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Ensemble Kalman Filter:  

Kuroshio variation 
Synthetic observation SST maps provided by the local fishery agencies 

14 Feb. 2010                      20 Feb. 2010                           26 Feb. 2010 

(Miyazawa et al. Ocean Dynamics 2012) 

EnKF analyses 



Observation data for assimilation 
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Use of MODIS-SST 
:Moderate Resolution Imaging Spectroradiometer 

Over 100,000 numbers of SST measurements 
Around 1,000 numbers of SST measurements 



MODIS-SST raw data 

         02/14                         02/20                          02/26 

Partly cloudy sky                         Clear sky                        Cloudy Sky         

Comparison of the plots between clear and cloudy sky conditions suggests that a 

large part of the noise is characterized as lower temperature bias. 

A scatter plot of MODIS-SST in the clear sky condition indicates a shape of SST 

gradient from open ocean (higher values around 18 deg.C at lower latitudes) to 

coastal seas (lower values around 7 deg.C at higher latitudes), which is distorted in 

the cloudy sky conditions.  

Variability of SST at each latitude is relatively large even in the clear sky case 

and its range exceeds 5 deg.C.  



Local Ensemble Transformation 

Kalman Filter (LETKF) 
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We are developing an alternative assimilation method different from the present 

version of data assimilation method (3DVAR) used in our operational forecast system.    

 

The Ensemble Kalman Filter (EnKF) is a dynamic assimilation method  allowing  

temporally and spatially variying forecast error covariance  (flow-dependent 

covariance), P.  

 

 

 

 

 

 

 

The original formulation of the EnKF was proposed by Evensen in 1994; but the 

necessary ensemble size, K, is  O(100), then computational resources are quite 

large. 

 

Recently, Hunt et al. (2007)  proposed more economical method that allows O(10) 

ensemble size: the Local Ensemble Transformation Kalman Filter (LETKF). 
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A Kuroshio simulation model 

 The simulation model based on the parallelized Princeton Ocean Model (sbPOM) 

  

256 x 182 x 31 arrays with 1/36 deg. horizontal resolution   

 20 numbers of ensemble runs 

 

Lateral boundary fluxes are specified from the larger domain models (JCOPE2).  

 

Wind flux and surface heat flux are calculated from the NCEP GFS data 

 

Surface salinity flux is the weak relaxation to monthly climatology 

 

The present model does not include the tide forcing.   



LETKF Design  

20 numbers of ensemble forecasts  

 

Each 2-day lead forecasts are updated with 2-day 

interval to provide the forecast error covariance. 

 

Period: 8 – 20 February 2010 

 

Assimilation data:  

  SSHA, AMSR+ resampled AVHRR+MODIS-SST 

 

Test a quality control method that excludes erroneous 

temperature values using the model products. 

 
  



Sensitivity experiments 
Test of ‘Model QC’ 

3 cases experiments: assimilate SSHA and AMSR+AVHRR + MODIS-SST  

 

m5p6:  m = 5; p = 6 

m3p4:   m=3; p=4 

m1p2:   m=1, p=2     

 

 

In-situ temperature and salinity are not assimilated but used to  

check the possible  error due to the low temperature bias 

 

Reference experiment 

NO-MODIS: no assimilation of MODIS-SST 

pSSTSSTormSSTSSTifSSTExclude fofoo 

The acceptable range of MODIS-SST is designed to have asymmetric negative (m) and 

positive (p) maximum differences for the ensemble mean forecast SST, because the raw 

data include unrealistic low values due to the cloud effects. 



Model-QC sensitivity experiments 

m1p2.JAXA                  m3p4.JAXA                  m5p6.JAXA NO-MODIS 

pSSTSSTormSSTSSTifSSTExclude fofoo 

m=1 p =2                     m=3 p=4                        m=5 p=6 
Rigorous                                                    Moderated 

The cases with moderated criterions indicate anomalous low temperature as shown in 

right two panels, which are actually caused by the lower temperature bias of the MODIS-

SST data due to the cloud effects.  

 

A comparatively rigorous criterion may be acceptable as compared to the reference case 

of the NO-MODIS SST experiment. 



Validation using in-situ data 

m1p2.JAXA                   m3p4.JAXA                    m5p6.JAXA 

-0.12 deg.C                   -0.56 deg.C                     -0.74 deg,C 

NO-MODIS 

+0.023psu -0.022psu -0.033psu 

-0.24 deg.C 

+0.024psu 

T 

S 

m=1 p =2                     m=3 p=4                        m=5 p=6 
Rigorous                                                    Moderated 



Effect of MODIS-SST 
Obs.SST-map                        No MODIS                             +MODIS(m1p2) 

Impact Signal SST 

= SST difference  

   between w and w/o 

   MODIS-SST 

Major impacts of 

MODIS-SST around 

the front regions 



Dynamic quality control 
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Static QC (m1p2:m=1 p=2)                           Dynamic QC (m=-sprd p=2sprd)  

Impact Signal 



Dynamic quality control 

Impact SST Signal  for MODIS-SST data 

(difference with and without MODIS-SST) 

Forecast ensemble spread prior to the EnKF 

analysis   

The dynamic QC actually corrects potentially erroneous regions effectively  



Impact Signal and Forecast error 

covariance Impact Signal 
MODIS-SST 

Pattern and intensity of 

Impact Signal are very 

similar to the 

representation of 

forecast error 

covariance 



Summary 
We developed an assimilation method of high horizontal resolution O(1km) 

sea surface temperature (SST) data obtained from NASA MODIS sensors. 

 

The Quality Control of the observation data by comparing the model forecast 

variable with them (the model QC) is effective to remove the lower 

temperature bias due to the cloud effects. 

 

Addition of the high-resolution SST improved the representation of the SST 

front variation. 

 

 The ensemble spread information provided by EnKF could be used for the  

detection of the phenomena that are well simulated by the present model. 

 

The reproduction of the fine front variations is attributed to dynamic 

representation of the forecast error covariance allowed by EnKF.  

 

The 1/36 deg.(3km) grid used in the present model is still too coarse to 

represent the whole front variations included in  the MODIS-SST information 

with O(1km) resolution.  





LETKF for Loop Current modeling 
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LETKF Forecast error covariance 
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