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Fig. 1. During recovery of surface mooring on 9 Feb., this 
water spout picture was captured by A. Plueddemann. 

Summary 
 
This cruise on the Research Vessel Knorr is the first of two legs of wintertime 
observations in the CLIvar Mode water Dynamics Experiment (CLIMODE, 
www.climode.org). The goal of these winter cruises is to obtain data during and 
following wintertime cooling over the CLIMODE region, to observe the formation of a 
major water mass of the N. Atlantic Ocean, Eighteen Degree Water (EDW), and to 
deploy instrumentation (floats and drifters) that will report back the evolution of the 
EDW. This is the 1st of two legs of the 4th CLIMODE cruise, hence we name it 
CLIMODE 4-1. It is also leg 1 of cruise 188 on the Knorr, hence it is also named KN188-
1: two different name conventions just to contribute to possible confusion.  
 
In this report, we will discuss a variety of different measurements made on the cruise &  
who the participants were. Here we summarize: the 27 members of the scientific 
collected 30 CTD casts, all but 4 were to 1000m depth, those 4 were to 2000m, 28 
microstructure profiles, deployed 50 radiosondes, 33 surface drifters, and 10 floats. In 
addition, we recoverd a 3m 
diameter surface discus buoy 
that had broken loose from a 
mooring deployed for 
CLIMODE last November, and 
deployed and recovered the 
ASIS/FILIS compound spar. 
Weather stopped operations for 
approximately 36 hours, during 
two periods with sustained 
winds in excess of 40 kts. Two 
different varieties of 
microstructure profilers were 
used, and three different types of 
floats were released. Details will 
be found below. 
 
Thanks go out to Captain 
Sheasley, Bo'sun Liarikos, 
Steward Da Lomba and all of 
the crew of the R/V Knorr for 
helping make this a successful 
cruise. Thanks also go to Kathie 
Kelley & her APL/UW team, 
and Roger Samelson & the OSU 
group, for providing the satellite 
and high resolution weather 
forecasting data we used 
continuously for planning and 
interpreting our shipboard 

http://www.climode.org/
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measurements. SeaNet was essential in this communication linkage. The 27 members of 
the scientific party & their duties on the vessel are listed in Table 1. A cruise/event 
summary table is found in Table 2. The ODF group from Scripps, has prepared a 
CTD/hydro report, which is contained in an Appendix. 
 
Cruise Narrative by T. Joyce 
 
The Knorr departed the WHOI dock at 1415Z on 7 February and headed east to intercept 
a CLIMODE surface buoy previously moored in the Gulf Stream that had broken loose 
on 1 February. This mooring drifted in the Gulf Stream following a constant surface  

Figure 2. Cruise record of air temperature, pressure and wind speed from the IMET bow mast. 
 
temperature contour of ca. 18C until it was recovered at 1630Z on 9 February. An Argos 
radio transmitter provided location information that allowed us to track and recover the 
mooring. All scientific instrumentation below the buoy to a depth of 930m was 
recovered. Since no releases responded to an interrogation, we inferred they were not on 
the end of the mooring. We elected to cut the remaining line and resume our original 
cruise plan instead of investing 4-5 more hours on line recovery. During the mooring 
recovery, it snowed and hailed occasionally, and a waterspout was seen and 
photographed by one of the scientific party (Fig. 1). With a first CTD station near the 
buoy recovery site, we steamed back west and began our first CTD/AMP section on 11 
February. The section was completed 40 hours later on 13 February. We then steamed 
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Figure 3. SeaSoar track locations (red).for CLIMODE 4-1. 

east to a site in a northward meander of the Gulf Stream and deployed the ASIS/FILIS 
compound spar and an EM-Apex float on 13 February. Thereafter, we began Seasoar 
operations which continued until the SeaSoar snared a line from a long liner; it was 
recovered on 16 February before it could complete the second ‘ladder’ survey.  
 
We then returned to the ASIS and began a one inertial period (19 hrs) time series of 
CTD/AMP casts, after which we steamed to the east and began CTD section 2. This was 
interrupted after 5 stations due to weather on 19 February , during which we made way 
towards the northern end of the planned line. Work resumed a day later and three stations 
were completed. The section was broken off again so that we could complete the 
downstream SeaSoar survey, after which we steamed westward to recover the 
ASIS/FILIS taking advantage of a good weather window. The ASIS/FILIS were 
recovered without incident and we returned to complete the CTD section. However, a 
low pressure system intensified and caught up with us before we could complete the 
section (Fig. 2, yearday 55). Knowing the winds would be 40-60 kts for a substantial 
period of time, we elected to slowly head back towards Bermuda. En route, we stopped at 
three points to deploy floats and surface drifters. The ship arrived in St. George’s, 
Bermuda on the morning of 27 February. 
 
    
SeaSoar & Shipboard ADCP – Frank Bahr 
 
For this cruise, SeaSoar was equipped with a SeaBird 911+ CTD carrying an internal 
pressure sensor, dual temperature and conductivity sensors, an oxygen sensor, and a 
fluorometer. The vehicle was deployed twice, from 2/14 2:37 to 2/16 22:20 and from 
2/21 7:52 to 2/22 13:17.  
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Fig. 4, SeaSoar sections for leg 3, first deployment. 

Following the initial deployment on 2/16, SeaSoar flew well, covering a depth range 
between about 30 and 450m. After a few hours, however, problems developed, causing  
the vehicle to abort dives prematurely and abruptly head for the surface. Part of the 
problem was eventually determined to be a sharp cable bend near a connector, which 
allowed small portions of water to enter and shorten the impeller count measurement.  

 
 
 

Paul Fucile identified an alternate path to send control commands to the vehicle, and we 
developed a rudimentary flight program that carried us through the rest of the 
deployment. Late on the 16th, however, the vehicle suddenly stopped flying altogether, 
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going through a series of 360 degree rolls. We recovered, and found a 1/2 inch thick long 
line wrapped around the vehicle.  
 
Between deployments, we repaired the small damage to the vehicle from the line 
encounter (the strain relief was split, and a small amount of fairing had been stripped off 
the cable). Early into the second deployment, we were plagued again by a small 
electronic glitch having to do with the now dummied-up impeller counter. Fortunately, 
our deck unit allowed us to simply eliminate the counter from the data stream. SeaSoar 
worked fine for the remaineder of the second deployment.  
 

 

 
 
Shipboard acoustic Doppler current profiles from the Knorr's 75KHz "Ocean Surveyor" 
(RDI) were collected during the whole cruise. Initially, the instrument was configured to 
collect 8m bins. Within a day of our departure, we crossed the shelf and reached deep  
water. For the first 20 hours, the instrument performed reasonably well, profiling down to 
about 500m. Starting around 22:00Z on the 8th, however, as weather conditions 
worsened, we encountered significant time periods of near total data loss. On Feb 9, 
16:04Z, we changed the instrument configuration to the more robust default of 16m bins. 
Performance improved somewhat, with many good periods of profiling depths beyond 
800m. However, a significant number of bad profiles remained: even with reduced 
quality thresholds, 1053 out of 4504 profiles between 2/9 16:04Z and 2/25 10:44 did not 
contain good velocity bins (note: a large portion of those were intermittent drop-outs; an 
eye-ball estimate suggests sustained gaps occurred over about 20%).  

Fig. 5, ADCP overall velocities for two different depth integrations. 
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Early in the cruise, the PosMV GPS-based heading correction dropped out. Ship's tech 
Robbie was able to restart the data feed by re-initializing the instrument, and it provided  
better than 90% coverage for the remainder of the cruise. 
 
CTD/Hydrogrpahy – T. Joyce 
 
The contrast between the upstream and downstream sections is enormous. None of our 
Lagrangian probes managed to transition from one to the other during the course of the 
cruise. Both the ASIS and the EMAPEX detrained from the Gulf Stream flow before they 
got to the longitude of the eastern section (54W). We will try to illustrate this by showing 
the pair of temperature/oxygen sections next to one another. 
 

 

 
 
 
 
The surface temperature maximum in the warm core of the Gulf Stream disappeared 
between the two sections. The mixed layer south of the Gulf Stream in the EDW region 

Fig. 6, Temperature and dissolved Oxygen sections across the Gulf Stream  from 66W (left) to 
54W (right). These stations are shown on the front page. 
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deepened from 350m, 18.75C to 400m, 18-18.25C. Further east, the 17C outcropped 
within the north wall of the Gulf Stream near 40N. The eastern section did not go all the 
way across the Stream, which was somewhat more diffuse than to the west. Between the 
two sections, the subsurface salinity maximum under the warm core disappeared (not 
shown) and the oxygen became nearly saturated throughout the EDW layer. The deepest 
mixed layer on the eastern section was not the furthest south, and south of 38.5N, the 
upper layer flow was westward as tracked by the surface drifters and the ADCP. 
 
The two sections were located in different regions based on the SST maps.  The upstream 
section showed outcropping of the 17.5-18.5 isotherms within the Gulf Stream, while 
these open up east of 55W, where the eastern section was located. In leg 2 we need to 
explore the connection between the two regions where the water mass characteristics of 
the eastward flow change to produce the above contrasts. 
 
 
CO2 – N. Bates (contributed by M. Jeffries) 
 
The Marine Biogeochemistry Lab at the Bermuda Institute of Ocean Sciences (formerly 
Bermuda Biological Station for Research) run by Dr. Nick Bates is primarily interested in 
understanding the movement of carbon between the atmosphere and the world's oceans.   
By measuring the dissolved inorganic carbon and the alkalinity of a sea water sample, the 
carbon budget for that particular water mass can be determined.  CLIMODE aims to 
determine the magnitude of formation and dissipation of Eighteen Degree Water in the 
North Atlantic near the Gulf Stream.  Our goal in the Marine Biogeochemistry Lab is to 
quantify the importance of this formation in relation to the global carbon budget.  
 Sea water has absorbed nearly 2/3 of the anthropogenic CO2 from the 
atmosphere.  This buffering affect has helped to control the global rise in atmospheric 
CO2 concentration which is directly related to global warming.  Given a better 
understanding of mode water formation and the amount of carbon sequestration in it, we 
can better predict the future uptake of CO2 by the ocean.  With this aim during 
CLIMODE-4, 507 water samples (493 niskin, 14 underway) were collected from 30 
stations using the JGOFS methodology for collection of DIC samples.  In addition to 
water sampling, an underway pCO2 system (SAMI) measured the partial pressure of 
CO2 in the surface ocean along our cruise track for the duration of the 21 day cruise.  
Surface water samples drawn from the shipboard pumped underway system were taken 
along the cruise track and will be used to validate the SAMI pCO2 measurements. 
Preliminary results are not yet available. 
 
Nutrient Measurements - K. Cashman 
 
Earlier work suggests that the pattern of primary productivity for the North Atlantic 
subtropical gyre is set by the strength of its subsurface nutrient reservoir.  The spatial and 
temporal variability of this reservoir is thought to be caused by the variation in the 
production and advection of EDW).  As EDW is formed, the nutrients contained are 
depleted due to biological utilization.  Subsequently, as the EDW is exported into the 



 9

gyre a low-nutrient wedge is formed beneath the euphotic zone.  When this water is 
vertically mixed, the low nutrient signature is expressed in the surface waters.  
 
As in past CLIMODE cruises, the primary goal of the CLIMODE 4 cruise was to 
determine the cross-stream nutrient structure in the winter as well as to determine the 
level of nutrient depletion in newly-formed mode waters.  Additionally, since  
CLIMODE 4 has sampled farther east than past CLIMODE cruises, understanding the 
downstream fate of the nutrients carried by the stream has become a priority as well.  
 
During the first leg of the CLIMODE 4 cruise nutrient samples (nitrite, nitrate, phosphate 
and silicate) were gathered at 30 CTD stations which included two cross-stream transects.  
The samples were stored in pre-sterilized polypropylene sample tubes which were frozen 
immediately after collection.  Upon return to Wood’s Hole in late March, the samples 
will be shipped in dry-ice filled coolers to Scripps Institute of Oceanography for analysis 
by Susan Becker.     
 
Microstructure Profiling – M. Gregg 

 
Personnel: Mike Gregg, Jack Miller, Dave Winkel, Steve Bayer, Andrew Cookson, Ryu 
Inoue, all from the Applied Physics Lab., University of Washington. 
 
Instruments: Two microstructure profilers (AMP4 and AMP5) plus a 150~kHz 
broadband ADCP installed in one of the ship’s transducer wells.  The ADCP was on 
CLIMODE cruise 4,  legs 1 and 2, but data were recorded only during leg1.   AMP4 took 
casts to 250-280 m, and AMP7 was used to 1000 m, although most profiles ended at 500-
600 m.  Both instruments carried two airfoils, two FastTip thermistors and a Neil Brown 
3-cm conductivity cell. 
 
Profiling: With one or two exceptions for sea state, one AMP profile was taken with 
every CTD cast.  When in the Gulf Stream, Knorr was headed into the current moving at 
1-1.5 knots into it which in most cases meant that the ship was moving slowly 
downstream relative to the bottom. 
 
Analysis: Temperature and electrical conductivity will be compared to the CTD casts and 
adjusted to fit them when necessary, owing to their greater accuracy.  Turbulent 
dissipation rates and diapycnal diffusivities have been computed from airfoil data, 
and rms scales of density overturns will be estimated from potential density.  The 
dissipation rates and diffusivities will be interpreted using stratification and shear in the 
water column and surface fluxes.  We also plan to compare them with standard mixing 
parameterizations, e.g. KPP.  Ryu Inoue will be the primary analyst, for his postdoctoral 
research. 
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FILIS/EM-Apex - J. Toole 
 
This subprogram of CLIMODE is focused on acquiring quasi-Lagrangian observations of 
finescale temperature, salinity and velocity variability in the upper ocean.  The original 
vehicle envisioned to acquire these data was FILIS, the Finescale Lagrangian Instrument 
System.  FILIS consists of a Moored Profiler (equipped with a CTD and an Acoustic 
Current Meter - ACM) mounted on a 500-m drifting vertical tether.  For CLIMODE, the 
FILIS was attached to the ASIS buoy and the whole system was allowed to drift with the 
upper ocean currents (plus the effects of wind and wave on the ASIS).   The Profiler we 
used was a WHOI-built Coastal Moored Profiler (CMP) that had a Nobska MAVS ACM 
integrated into the system.  (Prior to CLIMODE, CMPs were only fitted with CTD 
sensors.)  The FILIS was employed during the winter 2006 cruise with mixed results.  
While demonstrating the viability of the approach, the foam floatation that was added to 
the CMP to compensate for the water weight of the MAVS ACM partially crushed under 
pressure (this despite the foam being rated to survive well below the maximum 500 m 
deployment depth).  The negative buoyancy that resulted ended up too great for the CMP 
to climb up the tether.  For 2007, high-density syntactic foam floatation was utilized 
instead.  This floatation appeared to performed well.  Also new for 2007, the CMP 
control software was enhanced to support full, two-way communications with the MAVS 
ACM.  Operationally, the CMP controller initiates data acquisition by the CTD and ACM 
prior to each one-way traverse of the supporting tether.  At the end of each profile, the 
CMP controller downloads data from the external sensors and archives those data to flash 

Fig. 7, Sample profile, computed and plotted while the profiler was being hauled in. 
Taken during a period of strong forcing, turbulence is continuous to almost 50 m below the bottom 

of the surface mixed layer.  Owing the the homogenity of potential temperature, the salinity 
gradient in the mixed layer is suspect and will be checked, and possible corrected, against the CTD 

at this station.
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memory card.  The CMP was programmed to profile continuously in time, pausing only 
long enough at the top and bottom of its tether to offload and archive data. 
 
Given the mixed results from the 2006 cruise, a source for additional finescale data was 
sought.  Drs. Tom Sanford and James Girton (UW/APL) kindly agreed to loan us two 
profiling floats equipped with Sanford’s electromagnetic velocity sensor.  These so-called 
EM-Apex floats are variations of the standard Webb Argo float.  For CLIMODE, the two 
EM-Apex floats were programmed to profile continuously between the surface and 500 
or 550 m depth.  Each time upon surfacing, the CTD and EM data are relayed via Iridium 
to a server at UW/APL along with GPS position information.  We arranged to have the 
position data automatically emailed to the ship upon receipt and for the derived 
temperature, salinity and velocity profiles to be made available for ftp access over the 
Knorr’s Highseasnet internet link.     
 
Deployment and recovery of the FILIS in conjunction with ASIS during Knorr cruise 
188-1 are detailed elsewhere.  With the able assistance of John Lund and John Kemp, 
EM-APEX float no. 1636 was released from the ship immediately after the ASIS/FILIS 
was deployed.  Initially, the float was programmed to descend to 500 db, but after 
consultation with Girton ashore, this was increased to 550 db to fully span the depth 
interval of the 18oC water layer.  Initially, the ASIS/FILIS and EM-Apex drifted together, 
but after about 12 hours, the spar buoy system moved north of the float and then 
accelerated to the east.  For the next 6 days, the float followed behind the spar buoy 
system on nearly the same track, albeit somewhat more slowly. On February 18, the EM-
Apex float began to shift south of the ASIS/FILIS track as both instruments slowed.  
Then, while ASIS turned to continue east past 57oW along ~37.5oN, the EM-Apex 
slowed still further and turned south.  When ASIS was recovered, the EMA 1636 was 67 
nmi to the west.  In light of the time of day (night) and weather forecast, recovery of 
EMA-1636 was not deemed feasible on the 24th.  Moreover, merit was seen in allowing 
the float to continue sampling through the time period between Knorr cruise legs.  Thus 
the float was left to continue working.  As of the noontime of February 26 when this 
report was submitted, EMA-1636 had returned 198 temperature, salinity and velocity 
profiles.   
 
In view of the rough conditions at sea, it was decided to delay opening the glass 
instrument housing of the CMP to extract the flash memory card until R/V Knorr was 
secure in port.  Upon reaching the calm waters of St.George's harbor, the glass electronics 
housing of the CMP was opened and the flash memory card extracted.  A preliminary 
assessment of the data show that the vehicle successfully profiled between its 
programmed sampling depths of 10 and 475 m depth a total of 137 times during the 
deployment.  During two, ~half-day intervals of particularly rough weather on February 
15 and 20, the CMP failed to move up from near it's bottom stop.  But once the sea state 
relaxed, the vehicle resumed full-depth profiling.  The acquired CTD data appear of good 
quality, though the vertical motion of the CMP frequently reversed during profiles due to 
wave action on the tether.  The ACM data appear noisy.  At this point it is not known if 
this noise is a data unpacking problem or a reflection of the instrument performance on a 
highly dynamic tether.  
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EM-Apex data overview 
 
Data from the EM-Apex float are available in near-real time and so an initial assessment 
of these observations is possible.  Depth-time contour plots of the float data were 
constructed based on the data acquired through noontime on February 26.  The float was 
deployed on the Sargasso Sea side of the Gulf Stream Warm Core where the surface 
mixed layer was approximately 100 m deep.  While some variation of local mixed layer 
depth was observed, at no time did surface convection penetrate much below 150 m.  In 
fact, the long-term trend in mixed layer depth observed by the float was a shoaling. The 
relative velocity profile data were combined with instrument drift velocity estimates from 
the position fixes to derive absolute velocity.  The absolute velocity profile data were 
rotated into a local along- and across-drift coordinate system using the low-pass-filtered 
drift velocity.  Notable in the depth-time contour plots of velocity is the period of fast 
drift between February 16 and 22 and strong near-inertial-period oscillations around and 
after the time of a major wind stress event.  A subsequent major wind stress event around 
February 25 seems not to have generated as strong an inertial response.  Curiously, the 
surface mixed layer shoaled during this latter wind event to less than 50 m depth.  An 
ensemble average of the along- and across-drift absolute velocity profile suggests that the 
EM-Apex float moved on average with water parcels near 175 m depth with net surface 
flow to the right of the drift track and subsurface flow to the left.  The mean along-stream 
velocity profile exhibits little vertical shear, as we expected based on the deployment 
position.  MIT/WHOI Joint Program student Katie Silverthorne will be analyzing these 
observations in conjunction with various mixed layer models to understand the evolution 
of the upper ocean during the winter 2007 CLIMODE cruises.   
 

 
Figure 8  Position fixes of EM-Apex float 1636 (black circles) and the ASIS buoy (red dots). 
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Figure 9. Depth-time contour plot of potential temperature derived from EM-Apex float 1636 through mid-
day on February 26. 
 

 
Figure 10. Depth-time contour plot of salinity derived from EM-Apex float 1636 through mid-day on 

February 26. 
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Figure 11. Depth-time contour plot of potential density derived from EM-Apex float 1636 through mid-day 

on February 26. 

 
Figure 12. Depth-time contour plot of along-stream velocity derived from EM-Apex float 1636 through 
mid-day on February 26. 
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Figure 13. Depth-time contour plot of across-stream velocity derived from EM-Apex float 1636 through 

mid-day on February 26. 
 

 
 
Figure 14.  Time-mean velocity profile from EM-Apex float 1636 in along- and across-stream coordinates. 
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Atmospheric Profiling (NCAR) – G. Granger, L. Verstraete 
NCAR successfully launched more than 50 balloon-borne radiosonde soundings from the 
Knorr during the first leg of cruise KN-188.  Of those, all but one made it above the 
boundary layer, and just one other had no GPS signal and thus no winds.  (Feb 21, 14:30 
UTC.)  Several more soundings were attempted but failed.  The predominant reason for 
failures was strong winds blowing the balloon or the sonde into the ship or into the ocean.  
Beyond that, a few more launch times were not even attempted due to unsafe and 
unfavorable weather.  Overall, the success rate was good given the tricky conditions. 
 
Briefly, the sounding launch plan laid out by Jim Edson called for soundings at the CTD 
transect stations and 3-hourly soundings during SeaSoar legs.  We achieved this for the 
most part, except where the weather proved too uncooperative.  As an example, Figure 15 
shows the soundings for the western CTD transect, Figure 16 shows the easternmost 
transect and Sea Soar legs. 
 

 
The wind profiler radar has also worked reasonably well apart from a few periods of 
weak signal, particularly given the effect sea-spray has had on our stabilizing platform.  
The wind measurements from the profiler agree well with those from the radiosonde, and 
will help fill in the gap between the soundings.  The stabilizing platform developed a 

Figure 15.  West transect of KN-188-1, showing 
ship track in orange and violet, sonde tracks in 
yellow (horizontal position) and green (height 

above ground). 

Figure 16. East transect and Sea Soar legs with sounding 
balloon tracks. 
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power problem part way through the cruise, so it was shut down and bolted in place after 
February 20.  Initial comparisons show that the profiler is actually doing a fairly good job 
at measuring the winds, despite the stabilized platform problem.  The figures below are a 
simple example under calmer conditions: the sounding profile is on the left and the 
concurrent radar wind profiles are on the right. 
 

 
There are a few resources available for browsing ISS data in near real-time and after the 
project.  During and after the project, the home page for data and other information is 
here: 
 

 http://www.eol.ucar.edu/rtf/projects/climode/ 
 

 This site hosts plots of the balloon soundings, wind profiles, and temperature 
profiles.  In particular, see the "Sounding Profile Plots" link for balloon sounding 
profiles which can be more easily compared with the radar wind profiles.   

 
 
Air-Sea Exchange - Al Plueddemann, Steve Faluotico 
 
The air-sea exchange group operated two systems on this cruise, a set of meteorological 
sensors on a mast at the bow of the Knorr (“bow-mast system”) and meteorological and 
oceanographic sensors on an instrumented drifter (the Air-Sea Interaction Spar – ASIS).  
Both systems had a PC-104 based data logger and recorded GPS position, solar radiation, 
infrared radiation, temperature, pressure, humidity, CO2 and H20 gas, pitch/roll, heading, 
three dimensional accelerations and winds. The ASIS had an Iridium satellite link to 

 
Figure 17.  Wind profile of sounding 

Feb 24, 18:49 UTC. 

Figure 18. Radar wind profiles around the 18:49 
sounding. 

http://www.eol.ucar.edu/rtf/projects/climode/
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transmit its position and was outfitted with ocean sensors to measure surface wave height, 
pressure, temperature, conductivity, and currents.  
 
The bow-mast system ran continuously for the duration of the cruise (7-26 February). 
Spot samples of bow-mast data evaluated several times daily during the cruise revealed 
no obvious problems with any of the sensors. The complete data set has been recorded, 
but has yet to be evaluated. A sample of wind speed data from the bow mast during a 
period of high winds on 24 February is shown in Fig. 19.  
 

 
Figure 19. Histogram of sonic anemometer wind speed during 20 min periods. 17 Feb (14:20 to 14:40 

UTC): ASIS wind speed during a period of large ocean heat loss. 24 Feb (02:40 to 03:00 UTC):  Bow-mast 
wind speed during a period of high winds.  

 
 

We encountered two issues with ASIS during transit. First we noticed the buoy battery 
voltage was dropping far more rapidly than expected.  This was traced to the batteries not 
being wired correctly. We were able to make the required fixes to our spare batteries and 
then swap them out with the original batteries during a station stop. The second issue we 
encountered was that the ASIS GPS failed. We decided to take the GPS off of the met 
mast and put it on ASIS.  The system was fully operational by the time of deployment.  
 
The ASIS was successfully deployed on 13 February at 20:40 UTC and ran continuously 
until data acquisition was stopped at 03:00 UTC on 23 February for file transfer prior to 
recovery. The buoy remained within the core of the Gulf Stream for most of its drift and 
moved with a typical speed of about 2 knots. The ASIS drift track along with the track of 
the EM-Apex drifter, a schematic cruise track, and radiosonde launch locations is shown 
in Fig. 20.  
 
Spot samples of ASIS data obtained via FreeWave modem link during the cruise revealed 
that the humidity and air temperature sensor failed prior to 17 February. Evaluation of 
data files offloaded after ASIS recovery showed the failure at 03:40 UTC on 15 February. 
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Indications are that all other meteorological sensors ran continuously until recovery. A 
sample of ASIS wind speed data during a period of strong ocean heat loss is shown in 
Fig. 19. The air-sea temperature difference was 8 deg, the mean wind speed was 17 m/s, 
and the sum of latent plus sensible heat loss was estimated at 850 W/m2. Evaluation of 
the ocean sensors revealed complete data sets for all except one current meter, which 
failed at the time of immersion. Near-surface (1.5 m) temperature and salinity during the 
ASIS drift are shown in Fig. 21. 
 
 

 
Figure 20. ASIS drift track from GPS (blue), EM-Apex drift track (x), and radiosonde launch locations 

(squares) along schematic ship track made up of principal waypoints. 
 
 
The ASIS recovery was expertly done in calm conditions, with no damage to the buoy or 
instrumentation. Unfortunately on the way to Bermuda the ship encountered severe 
weather.  During the night of 23 February, a large wave was encountered nearly head-on, 
passed over the starboard rail, and damaged ASIS.  Roughly half of the tie-down straps 
broke, allowing the spar to move. The straps that didn't break tore apart the spar structure 
when it moved. A heroic effort in the midst of the storm allowed the buoy to be re-
secured to the deck and the meteorological sensors to be recovered with minimal damage. 
The damage to the buoy structure, however, proved to be substantial, and further damage 
was done by other wave impacts during the transit. The damage will preclude deployment 
of ASIS on the second leg. 
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Figure 21. Near-surface (1.5 m) temperature and salinity from the ASIS deployment. 
 

 
Surface drifters – R. Lumpkin 
 
33 Argos-tracked surface drifting buoys were deployed on leg one of CLIMODE-4 in 
order to measure mixed layer currents and sub-skin SST. The drifters were Global Drifter 
Program drifters, drogued at 15m depth with a holey sock drogue.  Location and SST 
observations were provided at irregular intervals with a median spacing of 1.2 hours, 
interpolated to hourly values for analysis. 
 
The first 18 drifters were deployed in six trios (near-simultaneous deployments of three 
drifters) along the hydrographic line at 36.5—39°N, 66°W.    Four of these trios were 
south of the Gulf Stream wall, with the fourth trio in the core of the Stream.  The fifth 
and sixth trios were north of the wall, as indicated by their speeds and temperatures (Fig. 
22). 
 
The seventh trio of drifters was deployed alongside the ASIS spar buoy on 14 February.  
One of these three failed after three days. 
 
A pair of drifters was deployed on 16 February within a deep, cold meander that was 
suspected to be pinching off to form a cold core ring.  These drifters completed a 
cyclonic loop after deployment (Fig. 22). 
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Fig. 22. Drifter measurements of position and SST (shading, °C).  Locations of first fix indicated by black 
stars; positions as of 0050Z 26 February 2007 indicated by bullets. 

 
 

 
Two drifter pairs were deployed at the southernmost two CTD stations of the 
hydrographic section along ~54°W.  Contrary to expectations, these four drifters have 
propagated steadily westward. 
 
The remaining six drifters were deployed in 3 pairs between the final CTD cast and the 
Economic Exclusive Zone of Bermuda, to sample the recirculation gyre of EDW. 
 
Preliminary analysis of dispersion was conducted for the pairs and trios deployed south 
of the Gulf Stream wall (Fig. 23).  For each cluster of drifters, the mean position and SST 
as a function of time was removed and the mean-square growth of the measurements 
were observed.  At lags up to three days, dispersion was near zero.  Then, from 3—12 
days, both zonal and meridional dispersion grew at a hyperballistic rate proportional to 
t4.5. Some evidence of a decrease in this rate is suggested at the longest lags.  These 
results are highly preliminary, as many clusters have not been in the water for more than 
a few days and thus the results as a function of lag are at present strongly biased by the 
spatial distribution of the deployments. 
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Table 3: drifter deployment locations 

 
 
 

The lateral effective diffusivity 2'

2
1 x

dt
d

=κ  grew from <50 m2/s at lags of 0—3 days, 

to 500—1000 m2/s at 3—10 days, to 3000—5000 m2/s at lags of 10+ days. 
 

 

drifter PTT ID DATE TIME (UTC) Lat Lon Notes
1 72104 02/11/07 12:29 36º 41.78' N 66º 15.95' W
2 72110 02/11/07 12:29 36º 41.78' N 66º 15.95' W failed on deployment
3 72111 02/11/07 12:29 36º 41.78' N 66º 15.95' W
4 72102 02/11/07 21:56 37º 19.04' N 66º 08.03' W
5 72103 02/11/07 21:56 37º 19.04' N 66º 08.03' W
6 72105 02/11/07 21:56 37º 19.04' N 66º 08.03' W
7 72112 02/12/07 5:10 37º 44.54' N 66º 00.73' W
8 72126 02/12/07 5:10 37º 44.54' N 66º 00.73' W
9 72109 02/12/07 5:10 37º 44.54' N 66º 00.73' W failed 2/15 after 0000Z

10 72113 02/12/07 11:47 38º 09.17' N 65º 52.70' W Core of Gulf Stream
11 72101 02/12/07 11:47 38º 09.17' N 65º 52.70' W Core of Gulf Stream
12 72100 02/12/07 11:47 38º 09.17' N 65º 52.70' W Core of Gulf Stream
13 72077 02/12/07 20:35 38º 32.42' N 65º 48.69' W
14 72059 02/12/07 20:35 38º 32.42' N 65º 48.69' W
15 72057 02/12/07 20:35 38º 32.42'' N 65º 48.69' W
16 72058 02/13/07 4:09 38º 58.12' N 65º 44.26' W
17 72065 02/13/07 4:09 38º 58.12' N 65º 44.26' W
18 72068 02/13/07 4:09 38º 58.12' N 65º 44.26' W
19 72055 02/14/07 0:35 38º 58.21' N 68º 51.28' W Deployed with ASIS
20 72056 02/14/07 0:35 38º 58.21' N 68º 51.28' W Deployed with ASIS
21 72066 02/14/07 0:35 38º 58.21' N 68º 51.28' W failed 2/17 after 1800Z
22 72067 02/16/07 11:43 38º 43.98' N 59º 26.53' W cold meander
23 72078 02/16/07 11:43 38º 43.98' N 59º 26.53' W cold meander
24 72069 02/19/07 3:05 37º 51.55' N 53º 58.50' W
25 72079 02/19/07 3:05 37º 51.55' N 53º 58.50' W
26 72075 02/19/07 7:30 38º 02.58' N 53º 58.46' W
27 72076 02/19/07 7:30 38º 02.58' N 53º 58.46' W
28 72099 02/25/07 9:26 36º 04.6' N 56º 57.9' W Recirculation
29 72108 02/25/07 9:26 36º 04.6' N 56º 57.9' W "
30 72097 02/26/07 0:27 35º 09.88' N 59º 14.46' W "
31 72098 02/26/07 0:27 35º 09.88' N 59º 14.46' W "
32 72106 02/26/07 10:36 34º 25.76' N 61º 08.32' W "
33 72107 02/26/07 10:36 34º 25.76' N 61º 08.32' W "
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Fig. 23: dispersion (vertical axis) as a function of time (horizontal axis) for zonal (blue) and meridional 

(green) displacement (left) and sea surface temperature (right). 
 
 
 
Floats – J. Lund 
 
University of Washington Float Deployments 
 
The University of Washington sent three Autonomous Profiling Expendable Floats 
(APEX) designed by Webb Research to be deployed from the R/V Knorr (CLIMODE 
KN188-1).  The floats were modified at UW to communicate via an Iridium phone.  The 
Iridium phone modem makes two-way communication possible so that float missions are 
changeable after deployment.  Each float was equipped with a GPS which shares the 
irdium phone antenna and provides accurate surface positions.  The floats were equipped 
with a Seabird model 41 pumped CTD.  Floats 5068 and 5069 were constructed with an 
Aanderaa Oxygen Optode 3830 sensor.  Float 5051 (rafos) did not have the oxygen 
sensor but was equipped with a hydrophone. 
 
Floats 5068 and 5069 are programmed to detect mode water.  Float 5069 is a test 
platform for a new ice evasion algorithm.  Once the float is proved to be operating well, 
the mode water detection and ice evasion algorithm will be started.  The ice evasion 
algorithm uses mode water detection to determine if there is a possibility of ice at the 
surface.  UW is testing the mode water detection (18 degree water) during the CLIMODE 
experiment. When floats are deployed in the arctic the mode water temperature threshold 
will be changed to 1.8 degrees Celsius.  It is likely that once the mode water detection is 
started, float 5069 will not be heard for some months while 18-degree mode water is still 
forming at the surface.  
 
Dana Swift and Rick Rupan (UW) came to WHOI and loaded the floats aboard the R/V 
Knorr.  Together they checked out the floats to insure that there was no damage during 
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shipping.  The floats were left in a ready-to-deploy state.  The floats are turned on by a 
hydrostatic pressure switch.  
 
Sea state made the line deployment recommended in the manual impossible.  Floats were 
dropped from the stern into the peak of a wave (approximately 2 feet).  This was safer 
than allowing the float to snap against deployment line and it also prevented the floats 
from being damaged under the ship.  
 
UW requested that the floats be deployed south of the Gulf Stream near the sound source 
mooring array.  It was also requested that floats 5068 and 5069 be deployed near the new 
18 degree mode water.  Deployment locations are in the table and figure 24 below. 
 
UW-APL Date Time SN LAT lat LON lon Float ID 

1 2/11/2007 12:20 2668 36 41.63 66 16.63 5069 
2 2/19/2007 3:04 1840 37 51.59 53 58.357 5051 
3 2/19/2007 3:07 2669 37 51.55 53 58.46 5068 

 
 
 
 
Bobber Float (TD-Rafos) 
 
Bobbers are Autonomous Profiling Expendable Floats (APEX floats) with TD-RAFOS 
instrumentation and a modified sampling program. Six bobbers were deployed during the 
KN188-1 February 2007 CLIMODE Cruise. See figure 25 and the following table for 
deployment times and locations. 
 
Each Bobber was equipped with a RAFOS hydrophone and a Sea Scan TD (temperature, 
and pressure) sensor.  Bobbers make temperature-depth profiles that are acoustically 
tracked under water using the arrival time from several sound sources located on 
subsurface moorings deployed during the November 2005 CLIMODE cruise (OC419). 
 
Bobbers are programmed to seek the 18.5 degree isotherm which is the nominal center of 
the mode water.  They adjust their buoyancy to follow this isotherm. Each day the float 
listens for 120 minutes starting at 00:00:00 GMT for acoustic pongs from the source 
moorings.  Once every three days the float will bob between the 17 and 20 degrees or 700 
meters and surface in order to determine the thickness of the mode water.  Every 30 days 
the float is programmed to make a full ocean profile from 1000 meters to the surface.  
While at the surface, position and temperature profile data are transmitted via Argos. 
 
Prior to launch floats were checked using the automated LabVIEW software provided by 
Webb Research Corporation.  The software verifies all of the float’s systems are 
functioning properly.  As instructed in the APEX manual each float was reset before the 
launch and completed the auto test.  Sea states for the majority of KN188-1 were very 
rough so Bobbers 1-5 were dropped from the stern into the peak of a wave 
(approximately 2 feet).  This was safer than allowing the float to snap against deployment 
line and it also prevented the floats from being damaged under the ship.  Sea states had 
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decreased during the launch of Bobber #6 which required that it be lowered gently into 
the water by slipping a line through the dampening ring as suggested by the 
manufacturer.   
 
 
 
KN188-1 Bobber deployments       

Bobber Date Time SN LAT lat LON lon Argos ID 
1 2/10/2007 6:17 2538 37 41.84 61 32.49 39793 
2 2/11/2007 12:22 2536 36 41.63 66 16.63 39765 
3 2/19/2007 3:10 2379 37 51.54 53 58.53 38604 
4 2/25/2007 9:30 2385 36 4.529 56 58.23 39470 
5 2/26/2007 0:26 2535 35 09.88 59 14.46 39763 
6 2/26/2007 10:44 2523 34 25.66 61 8.52 39473 

 

 
Figure 24, deployment sites for UW floats (P01, P03, & P03) 
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Figure 25, deployment sites for WHOI Bobbers (B01:06) 

 
 
 
Students- Kristi Cashman, Andrew Barton, Rebecca Dell 
 
Kristi Cashman, Andrew Barton and Rebecca Dell joined the the CLIMODE 4 Cruise in 
order to gain experience with in situ oceanographic data collection and a better 
understanding of the strengths and weaknesses of the resulting data. The students assisted 
with several aspects of the data collection, including the CTD/hydrography and the 
SeaSoar.  The cruise helped the students to appreciate both the techniques used to collect 
data as well as the difficulties that arise while collecting data at sea.  Difficulties seen in 
this cruise included mechanical and electronic equipment failures and severe weather 
conditions.  The students were able to observe and assist in equipment repairs, gaining a 
more sophisticated understanding of some of the central types of oceanographic 
instruments.  Additionally, students were able to observe the decision making processes 
employed by scientists in the field, and to see the compromises and alterations to the 
original cruise plan that were necessary. Finally, students had the opportunity to see 
directly how various types of measurements are coordinated and how each type of data 
collected compliments the others.  For instance, the combination of the CTD and Seasoar 
allowed for a more complete spatial and temporal sampling of Gulf Stream transects than 
would be possible with one instrument alone.  Students also assisted in the deployment 
and/or recovery of radiosonde balloons, floats, moorings and drifters.   
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Table 1, Scientific Personnel 
 

NAME (M/F)   INST/Responsibilty   EMAIL 
          

       

Terry Joyce   (M)   whoi/chief scientist   tjoyce@whoi.edu 

John Lund   (M)   whoi/ bobbers/seasoar   jlund@whoi.edu 

Frank Bahr   (M)   whoi/ seasoar   fbahr@whoi.edu 

John Toole (M)   whoi/ ASIS   jtoole@whoi.edu 

Craig Marquette (M)   whoi/seasoar/FILIS   cmarquette@whoi.edu 

Paul Fucile (M)   whoi/seasoar   pfucile@whoi.edu 

Jane Dunworth-Baker (F)   whoi/watchstander/sat imagery   jdunworth@whoi.edu 

Andrew Barton (M)   whoi/mit/watchstander   adbarton@mit.edu 

Ryu Inoue (M)   APL/ microstructure   rinoue@apl.washington.edu 

Rick Lumpkin (M)   NOSS/drifters   Rick.Lumpkin@noaa.gov 

Kristen Cashman (F)   Duke/nutrients   kristin.cashman@duke.edu 

Michael Gregg (M)   APL/ microstructure   gregg@apl.washington.edu 

Jack Miller (M)   APL/ microstructure   miller@apl.washington.edu 

Dave Winkel (M)   APL/ microstructure   winkel@apl.washington.edu 

Andrew Cookson (M)   APL/ microstructure   andrew@apl.washington.edu

Steve Bayer (M)   APL/ microstructure   na 

John Kemp (M)   whoi/ASIS   jkemp@whoi.edu 

Al Plueddemann (M)   whoi/ASIS   aplueddemann@whoi.edu 

Steve Faluotico (M)   whoi/ASIS   sfaluotico@whoi.edu 

Marlene Jeffries (F)   DIC   Marlene.Jeffries@bbsr.edu 

Susan Becker (F)   sio/salts/oxygen/ctd   susan@odf.ucsd.edu 

John Calderwood (M)   sio/ctd/oxygen   jkc@odf.ucsd.edu 

Mary Carol Johnson (F)   sio/ctd processor/tech   mary@odf.ucsd.edu 

Parisa Nahavandi (F)   sio/ctd/data/salinity   parisa@odf.ucsd.edu 

Lou Verstraete (M)   ucar/radiosondes   louvers@ucar.edu 

Gary Granger (M)   ucar/radiosondes   granger@ucar.edu 

Rebecca Dell (F)   whoi/mit/watchstander   rwdell@mit.edu 
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Table 2, CLIMODE4-1 Event Log 
 
% 1=ctd  2=radiosond 3=bobber 4=drifter 5=asis 6=amp 7=float 8=seasoar9=em-apex   
% GMT lat latdeg lon londeg event incrment comment who activity 
%           

20070207 1415 41 31.56 -70 40.38 0 0 % watch depart whoi 
20070207 2021 41 20.48 -69 09.23 0 0 % ap adcp calibration run, 10 min 
20070208 1950 40 15.59 -63 43.37 0 0 % ap met mast test 
20070209 2007 39 03.49 -60 18.07 0 0 % tj commence surf buoy recovery 
20070209 1147 39 02.45 -60 17.34 0 0 % ap surf buoy on deck 
20070209 1630 38 38.96 -60 17.34 0 0 % tj recovery terminated before full recovery 
20070210 0419 37 41.69 -61 30.96 1 1 % tj start ctd 01 
20070210 0600 37 41.76 -61 31.89 0 0 % tj end ctd 01 
20070210 0612 37 41.76 -61 32.15 0 0 % pf RBPM7, lost instrument 
20070210 0617 37 41.84 -61 32.48 3 1 % jl bobber #2538, large wave deployment 
20070210 1813 37 14.75 -63 39.48 0 0 % mg amp test station 
20070210 1937 37 16.30 -63 41.67 0 0 % mg depart test station 
20070210 1821 37 14.83 -63 39.70 6 1 % mg amp 21182 
20070210 1911 37 15.78 -63 41.12 6 2 % mg amp 21183 
20070211 0724 36 41.65 -66 15.97 0 0 % rl ctd 02 cast 1, pump off at 550m 
20070211 0823 36 41.86 -66 16.19 6 3 % mg amp 21184 
20070211 0900 36 41.51 -66 16.05 0 0 % rl ctd 02 cast 3, pump off at 500m 
20070211 0940 36 41.48 -66 16.20 2 1 % lv radiosond 01   #094502 
20070211 1025 36 41.57 -66 15.20 1 2 % sl ctd o2 cast 5, success 
20070211 1211 36 41.44 -66 16.39 0 0 % rl end ctd 02 
20070211 1229 36 41.76 -66 16.74 4 1 % rl Drifters 72104,72110,72111 
20070211 1220 36 41.63 -66 16.63 7 1 % jl UW float sn2668 
20070211 1223 36 41.63 -66 16.63 3 2 % jl bobber #2536 argos id 39765 
20070211 1353 36 53.88 -66 12.94 1 3 % tj start ctd 03 
20070211 1505 36 54.00 -6 12.84 0 0 % TJ end ctd 03 
20070211 1518 36 54.11 -66 13.06 6 4 % mg amp 21185 to 510m 
20070211 1557 36 54.19 -66 13.52 2 2 % ap radiosond 02 
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20070211 1722 37 06.11 -66 10.31 6 5 % mg amp  21186 
20070211 1755 37 06.49 -66 11.06 1 4 % tj start ctd 04 
20070211 1908 37 06.33 -66 11.74 0 0 % tj end ctd 04 
20070211 2040 37 18.74 -66 07.20 1 5 % tj/rl start ctd 05 
20070211 2110 37 18.74 -66 07.22 2 3 % rl radiosond 03 
20070211 2141 37 18.83 -66 07.52 0 0 % rl end ctd 05 
20070211 2156 37 18.95 -66 07.84 4 2 % rl drifters 72102,72103,72105 

% 1=ctd  2=radiosond 3=bobber 4=drifter 5=asis 6=amp 7=float 8=seasoar9=em-apex   
% GMT lat latdeg lon londeg event incrment comment who activity 

20070211 2203 37 19.04 -66 08.03 6 6 % mg amp 21887 
20070211 2357 37 31.12 -66 04.09 6 7 % mg amp 21188 
20070212 0036 37 31.04 -66 04.83 1 6 % jt start ctd 06 
20070212 0141 37 31.31 -66 04.09 0 0 % jt end ctd 06 
20070212 0305 37 43.55 -66 00.93 1 7 % jt start ctd 07 
20070212 0302 37 43.66 -66 00.58 2 4 % ap radiosond 04 
20070212 0405 37 44.16 -65 59.51 0 0 % jt end ctd 07 
20070212 0428 37 43.98 -66 00.27 6 8 % mg amp 21189 to 250m, 21190 to 500m 
20070212 0510 37 44.54 -66 00.73 4 3 % rl drifters 72112,72126,72109 
20070212 0651 37 56.21 -65 57.64 6 9 % mg amp 21191 to 500m 
20070212 0735 37 56.40 -65 57.27 1 8 % rl start ctd 08 
20070212 0847 37 57.58 -65 54.61 0 0 % tj end ctd 08 
20070212 1007 38 08.60 -65 53.26 1 9 % rl start ctd 09 
20070212 1118 38 09.90 -65 51.07 0 0 % rl end ctd 09 
20070212 1147 38 09.17 -65 52.70 4 4 % rl drifters 72113,72101,72100 
20070211 1218 38 08.53 -65 54.08 2 5 % ap radiosond 05   121652 
20070212 1218 38 08.50 -65 54.29 6 10 % mg amp 21192 to 500m 
20070212 1408 38 20.75 -65 51.96 6 11 % mg amp 21193 to 500m 
20070212 1500 38 20.89 -65 51.52 1 10 % tj start ctd 10 
20070212 1553 38 21.34 -65 49.99 0 0 % tj end ctd 10 
20070212 1730 38 33.05 -65 49.45 6 12 % mg amp 21194 to 500m 
20070212 1815 38 32.92 -65 49.85 2 6 % ap radiosond 06   180514_p.1 
20070212 1745 38 32.91 -65 49.86 1 11 % tj start ctd 11, frame broke cast 1, cast 2 ok 
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20070212 2019 38 32.52 -65 48.63 0 0 % tj end ctd 11 
20070212 2035 38 32.42 -65 48.69 4 5 % jl drifters 72077,72059,72057 
20070212 2217 38 45.49 -65 46.24 1 12 % jt start ctd 12 
20070212 2230 38 45.30 -65 46.30 2 7 % lv radiosond 07 
20070212 2316 38 45.22 -65 46.41 0 0 % jt end ctd 12 
20070212 2340 38 45.23 -65 46.54 6 13 % mg amp 21195 to 500m 
20070213 0143 38 58.03 -65 43.39 6 14 % mg amp 21196 to 500m 
20070213 0215 38 58.20 -65 43.99 2 8 % lv radiosond   1624_p.1 
20070213 0216 38 58.27 -65 43.99 1 13 % jt start ctd 13 to 2000m 
20070213 0357 38 58.07 -65 44.11 0 0 % jt end ctd 13 
20070213 0409 38 58.12 -65 44.26 4 6 % rl drifters 72058,72065,72068 
20070213 1258 38 56.64 -63 25.50 2 9 % lv radiosond  125836_p.1 

% 1=ctd  2=radiosond 3=bobber 4=drifter 5=asis 6=amp 7=float 8=seasoar 9=en-apex   
% GMT lat latdeg lon londeg event incrment comment who activity 

20070213 1910 38 57.17 -61 51.49 5 1 % ap asis launch site 
20070213 2125 38 59.07 -61 50.87 9 1 %  emapex 1636 launched 
20070213 2200 38 58.85 -61 50.29 1 14 % tj/jt start ctd 14 
20070213 2200 38 58.85 -61 50.29 2 10 % lv radiosond  2210 
20070213 2319 38 59.45 -61 50.39 0 0 % jt end ctd 14 
20070213 2346 38 59.54 -61 50.43 6 15 % mg amp 21197 to 520m 
20070214 0035 38 58.21 -61 51.78 4 7 % rl drifters 72055,72056,72066 
20070214 0300 38 38.92 -61 42.23 2 11 % lv radiosond CB-1  031812 
20070214 0300 38 38.92 -61 48.23 8 1 % fb seasoar launched 
20070214 0600 38 44.02 -62 08.96 2 12 % lv radiosonde 060732 
20070214 0754 38 46.80 -62 20.30 0 0 % watch crossed GS wall, turn to seasoar track 2 
20070214 0930 39 00.90 -62 21.12 2 12 % lv radiosonde 092913 
20070214 1130 39 74.89 -62 32.90 0 0 % watch seasoar waypoint 
20070214 2000 39 12.95 -61 28.83 2 13 % lv radiosonde 195333 
20070215 0309 39 32.61 -62 37.74 0 0 % mg BB150 adcp off, restart 
20070215 0415 39 34.80 -62 53.19 2 14 % gg radiosonde  042619 
20070215 0715 39 42.72 -62 48.09 2 15 % gg radiosonde 071304 
20070215 1158 39 57.89 -62 04.26 2 16 % gg radiosonde no data 
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20070215 1313 40 01.31 -61 52.87 2 17 % lv radiosonde 131440 
20070215 1629 40 06.26 -61 22.98 2 18 % lv radiosonde 162808 
20070216 0500 40 06.00 -61 23.00 0 0 % ap asis driveby seasoar at 50m 
20070216 0615 38 35.44 -60 20.52 0 0 % ap back on seasoar track, seasoar undulating 
20070216 0657 38 34.98 -60 09.99 2 19 % lv radiosonde   065720 
20070216 1022 38 33.91 -59 27.89 2 20 % lv radiosonde 102112 
20070216 1143 38 43.98 -59 26.53 4 8 % rl drifters 72067,72078 
20070216 1154 38 45.06 -59 25.32 0 0 % watch seasoar waypoint 
20070216 1327 38 34.29 -59 27.68 2 21 % lv radiosonde 132642 
20070216 1624 38 10.61 -59 30.92 2 22 % lv radiosonde 162304 
20070216 1915 37 47.40 -59 33.76 2 23 % lv radiosonde 192203 
20070216 2021 37 49.18 -59 37.59 0 0 % fb recover seasoar 
20070216 2220 37 53.59 -59 45.79 2 24 % gg radiosonde 224200 
20070217 0232 38 20.20 -59 47.60 1 15 % rl start ctd 15 
20070217 0345 38 19.25 -59 45.92 0 0 % rl end ctd 15 
20070217 0417 38 19.15 -59 45.82 6 16 % mg amp 21198 550m 
20070217 0610 38 08.53 -59 44.06 2 25 % gg radiosonde  061320 

% 1=ctd  2=radiosond 3=bobber 4=drifter 5=asis 6=amp 7=float 8=seasoar9=em-apex   
% GMT lat latdeg lon londeg event incrment comment who activity 

20070217 0616 38 08.54 -59 44.07 6 17 % mg amp 21199 
20070217 0654 38 08.72 -59 44.48 1 16 % rl start ctd 16 
20070217 0807 38 08.13 -59 44.17 0 0 % rl end ctd 16 
20070217 0938 38 15.42 -59 35.53 1 17 % rl start ctd 17 
20070217 1043 38 14.68 -59 34.15 0 0 % el end ctd 17 
20070217 1107 38 14.57 -59 33.97 6 18 % mg amp 21200 620m 
20070217 1336 38 20.79 -59 19.79 1 18 % tj start ctd 18 
20070217 1400 38 20.41 -59 19.18 2 27 % lv radiosonde 140336 
20070217 1440 39 20.04 -59 18.65 0 0 % tj end ctd 18 
20070217 1727 38 08.99 -59 18.67 1 19 % tj start ctd 19 
20070217 1844 38 07.61 -59 17.71 0 0 % tj end ctd 19 
20070217 1740 38 08.80 -59 18.50 2 26 % gg radiosonde  174151 
20070217 1858 38 07.39 -59 17.74 6 19 % mg amp 21201  260m 
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20070217 2137 38 05.84 -59 10.83 6 20 % mg amp 21202 to 260m, 21203 to285m 
20070217 2140 38 05.72 -59 10.94 2 28 % gg/lv radiosonde 214454 
20070217 2212 38 05.38 -59 11.21 1 20 % rl start ctd 20 
20070217 2320 38 04.27 -59 09.97 0 0 % rl end ctd 20 
20070217 2344 38 04.06 -59 09.94 6 21 % mg amp 21204 600m 
20070218 0040 38 04.40 -59 09.65 2 22 % gg/lv radiosonde  003811_p 
20070218 2345 37 41.40 -53 58.38 6 22 % mg amp 21205 570m 
20070219 0035 37 59.95 -53 58.38 0 0 % gg radiosonde no data 
20070219 0050 37 59.94 -53 58.38 1 21 % jt start ctd 21 
20070219 0253 37 51.63 -53 58.18 0 0 % jt end ctd 21 
20070219 0304 37 51.59 -53 58.38 7 2 % jl UW float 5051  sn 1840 
20070219 0307 37 51.55 -53 58.46 7 3 % jl uW float 5068  sn2669 
20070219 0310 37 51.54 -53 58.53 3 3 % jl bobber #3  sn2379  argosid 38604 
20070219 0305 37 51.55 -53 58.50 4 9 % rl drifters 72069,72079 
20070219 0432 38 20.79 -53 59.52 1 22 % rl start ctd 22 
20070219 0612 38 03.88 -53 58.74 0 0 % rl end ctd 22 
20070219 0448 38 03.78 -53 59.30 2 30 % gg radiosonde 044812 
20070219 0628 38 03.79 -53 58.54 6 23 % mg amp 21206 620m dicey recovery 
20070219 0730 38 02.58 -53 58.46 4 10 % rl drifters 72075,72076 
20070219 0905 38 15.74 -54 00.82 1 23 % rl start ctd 23 
20070219 1023 38 15.83 -54 00.84 0 0 % rl end ctd 23 
20070219 1153 38 27.43 -54 02.06 1 24 % rl start ctd 24 

% 1=ctd  2=radiosond 3=bobber 4=drifter 5=asis 6=amp 7=float 8=seasoar9=em-apex   
% GMT lat latdeg lon londeg event incrment comment who activity 

20070219 1443 38 39.84 -54 03.47 1 25 % tj start ctd 25 
20070219 1628 38 39.41 -54 01.24 0 0 % tj end ctd 25 
20070220 1537 40 04.21 -54 10.90 1 26 % tj start ctd 26 
20070220 1800 40 01.99 -54 07.58 2 32 % lv radiosonde 181051 
20070220 1815 40 01.89 -54 07.44 0 0 % tj end ctd 26 
20070220 1851 40 01.07 -54 07.02 6 24 % mg amp 21207  550m 
20070220 2255 39 52.31 -54 09.05 1 27 % jt start ctd 27 
20070220 2316 39 52.01 -54 08.16 2 33 % gg radiosonde 231339 
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20070221 0013 39 51.50 -54 06.30 0 0 % rl end ctd 27 
20070221 0027 39 51.46 -54 06.31 6 25 % mg amp 21208 560m 
20070221 0247 39 40.21 -54 08.82 6 26 % mg amp 21209 560m 
20070221 0322 39 40.19 -54 09.09 1 28 % jt start ctd 28 
20070221 0459 39 39.39 -54 06.54 0 0 % jt end ctd 28 
20070221 0327 39 40.15 -54 08.96 2 34 % gg radiosonde 032733 
20070221 0844 39 40.61 -54 26.81 8 2 % fb seasoar launched 
20070221 1432 38 03.97 -54 24.41 2 35 % lv radiosonde 143001 
20070221 1740 38 59.66 -53 59.07 2 36 % lv radiosonde 174222 
20070221 2014 39 16.00 -53 58.00 2 37 % lv radiosonde  201313 
20070221 2300 39 36.55 -54 01.36 2 38 % gg radiosonde 231021 
20070222 0211 39 54.53 -54 04.24 2 39 % gg radiosonde 021028 
20070222 0505 39 53.48 -53 41.42 2 40 % gg radiosonde 050417 
20070222 0805 39 28.30 -53 36.20 2 41 % gg radiosonde 0805 
20070222 1047 39 07.00 -53 32.00 2 42 % lv radiosonde 1047 
20070222 1143 39 00.96 -53 31.41 0 0 % tj begin seasoar recovery 
20070222 1257 39 03.80 -53 57.50 0 0 % rd seasoar on deck 
20070222 1658 38 37.05 -54 10.85 2 43 % lv radiosonde 165629 
20070222 2300 37 53.10 -55 15.00 2 44 % gg radiosonde 230405 
20070223 0329 37 28.78 -55 42.33 0 0 % tj recover FILIS 
20070223 0406 37 26.63 -55 42.54 1 29 % jt start ctd 29 
20070223 0515 37 25.75 -55 41.98 0 0 % jt end ctd 29 
20070223 0641 37 24.53 -55 39.62 0 0 % tj  recover asis 
20070223 0652 37 24.49 -55 39.62 6 27 % mg amp 21210 1000m 
20070223 2112 39 15.33 -54 06.28 1 30 % jt start ctd 30 
20070223 2226 39 14.97 -54 04.58 0 0 % jt end ctd 30 
20070223 2126 39 15.78 -54 05.90 2 45 % gg radiosonde 2126 

% 1=ctd  2=radiosond 3=bobber 4=drifter 5=asis 6=amp 7=float 8=seasoar9=em-apex   
% GMT lat latdeg lon londeg event incrment comment who activity 

20070223 2245 39 14.67 -54 03.95 6 28 % mg amp 21211 790m 
20070224 0150 39 02.50 -54 05.00 0 0 % jt formidable weather conditions head for BDA 
20070224 0528 38 54.13 -54 06.03 0 0 % watch asis damaged by waves, tower moved to hanger 
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20070224 1850 38 09.976 -55 19.08 2 46 % gg radiosonde 184928 
20070224 2340 37 38.42 -56 07.56 2 47 % gg radiosonde 2340 
20070225 0520 37 52.00 -56 32.00 0 0 % gg 2 radiosondes, consumed by wind and sea 
20070225 0926 36 04.60 -56 57.90 4 11 % rl drifters 72099, 72108 
20070225 0930 36 04.53 -56 58.23 3 4 % jl bobber sn 2385, argos id 39470 
20070225 2345 35 12.03 -59 07.83 2 48 % gg radiosonde 234234 
20070226 0027 35 09.88 -59 14.46 4 12 % rl drifters 72098,72097 
20070226 0027 35 09.88 -59 14.46 3 5 % jl bobber sn 2535 argos id 39763 
20070226 0513 34 48.17 -60 08.10 2 49 % gg radiosonde 0513 
20070226 1036 34 25.76 -61 08.32 4 13 % rl drifters 72106,72107 
20070226 1044 34 25.66 -61 08.52 3 6 % jl bobber sn2523 argosid 39473 
20070226 1130 34 19.64 -61 19.11 2 50 % gg radiosonde 1130 
20070227 1300 32 20.00 -64 45.00 0 0 % watch arrive Bermuda  (approx) 
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Summar y

A hydrographic surve y consisting of CTD/rosette sections across the northeaster n branch of the Gulf
Stream was carried out during Febr uary 2007. The R/V Knorr departed Woods Hole, MA on 7 Febr uary
2007. A total of 30 CTD/rosette stations were occupied. An ODF 24-bottle rosette was used successfully
dur ing the entire surve y. CTD data plus water samples for oxygen, salinity, nutr ient and DIC/Total
Alkalinity analyses were collected on each cast to 1000 meters, or to 2000 meters for casts on either end
of two lines of stations across the Gulf Stream. The cruise ended in St.Georges, Ber muda on 27
Febr uary 2007.

Description of CTD/Hydrographic Measurement Techniques (SIO/STS/ODF+SEG)

1. CTD/Hydrographic Measurements Program

The basic CTD/hydrographic measurements consisted of salinity, dissolved oxygen and nutr ient
measurements made from water samples taken on CTD/rosette casts, plus pressure, temperature,
salinity, and dissolved oxygen from CTD profiles. Nutr ients were frozen and stored for analysis ashore.

A total of 30 CTD/rosette casts were made: 26 casts to 1000m and 4 casts to 2000m depth. Samples
were drawn from 603 bottles out of 688 attempted trips during the casts. The distribution of samples is
illustrated in Figures 1.0-1.2.
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Figure 1.0 Sample distribution, Line 1, stations 2-13.
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Figure 1.1 Sample distribution, Line 2, stations 21-30 (except 29).
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Figure 1.2 Sample distribution, Other stations 1,14-20,29.

1.1. Water Sampling Package

CTD/rosette casts were perfor med with a package consisting of a 24-bottle rosette frame (ODF), a
24-place pylon (SBE32) and 24 10-liter Bullister bottles (ODF). Underwater electronic components
consisted of a Sea-Bird Electronics (SBE) 9plus CTD (ODF #878) with dual pumps, dual temperature
(SBE3plus), dual conductivity (SBE4), dissolved oxygen (SBE43); an SBE35RT Digital Reversing
Ther mometer; a Seapoint Chlorophyll Fluorometer (SCF) and Simrad altimeter (807). An exper imental
"GCTD" (for Ray Schmitt) was also mounted in the rosette frame.

The CTD was mounted ver tically in an SBE CTD frame attached to the bottom center of the rosette
frame. The SBE4 conductivity and SBE3plus temperature sensors and their respective pumps were
mounted ver tically as recommended by SBE. Pump exhausts were attached to inside corners of the CTD
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cage and directed downward. The entire cage assembly was then mounted on the bottom ring of the
rosette frame, offset from center to accommodate the pylon, and also secured to frame struts at the top.
THE SBE35RT sensor was mounted ver tically, between the CTD temperature sensors, at the same level.
The fluorometer was mounted to the CTD, pointing ver tically downward, approximately 5cm above the
bottom plane of the package. The altimeter was mounted to the outside of the bottom frame ring.

The rosette system was suspended from a UNOLS-standard three-conductor 0.322" electro-mechanical
sea cable. The R/V Knorr’s starboard-side Markey winch was used for all casts. Sea cable
reter minations were made prior to casts 2/1 (at slip-rings and rosette) and 27/1 (at rosette only).

The deck watch prepared the rosette 10-20 minutes prior to each cast. The bottles were cocked and all
valves, vents and lanyards were checked for proper orientation. Once stopped on station, the rosette was
moved into position under the starboard-side squirt boom using an air-powered cart and tracks. The CTD
was pow ered-up and the data acquisition system in the main lab started when directed by the deck watch
leader. Tag lines were threaded through the rosette frame, syr inges were removed from the CTD intake
por ts and the "GCTD" was powered on. The winch operator was directed by the deck watch leader to
raise the package, the boom and rosette were extended outboard and the package quickly lowered into
the water. The tag lines were removed and the package was lowered to 10 meters, by which time the
sensor pumps had turned on. The winch operator was directed to bring the package back to the surface
(0 winch wire-out) and to begin descent. Each rosette cast was lowered to 1000m (or 2000m at either
end of the two transects).

The winch operator was directed to stop at each bottle trip depth on the up cast. The CTD console
operator waited 10 seconds before tripping a bottle to insure the package wake had dissipated and the
bottles were flushed, then an additional 10 seconds after receiving the trip confirmation to allow the
SBE35RT temperature sensor time to make a measurement. Then the winch operator was directed to
proceed to the next bottle stop. Four sets of standard sampling depths (two each for 1000m and 2000m
casts) were used alternately throughout CLIMODE-4 LEG 1.

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

Each bottle on the rosette had a unique identifier number. This bottle identification was maintained
independently of the bottle position on the rosette, which was used for sample identification.

Routine CTD maintenance included soaking the conductivity and DO sensors in fresh water between
casts to maintain sensor stability. The sensors were stored dry before the first cast due to extremely cold
temperatures, and occasionally stored with standard seawater instead of fresh water during the cruise as
air temperatures warranted.

Rosette maintenance was perfor med on a regular basis. O-r ings were changed as necessary and bottle
maintenance was perfor med each day to insure proper closure and sealing. Valves were inspected for
leaks and repaired or replaced as needed. Occasionally the carousel "top hat" was removed to clean
solenoid faces and latches or polish the action to deal with bottle trigger ing issues.

All of the O-rings on bottle 2 were changed before station 26 as a possible solution to abnormally high
differences between CTD and bottle values for dissolved oxygen and salinity, obser ved on the 3 previous
casts. The problem was more likely mis-tripping due to a carousel latch problem, since high differences
or no trip at position 2 were noted on 3 of the next 4 casts.

The top ring of the rosette broke into 3 pieces (at welds) during initial deployment at station 11; no
unusual forces were noted to cause this. The package was brought back aboard, the top rosette ring was
removed (for the duration of the leg), and then re-deployed. Four top-ring scallops broke off at welds, and
were re-fastened with hose clamps.

The cable between the altimeter and CTD was hooked during recovery at station 30, ultimately bending
the connector on the altimeter. This is likely repairable, but the altimeter was removed after the cast in
anticipation of more casts that were later canceled due to bad sea conditions.
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1.2. Underwater Electronics Packages

CTD data were collected with a SBE9plus CTD. This instrument provided pressure, dual temperature
(SBE3), dual conductivity (SBE4), dissolved oxygen (SBE43), fluorometer (Seapoint SCF) and altimeter
(Simrad 807) channels. The CTD supplied a standard SBE-for mat data stream at a data rate of 24 Hz.

Sea-Bird SBE32 24-place Carousel Water Sampler S/N 320
Sea-Bird SBE35RT Digital Reversing Thermometer S/N 35-0011
Sea-Bird SBE9plus CTD S/N 09P91878-0878
Paroscientific Digiquartz Pressure Sensor S/N 67248
Sea-Bird SBE3plus Temperature Sensor S/N 03P-2309 (Primar y)
Sea-Bird SBE3plus Temperature Sensor S/N 03P-2322 (Secondary)
Sea-Bird SBE4C Conductivity Sensor S/N 04-2818 (Primar y/C1A, 1/1-2/1)
Sea-Bird SBE4C Conductivity Sensor S/N 04-2765 (Primar y/C1B, 2/2-30/1)
Sea-Bird SBE4C Conductivity Sensor S/N 04-2659 (Secondary)
Sea-Bird SBE43 Dissolved Oxygen Sensor S/N 43-0275 (1/1-2/1)
Sea-Bird SBE43 Dissolved Oxygen Sensor S/N 43-0875 (2/2-30/1)
Sea-Bird SBE5T Pump S/N 05-4131 (Primar y)
Sea-Bird SBE5T Pump S/N 05-4132 (Secondary)
Seapoint Fluorometer S/N SCF2748
Simrad 807 Altimeter S/N 9711090
SBE11plus-v.2 Deck Unit S/N 11P21561-0621 (Shipboard; 1/1-20/1)
SBE11plus-v.2 Deck Unit S/N 11P21561-0726 (Shipboard; 21/1-30/1)

Table 1.2.0 CLIMODE-4 LEG 1 Rosette Underwater Electronics.

The CTD was outfitted with dual pumps. Primar y temperature, conductivity and dissolved oxygen were
plumbed on one pump circuit and secondary temperature and conductivity on the other. The sensors
were deployed ver tically.

The SBE9plus CTD and SBE35RT temperature sensor were both connected to the SBE32 24-place pylon
providing for single-conductor sea cable operation. The sea cable armor was used for ground (return).
Po wer to the SBE9plus CTD was provide through the sea cable from an SBE11 deck unit in the main lab.
All sensors, dual temperature and conductivity, oxygen, SBE32 carousel, SBE35RT, Seapoint fluorometer
and Simrad altimeter, received power from the CTD.

1.3. Navigation and Bathymetr y Data Acquisition

Navigation data were acquired at 1-second intervals from the ship’s C-Nav GPS receiver by one of the
Linux wor kstations beginning Febr uary 7. Data from the ship’s Knudsen 320B/R Echosounder (12 KHz
transducer) were acquired and merged with the navigation beginning Febr uary 9. The Knudsen
bathymetr y data were noisy and subject to washing out when the seas were choppy or the ship’s bow
thr uster engaged.

1.4. CTD Data Acquisition and Rosette Operation

The CTD data acquisition system consisted of an SBE-11plus (V2) deck unit and three networ ked generic
PC wor kstations running CentOS Linux. Each PC wor kstation was configured with a color graphics
display, keyboard, trackball and DVD+RW drives. One of the three systems also had 8 additional RS-232
por ts via a Comtrol Rocketpor t PCI serial controller. The systems were connected through a 100BaseTX
ether net switch, which was also connected to the ship’s networ k. These systems were available for real-
time operational and CTD data displays, and provided for CTD and hydrographic data management and
backup.

One of the wor kstations was designated the CTD console and was connected to the CTD deck unit via
RS-232. The CTD console provided an interface and operational displays for controlling and monitoring a
CTD deployment and closing bottles on the rosette.

CTD deployments were initiated by the console watch after the ship had stopped on station. The watch
maintained a console operations log containing a description of each deployment, a record of every
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attempt to close a bottle and any per tinent comments. The deployment and acquisition software
presented a short dialog instructing the operator to turn on the deck unit, examine the on screen CTD
data displays and to notify the deck watch that this was accomplished.

Once the deck watch had deployed the rosette, the winch operator began the descent. When permitted by
sea conditions, the rosette was lowered to 10 meters, raised back to the surface then lowered for the
descent. This procedure was adopted to allow the immersion-activated sensor pumps time to start and
flush the sensors.

Profiling rates were frequently dictated by sea conditions, but never exceeded 60m/minute with the rosette
package.

The progress of the deployment and CTD data quality were monitored through interactive graphics and
operational displays. Bottle trip locations were decided and transcr ibed onto the console and sample logs.
The sample log would later be used as an inventor y of samples drawn from bottles.

A maximum depth of 1000m was attained on most casts, with a 2000m maximum for the 4 casts at the
either end of 2 sections across the Gulf Stream.

Bottles were closed on the up cast by operating an on-screen control. The winch operator was given a
target wire-out for the bottle stop, proceeded to that depth and stopped. Bottles were tripped at least 10
seconds after stopping to allow the rosette wake to dissipate and the bottles to flush. The winch operator
was instr ucted to proceed to the next bottle stop at least 10 seconds after closing bottles to allow the
SBE35RT calibration temperature sensor time to make a measurement.

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

1.5. CTD Data Processing

Shipboard CTD data acquisition was the first stage in shipboard processing. Raw CTD data were
converted to engineering units, filtered, response-corrected, calibrated and decimated to a more
manageable 0.5 second time-series. The laborator y calibrations for pressure, temperature and
conductivity were applied at this time. The 0.5 second time-series data were used for real-time graphics
dur ing deployments, and were the source for CTD pressure, temperature and conductivity associated with
each rosette bottle. Both the raw 24hz data and the 0.5 second time-series were stored for subsequent
processing steps.

At the completion of a deployment, a series of processing steps were perfor med automatically. The 0.5
second time-series data were checked for consistency, clean sensor response and calibration shifts. A 2
decibar pressure-series was generated from the down cast data whenever possible, where the CTD
sensors saw the water before the rosette disturbed it. Only two casts had surface data extrapolated more
than 8 decibars due to sea conditions and not being able to yoy o back to the surface after sensors
stabilized. Both the 2 decibar pressure-series and 0.5 second time-series data were made available for
downloading, plotting and reporting on the shipboard cruise website.

CTD data were routinely examined for sensor problems, calibration shifts and deployment or operational
problems. The primar y and secondary temperature sensors (SBE3plus) were compared to each other
and to the SBE35RT temperature sensor. CTD conductivity sensors (SBE4C) were compared with each
other and with check-sample conductivity values to determine if any corrections were warranted. The
CTD dissolved oxygen sensor (SBE43) data were calibrated to check-sample data. Additional deep
theta-S and theta-O2 compar isons were made between down and up casts as well as with adjacent
deployments.

CTD data were collected successfully at all 30 stations occupied. Problems specific to the CTD signal,
sensors or data are listed in Table 1.5.0.
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Station/Cast Problem/Comment Solution
1/1 CTD signal cutouts/spikes/pumps off and

on/missed trip confirmations from 735db up
cast, increasing until no usable signal at
125db up; cast aborted 125db up, deck unit
blew a fuse before cast terminated.

Recovered two 128db trips from raw data;
shor t found at slip-rings/lab cable
connection, wire reterminated at slip-rings
and rosette after cast. Despiked noisy CTD
data affecting bottle trips.

No 10m yoy o at surface down cast due to
rough seas.

Pressure-sequenced data after sensors
somewhat stabilized, top 6 db extrapolated.

CTD-C1 10mS/cm too high during cast. Error in correction coefficients fixed, cast re-
averaged.

CTD sensors stored dry before first station
due to sub-freezing Ts in hangar.

Despiked excessively noisy T/C data in top
70db.

CTDOXY signal noisy, pegged out top
100+db, deeper data a bit better.

Tr y one more cast to see if signal improves.

No upcast bottle o2 data above 127db. Fit CTDOXY from 127db to bottom, quality
code 4 for top 126db and 1014-1018db.

2/1 CTD-C1 cut out/both pumps off at 545db
down; pumps back on at 280db upcast.

Noticed pumps off at 1280m down, ABORT
cast. Replaced CTD-C1 sensor with spare
after recovery.

CTDOXY trace still looked bad until 100+db
(almost 0 raw signal).

Replaced with spare CTDOXY sensor after
cast.

2/2 CTDOXY looks fine. CTD-C1 cut out/both
pumps off 487db down, back on 316db up,
all signals good.

Abor t cast at 487db. Replaced cables
between CTD/CTD-C1 and CTD/CTD-T1
after cast.

9/1 CTD-T1 signal lost 696db down, back on
528db up cast. CTD-C1 jumped/temporar ily
unstable at same spots.

Replaced cable between CTD/CTD-T1
before next cast (with cable changed out
after station 2/2). Used CTD-T2/CTD-C2 for
pr imary sensors this cast.

16/1-17/1 Kinks in wire caused by rough seas
increasing.

Mechanical termination shifted up 10m at
rosette end after one of these casts.

18/1 No 10m yoy o at surface down cast due to
rough seas.

Pressure-sequenced data after sensors
stabilized, top 8 db extrapolated.

19/1 No 10m yoy o at surface down cast surface
due to rough seas.

Pressure-sequenced data after sensors
stabilized, top 10 db extrapolated.

21/1 Problem initiating acquisition, CTD
signal/software could not communicate.

Booted acquisition computer, switched to
spare Deck Unit, and talked to Deck Unit
through SeaSave software; combination
proved successful.

26/1 Major signal noise during up cast beginning
422db bottle stop.

Right-angle kink in wire: cut off ∼30 ft. of
wire and reterminated at rosette end after
cast. Despiked noisy CTD data affecting
bottle trips.

30/1 Altimeter cable snagged by taglines on
recovery, bent connector on altimeter end.

Removed altimeter after cast, repair
pending.

Table 1.5.0 CLIMODE-4 LEG 1 CTD Data Comments and Problems
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1.6. CTD Sensor Laboratory Calibrations

Laborator y calibrations of the SBE pressure, temperature, conductivity, dissolved oxygen and digital
Reversing Thermometer sensors were perfor med pr ior to CLIMODE-4 LEG 1. The calibration dates are
listed in table 1.6.0.

Calibration
Sensor S/N Calibration Date Facility

Paroscientific Digiquartz Pressure 67248 19-Dec-2006 SIO/STS
Sea-Bird SBE3plus T1 Temperature 03P-2309 14-Dec-2006 SIO/STS
Sea-Bird SBE3plus T2 Temperature 03P-2322 14-Dec-2006 SIO/STS
Sea-Bird SBE4C C1A Conductivity 04-2818 05-Dec-2006 SBE
Sea-Bird SBE4C C1B Conductivity 04-2765 05-Dec-2006 SBE
Sea-Bird SBE4C C2 Conductivity 04-2659 05-Dec-2006 SBE
Sea-Bird SBE43 Dissolved Oxygen 43-0275 (13-Jan-2007-N/A) SBE
Sea-Bird SBE43 Dissolved Oxygen 43-0875 (18-Jan-2007-N/A) SBE
Sea-Bird SBE35RT Dig.Reversing Therm. 35-0011 29-Dec-2006 SBE

Table 1.6.0 CLIMODE-4 LEG 1 CTD sensor laborator y calibrations.

1.7. CTD Shipboard Calibration Procedures

CTD #878 was used for all CTD casts on Climode-4 Leg 1. The CTD was deployed with all sensors and
pumps aligned ver tically, as recommended by SBE. The pr imary temperature and conductivity sensors
(T1 and C1B) were used for CTD data reported for all but two casts. Conductivity sensor C1A was used
for station 1 only; it was changed out as a first attempt to fix a problem on aborted station 2 casts that
tur ned out to be a cabling problem. The secondar y temperature and conductivity sensors (T2 and C2)
were used for station 9 reported CTD data, but typically served only as calibration checks for the primar y
sensors. The SBE35RT Digital Reversing Thermometer (S/N 35-0011) served as an independent
calibration check for temperature. In-situ salinity and dissolved O2 check samples collected during each
cast were used to calibrate the conductivity and dissolved O2 sensors.

1.7.1. CTD Pressure

The Paroscientific Digiquartz pressure transducer (CTD 878, Pressure S/N 67248) was calibrated in
December 2006 at the SIO/STS Calibration Facility. Coefficients derived from the calibration were applied
to convert raw pressure frequencies to corrected pressures during each cast. Residual pressure offsets
(the CTD pressures just before submersion and just after coming out of the water) were examined to
check for calibration shifts. Offsets var ied between -0.4 to +0.3db; no adjustments to the calculated
pressures were warranted during Leg 1.

1.7.2. CTD Temperature

The same SBE3plus pr imary and secondary temperature sensors (T1-S/N 03P-2309 and T2-S/N
03P-2322) served for all of Leg 1. Calibration coefficients derived from the pre-cruise calibrations in
December 2006 were applied to raw primar y and secondary temperature data during each cast.

The SBE35RT Digital Reversing Thermometer is an internally recording temperature sensor that operates
independently of the CTD. It is triggered by the SBE32 pylon in response to a bottle trip. According to the
Manufacturer’s specifications the typical stability is 0.001°C/year. The SBE35RT used on CLIMODE-4
LEG 1 (S/N 35-0011) was calibrated in December 2006.

Tw o independent metrics of calibration accuracy were examined. T1 and T2 were compared, and the
SBE35RT temperatures were compared to both T1 and T2 at each rosette trip.

Calibration accuracy was first examined by tabulating T1-T2, SBE35RT-T1 and SBE35RT-T2 differences
over a range of pressures (at bottle trip locations) for stations 1-30, and for just the four 2000m casts
(2,13,21 and 26). The differences showed no drift with station number (time), and less than 0.001°C
difference from 0-2000db during Climode-4 Leg 1. SBE35RT-T1 or -T2 differences indicated T1 had a
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slight offset, and T2 essentially did not shift. A T1 offset was determined, based on SBE35RT-T1
differences outside of higher gradient areas (pressures less than 35db and deeper than 980db) for all 30
stations. T1 was corrected by applying an offset of -0.0004656°C for stations 1-30, except station 9
(which is reported using the T2/C2 sensor pair, and was not offset). This brought both SBE3plus sensors
to within 0.0005°C of each other and the SBE35RT at all pressures.

The residual differences for temperatures are summarized in figures 1.7.2.0 through 1.7.2.4. A 4,2
standard deviation rejection filter was applied to the differences before plotting, to eliminate larger values
in higher-gradient regions.
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Figure 1.7.2.0 Climode-4 Leg 1 T1-T2 vs pressure, all pressures.
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Figure 1.7.2.1 Climode-4 Leg 1 T1-T2 vs station, p<35db or p>980db.
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Figure 1.7.2.2 Climode-4 Leg 1 SBE35RT-T1 vs pressure, all pressures.
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Figure 1.7.2.3 Climode-4 Leg 1 SBE35RT-T1 vs station, p<35db or p>980db.
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Figure 1.7.2.4 Climode-4 Leg 1 SBE35RT-T2 vs station, p<35db or p>980db.

The 95% confidence limit for the mean lower-gradient differences is ±0.0057°C for T1-T2, and ±0.0055°C
for SBE35RT-T1.
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1.7.3. CTD Conductivity

Tw o pr imary SBE4C conductivity sensors (C1A-S/N 04-2818 for station 1, C1B-S/N 04-2765 for stations
2-30) and one secondary SBE4C conductivity sensor (C2-S/N 04-2659 for all casts) served for the entire
cr uise. Conductivity sensor calibration coefficients derived from the pre-cruise calibrations were applied
to raw primar y and secondary conductivities.

Compar isons between the primar y and secondary sensors, and between each sensor vs check sample
conductivities calculated from bottle salinities, were used to derive conductivity corrections.

The salinometer standard dial was stable for the first 22 casts, then re-set 29 units lower before stations
23/24 were run and back up 15 units for stations 25-30. A drop in bottle-CTD differences of about -0.004
mS/cm for stations 23/24 and -0.002 mS/cm for stations 25-30, was apparent on plots. The difference in
Autosal standby numbers for those casts shows the standard dial drop could account for these drops, so
stations 23-30 were excluded when determining final conductivity offsets.

C1B and C2 (the conductivity sensors used for all but the first cast) were fair ly consistent with each other
at all pressures/conductivities. Low er-gradient bottle-C1B and bottle-C2 differences both showed first-
order slopes as a function of conductivity, on the order of -0.002mS/cm from 32-52 mS/cm. Conductivity
slopes were applied to both C1B and C2, based on fits of bottle differences above 200db or below 980db
(to exclude higher-gradient values) from just the four 2000m casts (slopes calculated using all the casts
were biased more toward the top 1000m, and a bit steeper; they did not fit the 2000m differences as well).

After the slopes were applied, the differences were again checked, using stations 2-22 only. Bottle-C1B
showed a strong +0.0005 mS/cm residual offset for the 0-1000m differences, and bottle-C2 indicated an
additional +0.001 mS/cm was needed. The C1B-C2 differences were nearly 0, so it was decided to add a
more conservative +0.0005 mS/cm to both conductivity offsets to keep them aligned.

Station 1 was the only station to use sensor C1A. The C1B slope was applied to C1A, since C2 also had
a similar slope. Residual C1A-C2 conductivity differences for station 1 were compared to those for C1B-
C2 on stations 2 and 3, since C2 was common to all casts. An additional +0.001 mS/cm was applied to
station 1 to normalize the differences to those of other casts.

Lower-gradient conductivity differences, after applying shipboard corrections, are summarized in figures
1.7.3.0-1.7.3.3. Note that a 4,2 standard deviation rejection filter was applied to the differences before
plotting, to eliminate a few higher-gradient values that fell within the specified pressure ranges.
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Figure 1.7.3.0 Climode-4 Leg 1 C1-C2 vs Conductivity, p<200db or p>980db.
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Figure 1.7.3.1 Climode-4 Leg 1 C1-C2 vs station, p<200db or p>980db.
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Figure 1.7.3.2 Climode-4 Leg 1 Bottle-C1 vs station, p<200db or p>980db.
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Figure 1.7.3.3 Climode-4 Leg 1 Bottle-C2 vs station, p<200db or p>980db.
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Sensor Offset Slope (as f(x)) x

Pressure 0 none
T1 -0.0004655 none
T2 0 none
C1A 0.00418765 -9.13936e-5 (C1B)
C1B 0.00318765 -9.13936e-5 C1B
C2 0.00413233 -1.17275e-4 C2

Table 1.7.3.0 Climode-4 Leg 1 Summary of CTD T/C Corrections.

Bottle minus CTD salinity residuals, after applying shipboard T1/C1 and T2/C2 corrections, are
summar ized in figures 1.7.3.4 through 1.7.3.6.
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Figure 1.7.3.4 Climode-4 Leg 1 Salinity residuals vs pressure, all pressures.
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Figure 1.7.3.5 Climode-4 Leg 1 Salinity residuals vs station, all pressures.



-14-

-20

-10

0

10

20

0 10 20 30

S
al

in
it

y 
R

es
id

u
al

 (
m

ill
iP

S
U

)

Station Number

order= 0

-3.233333e-01

 r=0.0000000
 p=0.0000000
sd=2.2779317
 n=  102  
cl=  95.00%

Figure 1.7.3.6 Climode-4 Leg 1 Salinity residuals vs station, p<35db or p>980db.

Figure 1.7.3.6 represents an estimate of the salinity accuracy on Climode-4 Leg 1. The 95% confidence
limit is ±0.0046 PSU relative to the lower-gradient bottle salts.

1.7.4. CTD Dissolved Oxygen

Tw o SBE43 dissolved O2 sensors (DO-A S/N 43-0275, station 1; DO-B S/N 43-0875, stations 2-30) were
used during this leg. The DO sensor was plumbed into the primar y T1/C1 pump circuit after C1. Down
cast data were used for all casts.

The DO sensor calibration method used for this cruise matched down cast pressure-series CTD O2 data
to up cast bottle trips along isopycnal surfaces. Residual differences between the in-situ check sample
values and CTD O2 were minimized using a non-linear least-squares fitting procedure.

The fitting procedure determined the calibration coefficients for the sensor model conversion equation,
and was accomplished in stages. The time constants for the exponential terms in the model were first
deter mined for the sensor. These time constants are sensor-specific but applicable to an entire cruise.
Next, casts were fit individually to check sample oxygen data. CTD data were refit if bottle oxygen data
changed by 0.005ml/l or more after bottle data were recalculated with smoothed standards/blanks. Deep
theta-O2 over lays of nearby stations were compared to ensure data consistency. Down and up cast
differences were also considered when bottle data in shallower areas disagreed. CTD O2 data were
converted from ml/l to umol/kg units after fitting.

Bottom bottle O2 data were occasionally missing or coded "questionable" due to tripping, sampling or
analytical problems. Deep theta-O2 compar isons were used to estimate a bottom value for fitting where
possible, typically helping to optimize the fit through other deep bottles.

Figures 1.7.4.0-1.7.4.2 show the residual differences between bottle and calibrated CTD O2 where both
CTD and bottle oxygen data are coded "acceptable".
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Figure 1.7.4.0 O2 residuals vs pressure, all pressures.
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Figure 1.7.4.1 O2 residuals vs station, all pressures.
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Figure 1.7.4.2 O2 residuals vs station, p>500db .

The standard deviations of 2.107 umol/kg for all oxygens and 1.868 umol/kg for deep oxygens are only
presented as general indicators of goodness of fit. STS makes no claims regarding the precision or
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accuracy of CTD dissolved O2 data.

The general for m of the STS O2 conversion equation for Clark cells follows Brown and Morrison [Brow78]
and Millard [Mill82], [Owen85]. STS models membrane and sensor temperatures with lagged CTD
temperatures and a lagged thermal gradient. In-situ pressure and temperature are filtered to match the
sensor response. Time-constants for the pressure response τ p , two temperature responses τTs and τTf ,
and thermal gradient response τdT are fitting parameters. The thermal gradient term is der ived by low-
pass filtering the difference between the fast response (T f ) and slow response (Ts) temperatures. This
ter m is SBE43-specific and corrects a non-linearity introduced by analog thermal compensation in the
sensor. The Oc gradient, dOc /dt , is approximated by low-pass filtering 1st-order Oc differences. This
gradient term attempts to correct for reduction of species other than O2 at the sensor cathode. The time-
constant for this filter, τog , is a fitting parameter. Dissolved O2 concentration is then calculated:

O2ml /l = [c1Oc + c2] ⋅ fsat(S ,T ,P ) ⋅ e
(c3P l +c4T f +c5Ts+c6

dOc

dt
+c7dT ) (1.7.4.0)

where:

O2ml /l = Dissolved O2 concentration in ml/l;
Oc = Sensor current (µamps);
fsat(S ,T ,P ) = O2 saturation concentration at S,T,P (ml/l);
S = Salinity at O2 response-time (PSUs);
T = Temperature at O2 response-time (°C);
P = Pressure at O2 response-time (decibars);
P l = Low-pass filtered pressure (decibars);
T f = Fast low-pass filtered temperature (°C);
Ts = Slow low-pass filtered temperature (°C);
dOc

dt
= Sensor current gradient (µamps/secs);

dT = low-pass filtered thermal gradient (T f - Ts).

The time-constants and coefficients used to correct Climode-4 Leg 1 CTD Oxygen data are listed in table
1.7.4.0.

Table 1.7.4.0 Summar y of Climode-4 Leg 1 CTD Oxygen Time Constants
(time constants in seconds)

Temperature Pressure O2 Gradient dT Gradient

Fast(τTf ) Slow(τTs ) (τ p ) (τog ) (τ dT )

12.00 120.00 0.04 2.00 400.00

Table 1.7.4.1 Climode-4 Leg 1: Conversion Equation Coefficients for CTD Oxygen
(refer to Equation 1.7.4.0)

Sta/ Oc Slope Offset P l coeff T f coeff Tscoeff
dOc

dt
coeff TdT coeff

Cast (c1) (c2) (c3) (c4) (c5) (c6) (c7)

1/1 -1.1745e-04 1.8789e-01 -2.4478e-01 3.1841e+00 -1.6955e-04 4.6538e-06 0.9486660

2/3 4.2377e-04 2.7125e-03 1.6958e-03 -2.2426e-01 1.6560e-04 1.8764e-06 -0.0174792

3/1 3.3531e-04 3.4165e-02 -2.2225e-02 -1.0919e-01 1.5367e-04 -3.5042e-07 -0.0473943

4/1 4.4102e-04 2.2693e-03 -2.9332e-04 -2.2462e-01 1.2516e-04 1.3666e-06 -0.0370380

5/1 3.4554e-04 2.8843e-02 -2.1163e-02 -6.8052e-02 1.0045e-04 1.3073e-06 -0.0330765

6/1 4.5159e-04 1.0685e-02 -9.1024e-03 -2.4223e-01 1.2452e-04 1.2018e-06 -0.0441379

7/1 3.7417e-04 1.4635e-02 -5.5953e-03 -1.7766e-01 1.1657e-04 -8.4304e-07 -0.0984374

8/1 5.1349e-04 -1.6027e-02 1.5143e-02 -3.4088e-01 -5.4805e-05 -7.2752e-07 -0.1165380

9/1 4.3027e-04 4.2560e-02 -4.7019e-02 -6.3587e-02 -1.7061e-06 2.1004e-06 -0.0103594

10/1 9.4176e-04 -1.1249e-03 -4.9617e-02 -3.2304e-01 -3.2808e-04 1.0163e-06 0.1472660



-17-

Sta/ Oc Slope Offset P l coeff T f coeff Tscoeff
dOc

dt
coeff TdT coeff

Cast (c1) (c2) (c3) (c4) (c5) (c6) (c7)

11/1 4.2961e-04 -2.8899e-03 5.0669e-03 -2.0493e-01 1.5426e-04 1.9635e-06 -0.0025820

12/1 5.4029e-04 -1.2035e-03 -2.4977e-02 -1.5175e-01 -2.2569e-05 1.4674e-06 0.0477859

13/1 4.1459e-04 1.2314e-02 -7.8674e-03 -1.8023e-01 1.4741e-04 7.8280e-08 -0.0253085

14/1 4.0192e-04 -7.3111e-03 1.3565e-02 -1.9876e-01 9.0990e-05 4.7372e-07 -0.0801280

15/1 4.6984e-04 -1.4137e-02 1.3317e-02 -2.4733e-01 1.4139e-04 1.4966e-06 0.0040428

16/1 3.1786e-04 2.5302e-02 -7.8618e-03 -1.3832e-01 1.3626e-04 6.0955e-07 -0.1384370

17/1 4.0644e-04 -1.4242e-02 2.2833e-02 -2.4178e-01 1.3926e-04 4.0118e-07 -0.0808534

18/1 4.2033e-04 9.0798e-04 3.5641e-03 -2.1500e-01 1.4961e-04 2.2036e-06 -0.0343997

19/1 2.9203e-04 2.8705e-02 -6.2151e-03 -1.3323e-01 1.3780e-04 1.7944e-06 -0.1986610

20/1 5.3206e-04 -2.4283e-02 1.7626e-02 -2.9449e-01 1.4123e-04 3.6798e-07 0.0612347

21/1 4.3254e-04 2.2475e-02 -2.1468e-02 -1.7719e-01 1.2675e-04 3.0747e-06 -0.0027363

22/1 4.4233e-04 -4.7456e-03 6.3378e-03 -2.1723e-01 1.3537e-04 1.4820e-06 -0.0185315

23/1 3.7889e-04 1.2667e-02 -4.6876e-03 -1.5754e-01 1.3482e-04 7.7545e-09 -0.0638025

24/1 3.5994e-04 3.1800e-02 -1.9940e-02 -1.5957e-01 1.1174e-04 1.8409e-06 -0.1331320

25/1 4.0678e-04 2.0064e-02 -1.5672e-02 -1.7018e-01 1.1066e-04 2.9220e-06 -0.0644904

26/1 4.2556e-04 3.8939e-03 -1.9449e-03 -1.7445e-01 1.3190e-04 7.6936e-07 -0.0027296

27/1 4.7761e-04 -1.7448e-02 1.3521e-02 -2.1239e-01 8.9855e-05 -1.4647e-07 0.0446175

28/1 4.0883e-04 2.0203e-02 -1.3147e-02 -2.1653e-01 1.4789e-04 6.4560e-07 -0.0971966

29/1 4.5233e-04 1.1257e-03 -7.0374e-04 -2.1861e-01 1.2700e-04 1.1765e-06 -0.0091114

30/1 3.7292e-04 1.6462e-02 -6.4803e-03 -1.6953e-01 1.2927e-04 -5.0913e-07 -0.0897090

1.8. Bottle Sampling

At the end of each rosette deployment water samples were drawn from the bottles in the following order:

• O2

• DIC/Total Alkalinity
• Nutr ients
• Salinity

The 24-place 10-liter rosette was used on all casts. Six carousel latches (3/7/11/15/19/23 - every 4th) that
release lanyards and subsequently trip bottles malfunctioned early in the expedition, 4 of them beginning
station 1. The problem was investigated after the first trans-sect and traced to bolts that fastened the
carousel to its mounting ring: they were protruding ∼1/8" into the space behind the faulty latches. The
bolts were shortened and replaced. Bottle 9 also malfunctioned on stations 9-13; its repair involved
cleaning of peeling parts. One other bottle latch with a broken plastic trigger release (position 2) was
replaced with another from the WHOI backup carousel. The only tripping problem thereafter was bottle 2,
which was apparently mis-tripping (or not tripping) on most casts from stations 23-30. A likely culprit is the
replacement carousel trigger release in that position, which will be checked before Leg 2 begins.

The correspondence between individual sample containers and the rosette bottle position (1-24) from
which the sample was drawn was recorded on the sample log for the cast. This log also included any
comments or anomalous conditions noted about the rosette and bottles. One member of the sampling
team was designated the sample cop, whose sole responsibility was to maintain this log and insure that
sampling progressed in the proper drawing order.

Nor mal sampling practice included opening the drain valve and then closing it and opening the air vent on
the bottle, indicating an air leak if water escaped. This observation together with other diagnostic
comments (e.g., "lanyard caught in lid", "valve left open") that might later prove useful in determining
sample integrity were routinely noted on the sample log. Drawing oxygen samples also involved taking
the sample draw temperature from the bottle. The temperature was noted on the sample log and was
sometimes useful in determining leaking or mis-tripped bottles.
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Once individual samples had been drawn and properly prepared, they were distributed for analysis.
Oxygen and salinity analyses were perfor med on computer-assisted (PC) analytical equipment networ ked
to the data processing computer for centralized data management. Nutrient samples were frozen and
stored for later analysis ashore. DIC/Total Alkalinity samples were poisoned and stored for post-cruise
analysis.

1.9. Bottle Data Processing

Water samples collected and properties analyzed shipboard were managed centrally in a relational
database (PostgreSQL-8.0.8-1) run on one of the Linux wor kstations. A web service (OpenAcs-5.2.3 and
AOLSer ver-4.0.10-2) front-end provided ship-wide access to CTD and water sample data. Web-based
facilities included on-demand arbitrar y proper ty-proper ty plots and ver tical sections as well as data
uploads and downloads.

The Sample Log (and any diagnostic comments) was entered into the database once sampling was
completed. Quality flags associated with sampled properties were set to indicate that the property had
been sampled, and sample container identifications were noted where applicable (e.g., oxygen flask
number).

Analytical results were provided on a regular basis by the analytical groups and incorporated into the
database. These results included a quality code associated with each measured value and followed the
coding scheme developed for the Wor ld Ocean Circulation Experiment (WOCE) Hydrographic
Programme (WHP) [Joyc94].

Various consistency checks and detailed examination of the data continued throughout the cruise.

1.10. Salinity Analysis

Equipment and Techniques

A Guildline Autosal Model 8400A salinometer (S/N 48-266), located in the analytical lab, was used for all
salinity measurements. The salinometer was modified by ODF to contain an interface for computer-aided
measurement. The water bath temperature was set at 24°C for the entire cruise and lab temperature was
maintained at a value near 24°C +/- 2°C.

The salinity analyses were perfor med after samples had equilibrated to laborator y temperature, usually
within 8-54 hours after collection. The salinometers were standardized for each group of analyses
(usually 1-2 casts, up to ∼48 samples) using at least two fresh vials of standard seawater per group.
Salinometer measurements were made by computer, where the analyst was prompted by software to
change samples and flush.

Sampling and Data Processing

597 salinity measurements were made and approximately 40 vials of standard water (SSW) were used.
Salinity data was used as an additional calibration check for the CTD.

Salinity samples were drawn into 200 ml Kimax high-alumina borosilicate bottles, which were rinsed three
times with sample prior to filling. The bottles were sealed with custom-made plastic insert thimbles and
Nalgene screw caps. This assembly provides ver y low container dissolution and sample evaporation.
Pr ior to sample collection, inserts were inspected for proper fit and loose inserts replaced to insure an
air tight seal. The draw time and equilibration time were logged for all casts. Laborator y temperatures
were logged at the beginning and end of each run.

PSS-78 salinity [UNES81] was calculated for each sample from the measured conductivity ratios. The
difference (if any) between the initial vial of standard water and the next one run as an unknown was
applied as a linear function of elapsed run time to the data. The corrected salinity data were then
incor porated into the cruise database. Salinometer 48-266 had problems with the Standby/Read switch:
the "Suppression" (first 2 digits of the Conductivity ratio) was not displaying the true setting, showing
zeros instead.Operating the switch again would correct the problem. The estimated accuracy of bottle
salinities run at sea is usually better than ±0.002 PSU relative to the particular standard seawater batch
used.
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The standard dial setting on the Autosal was changed by -29 units before the run for stations 23/24
samples, and back up +15 units for stations 25-30. There was about a -0.002 mS/cm dip in bottle-CTD
conductivity differences noted at station 22. Stations 23-24 showed approx. -0.004 mS/cm shift, relative
to the first 21 casts, which could be accounted for entirely by the difference in standby numbers between
the two standard dial settings.

Laborator y Temperature

The temperature of the laborator y used for the analyses ranged from 22°C to 24°C. The air temperature
dur ing any par ticular run var ied less than 1°C.

Standards

IAPSO Standard Seawater (SSW) Batch P-147 was used to standardize all stations.

1.11. Oxygen Analysis

Equipment and Techniques

Dissolved oxygen analyses were perfor med with an ODF-designed automated oxygen titrator using
photometr ic end-point detection based on the absorption of 365nm wavelength ultra-violet light. The
titration of the samples and the data logging were controlled by PC LabView software. Thiosulfate was
dispensed by a Dosimat 665 buret driver fitted with a 1.0 ml buret. ODF used a whole-bottle modified-
Winkler titration following the technique of Carpenter [Carp65] with modifications by Culberson et al.
[Culb91], but with higher concentrations of potassium iodate standard (∼0.012N) and thiosulfate solution
(∼55 gm/l). Pre-made liquid potassium iodate standards were run once a day approximately every 4
stations, unless changes were made to system or reagents. Reagent/distilled water blanks were
deter mined ev ery day or more often if a change in reagents required it to account for presence of
oxidizing or reducing agents. The auto-titrator perfor med well.

Sampling and Data Processing

587 oxygen measurements were made. Samples were collected for dissolved oxygen analyses soon
after the rosette was brought on board. Using a Tygon and silicone drawing tube, nominal 125ml volume-
calibrated iodine flasks were rinsed 3 times with minimal agitation, then filled and allowed to overflow for
at least 3 flask volumes. The sample drawing temperatures were measured with a small platinum
resistance thermometer embedded in the drawing tube. These temperatures were used to calculate
uM/kg concentrations, and as a diagnostic check of bottle integrity. Reagents were added to fix the
oxygen before stoppering. The flasks were shaken twice (10-12 inversions) to assure thorough dispersion
of the precipitate, once immediately after drawing, and then again after about 20 minutes.

The samples were analyzed within 1-2 hours of collection, and the data incorporated into the cruise
database.

Thiosulfate normalities were calculated from each standardization and corrected to 20°C. The 20°C
nor malities and the blanks were plotted versus time and were reviewed for possible problems.

The blanks and thiosulfate normalities for each batch of thiosulfate were smoothed (linear fits) and the
oxygen values recalculated.

A noisy endpoint was occasionally acquired during the analyses, usually due to small water-bath
contaminations. These endpoints were checked and recalculated using STS/ODF designed software.

Volumetric Calibration

Oxygen flask volumes were determined gravimetr ically with degassed deionized water to determine flask
volumes at STS/ODF’s chemistr y laborator y. This is done once before using flasks for the first time and
per iodically thereafter when a suspect volume is detected. The volumetr ic flasks used in preparing
standards were volume-calibrated by the same method, as was the 10 ml Dosimat buret used to dispense
standard iodate solution.
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Standards

Liquid potassium iodate standards were prepared in 6 liter batches and bottled in sterile glass bottles at
STS/ODF’s chemistr y laborator y pr ior to the expedition. The nor mality of the liquid standard was
deter mined at ODF by calculation from weight. Two standard batches were used during climode4.1.
Potassium iodate was obtained from Acros Chemical Co. and was reported by the supplier to be 98%
pure. The second standard was supplied by Alfa Aesar and has a reported purity of 99.4-100.4%. Tests
at ODF indicate no difference between these 2 batches. All other reagents were "reagent grade" and
were tested for levels of oxidizing and reducing impurities prior to use.

1.12. Nutrient Analysis

Equipment and Techniques

Nutr ient analyses (phosphate, silicate, nitrate, nitr ite, and ammonia) will be perfor med ashore on an ODF-
modified 5-channel Technicon AutoAnalyzer II.

The methods used are described by Gordon et al. [Gord92]. The analog outputs from each of the five
color imeter channels are digitized and logged automatically by computer (PC) at 2-second intervals.

Silicate is analyzed using the technique of Armstrong et al. [Ar ms67]. An acidic solution of ammonium
molybdate is added to a seawater sample to produce silicomolybdic acid which then reduces to
silicomolybdous acid (a blue compound) following the addition of stannous chloride. Tar taric acid is also
added to impede PO4 color development. The sample is passed through a 15mm flowcell and the
absorbence are measured at 660nm.

A modification of the Armstrong et al. [Ar ms67] procedure is used for the analysis of nitrate and nitrite.
For the nitrate analysis, the seawater sample is passed through a cadmium reduction column where
nitrate is quantitatively reduced to nitrite. Sulfanilamide is introduced to the sample stream followed by
N-(1-naphthyl)ethylenediamine dihydrochlor ide which couple to for m a red azo dye . The stream is then
passed through a 15mm flowcell and the absorbence measured at 540nm. The same technique is
employed for nitrite analysis, except the cadmium column is bypassed, and a 50mm flowcell is used for
measurement.

Phosphate is analyzed using a modification of the Bernhardt and Wilhelms [Bern67] technique. An acidic
solution of ammonium molybdate is added to the sample to produce phosphomolybdic acid, then reduced
to phosphomolybdous acid (a blue compound) following the addition of dihydrazine sulfate. The reaction
product is heated to ∼55°C to enhance color development, then passed through a 50mm flowcell and the
absorbence measured at 820nm.

Ammonium is analyzed via the Berthelot reaction in which hypochlorous acid and phenol react with
ammonium in an alkaline solution to for m indophenol blue. The sample is passed through a 50 mm
flowcell and measured at 640nm. This method is a modification of the procedure by Koroleff [Koro70].

Explicit corrections for carr yover in nutr ient analyses are not made. In a typical AutoAnalyzer system,
sample to sample carryo ver is ∼1-2% of the concentration difference between samples. This effect is
minimized by running samples in order of increasing depth such that concentration differences between
samples are minimized. The initial surface samples could be run twice or a low nutr ient sea water sample
run ahead of the surface sample since these samples generally follow standard peaks.

Sampling and Data Processing

Nutr ient samples are drawn into 30 ml polypropylene, screw-capped tubes. The tubes come pre-sterilized
from the factor y and are rinsed 2-3 times before filling. The samples were frozen until analysis.

Standardizations are perfor med at the beginning and end of each group of analyses with an intermediate
concentration mixed nutr ient standard prepared prior to each run from a secondary standard in a low-
nutr ient seawater matrix. The secondar y standards are prepared by dilution from primar y standard
solutions. Dry standards are pre-weighed at the laborator y at ODF. Sets of 7 different standard
concentrations are analyzed periodically to determine any deviation from linearity as a function of
absorbence for each nutr ient analysis. A correction for non-linearity is applied to the final nutr ient
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concentrations when necessary. A correction for the difference in refractive indices of pure distilled water
and seawater is periodically determined and applied where necessary.

After each group of samples is analyzed, the raw data file is processed to produce another file of
response factors, baseline values, and absorbences. Computer-produced absorbence readings are
checked for accuracy against values taken from a strip chart recording. The data are then added to the
cr uise database.

Nutr ients, repor ted in micromoles per kilogram, are converted from micromoles per liter by dividing by
sample density calculated at 1 atm pressure (0 db), in situ salinity, and a per-analysis measured
laborator y temperature.

Standards

Pr imary standards for silicate (Na2SiF6) and nitrite (NaNO2) were obtained from Johnson Matthey
Chemical Co.; the supplier reported purities of >98% and 97%, respectively. Primar y standards for nitrate
(KNO3) and phosphate (KH2PO4) were obtained from Fisher Chemical Co.; the supplier reported purities
of 99.999% and 99.999%, respectively. Ammonia primar y standard ((NH4)2SO4) is obtained from Fisher
Scientific; the supplier reports purities of 99.99%.

1.13. Bottle Data Quality Code Summary and Comments

This section contains WOCE quality codes [Joyc94] used during this cruise, and remarks regarding bottle
data.

Proper ty 1 2 3 4 5 6 7 8 9  Total

Bottle 0 594 3 6 0 0 0 0 85 688
Salinity 0 577 20 0 3 0 0 0 0  600
O2 0 571 6 10 4 0 0 0 0 591
SiO3 437 0 0 0 0 0 0 0 0  437
NO3 437 0 0 0 0 0 0 0 0  437
NO2 437 0 0 0 0 0 0 0 0  437
PO4 437 0 0 0 0 0 0 0 0  437
DIC 451 0 0 0 0 0 0 0 0  451
TAlk 451 0 0 0 0 0 0 0 0  451

Table 1.13.0 Climode-4 Leg 1 Water Sample Quality Code Summary

Comments from the Sample Logs and the results of STS/ODF’s investigations are included in this report.
Units stated in these comments are degrees Celsius for temperature, Practical Salinity Units for salinity,
and unless otherwise noted and milliliters per liter for oxygen The sample number is the cast number
times 100 plus the bottle number.

Table 1.13.1 Climode-4 Leg 1 Bottle Quality Codes and Comments

Station Sample Quality
/Cast No. Proper ty Code Comment

1/1 101 o2 5 over titrate did not wor k, lost sample.
1/1 101 salt 3 Bottle-CTDS1 or -CTDS2 difference is -0.02 PSU. Code salt questionable.
1/1 102 reft 3 SBE35RT-CTDT1 or SBE35-CTDT2 differences are -0.035/-0.025 deg.C.

Code SBE35RT questionable.
1/1 102 salt 3 Bottle-CTDS1 or -CTDS2 difference is -0.045 PSU. Code salt questionable.
1/1 103 bottle 9 Bottle did not close. No sample taken.
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Station Sample Quality
/Cast No. Proper ty Code Comment

1/1 104 reft 3 SBE35RT-CTDT1 or SBE35-CTDT2 difference is -0.035 deg.C. Code
SBE35RT questionable.

1/1 104 salt 3 Bottle-CTDS1 or -CTDS2 difference is -0.025 PSU. Code salt questionable.
1/1 107 bottle 9 Bottle did not close. No sample taken.
1/1 109 salt 3 Bottle-CTDS1 or -CTDS2 difference is -0.045 PSU. Code salt questionable.
1/1 110 salt 3 Bottle-CTDS1 or -CTDS2 difference is -0.025 PSU. Code salt questionable.
1/1 111 bottle 9 Bottle did not close. No sample taken.
1/1 111 CTDS1 7 Spiking at CTD trip, CTDCOND/CTDSALT ok after despike.
1/1 111 ctds2 7 Spiking at CTD trip, CTDCOND/CTDSALT ok after despike.
1/1 112 CTDT2 7 Spiking at CTD trip, CTDTEMP ok after despike.
1/1 112 salt 3 Bottle-CTDS1 or -CTDS2 difference is -0.185 PSU. Code salt questionable.
1/1 113 CTDPRS 7 Spiking at CTD trip, CTDPRESS ok after despike.
1/1 113 CTDS1 7 Spiking at CTD trip, CTDSALT ok after despiking CTDPRESS.
1/1 114 CTDS1 7 Spiking at CTD trip, CTDCOND/CTDSALT ok after despike.
1/1 114 CTDT1 7 Spiking at CTD trip, CTDTEMP ok after despike.
1/1 115 bottle 9 Bottle did not close. No sample taken.
1/1 115 CTDPRS 7 Spiking at CTD trip, CTDPRESS ok after despike.
1/1 115 CTDS1 7 Spiking at CTD trip, CTDCOND/CTDSALT ok after despike.
1/1 115 ctds2 7 Spiking at CTD trip, CTDCOND/CTDSALT ok after despike.
1/1 116 CTDPRS 7 Spiking at CTD trip, CTDPRESS ok after despike.
1/1 116 CTDS1 7 Spiking at CTD trip, CTDCOND/CTDSALT ok after despike.
1/1 116 ctds2 7 Spiking at CTD trip, CTDCOND/CTDSALT ok after despike.
1/1 116 CTDT1 7 Spiking at CTD trip, CTDTEMP/CTDSALT ok after despike.
1/1 116 salt 3 Bottle-CTDS1 or -CTDS2 difference is -0.02 PSU. Code salt questionable.
1/1 117 CTDPRS 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
1/1 117 CTDS1 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
1/1 117 ctds2 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
1/1 117 CTDT1 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
1/1 117 CTDT2 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
1/1 118 CTDPRS 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
1/1 118 CTDS1 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
1/1 118 ctds2 3 Signal mostly noise at CTD trip, data pulled from unaveraged data; Bottle-

CTDS2/CTDS1-CTDS2 differences -0.05 PSU, code questionable.
1/1 118 CTDT1 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
1/1 118 CTDT2 7 Signal mostly noise at CTD trip, data pulled from unaveraged data.
2/3 303 bottle 9 Bottle did not close. No sample taken.
2/3 304 salt 2 Wrong Autosal suppression range (1.9), changed to 2.0. Value acceptable.
2/3 305 salt 2 Wrong Autosal suppression range (1.9), changed to 2.0. Value acceptable.
2/3 308 o2 2 Over titrate, value acceptable.
2/3 311 bottle 9 Bottle did not close. No sample taken.
2/3 315 bottle 9 Bottle did not close. No sample taken.
2/3 319 bottle 9 Bottle did not close. No sample taken.
2/3 323 bottle 9 Bottle did not close. No sample taken.
3/1 103 bottle 9 Bottle did not close. No sample taken.
3/1 111 bottle 9 Bottle did not close. No sample taken.
3/1 115 bottle 9 Bottle did not close. No sample taken.
3/1 117 o2 2 slower titration than normal, value acceptable.
3/1 118 o2 2 slower titration than normal, value acceptable.
3/1 119 bottle 9 Bottle did not close. No sample taken.
3/1 123 bottle 9 Bottle did not close. No sample taken.
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Station Sample Quality
/Cast No. Proper ty Code Comment

4/1 101 CTDT2 3 SBE35-CTDT2 or CTDT1-CTDT2 difference is -0.04 deg.C in high gradient.
Code CTDT2 questionable.

4/1 101 salt 2 Wrong Autosal suppression range (1.9), changed to 2.0. Value acceptable.
4/1 103 bottle 9 Bottle did not close. No sample taken.
4/1 107 bottle 9 Bottle did not close. No sample taken.
4/1 111 bottle 9 Bottle did not close. No sample taken.
4/1 115 bottle 9 Bottle did not close. No sample taken.
4/1 118 o2 4 Over titration 2x (O2), bottle value +0.45 ml/l high, code bad.
4/1 119 bottle 9 Bottle did not close. No sample taken.
4/1 123 bottle 9 Bottle did not close. No sample taken.
5/1 103 bottle 9 Bottle did not close. No sample taken.
5/1 107 bottle 9 Bottle did not close. No sample taken.
5/1 111 bottle 9 Bottle did not close. No sample taken.
5/1 115 bottle 9 Bottle did not close. No sample taken.
5/1 119 bottle 9 Bottle did not close. No sample taken.
5/1 123 bottle 9 Bottle did not close. No sample taken.
6/1 101 o2 4 Over titrated (2x). Value is high compared to nearby casts on theta-o2, Code

bad.
6/1 102 o2 4 Over titrated, "lost sample". Value is high compared to nearby casts on theta-

o2, Code bad.
6/1 103 bottle 9 Bottle did not close. No sample taken.
6/1 107 bottle 9 Bottle did not close. No sample taken.
6/1 111 bottle 9 Bottle did not close. No sample taken.
6/1 112 salt 5 Bottle popped during analysis, lost sample.
6/1 115 bottle 9 Bottle did not close. No sample taken.
6/1 119 bottle 9 Bottle did not close. No sample taken.
6/1 123 bottle 9 Bottle did not close. No sample taken.
7/1 103 bottle 9 Bottle did not close. No sample taken.
7/1 104 o2 2 Over titrate, original endpoint 0.0002 lower. Value acceptable.
7/1 106 o2 2 Analyst observed: endpoint could be 0.0002 lower. Value acceptable.
7/1 107 bottle 9 Bottle did not close. No sample taken.
7/1 108 o2 5 Abor t over titration, lost sample.
7/1 110 o2 2 Over titrate. Value acceptable.
7/1 111 bottle 9 Bottle did not close. No sample taken.
7/1 115 bottle 9 Bottle did not close. No sample taken.
7/1 119 bottle 9 Bottle did not close. No sample taken.
7/1 123 bottle 9 Bottle did not close. No sample taken.
8/1 101 CTDOXY 3 Cast sat at bottom for 2 minutes, CTDOXY signal dropped off bottom few db.
8/1 102 o2 2 Over titrate. Value acceptable.
8/1 103 bottle 9 Bottle did not close. No sample taken.
8/1 107 bottle 9 Bottle did not close. No sample taken.
8/1 111 bottle 9 Bottle did not close. No sample taken.
8/1 115 bottle 9 Bottle did not close. No sample taken.
8/1 119 bottle 9 Bottle did not close. No sample taken.
8/1 123 bottle 9 Bottle did not close. No sample taken.
9/1 101 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 101 CTDT1 5 CTD-T1 Sensor cut out until bottle 9 trip. Data lost.
9/1 102 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 102 CTDT1 5 CTD-T1 Sensor cut out until bottle 9 trip. Data lost.
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Station Sample Quality
/Cast No. Proper ty Code Comment

9/1 103 bottle 9 Bottle did not close. No sample taken.
9/1 103 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 103 CTDT1 5 CTD-T1 Sensor cut out until bottle 9 trip. Data lost.
9/1 104 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 104 CTDT1 5 CTD-T1 Sensor cut out until bottle 9 trip. Data lost.
9/1 105 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 105 CTDT1 5 CTD-T1 Sensor cut out until bottle 9 trip. Data lost.
9/1 106 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 106 CTDT1 5 CTD-T1 Sensor cut out until bottle 9 trip. Data lost.
9/1 107 bottle 9 Bottle did not close. No sample taken.
9/1 107 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 107 CTDT1 5 CTD-T1 Sensor cut out until bottle 9 trip. Data lost.
9/1 108 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 108 CTDT1 5 CTD-T1 Sensor cut out until bottle 9 trip. Data lost.
9/1 109 bottle 9 Bottle did not close. No sample taken.
9/1 109 CTDS1 5 CTD-T1 Sensor cut out until bottle 9 trip, CTD-C1 offset when T1 off or back

on. Data lost.
9/1 111 bottle 9 Bottle did not close. No sample taken.
9/1 113 o2 4 Over titrate (O2), bottle value +0.6 ml/l high, code bad.
9/1 115 bottle 9 Bottle did not close. No sample taken.
9/1 119 bottle 9 Bottle did not close. No sample taken.
9/1 123 bottle 9 Bottle did not close. No sample taken.
10/1 101 o2 3 Over titration (2x) questionable (O2). Value seems 0.25 ml/l high, based on

theta-o2 comparison with station 9. Code questionable.
10/1 101 salt 5 Sample lost due to folder renaming.
10/1 102 salt 5 Sample lost due to folder renaming.
10/1 103 bottle 9 Bottle did not close. No sample taken.
10/1 107 bottle 9 Bottle did not close. No sample taken.
10/1 109 bottle 9 Bottle did not close. No sample taken.
10/1 111 bottle 9 Bottle did not close. No sample taken.
10/1 112 reft 5 Tr ipped too soon after btl 11 trip, SBE35 Temp for btl 24 lost.
10/1 115 bottle 9 Bottle did not close. No sample taken.
10/1 116 reft 5 Tr ipped too soon after btl 15 trip, SBE35 Temp for btl 24 lost.
10/1 119 bottle 9 Bottle did not close. No sample taken.
10/1 120 reft 5 Tr ipped too soon after btl 19 trip, SBE35 Temp for btl 24 lost.
10/1 122 ctdc1 3 Bottle-CTDS1 or CTDS2-CTDS1 difference is -0.015 PSU, CTDC1-CTDC2 is

+0.09 mS/cm. Code CTDC1 questionable.
10/1 122 CTDS1 3 Bottle-CTDS1 or CTDS2-CTDS1 difference is -0.015 PSU, CTDC1-CTDC2 is

+0.09 mS/cm. Code CTDS1 questionable.
10/1 123 bottle 9 Bottle did not close. No sample taken.
10/1 124 reft 5 Tr ipped too soon after btl 23 trip, SBE35 Temp for btl 24 lost.
11/1 101 o2 2 Over titrate (O2), Value acceptable.
11/1 103 bottle 9 Bottle did not close. No sample taken.
11/1 107 bottle 9 Bottle did not close. No sample taken.
11/1 108 o2 2 Over titrate (O2), Value acceptable.
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Station Sample Quality
/Cast No. Proper ty Code Comment

11/1 109 bottle 9 Bottle did not close. No sample taken.
11/1 111 bottle 9 Bottle did not close. No sample taken.
11/1 115 bottle 9 Bottle did not close. No sample taken.
11/1 118 o2 5 Sample lost.
11/1 119 bottle 9 Bottle did not close. No sample taken.
11/1 123 bottle 9 Bottle did not close. No sample taken.
12/1 103 bottle 9 Bottle did not close. No sample taken.
12/1 107 bottle 9 Bottle did not close. No sample taken.
12/1 109 bottle 9 Bottle did not close. No sample taken.
12/1 111 bottle 9 Bottle did not close. No sample taken.
12/1 115 bottle 9 Bottle did not close. No sample taken.
12/1 118 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.07/+0.035 PSU in high gradient.

Code salt questionable.
12/1 119 bottle 9 Bottle did not close. No sample taken.
12/1 121 CTDS1 7 Spiking at CTD trip, CTDCOND/CTDSALT ok after despike.
12/1 121 CTDT1 7 Spiking at CTD trip, CTDTEMP ok after despike.
12/1 122 salt 3 Bottle-CTDS1 or -CTDS2 difference is -0.02 PSU. Code salt questionable.
12/1 123 bottle 9 Bottle did not close. No sample taken.
13/1 101 CTDOXY 1 Not calibrated yet.
13/1 102 CTDOXY 1 Not calibrated yet.
13/1 103 bottle 9 Bottle did not close. No sample taken.
13/1 103 CTDOXY 1 Not calibrated yet.
13/1 104 CTDOXY 1 Not calibrated yet.
13/1 105 CTDOXY 1 Not calibrated yet.
13/1 106 CTDOXY 1 Not calibrated yet.
13/1 107 bottle 9 Bottle did not close. No sample taken.
13/1 107 CTDOXY 1 Not calibrated yet.
13/1 108 CTDOXY 1 Not calibrated yet.
13/1 109 bottle 9 Bottle did not close. No sample taken.
13/1 109 CTDOXY 1 Not calibrated yet.
13/1 110 CTDOXY 1 Not calibrated yet.
13/1 111 bottle 9 Bottle did not close. No sample taken.
13/1 111 CTDOXY 1 Not calibrated yet.
13/1 112 CTDOXY 1 Not calibrated yet.
13/1 113 CTDOXY 1 Not calibrated yet.
13/1 114 CTDOXY 1 Not calibrated yet.
13/1 114 reft 3 SBE35RT-CTDT1 or -CTDT1 differences are +0.065/+0.095 deg.C. Code

CTDT1 questionable.
13/1 115 bottle 9 Bottle did not close. No sample taken.
13/1 115 CTDOXY 1 Not calibrated yet.
13/1 116 CTDOXY 1 Not calibrated yet.
13/1 116 CTDT2 3 SBE35RT-CTDT2/CTDT1-CTDT2 differences are +0.12/+0.11 deg.C. Code

CTDT1 questionable.
13/1 117 CTDOXY 1 Not calibrated yet.
13/1 118 CTDOXY 1 Not calibrated yet.
13/1 119 bottle 9 Bottle did not close. No sample taken.
13/1 119 CTDOXY 1 Not calibrated yet.
13/1 120 CTDOXY 1 Not calibrated yet.
13/1 120 ctds2 3 High gradient at CTD trip, Bottle-CTDS2 and CTDS1-CTDS2 are -0.19 PSU.

Code CTDS2 questionable.
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Station Sample Quality
/Cast No. Proper ty Code Comment

13/1 120 CTDT2 3 High gradient at CTD trip, SBE35-CTDT2 difference is -0.70 deg.C,
CTDT1-CTDT2 is -0.67 deg.C. Code CTDT2 questionable.

13/1 121 CTDOXY 1 Not calibrated yet.
13/1 121 reft 3 SBE35RT-CTDT1 or -CTDT1 difference is +0.09 deg.C. Code SBE35RT

questionable.
13/1 122 CTDOXY 1 Not calibrated yet.
13/1 123 bottle 9 Bottle did not close. No sample taken.
13/1 123 CTDOXY 1 Not calibrated yet.
13/1 124 CTDOXY 1 Not calibrated yet.
14/1 101 o2 5 Abor t sample/OT, lost sample.
14/1 111 bottle 9 Bottle lanyard hooked during recovery, emptied bottle. No samples taken.
14/1 112 o2 4 Over titration 2x (O2), bottle value +0.40 ml/l high, code bad.
14/1 124 bottle 3 Bottle leaking, top vent not closed. No samples taken.
15/1 108 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.025 PSU. Code salt questionable.
15/1 115 o2 2 Bottle oxygen low compared to downcast, but matches upcast. Acceptable.
15/1 116 o2 2 Bottle oxygen low compared to downcast, but matches upcast. Acceptable.
16/1 102 CTDT1 3 SBE35-CTDT1 or CTDT2-CTDT1 differences are -0.03/-0.05 deg.C. Code

CTDT1 questionable.
16/1 103 CTDT2 3 SBE35-CTDT2 or CTDT1-CTDT2 differences are +0.045/+0.065 deg.C in

high gradient. Code CTDT2 questionable.
16/1 104 ctds2 3 Bottle-CTDS2 or CTDS1-CTDS2 difference is +0.025 PSU. Code CTDS2

questionable.
16/1 104 CTDT2 3 SBE35-CTDT2 or CTDT1-CTDT2 difference is +0.065+ deg.C in high

gradient. Code CTDT2 questionable.
16/1 104 o2 2 Over titration. Value is acceptable.
16/1 107 CTDT2 3 SBE35-CTDT2 or CTDT1-CTDT2 differences are -0.025/-0.05 deg.C in high

gradient. Code CTDT2 questionable.
16/1 113 o2 2 "endpoint ˜0.5427". Value within 0.003ml/l with either endpoint, acceptable.
16/1 115 o2 4 "lost sample." Value is +0.75 ml/l high compared to CTDOXY, Code bad.
16/1 116 o2 3 Value is +0.40 ml/l high compared to CTDOXY, Code questionable.
16/1 118 bottle 3 Bottle lanyard hooked during recovery, contaminated bottle. No gas samples

taken.
16/1 121 o2 2 Over titration. Value is acceptable.
18/1 101 o2 4 OT 0.5620 2 x ot still no good. Value is +0.50 ml/l high, code bad.
18/1 102 CTDT1 3 SBE35RT-CTDT1/CTDT2-CTDT1 differences are -0.065/-0.08 deg.C. Code

CTDT1 questionable.
18/1 102 o2 2 OT 0.4064 ot end point looks good. Value is acceptable.
18/1 124 bottle 9 Pur posely tr ipped two at same pressure. No samples taken.
19/1 104 bottle 9 Pur posely tr ipped two at same pressure. No samples taken.
19/1 119 bottle 9 Pur posely tr ipped two at same pressure. No samples taken.
19/1 124 bottle 9 Pur posely tr ipped two at same pressure. No samples taken.
20/1 102 CTDT2 3 SBE35RT-CTDT2 or CTDT1-CTDT2 difference is +0.05 deg.C. Code CTDT2

questionable.
20/1 106 salt 2 Bottle-CTDS1 or -CTDS2 difference is +0.015/+0.02 PSU in high gradient.

Salt acceptable.
20/1 108 ctds2 2 High gradient at CTD trip, Bottle-CTDS2 and CTDS1-CTDS2 difference is

+0.01 to +0.015 deg.C, CTDS2 acceptable.
20/1 114 o2 2 Over titration. Value is acceptable.
20/1 118 o2 2 Over titration. Value is acceptable.
21/1 105 o2 2 "endpoint ˜0.59875", orig. value is acceptable.
21/1 109 o2 2 over titration, value is acceptable.
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Station Sample Quality
/Cast No. Proper ty Code Comment

21/1 111 CTDT1 3 SBE35-CTDT1 or CTDT2-CTDT1 differences are +0.06/+0.075 deg.C. Code
CTDT1 questionable.

21/1 116 CTDT2 3 SBE35-CTDT2 or CTDT1-CTDT2 difference is -0.03 deg.C. Code CTDT2
questionable.

21/1 116 o2 4 over titration, "too quick addition added 3 mls lost sample". Value is 1.1 ml/l
high, code bad.

21/1 119 o2 4 over titration, "lost sample". Value is 0.5 ml/l high, code bad.
22/1 101 o2 2 "ep ˜0.4725"; value is acceptable.
22/1 113 o2 2 "ep 0.4618"; value is acceptable.
22/1 114 o2 2 "Over titration, volts low 1st ep suspect"; value is acceptable.
23/1 101 o2 2 "missed endpoint, correct 0.4415"; used corrected endpoint in data file.
23/1 102 bottle 4 frequently high Bottle-CTD salinity and o2 differences or no-trip (stas

23-25,27-29) indicate bottle not closing at planned depth. Latch was
replaced after sta.13, apparently not wor king reliably beginning sta.23.

23/1 102 o2 3 "missed endpoint, correct 0.3708"; with either endpoint, value is 0.2 ml/l high,
code questionable. Changed O-rings on bottle 2 prior to sta.26.

23/1 102 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.05 PSU. Code salt questionable.
Changed O-rings on bottle 2 prior to sta.26.

23/1 114 o2 2 "Over titrated 0.5164, 1st endpoint wild scatter"; used corrected endpoint in
data file.

24/1 101 CTDT1 3 SBE35RT-CTDT1 or CTDT2-CTDT1 differences are -0.055/-0.06 deg.C.
Code CTDT1 questionable.

24/1 102 bottle 4 frequently high Bottle-CTD salinity and o2 differences or no-trip (stas
23-25,27-29) indicate bottle not closing at planned depth. Latch was
replaced after sta.13, apparently not wor king reliably beginning sta.23.

24/1 102 o2 3 value is 0.2 ml/l high compared to CTDOXY, code questionable. Changed O-
rings on bottle 2 prior to sta.26.

24/1 102 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.15 PSU. Code salt questionable.
Changed O-rings on bottle 2 prior to sta.26.

24/1 105 o2 2 "Over titrated, 0.3921"; value is acceptable.
24/1 106 o2 2 "Over titrated, 0.4335"; value is acceptable.
24/1 119 o2 2 "wrong endpoint, correct is .5077", used corrected endpoint in data file.
25/1 102 bottle 4 frequently high Bottle-CTD salinity and o2 differences or no-trip (stas

23-25,27-30) indicate bottle not closing at planned depth. Latch was
replaced after sta.13, apparently not wor king reliably beginning sta.23.

25/1 102 o2 3 value is 0.3 ml/l high compared to CTDOXY, code questionable. Changed O-
rings on bottle 2 prior to sta.26.

25/1 102 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.025 PSU. Code salt questionable.
Changed O-rings on bottle 2 prior to sta.26.

25/1 106 o2 2 "Over titrated, 0.4429"; value is acceptable.
25/1 115 o2 2 "Over titrated, 0.5375"; value is acceptable.
25/1 121 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.02 PSU. Code salt questionable.
26/1 102 bottle 2 O-r ings changed out prior to cast, high bottle oxys,salts this bottle for

previous 3 casts.
26/1 109 CTDT1 3 SBE35RT-CTDT1 or CTDT2-CTDT1 differences are +0.125/+0.085 deg.C.

Code CTDT1 questionable.
26/1 114 CTDS1 7 Spiking and missing data at CTD trip, due to kink in wire. CTDC1/CTDS1 ok

after despike.
26/1 114 CTDT1 7 Spiking and missing data at CTD trip, due to kink in wire. CTDT1 ok after

despike.
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Station Sample Quality
/Cast No. Proper ty Code Comment

26/1 115 CTDS1 7 Spiking and missing data at CTD trip, due to kink in wire. CTDC1/CTDS1 ok
after despike.

26/1 115 reft 3 SBE35RT-CTDT1 or -CTDT2 difference is -0.07-0.08 deg.C. Code SBE35RT
questionable.

26/1 116 CTDS1 7 Spiking and missing data at CTD trip, due to kink in wire. CTDC1/CTDS1 ok
after despike.

26/1 116 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.11-0.12 PSU. Code salt
questionable.

26/1 119 bottle 9 Bottle did not close. No sample taken.
26/1 121 bottle 3 SSSG tech saw top of btl 21 open during recovery.
27/1 102 bottle 4 frequently high Bottle-CTD salinity and o2 differences or no-trip (stas

23-25,27-30) indicate bottle not closing at planned depth. Latch was
replaced after sta.13, apparently not wor king reliably beginning sta.23.

27/1 102 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.035 PSU. Code salt questionable.
27/1 107 CTDT2 3 SBE35RT-CTDT2 or CTDT1-CTDT2 differences are +0.05/+0.08 deg.C.

Code CTDT2 questionable.
27/1 107 reft 3 SBE35RT-CTDT1 or SBE35RT-CTDT2 differences are +0.13/+0.05 deg.C.

Code SBE35RT questionable.
27/1 113 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.02-0.04 PSU. Code salt

questionable.
28/1 102 bottle 4 frequently high Bottle-CTD salinity and o2 differences or no-trip (stas

23-25,27-29) indicate bottle not closing at planned depth. Latch was
replaced after sta.13, apparently not wor king reliably beginning sta.23.

28/1 105 o2 2 Over titration 0.3634. Value is acceptable.
28/1 113 o2 2 Over titration 0.5132. Value is acceptable.
28/1 117 o2 4 "Over titration 0.5863; 5mls of io3 added for OT not 1ml". Value +1.9 ml/l high

vs nearby or CTDOXY, code bad.
29/1 102 bottle 4 frequently high Bottle-CTD salinity and o2 differences or no-trip (stas

23-25,27-29) indicate bottle not closing at planned depth. Latch was
replaced after sta.13, apparently not wor king reliably beginning sta.23.

29/1 102 o2 3 Bottle o2 is +0.5 ml/l vs CTDOXY. Code bottle o2 questionable.
29/1 102 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.10 PSU. Code salt questionable.
29/1 110 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.035 PSU. Code salt questionable.
29/1 116 salt 3 Bottle-CTDS1 or -CTDS2 difference is +0.025 PSU. Code salt questionable.
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