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Objectives

The aim of this study is to evaluate and update the algorithm for estimating Absolute Salinity adopted in TEOS-10 (the International Thermodynamic Equation of Seawater 2010. IOC et al., 2010) by accumulating accurate seawater density data, especially for the Arabian Sea in which density of seawater have not yet measured directly.
Materials and methods

The water samples for seawater densities were collected in 100-mL aluminum bottles (Mini Bottle Can, Daiwa Can Company, Japan) at 10 stations shown in Fig. 1. The bottles are stored upside down in a marine container on-deck of the ship for about 6 months until shipped back from Miami, USA to JAMSTEC, Japan. A total of 240 bottles were collected (shown in Fig. 1). Seawater densities were measured at 20 ºC by using two oscillation-type density meters (DMA 5000M, S/N 80570578 [No. 1] and S/N 81661961 [No. 2], Anton-Paar GmbH, Graz, Austria) with sample changers (Xsample 122, Anton-Paar GmbH) to load samples automatically from up to forty-eight (for No. 2) or ninety-six (for No. 1) 12-mL glass vials, in accordance with a method described in Uchida et al. (2011) with slight modification. Density salinity can be back calculated from measured density and temperature (20 ºC) with TEOS-10. Offset and time drift of the density meters were corrected with measurements of the Reference Material for Oceanic O2 and CO2 Measurements (lot Pre18, S/N 147, 168, and 269, Kanso Technos Co., Ltd., Osaka, Japan). Properties of the reference material at the production are listed in Table 1. Density of the Pre18 were periodically measured at about every 20 measurements (10 bottles of samples) (Fig. 2). Density of the Pre18 S/N 269 was increased about 0.003 kg/m3 due to leakage of seawater. Density samples for stations 76, 95, 109, 115, and 121 were measured by the No. 1 density meter and that for station 88, 99, 113, 117, and 123 were measured by the No. 2 density meter. To check the offset correction, IAPSO Standard Seawater (lot P160, Ocean Scientific International Ltd., Havant, Hampshire, United Kingdom) was measured. Density of P160 at 20 ºC is expected to be 1024.7609 kg/m3, and the measured densities was 1024.7590 kg/m3 and 1024.7600 kg/m3 for No. 1 and No. 2 density meter, respectively. 
Practical Salinities for the rest of the density samples were also measured at 24 ºC by using a salinometer (AUTOSAL 8400B, S/N 60132, Guildline Instruments Ltd., Ontario, Canada) within 24 hours after the density measurements. Practical Salinity data measured on-board are usually used to estimated Absolute Salinity anomalies for the density samples. However, Practical Salinities for the rest of the density samples were measured to estimated Absolute Salinity anomalies from the density measurements, since the Practical Salinity data measured on-board were noisy. 
Results

Practical Salinities measured for the rest of the density samples are compared with the CTD salinity and bottle sampled salinity measured on-board (Fig. 3). The Practical Salinity measured for the density samples well agreed with the CTD salinity and bottle sampled salinity for depths below 2000 dbar. However, the Practical Salinity measured for the density samples is slightly (about 0.002 in salinity) smaller than the CTD salinity for depths above 2000 dbar. The CTD salinity data for depths above 2000 dbar might be affected by largely (positively) deviated bottle sampled salinity data there in the in situ calibration using the bottle sampled salinity data. 
Absolute Salinity anomalies estimated from the density and practical salinity measurements are compared with the calculated Absolute Salinity anomalies (Fig. 4). The measured Absolute Salinities well agreed with calculated Absolute Salinities for latitude south of 8ºN. However, for latitude north of 8ºN, both of the Absolute Salinities measured by the two density meters tend to be larger than the calculated Absolute Salinities (Fig. 5).
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Table 1. Properties of Pre18 at the production (18 December 2013).

Parameter


Initial value

Unit/Scale

Contribution to the









Density anomaly (kg/m3)
Practical Salinity

34.2797


PSS-78

Dissolved Inorganic Carbon
2213.14


umol/kg

0.0005

Total Alkalinity

2310.85


umol/kg

0.0004

Silicate


67.26


umol/kg

0.0026

Nitrate


30.30


umol/kg

0.0009

Dissolved Organic Carbon
75.0


umol/kg

0.0010

Estimated density

1024.2223


kg/m3 @ 20 ºC
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Figure 1. Map of cruise track (red) and collected stations (green) are shown on the left panel. Sampling layers are shown on the right panel.
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Figure 2. Time series of the density for the reference material Pre18 measured during the density measurements.
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Figure 3. Vertical profiles of difference in Practical Salinity between CTD salinity and salinity measured for the density samples (blue dots). Difference between CTD salinity and bottle sampled salinity measured on-board are also shown (red dots and red crosses).
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Figure 4. Vertical profiles of Absolute Salinity anomalies. Blue dots show results from the density measurements. Red dots show estimates from nutrients and carbonate system parameter data by an equation of Pawlowicz et al. (2011).
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Figure 5. Vertical profiles of Absolute Salinity anomalies. Blue and green dots show results from the density measurements by No. 1 and No. 2 density meter, respectively. Red dots show estimates from nutrients and carbonate system parameter data by an equation of Pawlowicz et al. (2011). 
