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Summary

A hydrographic survey consisting of a meridional LADCP/CTD/rosette section in the western South Atlantic was carried out in January-February 2005.  The R/V Ronald H. Brown departed Punta Arenas, Chile on 11 January 2005.  A total of 121 LADCP/CTD/Rosette stations were occupied, and 12 Argos floats and 11 drifters were deployed from 17 January-21 February. Water samples (up t0 36), LADCP, CTD and bio-optical data were collected on each cast to within 20 m of the bottom.  Salinity, dissolved oxygen, and nutrient samples were analyzed from every bottle sampled on the rosette. Other parameters from the bottles were sampled at a lower density. The cruise ended in Fortaleza, Brazil on 24 February 2005. This report describes the participants and details of sampling and analytical methodologies of all projects.  Further information, pictures, graphics, and data can be found on the A16S 2005 cruise website at http://sts.ucsd.edu/ cruise/a16s/hydro/.  The data are also posted at http://ushydro.ucsd.edu/
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Introduction

A sea-going science team from 12 oceanographic institutions in the U.S. participated on the cruise.  Several other science programs were supported with no dedicated cruise participant.  The science party and their responsibilities are listed in Tables 1.1 and 1.2.

	Table 1.1.  Scientific personnel, A16S 2005

	Duties
	Name
	Affiliation*

	Co-Chief Scientist
	Rik Wanninkhof
	AOML

	Co-Chief Scientist
	Scott Doney
	WHOI

	Data Manager
	Frank Delahoyde
	SIO

	CTD Processing
	Kristy McTaggart
	PMEL

	Watch Stander
	Naomi Levine
	MIT/WHOI

	Watch Stander
	Carlos Fonseca
	CIMAS-U. Miami

	LADCP/Electronics Technician
	Doug Anderson
	AOML

	LADCP/Electronics Technician
	Philip Orton
	LDEO

	Salinity
	David Wisegarver
	PMEL

	O2
	Chris Langdon
	RSMAS-U. Miami

	O2 
	George Berberian
	CIMAS-U. Miami

	Nutrients
	Charlie Fischer
	AOML

	Nutrients
	Calvin Mordy
	UW

	CFCs
	Mark Warner
	UW

	CFCs
	John Bullister
	PMEL

	CFCs
	Eric Wisegarver
	PMEL

	Helium/Tritium
	Andrew Mutter
	LDEO

	HCFCs
	Shari Yvon-Lewis
	TAMU

	HCFCs
	Benjamin Kates
	AOML

	Alkalinity/pH
	William Hiscock
	RSMAS-U. Miami

	Alkalinity/pH
	John Michael Trapp
	RSMAS-U. Miami

	Alkalinity/pH
	Mareva Chanson
	RSMAS-U. Miami

	Alkalinity/pH
	Taylor Graham
	RSMAS-U. Miami

	DIC
	Esa Peltola
	AOML

	DIC
	Robert Castle
	AOML

	DOM
	Wenhao Chen
	RSMAS-U. Miami

	POC/PIC
	Alexandra Thompson
	LBNL

	CO2 Development
	Zhaohui Alex Wang
	USF

	CO2 Development
	Brittany Doupnik 
	USF

	SAMI/pCO2
	Stacy Smith
	U. Montana

	Aerosols
	Matt Lenington
	CWU


*Affiliations:


AOML
NOAA-Atlantic Oceanographic and Meteorological Laboratory


CIMAS
Cooperative Institute for Marine and Atmospheric Studies


CWU
Central Washington University

LBNL
Lawrence-Berkeley National Laboratory


LDEO
Lamont-Doherty Earth Observatory, Columbia University


MIT
Massachusetts Institute of Technology


PMEL
NOAA-Pacific Marine Environmental Laboratory


RSMAS
Rosenstiel School of Marine and Atmospheric Sciences


SIO
Scripps Institution of Oceanography, University California, San Diego


TAMU
Texas A&M University


U. Hawaii
University of Hawaii


U. Miami
University of Miami


U. Montana
University of Montana


UCSB
University of California at Santa Barbara


USF
University of South Florida


UW
University of Washington


WHOI
Woods Hole Oceanographic Institution

	Table 1.2.  Principal programs of A16S 2005

	Analysis
	Institution
	Principal Investigator

	CTD
	PMEL/AOML
	Greg Johnson/Molly Baringer

	Salinity
	PMEL
	Greg Johnson

	CFCs
	UW/PMEL
	Mark Warner/John Bullister

	HCFCs
	TAMU
	Shari Yvon-Lewis

	DIC
	AOML/PMEL
	Rik Wanninkhof/Dick Feely

	Discrete pCO2
	AOML
	Rik Wanninkhof

	Dissolved O2
	RSMAS-U. Miami
	Chris Langdon

	Nutrients
	UW/AOML
	Calvin Mordy/Jia-Zhong Zhang

	Helium/Tritium
	LDEO
	Peter Schlosser

	CO2-Alkalinity
	RSMAS-U. Miami
	Frank Millero

	CO2-pH
	RSMAS-U. Miami
	Frank Millero

	PIC/POC
	LBNL
	Jim Bishop

	DOC
	RSMAS-U. Miami
	Dennis Hansell

	CDOM
	UCSB
	Norm Nelson/Craig Carlson

	Underway pCO2
	AOML
	Rik Wanninkhof

	13C/14C
	WHOI
	Ann McNichol

	ADCP/LADCP
	U. Hawaii/LDEO
	Eric Firing/Andreas Thurnherr

	Aerosols
	CWU
	Anne Johnson

	SAMI/CO2
	U. Montana
	Mike DeGrandpre

	CO2 System Develop.
	USF
	Robert Byrne


Description of Measurement Techniques

1.  CTD/Hydrographic Measurements Program
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The basic CTD/hydrographic measurements consisted of salinity, dissolved oxygen, and nutrient measurements made from water samples taken on CTD/rosette casts, plus pressure, temperature, salinity, dissolved oxygen, and transmissometer from CTD profiles.  A total of 125 CTD/rosette casts were made, usually to within 20 m of the bottom.  No major problems were encountered during the operation.  The distribution of samples is illustrated in Figures 1.0-1.3.

Figure 1.0.  Sample distribution, stations 1-34.
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Figure 1.1.  Sample distribution, stations 32-62.
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Figure 1.2.  Sample distribution, stations 60-92.
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Figure 1.3.  Sample distribution, stations 88-121.

1.1.  Water Sampling Package

LADCP/CTD/rosette casts were performed with a package consisting of a 36-place, 12-liter rosette frame (PMEL), a 36-place pylon (SBE32) and 36, 12-liter Bullister bottles. This package was deployed on station/casts 5/2-121/1. A smaller 24-place 3-liter foul weather rosette package was deployed on station/casts 1/1-5/1. Underwater electronic components consisted of a Sea-Bird Electronics (SBE) 9 plus CTD with dual pumps and the following sensors: dual temperature (SBE3), dual conductivity (SBE4), dissolved oxygen (SBE43), transmissometer (Wetlabs SeaStar), turbidity (Seapoint Sensors), and PIC (Wetlabs). The other Underwater electronic components consisted of RDI LADCPs, a Simrad or Benthos altimeter, an AM Cells load cell, and a Benthos pinger.

The CTD was mounted vertically in an SBE CTD cage attached to the bottom center of the rosette frame. All SBE4 conductivity and SBE3 temperature sensors and their respective pumps were mounted vertically as recommended by SBE. Pump exhausts were attached to outside corners of the CTD cage and directed downward.  The altimeter was mounted on the inside of a support strut adjacent to the bottom frame ring. The transmissometer, turbidity and PIC sensors were mounted horizontally on a fiberglass grid attached off center to the rosette frame adjacent to the CTD.  The LADCPs were vertically mounted inside the bottle rings with one set of transducers pointing down, the other up.

The rosette system was suspended from a UNOLS-standard three-conductor 0.322" electro-mechanical sea cable.

The R/V Brown’s forward CTD winch was used with the 24-place 3-liter rosette for station/casts 1/1-5/1.  The aft CTD winch was used with the 36-place 12-liter rosette for the remaining station/casts (5/2-121/2).

A single Sea cable termination for each winch served the entire leg.  Station/cast 5/1 was aborted due to problems with the forward winch that required lowering the package back to the bottom (~1000 m) after bottles had been tripped. The decision was made to switch to the aft winch, the 36-place12-liter package and CTD #315 for station/cast 5/2.  Station/cast 51/1 was aborted when the CTD signal was abruptly lost at 1274 decibars on the down cast.  The problem was later traced to the turbidity sensor, which was shorting out the CTD #315 auxiliary power supply. Station/cast 51/2 was made with CTD #209 (installed in the 36-place rosette) which was used for all subsequent casts.

The deck watch prepared the rosette within 40 minutes prior to each cast.  All valves, vents, and lanyards were checked for proper orientation. The bottles were cocked and all hardware and connections rechecked. Once stopped on station, the LADCP was turned on and syringes were removed from the CTD sensor intake ports.  As directed by the deck watch leader, the CTD was powered-up and the data acquisition system started. Two stabilizing taglines were threaded through rings on the rosette frame.  The deck watch leader directed the winch operator to raise the package, the squirt boom and rosette were extended outboard, and the package quickly lowered into the water. The tag lines were removed and the package was lowered to 10 m.  The CTD console operator waited for the CTD sensor pumps to turn on, waited an additional 60 seconds for sensors to stabilize, then directed the winch operator to bring the package close to the surface, pause for typically 10 seconds, and begin the descent.

Descent speeds were 30 m/min to 50m, 45 m/min to 200m, and 60 m/min beyond 200m.  Each rosette cast was usually lowered to within 20 m of the bottom, using the altimeter and pinger to determine a safe distance.

On the up cast, the winch operator was directed to stop at each bottle trip depth. The CTD console operator waited 30 seconds before tripping a bottle, then an additional 10 seconds after receiving the trip confirmation before directing the winch to proceed to the next bottle stop.

Standard sampling depths were used throughout A16S 2005, depending on the overall water depth. The standard depths were staggered every other pair of stations.

Recovering the package at the end of the deployment was essentially the reverse of launching, with the additional use of poles and snap-hooks to attach tag lines for added safety and stability.  The rosette was left on deck for sampling.  The bottles and rosette were examined before samples were taken, and anything unusual noted on the sample log.

Each bottle on the rosette had a unique serial number. This bottle identification was maintained independently of the bottle position on the rosette, which was used for sample identification. Nine bottles were replaced on this leg, and parts of others were replaced or repaired.

Routine CTD maintenance included soaking the conductivity and DO sensors in a solution of Triton-X as recommended by Sea-Bird between casts to maintain sensor stability.  Rosette maintenance was performed on a regular basis.  O-rings were changed as necessary and bottle maintenance was performed each day to insure proper closure and sealing. Valves were inspected for leaks and repaired or replaced as needed.

1.2.  Underwater Electronics Packages

CTD data were collected with SBE9plus CTDs (PMEL #315 and #209).  These instruments provided pressure, dual temperature (SBE3), dual conductivity (SBE4), dissolved oxygen (SBE43), transmissometer (Wetlabs SeaStar), turbidity (Seapoint Sensors), PIC (Wetlabs), load cell (AM Cells), and altimeter (Benthos/Simrad 807) channels (Table 1.3).  The CTDs supplied a standard Sea-Bird format data stream at a data rate of 24 frames/second.

The CTD was outfitted with dual pumps. Primary temperature, conductivity, and dissolved oxygen were plumbed on one pump circuit and secondary temperature and conductivity on the other. The sensors were deployed vertically.  The primary temperature and conductivity sensors (T1 #4193, C1 #2882 casts 1/1-5/1, 51/2-120/1; T1 #4341, C1 #2887 station/casts 5/2-51/1; and T1 #4193, C1 #0354 station/casts 121/1) were used for reported CTD temperatures and conductivities on all casts.  The secondary temperature and conductivity sensors were used for calibration checks.

The SBE9plus CTD was connected to the SBE32 36-place pylon providing for single-conductor sea cable operation.  Power to the SBE9plus CTD (and sensors), SBE32 pylon, auxiliary sensors, and altimeter was provided through the sea cable from the SBE11plus deck unit in the computer lab.

1.3.  Navigation and Bathymetry Data Acquisition

Navigation data were acquired by the database workstation at 1-second intervals from the ship’s Trimble PCODE GPS receiver beginning January 11.  Although the ship had a Seabeam multibeam system functioning during the cruise and displaying center beam depth, the data were not available to other computers on the ship. The A16S bathymetry data were synthesized from ETOPO2 data along the cruise track and used for preliminary vertical sections, maps and estimated bottom depths.

	Table 1.3.  A16S 2005 rosette underwater electronics.

	Item
	Serial Number (station/cast used)

	Sea-Bird SBE32 36-place Carousel Water Sampler
	

	Sea-Bird SBE9plus CTD
	PMEL #315

	Sea-Bird SBE9plus CTD
	PMEL #209

	Paroscientific Digiquartz Pressure Sensor
	S/N 53960 (5/2-51/1)

	Paroscientific Digiquartz Pressure Sensor
	S/N 53586 (1/1-5/1, 51/2-121/1)

	Sea-Bird SBE3plus Temperature Sensor
	S/N 03P-4193 (Primary 1/1-5/1, 51/2-121/1)

	Sea-Bird SBE3plus Temperature Sensor
	S/N 03P-4335 (Secondary 1/1-5/1,51/2-121/1) 

	Sea-Bird SBE3plus Temperature Sensor
	S/N 03P-4341 (Primary 5/2-51/1)

	Sea-Bird SBE3 Temperature Sensor
	S/N 03-1370 (Secondary 5/2-51/1)

	Sea-Bird SBE4C Conductivity Sensor
	S/N 04-2882 (Primary 1/1-5/1, 51/2-120/1)

	Sea-Bird SBE4C Conductivity Sensor
	S/N 04-2882 (Secondary 121/1)

	Sea-Bird SBE4C Conductivity Sensor
	S/N 04-1434 (Secondary 1/1-5/1, 51/2-58/1)

	Sea-Bird SBE4C Conductivity Sensor
	S/N 04-2887 (Primary 5/2-51/1)

	Sea-Bird SBE4C Conductivity Sensor
	S/N 04-0354 (Secondary 5/2-51/1, 59/1-120/1)

	Sea-Bird SBE4C Conductivity Sensor
	S/N 04-0354 (Primary 121/1)

	Sea-Bird SBE43 DO Sensor
	S/N 43-0312 (1/1-5/1, 51/2-121/1)

	Sea-Bird SBE43 DO Sensor
	S/N 43-0664 (5/2-51/1)

	Wetlabs SeaStar Transmissometer
	S/N CST-391DR

	Seapoint Sensors OBS Turbidity Sensor
	S/N 10366

	Wetlabs PIC Sensor
	S/N PIC001

	Benthos Altimeter
	S/N 1035

	Simrad 807 Altimeter
	S/N 92010101 (AOML)

	AM Cells Load Cell
	S/N 1109

	RDI LADCP
	S/N 299 (5/1-10/1, 36/1-63/1, 82/1)

	RDI LADCP
	S/N 149 (10/1-35/1, 64/1-81/1, 83/1-121/1)

	LADCP Battery Pack
	


1.4.  Real-Time CTD Data Acquisition System

The CTD data acquisition system consisted of an SBE-11plus (V1) deck unit and a networked generic PC workstation running Windows 2000. SBE Seasave software was used for data acquisition and to close bottles on the rosette.

CTD deployments were initiated by the console watch after the ship stopped on station.  The watch maintained a console operations 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 10 m. The CTD sensor pumps were configured with a 60 second startup delay The console operator checked the CTD data for proper sensor operation, waited an additional 60 seconds for sensors to stabilize, then 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 no more than 30 m/min to 50 m, no more than 45 m/min to 200 m, and no more than 60 m/min deeper than 200 m 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 which would be later used to record the correspondence between rosette bottles and analytical samples taken.  The altimeter channel, CTD pressure, wire-out and bathymetric depth were all monitored to determine the distance of the package from the bottom, usually allowing a safe approach to within 20 m.

Bottles were closed on the up cast by operating a “point and click” graphical trip button.  The data acquisition system responded with trip confirmation messages and the corresponding CTD data in a rosette bottle trip window on the display.  All tripping attempts were noted on the console log.  The console watch then directed the winch operator to raise the package up to the next bottle trip location.

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

1.5.  Shipboard CTD Data Processing

Shipboard CTD data processing was performed automatically at the end of each deployment using SIO/ODF CTD processing software. The raw CTD data and bottle trips acquired by SBE Seasave on the Windows 2000 workstation were copied onto the Linux database and webserver workstation, then processed to a 0.5 second time series.  Bottle trip values were extracted and a 2-decibar down cast pressure series created. This pressure series was used by the web service for interactive plots, sections, and CTD data distribution (the 0.5 second time series was also available for distribution). During and after the deployment the data were redundantly backed up to another Linux workstation and a Windows workstation.

CTD data were examined at the completion of each deployment for clean corrected sensor response and any calibration shifts.  As bottle salinity and oxygen results became available, they were used to refine shipboard conductivity and oxygen sensor calibrations.

A total of 125 casts were made (including 1 test cast and 2 aborted casts). The 24-place 3-liter rosette and CTD #209 was used on station/casts 1/1-5/1, the 36-place 12-liter rosette and CTD #315 was used on station/casts 5/2-51/1, and the 36-place 12-liter rosette and CTD #209 was used on station/casts 51/2-121/1.

1.6.  CTD Laboratory Calibrations

Laboratory calibrations of the CTD pressure, temperature, and conductivity sensors were all performed at SBE. The calibration dates are listed in Table 1.4.

	Table 1.4.  A16S 2005 CTD sensor calibration dates.

	Sensor
	Serial Number
	Pre-Cruise Calibration Date

	Paroscientific Digiquartz Pressure
	
53960
	
23-Sep-03

	Paroscientific Digiquartz Pressure
	
53586
	
17-Aug-00

	Sea-Bird SBE3plus Temperature
	
03P-4193
	
30-Nov-04

	Sea-Bird SBE3plus Temperature
	
03P-4335
	
30-Nov-04

	Sea-Bird SBE3plus Temperature
	
03P-4341
	
30-Nov-04

	Sea-Bird SBE3plus Temperature
	
03-1370
	
23-Jul-04

	Sea-Bird SBE4C Conductivity
	
04-2882
	
15-Dec-04

	Sea-Bird SBE4C Conductivity
	
04-1434
	
30-Nov-04

	Sea-Bird SBE4C Conductivity
	
04-2887
	
30-Nov-04

	Sea-Bird SBE4C Conductivity
	
04-0354
	
30-Nov-04


1.7.  CTD Shipboard Calibration Procedures

Two CTDs (PMEL #315 and #209) were used on this leg, for a total of four distinct pressure, temperature and conductivity sensor configurations (Table 1.5).

	Table 1.5.  A16S 2005 sensor configurations.

	Configuration
	CTD
	T1
	C1
	T2
	C2
	Station/Cast

	1
	0209
	4193
	2882
	4335
	1434
	1/1-5/1, 51/2-58/1

	2
	0315
	4341
	2887
	1370
	0354
	5/2-51/1

	3
	0209
	4193
	2882
	4335
	0354
	59/1-120/1

	4
	0209
	4193
	0354
	4335
	2882
	121/1


Each CTD was deployed with all sensors and pumps aligned vertically, as recommended by SBE. CTD #209 was initially configured in the small 24-place 3-liter rosette and was used for the first five stations because of sea conditions. CTD #315 was configured in the 36-place 12-liter rosette and was used on station/casts 5/2-51/1. CTD #209 was installed in the 36-place rosette prior to 51/2 and was used for all subsequent station/casts (51/2-121/1). Secondary temperature and conductivity (T2 and C2) sensors served as calibration checks for the reported primary temperature and conductivity (T1 and C1) on all casts.  In-situ salinity and dissolved O2 check samples collected during each cast were used to calibrate the conductivity and dissolved O2 sensors.

1.7.1.  CTD Pressure

Pressure sensor calibration coefficients derived from the pre-cruise calibrations were applied to raw pressure data during each cast.  Residual pressure offsets (the difference between the first and last submerged pressures) were examined to check for calibration shifts. All were <0.5 db, and both sensors exhibited <0.5 db offset shift over their periods of use. No additional adjustments were made to the calculated pressures.

1.7.2.  CTD Temperature

Temperature sensor calibration coefficients derived from the pre-cruise calibrations were applied to raw primary and secondary temperature data during each cast.
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Calibration accuracy was examined by tabulating T1-T2 over a range of pressures (bottle trip locations) for each cast. These comparisons are summarized in Figure 1.4.

Figure 1.4.  T1-T2 by station, p > 500 db.
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CTD configurations 1, 3, and 4 (CTD #209, station/casts 1/1-5/1,51/2-121/1) exhibit a deep relative calibration error of 0.0008°C at station/cast 59/1, drifting to 0.0002°C by station/cast 85/1 and stabilizing. CTD configuration #2 (CTD #315, station/casts 5/2-50/1) exhibits a relative error of -0.0008°C at station/cast 20/1 and drifts to +0.0004°C by station/cast 50/1.  Configuration #2 also shows a T1-T2 pressure response of ‑2.7e‑7°C/db as shown in Figure 1.5.

Figure 1.5.  T1-T2 by pressure, station/casts 5/2-50/1.

It is likely that all three temperature sensors used on A16S 2005 exhibited some calibration drift. Although the mean deep T1-T2 for the leg is close to 0, it should not be interpreted as a reliable metric of temperature calibration accuracy.

1.7.3.  CTD Conductivity

Conductivity sensor calibration coefficients derived from the pre-cruise calibrations were applied to raw primary and secondary conductivities.

Comparisons between the primary and secondary sensors and between each of the sensors to check sample conductivities (conductivity calculated from bottle salinities) were used to derive conductivity corrections. These corrections were determined for three distinct groupings of station/casts, corresponding to the T1/C1 sensor pair used. Although 1/1-5/1 used the same T1/C1 as 51/2-120/1, it was treated as a separate grouping because of the amount of time between 5/1 and 51/2. 121/1 was a 1-cast grouping in which C1 and C2 were swapped (T1C2, T2C1) in an attempt to resolve the source of a .0007 salinity offset in T1/C1 observed between the down and up casts.

Uncorrected C1-C2 and bottle C-C1 were first examined to identify sensor drift (Figures 1.6 and 1.7).
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Figure 1.6.  Uncorrected C1-C2 by station, p > 500db.

Figure 1.7.  Uncorrected bottle C-C1 by station, p > 500db.

C1 offset corrections were determined to account for drift over time. After applying the drift corrections, the residuals were examined to determine conductivity slope and pressure response corrections. Figures 1.8-1.11 show the residuals after applying all corrections.
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Figure 1.8.  Corrected bottle C-C1 by station, all pressures.
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Figure 1.9.  Corrected bottle C-C1 by pressure, all pressures.
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Figure 1.10.  Corrected bottle C-C1 by station, p > 500 db.
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Figure 1.11.  Salinity residual by station, p > 500 db.

Figure 1.11 represents an estimate of the salinity accuracy on A16S 2005.  The 95% confidence limit is ±0.0015.

1.7.4.  CTD Dissolved Oxygen

Two SBE43 dissolved O2 (DO) sensors were used on this leg; S/N 43-0312 on station/casts 1/1-5/1, 51/2-121/1 and S/N 43-0664 on 5/2-50/1.  Both sensors behaved well, the only problems occurring on station/casts 105/1-107/1 when some particulate material clogged the primary pump circuit relief valve. This problem affected the top 50 db of the down casts.

The DO sensors were calibrated to dissolved O2 check samples by matching the up cast bottle trips to down cast CTD data along isopycnal surfaces, calculating CTD dissolved O2, and then minimizing the residuals using a non-linear least-squares fitting procedure. The fitting determined calibration coefficients for the sensor model conversion equation and proceeded in a series of steps. Each sensor was fit in a separate sequence. The first step was to determine the time constants for the exponential terms in the model. These time constants are sensor-specific but applicable to an entire cruise. Once the time constants had been determined, casts were fit individually to O2 check sample data.  The resulting calibration coefficients were then smoothed and held constant during a refit to determine sensor slope and offset.  The residuals are shown in Figures 1.12-1.14.

[image: image22.png]€1 Residual (microS/cm)

af

2

sttt order= 0

.
Eo ; R AR R P b 157§ aTsestoe0z
LT - 0000000
Bt .0000000
& 6533077
N 284
&5 cl= 68.27%
i oy
Bt A R b
e R T I n FE
L N A
- - e SR
P o T e
0 10 20 3 40 5 60 70 8 9 100 110 120

Station Number



Figure 1.12.  O2 residuals by station, all pressures.
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Figure 1.13.  O2 residuals by pressure, all pressures.
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Figure 1.14.  O2 residuals by station number, p > 500 db.

The standard deviations of 1.14 uM/kg for all oxygens and 0.81 uM/kg for deep oxygens are presented as metrics of variability between up cast and down cast dissolved O2.  We make no claims regarding the precision or accuracy of CTD dissolved O2 data.

The general form of the SIO/ODF O2 conversion equation for Clark cells follows Brown and Morrison (1978) Millard (1982), and Owens and Millard (1985).  ODF models membrane and sensor temperatures with lagged CTD temperatures and a lagged thermal gradient.  In-situ pressure and temperature are filtered to match the sensor response. Time-constants for the pressure response, Taup, two temperature responses, TauTs and TauTf, and thermal gradient response, TaudT, are fitting parameters.  The thermal gradient term is derived by low-pass filtering the difference between the fast response (Tf) and slow response (Ts) temperatures. This term is SBE43-specific and corrects a non- linearity introduced by analog thermal compensation in the sensor.  The Oc gradient, dOc/dt, is approximated by low-pass filtering first-order Oc differences.  This gradient term attempts to correct for reduction of species other than O2 at the sensor cathode.  The time-constant for this filter, Tauog, is a fitting parameter.  The dissolved O2 concentration is then calculated:

O2 ml/l = [c1*Oc+c2.]*fsat(S,T,P)*e**(c3*Pl+c4*Tf+c5*Ts+c6*dOc/dt(1.7.4.0)

where:

O2 ml/l
=
Dissolved O2 concentration in ml/l;

Oc
=
Sensor current (uamps);

fsat (S,T,P)
=
O2 saturation concentration at S,T,P (ml/l);

S
=
Salinity at O2 response-time (PSUs);

T
=
Temperature at O2 response-time (°C);

P
=
Pressure at O2 response-time (decibars);

Pl
=
Low-pass filtered pressure (decibars);

Tf
=
Fast low-pass filtered temperature (°C);

Ts
=
Slow low-pass filtered temperature (°C);

dOc/dt
=
Sensor current gradient (uamps/secs);

dT
=
low-pass filtered thermal gradient (Tf - Ts).
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1.8.  Final CTD Data Processing

The reduction of profile data began with a standard suite of processing modules using Sea-Bird Data Processing Win32 version 5.32 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, and oxygen voltage.  Optical sensor data were not carried through the processing stream.  MARKSCAN was used to determine the number of scans acquired on deck and while priming the system to exclude from processing.
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 is automatically advanced in the deck unit by 0.073 seconds.  No additional alignment was necessary for either of the primary conductivity sensors.  As for the secondary conductivity sensors used during this cruise, s/n 354 associated with CTD 315 was advanced 0.068 seconds in ALIGNCTD, and s/n 1434 associated with CTD 209 was advanced 0.056 seconds.  It was not necessary to align temperature or oxygen.
ROSSUM averages bottle data over an 8-second interval and derives salinity, theta, sigma-theta, and oxygen (umol/kg).  Averaging began at the bottle confirm bit for casts 0011-0251, and from 4 seconds before the confirm bit to 4 seconds after the confirm bit for casts 0261-1211.

WILDEDIT computes the standard deviation of 100 point bins, and then makes two passes through the data.  The first pass flags points that differ from the mean by more than 2 standard deviations.  A new standard deviation is computed excluding the flagged points and the second pass marks bad values greater than 20 standard deviations from the mean.  For this data set, data were kept within a distance of 100 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.  The value used for the thermal anomaly amplitude (alpha) was 0.03 C.  The value used for the thermal anomaly time constant (1/beta) was 7.0 C.

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

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.

DERIVE uses 1 dbar averaged pressure, temperature, and conductivity to compute primary and secondary salinities.

TRANS converts the binary data file into 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, a PMEL program computes values of density locally referenced between every 1 dbar of pressure to compute N^2 and linearly interpolates temperature, conductivity, and oxygen voltage over those records where N^2 is less than or equal to -1e-5 per s^2.  During this cruise it was noted that 19 profiles failed the criteria in the top 10 meters.  These data were retained but flagged as questionable in the final WOCE formatted files.
Final calibrations are applied to delooped data files.  ITS-90 temperature, salinity and oxygen are computed and WOCE quality flags are created.  ASCII files are converted WOCE format for submission to CLIVAR and Carbon Hydrographic Data Office (CCHDO).
During casts 1051-1071, the air-bleed hole in the plumbing of the primary sensors was blocked resulting in low surface salinities and oxygen spikes as deep as 53 dbar.  Low salinities were flagged as bad and slightly low salinities were flagged as questionable.
1.9.  Final CTD Calibration Procedures

1.9.1.  CTD Pressure

Pressure calibrations for both CTD instruments used during this cruise are pre-cruise.  On deck pressure readings prior to each cast were examined and remained within 1 dbar of calibration.  Differences between first and last submerged pressures for each cast were also examined and the residuals for both sensors shifted <0.5 dbar over their periods of use.  So no additional adjustments were applied.
1.9.2.  CTD Temperature

Using pre- and post-cruise laboratory calibrations, a linearly interpolated drift correction at the midpoint of the cruise was applied to each sensor.  For temperature sensor s/n 4193 used for casts 0011-0051 and 0512-1201, this correction is 0.00024 C.  For temperature sensor s/n 4341 used for casts 0052-0511, this correction is 0.00038 C.  And for temperature sensor s/n 4335 used for cast 1211, this correction is 0.00032 C.  Also, a uniform correction was applied to all sensors for heating of the thermistor owing to viscous effects.  Thermistors are biased high by this effect and were adjusted down by 0.0006 C.  This adjustment results in errors of no more than +/- 0.00015 C from this effect for the full range of oceanographic temperature and salinity.
1.9.3.  CTD Conductivity

CTD conductivity are calibrated against bottle salinity data assuming a constant additive correction (bias), a station-dependent multiplicative correction (slope), and where needed, a linear pressure-dependent term.  PMEL Fortran programs combine individual ROSSUM bottle files into one listing for each conductivity sensor.  Sample salinities flagged as good are matched to CTD salinities by station/sample number.  MATLAB functions CALCOSn are used to determine the best fit of CTD and bottle data, where n is the order of the station-dependent linear or polynomial fit.  CALCOSn recursively throws out data greater than 2.8 standard deviations.  CALCOSn returns a single conductivity bias and a conductivity slope for each station.  A station-dependent slope coefficient best models the gradual shift in the conductivity sensor with time.  CALCOPn additionally returns a linear pressure term (modified beta) that is multiplied by CTD pressure and added to conductivity.  
For conductivity sensor s/n 2882 used for casts 0011-0051 and 0512-1211, the best results are an overall, second-order, station-dependent fit with a linear pressure correction.  About 82% of the 2509 points (2052 points) used in the fit produced a standard deviation of 0.0010 PSS-78.  The bias is 0.0018644 mS/cm, the pressure correction is -3.4731617e-8 mS/cm/dbar, and the slope coefficients range from 1.0000184-1.0002895.  For conductivity sensor s/n 2887 used for casts 0052-0511, the best results are an overall, linear, station-dependent fit with a linear pressure correction.  About 85% of the 1525 points (1302 points) used in the fit produce a standard deviation of 0.0008 PSS-78.  The bias is 0.0071032 mS/cm, the pressure correction is -3.3595083e-7 mS/cm/dbar, and the slope coefficients range from 0.9998770-1.0000159.
CTD-bottle conductivity differences plotted against station number and pressure (Figures 1.15-1.16) are used to verify the success of the fit parameters.  Matlab routines apply post-cruise calibrations to temperature and conductivity, and compute final salinity values.
1.9.4.  CTD Oxygen
CTD oxygen sensors are modeled following the essential form of Owens and Millard (1985).  Here the equation 

O2 = (slope*Oc+bias+lag*dOc/dt)*O2sat(S,T)*exp(Tcor*T+Pcor*P)

is used where O2 is the calibrated CTD oxygen value, Oc is the reported oxygen current, dOc/dt is it’s time derivative (smoothed with a 15-dbar hanning filter), and O2sat is the oxygen saturation (Benson and Krause, 1984).  CTD temperature, pressure and salinity are T, P, and S.  The parameters of slope, bias, lag, Tcor, and Pcor are solved by nonlinear least squares regression of matched bottle oxygen and CTD downcast data, recursively discarding 2.8 standard deviation outliers.
       Significant hysteresis between the down and up oxygen profiles at deep stations warrant using the downcast oxygen data for calibration.  PMEL Fortran programs combine individual ROSSUM bottle files into one listing for each oxygen sensor.  Sample oxygen flagged as good (2 or 6) are matched to CTD oxygen by station/sample number.  Upcast bottle data are matched to downcast profile data by locally referenced potential densities using MATLAB routine MATCH_SG_N_nnn, where nnn is the oxygen sensor serial number.  If interpolated bottle pressures were more than 50 dbar from matched downcast pressures, then matching was redone using pressure instead of density in MATCH_SG_N_nnn.  Calibration coefficients are determined using function RUN_OXYGEN_CAL_1.  The best results are from a least-squares fit with a linear station-dependent slope (Table 1.6).
	Station
	Slope Range
	Bias
	Lag
	Tcor
	Pcor
	Points Used
	Std Dev

	1-4
	0.3477-0.3481
	-0.5814
	8.2167
	-0.0001
	0.0001
	85  88.2%
	0.7401

	5-20
	0.4350-0.4375
	-0.5047
	4.3258
	0.0015
	0.0001
	464  80.17%
	0.8677

	21-34
	0.4373-0.4426
	-0.5016
	3.8727
	0.0008
	0.0001
	489  85.5%
	1.1244

	35-50
	0.4423-0.4434
	-0.5036
	4.3414
	0.0007
	0.0001
	566  86.4%
	0.6828

	51-65
	0.3423-0.3440
	-0.5718
	7.2016
	0.0015
	0.0001
	535  92.0%
	0.6009

	66-89
	0.3467-0.3499
	-0.5787
	7.5763
	0.0013
	0.0001
	843  97.0%
	0.7276

	90-99
	0.3517-0.3521
	-0.5841
	7.1488
	0.0011
	0.0001
	359  93.6%
	0.5822

	100-121
	0.3518-0.3521
	-0.5777
	5.5720
	0.0010
	0.0001
	774  88.4%
	0.6449


CTD-bottle oxygen differences plotted against station number and pressure show the stability of the calibrated CTD oxygens relative to the bottle oxygens (Figures 1.17-1.18).  Matlab routines apply oxygen calibration coefficients to profile and bottle data, and compute final oxygen values in umol/kg.
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