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Ocean currents that connect subtropical and subarctic gyres in the North
Pacific Ocean, and the formation of the Transitional Domain

Humio Mitsudera', Hatsumi Nishikawa’ and Takuro Matsuta'"

A boundary region between the subtropical gyre and subarctic gyre in the North Pacific exists around 40°N
eastward from Hokkaido. The region is called the Transitional Domain. There, the Kuroshio origin water and
Oyashio origin water are mixed and form a unique water. Recently, quasi-stationary surface currents that carry the
Kuroshio water into the Transition Domain were discovered. The surface currents flow along ocean bottom rises of
a height of ~500 m, despite the bottom depth there exceeds 6000 m. In this article, we explain the mechanism of the
formation of the quasi-stationary currents and describe the results from Lagrangean analyses to elucidate roles of
these currents for the formation of the Transitional Domain, including observations using in-situ drifters as well as
the particle tracking using current information retrieved from satellite altimeters.
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Figure 1: Surface currents (vectors are drawn for those that exceed
0.1m/s) and schematic plots of the front positions. Orange arrows
denote the Isoguchi’s J1 and J2, a green arrow denotes the Oyashio,
and the blue lines denote the Subarctic Front and Subarctic Boundary.

Background shade represents bottom topography. Modified from
Nishikawa et al. (2021).
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Figure 2: Surface currents (arrows) and bottom topography (color
shade with emphasis of topography between 5000m and 6000m). Red
arrows are drawn for currents that exceed 0.1m/s

ZFOWB Z WIS 572012 N 7 & — % B S Bk
ToEEHID, BREBNIC L 5 TRO 2R OFET —
5 & HCBR T % B2 Fi o 72, 20T, I
Vv M) BATHEEA & BRI SN S 2D
&, N ORMATN GRPE 4 Z2E) PEEREH %
RIZLTWBZ L, Z LT, BATHIBUCHEE L 72 B8k 28,
RV THIEFIHTERANERBAL T RS 2 L B o
T & 72 (Nishikawa et al, 2021; Matsuta and Mitsudera,
2023).

2. LBERTBEOERT - BITHEE - R
FeOLlER—HOJ Ty b—

PO Y = v MR AR L T 282 OV
Kz, ARINEERE - BRI S LB T O F TR,
FD720, BSOS OE I VEEN QWK E DM, b
K THR D MVKIRATRE D 5. T4, 1Yy
kDR E DL S T OKIBRTREAZLET L, K
WMAKELLZT 228, ZNAACEERBIB O AL S)
RHERIT LD TE T, KEBEFE~ND

* 1 RSB TE - RO IR F 2 BLE L,
WO LR T OB & Z4EE LBH§ 5 FE 2 oW Tid,
WRBIZL YV ROMET = ZH TR FOB & ZF5H LT
W5, W Z 8D T MR BEE, B2 SIS 75k
(kL VAL R N



TR & TSR & D 7 ML & A2 4T3 137

145 150°E 155
g - — — = :
500 540 580 620 660 700 740 780 *

B3 : FEiER (KE) SR OE S (FBIF10272 kg/m* OES 5 75 —k¥). RO, Fuegi
SR, ORI, BUED A Y- ROERRER 2 K. SO0, SEEPSHE T 2 MV E OkoFfs)
& ALREA0BE TR RIS 2 PR EE DI VI (¥ > 7 o) 25& ) k. LY = v M e e i
e SN %. Mitsudera et al. (2018) %tz

Figure 3: Surface currents (arrows) and surface layer thickness between the surface and a depth of 1027.2 kg/m’
isopycnal (color shade). Black contours and blue contours denote the propagation paths of the baroclinic Rossby
waves. Yellow dot denotes a region where the baroclinic Rossby waves from high latitudes and those from mid latitude
encounter. Isoguchi jet J1 forms around this region. Modified from Mitsudera et al. (2018).
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Figure 4: Observation by surface drifter. (Left) Buoy arrangement, (center) buoy view, (right) observation snap shots.
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Figure 5: A trajectory of a buoy deployed from the J1. The buoy
was deployed at the blue circle. Red circle denotes the end point of
the buoy observation. Orange arrow represents a schematic path of
J1. Background shade denotes bottom topography. Modified from
Nishikawa et al .(2021).

ILLEX%%@M74/]|M?&A74/]

A%

,l

I 40N

30 3 6 9121518

. (%)
o 5 10

6 : AT ORITBHOKR. () BATHIE (42° N 45°
N, 165° EQHEMERS) 2 SBUE L7k 2%@ 8 5 5 iR 055
i (025° D7) v N ilo 7480 il S 7140 .
ZIT 7y o728 3, 57 v Fegimn
BoTh, 1HZTAYY LTS, 165° ETIX, fH1H
12025° D7) v Rl FPEASNS. AitTHA
BRI E N5 DT, 165° ELoZhEho s ) v FTO
WBMEERIEL/13 (57.7%) TH 5. (b) 153° E ((a) DB L
TRk 43T B OB IJIOMETH Y, FIT
FEVaEERERT. Thbb, BITHEBICELET 2T O
K#E31IJ1 2> TL 52 L 2% H%. Nishikawa et al. (2021)
g3
Figure 6: Result from a backtracking analysis. (a) Probability of
passing particles in a grid of 0.25° evaluated by [number of particles
passing a grid/total number of particles deployed from the black line
along 42°N -45°N, 165°E in the transition domain]. The “number of
particles passing a grid” here means that the passing of a particle is
counted only once even though the particle passes the grid multiple
times. On the black line along the 165°E, one particle is released from
every 0.25° grid on the first day of a month, so that the probability
of the passing of the each grid on the 165°E line is 1/13( = 7.7%).
(b) Probability of passing particles along 153°E denoted by a broken
line in (a). Pinkish shade around 43°N denotes a region around J1.
Modified from Nishikawa et al. (2021).

Eoa, BH  FH

145E 150E 155E 160E 165E

= EREKMEEE e B LS EHAEE |
SO BELOTULEE B X SHAKGE

e_;?

';Ab
to WeS sterm
spondiod

= Boundory

140€ 160E 180 160W 140W 120w

S () BATHIE A DMK Ok - W 70 2 ORI

H?E#o 72 REMEMI & 28k T, %ﬁ(ﬁﬂéﬁ ﬁ*ﬂi’?’JlO)ﬂ’E’“ T
LB LR TROBZIXBERE. (T) OV =y
~ (J1) > 5 BATHM (TD) % & LS E 812D 7 7% % ik
KERE. 7L — ORI & 2 KT, R O W
WIS > Tt d. ST &5, MG o Bl KA
—BERATHIBIC AL, WIEFANEWEIND I EDRDD D
Nishikawa et al. (2021) % g%
Figure 7: (Upper) A schematic view of the surface water transport.
Wavy arrows denote that the water transport occurs because of the
time dependent behavior of the front due to eddies. Background
shade denotes bottom topography. (Lower) Water pathway from J1
to the subarctic gyre via the transition domain. Gray contours denote
bottom topography. This diagram infers that once a Kuroshio particle
was transported into the transition domain, the particle would be
transported to the subarctic gyre. Modified from Nishikawa et al.
(2021).
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Figure 8: (a) Ratio of the Kuroshio particles’ passing defined by (number of the Kuroshio particles passing each grid of 0.1°)/(total number of
particles released from each grid). A Kuroshio particle is defined by that released southward of 34°N. In this panel, ocean currents include all
frequencies of their variations such as those of mesoscale eddies, annual variations and interannual+interdecadal variations. Analysis is made from
1995 to 2020. Each particle is tracked for 360 days. Green line denotes a contour of 0.4 m of the sea surface height, which represents the Subarctic
Boundary. (b) Ratio of the Kuroshio particles’ passing caused by mesoscale eddies. (c) Ratio of the Kuroshio particles’ passing caused by annual
variations of the ocean currents. (d) Ratio of the Kuroshio particles’ passing caused by interannual+interdecadal variations of the ocean currents.
Modified from Matsuta and Mitsudera (2023)
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