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Summary

The hydrographic work during this cruise was a reoccupation of a meridional section nominally along 3W-1E (WOCE Section A13.5, occupied in 1987). Operations included CTD/O2/LADCP/rosette casts.  Underway data collected included upper-ocean currents from the shipboard ADCP, surface oceanographic and meteorological parameters from the ship’s underway systems, and bathymetric data. Ancillary operations included surface drifter deployments and Argo SOLO float deployments. 

After a 1-day delay, NOAA Ship Ronald H. Brown departed Cape Town, South Africa on 8 March 2010 at 1400 UTC.  CLIVAR/Carbon A13.5 ended in Takoradi, Ghana on 18 April 2010.

A total of 130 stations were occupied during A13.5. 133 CTD/O2/LADCP/rosette casts (including 1 test cast and 3 reoccupations at stations 72, 79, and 82) were collected.  Eight Argo floats and 18 surface drifters were deployed.  CTD/O2 data, LADCP data, and water samples (up to 24) were collected on most rosette casts, in most cases to within 10 meters of the bottom.

Salinity, dissolved oxygen, and nutrient samples were analyzed for up to 24 water samples from each cast of the principal CTD/O2/LADCP/rosette program. Water samples were also measured for CFCs, pCO2, Total CO2 (DIC), Total Alkalinity, and pH.  Additional samples were collected for 3He, Tritium, 13C/ 14C, and DOC/TDN.

CTD Underwater Packages

CTD/O2 profiles were collected using one underwater package for the entire cruise.  Sea-Bird instrumentation was mounted in a 24-position aluminum frame with 24 11-liter Niskin bottles.  Instruments and sensors mounted in the 24-position frame included:
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CTD Data Acquisition

The CTD data acquisition system consisted of an SBE-11plus (V1) deck unit s/n 367 and a networked Dell Optiplex 755 PC workstation running Windows XP Professional. SBE SeaSave v.7.18c software was used for data acquisition and to close bottles on the rosette.  Real-time digital data were backed up onto Survey and PMEL networked PCs.  No real-time data were lost.

CTD deployments were initiated by the console watch after the ship had stopped on station. The watch maintained a CTD Cast log containing a description of each deployment, a record of every attempt to close a bottle, and any pertinent comments.

Once the deck watch had deployed the rosette, the winch operator would lower it to a minimum of 10 meters. The CTD sensor pumps were configured with a 60 second startup delay, and were usually on by this time. The console operator checked the CTD data for proper sensor operation, waited an additional 60 seconds for sensors to stabilize, instructed the winch operator to bring the package to the surface, pause for 10 seconds, and descend to a target depth. The profiling rate was nominally 30 m/min to 50 m, 45 m/min to 200 m, and 60 m/min deeper than 200 m.  These rates varied depending on sea cable tension and the sea state.

The console watch monitored the progress of the deployment and quality of the CTD data through interactive graphics and operational displays.  Additionally, the watch created a sample log for the deployment that would be later used to record the correspondence between rosette bottles and analytical samples taken.  The altimeter channel, CTD pressure, wire-out, pinger, and bathymetric depth were all monitored to determine the distance of the package from the bottom, usually allowing a safe approach to within 10 meters.

Bottles were closed on the up cast by operating an on-screen control, and were tripped 30 seconds after stopping at the trip location to allow the rosette wake to dissipate and the bottles to flush. The winch operator was instructed to proceed to the next bottle stop 10-20 seconds after closing bottles to ensure that stable CTD data were associated with the trip.  

After the last near-surface bottle was closed, the console operator directed the deck watch to bring the rosette on deck. Once on deck, the console operator terminated the data acquisition, turned off the deck unit and assisted with rosette sampling.

Normally the CTD sensors were rinsed after each station using syringes fitted with Tygon tubing and filled with a fresh solution of dilute Triton-X in de-ionized water at the end of each cast.  The syringes were generally left on the CTD between casts, with the temperature and conductivity sensors immersed in the rinsing solution, to guard against airborne contaminants.

Acquisition Problems

The CTD was initially connected to the aft winch, with a new termination on the 0.375-inch single-conductor EM cable.  Test cast 998 produced three modulo errors.  Secondary temperature sensor s/n 4335 was low of the primary by about 7C throughout the profile.  The correct calibration coefficients were entered into the configuration file post-cast.  Secondary conductivity sensor s/n 3157 dropped out (to 0 kHz) around 3500 dbar on the downcast but came back around 3300 dbar on the upcast to within 0.002 mS/cm of the primary.  The secondary conductivity cable was replaced after the cast.  Also, the load cell was removed from the lifting bail because it looked like the connector and cable could interfere with or even damage the carousel latches.  

Modulo errors persisted every cast while on the aft winch (stations 998,1-48), numbering from 1 to 140, increasing with wind speed and sea state.  Processed data had to be edited for spikes and gaps in any one of the PTCO data channels.   In spite of troubleshooting efforts, these modulo errors were not resolved.

Eventually the package was switched to the forward winch 0.322-inch three-conductor cable for stations 49-72.  Modulo errors were few at first but increased to as many as 185 with choppier seas and level wind problems.  A broken strand in the outer armor of the winch cable was removed during station 67 and the ends were taped.  All subsequent casts using the forward winch cable were stopped at 4268 m wire out to inspect the area and re-tape it if necessary.  During station 72 cast 1, communication was lost to the carousel.  The modem board in CTD s/n 315 was suspect, so it was replaced with CTD s/n 209.  Unfortunately, this didn’t remedy the problem as expected and the package was moved to a new termination on the aft winch.

Modulo error counts were high on the aft winch (stations 72 cast 3 through 79 cast 1).  Processed data had to be edited for spikes and gaps in any one of the PTCO data channels. Gaps and crossovers in the winch cable were discovered >5600m wire out as the source of noise and imbalance within the drum.  

Blown sea cable fuses in the deck unit owing to a faulty sea cable pigtail necessitated moving the package to a new termination on the forward winch.  This termination did not include the armor in the negative (ground) conductor.   Profiles were successfully collected on this termination from station 79 cast 3 to the end of the cruise with only a few modulo errors occurring occasionally.

The transmissometer worked intermittently between stations 1-16 in spite of troubleshooting efforts.  The cable was suspect and the instrument was removed from the underwater package for stations 17-18.  Since this had no effect on the modulo errors at that time, and since the instrument and cable tested OK in the lab, it was put back on the frame for station 19 and worked well thereafter for the most part.  Problem casts included stations 2, 5, 7, 10, 14, 16, 29, 31, 65-69, and 70.    

Oxygen voltage presented “pulses” in profiles from 2300 dbar to depth beginning at station 73 (CTD s/n 209).  The pulses occurred approximately every 200 dbar, were low by about 0.5 umol/kg, and lasted for 20-30 dbar.  Oxygen sensor s/n 312 was replaced by s/n 313 after station 76.  The primary pump was replaced after station 77.  The oxygen cable was moved from V0 to V2 after station 78.  On V2, the pulses were more frequent but less pronounced, and were usually within 2500-4000 dbar.  The oxygen cable was replaced after station 95.  

The secondary plumbing air-bleed was clogged at station 32, affecting secondary conductivity data from 0-50 dbar.   After this cast, sensor differences were monitored closely at the beginning of each cast and the package was soaked at 50 dbar if necessary.  The air-bleed was successfully cleared by station 36.

CTD Data Processing

The reduction of profile data began with a standard suite of processing modules using Sea-Bird Data Processing Version 7.19 software in the following order:

DATCNV converts raw data into engineering units and creates a .ROS bottle file.  Both down and up casts were processed for scan, elapsed time(s), pressure, t0, t1, c0, c1, oxygen voltage, and oxygen.  Optical sensor data were converted to voltages and also carried through the processing stream.  MARKSCAN was used to skip over scans acquired on deck and while priming the system under water.

ALIGNCTD aligns temperature, conductivity, and oxygen measurements in time relative to pressure to ensure that derived parameters are made using measurements from the same parcel of water.  Primary conductivity was automatically advanced in the V1 deck unit by 0.073 seconds.  Primary conductivity sensor s/n 3068 was aligned by -0.026 seconds in ALIGNCTD for a net advance of 0.047 seconds.  Secondary conductivity sensor s/n 3157 was advanced by 0.053 seconds in ALIGNCTD.  It was not necessary to align temperature or oxygen.

BOTTLESUM averages burst data over an 8-second interval (+/- 4 seconds of the confirm bit) and derives both primary and secondary salinity, primary potential temperature (), and primary potential density anomaly ().  Oxygen (in mol/kg) were derived in DATCNV and averaged in BOTTLESUM, as recommended recently by

Sea-Bird.

WILDEDIT makes two passes through the data in 100 scan bins.  The first pass flags points greater than 2 standard deviations; the second pass removes points greater than 20 standard deviations from the mean with the flagged points excluded.  Data were kept within 100 standard deviations of the mean (i.e. all data).

FILTER applies a low pass filter to pressure with a time constant of 0.15 seconds.  In order to produce zero phase (no time shift) the filter is first run forward through the file and then run backwards through the file.

CELLTM uses a recursive filter to remove conductivity cell thermal mass effects from measured conductivity.  In areas with steep temperature gradients the thermal mass correction is on the order of 0.005 PSS-78.  In other areas the correction is negligible.  Nominal values of 0.03 and 7.0 s were used for the thermal anomaly amplitude () and the thermal anomaly time constant (-1), respectively, as suggested by Sea-Bird.

LOOPEDIT removes scans associated with pressure slowdowns and reversals.  If the CTD velocity is less than 0.25 m s-1 or the pressure is not greater than the previous maximum scan, the scan is omitted.

DERIVE uses 1-dbar averaged pressure, temperature, and conductivity to compute primary and secondary salinity, as well as more accurate oxygen.

BINAVG averages the data into 1-dbar bins.  Each bin is centered on an integer pressure value, e.g. the 1-dbar bin averages scans where pressure is between 0.5 dbar and 1.5 dbar.  There is no surface bin.  The number of points averaged in each bin is included in the data file.

STRIP removes oxygen that was derived in DATCNV.

TRANS converts the binary data file to ASCII format.

Package slowdowns and reversals owing to ship roll can move mixed water in tow to in front of the CTD sensors and create artificial density inversions and other artifacts.  In addition to Seasoft module LOOPEDIT, MATLAB program deloop.m computes values of density locally referenced between every 1 dbar of pressure to compute the square of the buoyancy frequency, N2, and linearly interpolates temperature, conductivity, and oxygen voltage over those records where N2 is less than or equal to -1  10-5 s-2.  Seventeen profiles failed the criteria in the top 3-9 dbars.  These data were retained by program deloop_post.m and were flagged as questionable in the final WOCE formatted files.

Program calctd.m reads the delooped data files and applies calibrations to temperature, conductivity, and oxygen; and computes calibrated salinity.    

Pressure Calibration

Pressure calibrations for the CTD instruments used during this cruise were pre-cruise.  No additional adjustments were applied.  On deck pressure readings prior to each cast were examined and remained within 0.5 dbar of calibration.  Differences between first and last submerged pressures for each cast were also examined and the residual pressure offsets were less than 0.5 dbar.  

Temperature Calibration

A viscous heating correction of -0.0006 C was applied at sea as recommended by Sea-Bird.  Post-cruise, a linearly interpolated temperature sensor drift correction using pre and post-cruise calibration data for the midpoint of the cruise was determined for each sensor, including the SBE 35 reference sensor.  Viscous and drift corrections are applied to profile data using program calctd.m, and to burst data using calclo.m.

Data from the SBE 35 reference temperature sensor was evaluated post-cruise.   
Although there was some drift over the cruise (i.e. station dependence) and changes with pressure, these corrections were too small to apply.  The corrected primary temperature data are within about +/- 0.2 mK of the corrected reference sensor.

Conductivity Calibration

Seasoft module BOTTLESUM creates a sample file for each cast.  These files were appended using program sbecal.f.  Program addsal.f matched sample salinities to CTD salinities by station/sample number.  

For both conductivity sensors, stations were separated into three calibration groupings.  Program calcop2.m (a constant conductivity offset, a linear pressure-dependent correction to conductivity, and a 2nd order polynomial conductivity slope as a function of station number) produced the best fit to sample data for the primary conductivity sensor (s/n 3068) for the first two groupings.  Program calcop0.m (a constant conductivity offset, a linear pressure-dependent correction, and an overall slope) produced the best fit for the third grouping:
	stations
	1-40
	41-57
	58-129

	number of points used
	844
	351
	1448

	total number of points
	927
	397
	1710

	% of points used in fit
	91.05%
	88.41%
	84.68%

	fit standard deviation
	0.0009685
	0.0010860
	0.0012660

	fit bias
	-0.0014230
	-0.0039545
	-0.0051065

	fit co pressure fudge
	-3.2962181e-07
	-1.2495243e-07
	-4.5641049e-08

	min fit slope
	1.0000620
	1.0001431
	1.0001838

	max fit slope
	1.0001078
	1.0002188
	1.0001838


Conductivity calibrations were applied to profile data using program calctd.m and to burst data using calclo.m.  CTD-bottle conductivity differences plotted against station number (Figure 1) and pressure (Figure 2) allow a visual assessment of the success of the fits.  
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Figure 1  Final sensor CTD-bottle conductivity residuals vs station number
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Figure 2  Final sensor CTD-bottle conductivity residuals vs pressure

Oxygen Calibration

A hybrid of the Owens-Millard (1985) and Murphy-Larson (revised 2010) oxygen sensor modeling equations was used to calibrate the SBE-43 oxygen sensor data from this cruise.  The equation has the form:

Ox=Soc*(V+Voff+Tau*exp(D1*P+D2*T)*dVdt)*Os*exp(Tcor*T)*exp(Pcor*P/(273.15+T))

Where:

Ox is the CTD oxygen (in mol/kg)

V is the measured oxygen voltage (in volts)

dVdt is the temporal gradient of the oxygen voltage (in volts/s estimated

    by running linear fits made over 5 seconds)

P is the CTD pressure (in dbar)

T is the CTD temperature (in C)

Os is the oxygen saturation computed from the CTD data following

    Garcia & Gordon (1992).

Oxygen sensor hysteresis was improved by matching upcast bottle oxygen data to downcast CTD data by potential density anomalies referenced to the closest 1000-dbar interval using program match_sgn.m.  We used the values provided by SBE for each sensor for the constants D1 (1.9263e-4) and D2 (-4.6480e-2) to model the pressure and temperature dependence of the response time for the sensor. For each group of stations fit we determined values of Soc (sometimes station dependent), Voff, Tau, Tcor, and Pcor by minimizing the residuals between the bottle oxygen and CTD oxygen.  Program addoxy.f matched bottle sample oxygen values to CTD oxygen values by station/sample number. Program run_oxygen_cal_ml.m was used to determine calibration coefficients for nine station groupings.  These groupings were determined by visual inspection:

312 Stns  Soc Range     Voff    Tau    Tcor   Pcor Points Used StdDev

  1- 13 0.4672-0.4672 -0.4523 7.4163  0.0009 0.0390  299 83.6% 0.7771 00
  7 only 0.4723-0.4723 -0.4495 7.4163 0.0009 0.0390   20  87.0%  0.6190 00
 14- 28 0.4688-0.4688 -0.4422 6.3112  0.0002 0.0385 347 92.2%  0.7987 00

 29- 37 0.4772-0.4806 -0.4518 5.5664  0.0001 0.0388 214 91.6%  0.8147 10

 38- 51 0.4826-0.4826 -0.4583 7.2746  0.0001 0.0392 335 91.3%  0.6983 00

 52- 70 0.4901-0.4961 -0.4765 7.8596 -0.0004 0.0394 446 87.9%  0.6977 10

 71- 76 0.4886-0.4910 -0.4546 6.9079 -0.0003 0.0386 154 90.3%  1.0436 10

313 Stns  Soc Range     Voff    Tau   Tcor   Pcor Points Used  StdDev

     77 0.4473-0.4473 -0.4397 2.2679 0.0015 0.0406   24 95.8%  1.3709 00

     78 0.4670-0.4670 -0.4588 10.099 0.0012 0.0403   23 95.7%  0.7904 00

 79- 85 0.4794-0.4794 -0.4635 6.5813 0.0008 0.0394  178 86.5%  0.7211 00

 86-129 0.4809-0.4829 -0.4672 7.5176 0.0007 0.0397 1023 90.0%  0.8508 10

Oxygen calibration coefficients were applied to profile data using program calctd.m, and to burst data using calclo.m.

Primary sensor CTD - bottle oxygen differences plotted against station number (Figure 3) and pressure (Figure 4) allow a visual assessment of the success of the fits.
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Figure 3  Final sensor CTD-bottle oxygen residuals vs station number
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Figure 4  Final sensor CTD-bottle oxygen residuals vs pressure 

Final Processing

Program interp_a13k.m was used to examine temperature, salinity, and oxygen profiles at 30 stations, despiking single points (WOCE quality flag 7) or interpolating over sections of bad data (WOCE quality flag 6) where needed.
Quality flags for sample salinities were amended from values determined at sea by viewing plots of calibrated CTD profiles and sample salinities generated by program plot_th_sa.m.  Similarly, recommendations for sample oxygens were forwarded to Chris Langdon after viewing plots of calibrated CTD/O2 profiles and sample oxygens generated by plot_pr_ox.m.
Program ctd_to_csv.m converted ASCII CTD data files to the WOCE Exchange format for submission to CCHDO.  The header information came from Mary Johnson’s .SUM file dated June 4, 2010.  
Program clb_to_sea.m read calibrated CTD data associated with bottle data, and Mary Johnson’s .SEA file dated June 2, 2010, and output an abbreviated .SEA file of CTD and flagged sample salinity data for submission  to CCHDO.  
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