




























































































































































































































Figure 1. The M-AERI mounted on the R/V Atlantis

The system operates at an output rate of 1 complex spectrum (interferogram) per second. It runs 
continuously under computer control, except for a brief period beginning at 0:00 UTC, when the 
computer reboots and starts the new files.

Microwave Radiometer

We set up a Microwave Radiometer where it has a clear view from zenith to the horizon. It 
measures atmospheric water content. The instrument mounts conveniently on the stand shown in 
the photo (Figure 2). Power for this instrument is provided via cables into the Lab.

   
Figure 2. Microwave radiometer on R/V Atlantis

The sky camera

The sky camera system is mounted in an unobstructed area for the best possible view of the 
dome of the sky, such as on the bridge top (Figure 3). Power is supplied from to the Lab where 
the images are acquired by a laptop computer 120 V A/C, 50 watts. 



Figure 3. The sky camera mounted on the R/V Atlantis



O2/Ar and Triple Oxygen Isotopes

PI: Rachel Stanley

Cruise Participant: Zoe Sandwith

Sampling for O2/Ar and Triple Oxygen Isotopes occurred roughly once per day at 25 stations 
throughout the cruise. Both analyses are performed from the same ~300 mL sample. Of these 
stations, 3 were ‘deep profiles’ where 22 depths were sampled, 2 were ‘mid-depth profiles’ 
where 15 depths were sampled, and 3 were ‘shallow profiles’, where 9 depths were sampled. 
These profiles were spaced among the basin, with a deep profile occurring near each end of the 
basin, and one in the middle. The mid-depth profiles were spaced between the deep, and the 
shallow depth profiles scattered between these. For the other 17 stations, only the surface niskin 
was sampled. On the last two stations, the surface sample was duplicated. A total of 141 samples 
were taken includes 2 duplicates. 1 sample was lost due to a breach of the vacuum of the flask 
during sampling, however there was not enough water in the budget for that niskin for 
resampling.

Samples were taken via silicon tubing into custom made flasks. These had been cleaned, 
poisoned with 100 µL dried saturated mercuric chloride solution, then evacuated to 10-7 torr prior 
to the cruise. The flasks were filled halfway (roughly 300 mL), allowing for a degassing 
headspace.

Samples will be sent to WHOI for processing and analysis on a mass spectrometer.



Stable Isotope Probing
PI: Lee Kerkhof
Cruise Participant: Lauren Seyler

Sampling for stable isotope probing (SIP) occurred roughly once per day at 16 stations throughout the 
cruise. Of these, SIP microcosms were set up at 13 stations, while at the other 3 stations samples were 
taken to be used in DNA/RNA analysis. At each station, water was taken from at least three distinct 
zones in the water column, based on data from the CTD: the middle of the mixed layer, the oxygen 
minimum zone (or as near to it as possible), and the middle of the bathypelagic zone. At 7 stations, 
samples were also drawn from the bottom­most bottle for DNA/RNA analysis. Bottles were chosen 
based on the sampling plans of the members of the science crew; since a minimum of 4.5 L of water 
was required for SIP and DNA/RNA analysis, bottles were chosen that were being sampled from the 
least.

To set up SIP microcosms, 1 L samples of water from each depth were amended with one or more of 
the following stable isotope­labeled substrates: 13C sodium acetate, 13C urea, 13C sodium 
bicarbonate, 13C algal lipid extract, or 15N algal protein extract. 12C sodium acetate, 12C urea, 12C 
sodium bicarbonate, and ethanol were also used as controls. These microcosms were then incubated in 
a plastic trash can on deck that was covered and given a constant inflow of surface sea water to 
maintain a stable temperature. Incubations were allowed to run for either 24 or 48 hours, after which 
biomass was collected on a 0.2­µm filter using vacuum filtration. For those stations that were only used 
for DNA/RNA analysis, duplicate 0.5­L samples were taken from all four depths and biomass was 
immediately collected using vacuum filtration. These filters were then stored at ­70 degrees. After 
arrival at Woods Hole, these samples will be stored in liquid nitrogen and taken to Rutgers University 
for further processing and analysis.



Students at Sea

The NSF physical oceanography grant for the US Global Ocean Carbon and Repeat 
Hydrography Program supports participation of physical oceanography and CFC students on 
program cruises.  Below are statements from the student participants on A20 (Atlantis).

Sarah Brody - (Duke University)

Participating in the CLIVAR A20 cruise on the RV Atlantis gave me a unique 
opportunity to learn how hydrographic data is collected, processed, and analyzed.  As one of the 
students on the CTD watch, I got the chance to assist with many different aspects of the data-
gathering process, including operating the CTD console, preparing the rosette for deployment, 
taking nutrient and salt samples, keeping track of the different samples being taken, recovering 
and deploying the CTD/rosette package, and driving the winch that brings the package to depth. 
 Doing these different jobs gave me insight into all parts of the CTD data-collection process. I 
am very glad that the students on the CTD watch were given the chance to be so involved in the 
different steps of handling the CTD, and am thankful to everyone who patiently trained us to do 
these jobs.  Additionally, through sampling and keeping track of the different samplers, I learned 
about the breadth of data being collected on this cruise, and what the different measurements will 
be used to determine.  Most of all, I gained an appreciation for the difficulty inherent in 
collecting hydrographic data.

While I now understand how difficult in can be to collect high-quality hydrographic data, 
I also learned how much a detailed hydrographic section like the CLIVAR A20 cruise can reveal 
about physical and chemical processes at play in the area we covered.  During the cruise, I 
learned how to use Ocean Data View to download and examine the data we collected.  From 
looking at the data using ODV and from talks with the chief scientists, I gained some 
understanding of Atlantic basin ocean circulation.   For example, I learned about the water 
masses that make up the bottom waters of the North Atlantic, and the way in which those water 
masses change from Antarctic bottom water to Denmark sill overflow water as we moved north, 
with mixing of those water masses evident in the profiles we examined.  I also spent some time 
examining the unusually low-salinity surface water we encountered at the beginning of the 
section.  The low salinity water originates from Amazon river discharge and forms a lens over 
the ocean water; however, the lens we saw was anomalous in both its extent and intensity.  I plan 
to continue to look at this low-salinity water, together with LADCP current-profiler data, in the 
last few days of the cruise.  The physical oceanography I learned about on this cruise, together 
with the mechanics of hydrographic sampling I became familiar with, made the CLIVAR A20 
cruise a valuable experience for me.  



Katherine McCaffrey (University of Colorado at Boulder, Cooperative Institute for Research in  

Environmental Sciences)

My  experience  at  sea  has  been  very  rewarding.  As  a  graduate  student  studying  physical 
oceanography  and  ocean  turbulence  in  the  land-locked  state  of  Colorado,  I  was  eager  to 
experience the other side of the field: observation. I work with data, models and a lot of theory 
so it was spectacular to see the theory in action in the ocean. It helped me to appreciate the 
amount of detail needed to collect data worthy of analyzing, and the difficulties presented by the 
moving, changing ocean. Spending a month on a boat with 25 other scientists was a mixture of 
fun (singing while sampling), stress (rushing from sampling to getting the next cast in the water), 
boredom (watching the CTD go down for  hours),  and excitement  as we worked together  to 
discover what is happening in the ocean below us.

On the CTD watch, I was in charge of prepping the niskin bottles, deploying and recovering the 
rosette  from the deck with the ship’s deck crew,  running the CTD console,  and driving the 
winch.  It  was  fascinating  to  me  that  each  time  we brought  the  rosette  out  of  the  water,  it 
contained  information  from  more  than  five  thousand  meters  below  the  ocean  surface  – 
information that only we know so far. Though the console and winch-driving proved challenging 
in their monotony, it was interesting to watch the temperature, salinity, dissolved oxygen and 
transmissometer data come in. Many fruitful discussions were stemmed from an interesting and 
perhaps unexpected signature on the plots, like the drop in temperature and salinity at the ocean 
bottom in the southern portion of the section, revealing the Deep Western Boundary Current. 
Learning to use Ocean Data View also helped to visualize and analyze what is happening along 
the section we observed, and the skills gave me the ability to plot things that are particularly 
interesting to me, like spiciness and temperature on pressure versus potential density levels. I am 
eager to return home to Colorado to use the ADCP, temperature, and salinity data collected on 
A20 to further my research in ocean turbulence as well.

Thanks for a great time out here!

--Katie

Stefan Gary (Duke University)

The past month of participation in the CLIVAR A20 cruise has been a very intense and 
productive time in my development as an oceanographer.  This was my first experience of a 
long­distance hydrographic section.  Although I had been on CTD watch for a few scattered 
stations on a previous cruise, this cruise was very different because we took many more samples 
at many more stations, coordinated with many research groups (each one specializing in a 



different measurement), and always needed to keep an eye on the clock in order to complete the 
section in the allotted time.  In the process, I drew samples for salts, nutrients, total dissolved 
organic carbon, and total alkalinity, I learned, in detail, how samples are processed and quality 
controlled to become data, I operated an LADCP, CTD console, and two different types of 
winches, and I participated in the deployment and recovery of the CTD and rosette package.  I 
also helped with the rescue of a storm petrel.

Beatriz Ramos
Before this cruise, I used a large amount of historical hydrographic data.  At the time, I was not 
aware of precisely how many people and how much effort   is  required to realize basin­scale 
hydrographic sections.  The most important result of this cruise for me has been the opportunity 
to meet and work beside oceanographic data collection experts.   Personally and professionally, 
this month of constant, uninterrupted teamwork has meant a great deal to me.  As we steam back 
to port, I find myself more rooted in the oceanographic community as well as with a renewed 
excitement for and commitment to my career in physical oceanography.
On 16th of April I flew from Spain to Barbados, in a couple of days I would be on board in the 
R/V Atlantis ship during the next month. It would be my first cruise and my position would be 
CTD watch.  On 21st of April we had the first station. My shift was from midnight to noon so 
my first night was a challenge.  During the first shifts I learned to run the CTD software, to be 
the   sample  cop   and   to   collect   nutrients   and   salts   samples.  We were   three   in   the  group   so 
teamwork was very important to develop an efficient job.  On the second week I was trained to 
drive the CTD, it was a high responsibility, maximum attention was required. Also I wanted to 
learn as much as I  could,  so between casts I  was reading some papers about North Atlantic 
currents. It was a perfect opportunity because I was surrounded by very good scientists.  It has 
been a very positive experience and I really hope this cruise is the first of many. 

Rebecca Rolph

CFC Analyst

Student Report.
I have learned more being at sea than I could have ever done in any classroom setting. Going to 
class  several  times a  week cannot  give  you the  same level  of  personal  communication  and 
connection  that  I  have  experienced  on  this  cruise.  Living  with  a  range  of  scientists  whose 
backgrounds  all  involve  different  specializations  allowed  for  the  opportunity  to  have  great 
discussions that would have not been possible otherwise. It also gave me a real appreciation for 
what  oceanographic  data  is  available  because  I  have  now  experienced  first-hand  the  great 
amount of hard work and effort involved to collect such data.

CFC systems  vary  because  they  are  custom-made  and  modified  over  the  years.   However, 
learning about the system I was working with will undoubtedly help me with future systems—I 



gained experience following flow diagrams, and basic necessary components should be similar 
in other systems.  I also learned about common problems that can occur in CFC systems, and 
how best to systematically work through to find where they are.  However, I can see that one of 
the best ways to understand a system is to actually build it, but this would take a long term of 
full-time dedication.  If I were to work on one of these systems again, perhaps drawing my own 
flow-diagram would be a good thing to do right at the beginning. 

My personal  experience on this  ship has definitely solidified my desire  to continue work in 
oceanography.  I understand it is difficult, especially in the start, when the learning curve is very 
steep. But in the end, when discussing the results of the different systems on the ship, and how 
the many different aspects of oceanography all are connected, really keeps me enthusiastic to 
continue with research. 



CCHDO Data Processing Notes 
 

Date Person Data Type Action Summary  
2012-05-29 K Sanborn BTL Submitted hy1 file to go online  
2012-05-29 K Sanborn CrsRpt Submitted PDF format, to go online  
2012-05-29 K Sanborn BTL Submitted sea file to go online  
2012-05-29 K Sanborn SUM Submitted to go online  
2012-05-29 A Quintero CTD Submitted to go online  
2012-05-30 C Berys CTD/BTL/SUM Website Updated Available under 'Files as received'  
 File a20_hy1.csv containing Exchange bottle data, submitted by Kristin Sanborn on 2012-05-29, 

available under 'Files as received', unprocessed by CCHDO. 

File a20.sea containing Exchange bottle file, submitted by Kristin Sanborn on 2012-05-29, 
available under 'Files as received', unprocessed by CCHDO. 

File a20.sum containing WOCE SUM file, submitted by Kristin Sanborn on 2012-05-29, available 
under 'Files as received', unprocessed by CCHDO. 

File a20-ct1.zip containing Exchange CTD file, submitted by Alex Quintero on 2012-05-29, 
available under 'Files as received', unprocessed by CCHDO. 

File a20-ctd.zip containing WOCE CTD file, submitted by Alex Quintero on 2012-05-29, available 
under 'Files as received', unprocessed by CCHDO. 

File a20-nc.zip containing NetCDF CTD file, submitted by Alex Quintero on 2012-05-29, available 
under 'Files as received', unprocessed by CCHDO. 

File A20_CruiseReport.pdf containing Cruise Report, submitted by Kristin Sanborn on 2012-05-29, 
available under 'Files as received', unprocessed by CCHDO.  

2012-06-27 C Berys CTD/BTL Website Updated Available under 'Files as received'  
 File a20.sea containing WOCE bottle data, submitted by Mary Johnson on 2012-06-26, available 

under 'Files as received', unprocessed by CCHDO. 

File a20.sum containing WOCE SUM data, submitted by Mary Johnson on 2012-06-26, available 
under 'Files as received', unprocessed by CCHDO. 

File a20-ct1.zip containing Exchange CTD data, submitted by Mary Johnson on 2012-06-26, 
available under 'Files as received', unprocessed by CCHDO. 

File a20-ctd.zip containing WOCE CTD data, submitted by Mary Johnson on 2012-06-26, 
available under 'Files as received', unprocessed by CCHDO. 

File a20-nc.zip containing NetCDF CTD data, submitted by Mary Johnson on 2012-06-27, 
available under 'Files as received', unprocessed by CCHDO. 

File A20_CruiseReport.pdf containing cruise documentation, submitted by Mary Johnson on 2012-
06-26, available under 'Files as received', unprocessed by CCHDO.  

2012-07-26 J Kappa CrsRpt Submitted to go online 
 I've placed 2 new versions of the cruise report: 

a20_33AT20120419do.pdf 
a20_33AT20120419do.txt 

into the co2clivar/atlantic/a20/a20_33AT20120419/ directory. 

Both docs include summary pages and CCHDO data processing notes. 

The pdf version also includes a linked Table of Contents and links to figures, tables and 
appendices. 

Both will be available on the cchdo website following the next update script run. 




