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Observations 

• Submesoscale resolving survey of a 200 km 
diameter anticyclone in Jan. 14-16, 2014 on  R/V 
Dongfanghong 2 

 

• ADCP (every 250 m or less 

•  CTD (every 300 m) 

• Microstructure MSS90 profiler  

• Expendable Bathythermographs (XBT) (every 2 
km) 



Zhong, Bracco et al, Scientific Reports, 2017 

Observed fields 



Modeling 

• ROMS-Agrif at three different horizontal 
resolutions, 10 km, 5 km (all SCS) and 1 km 
(nested over 113°E–122°E, 17°N–25°N). split third-order 
upwind scheme, harmonic viscosity, linear bottom drag and KPP 

 

• 20 yrs spin-up 

•  6-hourly QSCAT/NCEP blended satellite wind 
and 6-hourly NCEP heat and fresh water fluxes 
2000-2008 

• Comparable eddy to that observed forms in in 
January 2001 



Simulated fields: 1km horizontal resolution 



Simulated fields: 10km horizontal resolution run 
 max for next high res. climate models 



Standard deviation: modeled vs observed 

Zhong et al, Scientific Reports, 2017 



Zhong et al, Scientific Reports, 2017 

1 km horizontal  
resolution case 



  vertical eddy transport 

1 km 

5 km 

10 km 



absolute vert. dispersion 

vertical eddy transport quantified 



Probability density function of  
total vertical displacement for 
particles released at 5 m  
 
 
 
and 50 m  
 
after 1, 5, 10 days  
 
 
 
 
and PDF of the total vertical  
distance covered  by the particles 
released at 5 m.  



Conclusions/Implications 

• First observations of strong ageostrophic 
motions in eddies (here extending to ~ upper 300 m) 
 

• Observed flow from ADCP has patches with local 
Rossby number >1 and elevated strain and 
horizontal velocity divergence . Consistent with 
the 1 km hor. res. run 
 

• 1 km may not be sufficient (the horizontal velocity 
divergence’ variance remains slightly 
underestimated), but good compromise between 
including submesoscale dynamics and avoiding 
spurious overestimations of vertical velocity due 
to hydrostatic approx. 
 

• In the eddy and its periphery strong ageostrophic 
fronts unstable to symmetric instability 
 



Conclusions/Implications 
 

• The ageostrophic vertical velocities enhance 
vertical transport at the outer edge of the eddy, 
and inside the eddy 
 

• In winter Vertical transport is three to five times 
greater in the submesoscale permitting 1 km case 
after 1month, and by over an order of magnitude 
greater over ~1-10 days -> strong impact for 
planktonic systems 
 

• Eddy properties are generic (Loop Eddies in the 
Gulf of Mexico behaves identically) 

 
• Potentially large implications for global 

estimates of the eddy-driven vertical pump of 
biophysical and chemical tracers 
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