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1. Introduction 

The Meteorological Research Institute multivariate ocean variational estimation (MOVE/MRI.COM) 

System has been developed as the next-generation ocean data assimilation system in Japan Meteorological 

Agency. A multivariate three-dimensional variational (3DVAR) analysis scheme with vertical coupled 

temperatureÐsalinity empirical orthogonal function modes is adopted. The MOVE/MRI.COM system has 

two varieties, the global (MOVE/MRI.COM-G) and North Pacific (MOVE/MRI.COM-NP) systems (Usui 

et al., 2005). The aims of MOVE/MRI.COM-G are initialization of MRI coupled GCM for 

seasonal-interannual forecasting and reanalysis. The period of the reanalysis product is 1948 to 2005. The 

aims of MOVE/MRI.COM-NP are initialization of ocean forecasting in the North pacific (esp. around 

Japan) and reanalysis, which period is 1993-2005. Information about the systems and recent publications 

are given in the MRI homepage http://www.mri-jma.go.jp/Dep/oc/oc.html.   

 

2. Description of the MOVE/MRI.COM system 

MOVE/MRI.COM systems are composed of OGCMs and a variational analysis scheme which 

synthesizes the observed information (i.e., temperature, salinity and SSH) together with the OGCMs.  

2.1. OGCMs  

The numerical code for the OGCMs used in the MOVE/MRI.COM system is the MRI community ocean 

model (MRI.COM). MRI.COM has been developed in JMA/MRI and is independent of any other popular 

OGCM code (Ishikawa et al. (2005)). It is a multilevel model code that solves the primitive equations under 

the hydrostatic and Boussinesq approximations. The vertical coordinate is a terrain following-depth (! " z) 

hybrid, i.e., the levels near the surface follow the surface topography. It enables us to adopt a fine vertical 

resolution near the surface because it prevents the uppermost layer from vanishing during integration when 

the free surface variation is explicitly solved. For momentum advection, MRI.COM uses the generalized 

enstrophy-preserving scheme (Arakawa, 1966) along with the TakanoÐOonishi scheme, which contains the 

concept of diagonally upward/downward mass momentum fluxes along a sloping bottom (Takano, 1978, 

Oonishi, 1978 and Ishizaki and Motoi, 1999). The no-slip condition is adopted for lateral boundaries. 

Bottom friction is parameterized according to Weatherly (1972).  

The OGCM used in MOVE/MRI.COM-G is a model with a global domain (model G). On the other hand, 

MOVE/MRI.COM-NP employs two models, namely the North Pacific and western North Pacific models 

(models NP and WNP). Model WNP is nested into model NP, i.e., the boundary conditions for the western, 

eastern, and southern boundaries in model WNP are passed from model NP (one-way nesting). Daily 

outputs from model NP are l inearly interpolated both in time and space to replace boundary data of model 

WNP at every time step. The resolution, parameters, and schemes used in these models are summarized in 

Table 1. 

The model domain of model G extends from 75¡S to 75¡N globally. The grid spacing in the zonal 

direction is 1¡ and that in the meridional direction is 0.3¡ within 5¡SÐ5¡N, and 1¡ poleward of 15¡S and 

15¡N. There are 50 levels in vertical. The bottom topography is based on ETOPO5 (NOAA, 1992). The 

northern boundary is closed, i.e., an artificial wall is set. The isopycnal diffusion (Redi, 1982) and the 

isopycnal thickness diffusion (Gent and McWilliams, 1990) (GM), the background coefficients for vertical 

diffusion by Tsujino et al. (2000) (Tsujino00), the harmonic viscosity with the parameterization of 

Smagorinsky (1963) (SMA63), and the level-2.5 turbulent closure scheme of Mellor and Yamada (1982) 

(MY2.5) are all used in model G.  

The model is driven by daily wind stress, heat flux, and fresh water flux fields calculated from 

NCEPÐNCAR reanalysis (NCEP R-1; Kalnay et al., 1996). Latent and sensible heat flux fields are 



calculated with the bulk formula of Kara et al. (2000) (Kara00). The solar heat flux penetrates surface 

layers according to Paulson and Simpson (1977). The fresh water flux of NCEP R-1 is adjusted by adding 

time-independent (space-dependent) flux correction terms (Vialard et al. (2002)).  

The domain of model WNP extends from 15¡N to 65¡N, and 117 ¡E to 160¡W, with a grid spacing of 

1/10¡ # 1/10¡ around Japan. This model is nested into model NP, whose model region is from 15¡S to 65¡N, 

and 100¡E to 75¡W with a grid spacing of 1/2¡ # 1/2¡. All lateral boundaries of model NP are closed 

although they are planned to be nested in model G. Models NP and WNP have the same vertical grid 

spacing (54 levels). Bottom topographies in models NP and WNP are based on Smith and Sandwell (1997) 

(SmithÐSandwell). The configurations of models NP and WNP are the same as model G, except for a few 

differences. The biharmonic viscosity with a parameterization based on SMA63 (Griffies and Hallberg, 

2000), instead of harmonic viscosity, and the turbulent closure scheme of Noh and Kim (1999) (NohÐKim), 

instead of MY2.5, are used in models NP and WNP. Biharmonic diffusion, instead of isopycnal diffusion 

and GM, is used in model WNP. The models are driven by the daily wind stress and flux fields calculated 

from the NCEPÐDOE AMIP-II reanalysis (NCEP R-2; Kanamitsu et al., 2002). Models NP and WNP 

adopted the bulk formula of Kondo (1975) (Kondo75), instead of Kara00, for latent and sensible heat 

fluxes. The water flux is corrected by restoring SSS to the climatology with a restoring time of 1 day (the 

time-independent correction term is not applied). A sea ice model with the elastic-viscous-plastic dynamics 

of Hunke and Dukowicz (1997) and the thermodynamics of Mellor and Kantha (1989) (EVP sea ice model) 

is also applied in models NP and WNP.  

 

2.2. Assimilation scheme 

The analysis fields for models G, NP, and WNP are calculated separately. The analysis scheme adopted 

in the MOVE/MRI.COM system is a multivariate 3DVAR analysis scheme with vertical coupled TÐS EOF 

modal decomposition of a background error covariance matrix. The scheme is based on Fujii and Kamachi, 

2003c and Fujii et al., 2005. The amplitudes of the coupled EOF modes are employed as control variables 

and the analyzed temperature and salinity fields are represented by the linear combination of the EOF 

modes in the scheme. 

The preconditioned optimizing utility for large-dimension analysis (POpULar; Fujii and Kamachi, 2003b 

and Fujii, 2005) is applied for minimizing the nonlinear cost function. This scheme can minimize a cost 

function including a constraint of the background without inversion of a background error covariance 

matrix, even if the function is nonlinear. It is useful for handling the correlation among background errors.  

The regions of the models G, NP, and WNP are divided into 22, 7, and 10 subregions, respectively. EOF 

modes are calculated in each subregion for each model from world ocean database 2001 (WOD2001; 

Conkright et al., 2002), as well as the representativeness error covariance matrix, according to Fuji i and 

Kamachi (2003b). We retained 12 dominant modes in each subregion. In fact, more than 85% of the total 

variance can be explained by the dominant 12 modes although this estimate wil l differ from one in a 

different subregion. The Gaussian function is adopted as the horizontal correlation model applied in the 

background covariance matrix B. The e-folding scales along latitude and longitude lines are also different 

in different subregions and are decided from Kuragano and Kamachi (2000).  

The model temperature and salinity fields are corrected by the analysis result through the incremental 

analysis updates (IAU) technique (Bloom et al., 1996). The assimilation period is 1/3 month.  

Temperature, salinity and along-track SSH observations are employed in the analysis. The temperature 

and salinity observations were collected from WOD2001 and the global temperatureÐsalinity profile 

program (GTSPP) database (Hamilton, 1994). We also adopted the along track SSH anomaly data of 

TOPEX/Poseidon (T/P), Jason, ERS, ENVISAT (Kuragano and Shibata, 1997) after adding it to the mean 

SDH calculated from a preliminary analysis using temperature and salinity observations alone.  



 


