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Mesoscale Eddy in the 
 Kuroshio and its Extension 

 



Air-sea Heat Flux 

CO2 Sink 

Mass and Heat transport 

Western Boundary Current (WBC)-Key Region for 
the ocean and climate 

Hot Spot under Global Warming 



Outline 

•  Eddy-Air	Interac/on	

•  Eddy	in	the	mode	water	forma/on 



Kuroshio and its Extension (KE)-Rich Eddy Activities 



High resolution models are needed for simulating eddies 
But eddies are too energetic in high resolution models 

(Yu,2012) 

		2005	SLA 	2007	SLA 

LICOM,	1/10° 
ROMS AVISO 

ROMS,1/12°,1992	-	2011 

AVISO ROMS 

(Charine,2014) 



Vallis 2006 

How could we kill eddies in the Kuroshio and its Extension? 
What’s the impact on the ocean and climate? 

Forward and inverce cascade?  



High Resolution Regional Coupled Model 



Atmosphere Force Ocean: Large and Quick  
Ocean Force Atmosphere: Small and Slow 

 Ma et al., 2015, Sci. Rep 



Eddy is strongly dissipated by eddy-air interaction 
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With eddy-air interaction Without eddy-air interaction 



1 degree SST anomaly causes about 50W/m2 
heat flux anomaly 



Observation in 2014 

2015:	2	moorings,	2	Gliders,	40	sta/ons	
Next	5	Years:	5-10	moorings,	4	Gliders,	20-40	CPIES	

KEO New
M1 

CKEO 
JKEO 

KE	Monitoring	System	

Observation in 2015 &2016 



Eddy	observa?ons	in	April	2016 



GPS	Sounding 

T/S	 

X-float 

CTD/MSS X-FLOAT GPS Sounding 



SST AVHRR          12.6 
SST	WOA13									11.5	
 
1degree increase = 47 W/m^2	
Compared	with	OAflux 

OAflux 
HF=109.55;LHF=86.195;SHF=23.355 
X-Float	
HF=161.3;LHF=116.83;SHF=45.48 
 
HF	is	increased	by 47% 

Observation shows similar results with model and reanalysis 





OMEA Interaction Mechanism 
Winds	AloK	 Winds	AloK	

Enhanced	
Mixing	 Reduced	

Mixing	

(Modified after 
Frenger et al., 2013) 



These eddy-air interac2on is confirmed by observa2on 
and reanalysis data 



Eddy dissipation and its impact on air-sea interaction 

About ¾ eddy potential energy is dissipated  
by eddy-air interaction in the north of KE 

Eddies control the local heat flux,  
wind speed and weather system 



Enhanced Eddy-induced 
Ocean-to-Atmosphere 
Turbulent Heat 
Transfers in the Global 
Western Boundary Current 
Regio.  
Yanan Zhu (poster) 

Meridional Shift of the 
Oyashio Extension Front            
in the Past 35 Years.  
Baolan Wu (poster) 
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•  Eddy-Air	Interac/on	

•  Eddy	in	the	mode	water	forma/on 



Xu et al., 2014, JGR 

Eddy could affect mode water in KE 

Liu and Hu 2007, GRL 

Mode Water Path Way Subduction Rate  

With Eddy No Eddy 



Eddy	transport	is	comparable	with	wind	driven	
circula?on	and	disappears	at	mid-la?tude	WBCs	

Zhang,	Wang	and	Qiu,	2014,	Science	



ARGO 

Shading: SLA 

Sample every day，2m vertical resolution 
Parking depth: 500 m 



In the south of KE, eddy help to transfer the low potential vorticity water 
into the thermocline and advect westward 

Xu et al. 2016 

Mar to Apr 



Thank You! 

Comments and Suggestions 


