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YIHERE LR OBID 0 93d 5, FEHE, ICREFEIRFEFEICHAAE T 2 /Kifiiafiis & chi
ST E 5 — 7y b & LT, AR S IR O Mg AR BR O B « PR A HuE iR
BT AR AT » T & 7o KEMIEHESE X, HREL SHBICHT TOKENES E LD
CE K B AKIRDOMEMED T ETHD, 77— 5T ORER, B#lOLBEL@m Z T ok
JEK D HARFHHE D & 7 5 A A BILE A~ D% Ic & - THIEFR O KRS iR S 1
TWVB I ENRSI NI, T, JERFHILREZRAR ZICHENE T 52 H v 2 b Y — &4
SRS B ST A F 7oA, s IR R P o KRG M5 B & OAEIAERE I
KREWBABZ TWE T EDRENT,

F—0— F ORI« KRS - TR GER iR - dkag i
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L RU®Ic B U THHER r — Vv OSIREE & FE WD D ZH
SEEZXZOLNTVS GkHS, 1992), JLK TR ER
JEREAE IR G R (& 40°N LI EAEd 2 MRgatal BRI FEH I W TEMAEENEATDH D
DOFEERT, FEICEDHT T a—v v VHEDREIC (Longhurst et al, 1995, @Ak ®R F D kY
L0, WE 2 >0H TIEERIH s N, PRI PR (Takahashi et al., 2009) R/KEZFEOE L S & EIE
fEER, WAl T 5 2R AMEREMFEN S (Fig. Do dbk #igss Lo Twd, EHSIE, oL
ST, MAOEEOTTHE—Z OMAIAEAL TR O A SHEERR O S B, (DI/KESRESE & (2)
rigERHER T H O, HESEERER A —> WA R E L TR AT - TE 1,
DR E LTRHSohTwW s Gkl 5, 1992), £EICH ERFEFIT BT 5 HRE « HEKOMER, ThET
% Sl i K OTRANIE S BRI 5 C o EGEEZ T OIciTh, UK S X IR
B3, o s AN TREGES MK, REKRIEER iRy « ke — FKOIERL, ERSB L OEHICBL
THZLS ORX P& T &7/ (Talley, 1993;
- 2010476 A 3 4 : 2010 7 8 A 11 025 Yasuda et al, 1996; Nakamura, 1996; Suga et al.,
TN IAIEEES, 2010 1997), HFER BV, FHERRGIKEm/NK (F
FALRERFERFBOREER Db W) W, B KRR (hBEZK) AFEFEAEL (Uda,
T060—0810 ALERATILXAL 10 £608 5 T H bl KK BB 1963: Roden, 1964), TZEIEH & g A 1 € AR
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L LEREET -7 ORNEBICK D, IKESEEREE D 5y
e BB 2T 1D, 2 DZEHIFEEALH
NOENTIWMd T, TITEESIT — S RITITED,
IKIRFEAEE DD ETERR A 1 = X &, & 51T DEH)
EEEA N = X LA Lice T ORER, KIESIEE S
(B89 B BRSSO T <, HiE — ERSEEKES R IS &
AR SRR O HEIEER 1B L T & /c SR %
BT, INOOEFRICBLTRE2ETH
T 5,

LR ISR iR IR I B W CTEMAEEDRA T
b 5D, WEBRERERERE PSVICOLPHDLS 7 0
07 4 WIEBENRKL > TED, high nutrient low
chlorophyll (HNLC) #l& L TcHonTws, D
ANEEIR D HEYIAEFE ICBE L TR ERDHIRER & 75 > T B
LEZoNTED, HAEEA~DHFIEOHVWFL LT,
I TR U TN ANMERR 9 5 s i H 2 4R
»TW3 (Martin et al., 1989; Boyd et al., 1998;
Harrison et al., 1999; Wong et al., 2002; Boyd et al.,
2004; Johnson et al., 2005), T O HEIAEE 13 Pk % dif %
TEHREITEL, TIRI VAN = LBERREICH-
R & - THHT S5 TW B UYL & AL o ik
RUCEELSHEE AR LTy, JLAEFEHERIRD
B YYE LA BT 5 L CTEENGETH D, LeL,
RSP RIIC B 1 2 WA RER D 7 5 2 A I
B4 2 b DB KRERSTH O, FhruEREE O AL 1< BY
LTRE#ARNTI AP, TITEELERTIAN
YA N = s &P s EIcEEREY T, 2O
Rk, ok K OWIEE « EYIBRIE~N DB A H T, C
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Schematic representation for the currents of the subarctic North Pacific.

noOFERICE L TIIE 3 E TN,

AR DWFFER T db % 7K Ik s & g AR
HE LT A SN AR, iE & bk Ok
FEBARLTVE T ETH B, KRR ($dh B —
RSB O /KIS HOE R, R (0 R —
AP D /KBRS R & ZROBARA S 50 ARG,
KIS AR A + — 7 — F & L TR R O
HETEAE L BHRBICRE T 2 TR AN T 2 b0 TH %,

2. KEFIRIBEDS T « ERE L UEKE

2.1 KBEFEHEEL L

JEREAE TR ST I T IRK S ZE RIS 5 72, R
MRS &8> T D, WEKE OKZE 100 m 4
moHE OKERE m) r i TlEasEs & Hica
Buckeingd 5 (Fig. 2b)e C OEAEINE I3IE 7 s &
MHEh, ZEBBEREEZERL TV, oMby
MO, LRI BL TERBADER S gL
Eto—NThrEEAONTVS (GkHS, 1992),
JERSFAE R FE A C (S B A 1 HR ) 8 SRC ) 73 158 &
R LTHBO, IKEHEPFAE L TKIRD RS & 5L
Bt LT3 fiEiris (Fig. 2a) LRAZFLCEL->TL
b

a5y g & [AER I LRS- rE M S i a2 R U U 2 R
DRI LS Th 5o IR RIHIC 3B 1) 2 Kl
LRSI EOIEE 3R <, HADEHICE I 5 /Kl
MG O STERUEFH (1935) 12 & » T Cifiim
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SN, Uda (1963) (FAEREAHEER2IO L E 2 —
TV, TodekimdiisiEEiEs s L 40°—45°N
DAtz il Twa T AR L T,

IR RS (3 B 2> © OB E 1B O BRI )
Wi ->TEKRaN 2 EEZONTE L (FH, 1935
Uda, 1963; Roden, 1964), LA FFEHRFEMIN TIIAE
NS R SN, e o HEE OKZE 100 m
1) & CKilk - WP —RRRAFREENEKRSI NS
(Fig. 20)s COAXFRABRIZTOTELVIEETDH S
7o, AFRGEOED S HEICH J TOKEEIRE1E
ahs, B ofcrd i, wEsmshs s
ik, HERECKEBRNIERS NS,

—J, KEMKE %8 U gm0 e %520
BOBIFAELTED (Fig. 20, $E 1 koo EE
TIREDHBB WV, 22T, BKOWRPLIETH S L1
fsncuwic GkES, 1992), Lo L, < OEJEPE
P& & AT 75 <, IKIEERK D BILRE X F1 = X 4
BAHTH - 72, Fiz, KBMRAIIESHE NI A&
5T LMo, BLERFICES bIHGSI N TV B EER
5N5,

Z I TEHE S, (DK EHESE DSR2 S 2
5, (DEHE 1 Ko 2EE T IEHH T X 78 WK
KIKDBE N MR T 2 2 A =X &S L, i
Fem IR I 1) B KRR IS DI RGERE 2 i#iH 4 5,
Q) KiRR AK DR, EREEZH~L  Licky, b
RV E S O Hh G ER D I ICH B4 5, (DK
RS DA E T DA N =X 2P OMITT 5T &
ZHIIEL, 7= TIc L DR ETT - 7,

KNI FREETERS NS 7120, ZXFDORK
HHRERFELTB D, BXORAREICIDAEFNS L
KX DiBHEKRICEEESZ S BRI TVS
(Wirts and Johnson, 2005), F 7z, 7KEMRA 3 ITEE
ELTHAREL, AFRABORECLZREPCEHEAICK
DiE/KIEICEET 5 EREIN TV S (de Boyer
Montegut et al., 2007, T D7z, KB 3,
B g 2 U T ER r — VO SR E) S BEIR T 5
s <, iEKiEZE U IR E S oK
K[OFHHRFFELT LKL TVWEEEZON S,
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Fig. 2. Annual-mean vertical (a) potential tempera-
ture and (b) salinity profiles in the subtropical
(open circles) and subarctic (solid circles) North
Pacific, and (¢) annual cycle of vertical potential
temperature profiles at 46°N, 160°E (Ueno and
Yasuda, 2000).
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2.2 JKEFEERIEE D5 LR

SKURME 7 — & Z O i@ ic & /KImsnifE o o3 7
i to & T A, KIS 3 45°N Ddbic s L,
BB D 50°N (i ic 3 FAE LW T EavRa s (Fig.
3a,b, Ueno and Yasuda, 2000), 7KiEMA D ZEE L9413
FEVOE L (Fig. 3a), /KiEM/NEREE (3 e 418
TIEIEF—H (Fig. 3b) Thv, TOMRBEAFRAES
& —E LT\, 7z, 164,641 707 » 4 MITEB &
SR T — 5 2 VT, KRR D AP AEREER S
fiZHEE Lic & 25, 40°—45°N LULTE W IEAETER %
KLU, JUEMET — 7 D 515 6 N 7o KRR S fRisk 2 Sk
I HERNE S N (Fig. 3¢, Ueno and Yasuda,
2005), = 51T, HEE 50°N fifafr o = PEi T & 7K ¥
W 50% L EDMHERTHAL, TV a— vy YIIEMNE
DIFAEHER DA K D RV &, S b hiokide
7 — 5 CRIEAL I ENTEBVHESHS» T -
7o

KT HEE D13, AFRGEVZDO NDELD
KiRicis 2% E B —H L T8y (Fig. 4a), TD—
H Ui cld, @i S omA S SHIOERE 1 7 v
(Uda, 1963) 1 & » T/KilmifiinifiE DAV HET &
5o LML, i S ONMEPREEIN RIEITVWESITS
Kb KI3 128 CTHAELTE Y (Fig. 20, %7,
s 2l CERE B L CFEE AT L 7oKR
RIS & /KIS IR T 2 2 & p 5, il
» 5 DHERGHR S BEARRTH 5 EEZL 6N D, ©
T 2000 dbar (2x10" Pa) % fEjim & L 7o M i i
fra AW CHSERIEICRA T 5 SimmiE k27 &
A, g (K7 vy e VEE 0, 26.7—-27.2kg m ™)
EBWTHARG D ST 5 2 AMEIED O EikEiis o
mnnd b (Fig. 4b), Wi 3 Sv (3X10° m’s™)
ThsIENRS NI, TOFNIG 165°E LIVE T ffi 2
HIH DKW TH 5 NPIW OfmEEHB 5 T &, JAIG
F150 GHEE U I RREE R 2 1Y) 2 < Lap o, HhEkE,
o M IEFE N DOIEERE R 2 H0] 2 ifr (cross-gyre flow)
ThHbHERBEIND, JORNMCBELTIE, KEITEEL
SHETd %,

B SRE I R ES 170°E — 150°W, 45° —49°N O i &
KIS S EAET 208, 1 HEE2@E L TR ZTO N

DEBLDIEN V. ZD®, T OEEKOKEN S,
R K & A T3 TE sV, £ ThiT
BEREIT - 7ok, WESTAFICT Y M 2wy T (BG
JEIcEEH) L WK K O#E 0 IAHIT & - TK
R NTER S 1, £ O TFgIc B 2 HAR LS 5
D EIREESY KEEIT & > TKIRERA D B & 553 h3fEr
INTVE T EMNRE NI,

2.3 BAEABEND 7S XAAEILEAAN EES
1B 5 IKEE

SUREF — 7 i Ic & - <, AARELEEE» 57 5 2
A BALER A1 2> S Sl s M 0 7K i A3 7K il Y A S T Rk
DFEL LB LRI NI, AREITE, AIHEIE (3535
7= o T O T ERLEE B K UK LA
JERGERE & #ET L 7cAESRic > W TN 9 %,

2.3.1 WOCE * SAGE ¥ — 4% = H L\ < fg#r

SUBAE 7 — & TS R B RURME 7 — & VRIS A S b
SE LD EE T TV S AREE S B 5 712, WOCE,
SAGE EFEEN 5 2 DDA 7 v v =7 Mtk »
TR oNToEkEE SRR E T — & DT 21T - 72
(Ueno and Yasuda, 2001), = DOfEHE, HAR GiEEn
57 7 R A EICE AR E S FAE L, € OERREER
BEREEF— s oBoncBiKE 3IF—Hd 2T &0
manic (Fig. 40), F 7o, 165°E & v vafllo &k s
HSKEERERS | CIIEEEHEAGNERTH S T L bR
XN,

DT 7 A A ENDE R KENE OEJRZFE L <
PANIEER, 152°E B XU 165°E B W, HEotha
PES TR (EREEREKEAERED) 1©7 7 2 A&
& [\ UKy Z R D KBEAMLE L T B T EAVRE
Ntz RSP REKIGICREFE AR 2 & T 5K
gich v, HAREGMmETEBKEBEIKMNIES L TE
EnbdEEZSNTWVS (Talley, 1993; Yasuda et
al, 1996), O & o, BERK (EMICE, B
HENREG /KT H 2 LR gk o b otig d—#) A3E
WA BRI A 2 i U] - THRSER AR S, SR REUK
TEAAIK D/KIR S 2HMEFF L TV B T EMRIBEE N 5,
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Fig. 3. Distributions of potential density (kg m™) at the depth of potential temperature (a) maximum
and (b) minimum evaluated using annual-mean climatological temperature data (Ueno and Yasuda,
2000), and (c) frequencies (%) of temperature inversions exceeding 0.1°C for all seasons evaluated using

historical

hydrographic data (Ueno and Yasuda, 2005).
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Fig. 4. (a) Horizontal distribution of temperature minima at the surface in winter (shaded area) and an-
nual-mean distribution of temperature inversions (contours) (Ueno and Yasuda, 2000). (b) Distribu-
tion of the warm and saline water transport route (shaded area) and locations of related front and
boundaries (Ueno and Yasuda, 2000). (¢) Distribution of the transport route of warm and saline water
on the isopycnal surface of 0,=26.8 kg m * through the analysis of climatological data (shaded area)
and hydrographic stations (dots, crosses and lines) (Ueno and Yasuda, 2001). (d) Particle trajectories
released at 155°E and 40°—44°N at 0,=26.7 kg m "’ using absolute isopycnal velocity estimated through
inverse analysis (Ueno and Yasuda, 2003).
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2.3.2 A VIN—RiEZ AW

SUEME S £ & WOCE « SAGE 7 — % % H W 7o il i
FHEICB VT, 2000dbar HFEAIOIKEZEF VW TEH D,
C DGEMITRE R I A B2 O AREEAE A S
Nb, TIT, A v/3— A% TGRS X
CHEEE MU 20 (S8ER) OEEEiT- 7
(Ueno and Yasuda, 2003). #E/KFimEE 1, Reid
(1997) HHEE L 7o s X ORI S BEHTH -
foo £T°C, Zopusge Ve ERgEER 21T -
TSR, HARS NPIW (AL 5 7 5 2 A B~D
=i = R Ay KL DAEAE IS SRR s e (Fig. 4d)s

HEE IS IS W CHR A - RIEAN O
HAZFRIE T A, 46°N %) > THIER~NRA T

@RI —0.2~5.3 Sv TH - 7z (Fig. 5), T Oh)E
moO—iBix L~ B0 d~—1 v g EIbh Nk
SNz, HEgh o FEAEE S hiciKIid iR E LT
e~k snsdh, =7 vt UCHlEGHRICR 2,

b~k s N hEiRo—iE FE, B0 3rhEE
RSB CTHEHAGNEESI NS EEL 5N S,

46°N Z K] » THFEHEA R E ICRA S 2 KIS %
NSRS OBEIKICEE T 2 LGEL, 46°N Ik
3 EEEHIESHREE 100m’s 'S RET 5 &, KER
it « PREUC K 0 46°N Z 1Y) - AR E AR T E
EINLEET 3.1~252TW &1 > 7z, TOfEIF, A
VN = ZIRIT K O HEE U o R AN PRI R A SN R &
&k > TERIB (—1.1~58TW) &b Kx<, Yasuda
et al. (2002) HHEE L 7oA & — v 7 i@k 5 2
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Fig.5. Volume transport (Sv) across the northern and southern boundary of open subarctic North Pacific
represented by solid contours at densities (a) less than 26.7 kg m *and (b) 26.7—27.2 kg m * (Ueno and
Yasuda, 2003). Southern boundary is the boundary along 46°N and the northern boundary is the bound-
ary except the southern boundary. "TUL’ means volume transport to the upper layer, and "FLL’ means

volume transport from the lower layer. "GT’ means geostrophic flow transport and “"ET” means horizon-

tal Ekman transport. The direction of the arrow indicates the direction of geostrophic flow transport

(GT) and positive values of GT and ET mean net volume transport toward the direction of the arrow.
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(16.8TW) 12iivy, TN oD Eh o, JLRELETRE
WEHBIcB U A3RHRFIcEIBTEC > TV 3 L
mEnz,

2.4 JKBFEBEDEE « BEXKE)

MR OMEEI 3,000 50 7 v — k2@ L, MHERE—
FEOLH A€ =4 —3 5% Argo iTlH (Argo Science
Team, 2001) DR ICPEL, JLARFEFEHEEEEIC B
WTOEEZ D7 e — RSN, KRGO Z
FIRFEAB 2 Em T 5 C EMHREICE - CT& e, £ T
ARicBVWTH, Argo 7= BL P XBT 77— 4% %
WTHT - fo KISl iE O R A B EITRE R Ic > v

(@)

et QER

THIBICHENT 5,

2001—2004 41 Argo 7o — btk - T skt
KPR SR EEOKIRIE Y 7 — v 2 Lic & 2 A, 1
g« N—1) v TR, KEMVNIEBET Y~ oy
7L T KFREBEICHDAZTNAT) |KELL, T ok
FUKIR RO S (MK — VKR 12 B 72 2R
A 7 IVDBELALT DB ENRENT (Ueno et al,
2005), =Tt U CHRERMR T, IKEM/NS T U b
70y 7 BEGHEICK > TR, KESZzOMS
K B REAN R SN, WoZ VEiE TR, £
FgHIKIR B K OUKIEE VKR O ZEREB N R E W,
D FUT 3B W COKITER O M OB L2 F 1T <,
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Fig. 6. Time series of AT (T-max - T-min; solid line with error bars) and temperatures at T-min (dashed
line) and T-max (solid line) from PX38 XBT line observations, averaged monthly in (a) Region A (52°
—60°N, 130°—160°W) and (b) Region B (42°—48°N, 140°—160°W) (after Ueno et al., 2007). The bar
chart in the upper portion of each panel indicates monthly frequency of T-min outcrops. Squares indi-
cate sea surface temperature anomaly (SSTA) averaged from January to March in (a) 52° —60°N, 144°
—153°W and (b) Region B’ (42°—48°N, 140°—180°W).
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T ERaENnts,

510z, 2001—20054ED Argo 7 — % #8 £ U 1993 —
2005 FFIT T 7 2 A =T A M (PX38BIIZ A4 ~) T
FEhi s e XBT 8l TR o niokiEs— s 2H0T,
R AR SR UK R i S DR A ) & £ DEF) 4 /1 =
R L DEH S AT %217 5 72 (Ueno et al, 2007), %D
55, 52°N LIIb T3 2003 7% i S Kili i N4 7 &
b7 By 7L, KESHEIFETE SST AR WFEITHL
EMHI S s - 7o (Fig. 6a), NI LT 42°—48°
NS HFAET B KM 1998 « 1999 ELIAIC T o b 7
oy FHY, T ORER KBTS 50K
itk > THEFF s hhTcwa 2 Epmasni (Fig. 6b)o
7o, HESHRFETIE 42° — 48°N @ KR Wi 13 T R
tho il D gk & = WAHBE 2R U, RS R o
KFREBRDPIKTEEAT B T &Ik > CTHIERF
DKW RS SN T W3 & W9 Ueno and Yasuda
(2000) DER%EZFFT HAERMHF SN,

3. 7SRAVARMNU—LEZHETIESSEY
BOER « (GIEHL L UVEE

31 7SRAVARMY—LEZFEETIEIEERE L

TIAAVYAMY =4 (AS) &, 7 I RAEIAE
BLUT ) a— vy YHEMFEZREEICHEN 2 PHFELR
T, 77 ANEER « HESHIERIEER « N— ) v V%
it O, ALRSEE IR R IR D B « FoKik I B s k| &
/2L TW3 (Onishi and Ohtani, 1999), 7 7 X # 5
Tld, AS ICHhBIBIE KL EES LI LB, n
R E M EBOMEKZEHICREBEEEEZ TV
(Ladd et al., 2005),

T 5 A AEOEKESERE, RS 5K E < 3 HER
WIS TW5 (Crawford et al., 2000; Ladd et al.,
2005; 2007), Haida i3 7 5 2 A& HF 53°N il <,
Sitka 3 dbE# R ST°N fhaclEkah, Fio7 524
PEERHLER I A - TYaES 5, F 72, Sitka iO—if
L7 7 2nEdbE (141° - 144°W) TR S bk
Yakutat i, ASITiH - THITEE T % 2 G S
ncTwa,

NS T 72 NEOSGXULIERE, WESOMA~DIR

B EMABOBHRE EITL - T, SiREENLHOHE -
T v v EHE @nd) 2BEICECIREK
7T 7 AATEERPILERANENXR T 5 Z EAERiS TV
(Whitney and Robert, 2002; Crawford et al., 2005;
Johnson et al., 2005), 7 5 X A fEERHULER I3 K EIE B
Bt~ A DD (HNLC #8), iick %
PROYAE YR ICEER RS R T EEAONT
W% (Johnson et al., 2005),

T I AABTRS NP EERO—EIE T 7 2 A5
ZHTAS IR -> TS 2 2 EnfESh TV a0
(Crawford et al., 2000), % DOFRE&OHEE T4 1 FfiE
INTHST, BGRKELEDEYIEENDFEZE T RO
FEThd, TITEEL R, WEBHSETT -7,
Argo F— 9 BLUHE /oo 7 4 VF— 5 2O,
AS 2T 2 S5t o YEfHE  (Ueno et al,
2009) B & UHEYIHEFEL A~ D2 (Ueno et al., 2010)
AP DTZOEREFNT B,

3.2 MBOEK « (68 - BESE L VKEENS\NDTE

g s Rt 7 — & T o FE IR, 15 o B RE
T rmBEN s (Figl, 9. D55 3 2i3fgk
e e EEEBHIATIICEE L TR b, TERALE & R
5T EEFTERDP T, KO DD S B 3 Sitka it
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Fig. 7. Trajectories of long-lived (a) Sitka eddies (b) Yakutat eddies and (c¢) Alaskan Stream eddies
propagating westward along the Alaskan Stream (after Ueno et al., 2009). Shading represents sea level
anomalies (cm) at the eddy center.
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Climatological chl-a concentration without AS eddies in (a) May-June and (b) August-

September, and with AS eddies in (¢) May-June and (d) August-September (Ueno et al., 2010). Con-
tours with intervals of 5 cm in (a) and (¢) (in (b) and (d)) represent absolute dynamic topography
(ADT) averaged in May-June (in August-September) during 1997 —2007.
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Studies on ocean structure and variability in the subarctic
North Pacific

Hiromichi Uenof

Abstract

Surface to intermediate water circulation is related to the climate and biological produc-
tion through heat/material transports and exchanges. The author has been studying ocean
circulation and heat/material transports and exchanges, targeting temperature inversions
(temperature increments with depth) and mesoscale eddies in the subarctic North Pacific.
Temperature inversions are studied through analyses of climatological and individual oce-
anic data, and are indicated to be maintained by warm and saline intermediate-water trans-
port from the area east of Japan to the northern Gulf of Alaska. Mesoscale eddies in the
Alaskan Stream are studied through satellite and profiling float data analyses, and are re-
vealed to have a significant impact on temperature/salinity fields and biological production
in the western and central subarctic North Pacfic.

Key words: subarctic North Pacific, temperature inversions,
intermediate water circulation, mesoscale eddies, water exchange
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