Summary

A hydrographic survey (P02, leg 2) was conducted in the eastern North Pacific aboard the UNOLS vessel R/V Melville from 8 May, 2013 – 1 June, 2013. A total of 72 rosette/CTD/LADCP stations were occupied nominally along latitude 30N starting at 167.45W where P02, leg 1 had left off. CTD casts extended to within 10 meters of the seafloor, and up to 35 water samples were collected throughout the water column during the upcasts of the rosette. CTDO (conductivity, temperature, pressure, oxygen), transmissometer, fluorometer, and LADCP (lowered acoustic Doppler current profiler) electronic data; rosette water samples; and underway shipboard ADCP and carbon dioxide (CO2) measurements were collected during the survey. In addition, three ARGO floats were deployed during this leg for NOAA/PMEL. 

Salinity and dissolved oxygen samples, drawn from all bottles on all casts, were analyzed and used to calibrate the CTD conductivity and oxygen sensors. Water samples were also analyzed on board the ship for nutrients (silicate, phosphate, nitrate, and nitrite), total CO2 (TCO2; aka as dissolved inorganic carbon, DIC), pH, total alkalinity, and transient tracers (CFCs and SF6). 

Additional water samples were collected and stored for analysis onshore. 3He/Tr 13C/14C, dissolved inorganic carbon (DOC) and total dissolved nitrogen (TDN), 15N-NO3, 137Cs/134Cs/90Sr, 129I, density, and calcium. 

Underway measurements included GPS navigation, multi-beam bathymetry, ADCP, meteorological parameters, sea surface measurements (including temperature, conductivity/salinity, dissolved oxygen, fluorescence), and gravity. In addition to the permanently installed R/V Melville systems there was a Univ. of Washington Equilibrator Inlet Mass Spectrometer (EIMS) system (which however ended up non-functional due to a broken filament when turning it back on in port) and a NOAA/PMEL GO 8050 underway pCO2 system that ran throughout the leg.


P02 Leg 2 Narrative – S. Mecking, Chief Scientist

Leg 2 of the 2013 P02 cruise was the continuation of a repeat hydrography section that runs the through the center of the North Pacific subtropical gyre along nominally 30N. Leg 1 went from Yokohama, Japan to Honolulu, HI, and leg 2 from Honolulu, HI to San Diego, CA. Earlier occupations of the P02 section were conducted in 1993/1994 as part of the Japanese WOCE program and in 2004 as part of the NSF- and NOAA-sponsored U.S. Global Ocean Carbon and Repeat Hydrography Program that supports the objectives of the U.S. CLIVAR and U.S. Carbon Cycle Programs. 

The 2013 re-occupation of P02 is also part of the U.S. Global Ocean Carbon and Repeat Hydrography Program and in support of CLIVAR/CO2. Goals of the reoccupation are to monitor oceanic inventories of CO2, heat, and freshwater and to examine changes in transports and ventilation fluxes.

The start of leg 2 of 2013 P02, originally planned for 28 April, was delayed by 10 days to 8 May due to mechanical problems with both the main aft winch (DESH-6) and the back-up forward winch (DESH-5) on leg 1 of the cruise. Fortunately, these problems could all be resolved during leg 1 (fixing the winches included a return to Yokohama for several days), and the main winch was used throughout leg 2. 

However, the fate of leg 2 was up in the air for a while due to the delays. Postponing leg 2 to August 2013 or until 2014 was being discussed. Thanks to the efforts of ship scheduling, the funding agencies and others as well as to significant rearrangement of the cruise that followed P02, leg 1 and leg 2 of 2013 P02 could be conducted back-to-back as planned.

During the port stop between leg 1 and 2 at the University of Hawaii Marine Center (May 5-8, 2103), the leg 1 CFC equipment was unloaded, and the CFC system of Dr. Dong-Ha Min at the University of Texas was loaded and installed instead. All other measurement systems remained the same for leg 1 and 2 .

Many of the “leg 1&2” science party members (14 out of 28) could enjoy a couple of well-deserved days off in Honolulu after their extended leg 1 journey. 14 “new leg 2” members moved on-board, and R/V Melville departed from UHMC at 1000 on May 8, 2103 for the start of leg 2.  

Leg 2 began with a 2.5 steam northwest toward 30N, 167.45W to repeat station 087, the last station occupied on leg 1. One mid-depth test cast (1500m) was performed on day 2 of the steam. Both the test cast and the following regular leg 2 stations were carried out without much problem since procedures were already in place thanks to leg 1. Station numbering is consecutive between leg 1 and 2 with the leg 2 station numbers ranging from 088 at the leg 1/2 repeat location to 159. 

Station spacing was 60nm at first as outlined in a revised science plan (“March-29 science plan”) that was provided by Dr. Jim Swift, chief scientist on leg 1, for leg 1 and 2 during the wait period for winch repairs in Yokohama to accommodate at-sea days lost. Shorter station spacing followed at a deep ocean trench at 150W (Murray Fracture Zone), dropping to 45nm after station 100 and to 30nm after station 102.

After the trench (onward from station 109), we continued at 40nm spacing  (down from 60 nm in the revised science plan, but still larger than the 30nm spacing in the original P02 proposal) since the station timing in the revised plan had been estimated conservatively and this is approximately the same spacing as done along this portion of P02 in 2004. Two stations before the northeastward jog from 30N to San Diego, the spacing was further reduced to 30nm (at station 139) The last 19 stations of leg 2 (141-159) along the northeastward stretch were an exact repeat of P02 stations occupied in 2004 on and before the shelf with station spacing ranging from 3nm (shelf break) to 30nm.

During leg 2, we continued to operate with the primary SIO pylon that had been used and repaired on leg 1. At the start of leg 2, this resulted in effectively a 35-place rosette with bottle 35 dismounted due to a defective, but sealed solenoid. A 36-place pylon had been borrowed from NOAA/PMEL and shipped to Honolulu as a spare (the original back-up pylon had failed on leg 1). Since 35 bottles still were sufficient to resolve the vertical structure of the water column, the primary SIO pylon was left on the rosette and the NOAA/PMEL pylon was kept as a true spare.  

During the initial steam from Honolulu to 30N, it was also discussed whether to replace and rewire the damaged solenoid plus other suspicious ones on the primary SIO pylon. However since this is not a standard repair done at sea, but usually would require shipping the pylon back to the manufacturer (Seabird Electronics), a decision was made by the chief scientist not to take the risk involved with the repair despite the excellent skills of the SIO STS electronics engineer on-board, but to continue with the pylon as is. 

As leg 2 went on, the solenoids of bottle 1 (as of station 095) and 28 (as of station 115) failed as well, and the bottles were dismounted. Since bottom depths were already getting shallower by station 115, we decided to continue with just 33 bottles rather than putting in the spare pylon, and the rosette held up in that condition until the end of the cruise. Communication to shore was maintained regarding all pylon decisions made on leg 2, and the “going with the problems we know rather than the ones we don’t know”-approach (i.e. keeping the current pylon) confirmed.

Other than the uncertainties regarding the pylon, there were little technical problems on leg 2. At some point (after station 108), an exchange of the block on the A-frame of the aft winch became necessary due to increasingly loud noises coming from a broken bearing. The Captain and crew dealt with this in a very professional manner and replaced the block against the one of the forward winch while staying on station. 

The weather on leg 2 also provided little problem. We encountered somewhat rougher weather when heading into stronger trade winds around station 111, and then again toward the end of the cruise (station 144-149) in the California Current region. In the latter case wind speeds peaked at >35 knots, and the ships rolls were heavy enough so that winch speeds could not exceed 30m/min for the duration of at least one entire station. But operations could still continue throughout.

Leg 2 of 2013 P02 arrived at SIO’s Nimitz Marine Facility at 1130 on 1 June after a quick stop at the fuel dock. This was two days ahead of a 3 June arrival day published in the most recent UNOLS schedule because the two contingency days that had been added by NSF to the leg 2 timing were not needed (two extra days added to compensate for bad weather encountered on leg 1, however, were used). The total duration of leg 2 was 25 UNOLS day.

Preliminary results indicate a freshening trend of the waters above the salinity minimum associated with North Pacific Intermediate Water from 2004 to 2013. An increase in salinity is observed below. In addition, the oxygen data (mostly decrease) and nutrient data (mostly increase) exhibit obvious signs of decadal-scale variability in the thermocline. These will need to be brought into context with earlier observations of North Pacific ventilation changes in a more detailed investigation of the new data set.

We would like to extend our thanks from Jim Swift, the Captain, and the leg 1 and 2 science parties and crew, to ship scheduling, NSF, NOAA, and the Navy, and everyone involved in making a back-to-back occupation of leg 1 and 2 of 2013 P02 possible despite the delays and timing difficulties encountered. We are very grateful for these efforts and the support received from all involved. 
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