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SUMMARY 

 
Near-surface temperature and salinity data for the WHOTS-5 deployment cruise (June 3

rd
 – 11

th
, 2008) were acquired 

through the use of a thermosalinograph system aboard R/V Kilo Moana (KM). The system was comprised of a remote 
SBE 38 temperature sensor (SN 0169) located at the seawater intake situated 8 meters below the sea surface in 
conjunction with a SBE 21 thermosalinograph sensor (SN 3292) situated in the IMET lab close to the port bow of the 
ship. 
 
Data were acquired every 10 seconds, and bottle samples were taken approximately every 8 hours for the entire cruise to 
calibrate the thermosalinograph data. After calibration the mean salinity difference and standard error (Standard Error = 
standard deviation / sqrt(sample size)) between the bottle samples and thermosalinograph data was -0.000001 psu ± 
0.000358 psu. 
 
Navigation data (latitude, longitude and ship's speed) were recorded throughout the cruise every 10 seconds and were 
merged with the thermosalinograph data stream. 
 
As a whole the SBE 21 thermosalinograph performed well throughout WHOTS-5. Due to warming from the pump 
situated ahead of the remote temperature sensor which has been regularly observed during cruises on the R/V Kilo 
Moana, an offset of -0.29556°C was applied to the thermosalinograph data after comparison with the CTD data. The data 
were then flagged and reported as uncalibrated data (flag code "1").  
 
A SBE 45 thermosalinograph was installed in February 2008 in the IMET lab and used in addition to the already existing 
SBE 21.  The new thermosalinograph system, from here on referred to as the “SBE 45”, is used in conjunction with the 
remote temperature sensor (SN 0169) located at the seawater intake situated 8 meters below the sea surface.  The SBE 45 
sensor (SN 48189-0218) measures both, conductivity and internal temperature.  Data were acquired every second in 
contrast to the 10-second average SBE 21 data.  In order to qualitatively compare this data set to the SBE21 
thermosalinograph data, a 10-second running mean was applied to the 1 second SBE 45 data stream and every 10

th
 data 

point was used to constitute the “decimated” SBE 45 data set.  The mean and standard deviation in salinity difference is 
0.0001934 ± 0.00256 psu.  Chapters 1 through 5 report data from the SBE 21 system, chapter 6 shows the comparisons 
between both systems. 
 

1   FACTORY SENSOR CALIBRATION 
 

The following factory calibrations were used to convert the data to engineering units. 
 

 TEMPERATURE: Sensor # 0169 was an SBE 38 used to measure temperature at the seawater intake, and 
was last calibrated on May 10

th
, 2007. Internal temperature was measured with the SBE 21 

thermosalinograph sensor # 3292 and was last calibrated on November 11
th

, 2007. The SBE 45 
thermosalinograph sensor # 48189-0218 measured internal temperature and was last calibrated on November 
20

th
, 2007. 

 

 CONDUCTIVITY: Sensor # 3292 also measured conductivity at the SBE-21. The sensor was most recently 
calibrated on November 11

th
, 2007, and this calibration was used to convert the conductivity data.   The SBE 

45 thermosalinograph sensor # 48189-0218 measured conductivity and was last calibrated on  November 
20

th
, 2007.  
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 Pressure of 6.0 dbar to account for the pump pressure, was used to calculate salinity.   

   PROCESSING 
 

2.1   GROSS ERROR CHECK 
 

Detect out of range temperatures and conductivities and use linear interpolation to replace them. 
 Temperature lower bound:       18.000 
 Temperature upper bound:       35.000 
 Conductivity lower bound:       3.000 
 Conductivity upper bound:       6.000 
 
Results of the error check: 
 Points outside of valid T range: 0 
 Points outside of valid C range: 0 
 

2.2   TIMING ERRORS 
 

The thermosalinograph aboard the R/V Kilo Moana was set to record data once every ten seconds, but occasionally, a 
record is written at a longer interval. There were 94 timing errors (see Appendix B), most occurred between 10–12 
seconds and the largest gab being 11 seconds. 
 
 

2.3   RUNNING MEDIAN FILTER 
 

A 5 point running median filter is used to detect temperature and conductivity glitches. If either one of them has a glitch, 
both the temperatures and conductivities of this record are immediately replaced by the medians. 
 Length of median filter:    5.000 
 Running median T threshold:   0.300 
 Running median C threshold:   0.100 
 
Results of running median filter (See Table 1 below for results of previous HOT cruises): 
 Conductivity points detected with median:  0 
 Temperature (internal) points detected with median: 0 
 Temperature (external) points detected with median: 0 
 
 

TABLE 1.  Timing Errors and Results of Running Median Filter for HOT cruises  

   Conductivity Temp (Int) Internal Temp (Ext) External 

  Timing points detected points detected Temperature points detected Temperature 

Cruise Ship Errors with median with median Sensor with median Sensor 

WHOTS-5 KM 94 0 0 3292 0 0169 

201 KM 120 0 0 3292 0 0169 

200 KM 82 1 2 3292 5 0150 

199 KM 18 2 2 3292 0 0150 

198 KM 47 0 0 3167 0 0150 

197 KM 48 2 0 3167 0 0150 

196 KOK 986 28 5 2045 0 2078 

195 KM 74 0 0 3167 0 0150 

194 KM 1 4 1 3167 0 0150 

KOK: R/V Ka'imikai-O-Kanaloa 

KM:  R/V Kilo Moana 
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2.4   RUNNING MEAN FILTER 
 

A 3-point triangular running mean filter was used to smooth the temperature and conductivity data after they went 
through the running median filter. 
 

2.5   SALINITY 
 

Salinity was calculated assuming a pressure of 6.0 dbar to account for pressure of the pump. 
 

2.6   RESULTS 
 

Figure 1 displays the thermosalinograph temperature and salinity data after initial processing. Of the 65169 data points, 
none points were flagged for suspect conductivity or temperature data (see Appendix B).  
 
Figure 1b shows salinity data compared with 8 dbar data obtained from the CTD.  No CTD casts were excluded from the 
processing.  Thermosalinograph bottle #9 was identified as an outlier and excluded from processing (see Fig. 4a).  There 
seems to be a drift of 20 mpsu over 7.5 days. 
 
Figure 2a shows the thermosalinograph temperature and salinity data after quality control and flagging.  Figure 2b shows 
the same data as a function of ship track.  The ship's latitude and longitude are also plotted as a function of ship track for 
the whole record (Fig. 2c). 
 
Table 2 lists estimates for the noise in the thermosalinograph data (temperature and salinity) during HOT cruises 194-
WHOTS-5. Thermosalinograph noise is estimated by comparing actual external temperature and salinity data with the 
calculated 17 minute running mean. The noise is the standard deviation of these differences. Noise levels in salinity and 
temperature data during WHOTS-5 were at 0.000927 psu and 0.003812°C, respectively. These values are comparable to 
the noise values estimated from previous cruises aboard the R/V Kilo Moana.     
 

                                       TABLE 2.  Noise Estimates  

Cruise Ship Salinity Noise (psu) Temperature Noise (°C) 

WHOTS-5 KM 0.0009 0.0038 

HOT-201 KM 0.0009 0.0038 

HOT-200 KM 0.0008 0.0039 

HOT-199 KM 0.0006 0.0045 

HOT-198 KM 0.0010 0.0042 

HOT-197 KM 0.0034 0.0031 

HOT-196 KOK 0.0045 0.0038 

HOT-195 KM 0.0016 0.0064 

HOT-194 KM 0.0009 0.0057 

 KOK: R/V Ka'imikai-O-Kanaloa 

 KM:  R/V Kilo Moana 

 

 

3  CTD TEMPERATURE COMPARISON 
 

There were fifteen CTD casts conducted during WHOTS-5. The 8 dbar downcast CTD temperature data were used to 
compare with the thermosalinograph data.  
 

3.1   THERMOSALINOGRAPH 
 

The 8 dbar CTD data were compared directly with the thermosalinograph data recorded 3 minutes after the CTD "in 
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water" time. The thermosalinograph data are compared 3 minutes after the in water time, because the CTD must 
equilibrate at 10 meters for at least one minute after entering the water.   

3.2   COMPARISON 
 

The external temperature sensor functioned as expected throughout the cruise. The mean difference between the CTD and 
the external temperature sensor was found to be approximately -0.296

o
C. Temperatures recorded by the external 

temperature sensor were consistently higher than the 8 dbar CTD data. The seawater entering the intake passes through a 
pump prior to the external temperature sensor, which is responsible for this warming of the water as it passes. By the time 
the water reaches the thermosalinograph there has been some slight cooling due to the ship's air conditioning system. This 
effect was present on previous HOT cruises using the R/V Kilo Moana. An offset correction of -0.29556°C was applied 
to all the remote temperature sensor data in comparison with the 8 dbar CTD data, which was then reported as 
uncalibrated data (flag code "1"). External temperature data with 8 dbar CTD data after the correction was applied are 
shown in Figure 3a. The internal temperature sensor functioned as expected throughout the cruise as well. Comparison of 
the internal temperature sensor and the CTD data from 8 dbar are shown in Figure 3b. The mean difference between the 
internal temperature sensor and the 8 dbar CTD data was found to be -0.27524

o
C.  

 
For comparison purposes, the mean temperature differences between the CTD and the external temperature sensor and 
the mean temperature differences between the CTD and the internal temperature sensor for HOT-195 through   WHOTS-
5 are shown in Table 3. 
 
 

                       TABLE 3.  CTD-Thermosalinograph Temperature Comparisons  

  T (oC) T (oC) Internal Temp. External Temp. 

Cruise Ship CTD-Int CTD-ext Sensor # Sensor # 

WHOTS-5 KM -0.275 0.0000* 3292 0169 

201 KM -0.270 0.0000* 3292 0169 

200 KM -0.261 0.0000* 3292 0150 

199 KM -0.175 0.0000* 3292 0150 

198 KM -0.178 0.0000* 3167 0150 

197 KM -0.252 0.0000* 3167 0150 

196 KOK -0.076 -0.0012 2045 2078 

195 KM -0.183 0.0000* 3167 0150 

 KOK: R/V Ka'imikai-O-Kanaloa          

 KM:  R/V Kilo Moana             * After offset  applied 

 

 

4   SALINITY BOTTLE AND CTD SALINITY COMPARISON 
 

4.1   BOTTLE DATA 

 
Twenty-three salinity samples were collected from the thermosalinograph while at sea, they were measured by 
Christin Shacat on June 18

th
, 2008. Making the comparison in conductivity units instead of salinity eliminates the 

effect of temperature; therefore, the conductivity of the each bottle was calculated using the salinity from the bottle, 
the internal thermosalinograph temperature, and a pressure of 6.0 dbar as to include the pressure of the pump. 
 

4.2   THERMOSALINOGRAPH 
 

The thermosalinograph and sampling area aboard the R/V Kilo Moana are situated less than 1 meter apart from each 
other. Thus, there should be virtually no delay between the time when the water passes through the 
thermosalinograph and when it reaches the sampling area. Thermosalinograph data were extracted within a 60 second 
window around the bottle sample times minus a 10 second delay (in order to try and incorporate the reading recorded 
just prior to bottle sampling). The 30 second mean, centered 10 seconds before the bottle sample time was chosen for 
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processing purposes. 
 

4.3   CTD CONDUCTIVITY 
 

In order to make the comparison in conductivity units, the CTD conductivity was calculated using the 8 dbar 
downcast CTD salinity, the internal thermosalinograph temperature, and a pressure of 6.0 dbar. There were fifteen 
casts conducted while the thermosalinograph was running. 
 

4.4   COMPARISON 
 

A cubic spline fit was superimposed to the bottles sampled during the cruise (Fig. 4b). The mean difference ± the 
standard error between the bottles and the thermosalinograph conductivities is 0.00625 ± 0.000203 S/m (see 
Appendix A).  For comparison purposes, the mean (bottle-thermosalinograph) conductivity difference for other HOT 
cruises are shown in Table 4 below. Figure 4b also shows the CTD-thermosalinograph comparison as a line 
connecting asterisks.  
 

TABLE 4.  Thermosalinograph Conductivity Comparisons before spline fit correction 

   C (S/m) C (S/m) Conductivity 

Cruise Ship Date Bot-Tsg CTD-Tsg Sensor # 

WHOTS-5 KM  Jun 3rd – Jun 11th, 2008 0.00625 0.0062 3292 

201 KM  May 26th – May 30th, 2008 0.00395 0.0045 3292 

200 KM  Feb 22nd – Feb 26th, 2008 0.00017 0.0000 3292 

199 KM  Jan 28th – Feb 1st, 2008 0.00024 0.0003 3292 

198 KM  Dec 19th - Dec 23rd, 2007 -0.00313 -0.0028 3167 

197 KM  Nov 30th - Dec 4th, 2007 -0.00176 -0.0016  3167 

196 KOK  Oct 1st - Oct 5th, 2007 -0.00020 0.0001 2045 

195 KM Sep 1st - Sep 5th, 2007 -0.00151 -0.0015 3167 

194 KM Aug 2nd - Aug 6th, 2007 -0.00139 -0.0015 3167 

193 KM Jul 6th - Jul 10th, 2007 -0.00076 -0.0001 3167 

 KOK: R/V Ka'imikai-O-Kanaloa 

 KM:  R/V Kilo Moana 

 

 

5   CORRECTED COMPARISON (BOTTLE AND CTD) 

 
As mentioned in Section 4.4, a cubic spline fit was superimposed on the salinity bottles. The cubic spline fit was 
calculated using a Matlab cubic spline routine entitled "csaps". A smoothing parameter between 0 and 1 can be 
entered into the csaps routine. A parameter of 0 applies a least squares fit straight line fit to the data. On the other 
extreme, a smoothing parameter of 1 applies a "natural" cubic spline interpolant. After examining the effect of 
different smoothing parameters, a parameter of 0.3 was chosen and is plotted in Figure 5 (top). The lower panel 
shows the bottle-thermosalinograph comparison after correcting the thermosalinograph using the cubic spline fit. 
This fit was then used to correct the thermosalinograph conductivities. Salinity was calculated using the cubic spline 
corrected conductivities, thermosalinograph internal temperatures and pressures of 8 dbar (Fig. 6). With these 
corrections, the mean bottle-thermosalinograph difference is -0.000001 psu with a standard deviation of 0.00168 psu. 
The CTD-thermosalinograph comparison differs by -0.00048 psu with a standard deviation of 0.0014 psu. For 
comparison purposes, the mean (bottle-thermosalinograph) differences and the mean (CTD-thermosalinograph) 
differences for other recent HOT cruises are shown in Table 5 below. 
 

TABLE 5.  Thermosalinograph Salinity Differences after spline fit correction 
  S (psu) S (psu) 

Cruise Ship Bot-Tsg CTD-Tsg 

WHOTS-5 KM -0.000001 -0.000482 
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TABLE 5.  Thermosalinograph Salinity Differences after spline fit correction 

201 KM 0.000001 0.004306 

200 KM -0.000001 -0.000923 

199 KM -0.000001 0.000331 

198 KM 0.000002 0.002290 

197 KM 0.000000 0.000985 

196 KOK -0.000001 0.000572 

195 KM 0.000001 -0.000343 

194 KM 0.000001 -0.000160 

 KOK: R/V Ka'imikai-O-Kanaloa 

 KM:  R/V Kilo Moana 

 

6 COMPARISON BETWEEN THE SBE 21 AND SBE 45 THERMOSALINOGRAPH 
 

In general, the two thermosalinograph systems performed very similarly.  Figure 8 shows the difference in calculated 
salinities after the conductivity calibration was performed (see Section 5). The mean and standard deviation of the 
difference in salinities of the two thermosalinograph systems for the entire period of the cruise was -0.000193 ± 0.00256 
psu. The conductivity and internal temperature difference mean and standard deviation are shown in Figure 9.   
 

7   FINAL PRODUCTS 
 

SBE 21 Data located in directory /home/kainani/ac/27/thermosal/sbe21 
Final data is in file: ac27thsl.dat 
 
SBE 45 Data located in directory /home/kainani/ac/27/thermosal/sbe45 
Final data is in file: ac27uthsl.dat 
 
This file contains 7 variables per line: Year, time (GMT), longitude, latitude, temperature (°C), salinity (psu) and the 
error flags. The first number of the error flag variable refers to the temperature data while the second number refers to the 
salinity data. A "1" denotes uncalibrated data, a "2" denotes good data, a "3" denotes suspicious data, and a "4" denotes 
bad data. A final plot of the temperature and salinity can be seen in Figure 7a and shows that the thermosalinograph data 
correspond well with the CTD data and salinity bottles. Sigma theta is also computed and plotted. A time-series of 
latitude, longitude and ship's speed can be seen in Figure 7b at the same scale. The vertical dashed lines on Figure 7a and 
Figure 7b indicate the period of time when Station ALOHA was occupied during WHOTS-5.   

 


