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Research on vertical structure and origin of eddies in

Kuroshio-Oyashio Extension region

Abstract

As a ubiquitous motion phenomenon in the ocean, mesoscale eddies play a key
role in the transport and distribution of global heat, salinity, energy and marine bio-
chemical processes. The Kuroshio-Oyashio extension region is one of the regions with
most abundant eddy activities in the global ocean, and it is also a hot spot for air-sea
interaction in the mid-latitudes. As the intersection of the subtropical circulation and
the subpolar circulation in the North Pacific, this sea area has complex ocean fronts
and large-scale circulation systems, resulting in rich and diverse mesoscale eddy phe-
nomena. The study of mesoscale eddies in the Kuroshio-Oyashio extension region is
of great significance for understanding the contribution of oceanic mesoscale phenom-
ena in mid-latitude air-sea interactions and global multi-scale energy balance. Based
on satellite observations, in situ observations of Argo profiles, and reanalysis data, this
dissertation systematically studies the surface features, vertical structures and sources
of the mesoscale eddies in the Kuroshio-Oyashio extension ocean.

Based on two different spatial resolutions of CMEMS satellite remote sensing data
for more than 20 years and FORA-WNP30 reanalysis data for more than 30 years, the
TOEddies eddy identification algorithm was used to generate tree-like eddy datasets
with parent-child relationship. Comprehensive and detailed statistics of the morpholog-
ical, kinematic and dynamic characteristics of mesoscale eddies in multiple sub-regions
in the Kuroshio-Oyashio extension region were carried out. Statistically, it is found
that the eddy characteristics under each sub-region show significant differences, which
further refines the previous understanding of the eddy statistical characteristics in this
region. The evolution of the eddy features in the normalized life cycle reveals signifi-
cant time-reversal properties and quintile evolution.

Based on the above two sets of eddy datasets with different resolutions, the study
found that the high-resolution datasets identified and tracked more eddies than the low-
resolution datasets, and the eddies in the high-resolution datasets were significantly
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different in lifetime, amplitude, Radius, eddy kinetic energy (EKE), azimuthal veloc-
ity, propagation distance, nonlinear parameters and other characteristic quantities are
smaller, while the characteristic quantities such as propagation velocity, eddy strength
(ED), average vorticity and average deformation rate are bigger. It reveals the possible
overestimation problem of eddy characteristic quantity which is limited by the resolu-
tion of eddy observation in the current global eddy statistics.

Based on the above two sets of vortex datasets and combined with Argo profile
data, a composite eddy 3D structure was constructed in multiple sub-regions of the
study area, and the spatial variation of the eddy 3D structure in the study area was further
refined on the basis of previous research. Based on the mathematical similarity of the
temperature-salt density profiles in the eddy, this paper uses the hierarchical clustering
method to perform cluster analysis on the eddy for the first time, and obtains four typical
vertical eddy structures (surface type 1, surface type 2) in this area, subsurface type and
middle-layer type, compared with the traditional sub-region method, the typical eddy
vertical structure obtained in this study is more representative, eliminating the vertical
structure hybrid phenomenon that is difficult to remove in the traditional method.

Based on the eddy parent-child relationship and water mass analysis in the above
two sets of eddy datasets, a traceability analysis of the above typical vertical vortex
structures was carried out to find the source of each type of eddies. Surface type 1 ed-
dies are generated in the Oyashio extension (OE) region north of the Subarctic Boundary
(SAB), where anticyclonic eddies (AE) are mainly generated near the Subarctic Front
(SAF), while Generated near the Oyashio Intrusion (OI); surface type 2 eddies are gen-
erated in the Recirculation Gyre (RG) region and the central North Pacific; subsurface
eddies are generated south of the Subarctic Boundary (SAB) and the Kuroshio extension
(KE) North of the Kuroshio axis; middle-layer type eddies are generated over a broad
area south of KE and in the central North Pacific. The different types of vortices can be
divided into different unstable structures through linear baroclinic instability analysis.

Based on the results of the above cluster analysis, this paper discusses several main
factors affecting the vertical structure of the eddies in this region, including the flow

system and instability mechanism in the eddy generation stage, and the vertical dis-
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placement of the water column in the eddies caused by the eddy itself, the effect of
background stratification changes in the pathway region during eddy propagation, the
interaction of air-sea interaction on the vertical structure of surface-type eddies, and the
possibility of diapycnal mixing.

Based on the TOEddies algorithm, a dataset of eddy events (splitting and merging)
was generated for this study, and the vertical structure of eddies during their life cycle
was discussed for both non-eddy-event eddies and eddy-event eddies. It was found that
the eddy structure in non-eddy events remained relatively stable, while in eddy events,
the eddy core underwent a significant vertical displacement of over 70m before and

after the event.

Key Words: Mesoscale Eddy, Vertical Structure, Kuroshio-Oyashio Extension, Cluster

Analysis, Origin Research
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2007; 20115 Capet et al., 2008) o FERLFLHYECHAFHR,  HREEIRTE LA S H A I
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Figure 1-1 Distribution map of the main flow systems and fronts in the Northwest Pacific Ocean.
The red box represents the study area (140°E-170°E, 25°N-45°N). K-ECS, K-SOJ, and KE represent
the Kuroshio in East China Sea, South of Japan and the Kuroshio Extension; JS-SPF represents
Japan Sea subpolar front; NSTF, SSTF, ESTF, and HLCC represent Northern, Southern, Eastern
Subtropical fronts and the Hawaiian Lee Countercurrent; KENB, SAC, J1, J2 and SAFZ represent
Kuroshio Extension northern branch, Subarctic Current, the Isoguchi Jets 1&2 and the Subarctic
Frontal Zone, respectively; SAF and SAB represent the the Subarctic Front and the the Subarctic
Boundary. Cited from (Kida et al., 2015)
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Figure 1-2 Locations of several large oceanographic observation programs in the Atlantic in the
late 20th century (including Polygon-70”, "MODE”, "POLYMODE”, ”Tourbillon”, ”Razrezy”,
”Mesopolygon”, ’ATLANTEKS-90”, etc.). Cited from (Koshlyakov et al., 2020)
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etal, 2011) ¢ JXRECHRTER U X AFAE A —LE0H AR TEE R, AT/ IR TEIn G
TR T —YHAYE (Calil et al., 2008; Sangra et al., 2009) o 4KTM, ZER|FrAK
T HNREE (FFa KT 4 N H) , FERERTEEN I ABEL AES 6%, TS
TEAAERRIEE BB A, A< (Chelton et al, 2011) o JX—BIZR AT LAFEHAD,
LA FE AR R34 (Chaigneau et al., 2009), 3£ Cushman-Roisin et al. (1990)
TEHE BRE . JREITIAFRMT, AT E R I BE = 09 S8y, T s <
WERMIBE A S #6868, Chelton etal. (2011) [YZERFEH, BT IRIEERIEHEE
R TP ARG AN 2 B VAR TR0, D BB TR iR B AR ER R e
IRIERE. ST R, 2t Rossby B fE 55 G0, Hu#Stammer et al.
(1999) FiChelton etal. (2011) 434y EKE S A5 e BRI A TE O, Al LAK
ISR e A A SRR T, AP R e ACC, HARMRH K . Chelton et al.
(2011) MELH TR EARF FF IR TE N AL PR 26 5 T e, 52 AR
BRI SR, TEH S LI, SPERE R L D i AR T R K15




SRS E  ( ETE ELSS A 5T S S i

Z. B, A, 1 e AL e, IIERE R T REMGE AR S
Witslho Capetetal. (2008) fEABATHIRCEIRESEH, MR EITEM SIS (SQG) fi#
FE T BRI BER _EZ i EERE RE R Y SR K. Qiuetal. (2008) NRGAPHEH]
PR T3 DX ) P E AT e 2 TR RE RSS2 At 128 — S HEE o

PAE, MiE SR (SSS) iR (SST) . Y-l m R4 (SLA) .
KR fERE (7) gz (Chl) MIYF 2 HAMZSE AR TR S 4, AR5
DA R TT AR KR S o T LASS & AR B TR 7 i T — LB 5%, 3R
SR TIRTEREEAER &I /ME E (Chelton et al., 2011; Frenger et al., 2013; Gaube
etal, 2015) o XEEHIFE RN, “UHE (S Uhe) Wlig5 5t (IE) SLAFISST =i A
& (Frenger et al,, 2013; Gaube et al., 2014) . 4h, < (AUE) IwliES Chl ik
BERgEEIn (32) AkCheltonetal. (2011) ; Gaube etal. (2015), BEIR¥ELT
HENAEV-PI B S RS T AL, SRR R IE/f SST /i S B S R
R EAERT, BIXUE =B R R AR B 3/ (Morrow et al,, 2012; Frenger
et al., 2013; Mahadevan, 2014; Villas Boas et al., 2015; Gaube et al., 2015; Ma et al.,

2015),

n_ERE, AR )L, SRR R TR A TR A R N rh R
WhEs, B2 LA S EHEdE (Chelton etal., 2007; 2011; Chaigneau et al., 2005),
SR D EER AR TR, vl TR iR E s im e s Ak s, H
FRATTRT R A& AR G DU Z LD AR T e A ROV A e o e P T L5
TREM AR BOAFERL,  ASIRBE A YN Dyt BRAL A R R IR 5 o

XTI R B A3 /2 A B R oA 5 IR — RIS B, X T i
TEFIAF 5% B A A H A 58 7 S TC L I E I L 5, (B E AEAE Z /i T & 2R A
S it ] S5 R ) R RE R E A A BR A B R4 0, i A LR BRI R B T
R RENS HER RO TSR 2 BR SUE SCT SR SR I e Ry B Zhang et al. (2019)
IS AL T2 T PEIRERE AN 2 IR R 2 22 TR A B A e 454 A A S /K I e ) L RE
5 Argo ¥EbR “HiE” (Lietal, 2017) BUEHEREDR “SFHRAFR” (Zhu et al, 2021)
HETERAYEL I ELHE Argo F#AR- i AR EFAR K NI FIALNTE MM A S5 o

F I 1998 4 H i S i br Argo INHIHL, ki eI WL iy ERE S
SEMFRIEAS, BOREZ g & LRSI EUE S Argo PEFREMRIE IS
B AL (Colocation) HA [A] 25 WM Va3 T sp J3 M H P AR T . (EL0 T



DL S AL AR T LSS 5 S R S
FF— DR, — 4R LS% Argo SITHDE T — P52 B IR e — 2 25 A 1
FEPSRIEHE DL, IRIMAR 22 01 503 2R — it DX R 223 e P O ORI B
Gt a iR ek AR KRR MR E . HATE 2 AR IE X T
ANRIRFERI A AW BEREAT TS, AP (Sunetal, 2017; Dong etal., 2017;
i1, 2017; Yang et al., 2013; #5%, 2013; F4f £, 2019; Keppler et al., 2018; Chaigneau

etal., 2011; ¥SHRIH 25, 2017) KTGEE (Castelao, 2014; Mason et al., 2017; Amores
etal., 2017; Schiitte et al., 2016)- ¥ (Yang et al., 2015; Dilmahamod et al., 2018).
R (Frenger etal, 2015), SRARHATRZ 4 RA SR & BORBEMT 5T, AE
W (4% 45, 2017; He et al., 2018; i IE ) &5, 2018) FfH{H#E (de Marez et al.,
2019), DANABRIGEIETF (Livetal., 2020),
1.2.2 RTER 518 5

AR TV 22 Hofth LAVRSEAR A 20 A O TR IR SR TR Ee— i 32 B AREAR A H
WA AT AIRRERE R ELS , JE R AR B E AR o SR -0l S 1B ER 2 e
PG RE A 2 O A — R, 2 MR BOSADL ) S 45 5 ] 3o g 4k
BT AR IE N — R A= o SR G AT AR PR e R e gt ([
5, 2021), RALTARBER LI =B B, A SO HE A BRSO A& AL
WA LUHBS R 0 M = B S8 (LETHZE 60-70 F£4K) J& TmBEtRNl 1z
AR H RS N LAz B, AEX— B BT 2L /i Beds A iR Bl
BRI, 3E7R T IR IR AIZHRERY, s 28 BB (B4 80 FFARE
A) R THHEN A B, AT 2 RO R BEATT R 58 K B S
KB BRI HER N 5188 B =B GELee) J& TR REMTB B, THINS
TR BRI 2 B R B E . a7 > BRI @ A I 25 B (A5 PR
IR BENS LIRS 1Y RSCR AT B2 5 i ER 3R o

SRR EGE TR I T B A PEAS T, LI T ) 4 Bk DA B A 1) 43
FERAAL, FHAREMN P EIE IR BN FERFE . BE2 B 70 48, Blvsdhe
BRI AR R AR B (Saunders, 1971) PARIER T 820 HER /R [G) 21 SN JEk
BRI T EE G (Gotthardt et al., 1974; Stumpf et al., 1975; 1977), @it A T.H
MRARBE Y 7 2B I [ B 7 T — SE R AT E . T ok — R RGNV R
MRS 7580 T T R EIC AL KAL) 2 bR R, T
TRHRIERE SRR, o PR A PR AR S A B BRCh BCRA B B i P RA
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S-S S AR T B LSS A 5T 5 TR AT

7 SRR T —2eE, JER T T A T A T IRBEEAENR
ERyZERY (Brekhovskikh et al., 1971; Group, 1978; Hartline, 1979) , RE X LE HHH
RFNE A HAL R HERA TR s, — @R ERRE T AT T ez shy
IS E 0 T R, (HBEE TR IMNE RS ER, N THERRRCE
CLEMELH A7 K o

WEE AN ERE IR TE, B2 80 AR UG RESOS TN H SR
PER T TR N T H A2, BT i SR R A A At — R B
BGATINE S RS BUE SRR 205, i E XL EE G2 TR R E R
JE LASHE B A i AR I R o [l R s skt TR BRI T T
WHERA IR R, HET Y O R 2% 2K a 7EI0TE 9 23 A AT SE 30 i
TERR, kiR Z (197K 6 TR 4 b A IR R ST

90 FEACLASK, LA S BT EAR AT th KU T AR TR BE B SR+
AR ERE. DEGSETFEORR M AEANNEN, £ DEMSEdEH 2N T HL
ENEEEE, HAfCARe% LB 2-3em B ETRE L, 2 BRIEE ™~ mrlik 1/4°x1/4°
HI2S 93RRI X AT A 1/8°x1/8°) , BRI HER AL 1 K, MRmEzh T
TR E RIS o

FERX W B, B IR BT E T EE 0 Wi (Kurianetal,, 2011): —2 25
TR (BRI E i A8 BT, G S E L B EE SRTE
T3 R HER LA T, Gl B 0 MR BOU ORI . X TR T
Y T, FEIEET SSH/SLA S {H (Palacios et al., 2005; Chaigneau et al.,
2009; Chelton et al.,, 2011), EFIRE (¢) (McWilliams et al., 1999), EEFi8 5
JEikiE (Q) 5l Okubo—Weiss (OW) 2% (AL EHARAYBT DI IR $ i IP
HKMFEXHRE) (Okubo, 1970; Weiss, 1991; Isern-Fontanet et al., 2003) , HHA OW
SEORAEIX W BRI RTIHG 2] 7R BN, iR (Tsern-Fontanet
etal., 2003), FhEyIsk (Penven etal., 2005) |, FaffrHrniedst (Henson et al., 2008)
, AR 43K (Chelton et al.,, 2007) . {H OW Z2E0GEGFAAE—EWEREE, 510 (2015)
BEERNLUT 3 5 B, W SEIREIERER T AR PEX, A%
PEEAHE s 58—, MR DAY H IS 5 R E R A IR RN 26 =, ARENY
HbR S B DRI TE R R s ALl T IRTER FLE AR BHIGTE OW 24
R EFRERRINT R Chaigneauetal. (2011) & B SLA FH& S HLIAEEL




S-S A (A TR PSS S WIS BT
OW SHUEPUNFCERBEERG, AT LLR AL "6 Wyt 3 (Chaigneau
et al., 2008) .

FH—RET I U7, fiESadarjoen etal. (2000) $2H Y EET 145
AARNWIER T, MI2E5Ef 7% (Wingding Angle, WA), Nenciolietal. (2010) 42
HHEET A7 R BERY U RFE SR SRS E Y 77 % (Vector Geometry, VG), Dong
etal. (2011) AR EEAE B B2 SST g, A4, Dongetal. (2012) ; Petersen
etal. (2013) ;Linetal. (2015) XAE VG ik _4EMRFeii n Bk EAL B R 2
S E SR BB S . Souzaetal. (2011) FEXT = Fh R BRI 5 22 ok
FE AP R BT M E U ART (9 7 ZRAE i e R A B0t AR dw AN A ik i A B
PRy

FEXT ARSI B2 PR B IR T3 LA G — MR Bt — 25 i TIRTE R B B
DUEFEAFIB A6 B3RO R HIRTE . WWHERB AL M 3 28 (R 5,
2021): (1) FTA6H: (Isern-Fontanet et al., 2006), LL Rossby 3 H V8 i 8015 e v
KRAGTRIE A ORI, 8 2RI 9 R B E S WA oA e (Y B iz ide s (2)
FELEE R (Penven etal, 2005), Homik A H g i A2 _EIREZ [ P BRI LA
JEPERIAR U R BB B R IE I ik s (3) EE14 35 (Henson etal,, 2008) ,
X L T SL B T 58, AR AT S I [E) 25 b R — W A AL — & Lu il Y 23
RIES ., TLERIRIEELE T4 (Laxenaire et al., 2018) L4 T LAE=F)T
%, BEORIE T IRIEIB BRI YL O & T IR ER B B

FEIX— W BE R RERE A T — 40 DARA% B H B4R R AR IR eI B
— RO A PRI B AR g Rl SRIBNRTE. Dong etal. (2011)
S T USRS R H T B FEAR I - (1) Fikg A HEEPLEY (LSM) T
(Griffaetal,, 2008), HIFARPUBTHEIERESR, et it — & B E A E A1
[E%: (2) MR RN B (Glenn et al., 1993), BLEEIN BITEFR I 2 A AFAE MR
FIRE LU E R R AAAEIE; (3) ik BA A3l 1 RS T7E (Beron-Vera et al,, 2008),
B RAS B H et (LCSs) FRIFIMRERIAFUE S (4) JUMJTTE (Boebel
etal., 2003), I Hr A B H HUEEAY H R SR E e o Fh T B R
FEHIEL BT s B PEAR S B e, TR RRAR MR )T i A RS — N
X A EBATRTERE I AR SOZIT IEAMER IR

S5 BRI E B SR T S8 AL SRR S IB R IR,
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S-S S AR T B LSS A 5T 5 TR AT

FETH IR R ERI A 255 6 T I A TR O B e i — SR Uy A e 15 3
HESE, ARG — HUNA 2 — FURr B iE , Gl T B ARz Bl g a4 fr
SRR TERREE . IXFEARAS A IR EER BE 2 LUREA R DI E I TR S 183h7
DLE BN 152 G RAERIAAE o A — Lo fEim e B R &Rl b, i —25 10
TSI R EAE G RE, IS T B RS FRZ B KR,
NI FE N7 — A B K P L T PR IR T 4 A i B R IR T A 52 . 9l J ek
M A B TOEDDies JRefR & (Laxenaire et al., 2018)

S = BRI I B A W S 20 80-90 AEAR I LS AR IS, A
2 B PERE A R 222 BOR N TR 08 o Aok, Alas o > 77 4
AETR B S HORARIZ M W 25 A T I e R T AL T EoR 2
—, BRI Z BB B Z R R S KA 5 s (2017)
BT Z M2 (CNN) W T SLA %04, HRAE IR CNN AR X ik e
RIS, MR SR T i U R AR IR E IR 1 B0% . ONN AN 5% E
W s, U R, AT RBAEIL RN Louensat etal. (2018) FTIR
JE2E )BT EddyNet SR R4, fiitok T Hlgs 2 I TR R R A 50
St/ RIS A, Duoetal. (2019) N ETHHRtRY @1 45 EE,
g AE 2 G Y e e A R PR R A 9 I N A 8t OEDNet 845, Bk 1T IR
SJFEAA R B Te Zhao etal. (2017) #2%EEH] PSPNet HLZ 0N REXT SSH £ 4/ i3
PR SorH ARIEATER R/ TR R RS ARG L, AR SR 2 R
FEWRTERT R BIRCER s AEIX—Br BOA A V251X SST %i##1) DEEP-SST-EDDIES
1% (Moschos et al., 2020) EX %04 E 19 B T B9 DX 80k 22 7 4% SP-RCNN
Bk (Baietal., 2019). 1% SAR &4 1) DeepEddy IR &% ) 3% (Duetal, 2019)
S, DANMREGS BN 2 MrcR IR ah & 480 B9 Hh RSG50 SymmetricNet (Fan
etal., 2019),

X BE LA 4 I 5, RERS AR RIEAN & BT e IE A SR Bt = DA
W R W i AR AL B b B MR I BEERER . Rk IO T HYIR
2K R T E R AR 2 T B BRI AR e (BT A
R, RENLE I BER R BSCR IR G . I 2 H0 B B )y
FERR LRI RIFITHE ST, HABATRZEN TR TN RAIARIC. A5, BT e
W2 AT AT R AR R, RS B RS SR 28 IR TR 2558, (B
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L3816 IR TR PSR S R T

Y SR ERAE H AT FATT R B R OIS A BIRIF MRS, DRI 3815 2 B v
FF Y . H AT W BT EE B SN SE A 2 Y B R B R
TH, HEREIRAT AR B P L B E S (HRT AT 2, BEAE L
frr S HKRHEIE R BEE . Wl 7 S BE RGN AL Sy B e A I R Y
SRS N GO U /N I 2807 ST SRR AW
1.2.3 JmEsE B 451

Zhang et al. (2013) BEHTEAMG A ROBERAGE 3L, RIVSZ Ml 2 2 1 Y ) e
b . AT A S IHEE N Argo BEFR TR, A IO B b4 5t
TIEH TRk RN H— =45 — 458 p, (r,,z2) = R(r,) - H(z), E
R(r,) = (1—r7/2) - exp (—rz/2) Sy R I — (0 I Bt S 12 T 5 A R AT
H(z) AIELEMREL, 1, = r/Ro AFRUEW I ALFRH AR R 5. G T DAMR IR
FMF S AT R BEEi AL o RUE HR A BRI RAY 1E T Bk e .
R TEWT T 2 B, I e B 25 A AR/ [R) b XN R e 2 Rl 2 A AR R 22
FRiser (1986) ; Lukasetal. (2001) ;Rossbyetal. (2011), ¥ ZE7ER—AHB/NYG
W E ) EE S M AAEE RZER (Kurian et al, 20115 Keppler et al., 2018;
Frenger et al., 2015; Yang et al., 2015; Pegliasco et al., 2015; Dong et al., 2017)

J7ACE, WRBER RN ARAE . KRR B EATSE S . IRE
[T B 25 S AR E M AT L [E 18, & AT LAAE B AT 4 T Y AR AN [) ol
TR ATRE R A BRIGTER B A s o R e A A€ B Bl AP T
AR o R Z2HAm e R A2 il - ARHEA AR ENLHI SR, i RaE ey
WA T BB RERAE . Fengetal. (2021) W ET AHESFIOREAFEE TR
P H LIRSS 03 735 /2 Eady B8, Charney-s 1. Charney-b A1
Phillips %Y (40[&]1-3) . Hrp Eady R0 3 B 50 LGNS, Charney-s
RO R T M58, Charney-b B R i fnae . Phillips A9 A5 4 A FR AT 58 o
—FROR] T AR AR i B A A P 2 SR T 9 A A R XS . Charney-s BUARE AR
FEHT 47% T S R Z NN Argo BB R B R 2 58 A0 1R e
XF 1. Phillips BIRHHEAFEE 7 33% o

PRSCE, MAE e A K SCE R AT, — B i w26
il R SRR BRI R Z R RN E . 382 AR Ve 5 P LA R 2
BT AR R I S 2 A TR RAE, HARME IR E 18R m 2 B Rec N M, U
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RS S (AT BRI B AT 5 S RS AT
Type of the fastest BC1L

growing

0° 60°E 120°E 180°E 120°W 60°W

Eady Charney _s Charney b Phillips
M -3 RUEATRER R 2K, 51H (Fengetal, 2021)

Figure 1-3 Global distribution of baroclinic instability types, cited from (Feng et al., 2021)

AT R I A T PR IR BRE K AMEIRERZ 11 S AU e a7 A I
FEZET IR ERZ R AMEIRERZ s KR Z A B e (SRR RE — 20w
SCV (McWilliams, 1985). #5aiRliE (Armietal, 1984). JREKZENIHE (Dugan
etal, 1982). BIZ/KINE (McGillicuddy et al., 2007)) 3 BB A heiEsh
FIR) B, RIAEI BE RO LA _E SR 2 i) _E AR 3R T H 210 P R = 1 o i
HRUD U S i) T [ R 9 ok AR iR R 2

UCRIZINIEAE R BAR 2B IE A R L. A B2 s Hobl % B v el oA
LKA BRIEHRT AR T T AR 257, ARG HEREFEFR “Submesoscale
Coherent Vortices (SCV)” (Kostianoy et al., 1989; McWilliams, 1985) , db-AKPEEE
FR “Meddies” (Riser, 1986; Zenk et al., 1991; Bower et al., 1995; Richardson et al.,
1989; Armi et al., 1984) , HiHygHXFR “Leddies” (Taupier-Letage, 2003), FIE ¥
Fr “Reddies” (Shapiro et al., 1991) , ZIL K FEEEFR “Cuddies” (Lukas et al., 2001;
Molemaker et al., 2015), HAEIAEHAHXFR “Kiddies” (Zhang et al., 2015; Li et al.,
2017), FERFTFERR “Teddies” (Stramma et al., 2013; Colas et al., 2012; Combes et al.,
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SRS E  ( ETE ELSS A 5T S S i

2015; Thomsen et al., 2016; Nofet al., 2002) £, HTIREZWIEAIZ OB T AT
TR E P ECT IR LUT . 48R IR GR R ek = B A SR S 5, A
RE LA T2 LI AR o USRI B A5 AT S0 A B, TSR B IR A 5 AR
R ) B S R B O J B AR R E SN 1 T S AR (HHON R ARSI AT
B AR TR, ASCE I TR Z SRR E

BRI T 45 M e 87 B A Y T T2 R AR 28 K T v TR R A e
BAR B 8 I A L E RO S 7 ORI AS (Zhang etal., 2019),
B AL TR TE I T H IR DXl 22 b 4l 2R i A M 1 LA AR 2 i i (Zhang et all,
2016) o JRUERXHP T S AT LIRIS & TINAER s R EE G, (H2dlT
I AN 5 B B S AR DX BR R, AT AT RS B e e+ A BR , L TTIRAR
B S SR IS AR TR TR AE o PR L 24 FH T2 5 B T Argo T
PR THR G B CLA S AR BE ST RO T E . & IARBERCAR TG & T Argo ¥EhR 51
FERIFHRAL B IR R, AR T /N X AR BESS B R AT TR IR T, 5850 H)
FREI 23 TR, BT 2T 25 H & IORTIER) = k2514

HurE A2 28 4a D2 R BIR Argo PR EUEHIT I & & 17
ARG [FREHEC A B P T2 B Z5 A0 = 4E 2540, a4 p KPR AR Bt X
(Chaigneau et al.,, 2011)« JEAPHERDFRIX (Kurian et al., 2011) Jb KR
ARG (Yang et al,, 2013) « #r AP EETT R XL (Keppler et al., 2018)
FIRHE (Frenger etal, 2015) PFENREFEARR X (Yang etal,, 2015) SRy
AR SRIMAERTEH, RZHFEE L L IRMEAERNYH#E XN, AE 5 CE
A SR T R B AN R B T B4 s AERT R IX N . AR 7 It 2 R A2
FPAN R S5 AN TR LAY IR iE . X — G — AR N 5 AN [ R I ek B A
[F A3 e A= LAl (Chaigneau et al,, 2011; Kurian et al,, 2011) #5755 RS L
#l (Keppler et al., 2018),

I DA T 5 R BE A 50 RV RE A% 7 — /N DI i e Y 2 R
fiE, AR Hs2 T AE- XA AR BB A AL e BLE5 X — R R, A5 0
B R B IR BER 2 A0k 22 PN R BESS T8, 9100 A2 O SURZ 540 mli Al H
BIRRmES 1, KRG & — K5 B e & 5 2URE S A AU IE & i e 2
TAFAE DGR IR, (R AR T I i R BRI B A AL S, IR A —
LespEIT IR A R AT 9 T BOY Argo FEFRHY IR EE FI T FEATAT 8. Maze et al.

i

2

>\§ﬁ

14
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(2017). Jonesetal. (2019). Rossoetal. (2020). Boehme etal. (2021). Houghton
etal. (2020). Sambeetal. (2022) Z5&EEEINEAER (GMM) BFTH
FIT 3 KR (PCM) JEJTIRES IR W T AR VU mRVE FiA 20
PRIEAPHERIPE AL PSR XY Argo i B2 Bl 2B Wit ~A T, ATTHE Argo
THIZ5 A B SRR S [ 3 AT o AERCTYERIR YR 4 AL RTPERIA A ETHR RS
H1, Pegliasco etal. (2015) FIHTHFEHERFHA (HAC) & eI iR
SRR T 2K, RIAE DN RIBA ETHR RSB I AR 2 58 4
MRS Z A E . HAmBERIRTh 300 & 5 i Sl e R e A a2
APRFFRE -

s b AT T — R B B B 58 A A6 0 T it X )
43 FHBIRAE N TR 19 DA B PR R AN 15 L (B p s S A
P, IERGE TS R TT 2R« JRFTTIEMIE O 714 B TR B AR
X537 DY M, I TAE— DA BB B AR . B S
TR RIER RIS DTN SOR IS, 12 79 REE R G, AR5
ZERAH R R
1.2.4 JR-SE T A DI e

S SR SO A R AR b B Pl A VP 3 S K i 2R 2 S A H
ARARMFHIVRL T —MEA X, RS- W A X (KOE) o #RAEHT A i 44
FRI, 2 DRI ST ARG SR AR (KE) . 6] L HAE iR (OE) R HZRM X
B, X AR KRR RN, WERFAE T R T S A A SR R
WA SR e S (A 1-5 ) o

A RIWFER IR S G RAE . BT I TR A 75 2 IR A B AN [ X 1
TR G THFAE A BRI M. Meng et al. (2021) He# T KE X5 Chelton et al.
(2011) ;Lietal. (2016) ;Faghmousetal. (2015) ; Dongetal. (2011) PyZrR
SN SE R IR RS T RAE . R IIABERI RO R K/ IRIE F A SR AEHBOR
FIANTR] S AEH— G R R AR AE A 2 [E) 40 Ar A [RI A2 A6 _E AR SE—, AT LA AR
PBERUN T 1200 T KE XIS eI BEARHAE AR REAS A ROREL. i (2017) FEAR
T Faghmous etal. (2015) SLA “ZE{AZ M INencioli etal. (2010) JUA 2% i EAE
KOE [X (25°N-45°N, 130°E-180°E) HIHEIRBIZEIR . J5E1F R A IEEcE (UN
B 61%, ~PI75fr. P12, BRI, (HP R s s, XS W
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—— 50°N
- Bottom . ,’! East Kamchatka Current
Okhtsk Sea B
Y Western Subarctic Gyre

: Z, _ .
45oN 1 / ( )K ril eddy. (with cold core)
I 2000 ; - |

Subtrpical OCCR

Gyre

8000 30¢
80 1’10°E

1'§0°E 140°E 150°E 160°E 170°E

150°E 160°E 170°E

P 1-5 KOE X ie e 14 (a) M 20m ARG & (b), HrJT. KKT. SAF. SAB.
OY. OYI. WCR. CCR. CWA. KE. KBF. TWC 73 5lIl#5402E 1 SN2 BEmEA. B
IRy VKX RMRE MRS SRS SRR AR AR T AR, S1E (Ttoh
etal., 2010)

Figure 1-5 The topography map of the KOE area (a) and the distribution map of the main flow
system and ring (b), in which JT, KKT, SAF, SAB, OY, OYI, WCR, CCR, CWA, KE, KBF, TWC
refer to the Japan Trench, the Kuril-Kamchatka Trench, the Subarctic Front, the subarctic boundary,
the Oyashio current, the southward intrusion of the Oyashio, a warm-core ring, a cold-core ring,
the coldwater area, the Kuroshio Extension, the Kuroshio bifurcation front, and the Tsugaru Warm
Current, respectively. Cited from (Itoh et al., 2010)

BEB R E LA RA . Dongetal. (2016) fE4& FEHHMIER BBkt T2
LR, SR —E. REARWIEEEE ERTIRERAERERS 2 LI, H i
FAFFIRBEN & LA E S AR, LA — MR EERES ey “B
EAEAE, A SE BRI R AR SRR e TR A T IR I T e B R o o

KT WRTEMIARANE A, il (2017) MEARETR IR T Fd g (G
BAV/NT 35km) FiAa g CEaARET 4 ), 5307 KE b0 (R #m
JiELA AE(CE) NS, A NIXE i TIXEB 5 T ek H KE jlid . 2P0,
Sasakietal. (2015) 5 [l 5 (2019) UGETH A KE BidgHYFIN, ot 17 AEI
FWRBERAE AT 34k, Dingetal. (2020) MFREBIHMA T, KT 28 RIK
FE R ERT A% B H W4 BIRE (LEKE) [HFEAEAEMR AR 28 A 0 A RRAE . BE ELARHY
FIH OW 280237511 KOE XK Al (Fa KT 4 J8), & OE [X1 AE H]
CE R A E AT E JT-KKT {4 SAF. SAB fl TWC 43477, JXLE S5 H
IR HER AL EAFAE S HIE « HERAS/K SURFIE DL A R ek~ RUE A K, HHEZ
N KE TR BT IR EEGE A A OF I 7 A8 im0 W14 75 (2018) 25 HH4E
AR RTER M 2 A, 35°N-43°N LUK 27°N LARIA AE 32, 27°N-35°N LLK
43°N LUl CE Ay fti (2017) $ACH 30°N LARg AE [YEEH4MG 2 mIHAGH K
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SRR AT R LA A S R AT

P AR

KTWEREYEREEM, foil (2017) jJietal. (2018) il [ KE XIATIH
JERIARIE 212 EKE. WENIEIEAR (43T M) AEbriti b A d i N
B HIREFERIRGE R (Liu et al,, 2012; Yang et al,, 2013) « ZRILKFFE
(Dong et al., 2012). BiAPE (Frengeretal, 2015). HEEFH¥E (Linetal., 2015; Sun
etal, 2018) « PUALHINFA FFRAL (Pegliasco et al., 2015) « 4 Fk (Samelson
etal,, 2014) SEHBIX AT TEMIML, KE BRI 2 R FES THRFE LR 7] )
BRI AL B A E . HIWEER) 2 M@ AR R AL A e A A7 AE =]
CHIMEE, AR AR T, &b SR IR 1/5,3/5 R 1/5. Bk
TASER AR TN SR IR & AR R ST PR e N T A A
HIRVEMA R RS . I RA A SN WG 5 . KE JBlf) AE #1 KE #
MH) CE 8\ M2 KE EHI IR, S IRmE. 2. EKE ZRE ST
55—, CEWAEEEMEEST AE, Rl AE HRETFASIHET,

FTIRHERIRS BIARAE . Sasakietal. (2015) &M KE BE¥EAOIREREA [ PG
FEARIFAE 30°N-39°N 2 [AlH§i. AE(CE) *F-X25 5% A 2.59cm/s (3.44cm/s), ]
PR E A 0.11em/s (-0.08cm/s)o | HERT T (2019) T KE XIS 4515
TESEH R 2.8cm/s, CE(AE) SEH TR 1.14° (1.25°), fRPEH 32.25° (18°),
M 25°N 22 45°N g T EI B 1A B R 35°N A B2 oh, HoAth o B i i A2
WG IELNE — B RUEZ B DB A S EE AR — 2. Ttoh etal. (2010)
RN KB JEAM DI 8 BE AL 15 )5 1-2em/s, T KE E 0 LA ZR M XI5 T i
AR SN 1-5em/s. (£ KE il 160°E LAPY DXl e 7 1 FE A 2, FIRE
ST 20em/s (1R R AEAL. [FI, 7E KE BRI Wiy (5) A7
(L) ML RER CE(AE), JFopdlit iz, 27T OF XA, 1£ JT-KKT {4 E
FEMIHEARIAAAE 1-2em/s IAINGEE), A 46°N-47°N KR T RS, I
SAF [H] 5 AR ACAE R 3T A 0.5-1em/s, T3 SAB [H] TH F 44 7 8 EE IR 555

FFIRFER A AL, Jietal. (2018) 78 P2 = THEURE T & IR K
WiE (T 50 &) HA L AE HEBLE 35°N LUFE, [FAEZH CE 1)
F9 35°N LArd . FHELECT S, RAGamimiE (FFamkiT 20 &) B CE B2 Y IE
35°N LMK, 1 AE B2 A HIBIAE 35°N LLEg . iXFf AE #1 CE fEA R A3 51 T AYAS
XEFRo Atz 1 KE XIS e w R AR oL, Aboxt @20 M OFES #8i4h it
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S-S S AR T B LSS A 5T 5 TR AT

11T REEWCL AT, TESE TR FF i AR RS IR HE SR IR T S8 it o dgi e A AU i 7
HYFEZE WY B S BORER T /N RS i e I T A BT DAY IR A ERAE
Yang etal. (2018) T MITgem =[] ECCO2 TR TRE RIS 734 & HH,
KE DI e I 3% 1 22 AR AASUE 5 ST, 11 1 He AN FUE A R i W 4
AU R EEAEH . FEAE Y KE BIFRERT, WiEEEHAEAREE S,

TEEWIEARI L, Sunetal. (2017) ;Jietal. (2018) FIHTLE®ETT &
Argo FERREHEAN LA itk o5 By AR RS 8 1 R I A A (ARt Do U i =4
B HORTE, KEABE (RAE) WEYHD R S EAE 360m (410m) A%
2.00°C (1.78°C), & i KMEAE 260m (260m) jA%1-0.13psu (0.12psu), fir
SBR[ R OB 310m (410m) TAF] +0.27kgm—3 (-0.22kgm~3). Dong ct al,
(2017) FIH DA S THEWE & Argo TEAREHE SLA SHEZGIEM T R L fi
(RHBIX (BEK TSunetal. (2017) [IXIR) KT 28 KIRTBEM & Bamie, &I
1E AR AL Z2 30 H 22 2058 (100m-300m) 135 5 S5 T 22 8 S 37 g ) 5
M RFEZE (400m-500m) AR S, A S w0 2 B S o3
AR50 W7 - DB I S 2 56 o KE B9 AR F7A8 35 14 74 [ s i
HRIEE S, A REBR A TH IR IR R S 3465 R =2 EI 2 KE SHiife
0] 5 S DA T A S5 B i B R R g o KB AL R BEAFAE P I iRt AR AR IR
B3, EREHES R EAT TR T AR AR AR /K 8 e DA i R T
e

KT KOE X8 e Y T2 B 25 A Y55, RS0 LAGE oot i s g 2 0000 2 3=
(Kitano, 1975; Yasuda et al., 1992) , RFEFEBENT, AMTREGHHTER]— 11
TERAN B LA, RESRA @ A SmE, HEDXT— DL RGE
MLEHERRR . BEE DA S THEEEN Argo ImIF R BRI IR, Bok ik
2 IR SEE A T8 A B A B T BB BRI X e 21 (Chaigneau et al.,
2011; Kurian et al., 2011; Yang et al., 2015) o {B& A FIETHR 2 1Z 76 X N YR HERY
ZERIFA S B30, BNes SEBCRIEL N ST T 250K, ML T Ak
DHTHIE L o IRZ AL EIR G AT S R, R P13 B 25 A Bl G i
BE, ARSI, NG ke H IR SR
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1.3 HREFEFIEMRAR

i R R ERIB T TCAAE . fE L EIB YR, RER. ShRAIAIRG
BUAMHE B A i E E R, LRk B R Y P R
AN EFRIGT I -SRI AR KR BN S RE R R IR BETE IR
RIS —, 3R . BAK. WIESE AL, B
JEE U SN LA R A S R DX I e RV A i — DX I et v o R 3 A S ) ) B 5
PERIFSE, AR T X — KA R IR A 25 . Seitad RAEARRE 7 2R
fiE: FAN, ZEVERFGRABRE] ., 0 B LA Y 25 AR St v Lot T B
BRI F, SZRTAESRIREERIEE, ERNGH I TCHRE R
FER) A IR 25 AR, AT XE LA 5030 e 1) B S A AR £ 1. R,
ARSI R R A

L PR -SRE AFR AR DXdelrby ROBES AN ] - DXk A 10 e 3 AR AL 2 SRR 2

2. HERYE EiR B S R ISRV P 1% DX e B A ) R B R L
ANTE SRR e A LSS AE MR B e T T 2 R T B A AR (B
AL

3. SRR TR EAS A B A A LR D 38 a2 DI i T EL A AL Y 25 ]
SRS )2 S R R 402

AT HAR 2 A ] CMEMS 1L 5211 %4l FORA-WNP30 F 734 4L
#fit, B TOEddies g iH B SR A2 ARSI Ge T HR -2 A i (kXA R
JEIRIZEE AR T XN R AEJR I . S5 Argo F7 5 1T MRN8 0T EE
FORA-WNP30 F A %dh, #i 2 1 DA i e i 3 LG5 MM = 2R 454 1
R DR 7 M R b e e B S MR BT 7 X BN R e A T2 B2 254y, xR0
AT 28 AL AL T AT BE RS IR I 8 B e . Ve 2 Wi i T EL 5 A ) = IR 3N
2 XN 22 b B 25 M TR HE 2 (R o A AN X R 2 AT

AL TFEAGHAETINE, ECEABETRNAZHI T :

BB EEU TOMRI T SRR A T H AT R R R - A
AR DI RO B RIS BIAR - AR MR Al L4 H DU DR B (RN =
FENFF

PR EZN A T OGBS 75 L S X RIS -
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-SRI R T B ST S R A

S = EXT NS A REA IR, X AR -2 A AN ] DA R o RS
frramAgigit. W TOEddies g iR BB £ H %% CMEMS H1 FORA-
WNP30 PR R IRBEFT I BE R IR A S8R, TP RS [F) 205 F TR BE AR DR 190 2%
b TTE SHE 1A T 0 B o N o R R A R ) T N 2 e NI oo e N e (1

SR PUEERS Y 25 A AIEE = A RHA A, T T e T LA X PR - ) A i
PRI BEREAT IR Ko B TH 7 IR R EEAT 58 =Ty Ji i P A
IR E AR S T 28, 1 HZ DR i e T ELEE M Y 2R, kAl e
AR AR g AR /K AT 8 W e A L SEIR R IR i X e fig o B 45 A
223 () AR S P AR P ) 3 S P AT

BRGNS T AR, THE R SRR, I REARTIR
JT T
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SN P T LA OB ST
2 ¥R FFEMXIE A

2.1 BIRENT A

T WSS R SRR AR RIS (140°E-170°E, 25°N-45°N) iR i 35 H 254
AN FEET WREAREFT A LMRIEGE AT SE 1R . 58— @ MR A
&, Hrbtudh DA & BT EdE. ARGO PEFREH| AT WOAILS 2 ERURASEL
W8 28 R E AR FORA-WNP30,
2.1.1 PEREZHEE

AR A PR & AU K H Copernicus Marine and Environment Mon-
itoring Service (CMEMS; http://marine.copernicus.eu) o A 3% F E 3R B [A] #5 5K
(Delayed-time) 22 TR AT 55 WA A 2Bk X0 5 15 B (ADT) AT i HAHE A Y
Y (UV) Edf e g R fia s, £dfRs% 5 SEALEVEL-
GLO-PHY-L4-MY-008-047, s 23 A1 S5 o Bk, IR MR 1K,
XA GHEFEN 0.25°%0.25° 0 FH i A F8 1A 5 1T 4dE €04 Jason-3, Sentinel-
3A, HY-2A, Saral/AltiKa, Cryosat-2, Jason-2, Jason-1, T/P, ENVISAT, GFO, ERS1/2
o WUEF) 2021 4 12 A 14 HARATHI AR, CMEMS Sk 1 J5 R %50 80s i [R] BN
1993 = 1 H 1 H 2 2020 4 12 H 31 H. 4 7456 ARGO EEbR #| I £E 5l
M, ARSCAEH] 2000 45 1 1 H % 2020 4 12 F 31 BB LA SR ASCH)
FIF 53 DX 0 2 S-SR W AR AR X 35 (140°E-170°E, 25°N-45°N) , A T [ IE A58 X
380 SRS 2 O A JE TR TR | DX sz R T A\ D P g el H A= s R 4, TR 1 RE
i P E W ST AN TR R ACARHT AR &R, FRATTAE TOEddies e 3 A8 25 LA
Ko Argo TR E BB 5 18 A I s A 5 DX JBcE Al b 25 B4 g 5° By IX A, BRI
(135°E-175°E, 20°N-50°N) , Z JEFRiZ% DXIHA Ry DX, RRAY e B JEUA T 5
DSBS XA

ZEEE CMEMS E:T 2021 4 12 A Hfr & An ) DUACS DT-2021 R4 40
hSCAS A A BRI A B AN A A Y, (0] T A R A A BRARE . BRI EE 1
(EAFRFTHINIET IE PR PR P8 PR KRR IESE)
T AL 2% LT 2018 &4 DUACS DT-2018 REEALHERRUA, Hr
WA AR AL 65km 2] S00km [ AT EI8/0 1K 19% By SLA 33K 1 =
SRR RIS TR RSS2 8 -2 W A Ia i SLA 7 i i 2
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SRR AT R LA A S R AT

RN

i

In

AR 4ax5 s )5 (ADT) Z2ET R HIKHER (Geoid) AYTRFZEIANS
ST iR R (SLA) FIPPEIE My (MDT) [Ef, —FHERE
FT 20 4 (1993-2012) ~PI4H 122 5 SRR AT R MK HE iR 1S o 1R 2 BT AW
HHR MRS S (SLA) SKRIRBIRGEERNIE, HBEN 7B
KHE T A HER I 7 AR A IR 22 . ARSCZ PR LR I3 Js i (ADT) 1
AR R Z BAbB 5 ok RS i (SLA) 2RO E# A5 2
T THER S I AL PS5 RS Y 58 SSH A B AU M, TTTX SE IR Wi
RIS T #EHARAFAE MDT mh, B IRIXAE51EAE JR -2 W S A R DX IR R 4038 Y o
LA IRATABL, AR SR AL B BB MRS 2 5 R — IR A A R
SLA M1, XA AEMENR I ASAE ADT I 30, At ADT MLk
BT SLA Bk Bk 1 2 EE R WA BN R A B B i e 5, S AT
TR TERIFTIE £ o
2.1.2 ARGO H[j1 i hrdo

VEN BRI RS AR B E A — 45, A 1999 -2 ARGO HITa - Fr
PR T B _E 2000 >k CTD  (conductivity, temperature, depth) & & 3| HIZ4E ,
SIREFEIE 10 J3 5% T/S i, #ub2) 2018 4F 9 F it 200 Jy 4% T/S i
(Wong et al., 2020) o AL HIA) ARGO FEARECRE A I [A)5E F 5 12 5 T
B3, Sh 2000 4E 1 H 1 HZ 2020 4F 12 31 H, F#;H USGODAE
(ftp://usgodae.org/pub/outgoing/argo/) . Argo FEHR I ELAE BE i, i BE AN ks 3
490.002°C, FE MR 0.01 PSS-78, B A MGG DN 2.4dbar (Wong
etal, 2020) o JUEXLEEPEFREHR O AL Argo BHRHULMNG H S TR Y, H
FESEER A AAAE /D B R BT . 225N TR AR T Argo BEFRIY T P2 5
22 (Laxenaire et al., 2019; Dong et al., 2017; Sun et al., 2017; Chaigneau et al., 2011;
Yang et al., 2013; Pegliasco et al., 2015) , ZARSCAENT Argo FEAREIE AR B 4G5
TR i R e -

LRV R AR . R R “17 5k 2" 19 (W “good” i
“probably good” FRIHIIHLHE) « KUBMLABAFIEN D7 8 “A” 9 (X
SEERCR SRR e R B MR Y
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SRS S R HE T T OB S Wb
2. FAREEWRPERE AT (00K) 210 KZ[A], [FRHRAZ L
FEREZRART 1000 5K

3. FEM AN IELEIL R Z AR ZE AN/ NT— D45 E BE (FE 0-100 2K, 38
JEZE/INTAET 25 0K ££ 100-300 K= . IR ZE/NT 50 2K ££ 300-500 KR
JEZE/INT 75 2K AE 500-1000 5K, FREEZE/INT 100 2K) ;

4. FANRJERNE (T) FERERE (S) ££._L 1000 70 B 2 /008 30 MERE
e

FEARSCEAR X, JRAR Argo A 159213 550 JEJIICSHE N FRR Y
A 159169 (99.97%) %o FUhiARHIEFRAE AT AR 17 50 "2 BY47 104395
(65.57%) 5%, Hior 20 “17 B 2" A 41166 (25.86%) 7%, FITATRELHIAN “17 Bk
27 9 13652 (8.57%) %% o HHEURBIABARICH “D” YA 114351 (71.82%) 5%,
bRt R “A” [IA 37024 (23.25%) 2% . BbRICN RT B4 7838 (4.92%) 5%« eIk
P /NTEET 20m HECRIR R TAET 1500m (6 96854 (60.83%) 5%, mARiK
JE/NTEET 20m Hig KRR TS5 1000m (947 119334 (74.95%) 5%, ANSCE
RAVERAGR /N T3 T 10m Ha R KT T 1000m 14 110909 (69.66%)
o WL L 1000m £E25 ERIE MR 22/ INT 20 € BUEIN A 156355 (98.20%) 4%
XFT Argo B T/S AR B, ERrA R EHO A ZGERIA 132047 (82.94%)
, WS EAERGERINA 17842 (11.21%) 4%, A IR EEAS A BGERIN A 9324
(5.86%) 5% {F_I 1000m H5 30 NMERGCEEHEIA 142177 (89.30%) 5%, i
2, ARSI A 20 B SO R I RE PR 5] 104794 (65.82% )5 45 Argo
HIE) 5o

Ky Argo PR AT IR EFFAR EEENE, Ar AR/ Bl i E T
BORAG— 2[R 5] 43 An B 5 TaT . PR — ELd e 1 Bes s iR e, e th T
PR 240 T 22 8 D o i A 52 FH R s dle A (2 ] S R B KINE N 2 B R
SCfE A 2010 KRS F124 7 (the Thermodynamic Equation of SeaWater 2010;
TEOS-10; McDougall et al., 2011) 5 AL T EFS (Gibbs SeaWater; GSW
) YIS IR BESLTT B /R OK R 2 T {ETE  (sixteen PCHIPs; Piecewise Cubic
Hermite Interpolating Polynomials; Barker et al., 2020) DA 10 43 B [ 2 3 B A K
£ 0-1000 53 (LAY H 3 9 6 F B i i 1404l B ) 390 o 1 e XS 2 P T 0 oK
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S-SR AR T B AR T S IR A

ZHEMPFRMFRIE () TR (o).

T BB AR H RO W Y 2 B AR A A, FRA T e A (0 B SR A T
S EEAF T H A P 2 B T A IR 2 S T . AN SO H P I A BRI R
#iEE 2018 (World Ocean Atlas 2018; WOAL1S; Boyer et al., 2018) FZS (A9 HEE N
0.25°x0.25° BY3EE (Locarnini et al., 2019) FIELEEHE (Zweng et al., 2019) 1EH
I T A B R e e TR TR B WOALS 1 T s A ] F9) 4 (L )y S =
B AR EE Argo —FE [ 2K 10dbar TEET R 1, SRIS TS HI R IEF 0
KZHMHAIRAME (0) R (0g) o HRIFLMEMIET] Argo ¥R E
S R BT — A A H I H

2.1.3 FORA-WNP30 F5 M4

PEACA T U 42 g VP M7 8040 (the Four-Dimensional Variational Ocean
Reanalysis for the Western North Pacific over 30 Years, FORA-WNP30; Usui et al.,
2017) 2 A LAATES PR it X =14 (1982-2014) PUAbR-FPEm £
o XE HARMBFEHIBRE A SEORYI (JAMSTEC) F1HARSZRITA R4
(JMA/MRI) i I HERABTADL 45 H B A 7= it o I8 SR A0 1 DY 2 42 4 73 A RO Y
Z IR 248 (Multivariate Ocean Variation Estimation system; MOVE-
4DVAR)

ZARGE 2 Mk RSk B WOD201 M1 GTSPP (1 J5 AL ING 6 %1
Il K EH MGDSST gl 1 AT WM A% fiA i R R JE (SST) « Al e
T £ 5 1 2445 TOPEX/Poseidon, Jason-1/2, ERS-1/2, Envisat, GFO, Cryosat ] 1%
ST S H R SR (SLA) LUESKE SSMI [ vkar 8 S5 50
FIAETT AL, AEASC S e A% AR AR = B (SSH) « & RANgh iR
(U iR () MrEsh s (S) 5. BRI N 117°E ~160°W, 15°N
—65°N, AT . HACP ORI IR 23—, 1E 117°E-160°E #54)
{1 1/10° 2338, TMAE 160°E-160°W XAsfdi ] 1/6° 433, [FIR7E 15°N-50°N
HBA ] 1/10° 43383, AR 50°N-65°N XAl f] 1/6° 4331 fr A E
MR B 54 22075, J2IREMEERR 1 R E] 6300 SKIEALHT 600
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2.2 AENA
2.2.1 TOEddies ##7EiH A8 BRI

TOEddies g il i 5L (Laxenaire et al,, 2018) M i3 HE IR 71
EIBFE, CRIEIHTZ AT RETE AR AR 78 23 8] B 25 LU A= i S PA) ) oA e
HOHBRERIHR RS A, HE R TE M S BARER o 1% 58000 MR UL H
W, AT E A DT KB R, A E— i A LSy 00 2 A
RTIE S A IR EARE L S IR PRIR 5 A A

Trajectory Order Particular Events
Order 0 Pp— Formation >
== Dissipation
s Order 1
B  splitting
= Order 2 @) . _.
Merging
.
_’
— & —
> >

€] 2-1 TOEddies Jmlie iR AiB B EIEMIREERY, 5] H (Laxenaire etal., 2018)

Figure 2-1 Net structure of TOEddies eddy detection and tracking algorithm

Z AR Laxenaire £ 37 A RTER BB R ENE AR BB A, is
ZAEEN S 24 £ DA ETHEEEH T B R R ER (Laxenaire et al,
2018) , eI RTE O A ELAE P 48 4 T W vl s B B A s b B A Al
FIRPEVE, 0T T B0 b om BRI A il YR 20 R 4 i AR i e i (9 4%
W, @& eI AE BAE AR, 40 T R TR R IR AR A R
PNAE

TOEddies Yy JiE 1R 531 53246 WU 2 (14 D% SR 140 A2 P RUBE N 2 Pl [
I IS I e i e . 5 5 H 4 %) 51 15 % (Abusolute Dynamic Topography, ADT)
A EELEES . ZAE ARSI &%, TOEddies i ADT [1 5530
WAl (B KAERE/ME) . TTEEHED ADT Mg 5 5\ A il F B AR I TE

25



S-S O A T LTS S WS
HUC WIS SR E TS, IR S HA T i R = 8 S (SLA) HuE SURE
KA EMEE (AnChelton et al., 2011; Faghmous et al., 2015) . Hiyk, FHAEFMRE
JE B R ANE B A ADT S (B2, ARIESRTZ S EL R ADT ZE(HE L T %
TATERIIRIG , FRATZARIE E SOMZ IR IR . o4 T 3 I8 — LA 55 TR e
FRATESRAAEARIE AT 1 x 1073 KW EIH. X MES B AR T IR A /N
%, HLaxenairectal. (2018) Bh%E.

% 1 SMERES AT ADT SF{EZR51, TOEddies SR i e 1R IE ) P ik i
BRI ADT S5{HZ. XA SEEZS ADT R EA G, GRS K SCE s
RN, ARG S BER I TIL . Sk, TOEddies fifi F§ A ADT &
R AR, T B IS B S EEN P EEE < V >, 5
Vinax = max < V' > KX R HY S5 S PR N RFIE I TS = 2o 1% S5 (E N H i
JE DXIE SR TEAZ I o IX D TEIAZ IO DI TR BE TR Ay oy BISPIEEAR Ry g

FRAE AR 22 A5 H -
RVmax = \/ AVﬂ-max ft: (2—1)

FATRARE 12, ROV ES Vmax 2% PARIFEAY 75, TOEddies
TESLT Hinie s INR A G S HAAN R AT Aoy HITIEAE Roy, -

A
Rout = ol Et (2'2>

T

XA RAIREEL, O H Ry pax 8 AT % DA REFRA 5 E SCilesia Y
552 o) DBl R SCBEA HF R IR 2 SR S5 AL PN 7K AR o 38 255 Rl i D 4 5 A
M 2 AR, n] DU AR — e X R R 2L, A€
TN TSR T RIKRYEIR (Chelton et al,, 2011).

BERS e OXs R T ADT A% i R R ARAE,  TTHZHOFFEA—E S i
MESEHUDHE G . N T RIX PR ER 22, TOEddies T8 7 im etz O XA &
B BeEE ERY) L LUE SCIWEERY LD )i, TOEddies BATHE 1 i ier)
P N0 Ro Kb iZ R N HERY 58 Z  (Chelton et al., 2011; Le Vu et al., 2018;
Laxenaire et al., 2018) s Ro HEA N AU H

Yo 3 (2-3)

Ro=—"F"—
f X RVmax

Hrp £ 2RSS
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SRS E  ( ETE ELSS A 5T S S i

T BB AR BN EAE K B . TOEddies (8 T —Fhss T-Heshint
[ BRAG e ELE &R B L (Pegliasco et al, 2015; Laxenaire et al,, 2018) o
BRI s 2 B R SL, BT AR T AVISO #¥a. i lie o2 /)
T 10km.dayt (Chelton et al., 2011) , FEXFT BRI A 42570 R 20-200 2y B
(Carton, 2001) o [Ait, —MMRHEESMN KRBT SR I XG2S, XA LU RE
B E (Pegliasco et al., 2015) o Laxenaire et al. (2018) g, BEZLW KATINIE
T R B AN A O AP DR T35 T I Im i P e/ TR 50% . X2 80m] LAt 2>
REABGF AT o I SRS i T /2 32 S TR PRy AR B B 5 A, USEE AR
AL, A 5 K (Le Vuetal. (2018) Y 10 RH—F), EEHSSE
PRFFAEE

TOEddies IRz AR FEMRE, BIRA LI BRI REN &I, H
PN B MRS HAE— IR REE,  LAA— e 28 Tl 1K
NI YR TE. Laxenaire etal. (2018) flLe Vuetal. (2018) BLEKM, &IF-MFD
FE X B R eI i AR K RO o Ik = 2RI, AT LASC IR ORT 90
Jresk B A eI Y Fr Bto FETZRATEDL R, MPegliasco etal. (2015) FLe Vu
etal. (2018) UALHYMA R (CF) o F T BERHATIPT Bl 2 A IR E 74
CF e B M B (Center) ZHHTILEL (Ro) MBI HKHE 12 (Rypmas)
A (A) . Heft Ao fl oa, 53 HIFRAES RS A T SRR TG B TE
TR A RSP E AR 72 (i CF S/ MUY B8 BORERA & o T2 280,
5 (E 0 s , T B U Bl e o 0 2. PR S B e g
(Laxenaire etal, 2018) o [, EEIFIURIL L, FZPE (B0 riid) gl
T E o

o J (A Center _Ac—t> . (ARO _rRo) . (ARVmaX —W)
O A Center OARo O ARy
AT & KAEGTIATE” B ARG KR T T 30 RAVWBE, X 5]
N T S8 AR — 2, HoufR] INAR R Wy 2 THD 51 B it 2 4 A7 i
TIREM e HrHf R R ~ 35 K (Chelton etal., 2011). $4imie E M BEIFA S B&
PR SEYS, AHENS 8 T TR A A5 LA R 3 W T F) R 28 AT
B T IRTEE BRI PR ELRE o INER2-1 R, ARSCHEET 21 4R CMEMS/ADT
BORAEER ISR BB EE S 6056 (7596) 4% AE (CE) WHESE, 1EMFRIX
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SRS S R HE T T OB S Wb
BIRAFFIBERE 3056 (3787) 4% AE (CE) Jmighudi;: 734MET 33 4 FORA-
WNP30/SSH ZffafE4d)s X iR A B EE] 16176 (19244) 2% AE (CE) g
5, AERFSE DGR AIFFIBERE] 7919 (9499) 4% AE (CE) {mjigdh ik,

% 2-1 TOEddies KA fpim et il nl g it

Table 2-1 Statistics on TOEddies long-lived eddy tracks

CMEMS/ADT FORA-WNP30/SSH
AE  CE AE CE

BRI, 6056 7596 16176 19244

SR 3056 3787 7919 9499

222 JHPEHEREHA

HE, XA Argo FERICRIEI BRI IERLAE , AT HFI A FIR L #h
JEANAL SRR B S T, X BT T S i B O [ A EE S, (L ZE5K Argo
TEARAL TR TERZ IO XN S B ARSI e A LA i JRUIH A PRor HL SR TR Y
o Hyx, X IXLBa-FEFH R T TP E R SEHR (Hierarchical Ascending
Classification, HAC; Ward, 1963),

fETERL AT, HAC H 4 P43 H Aoy — D B S (A& — 1
—FERINERD . AERIEENIIAREE RSN ST G SERE, ER A
B SRR IE R BT A B4 8 BT A B SR A (I — s
HTHEMER . FIlk, HAC HA El— =SP4 :

LA — X B — 8 (FEFRATRY B~ rhog e PP FTa =) Z A1
FPEBCAFE (Be7 B EFRONIEED) » fERENREE, AT ATA T
HIE AP AR SR RIS S 1, TR R BE A
HIMOLEATEE R [EERRE, mT L, S8R EZ AR 23RN
R EEARBIR N, AR S s Y 588 B T S M o

2. MHZREREZ, BECs BRI RICRER, R eNTEFrH G
PTICRER . FONRPRE (Dendrogram) . fEXH, X2 H Ward HIZRSETT
BN, 2T EEREN T ER/DN, MERGHETEZRK (Ward, 1963).,

3. HEAE MR ORISR LA B e B R TR e A - s N 1 WE RS
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S-S WA (PR TR LRSS S IR AT

57T PR - A A A PO 38 () R R A P B R SRR L FRATE

TR, SR E AR T S R AR AR L A S o ARPIR I

FROR B AR DA SR E I T B A A R IR R 1Y .
2.2.3 ialies Argo HITAIEC G E ALBIA

eSS Argo HITFIEES EMi A (Argo Profiles Data and Eddy Colocation) 7
TR RERY E BLEE AN =45 g — Mg ARG EOR.. i T LR S BT 4
AR IVE P AT S REE KA IR ER AL B Y255, ADT f:
AREBE BRI ARAF R TR KRS M. T T IRSX— A5, FROTFHE
¥4 TOEddies Sy 94 BEAT H BLZ WY Argo 1 THI T AR5 Y 2 L5 T 4L
PTG ENL . 3T Argo &40, Lebedevetal. (2007) KM, P51 Argo
FEVRAEHE R 7] L2 AL 8 MF 5 I 2 AE 8 /NN N RS 4kmo IMTH K2, £E
Argo VEbR_LIF IR AN [E] S Argo FEARHE Argo LA TR B I A 47 4E 1 4>
NIRRT IS o TR RE A I R RE AR K 25 5 R LB S00m /245 (1 Argo (v B 5
IKSCHITEAL B Z R R 2 AHECACT A R A R 2242 (Carton, 2001) LA
DR S TR 2 WA R AT E O MR SN BT, X MR 2 R
/INELATAZZIE ) o RG2S 7 FRATT LB E S Argo FI IR & E A 19 7 7E

HATCAWZwE 86 LA ST EIRN Argo B PR EE @ B S E M1
ARA AN [ IR ok 3 2 e e P T B S AR — 2 2 AR AR AR AL,
Chaigneau et al.  (2011) FIM] SLA P& S HZGENS A& -8 A e T
TR A T =SSR, T R IR B DAL T 150m BT A IR R
I RASNER BB A% O TIRIRZ LAR Y 400m ¥R, Abx — A Fr A H AT
A AILE AN R, 3R R A Y SUREI T SR T T R IR 18] A A
FUE . THRIERZ LA B AU A P R H R E A I R - R B e L R Y
FEAE KPR 7, Kurian et al. (2011) F ] SSH SF(HZIER Q JriEa#r 171
B = TR ROMS BEAEGE, & AR e AR R 4 e e R 2 G i,
R 2 B TR A JE M9 i AE 1 B 22 P T il S A=UeE iRy T U@ i O A il B 22
IR T ANRE M LA I R B8N o FEAC PRI R X, Yang et al.
(2013) FUMH DA & EETFEURA] Argo BEFREUR AT 1 MR PE AL AP A Im iE =
YezEt, MT TRRZEPEAOKIIFAE, #ie (Rl Uhein) 51 IR E S
FEFE BT A IR AU 454 . — > 1A 200dbar 111 75—~ 4£ 300-700dbar 2 [A],
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S-S R BT LSRR S NEA T
SR R S AR B = R g .

FEVERA R PR, Keppleretal. (2018) £ 5 A1 [X 45N % 21l AE R CE #B
BAXFRAGIRFRTE H L5, B BERT S ma R EEAE AL ERAS [ . E5r b (N2
FIX) W BERZ MR B CORTE_FJE 200m, CE HiliAR-7EE 100m, AE JL-FTCiEHiisk
KL, AW S ER SR LAY 15m, SHERRER B T EAEH LA
WA BN EERA s PUEERETM (N1 FX) WhEAER T IS s
RAL , IR B )23 5 R ) TE AN E PR = AR IR BT RE , B B IR S
2 500m, FI#ZR L 200m 7K, SR B TR BN KR YHZRAN E 2R A PE Y
P AEFTE B2 SR R AT AR B Y STCC XH (S2 #1S3 F[X) , WRERE R
RJRT STCC-SECC HyFS P15 A RHEAFUE , IWHERZ MR AT % 1000m, A4
Az b 400m B, S T EORIE T IS B N A ALE], TR IEX KR
HITZRAEH] s EAC XB (ST FIX) HIIRBELS M EIR AT RIS 1000m, e A
JiEik 800m, B A G | RS HY S L A5 2 30m.

FERIRYE, Frengeretal. (2015) FIF A2 EHHT AVHRR I3 I 4L
AN Argo FHIEHE LS OW 2802504 T ACC by & i, AE 2
SIAEAE ACC BN H BRG], T CE 2504 E ACC dbfll. £E ACC Hif
FEFRIN AL R IR ER =, A s (ACC M) W ie i S S A s
W SRR, AHRIER L2 2454, IR AT RE R BELR AR T H AR il 7
TRAZKEE T MIRFRZE AT LAWY, 12 XIS e R 1 R I 52 2R BERZ O 1Y)
THARAE LA SRyt i 4 FH L[] 52 o

TEPEREEIETE, Yang ctal. (2015) FHESA BN BITIMAT T 12 X8
16 R RO . RVEIZ X B PRI S AR 2R, (IR TS A R X B
—o RETEZ XML I T R EBATE. R BN E LA R 2 A% 0TE, 1% X
S TR ESE AL R A TE . WTES | SR i & 4R 7E | 300dbar, £ETR
Jig#ZiH, CE (AE) £ 60-180dbar A 5[k 2°C B & 554 F i ((EJH) . ££ 50
(110) dbar 5[ 0.1 (-0.3) psu T FH M . MEFATINIES Argo HITHIEL A
SEOL, SRR HEN) 23 ) YE BT R g . BRia Lk, JCIS R iR
Bk, WIS E SR 2 28, — 2 LA i e KTl B I (R T e S
% Oy s REEWTE, F3—FIE LARTENR 18 5 B B INE A &L Cour SRH
o HIE AT LAME A R IRTEIAZ DX, X R A R TEA S e Le A s
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S-S S AR T B LSS A 5T 5 TR AT

A0 DX B DAZE 2 R A L A AR s T JE R AR AR 2 TR E R Bk
SMRVIIE], OS] A XA S B g i v B AN LU I A 5 B S e, TSR] T
A TRIER W o 3 A A LA IS & S E LRI TE SN C,y 1E
NERGERLHITER, HEMX XA AR Z Argo FIHTHE TG AT, RUEIXREAL
BT MR e A R RIS A KRR N o (B EEARAT A T
H 38 B A5 B = 4ESh A, NS [H 2 R KR A Cyye FIERINELF C,pe s
BRI IEAZ DN P ELA5 1, SORASIRTE 2 052 My Bl Y 22 E 4544

IRAEHT AW S0 B, WRTE ) — M F T /K 25 AT — R T B 45 AT BKF
TR EAFAERT O AR g A e O i (951106, 20145 Sun et al,, 2017),
TRTHEFCME T B 25 A2 e S L RN H AR [R] 908 T T 485 A 2 [ AR AR AR /A
R, e 5 S IR R i e R O R T BT, (SR HT, Argo P74
TeENIF AR RE RO T I, N ERIR I R H R BRI O XN HY Argo 1l .
A IRl B B ANZ T AN B Argo TEARFITE , AR Hb HOB B IERZ O X N HY Argo
T A A4 SRR SS T IR B A SR, TR T R R e L
CERZ Ao o PRI SO TS 2R O X T B A5, TR Y Argo
FITH Ak B TR RN A, AT [E1Z Argo HIHIS 102 (A
P

FEARTCH, WHFEIXIE A B Argo AR TR B & 75 7R 1L 22 i BE TR )
STEE (CE) sUE0miE (AE) DAURTEIRTETEEILASN (OE) #5324 3 2.
L2227, ASCHET CMEMS-ADT 441 TOEddies Y Jie 1R 31 5235 1R Y
KA A R E LA AR X35, (135°E-175°E, 20°N-50°N) A 6056 (7596) 4%
AE (CE) IWBEEds, JEis Argo HHEIA 159213 45, Hrpfg 104794 2¢ (65.82%)
Argo FHEE T sl HAg 14470 (10602) 4% Argo 2T AE (CE)
1) max A, A 19914 (15279) 4> Argo 3745 T AE (CE) HJ out 5P H
HAERTFE X3, (140°E-170°E, 25°N-45°N) [N, J5iE Argo HHEA 103509 55 (5
HARIXIT 65.01%) , HH 69699 4% (67.34%) Argo HHES T Fuhtdadl, 4=
HYE 3056 (3787) 45 AE (CE) jwjiedhas, He/F 1134 (1242) 45 AE (CE)
TRTERLIZE R max I FL N4 7794 (5951) 4% Argo HHIRAE, A 1280 (1423) 4%
AE (CE) TWHERLIEH out A WAL 10717 (8697) 4% Argo FHIRFE.

R Argo TPARBREAE 2 ERAEW IR ML B R A0s , (HAEFRATAAT 5 X3
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Table 2-2 Argo profile numbers and long-lived eddy tracks

KAEGTIRIERL  Argo AT max A Argo /7T out AN Argo FITH 5L

AE CE AE CE AE CE BB UNDEEE il N b b 1T
BRI 6056 7596 14470 10602 19914 15279 104794 159213
WigcXI 3056 3787 7794 5951 10717 8697 69699 103509

P TR AR 2o T BRI B A B A 25 ) A P R, 3k
32— 22X F M &dis FORA-WNP30 {5 7 FHLAY 0 r e 5 B S A A LE
PR AT n] DASE AL B A I R B S A S B R S ) B, A RORL IR a1
Boaia NIRRT DGR B A2 TR A i FORA-WNP30 21 1
SERERY SRl 5, FRATRT DA B e G e rho O AL B S BT o 2% T imlie bRy
VI MAFAE PR E S, — T2 AT SR T =5 B Y SR AR (B BT A2 RV T el

7R IR ER A I ELD (B BRY) RINRAE T 6145 AR i LA B
FLrbi et B LB B i 2R T iy i S = S L ZE BRI SR 1T = B2 DI~ P2 Bk

TR R T v S 2. Sk, YR BEI A @ FEARE I 1 bR e B 46
JB CRERITEWTEA BOFIRERLTS) . A RIS E 25 LATER) B A S E ki g
NS B B TE LA R A IR LE BT i BrBeBiiE (Kurian etal,, 2011), {HiX
FERIEOETFASE T AT, B il e i 4 4 i R B9 se B8 1k, AT 48 2R AR
ZERWEE. FEFER, FESLErP AT I —Fh e R ig A Hu DA
TRE U IR R IR A2 S B 5 E SR LR B S A [R] — AR o R A IS
[P 2 A R E Y J LA B T 568 v 8 S i g ok e (B PIT A48 B 1 J L)
ICMFEXT [ R T ASBE R BE AL 36 TS (Laxenaire et al,, 2019) o PR IRA TR LR IE
RSB e R ABRE SR R BLO N T i ii () 4 (2x2) S R BT AE ST A T~ 415 3]
PN A RO BE R T B, AR SRS E G, MEEGZA% s ik 9
(3x3) K R BT AE 1 T BT R4 DA 2 s TR 32 T P 3 3 T
2.2.4 R BRI AR

HOSIEEREA (Ring) & SRR MR X E Rk 09— R TE . &2 FRTE R
VNI R DSl SR A B R Y BT o BT AR IR IR BN T R A —
YEEHIBSE (Sasaki et al,, 2015), FBERF RSN ] 25 2 A R (4 DI
WA EE R ZZEAE N BE bR, BT PR Rl JEE A9 ) I SR L T A o
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TR, B RERE S (Qiu et al, 2005) By 218 5 5 19 2= 5 28 4b (8
(Sasakietal,2015) fRFT B FHAIALE . Sasakietal. (2015) &g AVISO
R B R 4 AR AR SR T A B A I S E ZR A AR B Z AR AL
Hrr3-4 J] SSH {H#/N) 92em M7 10 H iy SSH {HH AL E] 103em, X2 Tk
R HEKE B2 E Ry (Gill etal., 1973) o [AIH Ao 52 1 =
JESFAE 2R A 25 FEHA /N —SReiE & BRI R, &R RS
T A B 2 A A g R D v SRR E ST R A AR B TR T s A AR
SCHETSasakietal. (2015) (U7 28T T ECHE, AT 7 R HIR 2 /N T 56
VU SR AL, I DA R A 22 (B e S R I B A

R AR A 80 R B R AR BB LA e Bk, B JeA3CHil
MR EHN— R (Qiuetal, 2005;; Taguchi et al,, 2007) , BEAS &P
BEFERS (Shatsky Rise) PR X (Kawamura etal, 1986), /R RE R
SEARARAR S (170°E LAZRAY SR T 50) 4030, 28 i SR e R DX I ] =l
T BTN B AR ] o

AR SRR 0 i B R A A i B AR AR T B N LU =28

20, AEISRIAT S LR 09 A — I IR 2540 i SR R, IR Rt
FalH3% (LOESS) X H3i L4l SSH SR {H LT R 7 #1131 180 Ko fEAE— i [H]
A, TR RS ARAOE Oy — SR & R E SR EHZ, AR X R ELN
PRI TR R . N TARIRIX SRR, AT AL 140°E ] 170°E 1975 H
R SR A B PE E O T R RE R, AR
60~120cm i AR lem (4T CMEMS %% 50 /1 & )% ADT) /45-K-40~40cm
[FJfE Tem (47 FORA-WNP30 {ig3RHif5 8 SSH) FEATELEL, M2 4ixt
W KA SR (L ARSI Sasaki etal. (2015) AYTZE, BROAMBAY T
2 I BLSE R RO E SR A R R, VB RILE T 325k SSH &%
(EEA P . AR SRS A SOk 4B H B S B 2R A I R] 371 ] loess 2 F
1 180 RAYF-F o AT He 9 M U5 285 SR AR I [ Fe 1 2 TR e/
HeTi 72, I RINFEALT Sasaki J7ZAfE B (fRiFR fourier) . & H 4-FPHA(H
YR H PR IE] HPE 2 365 K H Py HBYE{ETE (BIFK interp)  LAN 7 F-F- 75 5RY
180 KP4 (fajFK movemean. gaussian. lowess. loess. rlowess. rloess. sgolay) .

FEZo PPl T 28 loess 35 180 KP4 SR Al S (E 2 [R] 7 51 ) e /N — R T 22
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S-SR I AR T PO 55 WIS BT
g/l (ER2-3), (RIS RAE T~ Je A TR P A0~ 1 (ILEL2-2)

1.2 T T T T T T

(i .
p ' v v ; ’ “ y \ > ‘ .
0.8 ! ‘ oveﬂnean-ISO loess-180 ‘ 'sgolay-ls

raw

ADT/m

fourier f gaussian-180 rlowess-180
interp ] lowess-180 —r]oess-180
0.6 I I I I I I I I I I
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Time

0.4 T T T T T T
0.2 }»

£ | AL
T 0 <l ‘ vy
5]
2 u ! m& (-
4 pyernean-1$p loess-180
-0.2 fourier galissian-180 = |rlOWess- 180 n
interp lowess-180 s 1]0€55-180
0.4 I I I I I I
1985 1990 1995 2000 2005 2010

Time

P 2-2 SR AN A2 SSH 2 EZKF (LR )9 CMEMS/ADT, | & 544k ) FORA-
WNP30/SSH)
Figure 2-2 SSH contour level of Kuroshio axis path(top:CMEMS/ADT, bottom:FORA-
WNP30/SSH)

5500, e H IR R 2T BN 140°E 2 170°E §94 H B8 LR
JE, IR AR A E B TP H AP H o AR TR PR SR =5 il
TR 300km, WPFIREIZ HOM AR S H o ALY, A 2R E PR %
TR R ke 300km , WPRIREIZ H ORI H o AEX— L FA T LA
HE BRI (R DR BRI AR G R, RO R EAK A9 7 AR A 0 R = Al
AL MfESasakietal. (2015) AYZER, 300km jX— P {E EAE 200 £
400km 7 [E] X SR SE A DR PRI RO R AL /NT 10% 0 ZTBAE S H /A A HAX
s, SEB A BT A DA A7 A LR A T e TR A 2 1 AR K ) ) = el
e REE .

S0, AR MBS H /RN H AR e E -5 BB A AR ok R A
e R A EIE A AT RN B E FFEEAOTE N BT RIS BN
J7 S ARG A R 0 SSH P& SR (HAG, I T LA 8 o — 2L 56 A5 55 (19 1
Jigo ANF]TFSasakietal. (2015) BEEM 13 RAMMBIE, ASCLE 30 KA
WIBME, AR ERBRAIAE . HR N B RTHY AE/CE Ry A SR = 4 A2 ) ra /A B 0
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Table 2-3 Least Squares Error for Various Smoothing Schemes

AR fourier ~ interp movemean gaussian lowess loess  rlowess  rloess sgolay

CMEMS/ADT 26.0684 25.3976  22.1396 16.9081 17.5219 14.5707 18.6539 15.3697 16.1600
FORA-WNP30/SSH 75.2253 70.2013  64.0407 49.8695 51.9453 42.8990 54.5973 45.6683 48.1551

A ) B9 AE/CE AR 3838 A A2 A AL/ma U s SR0URT . FF A RTRY AE/CE JAE
PR A AR A O, NS B AE/CE AR B T Rh g i B/ Ao T
W E MR R BRI B, RSP R R H S ™ A i
B, DRIBR AT S0 0 T 2O ) 8 - 330 A R 50 i 0 R [ B T i
H R A AL E R R A EOALMISE KTAY O R I B 58 /R S E0M
BTROU HEAE AR E R AL, SRLRT . 25 B OAL S Y A O B 2] e e
SRR A RO BRI A AR E AR R I o RIS RIFEAGE 25 R W24,
R 2-4 WP EIF NGt

Table 2-4 Statistics on ring shedding and merging event

i BRI H JEABEEH  BURTREAEC (AE/CE)  JENGEAE (AE/CE)  fABCRIIEIEH  hIf At H
CMEMS/ADT 478 419 249/208 232/165 54 (11.3%) 57 (13.6%)
FORA-WNP30/SSH 1072 923 513/470 467/377 220 (20.52&) 923 (20.48%)

2.3 XN A

S (Kuroshio) #13EH] (Oyashio) & PqAL AR XA RAGH BRI L AR 3
PR PSP A . R, R E HiE Kuro (GRERY) 1 shio GBI -
HOHT YR T R A R R IS AR, A AR A R
% AV EHMAAYY PR, e TR TR LA E T
FEAR AL AR G T E R RE SR BT, e 1 BALR R, Rt H &
B H oya (BACEERY) Flshio (EF) kA 428w (Qiu, 2001),

SR B T AR R AR NS, X BALIRER S XS, — 3 A
L T ot S R SN 118 | 9175 B B S M1 | B | i e 1 7
HH ] R VRO R RSP E R B Rk . B S AR R AL VT R SV B AR N 5 H A
VY% B 2 [0 R R N B ARV, A 2R 30 S 1A 8 T B A 1 K et 3 1) P 77 1)
Tiahe MRk E] 128°E-129°E, 30°N B i, i i 25 APl b 17) A 2 ik ngy
RIS N BRI VY [ B4 o 7E 140°E, 359N [T A H AW R4 B 5 Bt

35



-SRI R T B ST S R A
ANACKPEHERYIT R AL, SX BRI Y i DR E SRS (R o (£ B 7 1
FUHRATJE . FRSE e (o AR SR — L1 AR B 1l A A M A A 5 5 R b e
WA BIE ST XM A R ASHY R, AL T 144°E [fFRT 150°F [ff
XS A ) 7 A — SO IR RE . — T i B Uk T XS B DL

B, T3 PR N SR A A SR AN ASUE MU H R SR S IR B3 (A
[£]2-3)
600 1 1 Il ‘ ‘ 1 1
N : :
7 SEA OF BERING r
b SEA F
50° | e? B
N | g \ Aaska® - I
“~ Western N e ©
: Subarctic Gyre .7 N ) :
. \éhb;r;tlc - ST -
4,3 . &:::>Kurosh|o Bifurcation Front =
: /" Mixed Water Region :
4 Kuroshio Extension L
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Figure 2-3 Distribution of major circulations in the Northwest Pacific. Cited from (Qiu, 2019)

A -SE W 2EfH{A  (Kuroshio and Oyashio Extension, KOE) [Xisi#iE X AH,
& T AREIE (R (Kuroshio Extension, KE). &l & HAE M A (Oyashio Extension,
OE) SFEZ AN /KMRRIREG DI, AT 2 M BB 6wl HE i
(Tsugaru Warm Current, TWC). SRR biikF (Okhotsk Sea) HWETFEE T I, Al
LI — XA BENE A 2 H 2 #E

KT IR — RIS H AR T X8, LR R IR 45 S
—War S, ERANATFESMINESRE. A SCE B2 — Faf AT
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RPIR R 240 E5E, RS X AT R (SAC) 5 KE 2 [A] Y X I,
Kawai (1972) ¥Fr2 MitshX (the Perturbed Area), Talley etal. (1995) HHFR>
MG KIX, Yasudaetal. (1996) BEFRZ AEMISERI AR XI5 (the Kuroshio-
Oyashio interfrontal zone), Schneider etal. (2002) Y¥EFRZ Ay BAMEISE I RE{HAR X, A
SCF R Kida etal. (2015) B 44 77 SRR 2 o BAEISEI 2L X (Kuroshio—Oyashio
confluence region; KOC),

FBWEEARR (KE) {EiRE 159°E Mitin 5 o M e k420 X, 7R
AR N T AR AR (R ZR T B 1T 55— 40 S 2= TR ZR AL 7 1) SiE Jj B2 40°N [ 5
[ 2R 88 S A AR M A 5o 7 B0 A A AR ) T ARAE B2 T 170°F PR TRy 2
IG5, Himsh UL —Fh 2 SR 4 PERE 3 17 AR 0 SR At
iR HENk HFRLLUR, R R R R A X2 AR, ]
FIB A I SRS SE 8 AL AP

KT RNE MRS AL E Y E LHATEM Qiu etal. (2005) BYE L, LA 170em
SSH Z5(B 4 E S, I EEAH IR ML T SSH 28 i) 8 8 f R ABR T, AT LARAT Y
A KE G EH. 735 KE AR N ER SIS, R BekR
ZHTER XL (141°-153°E, 34°-38°N) RN KE Eiff. #i4l KE RIS
S RIS TE] 270w LA 2 A9 DO KB EREEFRA MRS . — M@ PASRAS, 1%
WAST KE L R, B AASREMG: 75— F2 IR PR, ZIEET
KE s rad, emanral, T REEmm R E S5 RIH KE
R AR Y T ROk o XAV EY 153°E DAZRHY (153°-165°E, 34°-38°N)
XBRRR oy KE Rl KE R g A2 5O 280 vk e I KE 1 i
TR AR B KE FF R K.

H T BT B HRE S D ] e AR, AR AL RSP A XA SIEAR D BRI B B4 ik
WIS ARE IR R, — S0 H R Z LRI PR B 1], 55— SO i P8 Y 7
AR I ERGR ] o X P SRR ] P B S i e, sl i T R R A —
SCIR) P R 5 TR S A Bl S 3 IR el A PE i A [ P s 19 i AR A, el i
Tt SZHACRANE 2, TERUE AW E PR A P I — S 2R
Bisciniie, CAkSEIm PY m i sl ok B SN B AR M A2 o i BT R B e A 55—
SCUYE TR B Y R N AR 2R [ Ui, B2 BA SN B 5 AR B il & o
IRV E IR AR L M R R B ST B A R AU O R N T SR YR TSI I
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NI, S S ARSI P R R B S SR YR ST A 2R IR IR L Y
TSR, AL AR IR AEAT 2 /R ok AR A 380 e R 2o 1l - AR 5
T, SR AT PSR I Y B A TR HI X0 o 140 2R Bh &< i
HREHRE K (RPRERZ R /K tHIRAE 150-200m [ ERER)Z)  AEorml It
ARBOWIME] o T340, ARG LR S st ARG SR BRZ= DL B i
PSR AT 700m 2,

FEARSEA P I B sl e . B AL, — R R AL
Z 5B ZRACR AR, 8 AL SRR A e N . BT Rl 7k
it DA P K — B T g, PRI AR R AL & 1 P Rh AR R R R e, — 4%
BEFACMAY S SOR L 73— 50T MK B LRI Y SO S X —7K A1
TR R Ay 2 T S A b A2 T, F 100m . H 5°C {93 BEB B 33.8 psu 15
JEAECRAER o SR 88 S BRAR AR B IR F T AN B 2R SR8l B PR o S 1 58
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Figure 3-1 Eddy identification results based on 1 Jan 2001 CMEMS (a) and FORA-WNP30 (b) data.
The red and blue points in the figure represent the geometric centroids of AE and CE, respectively,
and the solid line (dotted line) surrounding the red and blue points is the outermost boundary (core
boundary) of the eddy, and the long-lived (life span of more than 30 days) AE (CE) boundary is
displayed in red (blue), and short-lived eddy is displayed in black; the black contours are the ADT
contours of CMEMS and the SSH contours of FORA-WNP30; the background color is the flow
velocity value, in which the velocity exceeds 1.5m/s shows the same color as 1.5m/s; the white box
is the research area of this paper
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Figure 3-2 Histogram of eddy properties (lifetime, outermost amplitude, core amplitude, outermost
radius, core radius) based on two data sources (CMEMS and FORA-WNP30)
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Figure 3-3 Histogram of eddy properties (azimuthal velocity, propagating speed, propagating dis-

tance, EKE and EI) based on two data sources (CMEMS and FORA-WNP30)
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Figure 3-4 Histogram of eddy properties (vorticity, nonlinear parameter, deformation rate) based on
two data sources (CMEMS and FORA-WNP30)
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Figure 3-8 Histogram on eddy amplitude and radius based on CMEMS

51



RS S (AT BRI B AT 5 S RS AT

Am

lltude-out for CE(cm) 20

15

10

20

15

10

0°E 150°E 160°E 170°E
_ Radius-out for AE(km)

100

80

60

40

20

o

0°E 150°E  160°E  170°E

/4 3-9 BT CMEMS Bl BT e -5 2 1250 A 141

Figure 3-9 Distribution on eddy amplitude and radius based on CMEMS

IBEF R AT SIRIER AR A AR, AE R dhE 1 (E AU E NKE
1 OY DXfrfE, fE5EIT KE 4R SKE XA RG DB i sl A )32 70
fir, 1 CE M shF s B IX A E A AE T SKE XK. AE 1 CE FURZ/0F12H)

52



-SRI R T B ST S R A

[ERIENESST ST/ S EON) VANKIE RS NN

RT3 AT R HE AN ] DXISON 0 T %1 AR A b A v VR A A A T P RS A et
R, AR SR WA A A 7 XY AE A CE A5 il (6L
FRESMRIE ZORIE A1 OF1e. DI E#k# . EKE. El.
WL RIS RG WRRT) AN A& RS S 0 2 1 EE
Y 20 S A DXTR] PRI IR — I TR D A O A AE R B2y (I IEI3-10) o ATLAK
BUCIE AE I2 CE fEIRIEAIEARH) S A S BRI, BRI, e
/e S 1/5-3/5-1/5 LLIAEHYZE . ARSCAR hRiE AT 12 i -FAa
B (Z790%) . Sk b, 7R KOE XI5, AE RY4RIEAIE AR PR ING = T
CE. AE fl1 CE /£ RG. KE. OE = R [XIHNIRIES P10 HAFEAM
{ECR: KE 4l 93 % NKE f1 SKE P~ X s, Al A2 5 & B NKE [X35 AE 13RI
T CE, 1iifE SKE X1 AE HUHRIBEAISEAZEIET CE (&AM 0B
1, AE 5 CE JEACEMEAREL o (HAER—WIERYHIET . IRIEAIE12HI /£ NKE
1 SKE His AL IS AAE . Filinfe AE (9P b NKE Y775 F SKE [Ff} CE ik
/£ SKE ¥Ji5T NKE, CE fyffh+-12/E SKE 5T NKE, {H1£ AE (U5 /hF12.
Bt CE RO, XA XIS A B B AR — 2

53



SRS E  ( ETE ELSS A 5T S S i
Amplitude-out for AE (cm) Amplitude-out for CE (cm)

0 02 04 06 038 1 0 02 04 06 038 1
Amplitude-max for AE (cm) Amplitude-max for CE (cm)

04 06 08

0.2

100

80 r

60

40

0 02 04 06 0.8 1 0 0.2 04 06 038 1

100 Radius-max for AE (km) Radius-max for CE (km)

100

®

QOD

80 1

60 r

40

0 02 04 06 0.8 1

—6— KOE ©— RG ©—KE ©— SKE

0]

NKE ©— OE

] 3-10 5 CMEMS %4l 19 BEIRIE -5 A2 0 Rl AL . RERh o br A A i
Figure 3-10 Evolution on eddy amplitude and radius based on CMEMS, the horizontal axis is nor-
malized lifetime

54



SRR AT R LA A S R AT

3.2 1RHEFHE
3.2.1 IR R

TR AR D ok L H P WA o R B R A i A L B (V) o
2SI 1 (F3-11), AE [ {EIX 18178 NKE 1 OY #1545 L. 1fif CE i
BI(E SKE [XI FLE KE FWi FHpg il . s b, AE [ fEX g
f£ SKE FEf44 /0 it RG X458, 1j CE thBL#E NKE LUK/ it RG K. iEr Yl
38 S M5 AT 45 AP AR RN (J813-12) . RG X7 20cm/s
BT, OE [XIBEr7E 10emy/s [/, 7£ SKE [X I AE 15 4 e 20em/s [ .
{H NKE [XI] AE 2551 T NKE 1 SKE [ CE #7E 4 b 404 (1 LM
SIE AR NKE [KIRf AE {746 25cm/s 1 60cm/s J 6B . 11308 A 476
J& Hi5K OF [X i (821 7E 2-3em/s [T AT, HoftnJ LA K B e 4-Sems. 2%
I, FEAERRIES R T OF DX e (647 0 25 (06 & SR /2 200-300km 4, H:
il JLA XISt B 72 300-400km FffSiT o

4si?\lzlmuthal Velomty for AE(cm/s) Anmuthal Veloclty for CE(cm/s)

40°N 40°N

35°N 35°

30°N 30°N

25°N 25N = At
STUo°E 150°E  160°E  170°E 120°E  150°E  160°E  170°E °

450 Propagatlon Speed for AE(cm/s) Propagatlon Speed for CE(cm/s)

150°E 160°E 10°E

E

25°N : 25°N
514O°E 150°E  160°E  170°E 140°

[ 3-11 T CMEMS Bl U1 111 3 -5 R J5E 20 A1 4]

Figure 3-11 Distribution on eddy azimuthal velocity and propagating speed based on CMEMS

55



SRR R TR LSS AL 5 S R T
OAizimuthal Velocity for AE (cm/s) OAﬁzimuthal Velocity for CE (cm/s)

0.16 ¢ 0.16 ¢
0.12 } 012}
0.08 | 0.08 |
0.04 ] 0.04 |
0 o K SOOI 0 |
QLD PR R ERD P N

Ogropagation Speed for AE (cm/s) Ogropagation Speed for CE (cm/s)

0.16 1 016}
i

0.12 H 1 0.12¢F

0.08

0.04 |

L L O L L i
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Propagation Distance for AE (km) Propagation Distance for CE (km)

0.24 | 0.24 |

0.2¢ i 02¢
0.16 0.16
0.12 ¢ \ 1 0.12¢

0.08 H1 | | 0.08}

0.04 ; 0.04 ¢
0 : 0 : : = =
Q Q Q Q Q \} Q Q \} \} Q \}
Q \) Q \) Q Q \) Q \) Q
NN N N N N S
| |KOE | |RG KE [ ISKE [ INKE OE

4 3-12 BF CMEMS Zl Al DI B e B e i BT
Figure 3-12 Histogram on eddy azimuthal velocity, propagating speed, propagating distance based
on CMEMS

13T o R 7 38 4 e R A T R 2 i N AT B D Y S S, AT
BB, ERKE B (BT 5%) AE Al CE By DI s B PO G, EiH TR
B (g 5%) P/ mxt TAEmd Aok, AE H1 CE £ 80 B Brb s s/,
MAETH TP BRI K SR RER R IE R 2R S REA R A2 . KE XIS
CE fEVNAAEE B & ST AE, MAELRHRZL L AE &5 CE XA FalpyE
AE [y J]1R) 8 AR NKE At i 1 HoAl LN EUEA R KB, [ CE A& 15 3
JEAE OF DXasrPize i T HoAt JL B EAH PR X, CE AEDIAH L R/ RN

56



SRS T AR T B S5 AT AT S R A
SKE>NKE>RG>OE, T AE {F(&#%# )5 | k/Nk &5 SKE=ERG>NKE>OE,

50 Azimuthal Velocity for AE (cm/s) 50 Azimuthal Velocity for CE(cm/s)

40 |
30 ¢
20 (o8

10

0 0.2 0.4 0.6 0.8 I 0 0.2 0.4 0.6 0.8 1
Propagation Speed for AE (cm/s) Propagation Speed for CE(cm/s)
o ' ' ' ' f ' ' ' '

7 ) ~ A6 N AA OOl
v a0 a8a8

SVaeswai= h < ==
S-8-6-E5C §=25 )

CAVACA~A- AT )~ == B

~

L L L L 3 L L L L
0 0.2 0.4 0.6 0.8 I 0 0.2 0.4 0.6 0.8 1

—6—KOE —6—RG KE —6— SKE ©— NKE ©— OE

] 3-13 5 CMEMS Zdfa (193 g U 17130 2255 1 ik BE R TR AL, Rl o bR e AL A i 30
Figure 3-13 Evolution on eddy azimuthal velocity and propagating speed based on CMEMS, the
horizontal axis is normalized lifetime

T BE5E KOE XIsdm e i feifre e, JATEBUREar (FFar T30 X) 1y
TBERUE I %€ SCI e LA 1 DA I HEPLZE A 22 O 2 IH T R IS B2 S 1R AR
JTIRRA . AR AEELL 0°y 90°, 180° A1 270° 3l AFZR A JbIl. PHIFFIRS A
(i (33-3) o ZFKurian etal. (2011) N T HESGIHEERIEENE, FIUL
IIATERIA PRSI 1° AOTIE, DA %0 =% R IO LB T A BT ] 81 A o s
JiE 3R 73T X T e ) 7P AL Fl e R AL T TR R OR B = e ek . AR RE T
CMEMS [ g, £ 2725 (3443) 229 45% () AE (CE) [RAH 2 Lk
M5, 7 FORA-WNP30 g 8732 (10290) M2y 53% [ AE (CE) RIA
T2 B B E A o

WNEE3-TARIA-8FI I BEBLIZE RS s Al A2 21 1 LR AL (0,000 XT 8
> KOE DXk, gt 5 s el DI v L, g
—ERY LA B EAWE 2 . WNFR3-3f, KOE {Y Y47~ DXk A A& i I i
AR, £ RG X3 AE /1 CE JL-F-2wlinhit (it 95%) #REILH —2ry i
Fe . T KE XA AE fl SKE [XIsif) CE t[aFE2H HEIE 80% HYPEL LA,

57



S-SR AR T B AR T S IR A
7 3-3 BT CMEMS H{l FORA-WNP30 [ et i1 geit (%) . (XS ehimfitsnd 1°
AR E
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Figure 3-16 The distribution of the number of eddy births and deaths based on CMEMS data, the
first and second columns represent AE and CE, respectively, and the first to fourth rows represent
fake births, fake deaths, true births, and true deaths, respectively. The eddy sampling grid point is
0.5x0.5°, and the white box is the KOE research area
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Figure 3-17 The number distribution of eddy splitting and merging based on CMEMS data, the first
and second columns represent AE and CE, respectively, the first and second rows represent eddy
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splitting and vortex merging, respectively. The eddy sampling grid point is 0.5%0.5°, and the white
box is the KOE research area
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Figure 3-20 Evolution on EKE and EI based on CMEMS
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Figure 3-21 Histogram on eddy vorticity based on CMEMS
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Figure 3-23 Evolution on eddy vorticity based on CMEMS
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Figure 3-26 Evolution on eddy nonlinear parameter and deformation rate based on CMEMS
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Figure 3-14 The synthetic graph of the eddy trajectory and the probability of the displacement angle
based on the CMEMS data (the displacement distance exceeds 1°). The first to sixth rows represent
Kuroshio-Oyashio Extension (KOE), Recirculation Gyre (RG), Kuroshio Extension (KE), Southern
Kuroshio Extension (SKE), Northern Kuroshio Extension (NKE), and Oyashio Extension (OE) , the
birth points of all eddies are translated to the (0,0), and the x-y coordinates represent the longitude

and latitude displacement respectively
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Figure 4-1 Climatological background field averaged section based on WOA18. The first to fifth
rows represent the zonal averaged section, the meridional averaged sections of Recirculation Gyre
(RG), Southern Kuroshio Extension (SKE), Northern Kuroshio Extension (NKE), and Oyashio Ex-
tension (OE), and the first to third columns are potential temperature, salinity and potential density
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Figure 4-2 Distribution of main surface flow fields, fronts and water masses in the Northwest Pa-
cific. EKC: East Kamchatka Current, WSAG: Western Subarctic Gyre, ESC: East Shakalin Current,
OY: Oyashio, KE: Kuroshio Extension, TC: Tsushima Warm Current, SAF: Subarctic Front, SAB:
Subarctic Boundary, KBF: Kuroshio Bifurcation Front, STF: Subtropical Front, MLF: Mixed Layer
Front, STMW: Subtropical Mode Water, S-CMW: Shallow Central Mode Water, D-CMW: Dense
Central Mode Water, DSW: Dense Shelf Water, OSMW: Okhotsk Sea Mode Water. Cited from
Yasuda (2003)
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Figure 4-3 Climatological background field averaged section of temperature, salinity and density in
composite eddy based on CMEMS and Argo. The first to fifth rows represent Kuroshio-Oyashio Ex-
tension (KOE), Recirculation Gyre (RG), Southern Kuroshio Extension (SKE), Northern Kuroshio
Extension (NKE), and Oyashio Extension (OE).The x-axis is normalized radius, and y-axis is depth.

The white contour are potential density contour.
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Figure 4-4 Distribution of eddy vertical anomaly depth based on CMEMS and Argo. From top
to bottom show the potential temperature, salinity and potential density anomaly depth. The right

column is zonal averaged anomaly depth.
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Figure 4-6 Distribution of eddy vertical anomaly value based on CMEMS and Argo. From top
to bottom show the potential temperature, salinity and potential density anomaly value. The right
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Figure 4-8 Average profiles of composite eddies based on CMEMS and Argo. Dark blue, orange,
yellow, purple, green and light blue curves represent Kuroshio-Oyashio Extension (KOE), Recircu-
lation Gyre (RG), Southern Kuroshio Extension (SKE), Northern Kuroshio Extension (NKE), and
Oyashio Extension (OE), and the y-axis is pressure(dBar)
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Figure 4-10 Potential temperature anomaly slices(100-800m) of composite AE based on CMEMS

and Argo.
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Figure 4-11 Potential temperature anomaly slices(100-800m) of composite CE based on CMEMS
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Figure 4-13 Salinity anomaly slices(100-800m) of composite CE based on CMEMS and Argo. Oth-
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Figure 4-18 Mean proifles in HAC clusters based on CMEMS and Argo. From top to bottom,
there are surface group, subsurface group, middle group of AE and CE. From left to right, there
are anomaly profiles of potential temperature, salinity and potential density. The cluster names are
marked on the right
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Figure 4-19 Mean proifles in HAC clusters based on FORA-WNP30. From top to bottom, there are
surface group, subsurface group, middle group of AE and CE. From left to right, there are anomaly
profiles of potential temperature, salinity and potential density. The cluster names are marked on
the right
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Figure 4-20 The eddy birth area of HAC groups based on CMEMS and Argo
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Figure 4-21 The eddy birth area of HAC groups based on FORA-WNP30
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FEALGIINRA, KE IS ek I i 5 — RIS il e b T R i
THIAFUEME B HIRIE (BTN , X R IE L R I B R A Y BB e A\ R
WIS, AWEERD AT O IREE, (R IEE R R — B TR
WA T AR AL IR AR [ RTESRE, T OF DXl TR Mlim e a9 48 2 LA
g . A B FEINNAE KOE DX g i) 4 i 4 24 KE ik, KE gt
FRA e B 25 A Y DX S A R i S =245 % (Dong etal,, 2017) 5 AR
FINAAE KB XIEER Tl FRAARE AR RS i . KE J- 8l 0 i DX s,
Al LA S UIAFRE AR B NRSTIRE (Jietal,, 2018) 5 A5 R EeEATRE
P BN AE OF DX 5 R 245 5t N REAS AR BRI ESs 1 . TR AE
KE [XIREDS & e ARG A A E (Jing et al,, 2019)

N T RS HAC 73024 e B 5 3 i Az O 2 R ah B, FROTE %6
FE SO TEEE B 5 3 1 B9 %0020 S (R R R IR — 2 P R Y 5E
o X NHRZEE /N IR TER 28R, HRT LIS i 348 7R i e
P ALK AR K AR o AE3RAS T i 6 S i A D2 e, BV R S0 2
WY SRR L AR (WL IE4-22H14-23) o f£ CMEMS £54 ARGO HI%#is ~, AE
522 1 AT 20-140m, AE #958)2 2 47T 10-170m, AE f9RERZHA T
40-360m, AE f{HZ4H AT 190-600m, CE (32 1 AT 10-200m, CE Y3£)2
2 47T 20-150m, CE ik ZH AT 70-390m, CE [ ELHALT 130-560m;
£ FORA-WNP30 (45 ., AE 1522 1 AT 0-200m, AE {KZ 2 47T 30-
180m, AE [{iR5EZE4IAT 40-340m, AE [P E4AI T 140-570m, CE (32
1 27T 20-210m, CE {9582 2 A7 T 40-190m, CE gk Z4 2T 40-370m,
CE 2447 T 110-510m.

AE H3RZ 1 HHRRERZOE T2 S B EEIXAEZS/K (Transition Region
Mode Water, TRMW, 6=5.0-7.5 °C, S=33.6-33.9psu, 0,=26.4-26.7 kgm—3) , 22
i rp B SR ARG EZS 7K (North Pacific Subtropical Mode Water,
STMW, 6=16.0-21.5 °C, S=34.65-34.95psu, 0,=24.2-25.6 kgm ), k3240 F Hify,
Stz-rbitEZssk (Lighter Central Mode Water, L-CMW, 6=10.0-16.0 °C, S=34.30-
34.65psu, 0,=25.4-26.3 kgm—3), FEF (IS STMW,

CE fy3)2 1 etz Oz FEA S HZ SEAE OIS /K (Okhotsk Sea
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Figure 4-22 The Temperature-Salinity diagram of HAC group based on CMEMS and Argo
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N T #3) KOE X3 HAC 734 N & 4 iRiE i ISR, AT HAC 245
FR R BB 2 TOEddies 3% [RIBRIHE N BmAE R SCRANFAR, FFfdE—
AIRTER) A AR I B T AR B dRicAE s & - (L 4-24704-25) o 4%
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REACARIE (B R ARER) o THAEREHIINEHF AR A TR BN,
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Figure 4-23 The Temperature-Salinity diagram of HAC group based on FORA-WNP30
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Pegliasco etal. (2015) ; Keppleretal. (2018) SEEL5 RN E LA L

E A BATE IR R G WHEDME B S5 BT T
TS RES RS « R BRI e T 2R 2 1Y AU ST e AR L it
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N T ARG LA b S M PR 20T BRI Jali e 7 E A A P 25 R AR
SN RE, FA P IRTE B SRR I R AP B IWTEA
JE BORR B AL 1R B B o
4.3.1 dmled kB

TEARTRE I A2 S B 2 B AE WO PR e T ELEE A R2 A (R 35 40 1) 2 iy
A AT E R ES A E H 5 e 5 | i S B2 THR B i

HE, WIEAE I T AT ENE R A o ATRE B PR H R
feie (EEARUE) sANAERREHRIEE R (RHEATE) AT A S i o
Blanii etal. (2018) w18 I S8 T AR DCIA7 A ) R R A I T AN ARUAE
T, 2B T B R SRR BT E (PRI ) FOEE A NRST
WHERIACT BT PIATE M (RUEEARUE) o« [FIFER, Jingetal. (2019) &}
W RS AE W B S EEE 5, TR 2L 0T SR E A TRE 73
ATt BE A ) S T (FR AT S i (A R M S R ESE A o X R FRAT 12 Jing
etal. (2019) WRFFTTIE, A HZMEATE T 18 HAC N[ 4 ZHHO R E R AT
REAE AL o

it ARG B MR B T AE A B FRAT AT 1 AR AR E M40
#7 (LBI, linear baroclinic instability analysis) . p1 T AR FRE], FA 1
FORA-WNP30 Z#lif{7F Argo F[fi >k i1 LBI 734

ANTR) T oAb aE i WChy £ AT LB IS, AT 109 LBI 434 & Mz A% B H AR
A BIFRA DA AR B e 2 A2 i B 64T LBI 2347 - 181 TOEddies
BRIBERIRTER ALK 28 FRA TR LA 2MEATIm ER B S o 1 AR i g
BRI 5, FADERR IR O Sl FFAEREER) S2BrAE s H
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LBI 7 #r & T ICALHE L 1 (QGPV, uasi-geostrophic potential vorticity) /7
B, BXRTLRIENTHR U = U(2)i + V(2)] REFSRHIRE Q = By + k- V x
U—yg/py0. (fp/N?) BT, (BRBEHE N XA —RIME TR R RS . 2
FFengetal. (2022) FISmith (2007) HARLEFE L, QGPV JrfEnl LA
S1E

¢ +U-Vg+u-VQ =0, —H<z<0 = (4-1)
®,+U-Vo, +u-V(®,+ f'N) =0, z2=0,—H, A (4-2)

Hrft g = V2@ +T'® 2 QGPV JFIEMIMIEN, T = 9, (f*/N?0,) /i fEfr
WA, w= =i+ &, 7 BIRHEREY), Ho € = &(x,y, 2, 1) JEACFREENHT
BH, VO, = Vi — U j i Bl R R IE TSI ACE BRI, n R
WIRE . VQ & Q HIZKFAREE, ATLAGE

VQ=Q,i+Q,j=(V+V2V)i+ (8—TU—VU)j & (43)

Hep 8 2T 2IWEMRE, N* = —gdp/pydz ZFEVENE, p 2 1EH
B, po RSHHIE, [REBRSE N TGN, FATESCRIIER i s 80N
O = W(z)e Kool T2 B A e e AR LA A -

(K-U—w) (D= |K]) ¥ =—II¥, —H<z<0 & (4-4)

(K-U—w)V,=AV, z=0,—H = (4-5)

H K = (K, K,) N, F K2 = K24+ K2, 534k

1=K,Q,—K,Q, X (4-6)

A=K, (U, —N2a,/f)+ K, (V. +N2a,/f) & (4-7)

N T HE T R ANAGE M 58 AN B B e bR BCT AR, X~ BCT A
ASIR RFE S R IR G IR, AR K, B K, BAE 0.1-4 % Ko p V5
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K 4-26 i A2 R EFETE I (functional boxplot, Sun et al., 2011;
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KEEDFEER EKE R RRE TR HOTEAM “RE1H 5 Rk
BA” BIATERIHMEML, R RGP XIS HAC 2416 2. RIHET
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[Flo BRI SR, H e IR 90m. 58 RGeS BERL, H
H EER 170m EHDEGR. HAh, mIRE IR LBUASES e =20, WRH
£ 260m HEFH R . —FAE LBl HIEVZIRE R T =R A H N REATRES
Mo HlG, =AY IRE A LA IS = FA [ B REASAE T B g T idRE 1
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Figure 4-26 Vertical profiles of LBI surface mode |1,ZJ|2 in HAC groups based on FORA-WNP30.
Upper group represents the union of the Surface 1 group and the Subsurface group in HAC grouping,
Middle group represents the Mid-layer group in HAC grouping, and Surface group represents the
Surface 2 group in HAC grouping. The first three columns use boxplot to show the data distribution,
where the solid black line represents the median profile of the data, the magenta area represents the
50% central aggregation region, and the red dashed line represents the region outside the 50% central
aggregation region. The fourth column shows the merged result of the solid black lines in the first

three columns.
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Figure 4-27 Vertical displacement of eddies in HAC groups based on CMEMS and Argo. Red and
blue represent AE and CE, the dashed line represent positive and negative standard deviation
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Figure 4-28 Vertical displacement of eddies in HAC groups based on FORA-WNP30. Others are
same as 4-27
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Figure 4-29 Evolution on background field of eddies in HAC group based on CMEMS and Argo.
X-axis is normalized lifetime, and y-axis is depth
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Figure 4-30 Evolution on background field of eddies in HAC group based on FORA-WNP30. X-
axis is normalized lifetime, and y-axis is depth
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Figure 4-31 Vertical profiles of normalized ¢’ (black) and its prediction from linear regression to
normalized |, | (green), normalized |, | (blue) and their combination (red) for AEs (a-c) and CEs
(d-f) of different clusters. Each profile corresponds to the median profile in the functional boxplots,
and the gray shading is the standard deviation of ¢’. The numbers in each panel show the median R?
and its confidence interval. Cluster 1 is the combination of Surface 1 group and Subsurface group.
Cluster 2 is the Mid-layer group, while cluster 3 is the Surface 2 group.
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Figure 4-32 Evolution on anomaly field of eddies in HAC group based on CMEMS and Argo. X-
axis is normalized lifetime, and y-axis is depth
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Figure 4-33 Evolution on anomaly field of eddies in HAC group based on FORA-WNP30. X-axis
is normalized lifetime, and y-axis is depth
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Figure 4-34 Probability density functions (PDF) on vertical structure change of eddies during eddy
event based on FORA-WNP30. The x-axis is the change in the vertical structure of the eddies,
with positive values shifted up and negative values shifted down; the y-axis is the semi-logarithmic
coordinate, with only positive values shown and negative data not shown. Rows 1-3 represent AE,
rows 4-6 represent CE; rows 1 and 4 represent temperature, rows 2 and 5 represent salinity, and rows
3 and 6 represent density; column 1 represents eddies in non-eddy events, columns 2 and 4 represent
eddies in split and merged times, respectively, and columns 3 and 5 represent the difference between
columns 2 and 4 and column 1, respectively.
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Figure A-1 Histogram on eddy life, outer-most amplitude, core amplitude, outer-most radius and
core radius based on FORA-WNP30
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Figure A-8 The synthetic graph of the eddy trajectory and the probability of the displacement angle
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longitude and latitude displacement respectively

132

AE

0.2
0.15
0.1

0.05

0.15
0.1
0.05

0.2
0.15
0.1

0.05

0.2
0.15
0.1

I. 0.05

0.2
0.15
0.1

0.05

CE
02

0.15
0.1
0.05

0.2
0.15
0.1

0.05

0.2
0.15
0.1

0.05

0.2
0.15
0.1

0.05

0.2
0.15
0.1

0.05

0.2
0.15
0.1

0.05

e



SRR AT R LA A S R AT

Samples

A-9 BT CMEMS K& iIRTER) Argo JEFRRAEEL, 25 —H128 — 41 AfaE AE #1 CE &
SRR, B H 2T AR W EEIE (R (KOE) « HHEM /K (RG)  HR)
IEAREM (SKE) . SEEIEMAILM (NKE) HEERIERR (OF) X1, ahhh2himbn it
pte, YA AR, IieTDiBl ADT ARME, AR BUZ ORI ThR L .
Argo FERREBUR TR INA RN IR, PRI 0.1, SRRECHI 15 195 15 [
Figure A-9 Argo sampling number of composite eddies based on CMEMS and Argo.The rows rep-
resent AE and CE, and the first to fifth rows represent Kuroshio-Oyashio Extension (KOE), Recir-
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