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ROKF Equations

INTRODUCTION

Over the past number of years great strides have been made in the field of ocean data 
assimilation.  New data types such as those provided by the extended altimetry missions 
(eg. TOPEX/Poseidon and Jason 1) now provide ocean modelers with enough high-
quality data to allow data assimilation on basin-wide scales.  In the current study, a 
Reduced Order Kalman Filter (ROKF) approach is used to assimilate various data types 
into a general circulation model of the tropical Pacific Ocean. The ocean model is a high-
resolution, reduced gravity, primitive equation, sigma-coordinate model with variable 
depth mixed layer (Gent and Cane, 1989).  Consistent  with previous studies, data include 
sea surface height (SL) from TOPEX/Poseidon altimeter and sea surface temperature 
(SST) analyses from satellite and in situ observations.  In addition, this study now 
incorporates fields of surface currents (U+V) derived from SL and wind stress by 
combining the geostrophic approximation and Ekman dynamics (Bonjean and Lagerloef, 
2001).  Assimilation results are evaluated using RMS with observed quantities -
TOPEX/Poseidon SL (top), SST (middle) and zonal currents (bottom).  The impact of 
single-variable assimilation (next column to right) and multivariate assimilation (second 
column over to right) are shown. 
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SINGLE-VARIABLE ASSIMILATION

Single data type assimilation of SL, SST, and U+V.  Assimilation of either 
SL (a) or U+V (d) improves RMS with TOPEX/Poseidon as compared to 
NOASSIM (control) run (a).  Assimilation of SST (c) degrades SL 
simulation.

(a) NOASSIM
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(b) SL ASSIM (1RB77-92)
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(c)SST ASSIM (1RB77-92)
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(d)U+V ASSIM (1RB77-92)
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Assimilation of SST (c) improves simulation while SL (b) and U+V (d) 
assimilation improves slightly compared to NOASSIM control run (a) in 
the cold tongue region.  

Similar to the comparison to TOPEX/Poseidon, single variable 
assimilation of both SL (b) and especially U+V (d) improves simulation of 
zonal currents.  Assimilation of SST (c) degrades results significantly.

(a) NOASSIM
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(b) SL ASSIM (1RB77-92)
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(c)SST ASSIM (1RB77-92)
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(d)U+V ASSIM (1RB77-92)
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RMS Zonal Surface Currents Anom (No Bias Innovation)

(a) ALL ASSIM (1RB77-92)
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(b) SL,SST ASSIM (1RB77-92)
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(c)SL,U,V ASSIM (1RB77-92)
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(d)SST,U,V ASSIM (1RB77-92)
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MULTIVARIATE ASSIMILATION

Multivariate results are presented for assimilation of a) all data types (ie. 
SL, SST, U+V), b) SL, SST, c) SL, U+V, and d) SST, U+V.  The SL, U+V 
experiment is comparable to the SLASSIM run.  However, all 
experiments which include SST increase RMS in the NECC region but 
still improve upon the NOASSIM case.

(a) ALL ASSIM (1RB77-92)
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(b) SL,SST ASSIM (1RB77-92)
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(c)SL,U,V ASSIM (1RB77-92)
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(d)SST,U,V ASSIM (1RB77-92)
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All experiments which include SST (a, b, d) significantly improve RMS.  
The SL, U+V experiment which excludes SST improves RMS between 
130W-80W along the equator.

For zonal current, all experiments show that the RMS is improved with 
respect to the NOASSIM case.  RMS is especially small when the surface 
variables (ie. SST, U+V) are combined (d). 

(a) ASSIM ALL (1RB77-92)
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(b) SL,SST ASSIM (1RB77-92)
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(c)SL,U,V ASSIM (1RB77-92)
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(d)SST,U,V ASSIM (1RB77-92)
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RMS Zonal Surface Current Anom (No Bias Innovation)

(a) CORR OBS SL VS OBS SST (92-99)
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(b) CORR MOD SL VS MOD SST (92-99)
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(c)CORR MEOF RECON SL FROM SST VS OBS SL
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(d)RMS MEOF RECON SL FROM SST VS OBS SL
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SUMMARY

Negative correlations between observed SL and SST (a) in the western Pacific, SPCZ and 
NECC regions are not reproduced by the model (b).  This leads to an unrealistic 
relationship between SL and SST in the MEOF basis.  The low correlation between 
TOPEX/Poseidon and the SL obtained by an observed SST-MEOF fitting illustrates the 
consequences of using erroneous MEOFs (c).

Conclusions
• Assimilation experiments show the zero-th order success of the technique – as 

expected each parameter (SL, SST, U+V) is improved after its individual 
assimilation.

• Comparison between observed quantities and experiments which assimilate a 
different data type show mixed results:

• Observed SL: U+V improves SL of the model results, whereas assimilation of 
SST degrades the simulation

• Observed SST: SL and U+V assimilation improves the model SST in the cold 
tongue region only.

• Observed zonal current: SL assimilation improves the zonal current of the 
model but SST assimilation degrades the simulation.

• When SL and SST are assimilated using a multivariate approach the results are 
degraded due to deficiencies in the basis function used in equation (1), especially in 
the western Pacific.  However, multivariate assimilation of SL, U+V and SST, U+V 
improve results with respect to the single-variable assimilation and NOASSIM 
experiments, even for the non-assimilated validation observation.

• This leads to the conclusion that the multivariate approach is successful at 
constraining non-assimilated variables when the reduced basis is formulated 
properly.

• In the future, we will attempt to solve the problem of the poor basis by exploring 
alternative function basis,  using regional strategies, and by allowing the dynamical 
evolution of the basis.

MULTIVARIATE - SINGLE VARIABLE INNOVATION
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 (b)

Negative values for the spatial mean difference between the multivariate and single-
variable assimilation experiments (a) indicate that the multivariate assimilation is 
converging to the observations better than the single-variable assimilation.  The large 
positive values in 98-99 for ALL and SL, SST experiments are associated with large 
SST innovations when both SL and SST are assimilated (b).
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