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1.2 Introduction 
 Objectives 

¾ To investigate OHC fluctuations and 

the contribution of interannual 

chaotic variability in basin scales 

[Sérazin et al.,2017] 

1-20 yr ocean heat content interannul variability  
 (Green : chaotic>forced) 

Ocean heat content (OHC) : 𝑂𝐻𝐶 = 𝜌𝐶𝑝 𝑇 𝑥, 𝑦, 𝑧 𝑑𝑥𝑑𝑦𝑑𝑧
𝝶

−𝐷
 

Contribu2ons	of	
forced	and	chao2c	variabili2es		
on	the	oceanic	heat	budget		
at	the	scale	of	these	basins	?	
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2.1 Methodology 
 

 
 

 
 

The OCCIPUT project: Forced and chaotic variability 

𝑇𝑜𝑡𝑎𝑙 = 𝐹𝑜𝑟𝑐𝑒𝑑 + 𝐶ℎ𝑎𝑜𝑡𝑖𝑐 

 50-member 
ensemble mean 

 ∀ 𝑚𝑒𝑚𝑏𝑒𝑟 𝑖 ∶  

Atmosphere 
forcing set 

DFS5.2 

𝑓𝑖 𝑡  =  < 𝑓 𝑡 >  + 𝑓′
𝑖(t) 

 

Forced standard deviation 𝝈𝑭: 

Chaotic standard deviation 𝜎𝐼 : 

Temporal std(< 𝑓 𝑡 >) 

Temporal mean 
(Ensemble  std ( 𝑓′

𝑖 (t))) 

56-year,	1/4°,	50-member	ensemble	
simula2on	of	the	global	ocean	

DFS5.2	realisOc	
forcing,	1960-2015.	
Same	on	the	50	

members	

1960	 2015	
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2.1 Methodology 
 

 
 

 
 

The OCCIPUT project: Forced and chaotic variability 

Forced standard deviation 𝝈𝑭: 

Chaotic standard deviation 𝜎𝐼 : 
𝜎𝑇 = 𝜎2

𝐹 +𝜎2
𝐼  

The magnitude of total variability: 

𝑹𝒂𝒕𝒊𝒐 𝑹 =
𝝈𝑰
𝝈𝑻

𝑿𝟏𝟎𝟎% 

Temporal std(< 𝑓 𝑡 >) 

Temporal mean 
(Ensemble  std ( 𝑓′

𝑖 (t))) 

1960	 1980	 2015	

36	years	
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2.3 Methodology 
 

𝑂𝐻𝐶 = 𝜌𝐶𝑝 𝑇 𝑥, 𝑦, 𝑧 𝑑𝑥𝑑𝑦𝑑𝑧
𝝶

−𝐷
 

Ocean heat tendency ∂tOHC  

𝐶𝑜𝑛𝑣 = ℎ𝑤 − ℎ𝑒 + ℎ𝑠 − ℎ𝑛 

𝜕𝑡𝑂𝐻𝐶             =          𝐶𝑜𝑛𝑣         +            𝑄𝑛𝑒𝑡                      +                   𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 

𝑉𝑎𝑟(𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙)
𝑉𝑎𝑟(𝜕𝑡𝑂𝐻𝐶)  < 10% 

 Advective heat transport 
convergence 

Air-sea 
heat fluxes 

Discretization error 
+ 

Diffusive heat transport 
convergence  
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2.3 Methodology 
 

𝜕𝑡𝑂𝐻𝐶  =  𝐶𝑜𝑛𝑣 +  𝑄𝑛𝑒𝑡 𝑇𝑜𝑡𝑎𝑙 = 𝐹𝑜𝑟𝑐𝑒𝑑 + 𝐶ℎ𝑎𝑜𝑡𝑖𝑐 

Time scales 

Subannual: HF < 1.5 years 

Interannual :1.5 < LF <  10 years 

Decadal: VLF >10 years 

Lanczos Filter 
 related to the Climate  

A 36-year monthly time series: 

Climate	relevant	
Lanczos	filter	
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3.1 Global ocean overview 

The ocean recieves the 
heat from the atmophere  
in tropical regions.  

 The global map of air-sea heat fluxes and advective heat transport 

 on PW (= 𝟏𝟎𝟏𝟓 𝑾) 

• The advective heat 
transports northward in the 
Altantic and the Pacific 

• Inversely in Indian Ocean 

	
Mean	air-sea	heat	fluxes	
2.1	PW	:	atmosphere	à	low-laOtude	ocean	
2.1	PW	:	mid/high-lat	ocean	à	atmosphere	
	
	
Mean	advec2ve	heat	transports	
Northward	in	the	AtlanOc	and	Pacific	
Southward	in	the	Indian	
Eastward	in	the	Southern	Ocean	

Time-	and	Ensemble-mean	air-sea	heat	fluxes	and	advec2ve	heat	transports	
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3.1 Global ocean overview 

 The Southern Ocean is 
chaotic 

Advective heat transport variability : chaotic contribution 

𝑹𝒂𝒕𝒊𝒐 𝑹 =
𝝈𝑰
𝝈𝑻

𝑿𝟏𝟎𝟎% 

 At High Frequency: 
 < 1.5 years 

Largest	chaoOc	contribuOon	
to	the	heat	transport	variability	

in	the	Southern	Ocean	

Advec2ve	heat	transport	variability:	chao2c	contribu2on	
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3.1 Global ocean overview 

 The Southern Ocean is 
chaotic 

 Advective heat transport variability : chaotic contribution 

 At Low Frequency:  
1.5 years<LF <10 years 

 

𝑹𝒂𝒕𝒊𝒐 𝑹 =
𝝈𝑰
𝝈𝑻

𝑿𝟏𝟎𝟎% 

Largest	chaoOc	contribuOon	
to	the	heat	transport	variability	

in	the	Southern	Ocean	

Advec2ve	heat	transport	variability:	chao2c	contribu2on	
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3.1 Global ocean overview 

 The chaotic and forced variability 
are both important in South 

Atlantic  

 Advective heat transport variability : chaotic contribution 

 At Very Low Frequency:  
>10 years 

𝑹𝒂𝒕𝒊𝒐 𝑹 =
𝝈𝑰
𝝈𝑻

𝑿𝟏𝟎𝟎% 

Largest	chaoOc	contribuOon	
to	the	heat	transport	variability	

in	the	Southern	Ocean	
(AtlanOc	sector)	

Advec2ve	heat	transport	variability:	chao2c	contribu2on	
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3.1 Global ocean overview 

The  chaotic ∂tOHC is signifiant in 
the South Atlantic and the South  
Indian  

 Ocean heat tendency ∂tOHC variability : chaotic contribution  

𝑹𝒂𝒕𝒊𝒐 𝑹 =
𝝈𝑰
𝝈𝑻

𝑿𝟏𝟎𝟎% 

Largest	chaoOc	contribuOon	
to	the	heat	transport	variability	

in	the	Southern	Ocean	
(AtlanOc	&	Indian	sectors)	

Ocean	Heat	Content	variability:	chao2c	contribu2on	
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3.2  The South Atlantic 
 

Periods（year） Periods（year） Periods（year） 

∂tOHC variability is 
mostly forced 

Conv variability is 
mostly intrinsic 
(except 3-6 yr) 

Qnet variability is 
highly forced 

𝝏𝒕𝑶𝑯𝑪 = 𝑪𝒐𝒏𝒗 + 𝑸𝒏𝒆𝒕 Power spectra density  

HF LF VLF 

𝑻𝒐𝒕𝒂𝒍 = 𝑭𝒐𝒓𝒄𝒆𝒅 + 𝑪𝒉𝒂𝒐𝒕𝒊𝒄 

(but	50%	only	at	
decadal	scale)	
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3.2  The South Atlantic 
 
 

𝑪𝒐𝒏𝒗 = 𝒉𝒘− 𝒉𝒆 − 𝒉𝒏 

Power spectra density  

HF LF VLF 

𝑻𝒐𝒕𝒂𝒍 = 𝑭𝒐𝒓𝒄𝒆𝒅 + 𝑪𝒉𝒂𝒐𝒕𝒊𝒄 
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3.2  The South Atlantic 
 
 

Power spectra density  

3-6 yr band-pass 
filter 

Forced heat transport variability across Drake Passage 
 

4-year  
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3.3 Forced Antarctic Circumpolar Wave  

 
 

 
 

1 

Model 
OHC 55°-60°S 
 

  180°W          70°W       30°E 

20°E             147°E                   70°W         20°E  

34°S 

75°S 

Drake Passage(70°W) 
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3.3 Forced Antarctic Circumpolar Wave  

 
 

 
 

1 

Model 
OHC 55°-60°S 
 

  180°W          70°W       30°E   180°W          70°W       30°E 

SST 

20°E             147°E                   70°W         20°E  

34°S 

75°S 
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3.3 Forced Antarctic Circumpolar Wave  

1 

Model 
OHC 55°-60°S 
 

  180°W          70°W       30°E 

SST 

30°E        120°E        150°W       60°W       30°E 

Observation 
SST anomalies at 56°S [White et al.1996]  

Property: 

¾ Wavenumber :  2-3  
 

¾ Period :4-5 yr 
 

¾ Propagates eastward 
with the Antarctic 
Circumpolar 
Current(ACC)  
 

¾ Average speed 6-8 
cm/s,  8-10 years to 
encircle the Southern 
Ocean 
 

¾ Connection with El 
Niño–Southern 
Oscillation 

  180°W          70°W       30°E 

34°S 

75°S 
20°E             147°E                   70°W         20°E  
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3.3 Forced Antarctic Circumpolar Wave  

Eastward Northward 

Drake Passage leads 34°S of the South Atlantic 

South of Africa leads 34°S of the South Indian 

 SI 

 SP 

 SA 

3-6 yr band-passed forced heat transport variability  

34°S 75°S 

❶ ❷ ❸ 
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4.  Conclusion 

 
 

 
 

1 

3 

2 

Chaotic intrinsic variability has a significant impact on the ocean heat budget at  

 - basin scale 

 - interannual to decadal periods 

Climate simulations may behave differently with high resolution ocean 

models. 

Chaotic intrinsic variability is particularly strong in eddy-active regions  

 - Southern Ocean   

 - South Atlantic 

Forced variability is important as well 

 - Observed 4-year ACW well simulated in the model 

 - Largest OHC fluctuation in the South Atlantic 

4 

Chao2c	intrinsic	variability	has	a	large	imprint	on	the	ocean’s	heat	budget	at	
	-	the	scale	of	whole	basins	
	-	up	to	decadal	2me	scales		

Low-freq.	Chao2c	intrinsic	variability	is	strongest	in	eddy-acOve	regions	
	-	Southern	Ocean	
	-	Atlan2c	sector	

Low-freq.	forced	variability	is	important	as	well	
	-	Largest	impact	in	the	Atlan2c	sector	
	-	Observed	Antarc2c	Circumpolar	Wave	well	simulated	(T~4	years)	

OHC	has	a	large	influence	on	the	atmosphere		
	-	Impact	of	this	low-freq.	Chao2c	intrinsic	variability	on		the	O/A	coupled	system?	
	 	 	 	 	 	 	 	 	 	 				other	climate	components?	


