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Figure 40: Damage to the LADCP 
 
11.3 Data Processing 
 
Data collected by the instrument was downloaded after each cast by the technician on 
watch.  This data comprised of RDI binary .000 files and corresponding .txt files. 
 
The data from the lowered Doppler was subject to two processing types; UH (University 
of Hawaii) and LDEO (Lamont-Doherty Earth Observation).  Principally, the current 
velocities were calculated without the CTD data in order to gauge how the instrument was 
operating and also to identify what was happening in terms of current velocities.  Once 
the CTD data had been processed by Mary Woodgate-Jones, the speed of sound 
corrections could be made to the LADCP data, giving a more accurate interpretation of 
the current velocities at each station.  To accomplish this, an ascii version of the CTD 
1Hz file was created using Matlab.  Another program then checked that the vertical 
velocities for the CTD and LADCP agree.  The CTD data is then incorporated into the 
LADCP soundings and the single pings are merged into corrected shear profiles. 
 
11.3.1 UH Processing 
 
The following graphs demonstrate the findings from the UH processing of the data from 
the test Station (001).  The data used in these graphs has had the speed of sound 
corrections applied.  By using the UH processing technique, information regarding the 
current velocities, CTD rotation and tilt, and shear are extracted.   
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Figure 41: Example of a UH processing output of a U and V velocity profile. 



 

81 
 

 
Figure 42: Example of UH processing output of processing velocity and also number of samples taken.  
Shear standard deviation is also taken. 

 

 
Figure 43: The mean values of the U and V components from the UH processing. 



 

82 
 

 
Figure 44: Example of Shear in the U and V components from the UH processing 
 

 
Figure 45: Example of the UH processing calculating the numbers of turns on the CTD wire. 
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At certain points during the cruise, especially around Station 67, the current velocities 
sensed by the LADCP were found to be in the order of 120-130 m/s near the surface, and 
accounted for the amount of drift experienced by the CTD package and the ship.  It was 
considered that these strong currents were the result of an eddy that we encountered a few 
stations after Elephant Island whilst steaming northwards.  
 

 
Figure 46: UH processing of Station 67 
 
11.3.2 LDEO Processing 
 
The LDEO processing technique offers similar current velocity plots to the UH 
processing technique, but one of the main reasons for doing this processing was to 
observe and monitor the condition of the beams.  Very occasionally a weak beam signal 
was detected on the LADCP, but this seemed to improve and return to normal beam 
strength at the following station.  This processing technique also offers the ability to 
observe the relative movements of the ship and the CTD package by connecting the two 
paths of movement with points of identical time. 
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Figure 47: Example of LDEO processing 
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Figure 48: LDEO processing showing the CTD package motion relative to the ship 

 

 
Figure 49: Super-ensemble grid 
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Figure 50: LDEO processing showing beam strength and sample collection with depth. 

 
11.4 Data Comparison 
 
The use of two different techniques to process identical data yielded the opportunity to 
observe how the interpretation of the data would vary.  The U and V velocity profiles for 
each station were compared in the following ways; comparison between UH and LDEO, 
comparison between LDEO and bottom track data, comparison between UH and bottom 
track data and comparison between the LADCP and VMADCP.  In order to do this a 
number of scripts were written in Matlab because it was necessary for the data to be put 
on the same depth grid.  For each of the station comparisons the mean offset and the 
standard deviation was calculated and appended to the respective graph.  Comparisons 
with bottom track data are particularly useful, because the bottom track is likely to be 
more accurate and reliable due to a fixed reference point. 
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Figure 51: Velocity comparison of different instruments and processing types 
 
Here is an example of one of the graphs that were created principally at the beginning of 
the data comparison exercise.  For each station the UH, LDEO, bottom track and 
VMADCP data was plotted so as to achieve a simple visual comparison of the U and V 
components.  As can be observed in this example there is a general agreement between 
the different techniques and data sources. 
 
Below is one of the plots created from the calculation of velocity difference.  It is evident 
from this plot that the difference in velocity between the LADCP and VMADCP and also 
the different processing techniques, is not stable with depth.  In this particular graph 
(Figure 52), the velocity difference is minimal, but it must be noted that on some stations, 
a much higher degree of variation is found. 
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Figure 52: Calculated difference between different processing types. In this case the VMADCP and 
LADCP with UH processing. 
 
11.5 Summary 
 

• LADCP use was perturbed mainly by physical damage or loss. 
• Any technical problems that were experienced were mostly minor, apart from at 

Stations 50 and 75. 
• Two different processing techniques for the same data allowed the opportunity to 

observe how the different techniques interpreted the raw data. 
• Additional comparisons were made between LADCP and bottom track data were 

the data sets overlapped. 
• The damaged LADCP needs to be sent back to NOCS for repair. 
• At the end of JC031 there is only one working LADCP remaining. 

The LADCP beams were generally very stable in terms of amplitude.  There were some 
decreases in beam strength at certain stations but these changes appeared to be anomalous 
each time as the beam strength would be shown to have improved at the next station. 
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12. Navigation 
 
 
Underway data (including navigation) were transferred from the onboard logging system 
(TECHSAS) to the user UNIX system on a daily basis using the script 
mday_00_get_all.m.  This master script requires two parameters: a name key to the 
dataset required and a Julian day number.  The name key is present to translate a 
meaningful word from the user into the correct stream name on the TECHSAS side.   
 
Key names and their equivalences are: 
 

Key name Stream name 
tsg SBE45 
ash adu5pat 
sim ea600m 
gyr gyro_s 
gyp gyropmv 
pos posmvpos 
tss posmvtss 
met surfmet 

 
The script then runs other scripts in turn mday_00.m and mday_01.m with the correct 
information for each individual stream. Script mday_01.m does the work, connects to 
remote machines, converts between data formats and finally creates Mstar format  
NetCDF files. 
 
Navigation data is then available to be merged into all other streams.  See individual 
Sections for procedures used. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Steven Alderson 
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13. Vessel Mounted Acoustic Doppler Current Profiler (VMADCP)  
 
 
13.1 Acoustic Doppler Current Profiler Measurements 
 
The RRS James Cook has two RDI ship mounted Acoustic Doppler Current Profilers 
(ADCP) located on one of the two retractable drop keels.  Previous cruises have noted 
that the data quality is severely degraded when the keel is retracted possibly because of 
air bubbles flowing under the ship which interfere with the sound transmission. 
 
When extended, the forward end of the keel rests in a curved locking plate and is pushed 
home with a clamping mechanism at the aft end.  This is likely to result in slightly 
different orientations for the transducers each time the keel is lifted and then re-deployed.  
It is therefore important that this does not happen too often and that there is sufficient 
good calibration data in the periods when the keel is deployed to produce a correction 
independently of any other period. 
 
The ADCP's are controlled from deck unit PC's located in the main laboratory.  They both 
ran continuously throughout the cruise without problems. 
 
Both ADCP's were run in narrow beam mode only.  Although WinADCP was run and 
used as a front end for the ADCP's to provide a real time display of data, the binary 
ADCP data and raw navigation message files were used in the UH_ADCP processing 
suite to calculate absolute velocities. 
 
The VMDAS configuration files used are listed in Appendix A.  The 150 kHz instrument 
was run with 8 metre bins whilst the 75 kHz had 16 metre bins.  The 75 kHz provides 
deeper coverage (700-800m in good conditions) than the 150 kHz instrument (300-
400m).  However in shallow water (< 50m) the 75 kHz often returns no good data 
because of boundary problems.  As noted on JC029, the 75 kHz ADCP seems to be 
aligned at an angle of about 9° to the axis of the ship and this correction has been made in 
the configuration files (EA00900).  The depth of the transducers is also set in these files 
with the ED command.  The WinADCP configuration files are shown in Appendix B. 
 
At irregular intervals data logging was briefly stopped in order to force the deck units to 
close a dataset so that it could be transferred onto another system for processing.  Care 
had to be taken at this stage to increment the file number (menu Option: Edit Data 
Options: Recording), since there was the danger of overwriting existing data files.  This 
was usually done whilst approaching or leaving a CTD station or when moving between 
bottom tracking and no bottom tracking modes.  
 
Table 7a summarises the ENX data files obtained during the cruise and the parameter sets 
used.  The data files corresponding to the parts of the cruise when the keel was retracted 
have not been analysed.  These are: the passage leg to the first (test) CTD site (sequence 
number 001); the passage leg from the end of the first section to the start of the second 
(sequence number 010); and the passage to Montevideo after leaving the second section 
after Burdwood Bank (sequence number 017 and following).  Note that in these sections 
there was no adjustment to the ED parameter in the VMDAS configuration files for a 
retracted keel. 

Steven Alderson 
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Table 7a: Data files logged by OS150 ADCP during cruise JC031 with start and end times and number of 
ensembles.  Filenames take the form OS150_JC31002_000000.ENX which is identified in the table as a 
sequence number of 002 and an ENX file number of 000000. BT is bottom track mode, WT is water track 
(i.e. bottom track off) 
 

Sequence 
number 

ENX file 
numbers Start date Start time End 

ensemble End date End time Notes 

002 000000 to 000002 05/02/2009 14:54:18 18060 06/02/2009 00:56:16 WT 
003 000000 to 000002 06/02/2009 00:58:11 14334 06/02/2009 12:48:03 BT 
004 000000 to 000010 06/02/2009 12:48:48 75569 08/02/2009 06:47:44 WT 
005 000000 to 000021 08/02/2009 06:48:47 152687 11/02/2009 19:38:18 WT 
006 000000 to 000012 11/02/2009 19:39:38 86515 13/02/2009 19:43:25 WT 
007 000000 to 000019 13/02/2009 19:45:15 133324 16/02/2009 21:49:20 WT 
008 000000 to 000007 16/02/2009 21:50:54 55523 18/02/2009 04:41:38 WT 
009 000000 to 000002 18/02/2009 04:43:14 14885 18/02/2009 19:54:37 BT 
010 000000 to 000005 18/02/2009 19:56:06 34552 20/02/2009 01:59:50 BT, Keel up 
011 000000 20/02/2009 02:00:28 5660 20/02/2009 07:24:37 BT 
012 000000 to 000016 20/02/2009 07:26:23 117908 23/02/2009 00:56:36 WT 

013 000000 to 000005 23/02/2009 00:58:15 39546 23/02/2009 22:56:25 WT, Keel up 
22:27-22:30 

014 000000 to 000012 23/02/2009 22:57:55 84089 25/02/2009 21:40:50 WT 
015 000000 to 000001 25/02/2009 21:42:31 12137 26/02/2009 07:20:20 BT 
016 000000 to 000003 26/02/2009 07:22:14 20235 27/02/2009 00:46:25 BT 
 
On day 054 between 22:23 and 22:30, the keel had to be retracted to investigate a rattling 
noise that had been heard from inside the ship earlier that day.  This split the SR1b 
section into two halves which had to be calibrated separately using shelf bottom track 
data at each end of the transect.  
 
Table 7b: Data files logged by OS75 ADCP during cruise JC031 with start and end times and number of 
ensembles. Filenames take the form OS75_JC31002_000000.ENX which is identified in the table as a 
sequence number of 002 and an ENX file number of 000000. BT is bottom track mode, WT is water track 
(i.e. bottom track off) 
 

Sequence 
number 

ENX file 
numbers Start date Start time End 

ensemble End date End time Notes 

002 000000 to 000001 05/02/2009 14:54:23 13863 06/02/2009 00:56:06 WT 
003 000000 to 000001 06/02/2009 00:57:21 9233 06/02/2009 12:48:45 BT 
004 000000 to 000008 06/02/2009 12:49:57 57994 08/02/2009 06:47:36 WT 
005 000000 to 000016 08/02/2009 06:48:54 117265 11/02/2009 19:38:25 WT 
006 000000 to 000009 11/02/2009 19:40:00 66407 13/02/2009 19:43:19 WT 
007 000000 to 000014 13/02/2009 19:44:47 102214 16/02/2009 21:49:14 WT 
008 000000 to 000006 16/02/2009 21:50:27 42617 18/02/2009 04:40:45 WT 
009 000000 to 000001 18/02/2009 04:42:49 10546 18/02/2009 19:54:30 BT 
010 000000 to 000003 18/02/2009 19:55:49 21030 20/02/2009 02:00:00 BT, Keel up 
011 000000 20/02/2009 02:00:48 3613 20/02/2009 07:25:12 BT 
012 000000 to 000012 20/02/2009 07:26:28 90522 23/02/2009 00:57:24 WT 

013 000000 to 000004 23/02/2009 00:58:35 30363 23/02/2009 22:56:31 WT, Keel up 
22:23-22:30 

014 000000 to 000009 23/02/2009 22:58:37 64559 25/02/2009 21:40:56 WT 
015 000000 to 000001 25/02/2009 21:43:01 7219 26/02/2009 07:20:32 BT 
016 000000 to 000001 26/02/2009 07:21:51 12267 27/02/2009 00:48:01 BT 

 



 

92 
 

13.2 Data Processing 
 
13.2.1 Processing 
 
The UH software consists of a CODAS database and a suite of programs either written in 
C or as Matlab m-files which are controlled and run by a few higher level routines coded 
in python.  The latter are controlled either by options on the command line or using files 
of settings (cnt files).  On JC031, cnt-files were used.  These were stored in directories 
os75_cnts and os150_cnts and copied to the relevant directories when required.  
 
Three basic cnt files were used (here for the OS 75 dataset): 
q_py.cnt: 

# q_py.cnt is 
## comments follow hash marks; this is a comment line 
--yearbase 2009 
--dbname jc031001nnx 
--datadir /data32/cruise/pstar/data/vmadcp/jc031_os75/rawdata001 
#--datafile_glob "*.LTA" 
--datafile_glob *.ENX 
--instname os75 
--instclass os 
--datatype enx 
--auto 
--rotate_angle 0.0 
--rotate_amp 1.0 
--pingtype nb 
--ducer_depth 5 
#--verbose 
# end of q_py.cnt 

 
Before use, the file sequence number (here 001) was changed appropriately. 
 
q_pyrot.cnt: 

# q_pyrot.cnt is 
## comments follow hash marks; this is a comment line 
--yearbase 2009 
--rotate_angle 0.0 
--rotate_amp 1.0 
--steps2rerun rotate:navsteps:calib 
--auto 
# end of q_pyrot.cnt 

 
Before use, the rotate_angle and rotate_amp parameters were set to their calibration 
values. 
 
q_pyedit: 

# q_pyrot.cnt is 
## comments follow hash marks; this is a comment line 
--yearbase 2009 
--steps2rerun apply_edit:navsteps:calib:matfiles 
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--instname os75 
--auto 
# end of q_pyrot.cnt 

 
In order to process a dataset an initial directory structure was created (files in italics, sub-
directories indented): 

jc031_os75 
 rawdata 
jc031_os150 
 rawdata 
movescript 
mstar 
os150_cnts 
os75_cnts 

 
The processing was performed in a number of steps, which are described here. 
 

1. Data was transferred from the two logging PC's to the UNIX system by USB 
memory stick.  It was copied into one of the two directories called 'rawdata' under 
either jc031_os75 or jc031_os150. 

2. Running script 'movescript' from inside either directory jc031_os75 or 
jc031_os150, then separated the data files from the rawdata directory into parallel 
directories named rawdata<nnn> where <nnn> is the sequence number from the 
PC. 

3. adcptree.py jc031<nnn>nbenx --datatype enx 

This python script creates the directory tree for the CODAS dataset, which at the 
top level looks: 
 
jc031<nnn>nbenx 

adcpdb 
adcp_processing.html 
cal 
contour 
edit 
grid 
load 
nav 
ping 
quality 
scan 
stick 
template_rpt.txt 
vector 
 

Below these directories adcptree.py creates an extensive collection of 
configuration files, text files and m-files.  On JC031, it was not found necessary to 
alter any of these. 
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4. Change directory to jc031<nnn>nbenx and copy in file 'q_py.cnt' and edit for the 
PC sequence number in two lines.  Then run 

 quick_adcp.py --cntfile q_py.cnt 
 

This loads the data into the codas tree, performs standard editing and processing 
and makes estimates of both water track calibrations and when available, bottom 
track calibrations.  
 
To examine these calibrations, type: 
  
more cal/*/*.out 
 
Note that these files accumulate estimates of the calibration.  Each time a 
quick_adcp.py is run involving the 'calib' parameter in the cnt-file another will be 
appended, but based on the sequence of angular and amplitude corrections already 
applied.  
 
Extensive documentation comes with the UH software and should be consulted 
for more details about the processing steps made by the quick_adcp.py utility. 
 

5. Perform editing with gautoedit inside Matlab (see next section). 

6. To actually apply the edits made in 5 to the dataset, copy q_pyedit.cnt into the 
jc031<nnn>nbenx directory and run: 

 quick_adcp.py --cntfile q_pyedit.cnt 
 

7. Calibration data can be applied at this stage.  Copy q_pyrot.cnt into the current 
directory, edit in the relevant parameters and then run 

 quick_adcp.py --cntfile q_pyrot.cnt 
 
Note that these rotations are cumulative so care must be taken to record the values 
used and on what dataset.  If unsure, delete the whole of the jc031<nnn>nbenx 
directory, start again from step 3 above and apply a single total calibration in this 
step (7).  Unfortunately this means that the editing has to be repeated as well. 

 
13.2.2 Editing 
 
A deliberate choice was made to only edit the data within the CODAS database, rather 
than to move it into Mstar format and despike and calibrate there.   This should allow for 
a consistent product between cruises and makes use of the extensive expertise already 
built into the UH software.  However, it also makes the processing path somewhat 
unwieldy, since problems in the final data necessitate going right back to the start of the 
procedure although it may have been possible to simply fix them with MEXEC programs. 
 
Start up Matlab in the jc031<nnn>nbenx directory. 
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In the Matlab command window, type: 
codaspaths 
cd edit 
gautoedit 

This starts an editing GUI, which looks like: 

 
Figure 53: Screen shot of editing GUI 
 
Show Now: this button produces two plots based on the start, stop and range selected at 
the top left: one shows four subplots with the absolute east-west velocity component, the 
absolute north-south component, the percent good parameter and an editing parameter 
called jitter.  The other plot has subplots displaying the ship's track over the ground and 
mean absolute velocity vectors.  An error will occur if the selected range does not include 
data, in this case change the start day and interval accordingly and try again.  If any of the 
parameters in the selection boxes are changed, simply press the "Show Now" button to 
see the effect.  This should always be the first button pressed when starting a new edit 
session. 
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del bad times: click on this button to delete a whole column of data;  choose a subplot to 
use as a basis for editing from the pop-up sub-menu.  A separate modal menu window 
appears as well as a separate plot window with a single copy of the plot of the variable 
selected.  Choose one of the two options first: the easiest to use is labelled "click on 
profile to be deleted" and is the one that will be described here.  When the mouse is 
moved over the data in the plot window a cursor appears: click in the centre of a column 
of cells to delete it; repeat as many times as necessary and then press the return button to 
finish. 
 
rzap bins: click on this button and then choose a subplot to use as a basis for editing from 
the pop-up sub-menu.  A new separate plot window will appear with a single copy of the 
plot of the variable selected.  Make this large enough so that individual bins are 
distinguishable.  Select a rectangular group of bins to remove by clicking on a point with 
the mouse and dragging to the opposite corner.  Note that the top left corner of each bin 
cell is the active point, so to delete a single cell, click in the cell to the top right of it and 
drag into the cell in question and then release the mouse button.  Only one rectangular 
area can be edited at a time. 
 
list to disk: this creates files of edits which can then be later applied to the codas database.  
It should be pressed before each press of "Show Next". 
 
do not show effect of profile flags in database: this tickbox allows the user to see the 
rawdata before any editing by the first run of quick_adcp.py 
 
Show Next: this moves onto the next selection of data (default is to add 0.8 to the start 
day of the plot) 
 
Gautoedit does not apply the edits to the CODAS database (see step 6 in section 12.2.1 
above), but writes them into text files in the edit directory. 
 
13.2.3 MEXEC 
 
Data from the CODAS database was dumped into Matlab files and then imported into 
Mstar format for further examination using the MEXEC suite of Matlab programs 
(functionally based on the old PEXEC suite written in FORTRAN). 
 
mcod_01 - extract data from CODAS and write into Mstar file 
mcod_02 - force variables in a file to use the same grid 
mcod_03 - average data onto a single profile on station 
mcod_04 - average data onto a single profile between stations 
m_info_var - utility to get information from an Mstar file into a Matlab variable 
Station_range - given a station number, return the start and end time in seconds relative 
to the beginning of the year.  This uses a file called 'stations.dat' held in the same 
directory as the script itself, which contains lines of the form: 
stn start_jday start_hour start_min end_jday end_hour
 end_min 
(Listings for these scripts are given in Appendix C). 
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13.3 Calibration 
 
On each of the two sections bottom track data was available at the beginning and end as 
the ship crossed the shelf.  The UH_ADCP software provides an automated means of 
calculating both water track and bottom track calibration values.  No consistent water 
track calibrations were obtained from the separate datasets (see Table 8a & b), so the 
SR1b section data were initially calibrated with the first shelf bottom track data.  The 
parameters obtained for the 150 kHz ADCP were consistent between the start and end 
values, while the 75 kHz had slightly different answers for the two segments of bottom 
track data.  The data were divided into on and off station data and then each averaged into 
one column of data.  150 kHz and 75 kHz profiles were then over-plotted.  On-station 
profiles produced consistently good agreement.  Off-station profiles were still reasonably 
good.  Later recalibration of the 75 kHz using shelf bottom track data at the southern end 
of the SR1 section made this agreement deteriorate, so the first calibration was reinstated.  
Table 9 shows the calibrations applied to each section of data.  The on- and off-station 
averages for the OS150 and OS75 are compared for each profile in Table 10.  Here an 
rms difference has been calculated, defined as 

€ 

1 2 U150 −U75 . 
 
Agreement on station is good, with rms values typically less than one.  Off-station 
differences are rather larger as would be expected, generally in the region of 1-2 cm/s on 
the SR1 section (Stations 2-49) and rather larger on the second section (SR1b), in the 
range 1-4 cm/s.  This reflects the better calibration available for the first section.  The 
OS150 in particular has two independent bottom track calibrations that agree well on S1.  
Even the OS75 has calibrations that differ by less than 0.2°.  When the ship is travelling 
at 10 knots (the maximum speed allowed on the RRS James Cook when the keel is 
down), this angle would result in a spurious cross track velocity of 0.2x3.142x5/180 = 
0.017 m/s, which is in line with the differences found between the two instruments. 
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Table 8a: Calibration data calculated by quick_adcp.py for the OS150 ADCP from separate dataset 
sequences and amalgamated datasets.  Only those from when the keel was down are shown. 
                          

Dataset Water track Notes 
  N Amplitude Phase   
    Median Mean Std dev Median Mean Std dev   
1               Keel up 
2 1 0.998 0.998 0 -0.517 -0.517 0   
3 4 1.018 1.012 0.0231 -0.3445 -0.1933 0.5683   
4 8 1.0055 1.0047 0.0049 -0.4305 -0.4884 0.3354   
5 14 1.022 1.0222 0.0153 -0.296 -0.1708 0.8463   
6 16 1.0085 1.0121 0.012 -0.004 -0.0188 0.6274   
7 16 1.011 1.0101 0.0091 -0.401 -0.5918 0.7269   
8 7 1.007 1.011 0.0117 -0.349 -0.356 0.4776   
9 8 1.011 1.0086 0.0087 -0.583 -0.5003 0.3958   

003-009 78 1.009 1.0117 0.0137 -0.377 -0.3049 0.6674   
10               Keel up 
11 4 1.0045 1.0085 0.0219 0.4835 0.1333 1.001   
12 22 1.003 1.0052 0.0095 -0.448 -0.4151 0.8648   
13 6 1.002 1.0032 0.0088 -0.733 -1.068 1.0776   

011-013 33 1.003 1.0053 0.0113 -0.454 -0.4547 0.9539   
14 13 1.017 1.0148 0.0131 -0.995 -0.8255 1.1189   
15 5 1.018 1.0144 0.0099 -0.963 -0.7898 0.5522   
16 9 1.01 1.0099 0.0085 -0.821 -0.7581 0.3156   
17               Keel up 

 
Dataset Bottom track  Notes 

  N Amplitude Phase   
    Median Mean Std dev Median Mean Std dev   
1               Keel up 
2                 
3 127 1.0025 1.0032 0.0027 -0.4529 -0.4884 0.1214   
4                 
5                 
6                 
7                 
8                 
9 259 1.0039 1.0042 0.0046 -0.4696 -0.497 0.2288   

003-009 390 1.0032 1.0039 0.0042 -0.4689 -0.4926 0.1941   
10               Keel up 
11 60 1.006 1.0092 0.0141 -0.5326 -0.4969 0.2831   
12                 
13                 

011-013 60 1.006 1.0092 0.0141 -0.5326 -0.4969 0.2831   
14                 
15 133 1.0043 1.0043 0.0049 -0.7584 -0.7178 0.2483   
16 97 1.0081 1.0089 0.0063 -0.5619 -0.6183 0.3671   
17               Keel up 
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Table 8b: Calibration data calculated by quick_adcp.py for the OS75 ADCP from separate dataset 
sequences and amalgamated datasets.  Only those from when the keel was down are shown. 
 

Dataset Water track  Notes 
  N Amplitude Phase   
    Median Mean Std dev Median Mean Std dev   

1               Keel up 
2 1 1 1 0 0.334 0.334 0   
3 3 1.01 1.01 0.0141 0.888 0.888 0.0665   
4 8 1.0065 1.006 0.0042 -0.094 -0.1816 0.4068   
5 14 1.011 1.0154 0.0112 0.3085 0.3076 0.642   
6 16 1.0095 1.0155 0.0156 0.4185 0.2864 0.567   
7 16 1.0095 1.0094 0.0097 -0.05 0.0427 0.5013   
8 7 1.011 1.0099 0.0052 0.124 0.1869 0.5455   
9 8 1.0065 1.0076 0.0047 0.0475 0.1165 0.5189   

003-009 78 1.009 1.0118 0.0109 0.1 0.1681 0.5502   
10               Keel up 
11 4 0.9875 0.9955 0.0212 0.5625 0.6537 0.9389   
12 22 1.005 1.0078 0.0106 -0.035 -0.1075 0.5726   
13 5 1.01 1.009 0.0051 -0.197 -0.5116 0.7872   

011-013 32 1.005 1.0064 0.0121 -0.063 -0.0744 0.7097   
14 13 1.01 1.0113 0.011 -0.457 -0.2293 0.914   
15 5 1.016 1.0156 0.0063 -0.705 -0.5412 0.5096   
16 9 1.008 1.0093 0.0083 -0.309 -0.2433 0.3623   
17               Keel up 

 
Dataset Bottom track Notes 
  N Amplitude Phase   
    Median Mean Std dev Median Mean Std dev   

1               Keel up 
2                 
3 145 1.0042 1.0173 0.0461 -0.1325 -0.1274 0.1887   
4                 
5                 
6                 
7                 
8                 
9 263 1.0226 1.0476 0.0617 -0.2344 -0.2157 0.3146   

003-009 414 1.0089 1.046 0.072 -0.1955 -0.1999 0.2952   
10               Keel up 
11 78 1.0153 1.0259 0.0269 -0.0493 -0.0818 0.3262   
12                 
13                 

011-013 78 1.0153 1.0259 0.0269 -0.0493 -0.0818 0.3262   
14                 
15 168 1.0063 1.0143 0.0234 -0.3717 -0.3654 0.3295   
16 184 1.0469 1.0749 0.0803 -0.199 -0.299 0.6088   
17               Keel up 
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Table 9: Calibration data used for each of the processed sections of data for the two instruments. 
Sequence 
number OS150 OS75 

 Angular 
correction 

Amplitude 
correction 

Angular 
correction 

Amplitude 
correction 

002 -0.4525 1.0025 -0.1325 1.0042 

003 -0.4525 1.0025 -0.1325 1.0042 

004 -0.4525 1.0025 -0.1325 1.0042 

005 -0.4525 1.0025 -0.1325 1.0042 

006 -0.4525 1.0025 -0.1325 1.0042 

007 -0.4525 1.0025 -0.1325 1.0042 

008 -0.4525 1.0025 -0.1325 1.0042 

009 -0.4525 1.0025 -0.1325 1.0042 

011 -0.5326 1.0060 -0.0493 1.0153 

012 -0.5326 1.0060 -0.0493 1.0153 

013 -0.5326 1.0060 -0.0493 1.0153 

014 -0.7584 1.0043 -0.3717 1.0063 

015 -0.7584 1.0043 -0.3717 1.0063 

016 -0.7584 1.0043 -0.3717 1.0063 
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Table 10: Comparison of OS150 and OS75 ADCP data shown as a table of RMS differences calculated 
for on-station and off-station data.  Profiles collected over the relevant time periods have been averaged 
together into one profile and then the OS75 mean profile merged onto the OS150 depths.  The RMS is 
defined as 

€ 

1 2 U150 −U75 . 
 

Stn Rms Stns Rms Stn Rms Stns Rms Stn Rms Stns Rms 
3 0.8659 003-004 1.9065 31 0.9428 031-032 2.2662 59 1.8091 059-060 4.0762 
4 0.996 004-005 1.6815 32 0.7437 032-033 1.8668 60 0.3833 060-061 3.232 
5 0.7196     33 1.9785 033-034 1.2741 61 0.4462 061-062 4.2669 
6 0.6922     34 0.5991     62 0.7255 062-063 2.7296 
7 0.6332 007-008 1.6295 35 0.9175     63 0.9173 063-064 2.6461 
8 0.4319 008-009 1.5899 36 0.6435 036-037 1.1146 64 0.9921 064-065 3.5017 
9 0.5751 009-010 1.3852 37 0.6093 037-038 2.0543 65 0.8886 065-066 3.6624 

10 0.813 010-011 1.7361 38 0.792 038-039 1.6002 66 1.2062 066-067 3.5547 
11 0.8575 011-012 1.244 39 0.4414 039-040 1.7166 67 0.9584 067-068 2.0984 
12 0.526 012-013 2.1207 40 0.5202 040-041 1.5518 68 0.9863 068-069 2.0351 
13 0.9388     41 0.5854 041-042 1.2962 69 0.6519 069-070 1.9393 
14 1.0812 014-015 2.0743 42 0.8944 042-043 2.5296 70 0.544 070-071 1.8477 
15 0.7547 015-016 1.5288 43 0.664 043-044 1.1754 71 0.5208 071-072 1.7324 
16 0.8478 016-017 0.6423 44 0.9365 044-045 2.6509 72 0.6411 072-073 1.3956 
17 0.4553 017-018 1.1524 45 1.1169 045-046 1.6325 73 0.7486 073-074 2.0218 
18 0.9631 018-019 1.2206 46 1.0616 046-047 1.1352 74 0.9189 074-075 2.0372 
19 1.7232 019-020 1.2195 47 1.1366 047-048 3.2638 75 1.0094 075-076 2.4225 
20 0.6165 020-021 0.7576 48 0.8749 048-049 2.1324 76 0.8975     
21 1.2704 021-022 1.6145 49 0.895     77 0.9575 077-078 1.4935 
22 0.5698 022-023 1.6505 50 0.8486 050-051 3.6545 78 0.9925 078-079 1.6183 
23 0.7301 023-024 1.528 51 1.6851 051-052 4.0077 79 0.8434 079-080 2.2149 
24 0.6124 024-025 1.6025 52 2.0707 052-053 1.8538 80 0.8362 080-081 0.7308 
25 0.7206 025-026 1.2103 53 0.8463 053-054 1.9903 81 0.8321 081-082 1.2879 
26 0.6243 026-027 1.7323 54 0.4815 054-055 1.7063 82 0.4767 082-083 4.4554 
27 0.9633 027-028 1.5961 55 1.0833 055-056 3.5079 83 0.9389 083-084 0.8844 
28 0.8211 028-029 2.3328 56 0.6369 056-057 1.987 84 0.9976     
29 0.962 029-030 1.4284 57 0.9187 057-058 4.8923     
30 0.5657 030-031 1.4175 58 0.631 058-059 2.8887     
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Appendix A 
 
1. VMDAS OS 150 Bottom track configuration file 

;-----------------------------------------------------------------------------\ 
; ADCP Command File for use with VmDas software. 
;  
; ADCP type:     150 kHz Ocean Surveyor 
; Setup name:    default 
; Setup type:    Low resolution, long range profile(narrowband) 
;  
; NOTE:  Any line beginning with a semicolon in the first  
;        column is treated as a comment and is ignored by  
;        the VmDas software. 
; 
; NOTE:  This file is best viewed with a fixed-point font (e.g. courier). 
; Modified Last: 01November2008 for JC029 (SOFINE) 
;----------------------------------------------------------------------------/ 
; Restore factory default settings in the ADCP 
cr1 
 
; set the data collection baud rate to 38400 bps,  
; no parity, one stop bit, 8 data bits 
; NOTE:  VmDas sends baud rate change command after all other commands in  
; this file, so that it is not made permanent by a CK command. 
cb611 
 
; Set for narrowband single-ping profile mode (NP), sixty (NN) 8 meter bins (NS),  
; 6 meter blanking distance (NF) 
WP0 
NN060 
NP00001 
NS0800 
NF0600 
 
; Enable single-ping bottom track (BP),  
; Set maximum bottom search depth to 800 meters (BX) 
BP001 
BX08000 
 
; output velocity, correlation, echo intensity, percent good 
ND111100000 
 
; 1 seconds between bottom and water pings 
TP000100 
 
; Two seconds between ensembles 
; Since VmDas uses manual pinging, TE is ignored by the ADCP. 
; You must set the time between ensemble in the VmDas Communication options 
TE00000200 
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; Set to calculate speed-of-sound, no depth sensor, external synchro heading  
; sensor, no pitch or roll being used, no salinity sensor, use internal transducer  
; temperature sensor 
EZ1020001 
 
; Output beam data (rotations are done in software) 
EX00000 
 
; Set transducer misalignment (hundredths of degrees) 
EA00000 
 
; Set transducer depth (decimeters) 
ED00096 
 
; Set Salinity (ppt) 
ES35 
 
; save this setup to non-volatile memory in the ADCP 
CK 
 
2. VMDAS OS 75 Bottom track configuration file 

;-----------------------------------------------------------------------------\ 
; ADCP Command File for use with VmDas software. 
;  
; ADCP type:     75 kHz Ocean Surveyor 
; Setup name:    NB, BT on 
; Setup type:    Low resolution, long range profile(narrowband) 
;  
; NOTE:  Any line beginning with a semicolon in the first  
;        column is treated as a comment and is ignored by  
;        the VmDas software. 
; 
; NOTE:  This file is best viewed with a fixed-point font (e.g. courier). 
; ---------------------------------------------------------------------------/ 
 
; Restore factory default settings in the ADCP 
cr1 
 
; set the data collection baud rate to 38400 bps,  
; no parity, one stop bit, 8 data bits 
; NOTE:  VmDas sends baud rate change command after all other commands in  
; this file, so that it is not made permanent by a CK command. 
cb611 
 
; Set for narrowband single-ping profile mode (NP), sixty (NN) 16 meter bins (NS),  
; 8 meter blanking distance (NF) 
WP0 
NN060 
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NP00001 
NS1600 
NF0800 
 
; Enable single-ping bottom track (BP),  
; Set maximum bottom search depth to 1200 meters (BX) 
BP001 
BX12000 
 
; output velocity, correlation, echo intensity, percent good 
ND111100000 
 
; One and a half seconds between bottom and water pings 
TP000150 
 
; Three seconds between ensembles 
; Since VmDas uses manual pinging, TE is ignored by the ADCP. 
; You must set the time between ensemble in the VmDas Communication options 
TE00000300 
 
; Set to calculate speed-of-sound, no depth sensor, external synchro heading  
; sensor, no pitch or roll being used, no salinity sensor, use internal transducer  
; temperature sensor 
EZ1020001 
 
; Output beam data (rotations are done in software) 
EX00000 
 
; Set transducer misalignment (hundredths of degrees) 
EA00900 
 
; Set transducer depth (decimeters) 
ED00097 
 
; Set Salinity (ppt) 
ES35 
; save this setup to non-volatile memory in the ADCP 
CK 
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Appendix B 
 
1. WINADCP OS 150 configuration file 
 

[Version Info] 
VmDasVersion=Version 1.43.16 
Option Table Version=1 
[Expert only options] 
SaveOnlyChangedOptions=TRUE 
TurnedOffBeam=0 
PashrImuFlagUseNormalInterpretation=TRUE 
[ADCP Port Setup] 
AdcpComPortName=COM1 
AdcpComBaudRate=9600 
AdcpComParity=NOPARITY 
AdcpComStopBits=1 
AdcpComDataBits=8 
AdcpConfigFilename=C:\Program Files\RD 
Instruments\VmDas\OS150NB_BTon_JC31.txt 
TimeoutNoRespCmd=1000 
TimeoutHaveCharCmd=100 
TimeoutNoRespSlowCmd=10000 
TimeoutHaveCharSlowCmd=10000 
TimeoutNoRespBreak=3000 
TimeoutHaveCharBreak=2000 
TimeoutNoEns=0 
[NMEA Port Setup] 
NMEANavComEnable=TRUE 
NmeaNavComPortName=COM3 
NmeaNavComBaudRate=4800 
NmeaNavComParity=NOPARITY 
NmeaNavComStopBits=1 
NmeaNavComDataBits=8 
NMEARPHComEnable=TRUE 
NmeaRPHComPortName=COM4 
NmeaRPHComBaudRate=19200 
NmeaRPHComParity=NOPARITY 
NmeaRPHComStopBits=1 
NmeaRPHComDataBits=8 
NMEA3ComEnable=FALSE 
Nmea3ComPortName=None 
Nmea3ComBaudRate=4800 
Nmea3ComParity=NOPARITY 
Nmea3ComStopBits=1 
Nmea3ComDataBits=8 
[NMEA Comm window] 
NoDataTimeout(ms)=5000 
AutoOpen=TRUE 
NumNmeaDisplayedOnErrRecovery=10 
[Serial Port for Binary Ensemble Data Output] 



 

106 
 

BinaryEnsembleOutputComEnable=FALSE 
BinaryEnsembleOutputComPortName=None 
BinaryEnsembleOutputComBaudRate=9600 
BinaryEnsembleOutputComParity=NOPARITY 
BinaryEnsembleOutputComStopBits=1 
BinaryEnsembleOutputComDataBits=8 
BinaryEnsembleOutputDataType(0:none;1:enr;2:enx;3:sta;4:lta)=0 
BinaryEnsembleOutputRefVelType(0:none;1:Bottom;2:Mean)=0 
BinaryEnsembleOutputStartBin=1 
BinaryEnsembleOutputEndBin=4 
BinaryEnsembleOutputMeanStartBin=1 
BinaryEnsembleOutputMeanEndBin=4 
BinaryEnsembleOutputLeader(0:no;1:yes)=FALSE 
BinaryEnsembleOutputBottomTrack(0:no;1:yes)=FALSE 
BinaryEnsembleOutputNavigation(0:no;1:yes)=TRUE 
BinaryEnsembleOutputVelocity(0:no;1:yes)=TRUE 
BinaryEnsembleOutputIntensity(0:no;1:yes)=TRUE 
BinaryEnsembleOutputCorrelation(0:no;1:yes)=TRUE 
BinaryEnsembleOutputPercentGood(0:no;1:yes)=TRUE 
BinaryEnsembleOutputStatus(0:no;1:yes)=TRUE 
[Serial Port for ASCII Ensemble Data Output] 
AsciiEnsembleOutputComEnable=FALSE 
AsciiEnsembleOutputComPortName=None 
AsciiEnsembleOutputComBaudRate=9600 
AsciiEnsembleOutputComParity=NOPARITY 
AsciiEnsembleOutputComStopBits=1 
AsciiEnsembleOutputComDataBits=8 
AsciiEnsembleOutputDataType(0:none;1:enr;2:enx;3:sta;4:lta)=0 
AsciiEnsembleOutputRefVelType(0:none;1:Bottom;2:Mean)=0 
AsciiEnsembleOutputStartBin=1 
AsciiEnsembleOutputEndBin=4 
AsciiEnsembleOutputStoreToDisk(0:no;1:yes)=FALSE 
AsciiEnsembleOutMeanStartBin=1 
AsciiEnsembleOutputMeanEndBin=4 
AsciiEnsembleOutputLeader(0:no;1:yes)=TRUE 
AsciiEnsembleOutputBottomTrack(0:no;1:yes)=TRUE 
AsciiEnsembleOutputNavigation(0:no;1:yes)=TRUE 
AsciiEnsembleOutputVelocity(0:no;1:yes)=TRUE 
AsciiEnsembleOutputIntensity(0:no;1:yes)=TRUE 
AsciiEnsembleOutputCorrelation(0:no,1:yes)=TRUE 
AsciiEnsembleOutputPercentGood(0:no;1:yes)=TRUE 
AsciiEnsembleOutputStatus(0:no;1:yes)=TRUE 
[Serial Port for Speed Log Output] 
SpeedLogComEnable=FALSE 
Speed Log ComPortName=None 
Speed Log ComBaudRate=9600 
Speed Log ComParity=NOPARITY 
Speed Log ComStopBits=1 
Speed Log ComDataBits=8 
SpeedLogDataSource=STA 
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SpeedLogWLSource=WP 
SpeedLogWLStartBin=3 
SpeedLogWLEndBin=5 
[IP Port for Binary Ensemble Data Output] 
BinaryEnsembleOutputNetEnable=FALSE 
BinaryEnsembleOutputIPPortNumber=5433 
[IP Port for ASCII Ensemble Data Output] 
AsciiEnsembleOutputNetEnable=FALSE 
AsciiEnsembleOutputIPPortNumber=5433 
[IP Port for Speed Log Output] 
SpeedLogNetEnable=FALSE 
SpeedLogHostName/IPAddress=5434 
[Fake Data Options] 
AdcpSimInAirEnable=FALSE 
AdcpFakeDataEnable=FALSE 
AdcpFakeDataFilename=SimAdcp.enr 
FakeDataTimeBetweenEnsembles=2 
NMEAFakeDataEnable=FALSE 
NMEAFakeDataFilename=SimNav.nmr 
[File Name Components] 
EnableDualRecordDir=FALSE 
FileRecordPath=C:\ADCP\Data\JC031\ 
FileRecordBackupPath=C:\RDI\ADCP\ 
DeploymentName=OS150_JC31 
DeploymentNumber=1 
MaximumFileSize=10 
[Bottom Track Data Screening Options] 
BTAmpScreenEnable=FALSE 
BTCorScreenEnable=FALSE 
BTErrScreenEnable=FALSE 
BTVertScreenEnable=FALSE 
BTFishScreenEnable=FALSE 
BTPctGoodScreenEnable=FALSE 
BTAmplitudeThreshold=30 
BTCorrelationThreshold=220 
BTErrorVelThreshold=1000 
BTVerticalVelThreshold=1000 
BTFishThreshold=50 
BTPctGoodThreshold=50 
[Water Track Data Screening Options] 
WTAmpScreenEnable=FALSE 
WTCorScreenEnable=FALSE 
WTErrScreenEnable=FALSE 
WTVertScreenEnable=FALSE 
WTFishScreenEnable=FALSE 
WTPctGoodScreenEnable=FALSE 
WTAmplitudeThreshold=30 
WTCorrelationThreshold=180 
WTErrorVelThreshold=1000 
WTVerticalVelThreshold=1000 
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WTFishThreshold=50 
WTPctGoodThreshold=50 
[Profile Data Screening Options] 
PRAmpScreenEnable=FALSE 
PRCorScreenEnable=FALSE 
PRErrScreenEnable=FALSE 
PRVertScreenEnable=FALSE 
PRFishScreenEnable=FALSE 
PRPctGoodScreenEnable=FALSE 
PRMarkBadBelowBottom=FALSE 
PRAmplitudeThreshold=30 
PRCorrelationThreshold=180 
PRErrorVelThreshold=1000 
PRVerticalVelThreshold=1000 
PRFishThreshold=50 
PRPctGoodThreshold=50 
[2nd Band Profile Data Screening Options] 
PRAmpScreenEnable=FALSE 
PRCorScreenEnable=FALSE 
PRErrScreenEnable=FALSE 
PRVertScreenEnable=FALSE 
PRFishScreenEnable=FALSE 
PRPctGoodScreenEnable=FALSE 
PRAmplitudeThreshold=30 
PRCorrelationThreshold=180 
PRErrorVelThreshold=1000 
PRVerticalVelThreshold=1000 
PRFishThreshold=50 
PRPctGoodThreshold=50 
[Transformation Options] 
XformToEarth=TRUE 
Allow3Beam=TRUE 
BinMap=TRUE 
BeamAngleSrc(0:auto,1:man)=0 
ManualBeamAngle=30 
HeadingSource(0:adcp,1:navHDT,2:navHDG,3:navPRDID,4:manual)=3 
NMEAPortForHeadingSource=2 
ManualHeading=0 
TiltSource(0:adcp,1:nav,2:man)=2 
NMEAPortForTiltSource=2 
ManualPitch=0 
ManualRoll=0 
SensorConfigSrc(0:PRfixed,1:Pfixed,2:auto)=2 
ConcavitySource(0:convex,1:concave,2:auto)=2 
UpDownSource(0:dn,1:up,2:auto)=2 
EnableHeadingCorrections=FALSE 
SinCorrectionAmplitudeCoefficient=0 
SinCorrectionPhaseCoefficient=0 
MagneticOffsetEV=0 
BackupMagneticOffsetEV=0 
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AlignmentOffsetEA=0 
EnableVelocityScaling=FALSE 
VelocityScaleFactorForBTVelocities(unitless)=1 
VelocityScaleFactorForProfileAndWTVelocities(unitless)=1 
EnableTiltAlignmentErrorCorrection=FALSE 
TiltAlignmentHeadingCorr(deg)=0 
EAOptionSource=FALSE 
TiltAlignmentPitchCorr(deg)=0 
TiltAlignmentRollCorr(deg)=0 
[2nd Band Transformation Options] 
EnableVelocityScaling=FALSE 
VelocityScaleFactorForProfileVelocities(unitless)=1 
[Backup HPR NMEA Source Options] 
EnableBackupHeadingSource=FALSE 
BackupHeadingSource(0:adcp,1:navHDT,2:navHDG,3:navPRDID,4:manual,5:PASH
R,6:PASHR,ATT,7:PASHR,AT2)=0 
NMEAPortForBackupHeadingSource=-1 
BackupManualHeading=0 
EnableBackupTiltSource=FALSE 
BackupTiltSource(0:adcp,1:nav,2:man,3:PASHR,4:PASHR,ATT,5:PASHR,AT2)=0 
NMEAPortForBackupTiltSource=-1 
BackupManualPitch=0 
BackupManualRoll=0 
[Ship Pos Vel NMEA Source Options] 
EnableGGASource=TRUE 
NmeaPortForGGASource=2 
EnableGGABackupSource=FALSE 
NmeaPortForGGABackupSource=-1 
EnableVTGSource=FALSE 
NmeaPortForVTGSource=2 
EnableTVGBackupSource=FALSE 
NmeaPortForVTGBackupSource=-1 
[Averaging Options] 
AvgMethod(0:time,1:dist)=0 
FirstAvgTime=120 
SecondAvgTime=600 
FirstAvgDistance=500 
SecondAvgDistance=5000 
EnableRefLayerAvg=TRUE 
RefLayerStartBin=3 
RefLayerEndBin=10 
[Reference Velocity Options] 
RefVelSelect(0:none,1:BT,2:WT,3:LYR,4:NDP,5:NAP,6:NSPD)=1 
VelRefLayerStartBin=3 
VelRefLayerEndBin=5 
RefVelUnitVel(0:mm/s,1:m/s,2:knots,3:ft/s)=1 
RefVelUnitDepth(0:m,1:cm,2:ft)=0 
[User Exit Options] 
UserWinAdcpEnable=FALSE 
UserWinAdcpPath=C:\Program Files\RD Instruments\WinAdcp\WinAdcp.exe 
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UserWinAdcpUpdateInterval(sec)=60 
UserWinAdcpFileType(0:enr,1:enx,2:sta,3:lta)=3 
UserAdcpScreening=FALSE 
UserNavScreening=FALSE 
UserTransform=FALSE 
[Shiptrack Options] 
ShipTrack1Source(0:Nav;1:BT;2:WT;3:Layer)=0 
ShipTrack2Source(0:Nav;1:BT;2:WT;3:Layer)=1 
ShipTrack1RedStickEnable=TRUE 
ShipTrack1GreenStickEnable=FALSE 
ShipTrack1BlueStickEnable=FALSE 
ShipTrack2RedStickEnable=TRUE 
ShipTrack2GreenStickEnable=FALSE 
ShipTrack2BlueStickEnable=FALSE 
ShipTrack1RedBin=1 
ShipTrack1GreenBin=2 
ShipTrack1BlueBin=3 
ShipTrack2RedBin=1 
ShipTrack2GreenBin=2 
ShipTrack2BlueBin=3 
ShipTrack1DisplaySelect(0:Lat/Lon;1:Distance)=0 
ShipTrack2DisplaySelect(0:Lat/Lon;1:Distance)=0 
ShipTrack1WaterLayerStartBin=3 
ShipTrack1WaterLayerEndBin=5 
ShipTrack2WaterLayerStartBin=3 
ShipTrack2WaterLayerEndBin=5 
ShipTrackDistanceUnit=0 
[Narrow Band Shiptrack Options] 
RadioBtnSelForShipPosition1DataType=0 
RadioBtnSelForShipPosition2DataType=0 
ShipTrack1RedStickEnable=FALSE 
ShipTrack1GreenStickEnable=FALSE 
ShipTrack1BlueStickEnable=FALSE 
ShipTrack2RedStickEnable=FALSE 
ShipTrack2GreenStickEnable=FALSE 
ShipTrack2BlueStickEnable=FALSE 
ShipTrack1RedBin=1 
ShipTrack1GreenBin=2 
ShipTrack1BlueBin=3 
ShipTrack2RedBin=1 
ShipTrack2GreenBin=2 
ShipTrack2BlueBin=3 
[ADCP Setup Options] 
SetProfileParameters=TRUE 
NumberOfBins=50 
BinSize(meters)=4 
BlankDistance(meters)=4 
TransducerDepth(meters)=6 
SetBTEnable(0:SendBPCmd,1:Don'tSendBPCmd)=TRUE 
ADCPSetupMethod(0:Options,1:CommandFile)=1 
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BtmTrkEnable(0:SendBP0,1:SendBP1)=1 
MaxRange(meters)=400 
SetHdgSensorType=FALSE 
HdgSensorType(0:internal,1:external)=-1 
SetTiltSensorType=FALSE 
TiltSensorType(0:internal,1:external)=-1 
SetProcessingMode=TRUE 
BandwidthType(0:Wide,1:Narrow)=0 
ADCPTimeBetweenEnsemblesSel=1 
ADCPTimeBetweenEnsembles=2 
 

2. WINADCP OS75 configuration file 

 [Version Info] 
VmDasVersion=Version 1.43.16 
Option Table Version=1 
[Expert only options] 
SaveOnlyChangedOptions=TRUE 
TurnedOffBeam=0 
PashrImuFlagUseNormalInterpretation=TRUE 
[ADCP Port Setup] 
AdcpComPortName=COM1 
AdcpComBaudRate=9600 
AdcpComParity=NOPARITY 
AdcpComStopBits=1 
AdcpComDataBits=8 
AdcpConfigFilename=C:\Program Files\RD 
Instruments\VmDas\OS75NB_BTon_JC31.txt 
TimeoutNoRespCmd=1000 
TimeoutHaveCharCmd=100 
TimeoutNoRespSlowCmd=10000 
TimeoutHaveCharSlowCmd=10000 
TimeoutNoRespBreak=3000 
TimeoutHaveCharBreak=2000 
TimeoutNoEns=0 
[NMEA Port Setup] 
NMEANavComEnable=TRUE 
NmeaNavComPortName=COM3 
NmeaNavComBaudRate=4800 
NmeaNavComParity=NOPARITY 
NmeaNavComStopBits=1 
NmeaNavComDataBits=8 
NMEARPHComEnable=TRUE 
NmeaRPHComPortName=COM4 
NmeaRPHComBaudRate=19200 
NmeaRPHComParity=NOPARITY 
NmeaRPHComStopBits=1 
NmeaRPHComDataBits=8 
NMEA3ComEnable=FALSE 
Nmea3ComPortName=None 
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Nmea3ComBaudRate=4800 
Nmea3ComParity=NOPARITY 
Nmea3ComStopBits=1 
Nmea3ComDataBits=8 
[NMEA Comm window] 
NoDataTimeout(ms)=5000 
AutoOpen=TRUE 
NumNmeaDisplayedOnErrRecovery=10 
[Serial Port for Binary Ensemble Data Output] 
BinaryEnsembleOutputComEnable=FALSE 
BinaryEnsembleOutputComPortName=None 
BinaryEnsembleOutputComBaudRate=9600 
BinaryEnsembleOutputComParity=NOPARITY 
BinaryEnsembleOutputComStopBits=1 
BinaryEnsembleOutputComDataBits=8 
BinaryEnsembleOutputDataType(0:none;1:enr;2:enx;3:sta;4:lta)=0 
BinaryEnsembleOutputRefVelType(0:none;1:Bottom;2:Mean)=0 
BinaryEnsembleOutputStartBin=1 
BinaryEnsembleOutputEndBin=4 
BinaryEnsembleOutputMeanStartBin=1 
BinaryEnsembleOutputMeanEndBin=4 
BinaryEnsembleOutputLeader(0:no;1:yes)=FALSE 
BinaryEnsembleOutputBottomTrack(0:no;1:yes)=FALSE 
BinaryEnsembleOutputNavigation(0:no;1:yes)=TRUE 
BinaryEnsembleOutputVelocity(0:no;1:yes)=TRUE 
BinaryEnsembleOutputIntensity(0:no;1:yes)=TRUE 
BinaryEnsembleOutputCorrelation(0:no;1:yes)=TRUE 
BinaryEnsembleOutputPercentGood(0:no;1:yes)=TRUE 
BinaryEnsembleOutputStatus(0:no;1:yes)=TRUE 
[Serial Port for ASCII Ensemble Data Output] 
AsciiEnsembleOutputComEnable=FALSE 
AsciiEnsembleOutputComPortName=None 
AsciiEnsembleOutputComBaudRate=9600 
AsciiEnsembleOutputComParity=NOPARITY 
AsciiEnsembleOutputComStopBits=1 
AsciiEnsembleOutputComDataBits=8 
AsciiEnsembleOutputDataType(0:none;1:enr;2:enx;3:sta;4:lta)=0 
AsciiEnsembleOutputRefVelType(0:none;1:Bottom;2:Mean)=0 
AsciiEnsembleOutputStartBin=1 
AsciiEnsembleOutputEndBin=4 
AsciiEnsembleOutputStoreToDisk(0:no;1:yes)=FALSE 
AsciiEnsembleOutMeanStartBin=1 
AsciiEnsembleOutputMeanEndBin=4 
AsciiEnsembleOutputLeader(0:no;1:yes)=TRUE 
AsciiEnsembleOutputBottomTrack(0:no;1:yes)=TRUE 
AsciiEnsembleOutputNavigation(0:no;1:yes)=TRUE 
AsciiEnsembleOutputVelocity(0:no;1:yes)=TRUE 
AsciiEnsembleOutputIntensity(0:no;1:yes)=TRUE 
AsciiEnsembleOutputCorrelation(0:no,1:yes)=TRUE 
AsciiEnsembleOutputPercentGood(0:no;1:yes)=TRUE 
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AsciiEnsembleOutputStatus(0:no;1:yes)=TRUE 
[Serial Port for Speed Log Output] 
SpeedLogComEnable=FALSE 
Speed Log ComPortName=None 
Speed Log ComBaudRate=9600 
Speed Log ComParity=NOPARITY 
Speed Log ComStopBits=1 
Speed Log ComDataBits=8 
SpeedLogDataSource=STA 
SpeedLogWLSource=WP 
SpeedLogWLStartBin=3 
SpeedLogWLEndBin=5 
[IP Port for Binary Ensemble Data Output] 
BinaryEnsembleOutputNetEnable=FALSE 
BinaryEnsembleOutputIPPortNumber=5433 
[IP Port for ASCII Ensemble Data Output] 
AsciiEnsembleOutputNetEnable=FALSE 
AsciiEnsembleOutputIPPortNumber=5433 
[IP Port for Speed Log Output] 
SpeedLogNetEnable=FALSE 
SpeedLogHostName/IPAddress=5434 
[Fake Data Options] 
AdcpSimInAirEnable=FALSE 
AdcpFakeDataEnable=FALSE 
AdcpFakeDataFilename=SimAdcp.enr 
FakeDataTimeBetweenEnsembles=2 
NMEAFakeDataEnable=FALSE 
NMEAFakeDataFilename=SimNav.nmr 
[File Name Components] 
EnableDualRecordDir=FALSE 
FileRecordPath=C:\ADCP\Data\JC031\ 
FileRecordBackupPath=C:\RDI\ADCP\ 
DeploymentName=OS75_JC31 
DeploymentNumber=1 
MaximumFileSize=10 
[Bottom Track Data Screening Options] 
BTAmpScreenEnable=FALSE 
BTCorScreenEnable=FALSE 
BTErrScreenEnable=FALSE 
BTVertScreenEnable=FALSE 
BTFishScreenEnable=FALSE 
BTPctGoodScreenEnable=FALSE 
BTAmplitudeThreshold=30 
BTCorrelationThreshold=220 
BTErrorVelThreshold=1000 
BTVerticalVelThreshold=1000 
BTFishThreshold=50 
BTPctGoodThreshold=50 
[Water Track Data Screening Options] 
WTAmpScreenEnable=FALSE 
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WTCorScreenEnable=FALSE 
WTErrScreenEnable=FALSE 
WTVertScreenEnable=FALSE 
WTFishScreenEnable=FALSE 
WTPctGoodScreenEnable=FALSE 
WTAmplitudeThreshold=30 
WTCorrelationThreshold=180 
WTErrorVelThreshold=1000 
WTVerticalVelThreshold=1000 
WTFishThreshold=50 
WTPctGoodThreshold=50 
[Profile Data Screening Options] 
PRAmpScreenEnable=FALSE 
PRCorScreenEnable=FALSE 
PRErrScreenEnable=FALSE 
PRVertScreenEnable=FALSE 
PRFishScreenEnable=FALSE 
PRPctGoodScreenEnable=FALSE 
PRMarkBadBelowBottom=FALSE 
PRAmplitudeThreshold=30 
PRCorrelationThreshold=180 
PRErrorVelThreshold=1000 
PRVerticalVelThreshold=1000 
PRFishThreshold=50 
PRPctGoodThreshold=50 
[2nd Band Profile Data Screening Options] 
PRAmpScreenEnable=FALSE 
PRCorScreenEnable=FALSE 
PRErrScreenEnable=FALSE 
PRVertScreenEnable=FALSE 
PRFishScreenEnable=FALSE 
PRPctGoodScreenEnable=FALSE 
PRAmplitudeThreshold=30 
PRCorrelationThreshold=180 
PRErrorVelThreshold=1000 
PRVerticalVelThreshold=1000 
PRFishThreshold=50 
PRPctGoodThreshold=50 
[Transformation Options] 
XformToEarth=TRUE 
Allow3Beam=TRUE 
BinMap=TRUE 
BeamAngleSrc(0:auto,1:man)=0 
ManualBeamAngle=30 
HeadingSource(0:adcp,1:navHDT,2:navHDG,3:navPRDID,4:manual)=3 
NMEAPortForHeadingSource=2 
ManualHeading=0 
TiltSource(0:adcp,1:nav,2:man)=2 
NMEAPortForTiltSource=2 
ManualPitch=0 
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ManualRoll=0 
SensorConfigSrc(0:PRfixed,1:Pfixed,2:auto)=2 
ConcavitySource(0:convex,1:concave,2:auto)=2 
UpDownSource(0:dn,1:up,2:auto)=2 
EnableHeadingCorrections=FALSE 
SinCorrectionAmplitudeCoefficient=0 
SinCorrectionPhaseCoefficient=0 
MagneticOffsetEV=0 
BackupMagneticOffsetEV=0 
AlignmentOffsetEA=0 
EnableVelocityScaling=FALSE 
VelocityScaleFactorForBTVelocities(unitless)=1 
VelocityScaleFactorForProfileAndWTVelocities(unitless)=1 
EnableTiltAlignmentErrorCorrection=FALSE 
TiltAlignmentHeadingCorr(deg)=0 
EAOptionSource=FALSE 
TiltAlignmentPitchCorr(deg)=0 
TiltAlignmentRollCorr(deg)=0 
[2nd Band Transformation Options] 
EnableVelocityScaling=FALSE 
VelocityScaleFactorForProfileVelocities(unitless)=1 
[Backup HPR NMEA Source Options] 
EnableBackupHeadingSource=FALSE 
BackupHeadingSource(0:adcp,1:navHDT,2:navHDG,3:navPRDID,4:manual,5:PASH
R,6:PASHR,ATT,7:PASHR,AT2)=1 
NMEAPortForBackupHeadingSource=2 
BackupManualHeading=0 
EnableBackupTiltSource=FALSE 
BackupTiltSource(0:adcp,1:nav,2:man,3:PASHR,4:PASHR,ATT,5:PASHR,AT2)=0 
NMEAPortForBackupTiltSource=-1 
BackupManualPitch=0 
BackupManualRoll=0 
[Ship Pos Vel NMEA Source Options] 
EnableGGASource=TRUE 
NmeaPortForGGASource=2 
EnableGGABackupSource=FALSE 
NmeaPortForGGABackupSource=-1 
EnableVTGSource=FALSE 
NmeaPortForVTGSource=2 
EnableTVGBackupSource=FALSE 
NmeaPortForVTGBackupSource=-1 
[Averaging Options] 
AvgMethod(0:time,1:dist)=0 
FirstAvgTime=120 
SecondAvgTime=600 
FirstAvgDistance=500 
SecondAvgDistance=5000 
EnableRefLayerAvg=TRUE 
RefLayerStartBin=3 
RefLayerEndBin=10 
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[Reference Velocity Options] 
RefVelSelect(0:none,1:BT,2:WT,3:LYR,4:NDP,5:NAP,6:NSPD)=1 
VelRefLayerStartBin=3 
VelRefLayerEndBin=5 
RefVelUnitVel(0:mm/s,1:m/s,2:knots,3:ft/s)=1 
RefVelUnitDepth(0:m,1:cm,2:ft)=0 
[User Exit Options] 
UserWinAdcpEnable=FALSE 
UserWinAdcpPath=C:\Program Files\RD Instruments\WinAdcp\WinAdcp.exe 
UserWinAdcpUpdateInterval(sec)=60 
UserWinAdcpFileType(0:enr,1:enx,2:sta,3:lta)=3 
UserAdcpScreening=FALSE 
UserNavScreening=FALSE 
UserTransform=FALSE 
[Shiptrack Options] 
ShipTrack1Source(0:Nav;1:BT;2:WT;3:Layer)=0 
ShipTrack2Source(0:Nav;1:BT;2:WT;3:Layer)=1 
ShipTrack1RedStickEnable=FALSE 
ShipTrack1GreenStickEnable=FALSE 
ShipTrack1BlueStickEnable=FALSE 
ShipTrack2RedStickEnable=FALSE 
ShipTrack2GreenStickEnable=FALSE 
ShipTrack2BlueStickEnable=FALSE 
ShipTrack1RedBin=1 
ShipTrack1GreenBin=2 
ShipTrack1BlueBin=3 
ShipTrack2RedBin=1 
ShipTrack2GreenBin=2 
ShipTrack2BlueBin=3 
ShipTrack1DisplaySelect(0:Lat/Lon;1:Distance)=0 
ShipTrack2DisplaySelect(0:Lat/Lon;1:Distance)=1 
ShipTrack1WaterLayerStartBin=3 
ShipTrack1WaterLayerEndBin=5 
ShipTrack2WaterLayerStartBin=3 
ShipTrack2WaterLayerEndBin=5 
ShipTrackDistanceUnit=0 
[Narrow Band Shiptrack Options] 
RadioBtnSelForShipPosition1DataType=1 
RadioBtnSelForShipPosition2DataType=1 
ShipTrack1RedStickEnable=FALSE 
ShipTrack1GreenStickEnable=FALSE 
ShipTrack1BlueStickEnable=FALSE 
ShipTrack2RedStickEnable=FALSE 
ShipTrack2GreenStickEnable=FALSE 
ShipTrack2BlueStickEnable=FALSE 
ShipTrack1RedBin=1 
ShipTrack1GreenBin=2 
ShipTrack1BlueBin=3 
ShipTrack2RedBin=1 
ShipTrack2GreenBin=2 
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ShipTrack2BlueBin=3 
[ADCP Setup Options] 
SetProfileParameters=FALSE 
NumberOfBins=25 
BinSize(meters)=8 
BlankDistance(meters)=8 
TransducerDepth(meters)=6 
SetBTEnable(0:SendBPCmd,1:Don'tSendBPCmd)=TRUE 
ADCPSetupMethod(0:Options,1:CommandFile)=1 
BtmTrkEnable(0:SendBP0,1:SendBP1)=0 
MaxRange(meters)=2000 
SetHdgSensorType=FALSE 
HdgSensorType(0:internal,1:external)=-1 
SetTiltSensorType=FALSE 
TiltSensorType(0:internal,1:external)=-1 
SetProcessingMode=TRUE 
BandwidthType(0:Wide,1:Narrow)=0 
ADCPTimeBetweenEnsemblesSel=1 
ADCPTimeBetweenEnsembles=2 
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Appendix C - MEXEC scripts used in VMADCP processing  

mcod_01.m 

% get current adcp data from codas database and create Mstar file 
% for this to work currently, you have to be in the directory containing 
% adcpdb for the chunk of data concerned 
 
here = pwd; 
if length(findstr(here,'os150')) > 0 
  inst = 'os150'; 
else 
  inst = 'os75'; 
end 
 
[alldata,config]= run_agetmat('ddrange', [-10 400], 'editdir', 'edit'); 
data = apply_flags(alldata, alldata.pflag); %edit bad points 
 
sec0 = datenum(MDEFAULT_DATA_TIME_ORIGIN); 
secs = datenum(data.time) - sec0; 
time = 86400 .* secs; 
lon = data.lon; 
lat = data.lat; 
depth = data.depth; 
uabs = data.uabs_sm; 
vabs = data.vabs_sm; 
uship = data.uship_sm; 
vship = data.vship_sm; 
time = reshape(time,size(lon)); 
 
dataname = [inst '_' config.dbname]; 
timestring = ['[' sprintf('%d %d %d %d %d 
%d',MDEFAULT_DATA_TIME_ORIGIN) ']']; 
otfile = dataname; 
 
MARGS_IN = { 
otfile 
'time' 
'lon' 
'lat' 
'depth' 
'uabs' 
'vabs' 
'uship' 
'vship' 
' ' 
' ' 
'1' 
dataname 
'/' 
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'2' 
PLATFORM_TYPE 
PLATFORM_IDENTIFIER 
PLATFORM_NUMBER 
'/' 
'4' 
timestring 
'/' 
'8' 
'time' 
'/' 
'seconds' 
'lon' 
'/' 
'degrees' 
'lat' 
'/' 
'degrees' 
'depth' 
'/' 
'metres' 
'uabs' 
'/' 
'cm/s' 
'vabs' 
'/' 
'cm/s' 
'uship' 
'/' 
'm/s' 
'vship' 
'/' 
'm/s' 
'-1' 
'-1' 
}; 
msave 
 
mcod_02.m 

% script to calculate ships speed 
% and expand 1D arrays into 2D 
 
infile = input('Enter name of input file ','s'); 
wkfile = ['wk_' datestr(now,30)] 
otfile = [infile '_spd']; 
%-------------------------------- 
 
MARGS_IN = { 
infile 
wkfile 
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'uabs vabs/' 
'time uabs' 
'y=repmat(x1(1,1:end),size(x2,1),1)' 
' ' 
' ' 
'lon uabs' 
'y=repmat(x1(1,1:end),size(x2,1),1)' 
' ' 
' ' 
'lat uabs' 
'y=repmat(x1(1,1:end),size(x2,1),1)' 
' ' 
' ' 
'uship uabs' 
'y=repmat(x1(1,1:end),size(x2,1),1)' 
' ' 
' ' 
'vship uabs' 
'y=repmat(x1(1,1:end),size(x2,1),1)' 
' ' 
' ' 
'depth uabs' 
'y=repmat(x1(1:end,1),1,size(x2,2))' 
' ' 
' ' 
' ' 
}; 
mcalc 
%-------------------------------- 
 
MARGS_IN = { 
wkfile 
otfile 
'/' 
'uabs vabs' 
'y=sqrt(x1.*x1+x2.*x2)' 
'speed' 
' ' 
'uship vship' 
'y=sqrt(x1.*x1+x2.*x2)' 
'shipspd' 
' ' 
' ' 
}; 
mcalc 
%-------------------------------- 
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mcod_03.m 

function mcod_03(infile, istn) 
 
% high level function to split out on station data 
 
m_common 
m_margslocal 
m_varargs 
 
if nargin < 1 
  stn = input('Enter station number ','s'); 
  istn = str2num(stn); 
end 
if nargin < 2 
  infile = input('Enter name of input file ','s'); 
end 
wkfile = ['wk_' datestr(now,30)]; 
 
% construct output filename by removing last token 
% delimited by '_' 
otfile = fliplr(infile); 
[atok,otfile] = strtok(otfile,'_'); 
otfile = fliplr(otfile); 
otfile = [otfile sprintf('%3.3d',istn)]; 
%-------------------------------- 
 
[d1,d2] = station_range(istn); 
[b1,b2] = m_info_var(infile,'time','range'); 
fmt1 = 'datafile: %12.2f to %12.2f\n'; 
fmt2 = 'station : %12.2f to %12.2f\n'; 
fprintf([fmt1 fmt2],b1,b2,d1,d2); 
 
if d1 < b1 | d2 > b2 
  m = 'station not wholly contained in data file'; 
  error(m); 
end 
[r1,c1] = m_info_var(infile,'time',{'first-greater' d1}); 
[r2,c2] = m_info_var(infile,'time',{'last-less' d2}); 
 
grange = [num2str(c1) ' ' num2str(c2)]; 
%-------------------------------- 
 
MARGS_IN = { 
infile 
otfile 
'/' 
' ' 
' ' 
grange 
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' ' 
' ' 
}; 
mcopya 
%-------------------------------- 
 
mcod_04.m 

 
function mcod_04(infile, istn1, istn2) 
 
% top level function to split file into underway parts 
 
uway = 1.0 
 
m_common 
m_margslocal 
m_varargs 
 
if nargin < 1 
  infile = input('Enter name of input file ','s'); 
end 
if nargin < 2 
  stn = input('Enter 1st station number ','s'); 
  istn1 = str2num(stn); 
end 
if nargin < 3 
  istn2 = istn1 + 1; 
end 
wkfile = ['wk_' datestr(now,30)]; 
 
% construct output filename by removing last token 
% delimited by '_' 
otfile = fliplr(infile); 
[atok,otfile] = strtok(otfile,'_'); 
otfile = fliplr(otfile); 
otfile = [otfile sprintf('%3.3d-%3.3d',istn1,istn2)]; 
%-------------------------------- 
 
[d1,d2] = station_range(istn1); 
[e1,e2] = station_range(istn2); 
[b1,b2] = m_info_var(infile,'time','range'); 
fmt1 = 'datafile: %12.2f to %12.2f\n'; 
fmt2 = 'passage : %12.2f to %12.2f\n'; 
fprintf([fmt1 fmt2],b1,b2,d2,e1); 
 
if d2 < b1 | e1 > b2 
  m = 'station not wholly contained in data file'; 
  error(m); 
end 
[r1,c1] = m_info_var(infile,'time',{'first-greater' d2}); 
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[r2,c2] = m_info_var(infile,'time',{'last-less' e1}); 
 
grange = [num2str(c1) ' ' num2str(c2)] 
%-------------------------------- 
% copy out part between the two stations in time 
 
MARGS_IN = { 
infile 
wkfile 
'/' 
' ' 
' ' 
grange 
' ' 
' ' 
}; 
mcopya 
%-------------------------------- 
 
[r1,c1] = m_info_var(wkfile,'shipspd',{'first-greater' uway}); 
[r2,c2] = m_info_var(wkfile,'shipspd',{'last-greater' uway}); 
 
grange = [num2str(c1) ' ' num2str(c2)]; 
%-------------------------------- 
% copy out central part where shipspeed is greater than uway 
 
MARGS_IN = { 
wkfile 
otfile 
'/' 
' ' 
' ' 
grange 
' ' 
' ' 
}; 
mcopya 
%-------------------------------- 
 
Station_range.m 

function [s1,s2] = station_range(nstn) 
 
% read station file and calculate time in seconds 
stnpath = which('station_range')'; 
stnpath = strrep(stnpath','station_range.m','stations.dat'); 
eval(['load ',stnpath]); 
 
% a line assumed to be 'stn doy hour min sec doy hour min sec' 
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stns = stations(:,1); 
sec1 = 86400*(stations(:,2)-1) + 3600*stations(:,3) + 60*stations(:,4); 
sec2 = 86400*(stations(:,5)-1) + 3600*stations(:,6) + 60*stations(:,7); 
 
istn = fix(find(stns == nstn)); 
s1 = fix(sec1(istn)); 
s2 = fix(sec2(istn)); 
 
clear stations; 
 
m_info_var.m 

function [varargout] = m_info_var(fname,vname,question) 
 
% ask for specific information about a variable 
% available questions: 
%          shape                   - give back [rows,columns] 
%          minimum                 - give back minimum 
%          maximum                 - give back maximum 
%          range                   - give back minimum and maximum 
%          ["first-greater",value] - row and column number where var first exceeds value 
%          ["last-greater",value]  - row and column number where var last exceeds value 
%          ["first-less",value]    - row and column number where var is first less than 
value 
%          ["last-less",value]     - row and column number where var is last less than 
value 
 
m_common 
m_margslocal 
m_varargs 
 
Mprog = 'm_ask_var'; 
m_proghd; 
 
ncfile.name = fname; 
ncfile = m_ismstar(ncfile); 
 
h = m_read_header(ncfile); 
k = m_findvarnum(vname,h); 
 
if ischar(question) 
  word = question; 
  value = NaN; 
else 
  if iscell(question) 
    word = cell2mat(question(1)); 
    value = cell2mat(question(2)); 
  end 
end 
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switch word 
 
  case 'shape' 
    rows = h.dimrows(k); 
    cols = h.dimcols(k); 
    varargout{1} = rows; 
    varargout{2} = cols; 
    return 
 
  case 'minimum' 
    varargout{1} = h.alrlim(k); 
    return 
 
  case 'maximum' 
    varargout{1} = h.uprlim(k); 
    return 
 
  case 'range' 
    varargout{1} = h.alrlim(k); 
    varargout{2} = h.uprlim(k); 
    return 
 
  case 'first-greater' 
    dv = nc_varget(ncfile.name,vname); 
    ids = find(dv > value); 
    [row,col] = m_index_to_rowcol(ids(1),h,k); 
    varargout{1} = row; 
    varargout{2} = col; 
    return 
 
  case 'last-greater' 
    dv = nc_varget(ncfile.name,vname); 
    ids = find(dv > value); 
    [row,col] = m_index_to_rowcol(ids(end),h,k); 
    varargout{1} = row; 
    varargout{2} = col; 
    return 
 
  case 'first-less' 
    dv = nc_varget(ncfile.name,vname); 
    ids = find(dv < value); 
    [row,col] = m_index_to_rowcol(ids(1),h,k); 
    varargout{1} = row; 
    varargout{2} = col; 
    return 
 
  case 'last-less' 
    dv = nc_varget(ncfile.name,vname); 
    ids = find(dv < value); 
    [row,col] = m_index_to_rowcol(ids(end),h,k); 
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    varargout{1} = row; 
    varargout{2} = col; 
    return 
  otherwise 
    return 
end 
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14. Primary Production, Calcification, Coccolithophores and the 
Carbonate System 

 
 
14.1 Background and Cruise Objectives 
 
Ocean acidification is the result of increasing carbon dioxide in the atmosphere being 
absorbed by the ocean. This shifts the carbonate system towards more CO2 and H+ and 
less carbonate ion (CO3

2-), which in turn decreases calcite saturation state in the seawater.  
Experiments imply that ocean acidification and the subsequent decline in calcite 
saturation state will have a negative impact on marine calcifiers such as corals, mussels, 
sea urchins, pteropods and coccolithophores. Coccolithophores are of particular 
importance as they comprise a great proportion of biogenic calcification (50-80%).  
Moreover, calcite is considered to be an important ballast material for organic carbon 
transport from the surface to the deep ocean and is therefore playing an important role in 
the global carbon cycle.  
 
Extensive lab experiments have been done on coccolithophore responses to ocean 
acidification and some of them show contradictory results, but studies on natural 
populations are limited.  The cruise track crossed a natural gradient of calcite saturation 
state; from high values at high latitudes to very low values in Antarctic waters.  Thus, a 
“natural lab” was provided in order to investigate how in-situ assemblages of 
coccolithophores might respond to ocean acidification, in a natural system were 
parameters like temperature, nutrients, mixing etc. are not controlled but have a joint 
effect on biological processes.   
 
14.2 Sampling and Methods 
 
We sampled for coccolithophores (SEM), particulate inorganic carbon (PIC), particulate 
organic carbon and particulate organic nitrogen (POC/N), chl-a, cells counts, primary 
production, calcification, 15N and 13C uptake, dissolved inorganic carbon (DIC) and 
alkalinity (Alk).  Samples were collected at 79 CTD stations from 3-6 light depths (see 
Table 11).  Underway samples (35 in total, see Table 12) were also collected during the 
first leg and last leg of the cruise.  
 
14.2.1 SEM 
 
Samples for coccolithophore analysis were taken at 59 CTD stations and from the 
underway supply.  Exactly 1000ml of seawater were filtered on 1.2µm Isopore membrane 
filters under low vacuum.  The filters were rinsed with analytical grade trace ammonium 
solution (pH ~ 9.7) to prevent the formation of salt crystals that makes analysis under the 
SEM difficult.  Filters were dried at ~30ºC, placed in sealed Petri dishes, wrapped in tin 
foil and kept in a cool and dry place until analysis at NOCS using a Leo 1450VP Carl 
Zeiss scanning electron microscope.  Analysis will involve identification, enumeration 
and morphometric analysis of coccospheres and loose coccoliths. 
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14.2.2 PIC 
 
Samples for PIC were taken at 59 CTD stations and from the underway supply.  Up to 
500ml of seawater were filtered on 0.2µm or 0.8µm polycarbonate filters.  The filters 
were rinsed with analytical grade trace ammonium solution (pH ~ 9.7) in order to 
dissolve salt that would otherwise contaminate the sample, placed in centrifuge tubes and 
kept at 4ºC until analysis at NOCS using a Perkin Elmer Optima 4300 DV inductively 
coupled plasma-optical emission spectrometer (ICP-OES). 
 
14.2.3 POC/N 
 
Samples for POC/N were taken at 59 CTD stations and from the underway supply.  Up to 
1500ml of seawater were filtered on pre-ashed GF/F filters.  The filters were placed in 
Petri dishes and kept at -20ºC.  Further analysis will be done using a Thermo Finnigan 
flash EA1112 elemental analyzer at NOCS. 
 
14.2.4 Chl-a 
 
Chlorophyll-a samples were taken at all CTD stations and from the underway supply.  
Exactly 200-250ml of seawater were filtered on GF/F filters.  Filters were wrapped in tin 
foil and kept at -20ºC.  Analysis at NOCS will be done following the Welschmeyer 
protocol using a Turner fluorometer calibrated against a spectrophotometrically 
determined calibration curve of commercial grade (SIGMA) chl-a using the SCOR / 
UNESCO tri-chromatic equations. 
 
14.2.5 Cell Counts 
 
Exactly 500ml of seawater were filtered on 0.45µm cellulose nitrate filters under low 
vacuum. The filters were rinsed with analytical grade trace ammonium solution (pH ~ 
9.7) to prevent the formation of salt crystals.  Filters were dried at ~30ºC, placed in sealed 
Petri dishes, wrapped in tin foil and kept in a cool and dry place until analysis at NOCS 
using a cross-polarised microscope. 
 
14.2.6 Primary Production and Calcification 
 
Daily rates of primary production and calcification were determined at 20 CTD stations 
following the ‘micro-diffusion’ technique of Paasche and Brubak 1994 (as modified by 
Balch et al., 2000).  Water samples (150ml, 3 incubated, 1 formalin-killed) were collected 
from 3-6 light depths (around 80, 50, 20, 9, 6, 1% incident light) spiked with 100µCi of 
14C-labelled sodium bicarbonate and incubated in on-deck incubators.  Light depths were 
replicated through the use of a mixture of misty blue and neutral density filters and 
continuous flow of water from the underway supply in the incubators kept samples at sea 
surface temperature.  Incubations were terminated by filtration through 25mm 0.2µm 
polycarbonate filters, and extensive rinsing with filtered seawater to remove any labelled 
14C-DIC.  Filters were then placed in a glass vial with gas-tight septum and a bucket 
containing a GFA filter soaked with phenylethylamine (PEA) attached to the lid.  
Phosphoric acid (1ml, 1%) was then injected through the septum into the bottom of the 
vial to convert any labelled 14C-PIC to 14C-CO2, which was then captured in the PEA-
soaked filter.  After 24 hours, GFA filters were removed and placed in a fresh vial and 
liquid scintillation cocktail was added to both vials: one containing the polycarbonate 
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filter (non-acid labile production, organic or primary production) and the other containing 
the GFA filter (acid labile production, inorganic production or calcification).  Activity in 
both filters was then determined on a liquid scintillation counter and counts converted to 
uptake rates using standard methodology.  Daily uptake rates per cell will also be 
calculated using the data from the SEM and cell count samples. 
 
14.2.7 15N and 13C Uptake Measurements 
 
14.2.7.1 Objectives 
 
1. To measure phytoplankton new production using 15N-NO3 and 13C tracers relative to 

calcification rates. 
2. To assess phytoplankton new production in response to ambient light gradients and 

relative to FRRf underway measurements.  
3. To assess Redfield C:N fixation rates from dual-labelling (13C, 15N) experiments.  
 
14.2.7.2 General Approach & Methods 
 
Uptake measurements were made at every station and depth where calcification rate 
measurements were made. 
 
14.2.7.3 New Production, Nitrate Uptake and Carbon Fixation 
 
Dual-labelled (15-NO3, 13C-bicarbonate) incubations were conducted at up to 6 light 
depths in 2.0L polycarbonate bottles for 24 hours.  Light bottles were inoculated with 
both 15N (0.1µmol K15NO3 / 100µl) and 13C spikes (4.2507g sodium bicarbonate / 100ml 
artificial sea water) to achieve 15N-NO3 and 13C enrichments of ~10% and ~5% 
respectively of ambient concentrations.  The light treatments were the same for primary 
production and calcification.  After incubation, samples were filtered onto pre-ashed 
GF/F filters (25mm) and dried overnight in an oven at ~30°C.  The dried filters will be 
measured for isotopic abundance on a mass spectrometer in the University of Cape Town.  
 
14.2.7.4 Underway FRRf 
 
Underway FRRf (Chelsea Instruments) was plumbed to the non-toxic seawater supply in 
the main bio lab and logged continuously.  FRRf measurements will provide an indicator 
of the physiological status of phytoplankton assemblages in the Drake Passage region.  It 
is anticipated that the active fluorescence response of Fv/Fm will be low, indicating Fe 
stress that typifies phytoplankton in Fe limited HNLC waters.  Since Fe stress impacts on 
the ability of phytoplankton to take up and reduce nitrate to ammonium in the cells 
because of the iron dependency of nitrate reductase, the Fv/Fm response ought to 
correlate well with the 15-NO3 uptake measurements.  The combination of both data sets 
will add to our understanding of Fe-limited nitrogen metabolism by Southern Ocean 
phytoplankton.   
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14.2.7.5  DIC and Alkalinity 
 
Sampling procedure was according to DOE (U.S. Department of Energy) 1994.  Samples 
were taken as soon as the Niskin bottle was opened to prevent any gas exchange.  
Silicone tubing and borosilicate glass bottles (250ml) were used for sampling and care 
was taken to prevent any air bubbles being trapped in the bottle.  A headspace of 1% 
(2.5ml) was allowed for water expansion.  Each sample was then poisoned with mercuric 
chloride in order to prevent any biological activity and the bottle was airtight sealed with 
a glass stopper.  Samples were stored in a cool and dark place until analysis at NOCS.  
Analysis will be done using the VINDTA (Versatile INstrument for Determination of 
Total Alkalinity) connected with a UIC coulometer. DIC will be measured using a 
coulometric titration and alkalinity by titrating the sample with hydrochloric acid.  
Certified Reference Materials (CRMs) from A.G. Dickson (Scripps Institute of 
Oceanography) will be used to calibrate the instrument before sample analysis.  DIC and 
alkalinity values will then be used to calculate the rest of the carbonate system 
parameters; carbon dioxide, bicarbonate and carbonate ion, pH and finally calcite and 
aragonite saturation state. 
 
14.2.7.6 Continuous pCO2 and Satellite Images 
 
In order to support our data, continuous pCO2 measurements (courtesy of PML) were also 
made and chl-a and true-colour and reflectance (in which coccolithophore blooms can be 
identified) satellite images were sent daily to the ship. 
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Table 11: CTD stations and depths at which samples were collected 
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2 22 5  x x x x     
 18 25  x        
 14 50  x        
 5 75  x        
 1 93  x        
3 24 5  x x x x x x x x 
 21 25  x        
 19 50  x x x x x x x x 
 12 75  x        
 9 100  x x x x x x x x 
 6 175  x        
4 22 5  x x x x x    
 19 25  x        
 16 50  x        
 13 75  x        
 10 100  x        
 8 175  x        
5 24 5  x x x x x x x x 
 22 25  x        
 20 50  x x x x x x x x 
 18 75  x        
 14 100  x x x x x x x x 
 12 175  x        
6 24 5  x x x x     
 22 25  x        
 20 50  x        
 18 75  x        
 16 100  x        
 14 175  x        
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7 23-24 5  x x x x     
 22 25  x        
 21 50  x        
 20 75  x        
 16 100  x        
 15 175  x        
8 24 5  x x x x     
 22 25  x        
 21 50  x        
 19-20 75  x        
 18 100  x        
 17 175  x        
9 24 5  x x x x     
 23 50  x        
 22 101  x        
 21 175  x        

10 24 5 x x x x x     
 23 50  x        
 22 100  x        
 21 175  x        

11 24 5  x x x x x x x x 
 23 50  x        
 22 100  x        
 21 175  x        

14 24 5  x  x x x x x x 
 23 50  x  x x x x x x 
 22 75  x  x x x x x x 
 21 100  x  x x x x x x 
 20 175  x        

15 Underway 5 x x x  x     
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        
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16 23-24 5  x x x x     
 22 50  x        
 21 75  x        
 20 100  x        
 19 175  x        

17 24 5  x x x x x    
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        

18 24 5  x x x x x x x x 
 23 50  x x x x x x x x 
 22 75  x x x x x x x x 
 21 100  x x x x x x x x 
 20 175  x        

19 24 5  x x x x x    
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        

20 24 10  x x x x     
 23 25  x        
 22 50  x        
 21 100  x        
 20 175  x        

21 24 5  x x x x     
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        

22 24 5  x x x x x x x x 
 23 50  x x x x x x x x 
 22 75  x x x x x x x x 
 21 100  x x x x x x x x 
 20 175  x        
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23 24 5 x x x x x     
 23 25  x        
 22 50  x        
 21 75  x        
 20 100  x        
 19 175  x        

24 24 5  x x x x     
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        

25 24 5 x x x x x     
 23 50  x        
 22 100  x        
 21 175  x        

26 24 5  x x x x  x x x 
 23 50  x x x x  x x x 
 22 100  x x x x  x x x 
 21 175  x x x x     

27 24 5  x x x x x x x x 
 23 50  x x x x x x x x 
 22 75  x x x x x x x x 
 21 100  x x x x x x x x 

28 24 5  x x x x     
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        

29 24 5 x x x x x     
 23 50  x        
 22 75  x        
 21 130  x        
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30 24 5  x x x x     
 23 65  x        
 22 100  x        
 21 175  x        

31 24 5  x x x x     
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        

32 24 5  x x x x     
 23 50  x        
 22 75  x        
 21 100  x        
 20 125  x        
 19 175  x        

33 24 5  x        
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        

36 24 5  x x x x x x x x 
 23 50  x x x x x x x x 
 22 100  x x x x x x x x 
 21 175  x        

37 24 5  x        
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        

38 24 5  x x x x     
 23 50  x        
 22 75  x        
 21 100  x        
 20 175  x        
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39 24 5  x        
 23 25  x        
 22 50  x        
 21 75  x        
 20 100  x        
 19 175  x        

40 24 5  x x x x     
 23 50  x        
 22 100  x        
 21 175  x        

41 24 5  x x x x x x x x 
 23 25  x x x x x x x x 
 22 50  x x x x x x x x 
 21 75  x x x x x x x x 
 20 101  x        
 19 126  x        

42 24 15  x        
 23 20  x        
 22 50  x        
 21 75  x        
 20 100  x        
 18 125  x        

43 24 15  x x x x     
 23 20  x        
 22 50  x        
 21 75  x        
 20 100  x        
 19 125  x        

44 24 5 x x x x x     
 23 10  x        
 21 25  x        
 19 50  x        
 17 75  x        
 15 125  x        
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45 23 5  x x x x     
 21 25  x        
 19 50  x        
 17 75  x        
 14 100  x        
 11 175  x        

46 24 5  x        
 22 25  x        
 20 51  x        
 17 76  x        
 12 101  x        
 11 176  x        

47 24 5  x        
 22 25  x        
 20 50  x        
 17 75  x        
 13 100  x        
 11 175  x        

48 24 5  x x x x     
 22 25  x        
 20 50  x        
 18 75  x        
 16 100  x        
 14 125  x        

49 24 5  x        
 22 25  x        
 18 50  x        
 16 75  x        
 14 100  x        
 12 125  x        
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50 24 5  x        
 22 25  x        
 20 50  x        
 17 75  x        
 14 100  x        
 11 125  x        

51 20 5  x        
 19 25  x        
 18 50  x        
 17 75  x        
 12 100  x        
 11 125  x        

52 24 5  x        
 23 25  x        
 22 50  x        
 21 75  x        
 20 100  x        
 16 125  x        

53 24 5  x        
 23 25  x        
 22 50  x        
 21 75  x        
 20 100  x        
 16 125  x        

54 24 5  x x x x x x x x 
 23 50  x x x x x x x x 
 21 100  x x x x x x x x 
 20 175  x x x x x x x x 

55 24 5  x        
 23 50  x        
 21 100  x        
 20 175  x        
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56 24 5  x x x x     
 23 50  x        
 21 100  x        
 20 175  x        

58 24 5  x x x x x x x x 
 23 50  x x       
 22 75  x x x x x x x x 
 21 99  x x x x x x x x 
 20 174  x        

59 24 5  x        
 23 50  x        
 21 100  x        
 20 175  x        
 19 250  x        

60 24 5  x x x x     
 23 50  x        
 21 100  x        
 20 175  x        
 19 250  x        

61 24 5  x        
 23 50  x        
 21 100  x        
 20 175  x        

62 24 5  x x x x x x x x 
 23 50  x x x x x x x x 
 21 100  x x x x x x x x 
 20 175  x        

63 24 5  x x x x     
 23 50  x        
 22 100  x        
 21 175  x        

64 24 5  x x x x     
 23 50  x        
 20 100  x        
 19 175  x        
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65 24 5  x x x x x x x x 
 23 50  x x x x x x x x 
 20 100  x x x x x x x x 
 19 165  x        

66 24 5  x x x x     
 23 50  x        
 22 100  x        
 21 175  x        

67 24 5  x x x x     
 23 50  x        
 22 100  x        
 21 175  x        

68 24 5  x x x x     
 23 50  x        
 22 100  x        
 21 175  x        

69 24 5 x x x x x x x x x 
 23 50 x x x x x x x x x 
 20 100 x x x x x x x x x 
 19 175  x        

70 24 5  x x x x     
 23 50  x        
 22 100  x        
 20 175  x        

71 24 5  x x x x     
 23 50  x        
 22 100  x        
 20 175  x        

72 24 5  x x x x x x x x 
 23 50  x x x x x x x x 
 22 100  x x x x x x x x 
 21 175  x        
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73 24 5  x x x x     
 23 25  x        
 22 50  x        
 20 75  x        
 19 100  x        
 18 175  x        

74 24 5  x x x x     
 22 50  x        
 20 100  x        
 19 175  x        

75 24 5  x x x x     
 16 50  x        
 15 100  x        
 14 175  x        

76 24 5  x x x x     
 23 50  x        
 13 100  x        
 12 175  x        

77 24 5  x x x x     
 11 50  x        
 10 100  x        
 9 175  x        

78 24 5  x x x x     
 11 50  x        
 10 100  x        
 9 175  x        

79 20 5  x        
 16 25  x        
 12 50  x        
 8 75  x        
 4 110  x        
 1 160  x        
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80 23 5  x x x x     
 22 30  x        
 21 50  x        
 19 75  x        
 15 101  x        
 13 176  x        

81 24 5 x x x x x     
 23 50  x        
 21 100  x        
 18 175  x        

82 20 5  x x x x x x x x 
 16 25  x x x x x x x x 
 12 50  x x x x x x x x 
 8 75  x x x x x x x x 
 4 100  x x x x x x x x 
 1 125  x        
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Table 12: Dates, times and positions of underway sampling 
Event 

no. Date Time 
(BST) 

Lat (N) 
Deg/Min 

Long (E) 
Deg/Min 

DIC/
Alk Chl-a POC/

N PIC SEM 

1 04/02/09 01:04 52 58.70 68 18.83 x x x x x 
2 04/02/09 03:00 53 12.20 66 48.64 x x x x x 
3 04/02/09 05:00 53 24.65 66 21.30 x x x x x 
4 04/02/09 07:57 53 44.21 65 37.29 x x x x x 
5 04/02/09 09:00 53 51.03 65 20.84 x x x x x 
6 04/02/09 11:02 54 07.71 64 43.79 x x x x x 
7 04/02/09 12:58 54 18.14 64 18.94 x x x x x 
8 04/02/09 15:05 54 31.84 63 48.80 x x x x x 
9 04/02/09 17:03 54 45.47 63 31.79 x x x x x 

10 04/02/09 19:02 55 06.77 63 39.90 x x x x x 
11 04/02/09 21:09 55 20.12 64 08.52 x x x x x 
12 04/02/09 22:56 55 29.79 64 30.34 x x x x x 
13 05/02/09 00:59 55 41.73 64 58.21 x x x x x 
14 05/02/09 02:57 55 53.76 65 24.86 x x x x x 
15 05/02/09 04:59 55 06.38 65 53.11 x x x x x 
16 05/02/09 06:57 56 18.72 66 20.88 x x x x x 
17 05/02/09 08:55 56 30.99 66 48.54 x x x x x 
18 05/02/09 11:03 56 44.56 67 21.70 x x x x x 
19 05/02/09 12:56 56 57.36 67 50.38 x x x x x 
20 08/02/09 08:00 57 34.81 68 14.64 x x x x x 
21 27/02/09 11:59 51 01.46 57 13.64 x x x x x 
22 27/02/09 13:57 50 41.19 57 15.62 x x x x x 
23 27/02/09 18:53 49 50.98 57 15.14 x x x x x 
24 27/02/09 23:03 49 12.75 57 14.24 x x x x x 
25 28/02/09 02:52 48 35.88 57 09.77 x x x x x 
26 28/02/09 04:57 48 17.70 57 09.05 x x x x x 
27 28/02/09 08:56 47 43.70 57 04.71 x x x x x 
28 28/02/09 13:01 47 07.52 57 02.64 x x x x x 
29 28/02/09 16:57 46 30.91 56 59.99 x x x x x 
30 28/02/09 20:52 45 53.45 56 37.58 x x x x x 
31 29/02/09 01:00 45 11.30 56 54.29 x x x x x 
32 29/02/09 03:58 44 51.56 56 52.08 x x x x x 
33 01/03/09 08:58 43 53.71 56 48.00 x x x x x 
34 01/03/09 11:57 43 26.29 56 46.22 x x x x x 
35 01/03/09 16:37 42 58.86 56 43.86 x x x x x 
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Fritz, 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calcification 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Arabian 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47, 1301–1337. 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 Enhanced  calcification  in 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 (Haptophyceae)  under  phosphorus 
limitation. 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33, 324‐330. 
 
DOE (1994). Handbook of methods for the analysis of the various parameters of the 
carbon dioxide system in sea water. Version 2, (A. G. Dickson and C. Goyet, eds.) 
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15. Continuous O2 concentration measurements from the 
uncontaminated seawater supply 
 
 

15.1 Objectives 
 

• To measure the continuous O2 concentration from the uncontaminated 
seawater supply (USW) using an underway oxygen optode (Aanderaa Model 
No. 3835, Serial No. 329). 

• To calibrate the continuous O2 concentration from the optode by collecting 
discrete samples from the USW and analyzing for the total O2 content using 
the Winkler method.  

 
We measured continuously the O2 concentration from the sea surface water pumped 
by the uncontaminated system supply of seawater (USW) on board the RRS James 
Cook.  The intake of the surface seawater (SS) is located at the bow of the ship at a 
nominal depth of 5m.  To measure the continuous dissolved O2 concentration in the 
USW we used an Aanderaa Oxygen optode (AOO, Model No. 3835, Serial No. 329), 
which is based on the ability of selected substances to act as dynamic fluorescence 
quenchers.  The fluorescent indicator is a special platinum porphyrin complex 
embedded in a gas permeable foil that is exposed to the surrounding water.  The foil is 
excited by modulated blue light, and the phase of a returned red light is measured.  By 
linearizing and temperature compensating with an incorporated temperature sensor, 
the absolute O2 concentration can be determined.  
 
The continuous O2 concentration data from the optode was calibrated against the total 
O2 concentration from USW discrete samples, determined by the Winkler method 
(Dickson, 1996). 
 
15.2 Setup 
 
15.2.1 Uncontaminated System Supply of Sea Surface Water, RRS James 
Cook 
 
The USW pumping system in the RRS James Cook consists of two screw pumps with 
a capacity of 10-20m3 h-1 at a pressure of 2.5bar, and a  maximum rotation speed of 
2350 rpm.  Each pump works over a period of 12 hours, alternating its functioning 
with an automated switchover. 
 
The pumps are located in the lower deck on the starboard side of the ship.  The pipes 
distribute the water towards the centre of the ship and then up two levels until 
reaching the laboratories in the upper deck.  The pipe splits four ways, which 
distributes the water to the different taps in the laboratories.  The taps in the 
laboratories consist of a pipe design of three outlets for each sink, with an internal 
diameter in a gradient that allows the same outflow in case the three taps are open at 
the same time.  Approximately 90% of the pipe system is insulated.  
 
 
 

Karel Castro-Morales 
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15.2.2 Underway Oxygen Measurements by an Aanderaa optode 
 
The optode was kept in a 1L dark bucket that was continuously filled with the USW 
flow from the backward starboard sink in the controlled temperature laboratory (CTL) 
(deck level) of the RRS James Cook.  Constant temperature, non-calibrated dissolved 
O2 and O2 saturation was recorded giving a dataset of more than 250,000 individual 
readings at 10 seconds resolution. 
 
Stability on the optode signal is achieved unless external perturbations are detected 
due to the high sensitivity of the optical sensor.  In general, the readings from the 
sensor proved to be stable throughout the cruise.  The USW onboard the RRS James 
Cook also proved to be a very stable system with constant flow over time without a 
significant entrance of bubbles into the pipes, keeping good measurements along the 
transit while steaming between stations and during stations.  Every 12 hours the USW 
pump switchover was performed and a spike in the signal was easily identified 
(Figure 56) with perturbation over the measurement during 5 minutes on average, 
followed by a very stable signal.  The USW was kept on at all times except when 
leaving and arriving in port.  During a few short periods of time, the optode signal 
was not stable; these events occurred when the ship was rolling and pitching due to 
high wind speeds and large swell.  Therefore, we deduced that the ships speed was not 
a cause of bubbles entering the system.  
 
In total, 28 days worth of data were recorded between Julian days 34 - 61 (3rd of 
February to 2nd of March, 2009).  
 
15.2.3 Calibration of the Underway Oxygen optode 
 
The oxygen concentration sensed by the optode represents the partial pressure of 
dissolved oxygen.  Since the foil is only permeable to gas and not water, the optode 
cannot sense the effect of salt dissolved in the water, hence the optode always 
measures as if immersed in fresh water.  Post compensation must be performed using 
the true salinity on site to achieve a more accurate correction. 
 
To calibrate the optode, 102 samples (including duplicates) were collected from the 
uncontaminated seawater system, using the same sampling point as the optode O2 
measurements (i.e. backward starboard sink in the CTL, deck level).  The discrete 
samples were collected into pre-calibrated glass bottles and the total dissolved O2 was 
quantified on the base of the Winkler method published by the WOCE procedures 
(Dickson, 1996) using a Winkler Ω -Metrohm titration unit (716 DMS Titrino) with 
amperometric end-point detection.  
 
Chemical reagents and standards, as well as Winkler equipment was provided by the 
nutrients and oxygen team from the National Oceanography Centre, Southampton.  
The same equipment was used for the CTD discrete samples for the O2 sensor 
calibration.  
 
The USW samples were analyzed over the time of the cruise within 5 sessions.  A 
corresponding pickling chemicals calibration, consisting of 5 blanks with MilliQ 
water, and 5 analysis of KIO3 standard (1.667mM certified, OSIL) for the Na2S2O3 
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calibration were performed before the seawater sample analysis for each session. The 
Winkler bottle number for each sample was corrected to the uncalibrated optode 
temperature. The typical standard deviation of a duplicate analysis was 0.51µmolkg–1. 
In the next table the reagent blanks, KIO3 standard volumes for the Na2S2O3 
calibration and final Na2S2O3 concentration for each session are shown. 
 
Table 13 – Reagent blanks and KIO3 standard titration results for the calibration of the sodium 
thiosulphate (Na2S2O3) solution. 

Session Date Na2S2O3 volume for 
blank reagents (ml) 1 

Na2S2O3 volume for 
KIO3 standard titration 

(ml) 1 

Na2S2O3 concentration 
(mol dm-3) 2 

1 03/02/09 0.0012±0.0003 0.4985±0.0014 0.3300 
2 10/02/09 0.0003±0.0004 0.4977±0.0018 0.3305 
3 14/02/09 0.0007±0.0012 0.5373±0.0009 0.3063 
4 21/02/09 0.0002±0.0003 0.5340±0.0021 0.3078 
5 27/02/09 0.0013±0.0008 0.5293±0.0007 0.3113 

1 Results show the average ± 1 standard deviation for the 5 blanks and standard measurements, 
respectively. 
2 Sessions 1 and 2 were for the thiosulphate labelled “A”, while sessions 3, 4 and 5 were using 
thiosulphate “B”. 
 
Using the temperature-dependent fourth-order calibration polynomial stored in the 
optode, the Winkler measurements were converted to phase values, as measured by 
the optode.  These "inverted" phase values (solved d-phase) were regressed linearly 
against the phase values measured by the optode (raw d-phase) closest to the sampling 
time of the discrete sample (Figure 54).  The resulting calibration function will be 
used to compute the calibrated optode data.  Differences are originated both from 
uncertainties in the optode and in the Winkler measurements.  Figure 55 shows the 
comparison between the raw and solved d-phase for the samples collected. 
 
15.2.4 Dissolved O2 Concentration from USW and CTD Surface Niskin 
Bottle 
 
To evaluate the effect of the pipes on the O2 concentration in the surface seawater, 
discrete samples from the USW from about 54% of the total number of CTD casts (45 
out of a total of 84) were collected at the firing time of the sea surface Niskin bottle.  
A preliminary comparison between the O2 discrete results determined by the Winkler 
method on the USW and Niskin bottles samples (Figure 55) showed on average a 
difference of 2.93 ±13.48 µmol kg–1.  This value represents a removal of O2 over the 
sea surface water due to the pipes in the USW system. 
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Figure 54: Optode D-phase raw against D-phase solved for the discrete USW samples collected for O2 
continuous calibration.  
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Figure 55: Comparison between O2 concentration from surface Niskin bottles and discrete samples 
from the USW at the firing Niskin time.  
 
It is important to note that the temperature of the sample considered at O2 fixing time 
(i.e. when the pickling reagents were added) corresponded to the optode uncalibrated 
temperature and the temperature recorded by a digital thermometer at the time of 
sample collection, both for the USW and surface Niskin bottle respectively.  A 
consistent lower temperature was obtained from the optode compared with the one 
recorded by the digital thermometer at sampling time.  
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A final correction of data using a common calibrated sea surface temperature should 
be considered to account for the correct effect on the O2 concentration due to the 
pipes. 
 
In the Figure 56, continuous 10-second resolution data of temperature and oxygen 
from the Aanderaa optode corresponding to Julian day 54 (23 Feburary, 2009) are 
shown.  The values plotted are not calibrated.  The O2 concentration determined by 
the Winkler method from the discrete samples collected along the day, are displayed 
as red dots. 
 
During Julian day 54, we steamed northwards in the Drake Passage along the second 
transect.  A gradient of temperature and oxygen was observed (from 4.40 to 6.14ºC 
and 358 to 335 µmol kg-1, respectively) between the 15:24 hrs to 15:40 hrs, proof of 
the cross over the PF (polar front) (Julian day 54.64 to 54.65) (Figure 56).  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 56: Raw dissolved O2 concentration (not corrected by salinity and calibrated sea surface 
temperature (SST)) and temperature from the USW recorded by the Aanderaa optode corresponding at 
Julian day 54 (23 February, 2009). Red dots show the O2 concentration obtained by Winkler method 
from the discrete samples collected from the USW along the day.  Arrows indicate the location of the 
USW pumps switchover signal, identified as a spike in the continuous signal. 
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Figure 57: Location of CTD casts for the second section during JC031. Red continuous line shows the 
PF location climatologically obtained; Red dotted line shows the location of the PF by the 
identification of the temperature gradient in the optode data during the present cruise.  
 
15.2.5 Sea Surface Temperature Optode Sensor (SST-opt) 
 
The temperature recorded by the optode should be corrected due to a possible 
warming effect on the sea surface water travelling from the intake at the bow of the 
ship through the pipes to the tap in the CTL sink.  To calibrate the optode 
temperature, comparison with available continuous sea surface temperature from the 
ship sensors should be performed.  The RRS James Cook has three sensors to record 
the continuous SST from the USW. 
  
The SST recorded by SURFMET is known as the remote sensor (sst-r) and is located 
at the intake of the USW being the first temperature sensor to record a value every 
second. The second SST is recorded where the USW flow travels through the 
thermosalinograph (TSG) equipment and is known as the housing sensor (sst-h).  This 
sensor is located in the wet laboratory.  The continuous flow of USW passes through a 
de-bubbler and then enters to the TSG.  
 
Next to this equipment, is located a high precision temperature sensor (SeaBird45). 
Finally, the USW flow travels towards the CTL with the optode being the last sensor 
to record SST from the continuous surface seawater flow.  A comparison with the 
available calibrated SST from these sensors, with a stable signal along the time, will 
be used to correct the continuous O2 concentrations obtained from the Aanderaa 
optode.  
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16. Net Community Production Estimates from Dissolved 
Oxygen/Argon Ratios Measured by Membrane Inlet Mass 
Spectrometry (MIMS) 

 Gross Productivity Estimates from 17O/16O and 18O/16O Isotope Ratios of 
Dissolved Oxygen 

  
16.1 Rationale and Objectives 
 
Dissolved oxygen (O2) concentrations of seawater are affected by fundamental 
physical and biological processes.  These include photosynthesis (P) and respiration 
(R), diffusive and bubble-mediated gas exchange with the atmosphere, temperature 
and pressure changes, lateral mixing and vertical diffusion. In the absence of physical 
affects, dissolved O2 constrains the difference between P and R, i.e., net community 
production (N). Thus, O2 can be used as a geochemical tracer that reflects carbon 
fluxes integrated over characteristic response times.  Warming and bubble injection 
lead to O2 super-saturation, posing a challenge to this approach. 
 
Craig and Hayward (1987) used oxygen/argon (O2/Ar) ratios to separate O2 super-
saturations into a biological and a physical component.   This method is based on the 
similar solubility characteristics of O2 and Ar with respect to temperature and pressure 
changes as well as bubble injection. One can define an O2/Ar super-saturation, 
ΔO2/Ar, as: 

 

€ 

ΔO2 /Ar =
c(O2)
c(Ar)

csat (O2)
csat (Ar)

−1
 

ΔO2/Ar essentially records the difference between photosynthetic O2 production and 
respiration.  c is the dissolved gas concentration (in mol m–3) and csat is the saturation 
concentration.  csat is a function of temperature, pressure and salinity.  This method, in 
which discrete samples are collected at sea, stored, and analyzed in the lab, has been 
widely used in subsequent work (Hendricks et al., 2004; Luz and Barkan, 2000; Quay 
et al., 1993; Spitzer and Jenkins, 1989).  Recently an advancement of the method was 
presented for continuous underway measurements of O2/Ar by membrane-inlet mass 
spectrometry (MIMS) (Kaiser et al., 2005), extending earlier oceanographic MIMS 
applications (Kana et al., 1994; Tortell, 2005).  The measured ΔO2/Ar values can be 
used in conjunction with suitable wind-speed gas-exchange parameterizations to 
calculate biologically induced air-sea O2 fluxes and, where conditions are appropriate, 
N.  The inferred N values represent rates integrated over the characteristic mixed layer 
gas exchange times (ratio of mixed layer thickness and piston velocity), typically 
between 2 and 4 weeks. 
 
The O2/Ar method has the advantage of not involving potential biases associated with 
incubating water samples in a bottle.  The N estimates from the JC031 cruise will be 
used to quantitatively study the autotrophic or heterotrophic nature of different marine 
ecosystems in the Southern Ocean. 

Karel Castro-Morales 
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In addition to the continuous underway measurements, discrete samples from the 
same source of water were taken for calibration purposes and to measure the 17O/16O 
and 18O/16O isotope ratio of dissolved oxygen.  Triple oxygen isotope measurements 
combined with O2/Ar data can be used to estimate the ratio of net community 
production (N) to gross production (P) and the ratio of gas exchange to gross 
production.  Again, in combination with suitable wind-speed gas-exchange 
parameterizations this can be used to estimate gross production over large regional 
scales at timescales of weeks to months. 
 
16.2 Methodology 
 
Continuous measurements of dissolved N2, O2, Ar and CO2 were made by MIMS on 
board RRS James Cook. The ship's uncontaminated system supply of seawater 
(USW) was used to pump water through an exchange chamber with a tubular Teflon 
AF membrane (Random Technologies) mounted on the inside. The membrane was 
connected to the vacuum of a quadruple mass spectrometer (Pfeiffer Vacuum Prisma).  
The intake of the USW is located at the bow of the ship at a nominal depth of 5m. 
 
The water first passed through a 50µm filter to remove macroscopic particles that can 
obstruct the flow in the degassing membrane.  The inlet of seawater to the MIMS was 
kept in a 1L dark bucket that was filled up with the continuous USW flow from the aft 
starboard sink in the controlled temperature laboratory (CTL) (deck level) of the RRS 
James Cook.  A flow of about 60ml/min was continuously pumped from the bucket 
through the membrane chamber, using a gear pump (Micropump).  In order to reduce 
O2/Ar variations due to temperature effects and water vapour pressure variations, the 
exchange chamber with the membrane was held at a constant temperature of -2ºC.  
The flight tube was in a thermally insulated box maintained initially at 70 ºC. 
 
The O2/Ar ratio measurements were calibrated with discrete water samples taken from 
the same seawater outlet as used for the MIMS measurements. 200–300cm3 samples 
were drawn into pre-evacuated glass flasks poisoned with 7mg HgCl2 (Quay et al., 
1993).  These samples will be later analyzed using an isotope ratio mass spectrometer 
at the School of Environmental Sciences, University of East Anglia, to determine 
dissolved O2/Ar ratios and the oxygen triple isotope composition relative to air 
(Hendricks et al., 2004).  Raw O2/Ar ion current ratio measurements were made every 
5 seconds and had a short-term stability of 0.05%.  Absolute Ar supersaturation will 
be calculated from the absolute O2 supersaturations measured by Winkler titration and 
the O2/Ar ratios measured by MIMS. 
 
16.3 Results 
 
52 discrete water samples were collected for calibration purposes and to analyze 
oxygen triple isotopes.  The water was sampled into evacuated bottles with 
compression o-ring valves (Glass Expansion).  From Jan Kaiser's experience, this 
type of valve is more watertight than previously used high-vacuum valves (Louwers 
Hapert).  These samples will be analyzed at the University of East Anglia after our 
return from the South. 
 
Membrane inlet mass spectrometry (MIMS) was used to analyse dissolved gases 
continuously, namely oxygen (O2), nitrogen (N2), argon (Ar), and carbon dioxide 
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(CO2).  The general performance of the instrument was good, however during Julian 
days 38 to 48 (7 to 17th of February, 2009) the equipment was unstable due to the 
contamination of the membrane box with air.  Therefore, during this time discrete 
sample collection was still performed. 
 
Figure 58 is an illustration of the O2/Ar ratio data from MIMS during the Julian day 
54 (23rd February, 2009) when the crossing of the Polar Front occurred.  The 
uncalibrated O2 saturation (%) from the optode is also plotted.  Both signals are 
interpolated at 10-second resolution over the same time vector.  The gradient in 
seawater properties (i.e. temperature and salinity) characterizing the PF cross was 
registered between JD 54.64 and 54.65 (15:24 to 15:40 hrs) and as can be seen, the O2 
saturation decreased by 2.5% (representing about 20µmol kg-1 of O2 concentration in 
a change of 1.75ºC of surface seawater temperature). 
  
The variation observed at the time of the PF crossing, in terms of the O2/Ar ratio, does 
not show a noticeable decrease in a gradient as for the O2 super-saturation. This could 
reflect a biological O2 super-saturation in the area.  This is an example of the O2/Ar 
ratio as a useful proxy to detect the O2 saturation due to biological processes 
removing the physical factors in the gas solubility.  

 
Figure 58: Raw (uncalibrated) O2/Ar from MIMS and uncalibrated O2 saturation from Optode for the 
USW measurement during JD 54.5 to 54.8.  A reading of standard equilibrated water in the MIMS is 
also shown.  
 
Since the O2/Ar ratio in the air is more or less constant over the time, it is a good 
standard to evaluate the performance of the MIMS over the time.  For this purpose, 
filtered seawater was kept under constant sea air bubbling to equilibrate its gas 
content and use it as standard.  In Figure 58, a period of 8 minutes shows the 
equilibrated water reading that is activated by switching the gear pump, allowing the 
flow of the equilibrated water to pass into the MIMS for a manually selected period of 
time.  As can be seen, the signal before and after the standard reading shows a gas 
super-saturation with respect to the gas content in equilibrium with the atmosphere. 
 
The O2/Ar data are not affected as much by bubbles, because the O2/Ar ratio in 
seawater (about 20.5) is similar to the ratio in air (about 22).  Therefore, the influence 

Equilibrated 
water 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of bubbles entrained through the USW can be detected by the N2/Ar ratios. For N2/Ar, 
the corresponding ratios are about 40 to 80. 
 
16.3.1 O2/Ar Ratio Distribution in the Vertical Water Column 
 
Since the MIMS is continuously recording the O2/Ar ratio in the surface seawater 
representing the mixed layer, an attempt to measure the distribution in the water 
column was performed in this cruise.  From selected CTD casts and depths (see Table 
14) characterizing the vertical profile, seawater was sampled in 500ml glass bottles.  
The analysis of the samples was performed while on the next station after the one 
sampled to keep recording the continuous signal from the transits between stations.  
 
Figure 59, shows the analysis of the samples corresponding to Station 64 of the 
second transect, south of the PF, at 10 depths distributed along the profile (5, 50, 100, 
250, 500, 875, 1000, 2000, 3000 and 3500m).  Two samples from the USW were 
collected from the outlet where the MIMS is connected to the TCL at the firing time 
of Niskin surface bottle; these are to compare the effect of the pipes over the O2/Ar in 
the USW.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 59: Raw (uncalibrated) O2/Ar and CO2/air ratio from MIMS data using Channeltron detector for 
the seawater samples from the vertical profile at selected depths in Station 64, transect 2, JC031.  The 
measurement was performed while occupying Station 65. 
 
For some selected depths, duplicate samples were collected in order to evaluate the 
reproducibility of the sampling and equipment.  As can be observed in Figure 59, the 
variation in the O2 content along the vertical profile is reflected in the O2/Ar ratio. 
With this information we can derive the Ar total concentration and estimate the 
amount of O2 biological super-saturation. 
 

USW      USW    5          5          50     100       250   500        875      1000   2000   3000   3500    3500 
m 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For the first time these measurements are performed, allowing a realistic contribution 
of Ar concentration to gas transport models.  In Figure 59, the O2/Ar signal is 
compared with the CO2/air signal. 
 
Table 14: Selected stations and depths along the transect 2 of the JC031 oceanographic campaign, for 
the measurements of O2/Ar by MIMS.  

CTD 
cast 

Source (Niskin 
bottle) 

Depth 
(m) 

CTD 
cast 

Source 
(Niskin bottle) 

Depth 
(m) 

CTD 
cast 

Source 
(Niskin bottle) 

Depth 
(m) 

1 USW 5 16 USW 5 60 USW 5 
 USW 5  USW 5  USW 5 
 24 5  24 5  24 5 
 22 100 24 USW 5  23 50 
 20 250  USW 5  22 100 
 18 500  24 5  22 100 
 16 750  24 5  17 500 
 16 750  23 50  17 500 
 14 1000  19 250  13 1000 
 12 1500  17 500  9 2000 
 12 1500  13 1000  5 3000 
 10 2000  13 1000  3 3500 
 6 3000  5 3000  1 3730 
 1 4390  9 2000  1 3730 

2 USW 5  3 3500 62 USW 5 
 USW 5  1 3775  USW 5 
 24 5  1 3775  24 5 
 1 89 56 USW 5  24 5 

7 USW 5  USW 5  23 50 
 USW 5  24 5  21 100 
 23 5  21 100  19 250 
 23 5  17 500  17 500 
 21 50  17 500  15 750 
 16 100  13 1000  13 1000 
 14 250  11 1500  9 2000 
 12 500  9 2000  5 3000 
 10 750  9 2000  1 3810 
 8 1000  7 2500  1 3810 
 6 1500  5 3000 64 USW 5 
 4 2000  2 3425  USW 5 
 2 2410  2 3425  24 5 
 2 2410 58 USW 5  24 5 

14 USW 5  USW 5  22 50 
 USW 5  24 5  21 100 
 24 5  24 5  18 250 
 24 5  21 100  16 500 
 20 175  21 100  13 875 
 17 500  17 500  12 1000 
 15 750  13 1000  8 2000 
 15 750  11 1500  4 3000 
 13 1000  11 1500  1 3500 
 11 1500  9 2000  1 3500 
 9 2000  5 3000    
 6 2750  1 3660    
 1 3730  1 3660    
 1 3730       
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Table 14 continued. 
CTD 
cast 

Source (Niskin 
bottle) 

Depth 
(m) 

CTD 
cast 

Source (Niskin 
bottle) 

Depth 
(m) 

66 USW 5 72 USW 5 
 USW 5  USW 5 
 24 5  24 5 
 24 5  24 5 
 23 50  22 100 
 22 100  18 500 
 20 250  16 750 
 17 625  14 1000 
 14 1000  12 1500 
 10 2000  12 1500 
 10 2000  10 2000 
 10 2000  6 3000 
 5 3250  1 3812 
 1 4130  1 3812 
 1 4130 76 USW 5 

67 24 5  USW 5 
 21 100  24 5 
 18 175  24 5 
 13 750  23 50 
 8 1763  13 100 
 1 3116  9 500 

70 USW 5  7 750 
 USW 5  7 750 
 24 5  5 1000 
 23 50  3 1500 
 22 100  1 1635 
 17 625  1 1635 
 14 1000 79 USW 5 
 13 1250  USW 5 
 11 1750  22 5 
 7 2960  20 5 
 5 3600  16 25 
 3 4200  12 50 
 1 4700  8 75 
 1 4700  4 110 
    2 160 
    1 160 

 
16.4 References 
 
Craig, H. and Hayward, T.: Oxygen supersaturation in the ocean: Biological versus physical 
contributions, Science, 235, 199-202, 1987. 
 
Hendricks, M. B., Bender, M. L., and Barnett, B. A.: Net and gross O2 production in the 
Southern Ocean from measurements of biological O2 saturation and its triple isotope 
composition, Deep-Sea Res. I, 51, 1541-1561, 2004. 
 
Kaiser, J., Reuer, M. K., Barnett, B., and Bender, M. L.: Marine productivity estimates from 
continuous oxygen/argon ratio measurements by shipboard membrane inlet mass 
spectrometry, Geophys. Res. Lett., 32, L19605, doi:10.1029/2005GL023459, 2005. 



 

157 
 

 
Kana, T. M., Darkangelo, C., Hunt, M. D., Oldham, J. B., Bennett, G. E., and Cornwell, J. C.: 
Membrane inlet mass spectrometer for rapid high-precision determination of N2, O2, and Ar 
in environmental water samples, Anal. Chem., 66, 4166-4170, 1994. 
 
Luz, B. and Barkan, E.: Assessment of oceanic productivity with the triple-isotope 
composition of dissolved oxygen, Science, 288, 2028-2031, 2000. 
 
Quay, P. D., Emerson, S., Wilbur, D. O., and Stump, C.: The d18O of dissolved oxygen in the 
surface waters of the subarctic Pacific: A tracer of biological productivity, J. Geophys. Res., 
98, 8447-8458, 1993. 
 
Spitzer, W. S. and Jenkins, W. J.: Rates of vertical mixing, gas exchange and new production: 
Estimates from seasonal gas cycles in the upper ocean near Bermuda, J. Mar. Res., 47, 169-
196, 1989. 
 
Tortell, P. D.: Dissolved gas measurements in oceanic waters made by membrane inlet mass 
spectrometry, Limnol. Oceanogr.: Methods, 3, 24-37, 2005. 
 
Acknowledgements - Many thanks to the crew, officers and scientific party of RRS James 
Cook, cruise JC031 in Drake Passage.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

158 
 

17. FRRF - Fast Repetition Rate Fluorometry from the 
Uncontaminated Supply 

 
 

A Fast Repetition Rate Fluorometer (FRRF) (Chelsea Instruments Ltd.) was used to 
measure active fluorometry from the uncontaminated system supply (USW) on board 
the RRS James Cook.  The fast repetition rate fluorometry (FRR) is based on variable 
fluorescence characteristics of the phytoplankton (chlorophyll a).  The FRRF has been 
introduced as a potential tool to evaluate the primary productivity in aquatic systems.  
Active chlorophyll a fluorometry provides a non-destructive and minimally intrusive 
method for probing oxygenic photosynthesis, in general, and the functioning of 
photosystem II in particular (Raateoja, 2004).  
 
The FRRF was fitted to a protective rack in one of the sinks of the deck laboratory on 
the deck level onboard the RRS James Cook.  A constant flow of surface water from 
the USW kept acquiring data for the duration of the JC031 oceanographic cruise (JD 
34 to 61) including the transits before and after the CTD casts.  The USW pumps 
surface seawater from a nominal depth of 5m where the intake is located at the bow of 
the ship. 
 
The acquisition of discrete samples (data resolution) was every 10 seconds operating 
in a bench-top mode.  A single file per 24 hours of data was created in .txt format.  
 
The variables of interest from the FRRF data are Fo and Fm that corresponds to the 
initial and maximal in vivo fluorescence yield (relative) in the dark-adapted state in 
the absence of non-photochemical quenching.  Since non-homogeneous regions with 
high variation in phytoplankton concentration, a photomultiplier (PMT) variable is 
also considered.  This variable was set to auto-ranging mode in the protocol (see 
below) set for the USW analysis.  
 
Extraction of the variables mentioned above was performed from each file using a 
Matlab script, to finally construct a matrix of the FRRF parameters along the time per 
Julian day. Data processing and comparisons against chlorophyll a measurements 
from the USW will be performed in the University of East Anglia (Dr. Jan Kaiser) 
and in the National Oceanographic Centre, Southampton (Dr. Mike Lucas). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Karel Castro-Morales 
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A copy of the boot protocol followed is shown below.  
 
FRRF Boot Protocol: 
 
***Boot Protocol = 9*** 
 
6. 65535  Acquisitions 
7. 16  Flash sequences per acquisition (averaged) 
8. 100  Saturation flashes per sequence 
9. 4  Saturation flash duration 
A. 0  Saturation interflash delay 
B. ENABLED Decay flashes 
C. 20  Decay flashes per sequence 
D. 4  Decay flash duration 
E. 120  Decay interflash delay 
F. 10000  Sleep-time between acquisition sequence (mS) 
G. 16  PMT Gain in Autoranging mode 
H. DISABLED Analogue output 
I. ENABLED Desktop (verbose) Mode 
J. INACTIVE Light Chamber 
K. ACTIVE Dark Chamber 
L. ENABLED Logging mode to internal flashcard 
M. 95  Upper Limit Autoranging Threshold value 
N. 5  Lower Limit Autoranging Threshold value 
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18. Natural Products as Marine Antifoulants: Observing Biofouling 
Activity in the Drake Passage 

 
 
18.1 Background Information and Objectives 
 
Biofouling (the attachment of organisms on either manmade or natural surfaces) has 
recently received increased attention since marine fouling organisms attached on ship 
hulls affect many aspects of the shipping industry; the attachment of marine 
organisms, such as barnacles and algae, increase moving vessel’s drag resulting in 
considerably higher fuel consumption.  Additionally, biofouling has been shown to 
affect the native marine biodiversity since alien fouling species have been reported to 
be transported across the world’s harbours and thus invade and affect the dynamics of 
the local biodiversity.  Although the incorporation of tributyl tin (TBT) into coating 
systems has been widely used for its anti-fouling property, recently, in September 
2008 the use of TBT has been banned due to its toxic affects in the wider marine 
environment.  Therefore, the need for a new, effective and environmentally friendly 
coating system has been the focus and challenge for the scientific community.  
Commercial marine paint technologies including foul release coatings (FRC) have 
been found to be effective only for scheduled ships (e.g. ferries) while self-polishing 
co-polymers (SPC) and controlled depletion polymers (CDP) often contain substances 
deemed to be toxic to the marine environment (e.g. copper and zinc) and have high 
residence times in aquatic sediments.   
 
Thus, the current research project aims to design and assess the performance of 
environmentally acceptable marine antifoulants by exploiting natural chemical 
defence mechanisms of non-fouled organisms.  
 
For the JC031 cruise, two different seaweed extracts were incorporated into a marine 
experimental polymeric coating system and submerged into sea water from the Drake 
Passage transects.  The main objectives of the experiment were: (i) to observe bio-
film activity over a 28-day interval (temporal) beginning 05/02/2009 and (ii) to test 
the efficacy of the anti-fouling coating, as well as the binder integrity with time.  
 
18.2 Sampling and Methods 
 
Two marine extracts were incorporated into a coating system and applied on steel 
panels in order to be submerged in a container supplied by oceanic water from the 
Drake Passage and observe the fouling formation over a 28 day period.  Specifically, 
4 mild steel panels (Q panel 50 x 90 mm) were: 
 

• Steel blasted, cleaned and degreased 
• Primed at dry film thickness (dft) 50µm 
• Experimental topcoat: Incorporated into a primer at dft 150 µm 

 
 
 
 
 

Maria Salta 
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Experimental panels: 
 

• 2.5 % natural product 1 (Chondrus crispus) 
• 2.5 % natural product 2 
• Blank 1 (steel) 
• Blank 2 (primer)  

 
Two sets of panels (8 in total) were introduced into a natural seawater incubator 
covered with blue film in order to simulate the surface water irradiance levels.  A 
continuous flow-through (non toxic) system was supplying the incubator with surface 
water throughout the incubations.  
 
18.3 Measurements 
 
18.3.1 Flow Cytometry  
 
In order to quantify the bacterial community present in the incubator, measurements 
for flow cytometry were taken on a daily basis. Duplicates of 2ml of seawater were 
added in 2ml eppendorf tubes containing 100µl of paraformaldehyde. They were then 
left at room temperature for 30 min and stored at -80oC. Flow cytometry analysis will 
be conducted at the National Oceanography Centre, Southampton (NOCS).  
 
18.3.2 Nutrients 
 
Water from the incubator was collected for nutrient analysis (30ml) on a daily basis 
and immediately analysed on a SANplus segmented flow autoanalyser. 
 
18.3.3 Temperature 
 
Temperature measurements were taken using a digital thermometer on a daily basis. 
 
18.3.4 Images 
 
Images of the panels were taken using an Olympus camera (model No: C-
5050ZOOM) to record visual changes in biofouling formation on the panels’ surface 
over time.  
 
18.3.5 Scanning Electron Microscopy (SEM) 
 
The panels were stored at -80oC at the end of the experiment for SEM analysis at the 
School of Engineering Sciences (SES), Southampton. 
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19. Organic Geochemical Biomarker Analysis 
 
 
19.1 Sample Retrieval 
 
Particulate organic matter (POM) from seawater was obtained on board the RRS 
James Cook on the “JC031” cruise from 03.02.09 to the 03.03.09 through the Drake 
Passage and the South Atlantic Ocean. 
 
Seawater was collected in 50-Litre Carboys from the non-toxic underway seawater 
supply and from Niskin-bottles from a few CTD casts.  Depending on the amount of 
suspended material in the seawater, between 40 and 200 litres of seawater were 
filtered per sample through Whatman 47mm GF/F glass fibre filters (pre-cleaned by 
heating them at 450 ˚C for 4 hours in a furnace).  The filtered samples were placed in 
Aluminium foil (pre-cleaned by heating them at 450 ˚C for 12 hours in a furnace) and 
dried at 30 ˚C.  When the filters were dry, the filters inside the Aluminium foil were 
placed in Whirl-packs and stored in a fridge at 4˚C.     
 
19.2 Sample Analysis 
 
The samples collected (Table 15) during JC031 will be analysed by the organic 
geochemistry group (Leader: Dr. J. Bendle) at the University of Glasgow.  First the 
POM will be extracted using organic solvents.  The total organic extract will undergo 
a separation procedure (similar to silica-gel column chromatography) in which the 
different components will be separated from each other depending on their polarity.  
 
The analysis of the different fractions will be done by GC-FID (Gas-chromatography 
– Flame Ionisation Detection), GC-MS (Gas-chromatography – Mass Spectrometry) 
and HPLC-APCI-MS (High Pressure Liquid Chromatography – Atmospheric Pressure 
Chemical Ionisation – Mass Spectrometry).  
 
19.3 Aim  
 
The primary aim of the study is to analyse biomarkers, specific to Coccolithophorids.  
Special emphasis will be put upon alkenones, which are produced by the calcite 
forming algae.  The relative abundance of alkenones (with different amounts of 
double bonds) produced by Coccoliths, changes with variations in SST.  Thus 
alkenones are useful for reconstructing past SST changes.  
 

The alkenone unsaturation index ( ) is used to correlate SST to 

the relative abundance of the different alkenones.  We will use the to calibrate the 
relative abundance of alkenones to the SSTs at the sample locations during the time of 
sampling.   During the cruise, SST was recorded by placing a thermometer into the 
carboys containing the samples.  However, for the sake of post-cruise analysis CTD 
temperature data will be used due to its greater degree of accuracy.  We aim to 
improve the use of  as a palaeoclimate reconstruction tool and further our 
understanding of phytoplankton-derived biomarkers, especially coccolithophorides.  

Heiko Moossen 
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Table 15: Samples acquired during JC031 aboard the RRS James Cook 
  Location Time 

Sample ID Date Latitude (S) Longitude (W) GMT Water filtered 
(L) 

JC31_UW_1 04.02.09 54˚ 07.71 064˚ 43.74 11:00 50 
JC31_UW_2 04.02.09 54˚ 30.63 063˚ 51.61 14:54 100 
JC31_UW_3 05.02.09 56˚ 44.57 067˚ 21.47 11:00 100 
JC31_UW_4 05.02.09 57˚ 07.79 068˚ 15.00 14:57 100 
JC31_UW_5 06.02.09 56˚ 19.79 067˚ 59.40 01:13 100 
JC31_UW_6 06.02.09 56˚ 47.94 068˚ 11.33 05:07 100 
JC31_UW_7 06.02.09 56˚ 54.60 068˚ 14.40 18:11 100 
JC31_UW_8 07.02.09 56˚ 58.80 068˚ 14.99 12:19 150 
JC31_UW_9 07.02.09 57˚ 07.80 068˚ 15.00 16:15 150 

JC31_UW_10 09.02.09 57˚ 49.98 068˚ 13.68 11:25 150 
JC31_UW_11 09.02.09 58˚ 05.00 068˚ 15.05 18:05 150 
JC31_UW_12 10.02.09 58˚ 34.77 068˚ 15.08 21:47 150 
JC31_UW_13 11.02.09 59˚ 05.51 068˚ 14.04 12:47 150 
JC31_UW_14 11.02.09 59˚ 35.37 068˚ 14.78 21:50 150 
JC31_UW_15 12.02.09 60˚ 04.28 068˚ 11.84 11:15 150 
JC31_UW_16 12.02.09 60˚ 34.80 068˚ 03.60 21:06 150 
JC31_UW_17 13.02.09 61˚ 01.17 067˚ 39.73 10:47 150 
JC31_UW_18 13.02.09 61˚ 24.58 066˚ 59.64 21:31 150 
JC31_UW_19 14.02.09 61˚ 48.00 066˚ 19.20 10:58 200 
JC31_UW_20 15.02.09 62˚ 16.80 065˚ 12.59 15:18 200 
JC31_UW_21 16.02.09 62˚ 30.00 064˚ 27.60 15:15 200 
JC31_UW_22 17.02.09 62˚ 48.60 063˚ 37.19 09:15 200 
JC31_UW_23 18.02.09 63˚ 28.79 063˚ 10.19 12:01 150 
JC31_UW_24 18.02.09 64˚ 08.40 063˚ 04.80 18:30 40 
JC31_UW_25 20.02.09 60˚ 49.99 054˚ 43.31 10:15 100 
JC31_UW_26 20.02.09 60˚ 20.00 055˚ 01.88 21:51 150 
JC31_UW_27 21.02.09 59˚ 40.63 055˚ 27.72 10:40 150 
JC31_UW_28 21.02.09 59˚ 01.38 055˚ 51.69 21:25 150 
JC31_UW_29 22.02.09 58˚ 22.98 056˚ 11.83 11:03 150 
JC31_UW_30 22.02.09 57˚ 43.99 056˚ 38.57 22:05 150 
JC31_UW_31 23.02.09 57˚ 06.00 057˚ 02.12 11:00 150 
JC31_UW_32 23.02.09 56˚ 45.93 057˚ 09.59 17:32 100 
JC31_UW_33 23.02.09 56˚ 28.12 057˚ 25.46 23:37 100 
JC31_UW_34 24.02.09 55˚ 50.05 057˚ 48.40 15:21 100 
JC31_UW_35 24.02.09 55˚ 31.00 057˚ 57.32 21:48 100 
JC31_UW_36 24.02.09 55˚ 12.86 058˚ 00.00 02:03 100 
JC31_UW_37 25.02.09 55˚ 07.26 057˚ 59.95 13:19 100 
JC31_UW_38 26.02.09 53˚ 45.15 058˚ 00.00 12:32 100 
JC31_UW_39 26.02.09 53˚ 31.19 058˚ 00.00 17:20 100 
JC31_UW_40 26.02.09 53˚ 07.77 058˚ 00.00 22:14 100 
JC31_UW_41 27.02.09 49˚ 50.27 057˚ 15.07 18:58 50 
JC31_UW_42 28.02.09 48˚ 35.00 057˚ 09.00 03:00 100 
JC31_UW_43 28.02.09 47˚ 25.30 057˚ 03.71 11:00 100 
JC31_UW_44 28.02.09 45˚ 52.58 056˚ 57.41 21:00 45 
JC31_UW_45 01.03.09 43˚ 35.55 056˚ 46.88 11:00 50 
CTD_2_75m 05.02.09 56˚ 19.79 067˚ 59.40 02:10 50 
CTD_3_75m 06.02.09 56˚ 47.79 067˚ 59.40 06:30 50 

CTD_75_50m 25.02.09 55˚ 04.18 058˚ 00.00 17:30 80 
CTD_77_50m 25.02.09 54˚ 58.66 057˚ 59.92 23:30 90  
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20. Geostrophic Velocities and Volume Transports 
 
 
Geostrophic transports were calculated using the calibrated CTD data.  The data were 
gridded to a 2db pressure grid using linear interpolation.  Geopotential anomaly was 
calculated using the CSIRO seawater routines for Matlab.  Geostrophic velocity was 
then calculated, again using the CSIRO seawater routine.  Volume transports were 
calculated both for data collected on JC031 and for previous sections. 
 
20.1 Section SR1 
 
Taking zero velocity at 3000db, a transport of 98Sv is estimated for JC031.  For 
comparison, both the ALBATROSS section taken in 1999 and the original section 
taken by Roether in 1990 (RO90) have an estimated transport of 102Sv.  Taking zero 
velocity at the bottom yields larger transports, with a value of 128Sv being obtained 
for JC031, compared with 129Sv for RO90 and 131Sv for ALBATROSS. 
 
20.2 Section SR1b 
 
Using the same method as above, the SR1b volume transport for JC031 is calculated 
to be approximately 124Sv assuming zero velocity at base (or 105Sv assuming zero 
velocity at 3000db).  For comparison, for historical sections taken by BAS/NOCS 
between 1993 and 2005, the highest transport values were: 1997, u=0 at 3000db: 
111.4034Sv, u=0 at bottom: 139.6707Sv.  The lowest transport values were: 1995, 
u=0 at 3000db: 92.7627Sv, u=0 at bottom: 119.2563Sv. 
 
Compared to the values calculated by Adam Williams using historical sections taken 
by BAS/NOCS, the mean of the values calculated here are 4.25Sv lower than the 
mean obtained for the same sections.  This results in the corrected values (all 
increased by 4.25Sv) given below: 
 
Table 16: Corrected Geostrophic values 

Section name (SR1) Transport (u=0 at 
3000db) / Sv 

Transport (u=0 at deepest 
common level) / Sv 

RO90 (1990) 106 134 
ALBATROSS (1999) 106 135 

JC031 (2009) 104 132 
 

Section name (SR1b) Transport (u=0 at 
3000db) / Sv 

Transport (u=0 at deepest 
common level) / Sv 

SR1b (1995) 97 124 
SR1b (1997) 116 145 
SR1b (2009) 109 128 

 

Sally Close 
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21. Mixing and Wind-driven Inertial Currents 
 
 
21.1 Research Objectives 
 
I was invited to join the JC031 cruise by Principle Scientist Elaine McDonagh.  In 
order to complement the main objectives of the cruise and maximise the potential of 
the hydrography and biochemical observations, I have focused on two goals: 
 

1. Quantify the diapycnal mixing rates by estimating Thorpe scales of 
overturning. 

2. Quantify the availability of wind energy for mixing by investigating the 
propagation of inertial waves through the base of the mixed layer. 

 
21.2 Observations 
 
The Thorpe scale analysis incorporates 47 stations on the first section occupied across 
the western Drake Passage (SR1 repeat); and another 30 stations on the second 
section occupied downstream of Drake Passage (SR1b repeat).  Two Seabird 
instruments collected the CTD data; one attached to the fin of the instrument package 
and a second instrument was attached inside the base of the Niskin bottle rosette.  The 
data from the fin-mounted Seabird proved to be less affected by the local disturbances 
to the water column due to the closing of the Niskin bottles.  The CTD data was 
processed and calibrated to bottle salts and nutrients by Mary Woodgate-Jones using a 
combination of Seabird software and Mstar routines written by Brian King.  The 2db 
CTD data from the fin-mounted instrument was used in this analysis. 
 
The shipboard ADCP velocities were measured with two different instruments an RDI 
150 kHz and a 75 kHz Ocean Surveyor.  During the Drake Passage transects, the 
ship’s drop keel was lowered to reduce bubble noise in the ADCP data.  The 150 kHz 
instrument typically had a range of 300-400m depth and was configured to bin-
average velocities in 8m bins with the shallowest bin centred at 24m depth.  The 
Ocean Surveyor typically returned data to a depth of 800m and was configured to bin-
average velocities in 16m bins with the shallowest bin centred at 34m depth.  
 
Inertial currents are expected to be smaller and much more strongly sheared than the 
geostrophic currents that dominate the total currents observed.  Therefore, data from 
the 75 kHz instrument with a greater depth resolution across the base of the mixed 
layer was employed in the hunt for the inertial currents. 
 
21.3 Preliminary Results 
 
The analyses presented here are not final and should be treated as such. 
 
21.3.1 Thorpe Scale Estimates 
 
In a turbulent fluid, velocity and scalar parameters vary more slowly in time than 
space.  At small spatial scales, extremely large shear and rates of strain coincide with 
the acute damping of fluid motion by viscosity.  As the kinetic energy cascades to 

Yueng-Djern Lenn  
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ever-smaller scales until all fluid motion ceases and the residual kinetic energy is 
dissipated irreversibly as heat.  The turbulent mixing occurring as a result of this 
process is dependent on the turbulent kinetic energy dissipation ε that is related to the 
velocity fluctuations of energy-containing eddies (i.e. u’ ≈ (εl) ).  In stratified flows, 

the eddy length scale l is set by the Ozmidov scale, LO = (ε/N3) (N = buoyancy 
frequency, LO = 0.1 − 20m in the ocean).  When the fluid turbulence is isotropic, the 
dissipation rate is typically assumed to be balanced by the spatial average of shear or 

strain variance, where  is any component of shear and  
is any component of strain. 
 
In the absence of microstructure shear velocity data, less-highly-resolved CTD 
potential density (sigma) profiles can be used to determine a related parameter known 
as the Thorpe scale LT Thorpe, (1977); Dillon, (1982).  This length scale characterizes 
the vertical extent of the density overturns in an otherwise stably stratified fluid.  
Thorpe displacements d are the vertical distances gravity instabilities have to be 
moved in order to re-organise a σ profile so that it is perfectly stably stratified (i.e. 
density increases monotonically with depth).  An overturning region is defined as the 
region over which d sums to zero.  The Thorpe scale is then given as the root mean 
square displacement within the overturn, LT = . 
 

 
Figure 60: Data from Station 23 on the SR1 repeat. Panels from left to right show temperature (oC), 
salinity, potential density σ2000 (kg m−3), Thorpe displacements (m), Thorpe scales LT, turbulent 
kinetic energy dissipation ε (W kg−1) and eddy diffusivity Kρ (m2 s−1). 
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As pointed out by Thompson et al. (2007), in the Southern Ocean where mean 
horizontal gradients are much smaller than vertical gradients, LT are a fair 
representation of overturn size.  In the preliminary analysis for JC031, I have adopted 
the methods outlined by Thompson et al. (2007), in assuming a linear relationship 
between LT and LO based on Dillon [1982] results, such that the dissipation within an 
individual overturn is εi = 0.64L2

T (N)3
i .  The calculation is then taken a step further 

and converted to a diapycnal eddy diffusivity Kρ = ΓεN−2 following Osborn (1980), 
where the mixing efficiency Γ is typically assumed to be 0.2.  One has to be careful to 
distinguish between the mean buoyancy frequency within the re-organized overturn 
(N)i when calculating ε, and the background buoyancy frequency N2 when calculating 
Kρ. 
 
Analysis of a typical hydrographic cast, Station 23 in the middle of the first Drake 
Passage section, shows that the Thorpe displacements and consequently LT are larger 
near the bottom of the profile where the potential density is less well stratified (Figure 
60).  This station was south of the Polar Front and the subsurface temperature 
minimum associated with the winter water can be seen in the temperature profile.  
There appear to be higher d and LT at the base of this layer was well.  Turbulent 
kinetic energy dissipations ε range from 10−9 to 10−7 W kg−1, which are not 
uncommon for open ocean values and appear to be higher near the surface.  Once the 
background N has been taken into account, the high stratification in the upper ocean 
dampens down the eddy diffusivities, such that Kρ appears to be O (10−4 m2 s−1) in 
most of the water column and is slightly elevated near the bottom. In the initial 
calculations, these patterns are repeated across both sections (Figure 61). 
 
21.3.2 Inertial Currents 
 
It is usually difficult to distinguish variably-phased inertial currents from spatial 
variability in the geostrophic signal in an underway dataset.  However, on the first 
transect of Drake Passage, usual deployment of the CTD package was delayed on 
three occasions due to necessary repairs to the winch system, package loss and 
rebuilding of the replacement package and weather stoppages.  These resulted in at 
least two ‘on-station’ time-series of ADCP data of 8 hours or more, when the ship 
became a virtual mooring.  These longer time series, the longest of which was 20 
hours, provided an ideal opportunity to attempt to isolate the inertial current signal. 
 
A time series of currents from the 20-hour delay were obtained at Stations 13-14 
(Figure 62).  Station 13 was a test cast for the full-depth profile obtained at the same 
position known as Station 14.  During this time the ship maintained position within a 
4km box.  The current persisted toward the southeast, but were modulated by an 
oscillatory signal that suggested the presence of inertial currents.  Shear amplitudes 
were enhanced above 100m depth, within the mixed-layer, particularly towards the 
latter half of the time series.  An examination of the phase or direction of the shear 
vector in the mean 60-70m depth layer shows that the shear vector is rotating at near-
inertial frequencies (Figure 63). 
 
An examination of the progressive vector trajectories in two layers within and below 
the mixed-layer show that although there is a marked drift due to the mean 
geostrophic current, there is also an easily perceptible rotary component in the 
currents.  The illustration of the inertial oscillation is clearest in the progressive vector 
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trajectory computed from the time-series currents with the time-mean current 
subtracted (Figure 63, bottom right).  The trajectories clearly track in an anti-
clockwise sense with time, as expected for inertial currents, and have a period similar 
to the inertial period. 
 
There is a marked change in phase in the rotary currents across the base of the mixed 
layer, and the trajectories are not nearly circular, but exhibit a noticeable elongation 
along different axes at different depths.  These results confirm the presence of near-
inertial currents and will form the basis of on-going investigation into the 
transmission of wind energy to the deep ocean via inertial currents. 
 

 
Figure 61: Preliminary Thorpe-scale mixing estimates for the JC031-A21 section (top panel) and 
JC031-SR1b section (bottom panel). Panels from left to right show: Thorpe scales LT, turbulent kinetic 
energy dissipation ε (W kg−1) and eddy diffusivity Kρ (m2 s−1), plotted against depth and latitude. 
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Figure 62: Station 13/14 time-series, panels from top to bottom: zonal and meridional currents (cm s−1), 
shear (cm m−1 s−1) and the direction of the shear vector (degrees from true east). 
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Figure 63: Direction of the shear vector in the 60-70m layer (top left panel), and at 135m deep (top 
right panel). The inset in the right panel shows the end of the phase-wrapped time series.  The red lines 
in the top panels represent the rate of inertial rotation. Progressive vector trajectories are shown for the 
total currents (bottom left) and residual currents (bottom right).  In the bottom panels the mean 30-70m 
layer trajectories are plotted in blue and the mean 120-160m layer trajectories are plotted in red.  The 
inertial period at this location is 14.14 hours.  Large open circles indicate the start of the trajectory and 
the solid circles mark the end of the trajectories; small open circles mark 3-hourly intervals. 
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CCHDO Data Processing Notes 
 

Date Person Data Type Action Summary 

2013-03-22 Key, Bob BTL Submitted to go online, data are final  
 All data in the bottle file are final. I've got the CFC data, but it has a "hold" imposed by the 

PI. CTD data probably available from BODC. 

2013-03-22 Key, Bob CrsRpt Submitted to go online, final  
     
2013-03-22 Staff, CCHDO BTL Website Update Available under 'Files as received' 
 The following files are now available online under 'Files as received', unprocessed by the 

CCHDO. 
JC031_Final_cruise_report.pdf 
740H20090203.exc.csv 
740H20090203.exc.csv header edited: TCO2 and TA methods, Bakker et al., 2007 citation 
Reference email from Robert Key <key@princeton.edu> to <cchdo@googlegroups.com> on 
2013-05-22 

2013-09-19 Kappa, Jerry CrsRpt Website Update Final PDF version online 
 I've placed a new PDF version of the cruise report: sr01_740H20090203do.pdf 

into the  directory: co2clivar/southern/sr01/sr01_740H20090203/ . 
It includes all the reports provided by the cruise PIs, summary pages and CCHDO data 
processing notes, as well as a linked Table of Contents and links to figures, tables and 
appendices. 

 
 




