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Mesoscale Eddies in the ocean
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Warm-core Rings (warm anticyclonic 
Gulf Stream warm-core rings1

2Ridgway & Hill (2009)
1http://pages.jh.edu/~dwaugh1/gallery_ocean.html

East Australian  
Current eddies2

Kuroshio warm-core rings

Warm (and saline) 
 core water



Cold-core Rings  
around subtropical western boundary currents

http://marine.coastal.edu/gulfstream/

Warm and cold 
Gulf stream rings
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 Question  

  What happens after the northward propagation?

Information was limited for disappearance processes of the 
Kuroshio warm-core rings within the subarctic gyre

Purpose

To examine the fate of the 
aged rings in the subarctic gyre

Broken into small patches?
Cooled down by 
the atmosphere? Mixed up with subarctic water ?



Profiling Float Observations

Three profiling floats into a WCR off Hokkaido


• The main float was deployed aboard R/V Hakuho maru


• Parking at 500/1000 m, profiling temperature and salinity 
and transmitting the data every 5 days

Configuration Deployment
Diving

R/V Hakuho maru



Satellite Images
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Transect before 
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Transect during 
Mar 2010
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Hokkaido (Fig. 1a), where SSH was slightly elevated. In
March, the area of SSH [30 cm had extended northwest-

wards, and the cold water was continuously observed from
the coastal area of Hokkaido close to the center of the ring

(Fig. 6b, d): potential temperature was mainly below

2.5 !C north of 41!300N at both 26.6–26.7 (1.2–1.7 !C) and
26.7–26.8 (1.6–2.0 !C) rh. Prominent southeastward flows

north of 41!150N suggest that the cold water that was

distributed along the coast of Hokkaido in February
intruded into the ring in March.

In the southeastern part of the ring, around 40!150–

41!000N, water warmer than 5 !C was observed at
26.6–26.7 rh (Fig. 6b), as is also seen in the cross-

section in Fig. 5. Horizontal velocity essentially fol-

lowed the azimuthal direction, and intrusion or extru-
sion was not observed. However, the potential

temperature distribution within the southwestern part

was more complex and patchy than that to the northeast.
Four CTD datasets from WK1003 (circles over 40!150–

41!000N in Fig. 6b) show spatial heterogeneity, while

the difference in potential temperature near the center
observed during WK1003 (1500 hours on 6 March, a

circle at 40!N), and by float B (0833 hours on 7 March,

a square near 40!N), indicate rapid fluctuations in water
distribution in this area.

Waters of low Q values, typically \15 9 10-11 m-1-

s-1, were observed in the coastal area of Hokkaido, within
Ring K09, and along the path connecting these two areas

(Fig. 7). These areas essentially correspond to those with
relatively high SSH values, except for data from the

26.6–26.7 rh level around the southern periphery of Ring
K09 (Fig. 7b). The lowest Q values were calculated near

the center of the ring (Fig. 7b). In the low potential tem-

perature range of \2.5 !C, Q generally decreased with
decreasing potential temperature at both 26.6–26.7 rh

(Fig. 7a, b; r = 0.57, p \ 0.01) and 26.7–26.8 rh (Fig. 7c,

d; r = 0.75, p \ 0.01).

3.4 Ring structure and fate after the cold-water event

After the cold-water event, the warm core was observed

as a small upper core in the potential density range of

26.6–26.7 rh along the transect during KS1003 cruise in
May 2010 (Fig. 8). The potential temperature of the

warm core that had not been out-cropped since March

2010 decreased by approximately 0.5 !C from March
2010, which suggests the mixing with the ambient cold

water. The waters below (ca. 250–500 dbar around

41!430–42!N) and adjacent to (ca. 100–350 dbar around
42!140–42!300N) the warm core were replaced by cold

(1.0–2.5 !C) fresh (33.2–33.7 psu) water. However, the

layers at 26.7–26.9 rh below the warm core, and
26.6–26.8 rh beside the warm core, were relatively

thick (low potential vorticity) and contributed to the

depression of the isopycnal surfaces, typically below
26.8 rh, and resulted in elevation of the dynamic height
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Fig. 6 Distributions of mean
potential temperature on
isopycnal surfaces. Data were
obtained either during 11–13
February 2010 (a, c) or 4–7
March 2010 (b, d), and are
averaged over either 26.6–26.7
rh (a, b) or 26.7–26.8 rh (c, d).
Data from shipboard
observations and float B are
shown with colored circles and
a square (only one profile was
available from 7 March),
respectively. In (b) and (d),
horizontal velocity vectors
obtained from shipboard ADCP
are drawn with magenta arrows.
Background gray contours are
SSH with same line type as
Fig. 1
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Regeneration from warm to cold

Warm-
core ring

Encounter 
cold water Cold-core ring (with 

 a small warm-core )

Regeneration 
(modification)



cold, fresh and Low-pv water  
Why the warm anticyclone could 
become an anticyclone even 
after the cold water intrusion?

Maybe because the cold water 
had low potential vorticity

Like partial merger of 
like-signed vortices !
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Epilogue:  

40°N

42°N

44°N

46°N

40°N

42°N

44°N

46°N

142 144 146 148 150°E 142 144 146 148 150°E 142 144 146 148 150°E

–5 0°C +5

Color: SSTA 
Contour: SSHAFloat position

Sep 2010 Dec 2010 Feb 2011

Apr 2011 Jun 2011 Jul 2011



Fate of the ring and Implications for  

1. propagate northward, 

2. become a cold anticyclone, 

3. propagate southward,  
    and then, 

4. merge to newly generated 
    warm anticyclone (s)

A possible cycle of anticyclones in  
the Kuroshio-Oyashio transition area

Subtropical 
water

Subarctic  
water (not frozen)

Effective water exchange via 
meridional propagation and 
regenerations of anticyclones


