, WO TEH A LET, £, % -
¥BrEDDICHy, BEITEOERTZTTidikL,
M - RS - % - #1008 - NP oK TEOBERTICD,
CWHhzHVTE D, EET 2XETT, KR,
B4 B CRONTHENR—RA L HR>TED,
TSN T2 TOMEH - LAEOHRZ 5 T M
B - BT R 7 v 7 OFED TN E# w2 LE T,
7, THEbFATHEEZ SECHIEEDELL, 1t
HRERY O AT S ERIR,  ACHER AR BT
FT O VERAMUEL L 2 12 o, T ATEW 72 a4 5 i
FOERITICHEL BEH# O LE T,

R—=Y v W7 — oL M 5 #H ORI,
HARCHMIRM AR I EHREORETHE £ L, &
Tz, PHEEWTRERBIE: - Frefiaigmtse iR A0
R W EIGER - Sdvs - LERE R DMERE & B FRIIZ B O fiRiA
(OMIX, JP15H05818) i, EWNHD% L OWf%E D
ML R - BHOBAE2THE £ Lz, & CUE#H
LET, mEIC, IhEFTHR—F LT NEFEE,
AfEoFHEE L CEELZIA VY F2HEEELZHES
oL FEEITEH N2 L ET,
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Vertical turbulent nutrient transport in the western north
Pacific and its marginal seas

Takahiro Tanaka ™

Abstract

The western North Pacific and its marginal seas are known for having the highest biological
productivity in the world’s oceans. Although vertical turbulent mixing is considered important
in transporting nutrients to maintain primary production, no research into vertical turbulent
nutrient flux based on microstructure measurements has been conducted in this area. Obser-
vational and numerical studies over the continental slope in the southeastern Bering Sea indi-
cate the relevance of vertical nitrate and iron flux induced by tidal mixing for maintaining
high summer primary production. This research also suggests that the abrupt topography in
the path of the Kuroshio and Tsugaru Warm Current act as a hotspot for vertical turbulent
nitrate transport from the lower layer. Finally, this article discusses the future direction of nu-
trient flux observations.

Key words: Vertical turbulent mixing, vertical nutrient flux, western north Pacific,
marginal sea
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