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1 Summary 
These notes relate to the production of quality controlled, Triaxus data from RV Investigator voyage 

in2016_v02, from 14 Mar 2016 ς 16 Apr 2016.  

Data for 16 deployments were acquired in CAP CTD acquisition software using the Seabird SBE911 

CTD 22 over 4 Triaxus tows. Sea-Bird-supplied calibration factors and CSIRO supplied calibrations 

were used to compute the pressures, conductivity and temperature data. The data were subjected 

to automated QC to remove spikes and out-of-range values. 

Dissolved oxygen sensors, Transmissometer and Cosine Photosynthetically Active Radiation (PAR) 

sensor were also installed on the auxiliary A/D channels of the CTD.  In addition to the auxiliary 

channels, ECO Triplet, Nitrate, Fluorescence and LOPC were mounted on the Triaxus as attached 

payloads.  

The standard data product of (1 decibar/10 second binned averaged) was produced using data from 

the primary sensors to produce an along-track time-series dataset for each CAP deployment.  These 

deployments were grouped into sections containing each Triaxus tow and in each tow, vertical casts 

were created with interpolated values from the along-track time-series binned dataset with a 

maximum interpolation distance of 2 casts.  These generated the along-track and vertical cast 

section data products for each Triaxus tow. 

  



- 4 - 

in2016_v02_triaxus_processing_report.docx 

2 Voyage Details 

2.1 Title 

SOTS: Southern Ocean Time Series automated moorings for climate and carbon cycle studies 

southwest of Tasmania 

2.2 Principal Investigators 

Tom Trull (CSIRO/ACE CRC), Eric Schulz (BOM), Alain Protat (BOM), Peter Strutton (UTAS) 

2.3 Voyage Objectives 

The scientific objectives for in2016_v02 were outlined in the Voyage Plan (Trull 2016).  

For further details, refer to the Voyage Plan and/or summary which can be viewed on the Marine 

National Facility Plans and Summaries web site. 

http://mnf.csiro.au/Voyages/Investigator-schedules/Plans-and-summaries/2016.aspx
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2.4 Area of operation 

      

Figure 1. Area of operation for in2016_v02 with Triaxus tows highlighted in colour 
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3 Processing Notes 

3.1 Background Information 

Four Triaxus tows were conducted, divided in the CTD acquisition software CAP into 16 

deployments.  Flight data from the MacArtney Triaxus were logged containing pitch, roll, altimeter, 

cable length, ship water depth and ship speed. 

The data for this voyage were acquired with the CSIRO CTD unit 22, a Seabird SBE911 with dual 

conductivity and temperature sensors.  

The CTD was additionally fitted with SBE43 dissolved oxygen sensors, Transmissometer, Cosine 

Photosynthetically Active Radiation (PAR) sensor, ECO Triplet, Nitrate, Fluorescence and LOPC. These 

sensors are described in Table 1 with changes for tows 2 to 4 described in Table 2. 

Description Sensor Serial No. A/D Cal. Date Cal. Source 

Pressure Digiquartz 410K-134 1243 P 2015-08-01 Sea-Bird 

Primary Temperature Seabird SBE3plus 6022 T0  2015-07-24 Sea-Bird 

Secondary Temperature Seabird SBE3plus 6024 T1 2015-07-24 Sea-Bird 

Primary Conductivity Seabird SBE4C 4425 C0 2015-07-08 Sea-Bird 

Secondary Conductivity Seabird SBE4C 4426 C1 2015-07-08 Sea-Bird 

Primary Dissolved Oxygen Seabird SBE43 3198 A3 2015-08-12 Sea-Bird 

Secondary Dissolved Oxygen  Seabird SBE43 3199 A2 2015-08-12 Sea-Bird 

Transmissometer Wetlabs C-Star CST-1735DR A1 2015-07-16 WetLabs 

PAR Biospherical QCP-2300HP 70562 A0 2015-06-17 Biospherical 

ECO Triplet Wetlabs BBFLB2 2K-4049 Payload 2 2015-07-27 WetLabs 

Nitrate Satlantic SUNA V2 449 Payload 3   

Fluorescence Satlantic FIRe  Payload 4   

LOPC Rolls-Royce LOPC-1xT-3 11480 Payload 7   

Table 1 CTD Sensor configuration on in2016_v02 

Description Sensor Serial No. A/D Cal. Date Cal. Source 

Secondary Conductivity Seabird SBE4C 2312 C1 2015-11-24 CSIRO Cal Lab 

Primary Dissolved Oxygen Seabird SBE43 1794 A3 2016-03-10 CSIRO Cal Lab 

Table 2 Changes to CTD Sensor configuration on in2016_v02 from Tow 2 onwards 

The raw CTD data were converted to scientific units and written to netCDF format files for 

processing using the Matlab-based, CapPro package version 2.4.  

The CapPro software was used to apply automated QC and preliminary processing to the data. This 

included spike removal, identification of water entry and exit times, conductivity sensor lag 

corrections and the determination of the pressure offsets. The automatically determined pressure 

offsets and in-water points were inspected. 

Data were binned into 1 decibar/10 second averaged bins for each deployment along track in 

netCDF format. 
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3.2 Pressure calibration 

The pressure offsets are plotted in Figure 2 below.   ¢ƘŜ ΨōƭǳŜ ŎƛǊŎƭŜǎ ǊŜŦŜǊ ǘƻ ƛƴƛǘƛŀƭ ƻǳǘ-of-water 

values and the red circles the final out-of-water values. 

 

Figure 2. CTD pressure offsets 
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3.3 Sensor Correction 

 Pressure Sensor Location 

The location of the pressure sensor relative to the T/C sensors is defined through orthogonal axes 

XYZ (origin at T/C sensors) with the vehicle travelling along the X axis (if zero pitch), Z vertically up 

and Y to port.  The pressure sensor location is given by a distance to sensor along the X axis (+ve 

pressure forward of T/C), and Y axis (positive values indicate pressure sensor is to port of T/C) and Z 

axis (positive value indicates pressure above T/C). 

Using pitch (rotation around Y axis, positive nose up) and roll (rotation around X axis, positive 

clockwise looking forward) from the Triaxus flight data it is possible to correct the pressure at sensor 

locations. 

Note that the pressure sensor location correction were not applied in this instance but for 

reference, Conductivity and Temperature sensor location for in2016_v02 were as follows (measured 

in metres): 

 Vertical location Fore / Aft Port /  Starboard 

Primary C/T 0.3 -0.45 -1.68 

Secondary C/T 0.3 -0.45 -0.05 

Table 3 Pressure sensor location relative to the T/C sensors 

 Thermal Inertia Correction 

The temperature of the boundary layer water passing through the conductivity cell lags the 

temperature of the in-situ water due to the thermal mass of the cell.  Since derived salinity is 

strongly dependent upon temperature, in order to derive correct salinity the true apparent 

temperature of the water in the cell is required.  To derive the apparent temperature given the in-

situ temperature we assume a fraction, beta, of the water (belonging to the boundary layer) is 

lagged with a time constant, tau.  After extensive testing it has been determined that good 

correction is achieved using two time constants 7 and 1 seconds with beta factors 0.013 and 0.007 

respectively. 

3.4 Other sensors 

The Wetlabs C-Star transmissometer was used for all deployments. The transmissometer has been 

calibrated to give nominal outputs of 0-100 fsd (full scale deflection). 

The Biospherical PAR sensor was also used for all deployments. The output is a nominal 0-5 volts. 

This data channel has been included in the output files for all deployments. Clearly, time of day and 

environmental factors such as sea state and cloud cover impact on these readings. If most or all of 

the values for a deployment are near zero it indicates a night-time cast. 

It was found that PAR sensor data had been acquired with the incorrect calibration values applied, 

further investigation found that the incorrect calibration sheet was used and secondly that the 

converted values were mostly out of range.  The values were subsequently recalculated from the 

raw counts and the correct calibration values which can be found in Appendix II: Calibration sheet. 

The Eco Triplet sensor array, FIRe, SUNA and LOPC were used for all deployments.  Only Eco Triplet 

data has been merged into the averaged data products. 
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3.5 Bad data detection 

The range limits and maximum second difference for sensors connected to the SBE9+ A/D channels 

are configured in CAP and are written to the netCDF scan file. Typical limits used for the sensor 

range and maximum second difference are in Table 4 below. 

Sensor 
Range 

minimum 
Range 

maximum 
Max. Second 
Difference 

Pressure -10 10000 2 

Temperature -4 40 0.01 

Conductivity -0.01 10 0.01 

Oxygen -0.1 500 1.5 

Transmissometer 90 100.5 1.0 

PAR 0.0 600 10 

Chlorophyll 0 3 1 

CDOM 0 2.5 1 

OBS 0 0.001 0.0003 

Table 4 Sensor limits for bad data detection 

Data found to be out of range or having a second difference above the maximum second difference 

were flagged as bad and filtered by CAP. 

3.6 Averaging 

¢ƘŜ Řŀǘŀ ǿŜǊŜ ΨŦƛƭǘŜǊŜŘΩ ŀƴŘ ōƛƴƴŜŘ ƛƴǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ǇǊƻŘǳŎǘ ƻŦ 1 decibar / 10 second averaged 

netCDF deployment files containing the time-series data. The binned values were calculated by 

applying a linear, least-squares fit as a function of pressure to the sensor data for each bin, using this 

to interpolate the value for the bin mid-point. This method is used to avoid possible biases which 

would result from averaging with respect to time. 

Each binned parameter is assigned a QC flag. Our quality control flagging scheme is described in 

Pender (2000). 

The QC Flag for each bin is estimated from the values for the bin components. The QC Flag for 

derived quantities, such as Salinity and Dissolved Oxygen are taken to be the worst of the estimates 

for the parameters from which they are derived. 

To provide a better estimate of the ¢ǊƛŀȄǳǎΩ ŀŎǘǳŀƭ position, the recorded flight data was used to 

recalculate a location for the averaged data.  This used the wire out, pressure, the ships current 

location and a window of the previous locations along which the Triaxus is assumed to have 

traversed to derive an estimated true location of the Triaxus. 

  



- 10 - 

in2016_v02_triaxus_processing_report.docx 

3.7 Triaxus Tow Sections 

Tow Dep. Start time End time Start lat. Start long. End lat. End long. 

1 1 2016-03-16T21:34:19Z 2016-03-17T00:29:53Z 46 46.277S 141 57.741E 47 07.593S 141 58.378E 

2 2016-03-17T00:30:07Z 2016-03-17T01:25:33Z 47 07.625S 141 58.382E 47 14.420S 141 59.068E 

3 2016-03-17T01:25:46Z 2016-03-17T03:16:02Z 47 14.445S 141 59.066E 47 05.730S 141 53.673E 

4 2016-03-17T03:16:10Z 2016-03-17T05:35:43Z 47 05.716S 141 53.667E 46 49.324S 141 48.138E 

5 2016-03-17T05:35:58Z 2016-03-17T08:30:59Z 46 49.296S 141 48.129E 46 29.121S 141 39.782E 

6 2016-03-17T08:40:28Z 2016-03-17T09:27:21Z 46 27.920S 141 39.576E 46 29.410S 141 35.982E 

7 2016-03-17T09:27:30Z 2016-03-17T10:05:53Z 46 29.428S 141 35.977E 46 34.058S 141 34.930E 

8 2016-03-17T10:13:30Z 2016-03-17T12:03:48Z 46 34.978S 141 34.728E 46 45.858S 141 33.729E 

2 9 2016-03-17T14:10:19Z 2016-03-17T17:40:32Z 46 33.863S 141 35.374E 46 58.779S 141 31.708E 

3 10 2016-03-30T10:18:49Z 2016-03-30T16:23:31Z 50 22.620S 145 39.877E 50 22.602S 146 47.087E 

11 2016-03-30T16:23:42Z 2016-03-30T19:30:03Z 50 22.602S 146 47.127E 50 22.791S 147 24.938E 

12 2016-03-30T19:30:23Z 2016-03-31T00:03:47Z 50 22.791S 147 25.006E 50 22.962S 148 21.336E 

4 13 2016-04-06T07:03:53Z 2016-04-06T12:07:09Z 52 49.660S 147 13.680E 52 24.104S 147 50.897E 

14 2016-04-06T12:07:19Z 2016-04-06T15:59:10Z 52 24.091S 147 50.915E 52 01.210S 148 21.270E 

15 2016-04-06T15:59:32Z 2016-04-06T16:24:18Z 52 01.177S 148 21.311E 51 58.870S 148 24.211E 

16 2016-04-06T16:24:34Z 2016-04-06T17:23:28Z 51 58.843S 148 24.244E 51 53.501S 148 31.126E 

Table 5 CAP deployment grouping 

CAP deployments were grouped for each Triaxus tow as shown in Table 5 above.  This was followed 

by the creation of vertical casts at the top and bottom apex along the flight path.  Using the binned 

time-series data, these vertical casts were filled by interpolation to a maximum of two ŎŀǎǘǎΩ 

distance.  These were then connected along-track to provide an along-track section profile. 

Section plots for each tow can be found in Appendix I: Section Plots, each containing plots for the 

Primary Temperature, Salinity, Oxygen and PAR.  Along with Chlorophyll, CDOM, OBS and 

Transmission plotted as an along track distance. 

Sections were then exported as both vertical casts and along-track data products in netCDF format. 
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5 Appendix I: Section Plots 
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