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A long-term data synthesis experiment was newly conducted for the period 1957-2011 by using a 4-dimensional variational data

assimilation approach. The assimilated data is ocean observations including biogeochemical parameters (by research vessels, Argo

float, remote sensing techniques, and so on). The data synthesis system is improved in representation of water masses in conjunction

with some new model and data synthesis schemes. The overall characteristics of the obtained global ocean state estimate, which is

dynamically self-consistent without any artificial sources or sinks for heat and salt, are in basic agreement with previous studies.
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1. Introduction

An Ocean State Estimate is a new approach for the climate
research. There were a few challenges for long-term global
ocean estimations which are dynamically self-consistent (e.g.,
Masuda et al., 2003[1]).

Recently, state estimation for not only physical parameters
but also biogeochemical ones gather attention of climate/
biogeochemical researchers.

Here, we have constructed a new state estimation including
biogeochemical parameters and validate the obtained dataset
"Estimated State of global Ocean for Climate Research
(ESTOC)".

2. Data Synthesis System

The used OGCM is version 3 of the Geophysical Fluid
Dynamics Laboratory (GFDL; NOAA, USA) Modular Ocean
Model (MOM3) (Pacanowski and Griffies, 2000[2]). This is a
quasi-global model covering the region between 75°S and 80°N.
The horizontal resolution is 1¢ in both longitude and latitude and
involves 45 levels.

The data synthesis method is based on 4D-Var. An adjoint
approach is applied for physical parameters, a Green's function
approach (Menemenlis et al., 2005[3]) biogeochemical ones.

The assimilated observations are basically from
ENSEMBLES (EN3; Ingleby and Huddleston, 2007[4]).
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3. Results

Figure 1 shows salinity distribution along 160W. The allover
pattern of the ESTOC (c) is largely consistent with observations
(a). The poor representation of the simulation (b) is partly
corrected (Osafune et al., 2015[5]).

The temporal variation of biogeochemical parameter is
examined (Figure 2; Doi et al., 2015[6]). The rate of CO,
absorption by the ocean was increasing from 1960 reflecting the
atmospheric CO, increases during the period. It should be noted
that absorption occurred majorly in the Southern Ocean south of
50°S, after 1985 the region changes to the Atlantic Ocean.

4. Discussions

ESTOC is useful dataset for dynamical analysis of global
changes not only for physical parameters but biogeochemical
parameters. The dataset is available from a public website http://

www.godac.jamstec.go.jp/estoc/e/top/.
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Fig. 1 Vertical cross section of salinity along 160W.

(a) Climatology from World Ocean Atlas 2013, (b) long-term mean values form MOM3 simulation for the period of 1980-2011, and (c) the
same as (b) but for "ESTOC". Refer to Osafune et al. (2015)[5].

15 References
[1] S. Masuda, T. Awaji, N. Sugiura, Y. Ishikawa, K. Baba,
Z 1.0 K. Horiuchi, and N. Komori, "Improved estimates of
;& the dynamical state of the North Pacific Ocean from a 4
g dimensional variational data assimilation", Geophys. Res.
s Letts., 30, 16, 2003.
._% [2] R. Pacanowski, and S. Griffies, Mom 3.0 Manual, 680 pp,
§ Geophys. Fluid Dyn. Lab., Princeton, NJ, 2003.
£ / == Global —Pacific - Indian [3] D. Menemenlis, I. Fukumori, and T. Lee, "Using Green’s
-- Atlantic —— Southern — - Arctic . ) 3 )
10 : : } : : : : : } } functions to calibrate an ocean general circulation model”,
1960 1965 1970 1975 1980 LE)eBaSr 1990 1995 2000 2005 2010 Monthly weather review, 133, 5, pp1224_1240, 2005.
Fig. 2 Time series of air-sea exchange of CO, for the global ocean [4] B. Ingleby and M. Huddleston, "Quality control of ocean
and each basins from 1960 to 2011. Positive values denote CO, temperature and salinity profiles—Historical and real-time
absorption by the ocean. Refer to Doi et al., 2015[6]. data", Journal of Marine Systems, 65, 1, pp158-175, 2007.

[5] S. Osafune, S. Masuda, N. Sugiura, and T. Doi, "Evaluation
of the applicability of the Estimated Ocean State for
Climate Research (ESTOC) dataset", Geophys. Res. Lett.,
42,12, pp4903-4911, 2015

[6] T. Doi, S. Osafune, N. Sugiura, S. Kouketsu, A. Murata,
S. Masuda, and T. Toyoda, "Multi-decadal change in the
dissolved inorganic carbon in a long-term ocean state
estimation", Journal of Advances in Modeling Earth
Systems, 7,4, pp1885-1990, 2015.

143






