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=	Turbulent	Heat	Flux		
(+ve	out	of	the	ocean)	
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•  Correla<on	in	coupled	simula<ons	at	0.1o	resolu<on	
is	large	and	posi<ve	in	Eastern	and	Western	
Boundary	Current	regions	and	Southern	Ocean	ACC.	

•  Are	mesoscale	eddies	responsible	and	why?	

Low	Resolu/on	(1o)	 High	Resolu/on	(0.1o)	



What	resolu/on	is	needed	to	resolve	
baroclinic	mesoscale	eddies?	

•  0.1o	resolves	1st	baroclinic	mesoscale	eddies	up	to	midla<tudes.	
•  Higher	resolu<on	is	needed	at	high	la<tudes	and	coastal	regions.	

–  Shallow	long	con<nental	shelf	and	marginal	seas	noted,	e.g.	Argen<ne	
Con<nental	Shelf.	 Hallberg	2013	OM	



A	simple	stochas/c	EB	model	for	midla/tude	
air-sea	interac/on		
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 SSTtend Leads  SSTtend Lags 

 d) SSTtend−SHF 
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Barsugli	and	BaZs<	(1998);	Wu	et	al	(2006)		
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An	alterna/ve	model:	Oceanic-driven	
variability		
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 SSTtend Leads  SSTtend Lags 

 d) SSTtend−SHF 
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 d) SSTtend−SHF 
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Simultaneous	
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Ocean-
driven	

Atmos-
driven	

SST-SHF	Correla/on	

SST-SHF	Lagged	Covariance	(Ocean-Driven)	

•  0.25o	NOAA	OISST		
•  1o	OAFlux	Turbulent	heat	

fluxes	(latent+sensible)	
–  1985-present	
–  Remapped	to	0.25o	

NOAA	OISST	grid	
•  Monthly-averaged	data	
•  Anomalies	(mean	

climatology	removed)	
•  Removed	Niño	3.4	by	

linear	regression	

Analysis	Methodology	

Bishop	et	al.	(2017)	
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 d) SSTtend−SHF 
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Bishop	et	al.	(2017)	



Space-scale	dependence	in	WBCs	

•  WBC	loca<ons	transi<on	from	ocean-	to	atmos-driven	SST	
variability	
–  Symmetric	to	asymmetric	lagged	SST-SHF	correla<on	
–  Asymmetric	to	symmetric	lagged	SST	Tendency-SHF	correla<on.		
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Space-scale	dependence	in	WBCs	

•  WBC	loca<ons	transi<on	from	ocean-	to	atmos-driven	SST	
variability	
–  Symmetric	to	asymmetric	lagged	SST-SHF	correla<on	
–  Asymmetric	to	symmetric	lagged	SST	Tendency-SHF	correla<on.		
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Transi/on	Length	Scale	
OAFlux	
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Gulf Stream
Kuroshio Extension
Agulhas-	SST-SHF	Correla<on	

--	|d(SST)/dt-SHF	Correla<on|	

Small	et	al.	2018	(in	prep)	

Bishop	et	al.	2017	
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EPE	Dissipa/on	(EPD)	

•  OME-A	feedback	
dominates	eddy	
poten<al	energy	
destruc<on,	
which	dissipates	
more	than	70%	of	
the	EPE	extracted	
from	the	
Kuroshio	
Extension	Jet.		

Ma	et	al.	2016	Nature	
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SST	variance	is	high	in	coupled	models	
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<latexit sha1_base64="tMfoBdeZHBevKjMpSp37DlsatTU=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFXRbcuKxgH9CUMJlM2qHzCDMToYSs3fgrblwo4tYvcOffOG2DaOuBC2fOuZe590Qpo9p43pezsrq2vrFZ2apu7+zu7bsHhx0tM4VJG0smVS9CmjAqSNtQw0gvVQTxiJFuNL6e+t17ojSV4s5MUjLgaChoQjEyVgrdkyBRCOeBpkOOwpzLuCh+XjLSRRG6Na/uzQCXiV+SGijRCt3PIJY440QYzJDWfd9LzSBHylDMSFENMk1ShMdoSPqWCsSJHuSzUwp4ZpUYJlLZEgbO1N8TOeJaT3hkOzkyI73oTcX/vH5mkqtBTkWaGSLw/KMkY9BIOM0FxlQRbNjEEoQVtbtCPEI2G2PTq9oQ/MWTl0nnou57df+2UWs2yjgq4BicgnPgg0vQBDegBdoAgwfwBF7Aq/PoPDtvzvu8dcUpZ47AHzgf30j3m9s=</latexit><latexit sha1_base64="tMfoBdeZHBevKjMpSp37DlsatTU=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFXRbcuKxgH9CUMJlM2qHzCDMToYSs3fgrblwo4tYvcOffOG2DaOuBC2fOuZe590Qpo9p43pezsrq2vrFZ2apu7+zu7bsHhx0tM4VJG0smVS9CmjAqSNtQw0gvVQTxiJFuNL6e+t17ojSV4s5MUjLgaChoQjEyVgrdkyBRCOeBpkOOwpzLuCh+XjLSRRG6Na/uzQCXiV+SGijRCt3PIJY440QYzJDWfd9LzSBHylDMSFENMk1ShMdoSPqWCsSJHuSzUwp4ZpUYJlLZEgbO1N8TOeJaT3hkOzkyI73oTcX/vH5mkqtBTkWaGSLw/KMkY9BIOM0FxlQRbNjEEoQVtbtCPEI2G2PTq9oQ/MWTl0nnou57df+2UWs2yjgq4BicgnPgg0vQBDegBdoAgwfwBF7Aq/PoPDtvzvu8dcUpZ47AHzgf30j3m9s=</latexit><latexit sha1_base64="tMfoBdeZHBevKjMpSp37DlsatTU=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFXRbcuKxgH9CUMJlM2qHzCDMToYSs3fgrblwo4tYvcOffOG2DaOuBC2fOuZe590Qpo9p43pezsrq2vrFZ2apu7+zu7bsHhx0tM4VJG0smVS9CmjAqSNtQw0gvVQTxiJFuNL6e+t17ojSV4s5MUjLgaChoQjEyVgrdkyBRCOeBpkOOwpzLuCh+XjLSRRG6Na/uzQCXiV+SGijRCt3PIJY440QYzJDWfd9LzSBHylDMSFENMk1ShMdoSPqWCsSJHuSzUwp4ZpUYJlLZEgbO1N8TOeJaT3hkOzkyI73oTcX/vH5mkqtBTkWaGSLw/KMkY9BIOM0FxlQRbNjEEoQVtbtCPEI2G2PTq9oQ/MWTl0nnou57df+2UWs2yjgq4BicgnPgg0vQBDegBdoAgwfwBF7Aq/PoPDtvzvu8dcUpZ47AHzgf30j3m9s=</latexit><latexit sha1_base64="tMfoBdeZHBevKjMpSp37DlsatTU=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFXRbcuKxgH9CUMJlM2qHzCDMToYSs3fgrblwo4tYvcOffOG2DaOuBC2fOuZe590Qpo9p43pezsrq2vrFZ2apu7+zu7bsHhx0tM4VJG0smVS9CmjAqSNtQw0gvVQTxiJFuNL6e+t17ojSV4s5MUjLgaChoQjEyVgrdkyBRCOeBpkOOwpzLuCh+XjLSRRG6Na/uzQCXiV+SGijRCt3PIJY440QYzJDWfd9LzSBHylDMSFENMk1ShMdoSPqWCsSJHuSzUwp4ZpUYJlLZEgbO1N8TOeJaT3hkOzkyI73oTcX/vH5mkqtBTkWaGSLw/KMkY9BIOM0FxlQRbNjEEoQVtbtCPEI2G2PTq9oQ/MWTl0nnou57df+2UWs2yjgq4BicgnPgg0vQBDegBdoAgwfwBF7Aq/PoPDtvzvu8dcUpZ47AHzgf30j3m9s=</latexit>
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Lorenz	Energy	Diagram	

dPe

dt
= G(Pe) + C(Pm, Pe)� C(Pe,Ke)�D(Pe)

<latexit sha1_base64="9i9/cqLG01A2kQ8LgzN0IEfnB8M=">AAACJnicbVDLSgMxFM3UV62vUZdugkWoWMuMFHRTKFRQcFPBPqAtJZO504ZmHiQZoQz9Gjf+ihsXFRF3forptAutHgicc+693NzjRJxJZVmfRmZldW19I7uZ29re2d0z9w+aMowFhQYNeSjaDpHAWQANxRSHdiSA+A6HljOqzeqtRxCShcGDGkfQ88kgYB6jRGmrb1a6niA0cet9mCSumuAKvilocYrPcE0Tv4hTdZ4qKOK7ubpOm/pm3ipZKfBfYi9IHi1Q75vTrhvS2IdAUU6k7NhWpHoJEYpRDpNcN5YQEToiA+hoGhAfZC9Jz5zgE+242AuFfoHCqftzIiG+lGPf0Z0+UUO5XJuZ/9U6sfKuegkLolhBQOeLvJhjFeJZZthlAqjiY00IFUz/FdMh0bkpnWxOh2Avn/yXNC9KtlWy78v5ankRRxYdoWNUQDa6RFV0i+qogSh6Qi9oit6MZ+PVeDc+5q0ZYzFziH7B+PoG9QWgYQ==</latexit><latexit sha1_base64="9i9/cqLG01A2kQ8LgzN0IEfnB8M=">AAACJnicbVDLSgMxFM3UV62vUZdugkWoWMuMFHRTKFRQcFPBPqAtJZO504ZmHiQZoQz9Gjf+ihsXFRF3forptAutHgicc+693NzjRJxJZVmfRmZldW19I7uZ29re2d0z9w+aMowFhQYNeSjaDpHAWQANxRSHdiSA+A6HljOqzeqtRxCShcGDGkfQ88kgYB6jRGmrb1a6niA0cet9mCSumuAKvilocYrPcE0Tv4hTdZ4qKOK7ubpOm/pm3ipZKfBfYi9IHi1Q75vTrhvS2IdAUU6k7NhWpHoJEYpRDpNcN5YQEToiA+hoGhAfZC9Jz5zgE+242AuFfoHCqftzIiG+lGPf0Z0+UUO5XJuZ/9U6sfKuegkLolhBQOeLvJhjFeJZZthlAqjiY00IFUz/FdMh0bkpnWxOh2Avn/yXNC9KtlWy78v5ankRRxYdoWNUQDa6RFV0i+qogSh6Qi9oit6MZ+PVeDc+5q0ZYzFziH7B+PoG9QWgYQ==</latexit><latexit sha1_base64="9i9/cqLG01A2kQ8LgzN0IEfnB8M=">AAACJnicbVDLSgMxFM3UV62vUZdugkWoWMuMFHRTKFRQcFPBPqAtJZO504ZmHiQZoQz9Gjf+ihsXFRF3forptAutHgicc+693NzjRJxJZVmfRmZldW19I7uZ29re2d0z9w+aMowFhQYNeSjaDpHAWQANxRSHdiSA+A6HljOqzeqtRxCShcGDGkfQ88kgYB6jRGmrb1a6niA0cet9mCSumuAKvilocYrPcE0Tv4hTdZ4qKOK7ubpOm/pm3ipZKfBfYi9IHi1Q75vTrhvS2IdAUU6k7NhWpHoJEYpRDpNcN5YQEToiA+hoGhAfZC9Jz5zgE+242AuFfoHCqftzIiG+lGPf0Z0+UUO5XJuZ/9U6sfKuegkLolhBQOeLvJhjFeJZZthlAqjiY00IFUz/FdMh0bkpnWxOh2Avn/yXNC9KtlWy78v5ankRRxYdoWNUQDa6RFV0i+qogSh6Qi9oit6MZ+PVeDc+5q0ZYzFziH7B+PoG9QWgYQ==</latexit><latexit sha1_base64="9i9/cqLG01A2kQ8LgzN0IEfnB8M=">AAACJnicbVDLSgMxFM3UV62vUZdugkWoWMuMFHRTKFRQcFPBPqAtJZO504ZmHiQZoQz9Gjf+ihsXFRF3forptAutHgicc+693NzjRJxJZVmfRmZldW19I7uZ29re2d0z9w+aMowFhQYNeSjaDpHAWQANxRSHdiSA+A6HljOqzeqtRxCShcGDGkfQ88kgYB6jRGmrb1a6niA0cet9mCSumuAKvilocYrPcE0Tv4hTdZ4qKOK7ubpOm/pm3ipZKfBfYi9IHi1Q75vTrhvS2IdAUU6k7NhWpHoJEYpRDpNcN5YQEToiA+hoGhAfZC9Jz5zgE+242AuFfoHCqftzIiG+lGPf0Z0+UUO5XJuZ/9U6sfKuegkLolhBQOeLvJhjFeJZZthlAqjiY00IFUz/FdMh0bkpnWxOh2Avn/yXNC9KtlWy78v5ankRRxYdoWNUQDa6RFV0i+qogSh6Qi9oit6MZ+PVeDc+5q0ZYzFziH7B+PoG9QWgYQ==</latexit>

Eddy	Poten/al	Energy		Equa/on	

Pm
<latexit sha1_base64="1ojZPgJqUW8/JtCnY4RZ27XUaTA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30UO+pXrniV/05yCoJclKBHPVe+avbT1imuEYmqbWdwE8xnFCDgkk+LXUzy1PKRnTAO45qqrgNJ/NTp+TMKX0SJ8aVRjJXf09MqLJ2rCLXqSgO7bI3E//zOhnG1+FE6DRDrtliUZxJggmZ/U36wnCGcuwIZUa4WwkbUkMZunRKLoRg+eVV0ryoBn41uL+s1G7yOIpwAqdwDgFcQQ3uoA4NYDCAZ3iFN096L96797FoLXj5zDH8gff5AymwjbQ=</latexit><latexit sha1_base64="1ojZPgJqUW8/JtCnY4RZ27XUaTA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30UO+pXrniV/05yCoJclKBHPVe+avbT1imuEYmqbWdwE8xnFCDgkk+LXUzy1PKRnTAO45qqrgNJ/NTp+TMKX0SJ8aVRjJXf09MqLJ2rCLXqSgO7bI3E//zOhnG1+FE6DRDrtliUZxJggmZ/U36wnCGcuwIZUa4WwkbUkMZunRKLoRg+eVV0ryoBn41uL+s1G7yOIpwAqdwDgFcQQ3uoA4NYDCAZ3iFN096L96797FoLXj5zDH8gff5AymwjbQ=</latexit><latexit sha1_base64="1ojZPgJqUW8/JtCnY4RZ27XUaTA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30UO+pXrniV/05yCoJclKBHPVe+avbT1imuEYmqbWdwE8xnFCDgkk+LXUzy1PKRnTAO45qqrgNJ/NTp+TMKX0SJ8aVRjJXf09MqLJ2rCLXqSgO7bI3E//zOhnG1+FE6DRDrtliUZxJggmZ/U36wnCGcuwIZUa4WwkbUkMZunRKLoRg+eVV0ryoBn41uL+s1G7yOIpwAqdwDgFcQQ3uoA4NYDCAZ3iFN096L96797FoLXj5zDH8gff5AymwjbQ=</latexit><latexit sha1_base64="1ojZPgJqUW8/JtCnY4RZ27XUaTA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ30UO+pXrniV/05yCoJclKBHPVe+avbT1imuEYmqbWdwE8xnFCDgkk+LXUzy1PKRnTAO45qqrgNJ/NTp+TMKX0SJ8aVRjJXf09MqLJ2rCLXqSgO7bI3E//zOhnG1+FE6DRDrtliUZxJggmZ/U36wnCGcuwIZUa4WwkbUkMZunRKLoRg+eVV0ryoBn41uL+s1G7yOIpwAqdwDgFcQQ3uoA4NYDCAZ3iFN096L96797FoLXj5zDH8gff5AymwjbQ=</latexit>

Pe
<latexit sha1_base64="vmV4sbPpUihxjtey9B1JyGTQGt4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9NPrYd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AR2Qjaw=</latexit><latexit sha1_base64="vmV4sbPpUihxjtey9B1JyGTQGt4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9NPrYd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AR2Qjaw=</latexit><latexit sha1_base64="vmV4sbPpUihxjtey9B1JyGTQGt4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9NPrYd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AR2Qjaw=</latexit><latexit sha1_base64="vmV4sbPpUihxjtey9B1JyGTQGt4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9NPrYd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AR2Qjaw=</latexit>

Km
<latexit sha1_base64="GlSmSZqxC+oykK47SRqcyi73uXA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoI9hENCaQHGFvM5cs2d07dveEEPITbCwUsfUX2flv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPHk2SaYYNlohEtyJqUHCFDcutwFaqkcpIYDMaXk/95hNqwxP1YEcphpL2FY85o9ZJ97dd2S1X/Ko/A1kmQU4qkKPeLX91egnLJCrLBDWmHfipDcdUW84ETkqdzGBK2ZD2se2oohJNOJ6dOiEnTumRONGulCUz9ffEmEpjRjJynZLagVn0puJ/Xjuz8WU45irNLCo2XxRngtiETP8mPa6RWTFyhDLN3a2EDaimzLp0Si6EYPHlZfJ4Vg38anB3Xqld5XEU4QiO4RQCuIAa3EAdGsCgD8/wCm+e8F68d+9j3lrw8plD+APv8wciEo2v</latexit><latexit sha1_base64="GlSmSZqxC+oykK47SRqcyi73uXA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoI9hENCaQHGFvM5cs2d07dveEEPITbCwUsfUX2flv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPHk2SaYYNlohEtyJqUHCFDcutwFaqkcpIYDMaXk/95hNqwxP1YEcphpL2FY85o9ZJ97dd2S1X/Ko/A1kmQU4qkKPeLX91egnLJCrLBDWmHfipDcdUW84ETkqdzGBK2ZD2se2oohJNOJ6dOiEnTumRONGulCUz9ffEmEpjRjJynZLagVn0puJ/Xjuz8WU45irNLCo2XxRngtiETP8mPa6RWTFyhDLN3a2EDaimzLp0Si6EYPHlZfJ4Vg38anB3Xqld5XEU4QiO4RQCuIAa3EAdGsCgD8/wCm+e8F68d+9j3lrw8plD+APv8wciEo2v</latexit><latexit sha1_base64="GlSmSZqxC+oykK47SRqcyi73uXA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoI9hENCaQHGFvM5cs2d07dveEEPITbCwUsfUX2flv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPHk2SaYYNlohEtyJqUHCFDcutwFaqkcpIYDMaXk/95hNqwxP1YEcphpL2FY85o9ZJ97dd2S1X/Ko/A1kmQU4qkKPeLX91egnLJCrLBDWmHfipDcdUW84ETkqdzGBK2ZD2se2oohJNOJ6dOiEnTumRONGulCUz9ffEmEpjRjJynZLagVn0puJ/Xjuz8WU45irNLCo2XxRngtiETP8mPa6RWTFyhDLN3a2EDaimzLp0Si6EYPHlZfJ4Vg38anB3Xqld5XEU4QiO4RQCuIAa3EAdGsCgD8/wCm+e8F68d+9j3lrw8plD+APv8wciEo2v</latexit><latexit sha1_base64="GlSmSZqxC+oykK47SRqcyi73uXA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoI9hENCaQHGFvM5cs2d07dveEEPITbCwUsfUX2flv3CRXaOKDgcd7M8zMi1LBjfX9b6+wsrq2vlHcLG1t7+zulfcPHk2SaYYNlohEtyJqUHCFDcutwFaqkcpIYDMaXk/95hNqwxP1YEcphpL2FY85o9ZJ97dd2S1X/Ko/A1kmQU4qkKPeLX91egnLJCrLBDWmHfipDcdUW84ETkqdzGBK2ZD2se2oohJNOJ6dOiEnTumRONGulCUz9ffEmEpjRjJynZLagVn0puJ/Xjuz8WU45irNLCo2XxRngtiETP8mPa6RWTFyhDLN3a2EDaimzLp0Si6EYPHlZfJ4Vg38anB3Xqld5XEU4QiO4RQCuIAa3EAdGsCgD8/wCm+e8F68d+9j3lrw8plD+APv8wciEo2v</latexit>
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Adapted	from		
von	Storch	et	al.	2012	



EPE	Genera/on	
10-3	W	m-2	

106	W	m-1	

•  STORM/NCEP	simula/on:	
–  0.1o	horizontal	resoluJon.	
–  AKer	25	year	spinup	forced	with	NCEP-NCAR	6	hourly	reanalysis	from	1948-2010.	

•  The	Western	Boundary	Current	are	EPE	genera<on	regions.		
•  However,	their	defini<on	of	an	“eddy”	includes	a	mean	seasonal	cycle.	
•  Dynamically	mesoscale	eddies	form	from	shear-flow	instabili<es	that	do	not	have	intrinsic	

<me	scales	matching	seasonal	varia<ons.	
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Ocean	Lorenz	Energy	Diagram	

TW	=	1012	W	

ZJ	=	1021	J		Pm	

EJ	=	1018	J	

von	Storch	et	al.	2012	JPO	
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52%	

Conversion Terms


Energy Reservoirs




EPE	Genera/on	Data	Sets	
•  J-OFURO3	(Japanese	Ocean	Flux	Data	sets	with	Use	of	
Remote	Sensing	Observa/ons	version	3)	
– Monthly	from	2002-2013	
–  0.25	Degree	
–  SST,	NHF,	SWR,	LWR,	SHF,	LHF	
–  Sign	conven<on	nega/ve	heat	flux	is	out	of	the	ocean	

–  “Eddy”	terms	are	devia<ons	from	the	2002-2013	
climatological	mean	

•  MIMOC	(Monthly	Isopycnal	/	Mixed-layer	Ocean	
Climatology)	
–  Climatology	of	mixed	layer	depths	from	Argo	floats	
–  0.5	degree,	remapped	to	0.25	J-OFURO3	grid	
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Mixed	Layer	Eddy	Poten/al	Energy	
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Zonal	Integral	
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11%	of	von	Storch	full	
water	column	es/mate	



Thermal	EPE	Genera/on	
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3-Way	Decomposi/on	

Mean	 Seasonal	 Transient	
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T ⇤Q
o

s

<latexit sha1_base64="xau08WP2SxWb4KpbYG/64mT85SQ=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFNy5b6As60yGTpm1oJhmSjFCGATf+ihsXirj1J9z5N2baWWjrgcDhnHu4uSeMGVXacb6t0tr6xuZWebuys7u3f2AfHnWUSCQmbSyYkL0QKcIoJ21NNSO9WBIUhYx0w+ld7ncfiFRU8JaexcSP0JjTEcVIGymwTzxh7Dydtgaph5TOmkEqsmygArvq1Jw54CpxC1IFBRqB/eUNBU4iwjVmSKm+68TaT5HUFDOSVbxEkRjhKRqTvqEcRUT56fyGDJ4bZQhHQprHNZyrvxMpipSaRaGZjJCeqGUvF//z+oke3fgp5XGiCceLRaOEQS1gXggcUkmwZjNDEJbU/BXiCZIIa1NbxZTgLp+8SjqXNdepuc2rav22qKMMTsEZuAAuuAZ1cA8aoA0weATP4BW8WU/Wi/VufSxGS1aROQZ/YH3+AF77mJ0=</latexit><latexit sha1_base64="xau08WP2SxWb4KpbYG/64mT85SQ=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFNy5b6As60yGTpm1oJhmSjFCGATf+ihsXirj1J9z5N2baWWjrgcDhnHu4uSeMGVXacb6t0tr6xuZWebuys7u3f2AfHnWUSCQmbSyYkL0QKcIoJ21NNSO9WBIUhYx0w+ld7ncfiFRU8JaexcSP0JjTEcVIGymwTzxh7Dydtgaph5TOmkEqsmygArvq1Jw54CpxC1IFBRqB/eUNBU4iwjVmSKm+68TaT5HUFDOSVbxEkRjhKRqTvqEcRUT56fyGDJ4bZQhHQprHNZyrvxMpipSaRaGZjJCeqGUvF//z+oke3fgp5XGiCceLRaOEQS1gXggcUkmwZjNDEJbU/BXiCZIIa1NbxZTgLp+8SjqXNdepuc2rav22qKMMTsEZuAAuuAZ1cA8aoA0weATP4BW8WU/Wi/VufSxGS1aROQZ/YH3+AF77mJ0=</latexit><latexit sha1_base64="xau08WP2SxWb4KpbYG/64mT85SQ=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFNy5b6As60yGTpm1oJhmSjFCGATf+ihsXirj1J9z5N2baWWjrgcDhnHu4uSeMGVXacb6t0tr6xuZWebuys7u3f2AfHnWUSCQmbSyYkL0QKcIoJ21NNSO9WBIUhYx0w+ld7ncfiFRU8JaexcSP0JjTEcVIGymwTzxh7Dydtgaph5TOmkEqsmygArvq1Jw54CpxC1IFBRqB/eUNBU4iwjVmSKm+68TaT5HUFDOSVbxEkRjhKRqTvqEcRUT56fyGDJ4bZQhHQprHNZyrvxMpipSaRaGZjJCeqGUvF//z+oke3fgp5XGiCceLRaOEQS1gXggcUkmwZjNDEJbU/BXiCZIIa1NbxZTgLp+8SjqXNdepuc2rav22qKMMTsEZuAAuuAZ1cA8aoA0weATP4BW8WU/Wi/VufSxGS1aROQZ/YH3+AF77mJ0=</latexit><latexit sha1_base64="xau08WP2SxWb4KpbYG/64mT85SQ=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQZdFNy5b6As60yGTpm1oJhmSjFCGATf+ihsXirj1J9z5N2baWWjrgcDhnHu4uSeMGVXacb6t0tr6xuZWebuys7u3f2AfHnWUSCQmbSyYkL0QKcIoJ21NNSO9WBIUhYx0w+ld7ncfiFRU8JaexcSP0JjTEcVIGymwTzxh7Dydtgaph5TOmkEqsmygArvq1Jw54CpxC1IFBRqB/eUNBU4iwjVmSKm+68TaT5HUFDOSVbxEkRjhKRqTvqEcRUT56fyGDJ4bZQhHQprHNZyrvxMpipSaRaGZjJCeqGUvF//z+oke3fgp5XGiCceLRaOEQS1gXggcUkmwZjNDEJbU/BXiCZIIa1NbxZTgLp+8SjqXNdepuc2rav22qKMMTsEZuAAuuAZ1cA8aoA0weATP4BW8WU/Wi/VufSxGS1aROQZ/YH3+AF77mJ0=</latexit>
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Conclusions	
	
1.  Boundary	Current	regions	exhibit	air-sea	feedbacks	that	

show	ocean	internal	processes	(mesoscale	eddies)	drive	SST	
variability.		

2.  Air-sea	feedbacks	diminish	with	spa<al	scale	and	are	absent	
by	1-7	degrees	(~100-1000	km)	depending	on	geographic	
loca<on.	

3.  SST	variability	in	J-OFURO3	accounts	for	~0.73	EJ	(11%	of	
global	von	Storch	et	al.	2012)	EPE	in	the	oceanic	mixed	layer.	

4.  Impacts	of	air-sea	interac<on	in	the	WBCs	and	ACC	act	to	
dampen	EPE	available	to	be	converted	to	EKE,	which	is	not	
represented	in	low-resolu<on	coupled	climate	models.	-0.1	
TW	[14%	of	von	Storch	et	al.	2012	G(P_e)]	of	energy	damped	
by	mesoscale	eddies.	

	


