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What are mesoscale eddies? 25250 km
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A FSLE (Finite Size Lyapunov Exponents) by AVISO at Ulleung
Basin
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20141101
Mesoscale eddies in the East Sea 16N One of the most eddy-rich fields r
especially south of the Subpolar Front
44DN ood
[ (SBF) (Isoda, 1994; Morimoto, 2000,
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*  Variation of mean current and water mass distribution in
the East sea (Mitchell et al.,2005; Lee and Niiler, 2010; Kim et
al., 2004; Nam et al,, 2016)

. Refraction of semi-diurnal internal tides in the eddy

; = interior (Park and Watts, 2005; Nam and Park, 2008)
1307 138" 140°

. High primary production at periphery of anticyclonic eddy
A EKE distribution in the East Sea (Lee and (Lim et al, 2012)
Niiler, 2005) !

«  Low nitrate concentrations in the core of Ulleung Warm
Eddy (Rho et al., 2010)
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Previous studies about Eddy characteristics in the East Sea

3-5 months of lifetime, hardly moving 15-25 km of mean radius 35-35 km of mean radius
(Morimoto et al., 2000) (Prants et al., 2015) » (Takematsu et al., 1999)
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>  Ulleung Warm Eddies (UWE) [’ &[}\%a éﬁ.ﬁa : 9 months of life time,
v 75-85 km of mean radius, maximum ‘ e /) ~E3 .
depth to 310 m, northwestward along 0 > ; TS o southwestward with 1 cm/s speed
the Korean coast with 0.8 cm/s speed thg) ~ ‘ (Morimoto et al., 2000)
and northeastward near the SPF N o 2/ ) .................... ﬂ
(Shin et al., 2005) ’ < “fp =i Qlf_g B # . Eastward movement with 0.5-2.0
v Northward movement at northern Korea I i 1 cm/s speed during about a year
UB (Morimoto et al., 2000) . (Isoda, 1994)
v Eastward movement at southern UB R T3°E PP ——
with 1.8 em/s speed (Morimoto et al., > Dok Cold Eddies (DCE)
2000) v 60 km of mean radius, westward with 6-8 cm/s speed after
v Southeastward movement with 0.14 southwestward @ 1999-2001 (Mitchell et al., 2005)
cm/s speed (Lee and Niiler, 2010) v 99 days of lifetime, hardly moving (Lee and Niiler, 2010)
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¢ Limitation of previous studies

> Inconsistency among characteristics of same eddy groups from different
studies

» Limited to the specific regions or cases

> No report on the long-term mean characteristics of mesoscale eddies as a

whole

Objective ~N

> To quantify the long-term (25 years) characteristics and identify

groups of mesoscale eddies in the East Sea
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A Schematics on near-surface circulation
superimposed with bottom topography in the East
Sea (Park et al., 2013). Each markers denote the
CTD stations for four cruises.
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Detecting
( SSH based method (Chelton et al, 2011) \
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A Example for identified eddy (Ulleung Warm Eddy) from
SSH contour (1c¢m interval)
Tracking

> Maximum distances that the eddies can move

<43 km
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@ ( =2 The searching area
- \
Newly detected and
Connected same type eddy center
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Improvement

/ 1. Maximum size limits : Rhines scale

(Eden et al, 2007; Theiss, 2006)
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A Rhines scale at 01/Jan/2014
(5 X 5 grids horizontal smoothed)

2. Atleast, including 8 grids (minimum
eddy size)

3. More than 1cm amplitudes at the eddy
center

4. Lasting longer than 35 days
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¢ Definitions of eddy characteristics

1. Eddy Intensity (EI, m?/s*/km?)
* Eddy Kkinetic energy density inside the eddy

2. Eddy radius (R, km)
= Radius of the circle that has the same

area with the eddy.

3. Eddy amplitude (H, m)
= ADT difference between eddy center and

boundary

4. Eddy ellipticity (e)

0<e<1

AN %25

A Eddy ellipticity identification

Eddy lifetime (L, days)

* Days from generation to decay

Eddy Kinetic Energy (EKE, T] = 1012))

* EKE(J) = 3poy/u? + v'2, Sum of EKE inside the
eddy

Available Potential Energy (APE, T] = 1012 )

2,712
= APE()) = ;’p:}vz , Sum of APE inside the eddy

= Regression equation from 4 cruise observation
| APE(T]) = 168 x Amplitude(cm) |

Movement direction (d)

* The direction of decaying point relative to the

generation point

Movement distance (D, km)

= Distance between generation and decaying points



Methods (3/3): group categorization
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. Rotation direction

. Generation locations

1
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3. Activation locations
4

. movement directions
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37°N ' s At least, 10 eddy tracks have to

be included in each group
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A Total anticyclonic (red) and cyclonic (blue) eddy
generation points and tracks in 25 years.
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¢ Comparison between cruise observation and eddy detection results

> Sea Level Elevation (cm) - satelie )
imetr
Jun. 2015 Nov. 2015 Apr. 2016 May 2017 o
129.5 130 1305 131 1315 130 130.5 131 1315 130 1305 131 ]315 130 1305 131 1315 132 observation

20 | | |
0 | ht:f\\\\e s |
_20 - 1 1 [ SA | | 1 = SA
1 :--CTD : ‘ ,' ~=CTD

' I /:‘\L Eddy Core
T |- - - Eddy

\_ boundary /
> Temperature (°C) and Available Potential Energy (J/m3)

2500
—_ 2000
=
=z 1500
t =
Z
2 1000
e
500
500 v ‘ S ‘ - ‘ -
129.5 130 130.5 131 131.5 1%9.5 130 130.5 131 131.5 1295 130 1305 131 131.5 1395 130 1305 131 1315 132
Longitude(°N) Longitude(°N) Longitude(°N) Longitude(°N)
» Geostrophic velocity (m/s)
0 m/s
1.5
— 100 1
=
=
200 0.5
£
Z 0
5300
-0.5
P 400
-1
500 L] - 1 | ] 1 b i I 1 o { o 1
129.5 130 130.5 131 1315 129.5 130 130.5 131 1315 1295 130 1305 131 1315 1295 130 1305 131 1315 -1.5

Longitude(°N) Longitude(°N) Longitude(°N) Longitude(°N)



Results (2/5): mean characteristics

¢ Mean eddy characteristics
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Results (4/5): group characteristics (1)

¢ Anticyclonic eddy groups
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Results (5/5): group characteristics (2)
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Discussions (1/3)

1. Comparison with previous studies (movement characteristics)

> Ulleung Warm Eddy group

. Shin et al., Lee and Niiler,

Speed 0.9 cm/s 0.8 cm/s |_

Direction NE NW—NE

> Dok Cold Eddy group

This research Mitchell et al.,
Direction NE (SW—NE) 2005
1993. 01 ~ 1999.06 ~

2017. 06 1999.12

» OKi warm eddies group

T s rearen | tsoda 1999

Speed 0.6-2.2 cm/s 0.5-2.0 cm/s
Direction NE E



Discussions (2/3)

2. Comparison with global ocean mean
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> Mesoscale eddies in the East Sea : shorter life time, lower amplitude, smaller radius, and stronger

intensity than world ocean cases

> Movement characteristics of mesoscale eddies in the East Sea are quite different for that in world

ocean.



Summary and Future works
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> Why are the properties of eddy groups at southern part of the East Sea higher than the other groups?
> Why are their movement patterns different with global ocean mean?

> How do these eddy characteristics affect to transport biochemical tracers or energetics in the East Sea?
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