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2. Brief description of the ocean data assimilation systems

1. Introduction & Motivation
 Both sea temperature and salinity play very important roles for seawater
density, and thus oceanic circulation
 Since 2001, the International ARGO Project significantly improved the situation
of sparse salinity observation
 Assimilating in-situ salinity profiles can provide more accurate oceanic initial
conditions for ocean and seasonal forecast systems
 We assess the performances of the upper ocean salinity content (0-300 meters
depth-integrated, referred as S300) from some ocean assimilation systems of
the CLIVAR GSOP/GODAE project;
 We demonstrate both main differences and similarities of the salinity
reanalyses from the intercomparison assimilation systems

3. Mean State of S300
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4. Standard Deviation of S300
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(a) Differences of Annual Mean S300 (depth-integrated salt content over 0-300m) between the ensemble mean of all 14 assimilation systems (ENSM14S) and the ensemble
mean of 3 objective analyses systems (ENSMOA; i.e. ARMOR3D, EN3v2a, and ISAS13) for the period 1993-2010. The unit of colour bar is (PSU*300M). (b) Same as the (a),
except for the ensemble mean of all 11 uncoupled assimilation systems (ENSM-UC); (c) Same as the (a), except for the ensemble mean of 3 coupled assimilation systems
(ENSM-CP; PECDAS, ECDA, MOVEC); (d) Annual Mean S300 of ENSMOA for the period 1993-2010
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(a) Zonal distribution of standard deviations of S300 anomalies averaged over 35N-55N for all systems during the period 1993-2010. The ordinate has units
PSU*300M; (b) Same as the (a), except for the 10S-10N meridional average; (c) Same as the (a), except for the 55S-35S meridional average;
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The distribution of the estimated signal-to-spread ratio for the S300
anomalies of all 14 assimilation systems for the period 1993-2010.
The 'signal' is defined as the standard deviation of S300 anomaly for the
ENSM14S.
(a)-(o):Differences of Annual Mean S300 between each system and ENSM14S for the period 1993-2010. The unit of colour bar is PSU*300M. (p)
Annual Mean S300 of ENSM14S for the period 1993-2010. (q)The ensemble spread of Annual mean S300 of all 14 assimilation systems about the
corresponding ENSM14S for the period 1993-2010.

5. Root-Mean-Square-Differences of S300 Anomalies

4.1 Correlation of S300 Anomalies
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(a) RMSD of S300 anomalies between the ENSM14S and
ENSM-OA for the period 1993-2010. (b) Same as the (a),
except for the ENSM-UC and ENSM-OA; (c) Same as the
(a), except for the ENSM-CP and ENSM-OA
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(a)Temporal correlation coefficients of S300
anomalies between the ENSM14S and ENSM-OA
for the period 1993-2010. (b) Same as the (a),
except for the ENSM-UC and ENSM-OA; (c)
Same as the (a), except for the ENSM-CP and
ENSM-OA

The distribution of RMSD of the S300 anomalies between
each system and the ENSM14S for the period 1993-2010.
The unit of colour bar is (PSU*300M).

Temporal correlation coefficients of S300 anomalies between
each system and ENSM14S for the period 1993-2010.

4.2 Correlation between S300 and T300 Anomalies
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6. Trend of S100 & S300 Anomalies
a)

(a) The evolution of global averaged (0-360E;
60S-60N) S100 anomalies for each
system during the period 1993-2010. The
unit is (PSU*100M); (b) Same as in the
(a), except for the S300 anomalies. The
unit is (PSU*300M).
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(a) Correlation between S300 anomalies and corresponding T300 anomalies for the ENSM14S during the period 1993-2010. The unit of colour bar is
(PSU*300M). (b) Same as the (a), except for ENSM-UC; (c) Same as the (a), except for the ENSM-CP; (d) Same as the (a), except for the ENSMOA
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Note: the trend of increasing salt content
anomaly is consistent with the
corresponding trend of heat content.

7. Summary
The upper ocean salinity reanalyses from 14 systems of the GSOP/GODAE are more consistent in
the tropical oceans than in the high latitude Oceans, in particular the Southern Ocean, the Gulf
stream area;
A relatively higher ‘signal-to-spread’ ratio of the S300 anomalies is displayed in the west Pacific
warm pool (WPWP) and the central tropical Indian Ocean;
Generally, the salinity reanalyses in the tropical Pacific Ocean from the 14 systems shows better
performance relative to the ENSM14S than that in the tropical Indian Ocean. This indicates that the
abundant temperature observation in the tropical Pacific Ocean, e.g. from the TOGA-TAO array, can
be very helpful to improve the salinity reanalyses there.
Correlation between S300 anomalies
and the corresponding T300
anomalies for each system during
the period 1993-2010. The unit of
colour bar is (PSU*300M).
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 The ARGO data plays a crucial role on the improvement of the salinity reanalyses. Besides the insitu salinity profiles, the dynamics of the ocean models and assimilation techniques have also very
important impacts on the performance of the salinity reanalyses.

