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Abstract: High-density temperature and salinity profiles from the successful international Argo project made it possible to
reproduce the three-dimensional global ocean state in near-real time, which also increased much attention on the data
analysis studies of global ocean. This paper reviewed several important issues on the recent data analysis studies such as
systematic biases of XBT (eXpendable BathyThermograph) and Argo data, sea level budget discrepancy between steric
height and satellite observed data, heat content change, and the current status of the development of objective analysis
fields. This study also emphasized that it is required to carry out very cautious ocean data quality control and understand
global-scale ocean variability prior to analyzing the regional-scale ocean climate change, particularly, in the East Asian
marginal Seas.
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Table 1. A summary of the major feature of operational ocean reanalysis. List of abbreviations can be found at the appendix.
Detailed description of the model and assimilation systems can be also found in each reference

Country Center (Name) Model Assimilation Method Reference
Behringer and Xue (2004)
NCEP (GODAS) MOM3 3D Var Behringer (2007)
NCEP (CFSR) CFSv2/MOM4 3D Var Xue et al. (2011)
Zhang et al. (2007)
USA GFDL (ECDA) CM2.1/MOM4 EnKF Chang et al. (2012)
NASA (GMAO) GEOS5/MOM4 EnOl Vernieres et al. (2011)
Fukumori (2002)
JPL (ECCO) MITGCM Kalman filter Lee et al. (2002)
UMD (SODA) POP2.1 o1 Carton and Giese (2008)
ECMWF (ORAS3) HOPE 3D OI Balmaseda et al. (2008)
Europe Hamburg Univ. (G-ECCO) MITGCM Adjoint Kohl and Stammer (2008)
MERCATOR (MERCATOR?2) NEMO SEEK Drévillon et al. (2008)
Japan IMA (MOVE-G) MRI.COM 3D Var Usui et al. (2006)
Australia ~ BMRC (POAMA) MOM2 EnKF Yin et al. (2011)
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Fig. 1. Number of papers published on profiling floats each
year (as of August 21, 2012, Data source: http://www-
argo.ucsd.edu/Bibliography.html (search date: 2012. 9. 20.)).
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Fig. 2. Comparison of upper-ocean heat content (unit: 10
J) with three different estimates for upper 700 m. Gray shad-
ing indicates an estimate of one standard deviation error. The
straight lines are linear fits to the estimates. The global mean
stratospheric optical depth at the bottom indicates the timing
of major volcanic eruption. All time series were smoothed
with a three-year running average and are relative to 1961
(After Domingues et al. (2008)).
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Fig. 3. Spatial distribution of Argo profiles showing the salinity offset of more than 0.05 averaged from surface to paring depth

up to December 2007 (After Chang et al. (2009)).
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Fig. 4. Annual values of globally integrated ocean heat con-
tent anomaly in the upper 750 m using all available data
(After Willis et al. (2009)).
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Fig. 5. Time series of each sea level component (upper curve: total sea level derived from T/P and Jason-1, middle curves:
Mass sea level from GRACE using GRGS (GFZ) geoids, lower gray curve: Steric sea level from Ishii et al. (2006) data and
additional Argo profiles). Derived steric component (Jason-1 minus GRACE) is also present denoted as “HrorHwass” (After

Lombard et al. (2007)).
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Table 2. The same as Table 1 except for operational objective analysis

Country Center Data Source OA method Reference

Optimal interpolation with

GFDL Argo topographic following scheme Chang et al. (2009)

Argo plus AVISO . . . http://Apdrc.soest.hawaii.edu/projects/Argo
USA IPRC altimetry Variational interpolation (search date: 2012. 9. 20,)

NODC WOD09 Objective analysis (Barnes method) Levitus et al. (2009)

SI0 Argo Weighted least square fit with Roemmich and Gilson (2009)
topographic following scheme

Met Office  Argo plus others Analysis correction Ingleby and Huddleston (2007)

Europe  Coriolis Argo plus others

IFREMER  Argo plus others

Optimal interpolation

Optimal interpolation

http://www.coriolis.eu.org
(search date: 2012. 9. 20.)

Gaillard et al. (2009)

Japan  JAMSTEC  Argo plus others

Optimal interpolation

Hosoda et al. (2008)

Australia CSIRO Argo plus others Loss filter

Ridgway et al. (2002)
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Fig. 6. Annual mean (top, unit: °C) temperature and (bottom, unit: psu) salinity distribution at 100 m depth in the southwest-
ern East Sea from the (a, ¢) WOAOlq, (b, f) GDEM3, (c, g8 WOAOS, and (d, h) WOA09 climatology, respectively (After
Chang and Shin(2012)).
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Fig. 7. Time series of averaged ocean temperature (unit: °C) to the depth of 700 m and linear trend from 2008-2011 in (a) glo-
bal ocean, (b) Antarctic ocean, and (c) East Asian Sea derived from five different objective analyzed fields (red: GFDL, blue:
IPRC, purple: SIO, green: Met Office, light blue: JAMSTEC. For interpretation of the references to color in this figure caption,
the reader is referred to the web version of this article).
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Acronyms Full name in English
BMRC Bureau of Meteorology Research Center

CM Coupled Model

CSFR Climate Forecast System Reanalysis

CSIRO Commonwealth Scientific and Industrial Research Organization
ECCO Estimation of the Circulation and Climate of the Ocean
ECDA Ensemble Coupled Data Assimilation

ECMWEF European Centre for Medium-Range Weather Forecasts
EnKF Ensemble Kalman Filter

EnOI Ensemble Optimal Interpolation

GEOS Goddard Earth Observing System model

GFDL Geophysical Fluid Dynamics Laboratory

GMAO Global Modeling and Assimilation Office

HOPE Hamburg Ocean Primitive Equation

IFREMER French Research Institute for Exploration of the Sea

IPRC International Pacific Research Center

IMA Japan Meteorological Agency

NASA National Aeronautics and Space Administration

NCEP National Centers for Environmental Prediction

NODC National Oceanographic Data Center

SIO Scripps Institution of Oceanography

MERCATOR French Operational Oceanography Center

MOM Modular Ocean Model

MOVE Multivariate Ocean three-dimensional Variational Estimation
MRI Meteorological Research Institute

JPL Jet Propulsion Laboratory

MITGCM Massachusetts Institute of Technology General Circulation Model
NEMO Nucleus for European Modeling of the Ocean

ORAS Ocean ReAnalysis System

POAMA Predictive Ocean Atmosphere Model for Australia

POP Parallel Ocean Program

SEEK Singular Evolutive Extended Kalman filter

SODA Simple Ocean Data Assimilation

UMD University of MarylanD
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