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Abstract

The spatiotemporal variability in the northern part of the East Sea(ES) and its
mechanism are investigated using empirical orthogonal function (EOF) analysis of sea
surface height (SSH) measured by satellite altimetry during the 1993-2017,
meteorological and oceanic reanalysis data. The results show that there is a noticeble
mesoscale variability in the northwestern region of the ES during wintertime as well
as the prevailing semiannual variation in the cyclonic gyre in the northern ES. The
variability of the mesoscale aspects which appears form of a dipole structure shows a
maximum from October to December and small values in warm period with a
minimum in August. The timing of the development and spatial structure of the EOF
mode correspond well to the mesoscale structures observed by Argos drift buoys
which appear in the northwestern region of the ES, such as anticyclonic eddies
accompanied by the northward coastal current reversal and the northwestern thermal
front(NWTF). Some of these mesoscale aspects are closely related to atmospheric
submesoscale disturbance south of Vladivostok. The wind forcing is dominant on the
shelf areas of the northwestern region of the ES where the dipole of wind stress curl
exists during wintertime. The NWTF is accompanied by a cold anomaly in the
eastern side and a weak warm anomaly in the western side. NWTF is consistent
with the NWSPF mentioned in Park et al. (2004). The cold and warm anomalies are
generated by the dipole wind stress curl structure; the cold anomaly may be
generated by the Ekman divergence due to the positive wind-stress curl, while a
warm anomaly appears below the negative wind stress curl in the process of the
downwelling imposed by the anticyclonic vortex off Vladivostok. And anticyclonic
eddies accompanied by northward coastal current reversal are generated by negative
wind stress curl. Also, strong wind-driven Ekman convergence plays an important

role in thickening the East Sea intermediate water(ESIW).
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Figure 1. Bottom topography of the ES. KTS: Korea/Tsushima Strait, TS:
Tsugaru Strait, SS: Soya Strait, TTS: Tatar Strait. Shaded area is research area
in this study
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Figure 2. Schematics of surface circulation of East Sea adopted from Park

et al. (2013). TWC: Tsushima Warm Current, EKWC: East Korean Warm
Current, NKCC: North Korean Cold Current, LCC: Liman Cold Current
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Figure 3. First EOF mode of the SSH variability over the Northern
EJS: (a) spatial structure of the mode 1, (b) temporal variation of
the mode 1, and (c) time series of climatological monthly mean
temporal distribution of the mode 1(after Kim and Yoon, 2010)
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Figure 4. First EOF mode of the SSH variability over the Northern EJS: (a) spatial
structure of the mode 1(remove model), (b) time series of climatological monthly

mean temporal distribution of the mode 1(remove model)
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Figure 5. Tracks of surface ARGOS floats deployed off
Vladivostok on July 16, 1994 during CREAMS’93, 94
summer cruises. The blue line indicates the anti-cyclonic

current, the red line indicates the cyclonic current(after
Yoon et al., 2005)
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Figure 6. Sea Surface Temperature distributions from HYCOM reanalysis during
October to January averaged from 1993 to 2017

_17_



50N

45N

35N

45N

35N e 35N
o AT A - N . T i
130E 135E 140E 130E 135E 140E

1] o001 002 003 004 005 0068 007 008
Figure 7. Seasonal SST front (C/km) maps for 1990-1995 (winter:
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(after Park et al., 2004)
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Figure 8. Histogram of times of the maximum fronts in the
frontal zones: (a) the SPF, (b) the NWSPF, and (c) off the
east cost of Korea (after Park et al., 2004)
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Re-analyzed ECMWF wind data (1992~1997)
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Figure 9. Time series of wind stress curl integrated over the Northern East Sea (after
Kim and Yoon, 2010)
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Figure 10. Wind-stress curls distributions from CCMP wind data during September to
February averaged from 1993 to 2017. The blue areas represent negative values, and

red areas represent positive values

_24_




Figure 11. Same as Figure 10 except from March to August
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Figure 12. Temperature and Salinity distributions at depth 20m from
HYCOM reanalysis during October to January averaged from 1993 to
2017
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Figure 13. Sea surface current distributions from HYCOM reanalysis during October
to December averaged from 1993 to 2017
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Figure 14. Sea current distributions at 50m depth from HYCOM reanalysis during

50m Depth Sea Current {(m/s)

October to December averaged from 1993 to 2017
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Figure 15. East Sea Intermediate Water thickness distributions from HYCOM

reanalysis during September to February averaged from 1993 to 2017
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Figure 16. Same as Figure 15 except for 1 C isotherm depth
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Figure 18. Time series of mean sea surface height and isotherm(1'C) depth over

the Northern East Sea

_35_



4 B9

=K
%

A
%

o)
o
i

e
<

o

Nlo
)

P

S

el
=

_
"o

oH

!

el

HA debg o,

)

1025 12€9]] 7

HA et

frell A 12858 28704 s

ke
T

TEZF HERE 108 0]

7]

e
G

= Az A

o #A

-
i

Al

il

Ay ALRHY, Tl i

o Wb

2 Zgsr] Wi

o

3]

g wgho] ofstd Al7lel whgt 3o WA EHHA Tt

A thes A%

B
g

9]

o

3 1 Fx7}

3%l 9

=23
1=

a3 o

1
T

.ZMO

o|J

A geld= 1025 129+ =

S

7} of

P7HA 2 5 el e HPlgho] vER

Qs

=
9

i, sl

Al71] Al

T
T

BAAT, vz

AE

X7 Jepdtl SR FEoA

o

Njo

o sl

1 &ol T57HA W7t

7

ol

aze)
-
o7

_ZMO
.

1o

fiie)

oo

71 %o o2t wAY Fol 2

_86_



sojof 108 A%

fuj

)

B
A+

3

P
T 3

[oi3
=

A

¢

1T

bl Lhebg ] A

fg 7OLo] AL

ojy

il

=
o

il &3l

9]

Jha Abg R oA @

o

0} O =
w= 1

F57k FANAA %

o

of slod Fals

3

of FEA)
ISR

9]

_Zﬁo

/E}

Z|

ar

3

EUREIARES

5]

] 7OLo] 7OL

3
=

]

o

=i
=

W

£

o

]

o]
=i

ol
=

gt} ThA

—

B

H712 Akt f4

q @@As

=
=

=

ol

0

il

ZO

slrH 1R &

i wpgk gl

Aof 24

_87_



oW
AR M B AR ® R -
ﬂEsz@_%E WT_%ﬂﬁ%}.
W oE = | Nk i - ~ N o ® R
~ = . X o O R N = o7 W e
K B oo B a oo 0 o o
DS A ﬂﬂﬂaq%awﬁﬂ%zfﬂ
woORT o o X ;MEH ® 1., o W n P ofi BK ‘”_AIL oy s | =y
T o T ] g AT A
wE & T -~ T mmx%g%l H#7}%
SN - kY ) :ﬁ N g 1O el K WE W om ® uu 1—7@ Mo -
—_— o \QU% 0 . ,.m_v 0 — ‘_ur
0 wuﬁ 2 A Wou X % ° T w X %o ol mm 1d_.| o~ WL WM
o ar L J)oF o B ™ G oo B =X ﬁﬂﬁ oo N
Wx_m o4 o aUW ~ W nMu M.‘_u Nd M@ = W LS <0 erc Joﬂ. %0 o B
NI o T Wo Jlo ~ Al & £ wwm FoT = ™ W R
T M T oo N %Elllwgwwfjo_mﬁmo_b
e = ©l Hoo R m = LJA‘_ T om 2 = AN . o W Bo
s & X 7 oy ko 17| _ Njo % P ~ No <0 N Mm I -~ e
=T 5 zﬁ o P B M | i S ®m °% Ao o B
B o o g AT o 4 o T y o N - ™ W eI
me,;nomﬂgw %awgﬂﬁur%j_zﬁgn
BE T XM 2 %ulrﬁfﬂﬂﬂ%;ﬂo&@auﬁy
o \El _ o = ‘,w T T 0 ,UI " EO ﬂ_,HI —_ ;o,._
o 7T 3 RTT oy W o T o) %o BT
o W (ay ul e S %) oo o = ) o ©
s | WX B ) o X o T oo X0 ©
8! SR n o = = M O~ NI R N
e N3 vy T o X B il Sy
Wool Mo 2T ﬁo e ° IS 1 o o N W T Ao 0NN
mﬂ:ﬁgﬂ%% M%&mmagnoggv@@ﬂa%
o =~ -~ ° To O ™ = o —
Z,O O,._ fo) w EO n_AIO ..:1_ XO dl LO._ N J;% ‘er )AO O., EE J,Mo Ot.c ‘1A| ﬂ
S b T F A }@O_Eﬂwae_ﬁﬂqwlmq
poE e Y FIRNER Qo_(ayoplﬂﬁﬁoiﬂﬂ
o o owE 1) e S S e o Xogh oo ® - F W
—_— N o T ﬂ_ul o = ﬂe —_— N — 5 R X X Moo~ ‘UI
B ) G R, MH : B oz o7 s B X nE T ™ g T
- = = Mﬂ I e = H 5 gy N oF ME _Adﬁ H o © W 5z o A W %
o o= oo o 1 = o &N Ry oo T H B 5
T o o w9 & GG
25 E fjoﬂqﬂfgjoff
z @H@%wmmﬂaﬁwcéﬂg
3 B T RO ﬂXﬂ W T

- 38 -



Aol M o =t sE o= LhE)

ol

3

of uhe}

B
pig

)

™

G
{

o

B
file)
O

o
i
A
pig
o
Mo
o
-
Hr

)

B

g
{

o
J)J

Z_l
w7

A e

A&

| Azl %

= =
_'O

of weh Wssi,

2

7A
ol

2

X
W
o
oI
1o

i
A
pig

Iy
=

B
-

3
R

o]
T

7R = Al

zr

7 o}

T

A

&

™

—_—

o

E._o
i
A
pig

AT

2z

P
SRkl

B Aol s

)

oju

HA e

S

27t %

R

ofi

B

Ho
)

o

o
11

sleie] A

| —
T

o 437 divlo] vheh

A

B

=
"o

PN
T

file)
o]

o
it

=
o

Fo pefupe,

47

el wet A=A

=
=

T2 =4

Fite

A e

o7
o
ol

‘50

B

= Aed ¥

11 4]

9]

o 437 elo] 7

T
A
]
Mo
ol

of
o7

o
-

ol

n_ArO
e

b

-
_50
Nlo

"o

!

™

3!

A
=y

JZ;O
=
"
o
)

T

gl 7]

L —
T

7 AL

&
No

Al

3

W
_Z# r
7

i

Hlo
o
oo
=
17ro
xn

SFal

[e)
T=

ol

&

%

flFoll o] =%

| WEo] 9

o 7

b

al

]

o

]

(e}

ol M= 71503k AAxtz dEx

I} e

PN
= 7 A

=4
[

_89_



_40_



oY
Ny
o
o

AVISO (2015), SSALTO/DUACS User Handbook, (M)SLA and (M)ADT Near-Real
Time and Delayed Time Products, referece: CLS-DOS-NT-06-034, nomenclature:
SALP-MU-P-EA-21065-CLS issue 4.4 edn.
http://www.aviso.altimetry.fr/fileadmin/documents/data/tools/hdbk duacs.pdf

Chassignet, E.P., H.E. Hurlburt, O.M. Smedstad, G.R. Halliwell, P.J. Hogan, A.J.
Wallcraft, R. Baraille, and R. Bleck (2007), The HYCOM (HYbrid Coordinate
Ocean Model) data assimilative system. Journal of Marine Systems 65:60—83.

Cummings JA (2005), Ocperational multivariate ocean data assimilation, Q J Roy
Meteor Soc, 131(613), 3583-604.

Danchenkov, M. A., Aubrey, D.G., Feldman, K.L. (2003a), Oceanography of area
close to the Tumannaya River mouth (The Sea of Japan). Pacific Oceanography 1
(1), 61-69.

Danchekov, M. A., Lobanov, Y. B., Riser, S.C.,, Kim, K., Takematsu, M., Yoon,

J.-H. (2006), A history of physical oceanographic research in the Japan/East Sea.
Ocenography, 19, No.3, 18-31.

Ichiye, T. (1984), Some problems of circulation and hydrography of the Japan Sea
and the Tsushima Current. p. 15-54, In Ocean Hydrodynamics of the Japan and
East China Seas, ed. By T. Ichiye, Elsevier Oceanography Series, 39. Amsterdam.

Kawabe, Masaki. (1982), Branching of the Tsushima current in the Japan Sea,
Journal of the Oceanographical Society of Japan 38.2: 95- 107.

Kim, K., Chung, Y.-Y. (1984), On the salinity minimum and dissolved oxygen
maximum layer in the East Sea (Sea of Japan). In: Ocean Hydrodynamics of the
Japan and East China Seas. Elsevier Science Publishers, Amsterdam, pp. 55-65.

Kim, K., K.-R. Kim, D.-H. Min, Y. Volkov, J.-H. Yoon, and M. Takematsu (2001),
Warming and structural changes in the East(Japan) Sea: A clue to future changes

in global ocean?, Geophys. Res. Lett., 28(17), 3293-3296.

_41_



Kim, T., S.-H. Choo, J.-H, Moon, and P.-H. Chang (2017), Contribution of tropical
cyclones to abnormal sea surface temperature warming in the Yellow Sea in
December 2004, Dynam. Atmos. Oceans, 80, 97-109,
doi:10.1016/j.dynatmoce.2017.10.002.

Kim, T., Yoon, J,-H. (2010), Seasonal variation of upper layer circulation in the
norhern part of the Eas/Japan Sea, Continental Shelf Research, 30, 1283-1301.

Minobe, S., A. Kuwano-Yoshida, N. Komori, S.-P. Xie, and R. J. Small (2008),
Influence of the Gulf Stream on the troposphere, Nature, 452, 206-209,
doi:10.1038/nature06690.

Naganuma, K. (1977), The oceanographic fluctuations in the Japan Sea. Kaye
Kagaku, 9(2), 137-141.

Orlanski, 1., and L.J. Polinsky (1983), Ocean response to mesoscale atmospheric
forcing, Tellus, 35A, 296-323, doi:10.3402/tellusa.v35i4.11441.

Park, J.-J., Lim, B.-H. (2018), A new perspective on origin of the East Sea
Intermediate Water: Obervations of Argo floats, Progress in Oceanography, 160,
213-224.

Park, K.-A., J.-E. Park, B.-J. Choi, D.-S. Byun, and E.-I. Lee (2013), An oceanic
current map of the East Sea for science textbooks based on scientific knowledge
acquired from oceanic measurements. The Sea, 18, 234-265. (in Korean)

Park, K.-A., Chung, J.-Y., Kim, K. (2004), Sea surface temperature fronts in the East
(Japan) Sea and temporal variations, Geophysical Research Letters, Vol. 31,
L07304, doi:10.1029/2004GL019424.

Shrenk, L.I. (1874), On the currents of the Okhotsk, Japan and adjacent seas.
Memoires of Emperor Academy of Sciences, 23(2) Suppl.3, 1-112.

Uda, M. (1934), The results of simultaneous oceanographical investigations in the
Japan Sea and its adjacent waters in May and June 1932. Journal of the Imperial
Fisheries Experimental station, 5, 57-190.

Wallace, J. M., T. P. Mitchell, and C. Deser (1989), The influence of sea surface

temperature on surface wind in the Eastern Equatorial Pacific: Seasonal and

_42_



interannual variability, J. Climate, 2, 1492-1499,
doi:10.1175/1520-0442(1989)002<1492:TIOSST>2.0CO;2.

Wentz FJ, Scott J, Hoffman R, Leidner M, Atlas R, Ardizzone J. (2015), Remote
sensing systems Cross-Calibrated Multi-Platform (CCMP) 6-hourly ocean vector
wind analysis product on 0.25 deg grid, Version 2.0. Remote Sensing Systems;
Santa Rosa, CA: [Accessed 31 December 2017]. Available online at
WWW.remss.com/measurements/ccmp.

Yoon, J.-H., Abe, K., Ogata, T., Wakamatsu, Y. (2005), The effects of wind-stress
curl on the Japan/East Sea circulation. Deep Sea Research II, 52, 1827-1844.

Yoon, J.-H., Kim, Y.-J. (2009), Review on the seasonal variation of the surface
circulation in the Japan/East Sea. Journal of Marine System, 78, 226-236.

Yoon, Seung-Tae, Kyung-il Chang, Hanna Na, Shoshiro Minobe (2016), An east-west
contrast of upper ocean heat content variation south of the subpolar front in the

East/Japan Sea, Journal of Geophysical Research: Oceans

_43_



	1. 서론 
	2. 자료 및 방법 
	3. 결과 
	3.1 동해 북부 중규모 구조의 특성 
	3.1 중규모 구조의 형성 요인 
	3.3 동해 중규모 구조와 동해중층수와의 연관성 

	4. 토의 
	5. 요약 및 결론 
	참고문헌 


<startpage>10
1. 서론  1
2. 자료 및 방법  7
3. 결과  11
 3.1 동해 북부 중규모 구조의 특성  11
 3.1 중규모 구조의 형성 요인  20
 3.3 동해 중규모 구조와 동해중층수와의 연관성  29
4. 토의  36
5. 요약 및 결론  38
참고문헌  41
</body>

