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ARGO Float Coverage (Aug-Dec 2004)
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Circulation velocities (thin arrows) at 1000 m estimated 
from the original ARGO float tracks (bin method)
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Most Popular Method for Ocean Data Analysis

Optimum Interpolation (OI)



OI Method Requires: 

• (1) First guess field

• (2) Known autocorrelation functions



Ocean velocity data

• (1)  First guess field (?)

• (2)  Unknown autocorrelation function



Two Ways Out 

• (1) Using numerical model to calculate the 
first guess field and autocorrelation 
function (Davis, 2002, 2004)

• (2) Using the OSD method 



OSD
Spectral Representation

Spatial  Variability is represented 
by the basis functions
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Two approaches to obtain basis 
functions

• EOFs

• Eigenfunctions of Laplace Operator   
• (closed lateral boundary)



Basis Functions  of Laplace Operator
(Open Boundaries)



Spectral Decomposition



Optimal Mode Truncation 



Vapnik (1983) Cost Function



Optimal Truncation 

• ARGO Data (Mid-Depth North Atlantic)

Kopt = 38, Mopt = 24



Determination of Spectral Coefficients (Ill-
Posed Algebraic Equation)



Rotation Method for Solving Ill-Posed 
Algebraic Equation  (Chu et al., 2004)



Temperature
Feb 04 (Mode-1) Dec04 (Mode-2)
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Streamfunction (103 m2/s)
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Bi-Modality Structure

• Mode-1:  Advection pathways to cross the 
mid-Atlantic Ridge

• Mode-2: No advection pathways

• Reid (1994) identified Mode-2  as the  mid-
depth north Atlantic Circulation pattern.  



Conclusions

• OSD is a useful tool for processing real-time 
velocity data with short duration and  limited-
area sampling especially the ARGO data.

• The scheme can handle highly noisy data.

• The scheme is model independent.

• The scheme can be used for velocity data 
assimilation.


