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CHAPTER

ONE

GO-SHIP S04P 2018 HYDROGRAPHIC PROGRAM

Fig. 1.1: Cruise track of S04P 2018

The Pacific Ocean S04P repeat hydrographic line was reoccupied for the US Global Ocean Carbon and Repeat Hy-
drography Program. Reoccupation of the S04P transect occurred on the RVIB Nathaniel B Palmer from March 9, 2018
to May 14, 2018. The survey of S04P 2018 consisted of CTDO, rosette, LADCP, UVP, water samples and underway
measurements. The ship departed from the port of Hobart on the island of Tasmania, Australia and completed the
cruise in the port of Punta Arenas, Chile.

A total of 122 stations were occupied with one CTDO/rosette/LADCP/UVP package. 122 stations and 125
CTDO/rosette/LADCP/UVP casts including 2 test casts were performed. The stations were, for the most part, a
reoccupation of S04P 2011 and detailed in the following sections. 18 floats were deployed in total on S04P 2018 and

1



Cruise Report of the 2018 S04P US GO-SHIP Reoccupation, Release Draft 1

detailed in the Float Deployments section of the cruise report. 6 SOCCOM floats were deployed on S04P 2018 and
are detailed in the SOCCOM floats section of the cruise report. 5 FSU floats were deployed on S04P 2018 and are
detailed in the FSU floats section of the cruise report. 5 CSIRO floats were deployed on S04P 2018 and are detailed in
the CSIRO floats section of the cruise report. 2 EM-APEX floats were deployed on S04P 2018 and are detailed in the
EM-APEX floats section of the cruise report. 20 drifters were deployed on S04P 2018 and are detailed in the Drifter
Deployments section of the cruise report.

CTDO data and water samples were collected on each CTDO, rosette, LADCP, and UVP cast, usually within 10
meters of the bottom. Water samples were measured on board for salinity, dissolved oxygen, nutrients, DIC, pH, total
alkalinity and CFCs/SF6. Additional water samples were collected and stored for shore analyses of 𝛿15N and 𝛿18N,
𝛿18O, DOC/TDN, 13C/14C, POC, HPLC, rare earth elements, Neodymium, and noble gases.

A sea-going science team assembled from 20 different institutions participated in the collection and analysis of this
data set. The programs, principal investigators, science team, responsibilities, instrumentation, analysis and analytical
methods are outlined in the following cruise document.

2 Chapter 1. GO-SHIP S04P 2018 Hydrographic Program
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1.1 Programs and Principal Investigators

Program Affiliation Principal Investigator Email
CTDO Data, Salinity, Nutri-
ents, Dissolved O2

UCSD, SIO Susan Becker, Jim Swift sbecker@ucsd.edu,
jswift@ucsd.edu

Total CO2 (DIC) PMEL, AOML,
NOAA

Richard Feely, Rik Wan-
ninkhof

Richard.A.Feely@noaa.gov,
Rik.Wanninkhof@noaa.gov

Underway Temperature,
Salinity, and pCO2

AOML, NOAA, ASC Rik Wanninkhof, ASC Rik.Wanninkhof@noaa.gov,
admin@nbp.usap.gov

Total Alkalinity, pH UCSD Andrew Dickson adickson@ucsd.edu
SADCP UH Eric Firing efiring@soest.hawaii.edu
LADCP LDEO Andreas Thurnherr ant@ldeo.columbia.edu
CFCs, SF6, N2O UW Mark Warner warner@uw.edu
DOC, TDN UCSB Craig Carlson carlson@lifesci.ucsb.edu
C13 & C14 WHOI, Princeton Ann McNichol, Robert Key amcnichol@whoi.edu,

key@princeton.edu
Transmissometry TAMU Wilf Gardner wgardner@ocean.tamu.edu
Fluorescence and Backscat-
ter (SOCCOM)

U Maine Emmanuel Boss emmanuel.boss@maine.edu

UVP U Alaska Fairbanks Andrew McDonnell amcdonnell@alaska.edu
Nitrate 𝛿15N and 𝛿18N MPIC Gerald Haug, Francois Frip-

iat
gerald.haug@mpic.de,
f.fripiat@mpic.de

REE Oxford Yves Plancherel yves.plancherel@earth.ox.ac.uk
Noble Gases OSU, SIO Nicholas Beaird, Fiamma

Straneo
beairdn@oregonstate.edu, fstra-
neo@ucsd.edu

Neodymium Imperial College
London

Tina van de Flierdt tina.vandeflierdt@imperial.ac.uk

Argo Floats FSU, CSIRO Kevin Speer, Steve Rintoul kspeer@fsu.edu,
steve.rintoul@csiro.au

SOCCOM Floats UW, MBARI, UCSD,
SIO

Steve Riser, Ken Johnson,
Lynne Talley

riser@ocean.washington.edu,
johnson@mbari.org, ltal-
ley@ucsd.edu

Surface Drifters NOAA, AOML Rick Lumpkin, Shaun Dolk rick.lumpkin@noaa.gov,
shaun.dolk@noaa.gov

EM-APEX Floats UW APL James Girton girton@apl.washington.edu
Underway Bathymetry and
Meteorological Data

ASC ASC admin@nbp.usap.gov

1.2 Science Team and Responsibilities

Duty Name Affiliation Email Address
Chief Scientist Alison Macdonald WHOI amacdonald@whoi.edu
Co-Chief Scientist, floats
and drifters

Ellen Briggs UCSD ebriggs@ucsd.edu

CTD Watchstander Ribanna Dittrich U Edin. ribanna.dittrich@ed.ac.uk
CTD Watchstander Lauren Ferris W&M VIMS lnferris@vims.edu
CTD Watchstander Taimoor Sohail ANU taimoor.sohail@anu.edu.au
CTD Watchstander, floats Chanelle Cadot UW cadotc@uw.edu
CTD Watchstander Bingkun Luo RSMAS LBK@rsmas.miami.edu

Continued on next page
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Table 1.1 – continued from previous page
Duty Name Affiliation Email Address
CTD Watchstander Amir Barkhordary RSMAS abarkhordary@rsmas.miami.edu
Nutrients, ODF supervisor,
SOCCOM floats

Susan Becker UCSD ODF sbecker@ucsd.edu

Nutrients John Ballard UCSD ODF jrballard@ucsd.edu
CTDO Processing, Database
Management

Joseph Gum UCSD ODF jgum@ucsd.edu

Salts, Rosette Maintenance John Calderwood UCSD STS jcalderwood@ucsd.edu
Salts, Rosette Maintenance Jeremiah Brower UCSD STS jjbrower@ucsd.edu
Dissolved O2, Database
Management

Andrew Barna UCSD ODF abarna@ucsd.edu

Dissolved O2, CTDO Pro-
cessing

Kenneth Jackson UCSD ODF k3jackson@ucsd.edu

SADCP, LADCP Manuel Gutierrez Villaneuva UCSD mog002@ucsd.edu
DIC, underway pCO2 Andrew Collins PMEL andrew.collins@noaa.gov
DIC, underway pCO2 Patrick Mears AOML patrick.mears@noaa.gov
CFCs, SF6, N2O Mark Warner UW warner@uw.edu
CFCs, SF6, N2O Eugene Gorman LDEO egorman@ldeo.columbia.edu
CFCs, SF6, N2O student Max Rintoul ANU mrintoul23@gmail.com
Total Alkalinity Manuel Belmonte UCSD mbelmonte@ucsd.edu
Total Alkalinity Sarah Barnes UCSD sbarnes@ucsd.edu
PH May-linn Paulsen UCSD mpaulsen@ucsd.edu
DOC, TDN, Radio Carbon Cole Hansell UW cole.hansell926@gmail.com
UVP Rachel Lekanoff U Alaska rmlekanoff@alaska.edu
Rare Earth Elements,
Barium, Noble Gases,
Neodymium

Yves Plancherel Oxford yves.plancherel@earth.ox.ac.uk

Marine Projects Coordinator Ken Vicknair ASC mpc@nbp.usap.gov
Marine Lab Technician Jess Ackerman ASC mlt@nbp.usap.gov
Marine Technician Jennie Mowatt ASC mt@nbp.usap.gov
Marine Technician Tony D’Aoust ASC mt@nbp.usap.gov
Electronic Technician Barry Bjork ASC et@nbp.usap.gov
Network Administrator Chris Linden ASC admin@nbp.usap.gov
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2.13 The Eastern End of the S04P Line

Fig. 2.5: 2018 S04P station locations along the eastern end of the nominally 67°S line. Planned stations that were not
executed due to a medical situation are shown in red.

A couple of days of decent weather and slow downcasts to handle heave ensued. After four stations at 67.5°S (105-
108) and an attempt to outrun a storm coming from northwest, Station 109 was aborted when the wind picked up to
45 kts as the ship came onto station (Figure 6). Forecasts had predicted the storm, but not its severity. Knowing that
spacing would have to be stretched once again and there was the eventual need to return to the 67°S line, the position
of Station 109 was changed to be 6 nm to ENE and it became Station 110, which in spite of several intermediary
assessments, took place after an 11.5 hour delay.

Stations continued with 40+ nm spacing and no particular issues until Station 113, which was once again inflicted
with stronger winds than expected and resulted in a 13-hour weather delay. A couple of days later there was yet
another storm. This one turned out to be a major event, which topped out with sustained 50+ kt winds, a gust at
80.2 kts and a weather pattern turn that sent everything flying and tipped those off shift out of bed. Not wishing to
repeat that roll the ship continued westward into the wind some 40 nm away from the planned station position and the
final toll was a full day weather delay. In the meantime, station spacing was stretched to 50-60 nm for the remaining
pre-slope/pre-boundary current section of 67°S line.

After the weather delay, the rosette went in the water on Station114 (the first station to the north of the 67°S line in
preparation for the coastal approach). Winch speeds were kept to the 15-17 m/min range down to 800 m, after which
accelerations were made as slowly as possible carefully avoiding the periods of strong swell (heave). It was a long, but
successful cast. It was around this time that it was once again noted that the outer armor of the wire was beginning to
open up, so on the long transit between stations 117 and 118 another 300 m of wire was cut and the wire reterminated
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(Table 2). As the weather continued to improve and promised to stay that way, hopes rose for a successful completion
of the cruise with the chance to resolve the boundary current with 10 nm spacing and the slope to shelf region with a
perpendicular approach and 500 m jumps in bottom depths.

Unfortunately, this was not to be. After a coastal approach at the eastern end of the line had been finalized and the
timing agreed upon by science, the MPC and Captain, and not long after Station 120 (the last station prior to the 10 nm
spacing) had gone in the water, a medical situation arose causing a stop to science per NSF. Station 120 was completed
and the ship proceeded transit to Punta Arenas with all possible speed.

2.14 The Final Tally

A total of 117 of the 120 attempted stations were successfully occupied producing CTD-
O/rosette/fluorometer/transmissometer/LADCP/UVP profiles. For a variety of reasons (See individual sections
of this report) of these 117 stations: 110 provided UVP results (no UVP on stas. 4, 6,7-8, 45-47); 111 provided
LADCP results (no LADCP on sta. 3, no upward looking on 6-7, no downward looking on 4, 5 and 117); for 2
stations (901 and 115) the FLBB was dark; and on 3 (stas. 1-3) the altimeter failed. There were 3 aborted stations (9,
104 and 109). With a few notable exceptions, casts were made to within 8-15 m of the bottom. Water samples (up to
36) were collected in 10 L Bullister style Niskin bottles at all stations providing water samples for CFCs/SF6/NO2,
Total DIC, TAlk, pH, dissolved oxygen, nutrients, salinity, and on some stations for DOC, DI13/14C, HPLC, POC,
Rare Earth Elements (REE), neodymium, Helium/noble gases, 𝛿18O, and Nitrate 𝛿15N/𝛿18O. Underway surface
pCO2, temperature, salinity, dissolved oxygen, DIC, pH, TAlk, samples were measured, and multi-beam bathymetry
and meteorological measurements were collected during most transits. Underway samples were not taken on the final
transit to Punta Arenas from Station 120. All other underway measurements ended before entering at the Chilean EEZ
at 09:13 (UTC) on May 10th. It should be noted that clearance for sampling was requested and eventually granted
by the Chilean government. However, notice was not given until the beginning of May when it was requested that a
Chilean observer be picked up on May 8. This action would have put end to science, so the clearance was not used.
A total of 18 floats (6 biogeo –chemical, 2 EM-APEX, 5 Argo, 5 ALTO) floats were deployed for the SOCCOM
program, APL, FSU and CSIRO, respectively. 20 surface drifters were deployed for the Global Drifter Program. The
ship arrived in Punta Arenas harbor on May 13th one day early due to the medial situation, however as there was no
place to tie up. Late in the evening a place was found on the dolphin extension at the end of the pier and on the 14th,
cleared by customs science was allowed to go onto dry land. Loading and unloading howver could not be done from
this pier and there was no promise of a place at the regular Prat Pier until 16:30 on May 15th. On the 14th, one set of
frozen samples was picked up and the rosette was lifted by the crane from the winch outside the Baltic Room to be
placed on the deck for loading, but full deMOB was planned for the 15th, finishing up with the container offload on
the 16th.

Although difficult to assess due to constantly changing plans, some rough estimates can be made as to the overall
success of the cruise. Initially over the scheduled 67 DAS an ambitious 158 stations were roughly sketched out
covering ~4107 nm of track with nominally 30 nm or less spacing along with another 1011 nm of transit (not including
the transit to/from the last stations). Including the planned 8 day transit at the start, 5 day transit at the end, the 4.67
days of transit between lines, and the extra day supplied by the Dateline crossing this left 50.33 days, i.e. an average
of 3.2 stations/day. On the outside this sounds like a reasonable number, however it overlooks: a) the average between
station ship speed of the NBP = 9 kts and long transit speed of 10 kts, the slow progress of the ship in older ice, and
the 1-3 weather days occurring 4-5 days on average in the Southern Ocean, particularly for an eastbound cruise.

The 2018 cruise managed 117 stations (74% of the planned stations), to cover 3766 nm (91.7%) of the planned track
and had 2042 nm of transit (twice that planned). However, there are a number caveats to these raw numbers.

Although the intention was to get to 500 isobath on all the shelves with 500 m jumps in bathymetry on the slope
approaches, none of the planned meridional lines did either.

The 2018 occupation did manage to do both on the 150°W line.

The inability of the 2018 cruise to do the same on the 170°E, 170°W and 103°W lines had everything do with ice and
lack the time to break through it.
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The inability of the 2018 cruise to do the same at the eastern end of the line was due to the necessity of stopping the
science due to the medical situation.

The lack of time (as well as the ice extent itself and intensity of storms) noted above was to some degree caused by the
late departure date resulting from ship scheduling conflicts. For example, one can compare the extent of ice in Ross
Basin in the middle of March to that seen on April 2nd when the ship arrived at Station 31 (Figure 7).

Fig. 2.6: Winch and between station speeds: upper left panel - time from the time of start of cast to the time of end
of cast divided by the total distance from surface to bottom and back again; upper right panel – same as left panel but
removing the time necessary for tripping bottles; lower left panel – time between casts compared for distance from the
first station, color shading indicates latitude; lower right panel - time between casts compared for station number, color
shading indicates distance between stations. Note that the cast used to re-lay the wire has been relabeled as station
132.

There were a total of 6.5 days of obviously weather related delays and no time that can clearly be described as a wire
related delay. However, it is difficult to measure the true impact of the weather or the wire separately because more
often than not bad weather not only caused the inability to put the rosette in the water, it also caused slow winch
speeds, and worsened the state of the wire, which in turn led to the need to cut and reterminate. Bad weather in the
north, more often than not combined with the need to reterminate, led to the decisions to head south (i.e. the multiple
transits). The time lost to reterminations as well as weather was mitigated by the turns to the south, but clearly the
integrated length of these transits also had a delaying effect. It should be noted that one advantage of the multiple
shorter transits, compared to the initial plan allowed the various science groups to recoup and always be ready for full
sampling of upcoming stations. Also, the original plan which mimicked the 2011 westward transit from the southern
end of 150°W line to the southern end of the 170°W clearly would not have ben possible given the ice conditions
found in March/April in 2018.

Have said this, the integrated effects of wire and weather can be discussed in terms of the winch and ship speeds
(Figure 8). Beginning with the time it took to complete casts (upper left panel). The up/down average speed of casts
on S04P was 36.1±5.1 m/min. There were 12 fast casts with average speeds greater than the mean plus the standard
deviation accounting for a time savings of about 7 hours. There were 14 slow casts with average speeds less the
mean minus the standard deviation accounting for delays of ~13 hours. If one takes the number of bottles tripped
into account (assuming 45 seconds for each bottle), the average winch speed was 41.3±5.8 m/min (upper right panel).
There were 18/15 fast/slow casts according to winch speed accounting for a time savings/delay of 1/19 hours. So one
could say that slower than average winch speeds (caused by wire and weather/sea state) offset by faster than average
winch speeds produced a loss of about 18 hours.

The speed between casts can also be considered. Note, this is not actually ship speed because it includes weather
delays and anything else that might have slowed the start or end of cast. Nevertheless, for starters one can compare
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Fig. 2.7: Ice concentration from satellite mapped by S. Escher at UCSD/SIO: a) ice concentration estimate for March
13, 2018; b) ice concentration estimate for April 2, 2018.
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to what might have happened had there been no delayed start or end of casts, and no weather, sea state or ice delays.
The original number for average ship speed between stations supplied by the NBP was 9 kts. Over the 117 transits
between the first and last station, the mean speed between casts (vbc) was 7.7±2.4 kts (lower left and lower right
panels). The distance weighted mean vbc was 8.0 kts. There were 43/74 transits that averaged faster/slower than 9 kts.
When distances are short however, one should not expect to see the average speed approach such value. Considering
only the 69 transits (totaling 3637 nm) for which the average vbc was less than 9 kts over distances greater than 10 nm,
the total time used was 626 hours. Had these between cast speeds occurred at 9 kts the time used would have been 404
hours, suggesting that slow times between casts (due to weather, sea state, ice, fog or technical delays, but not slow
winch speeds) accounted for a loss of 9.25 days. Figure 5 also highlights the affect of ice at lower latitudes (lower left
panel) and the fact that longer distances between station did not necessarily correlate with faster speeds, though very
close stations (~10 nm apart) did see slower speeds.

The 2018 S04P cruise presented a great many challenges. We would like to thank the officers and crew of the RVIB
N.B. Palmer who have done an excellent job supporting S04P science. In particular, we wish to thank the Captain
and Mates on the bridge for their efforts to get us where we needed to go and to keep us all safe in rough conditions.
In particular, we would like to thank the galley crew for the abundance and quality of the food produced on this very
long voyage. We also wish to thank all the ASC personnel onboard (MPC, MTs, IT, ET) for their constant assistance
and sincere support throughout the cruise, and give a special note thanks to our MPC for all his diligent efforts to
provide both science and the bridge with what was needed in all situations. The successes of this expedition have been
in no small part due to efforts of all the ECO and ASC personnel: they have worked with us every step of the way,
to fix everything from the smallest detail to the greatest problems, all the while speeding us along so that we could
sample as much of the full line as possible. Last but not least we wish thank all those who sent us ice and weather
reports and up to date circulation information without which the choices we made would not have been possible and
far more time would have been lost to delays and failed attempts to reach the most southern positions. These include:
S. Escher, S. Purkey and L. Talley (SIO/UCSD), J. Girton (APL) and those at the Fleet Weather Center (San Diego),
SOPP Meteorology (McMurdo) and the National Ice Center.
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