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Summary  

 
Near-surface temperature and salinity data for AC-36/WHOTS-13  (25 June – 03 July 2016) were acquired 

through the use of a thermosalinograph (TSG) system aboard NOAA Ship Hi’ialakai. The system was comprised 

of a dual thermosalinograph (TSG) system consisting an SBE-45 micro-thermosalinograph (S/N 0150; last 

calibrated 21 Jan. 2016) and an SBE-21 Temperature/Conductivity sensor (S/N 3155; last calibrated 9 Feb. 

2016), in addition to a SBE-38 external temperature sensor (SN 0215; last calibrated 21 Jan. 2016). The depth of 

the seawater intake is approximately 2 m, whereas the length from intake to sampling nozzle was estimated to be 

224ft, the length of the ship (Tanya Watson, personal communication, 2013). The sampling nozzle is located 

within one meter of the SBE-21 and SBE-45 TSGs. Both systems are now equipped with de-bubblers. 

 
Data from the SBE-45 were of questionably quality and accuracy, so only data from the SBE-21 and -38 

were analyzed. A few large spikes in conductivity were flagged as suspicious data (235 of the 121,686 data 

points). 
 

Temperature Calibration 

 

 External temperature data from the SBE-38 sensor (last calibrated at Sea-Bird on 09 Feb. 2016) 

were used as a measure of the seawater temperature.  These data were compared to the data collected 

during CTD casts. 

 

Nominal Conductivity Calibration 

 

Data from the SBE-21 conductivity and temperature sensors were used to calculate the intake 

seawater salinity. These sensors were last calibrated at Sea-Bird on 09 Feb. 2016. All conductivity data 

from the thermosalinograph were nominally calibrated with coefficients from this calibration. 

However, all the final salinity data reported here were calibrated against bottle data as explained below. 

 

Data Processing 

 

Daily files containing navigation data recorded every second were concatenated with the 

thermosalinograph data. The thermosalinograph data were then screened for gross errors, with upper 

and lower bounds of 18 °C and 35 °C for temperature and 3 Siemens m
-1

 and 6 Siemens  

m 
-1

 for conductivity. There were no points outside the valid temperature range and no points outside 

the valid conductivity range.  

 

A 5-point running median filter was used to detect one- or two-point temperature and conductivity 
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glitches in the thermosalinograph data. Glitches in temperature and conductivity detected by the 5-point 

median filter were immediately replaced by the median. Threshold values of 0.3 °C for temperature and 

0.1 Siemens m
-1

 for conductivity were used for the median filter.  After running the filter, no 

temperature or conductivity points were replaced by the median. A 3-point triangular running mean 

filter was used to smooth the temperature and conductivity data after passing the glitch detection. 

 

 The thermosalinograph aboard the Ship Hi’ialakai was set to record data every five seconds, but 

occasionally, due to an error in the acquisition software rounding routine, a record is written at a longer 

interval. Only 369 timing errors occurred during this cruise; of these 364 were between 6 and 9 

seconds, and 5 were greater than 10 seconds. One gap, however, lasted 169 seconds. 

 

  Data were visually scanned to flag glitches probably caused by contamination due to the 

introduction of bubbles to the flowthrough system during transits or rough conditions. Of a total of 

121,686 data points, 235 conductivity data points (0.2%) were flagged as bad.  

 

Bottle Salinity and CTD Salinity Comparisons 

 

The thermosalinograph salinity was calibrated by comparing it to bottle salinity samples drawn 

from a water intake next to the thermosalinograph every 8 hours throughout the cruise. Of the 21 

bottles sampled, three (bottles 1, 3, and 19) were considered outliers. Samples were analyzed as 

described in the WHOTS-13 cruise report (http://www.soest.hawaii.edu/whots/cruise_reports.html). 

The comparison was made in conductivity in order to eliminate the effects of temperature. 

Conductivity of each bottle sample was computed using the salinity of the bottle, thermosalinograph 

temperature and a pressure of 3.44 dbar, which includes the pressure of the flowthrough system’s 

pump. 

 

Salinity samples were drawn from the flowthrough system, located less than 0.5 m from the SBE-

21 and consequently there should be virtually no delay between when the water passes through the 

thermosalinograph and it being sampled.  A 90 second average centered on the sample draw time was 

chosen for processing purposes. 

 

The CTD salinity data at 2 dbar from the 10 casts conducted during the cruise were used to 

compare with the thermosalinograph conductivity. Using the thermosalinograph temperature data and a 

pressure of 3.44 dbar, the CTD conductivity was calculated for the 10 casts conducted while the 

thermosalinograph was running. No CTD casts were excluded from conductivity processing. The SBE-

21 conductivity sensor had a mean offset of -9.24×10
-4

 S m
-1

 with respect to the CTD data. 

 

A cubic spline was fit to the time series of the differences between the bottle and TSG conductivity 

and a correction was obtained for the TSG conductivities. Salinity was calculated using these corrected 

conductivities, the thermosalinograph temperatures, and 3.44 dbar pressure. After correction, the mean 

difference between the bottle and thermosalinograph salinities was -1.00×10
-6

 psu with a standard 

deviation of ±2.342×10
-3

 psu. The mean CTD – thermosalinograph salinity difference was -9.97×10
-4 

psu with a standard deviation of ±2.245×10
-3

 psu. 

 

http://www.soest.hawaii.edu/whots/cruise_reports.html
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CTD Temperature Comparisons 

 

 There were 10 CTD casts conducted during the WHOTS-13 cruise. The 2 dbar CTD temperature 

data were used to compare with the thermosalinograph internal temperature. Five CTD casts were 

excluded from processing as obvious temperature outliers. The mean difference between the internal 

sensor and the CTD was -0.2320 °C, with a standard deviation of ±0.0327 °C, and the mean difference 

between the external sensor and CTD was -0.3559 ± 0.0639 °C. This value was applied as an offset to 

the thermosalinograph external temperature record to correct for an apparent warming, as compared to 

the CTD. After applying this offset, the mean difference between the external and CTD temperature 

sensors was -4×10
-5

. These final corrected temperature values are flagged as suspicious, as the source 

of discrepancy with the CTD is unknown. 

 

 

Figures 1 and 2 show temperature, salinity, conductivity and navigation data during the cruise.  
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Figure 1: AC-36 (WHOTS-13) thermosalinograph data. Temperature data are from SBE-38 external 

temperature sensor. 
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Figure 2: AC-36 (WHOTS-13) navigation data. 


