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Fig. 1 Topographic of the Japan Sea from ETOO2 (a) and schematic diagram of the Japan Sea surface current (b)
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UB. Ulleung Basin; YB. Yamato Basin; JB. Japan Basin; KS. Korea Strait; TsS. Tsugaru Strait; SS. Soya Strait; TaS. Tatarsky Strait; YR. Yamato Rise. In b,

the red arrow represents warm current and black arrow represents cold current; NB.Tsushima Warm Current Nearshore Branch; OB. Tsushima Warm Current

Offshore Branch; EKWC. East Korean Warm Current; LCC. Liman Cold Current; NKCC. North Korea Cold Current; SPFC. Subpolar Front Current

K ZE5 784k . Ebuchi Al Hanawa™ fifi FH 7 4 T2
e BE TR, BRT T F AV R I e T B AR 1 5
Wi, J B ACE AN s e T 5 R i A A AR T
SR AR 00 SIS . Mitchell 2529 i) FH 75 27 52
BARFRELILES 1 22 50 5 A 1 0 22 5 i, R A i
70 e L SR A i R O B A O B ) D DR AT T R 4
I8 . Lee A Niiler™ > fiff ¥ 2 HJ =g £ 57 6 £l 4,
T LML T H AN 10 248 095 RE IR E, I
FIH IR AR BCE EAT T 30U, 45 5 2 B, A B 705 1 2
JiE B 1 2 DX, IR X IR e R G 43 3 2%, RV
T I T . T 1B P A 1 A TE 0P8 E LA B AT Bz W R /22 B
¥ i o Shin % 02 i) F & B 11 2 I £ IR ( Conductivity
Temperature Depth, CTD) #] i1 1 Z 4k 73 B 1 AB B 1 it
F B s AR AL A, 25 5 R R 7% AR B 2 10 5 AR
R TR TG, FH R U 9K 20 R e X LA R IR R R i R
PE, A= fir R, BN ERSS Bl 25 A2 (L BT 1 o BR
R R E AL, B S DX A A TR — R R R e ——
TELBR 2 18 i AR 5 IR i€ . Hogan A1 Hurlburt®™ {5738 T
H 24 g Tk B2 108 e 1) T DR TR, 122 2 R i e 5 1 <
A A, b A 2 5 AR, & TR 5T R W,
TR 2 T e 52 24 PE BRI L MO | TR ATR K i A L

Ko FRIK B Z A AE 20 o Young 450 L TR B
BRI, BT — R A I i U Bk, OF AR
Wiz 73 b PN IR BR 22 10 T A AR N, 3% W22 SIS R TE A S T A
X B, B 25 2 A bk 4 b 1Y) 5 2 ), ELAE 3R i
GALBEE Bm S R W . Sun U AL RF
RILT 55 WA TESE A, B AS0E I8 HhoC v 2 DR = T
T4 T A 161, T S AT W AH e, O 2 T 2 5 T B B 45
T M T H 23 R AR A DX A Sk, S5 SRR, AR
T VG 0 S i S A W A SOE TR 1) e A IX, BT T e 1
FA5 AR AL, HIE 8 RT 58 45 108 HE T T B B A AN R M sl
WA EAE A X

ZE L TIR, A H AR TR E 0 B 25 43 A REAE S BT
CHR TR 43, (AT R T v RUBE W M e 1 R 2 DX S R R
R TE S FE RIS, a0 H AV P9 RN e B I e LA K
FHOC S AL AL, A AN IR XS IR X B AL &
JE Y FE AR VE S B G R i — P IR AR SE . Bl T
B e BE LI B R SRR, SR i — P ERSY B AR A1
Bl RIS R] 5 JE 1 R 2 8 AR R R B A 250 B S
P AR SO A 7 v 3R T g B2 S ) R e R 4 X
H 7 i (31°~52°N, 127°~ 143°E) 1993-2019 4 th
JE R 1) B 25 AR A R RS AR IR A T e 1T, IR 2



24

MAEEd 4445

4 AVISO( Archiving Validation and Interpolation of
Satellite Oceanographic Data) 5 & 11 %4 4i5 165 5 1 1
(4 ( Sea Surface Temperature, SST) ¥ i+ 1/ JiE AY 45 10
FEAEAE A B 5 PR 08 e 1) 7 ) o

2 BiESINE

21 AR
211 AR AR

o RBE R 8 I 3 AR K A ) BRRR AR 2 BT AIE SR
J AVISO %A1 i —E 4L T 12 H 13 3 W = 2 5+ % (Sea
Level Anomaly, SLA) ¥4, - F B 28 5 Jig 37 51 34 1k
3 EI B0 AR A ROBE i B 7 T R B I T
FER 1993 4F 1 A 1 HZE 2019 4F 10 A 15 H, fdf R
FEWR A pir LI L O L R BRI L T A
SEEEARHIEAE B . % E Iz N TS0 L R
TR A AN [ DX v R B8 R AE ATF 5 e,
212 TR

R AFAEAR ECoR T T A 12 1 T PR BT W v
s> (Copernicus Marine Environment Monitoring Service,
CMEMS) (% 2 5 T 52 Bl 4 i BE ST ORE, BRIV 26 1H1 =y 2
S8 RO, 1% %0 kL 2 i TOPEX/POSEIDON, Jason-1
#1 ERS/Envisat( European Remote Sensing Satellite/ En-
vironmental Satellite) % 2 T3 5 %504 @l & 1 ag, 241 T
1T 5 B ( Near-Real-Time, NRT) il ZE iR B} [&] ( Delayed
Time, DT) A 5 7 A o 3T S0 BEORERT LRy Ml 55 19 ]
AR R I 10 BT i, TS N B DU AT Ay iV A
B AL 5T TR A v BE T N L S M SR A R
T ey J3E R 2P U . AR T 5T T B 1993 4F 1 A
1 HZE 2019 4F 12 A 31 H, T2 RIS HER A (1/4)°x
(1/4) °By 2 H i 4 , G35 T 3R 0 g 2 5 0 L 48 X0 3
B | M R S A
2.1.3 R AR

1 3 T I RE R R A 26 [ 1 ZE A %8 i K Ry (Na-
tional Aeronautics and Space Administration, NASA) fit) 5
SRS Y (Advanced Very High Resolution Radiometer,
AVHRR) ZL/MRIN R, S [8] 70 B4 25 kmx25 km,
A HE 1 d, P IN B 1993 4E 1 H 1 H =
2019 4F 12 H 31 H,
22 HRFAE
2.2.1  HEHU

i T8 R A 7 it i T o R T v EE ) A R 1AL
PR B WA BRI o AR SLA ) Jad FB AR (B A 15 15
H AR 1E, I LA A5 R JE Ak L — 2 (B A Wi/ 4
B2 HAH SRR 09 SLA B K Tz B {E, BP0 2]

FATEW s S8 W AR S o e, B I )20 A
M P 5 % S 1 i 3R T v B RN P AR =2 25 0 S
A BER IR, 2P 5 50 B4 N X BD S e e o 8 e e
T E SCOR T I PN BT AT R AT B, R iR AR SR
55 08 T e B oA R i DX 3 v REURH [ A B g o A . L
PR T7 B4 DL SCHR 171
222 WENEETHE

7 3l g (Eddy Kinetic Energy, EKE) iy 2R 1iF 4 ig fig
It e AR A B 2, HL 2 R) S5 A A R T e B IR AN Y
o3HT. FETF SLA Bdl, iFRERshae i AR

EKE = %(u’2 +v?), (D

A, v S DR £ T M T el TR R 28 i) i P ek JE
(PPN RN W

,__ &
‘= f(ay)’ 2

S e
b, ORI R T i B S W 5 g R0 i) Sy T g
MEHES%.
3 TRBERY R R IE

TR i€ 25 (8] 43 4 588 BE AT B EKE N 35 100 2 5 8
75 # (Root Mean Square of the SLA, SLA RMS) 3
fIE o DA TR 2R T 1 7 3 32 S 45 B A5 IX 8 ) EKE
F1 SLA RMS ZAFF- 125 ] 73 A WKL 2, W Tig i BR IX
R 5 VY B — AR AU ), BEAS I X I i il o A
Hordr, A 44 Jey MK AE X 5K, 43590 S AR B 7 b . KRN
a1, VG S R P S LA R AR Ve e VY AL . JE R AR R
Z M A K RN 25 M A EKE i T Ol X I, AR
325.1 cm?/s?, SLA RMS M35 38.5 cm. 5 B& 7 H Fll K
123 M A2 FLAL ) EKE F11 SLA RMSS #5725 3 P B AKG, 1i
H A< 5 6 35 (40°~ 52°N, 133°~ 142°E) >4 EKE #1 SLA
RMS IRfH X .

Pl 3 Ay 165 2l R R I 3 TRD s B S H X 5 AR I P[]
ALK . Kl 3a N AR INAUS BB AEBRAE Ak, W] L
% B, EKE K £ 504 T 7E 70~ 100 ecm?/s?, 7E 1995 4F |
1999 4, 2001 4, 2004 4, 2010 4, 2013 4, 2017 4F-F1
2019 4F EKE %%, 5 i 7] 35 119.17 cm?/s?; 1 1996 4F |
2006 4F . 2008 4F %5 55 . SLA RMS ¥ 2% 1k 5 EKE
1, (B A5 44 5 EKE B3 AH K, W1 1994-1996 4
2006 4F . 2012 4E L K& 2016 4 . & 3b S i AN AUS
MR K R YR LM K R dift— 2
FEE T AR o (E AR T R, BR 2002 4F
2004 4F . 2006-2007 4, 2010-2014 4F, 2018-2019



6 AR HASHE P RUBE e ke I 2 AR (AR AR I S

25

520

36°

141°E

132°

129°

132°

129°

135° 138° 135°  138°  141°E
0 100 200 300 400 0 4 8 12 16
RBhRE/ (e’ s72) EARTH 19 S S $9 77 MY em
Pl 2 Bl AE (a) FTAE 210 5 BE 57 3 24 07 M (b) 2241 3 22 (8] 43 A

Fig.2 Spatial distribution of the multi-year average eddy kinetic energy (a) and root mean square

of the sea level anomaly (b)
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Fig. 3 Time series of eddy kinetic energy (EKE) and sea surface height anomaly root mean square

(SLA RMS) (a, ¢) and its linear growth rate (b, d)

BT AE PR A AR AL, a B e PR #

The up and down rows are interannual and seasonal variations respectively, and the shaded part in a and c is the error range

4F, HAbAEy SLARMS MBI FII KT EKE, Hi, EKE
R 1998 4F | 2002 4F | 2014 4F K 2016 4F N i
J& /% Je i ( El Nifio) 4, JU H /& 1997 -1998 4F
1950 4F LA 3K fe 5, 410 #b EKE #1 SLA RMS {i t ki
BEN Y R B I . P72 38 (La Nifia) B85 ) 5 2 50(E
B/ 2000 4F | 2008 A —E BYAHCPE . F UL AT UL,

H 776 H#1 [X. EKE #1 SLA RMS fJ4EFR A8 fk il i 5 )
IRJEHEPLE I A — BRI R

&l 3¢ T 3d Ry I8 e I 3l B Y 2= A8 4k, 5 4R
FrAs{L A ), EKE 5 SLA RMS (19728 fh#a A — 2,
BRI K ERAEAR, T 24w 0 FRAE, 0 R 53 B AE
9 HA110 H, K4 8 HikElEm, 290 55.9%. AW



26

MAEEd 4445

M, F2(3-5 H) Wi & %M, SLA RMS 1K
B,

A SCI EHCERE (1 7 1% A% B H I R RR
o T A WA T A A= i A AR — A~ e S5 &
g B AN B Z0 PR X N R BT A R E . FE
1993-2019 41y 27 4 (1], T ks B H gk 24500 2]
o ROBE R TiE 1429 A4S, P SR IiE 675 4, RE TR
JiE 754 4>, SRR ELZ TR EL 11.7%. T BR4ir
D7 RN E IR TiE 98 390 A, He v A e AR A iE 4 1 R
45 321 53 0694, R e E £ T A A A
17.1%. %k e RUBE 163 T 0 B 104 1S 132 4% b, 0 K R 225 b
it W, ks H EETEABRE b (35°~40°N, 127°~
134°E) $U i 237(241) AA00E (R A, 4391 o5 24
H 7 165 X A4 35.1% F1 32.0%:; Bz 3 TR 51 1 4 250 e
L STE 4 ) A 16 292 F1 18 2734 o K AN 7% b
(35°~42°N, 134°~ 141°E) Y o R EE I8 Jie B0 20 TR
B 7 M, BE TR0 T H B CBRPL ) 3 AUl 204
(15 873) 4>, L AJikE 248(17 561) 1>

DR R s B N S IE I N R R R R
BB SE AR A Y, BT HE A2 12%~ 17%; REH PR
JIE T e S R AR R b 2 b R R RN 25 M . N T G i B
il W T Y ) 23 AR AR R, T SRS X AS TR AR 1 393 T 114 L
fTRRAE, AR 7 B (L R4 ) L BRI . e
SR | B s LB L B AR T R IR S O T EA TR

3.1 REEHIJLAATHFAE

TG 3 TR A% B E R R E A S S 43 A
RF A A U i i 55 W AR IR HEAT 2 B . 18] 4a
Sk RUBE I E I A PR AR AR o AR TR IE AR 2 R 256 4,
BR 1996 4F-, 2009-2012 4F, 2015 4F, HABAFE 1 <
WEY) 22 F A0 . RBERE 29 ISR 89.5%, i
HAE 2000 4F | 2014 4F | 2018-2019 4F, S iE B /0 T
RAJE . RIS 20092012 4F g % 2L f2 8 35 £ LA
2017-2019 4 5 R SBéAH 22 48 K, WA 15 i — 2L 0F
5%, BRI HERCE O WAL AR fb Fa g, (B H
A 3~ AR R, W 19931996 4F N4 — 4~/ 3,
T8 JiRE B R IR 5 19962000 4F N 55 A JE
e . 454 3a ]l LR B, e 5 EKE
TE 1995 4F | 2001 4F | 2004 4F | 2010 4, 2017 47 ¢
U B —BohE, W & B, ISR EKE HAiE
K2y 32.1%, 75 FRAEy B0 8 3%, 3R W] EKE <
JEW o B4 o [ 4b SR iR T ] AR 4k, AT LLR B
JiE B B TR g, FLRCRONE S e, Hp
O- 11 AWM EREZ, 2AERE2AKRZ,
6-8 Hi/b . [WHFAT LLE 2], Fra Ao 09 R < ie 8 i
¥ 2 TR0, R BRI N M 6-8 F MRk
PRI T BB A 2 o PR T R E 1 FE T AR e
EKE #il SLA RMS 1728 fk 540, Bk i, X
JEFN S ASUE S50 1 9 H A 10 H ik B K fE .

2007 2012 2017

P4 e K 1Y 4R PRAE Ak (a) AT A2 4k (b)
Fig. 4 The interannual (a) and monthly (b) variation of eddy numbers
DhAL AR Ay AN [V AR 8 TGE 7 A T8 R 1 L1

Vertical axis is the ratio of eddies with different polarities to the total number of eddies

hy B A b TR0 AR A [R) DX ) 43 AR A O, K
B 5% X A8 R 43R 0.1°x0.1°A9 #% 45 (£ 100 km?), §f i
HB 35 T RS B 20 9 R T R, A5 B ABE 45 321 4, I

U 53 069 Ao T AR M 169 JkE 4 1) A AR I (15T 5),
R SRR TR, T8 AR K DX I H AR T e AR
B A . ORFI M A R ALl B v A, 55141 2a FIIE] 2b



6 AR HASHE P RUBE e ke I 2 AR (AR AR I S

27

52

138°

A 5

132 135°

129°

141°E

W EBCRAE 0.1°%0. 1M A% N il 23

70

60

50

I
(=}

s
RATERA

20

10

129° 132° 135°

IB] 3413

138°  141°E

Fig. 5 Spatial distribution of average eddy number over 0.1°x0.1° bins
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Spatiotemporal variations of mesoscale eddies in the Japan Sea

Yang Xiao"?, Zhang Yongchui®, Xia Changshui’, Dong Changming"*, HuNan®, Wang Haodi®, Chen Shiyao’

(1. School of Marine Sciences, Nanjing University of Information Science and Technology, Nanjing 210044, China; 2. First Institute of
Oceanography, Ministry of Natural Resources, Qingdao 266061, China; 3. College of Meteorology and Oceanography, National University
of Defense Technology, Changsha 410073, China; 4. Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai
519082, China)

Abstract: In this paper, surface characteristics of mesoscale eddies in the Japan Sea (JES), including size, polarity,
life cycle, amplitude, and trajectory, are analyzed by using eddy datasets and sea level anomaly altimeter data from
1993 to 2019. Over the 27-year period, a total of 1 429 eddies were detected with nearly equal number of cyclonic
and anticyclonic eddies (CEs and AEs, respectively). Strong seasonal variability was observed for both polarities of
eddy. The eddies were most generated in autumn, followed by winter and the least in the spring. Mesoscale eddies
are prone to generate in the Ulleung Basin and Yamato Basin, which distributed in a southwest-northeast zonal belt.
Among them, ACs are dominant in the southern JES, while CEs in the northern JES near the Tsugaru Strait. The
western and southern movements of the mesoscale eddies were driven by the East Korean Warm Current and
Tsushima Warm Current. In the northern JES, the mesoscale eddies were more related to the Liman cold current and
subpolar front current. Further studies shown that dynamical instability is an important reason for the generation of
eddies in autumn and winter. However, semi-enclosed basins, local flow fields, and complex air-sea interactions

may all have a certain impact on the generation and dissipation of the mesoscale eddies.
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