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A 4-dimensional variational data assimilation system has been used to better define the 53-year global ocean state estimation
for climate research. The synthesis of available observations and general circulation model with a pelagic ecosystem model based
on nitrogen cycle yields a dynamically self-consistent dataset. Obtained ocean state estimation possibly has greater information
than do models or data alone. We here present the properties of the analysis fields and some results of climate study by using this
state estimation named ESTOC. This report implies that our synthesis scheme as a dynamical interpolation for sparse observations

including bio-geochemical parameters is possibly promising and useful for climate researches.
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1. Introduction summarized in Fig. 1.
Ocean state estimation is a coherent picture of the global
ocean circulation by synthesizing data from observational tools 3. Optimization
of a very wide diversity of type and is usually capable of being In our 4D-VAR approach, optimized 4-dimensional analysis
used for global-scale energy, heat, and water cycle budgets fields are sought by minimizing a cost function on the basis of
(Wunsch and Heimbach, 2013)[1] adjoint method for physical parameters (e.g., Sasaki 1970)[6]
It is getting widely recognized that dynamical state and Green’s function approach (Menemenlis et al., 2005)[5] for
estimation is a promising tool for ocean climate change research biogeochemical ones. The assimilated elements are temperature
(e.g., Masuda et al., 2010)[2]. and salinity based on EN3 dataset provided by Met Office
In this study, we have conducted a global ocean synthesis Hadley Centre, sea surface height anomaly form AVISO, nitrate
on the basis of available ocean observations, satellite data and from WOAOS, and chlorophyll-a from WOA98 and SeaWiFS.
a global circulation model through a 4-dimensional variational We carried out a data synthesis experiment on the Earth
(4D-VAR) data assimilation to obtain a comprehensive Simulator, which covers 53-year period for 1957-2009.
4-dimensional integrated dataset. The dataset includes an
estimate of the global biogeochemical variables toward an

Integrated Earth System Analyses (Rienecker et al., 2010)[3]. OCEM. !
GFDL MOM3, quasi-global 75°S-80°N

horizontal res: 1°x1°, vertical res:45 levels

2. Model

The background dynamical ocean state is derived from ocean
Biogeochemical model:

data assimilation system, based on ocean general circulation NPDZC model (Off Line)
model (OGCM); version 3 of the GFDL Modular Ocean Model ) i .
Data synthesis for physical parameters:
(MOM) (Pacanowski and Griffies, 1999)[4] with major physical method: strong constraint 4D-VAR adjoint.
adjoint coding: by TAMC with some modifications.

parameter values determined through a variational optimization assimilation window: 53 years (1957-2009)

. . control variables: initial T, S, 10-daily surface fluxes
pI‘OCCduI‘C (Menemenlls et al., 2005)[5] . The horizontal first guess: executed form the last of Spinup 3

. . . . . assimilated elements: OISST, T, S (Ensembles ver.3 inclusive of Argo float
resolution is 1 degree in both latitude and longitude, and there data + Mirai RV independent dataset ) ,AVISO SSH anomaly.
. . Data synthesis for biogeochemical parameters:

are 46 vertical levels for the global ocean basin. method: 4D-VAR without adjoint (Green’s function)

control variables: model parameters
assimilated elements: Nitrate (WOA climatology), Phytoplankton (SeaWiFS)
Chl-a (WOA climatology as Detritas)

Biogeochemical model we used is a NPDZC-model. This
model is the pelagic ecosystem model based on nitrogen

cycle and is optimized for the Earth Simulator. Our system is Fig. 1 Overview of the ocean data synthesis system.
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4. Results

The obtained synthesis results were compared with Grid
Point Value of the Monthly Objective Analysis using the Argo
data (MOAA GPV) (WOCE Hydrographic Program) (Hosoda
et al., 2008)[7]. Figures 2 show the distribution of temperature
and salinity at 1000-m depth. These panels illustrate the
synoptic patterns in ESTOC are by and large consistent with
observations.

Figure 3 shows salinity anomaly for 2003-2007 above
100-m depth. It is implied that positive (negative) anomalies
tend to appear in the high (low) salinity regions. This result
is in basic agreement with Hosoda et al., (2009)[8]. Some
positive anomalies are caused by change in the surface fresh
water flux (not shown), which support the hydrological cycle
intensification hypothesis made by Hosoda et al., (2009)[8].
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5. Concluding Remarks

Our ocean data synthesis system is a powerful tool to better
understand ocean climate change and will possibly contribute
to the resolution of scientific issues, for instance, on global
hydrological cycle in conjunction with global warming. This
report implies that further work along these lines may enable us
to obtain new scientific findings and also identify the optimal
requirements for measurement instruments to be deployed in the
future.
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Fig. 2 (a), (b) Temperature and salinity distribution at the depth of 1000 m in ESTOC. (c), (d) The same as (a) and (b) but for MOAA GPV.
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Fig. 3 Surface-layer salinity anomaly (color shade) with climatological salinity (contour).
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