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Important Element in Climate System
Meridional Overturning Circulation (MOC)

(Rahmstorf 2006)
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• Q1: Are  mid-depth (~1000 m) ocean circulations 
steady?

• Q2: If not what  mechanisms cause  the change?  

A: Rossby wave propagation
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October-November 2004  ARGO 
(a) float tracks, and (b) float positions  

where temperature profiles were measured.



Circulations at 1000 m estimated from the original 
ARGO float tracks (bin method)

April 2004 – April 2005
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OSD
Spectral Representation

Spatial  Variability is represented 
by the basis functions
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Basis Functions  of Laplace Operator
(Open Boundaries)
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Temporal Decomposition
Annual + Semiannual



Temporal Decomposition
Annual + Semiannual
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Two wave-like signals in Annual currents 

(a)May-Jun 04 (b) Jul–Aug 04 
(c) Sep–Oct 04 (d) Nov–Dec 04 
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Kinematic characteristics of the 
annual Rossby wave  propagating 

in the eastern sub-basin 
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Zonal cross-sections of the annual 
component of the temperature anomaly (oC)

6oN in Jun 04 

11oN in Oct, 04 

16oN in Oct 04
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Baroclinic Modes
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Annual Component in the Western 
Sub-Basin

Mean wind KE

Mean KE for mid-depth 
currents

Correlation between
Winds and currents

Correlation between wind
Stress curl and streamfunction
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Annual Component in the Eastern 
Sub-Basin
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Semi-annual monthly temperature 
anomaly at 950m depth 

(a)Jun 04 
(b) Aug 04
(c) Oct 04
(d) Dec 04.
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Semiannual Component in the 
Western Sub-Basin

(a) wind KE
(b) current  KE 
(c) corr wind 

stress and currents
(d) corr between 
semi-annual currents 
and  mean wind 
(e) corr between 
semiannual currents 
and annual wind stress. 



Semiannual Component in the 
Eastern Sub-Basin

(a) wind KE
(b) current  KE 
(c) corr wind 

stress and currents
(d) corr between 
semi-annual currents 
and  mean wind 
(e) corr between 
semiannual currents 
and annual wind stress. 
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Conclusions

• (1) OSD has capability to process ARGO 
data    

• (2) The annual and semi-annual unstable 
standing Rossby waves are detected in 
both the western and eastern sub-basins. 

• (3) The wind-driven Ekman pumping 
seems to be responsible for the standing 
wave generation in both the sub-basins. 


